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Benralizumab, an anti-interleukin 5 receptor a monoclonal
antibody, versus placebo for uncontrolled eosinophilic
asthma: a phase 2b randomised dose-ranging study

Mario Castro, Sally E Wenzel, Eugene R Bleecker, Emilio Pizzichini, Piotr Kuna, William W Busse, David L Gossage, Christine K Ward, Yanping Wu,
Bing Wang, Deepak B Khatry, René van der Merwe, Roland Kolbeck, Nestor A Molfino, Donald G Raible

Summary

Background Persistent eosinophilic airway inflammation in asthma increases the risk of exacerbations. In a phase 2b
dose-ranging study, we aimed to assess the efficacy and safety of benralizumab, an anti-interleukin 5 receptor a
monoclonal antibody that depletes blood and airway eosinophils, in adults with uncontrolled eosinophilic asthma.

Methods We did a randomised, controlled, double-blind, dose-ranging phase 2b study. Eligible participants were
adults aged 18-75 years with uncontrolled asthma using medium-dose or high-dose inhaled corticosteroids and
longacting B agonists, with two to six exacerbations in the past year. Current or former smokers were excluded. We
used the ELEN index (an algorithm to predict elevated sputum eosinophils) or baseline fraction of exhaled nitric oxide
to stratify patients by eosinophilic status, and with an interactive web—voice response system randomly assigned
eosinophilic individuals in a 1:1:1:1 ratio to receive placebo, 2 mg benralizumab, 20 mg benralizumab, or 100 mg
benralizumab, and non-eosinophilic individuals in a 1:1 ratio to receive placebo or 100 mg benralizumab. Study drugs
were given as two subcutaneous injections every 4 weeks for the first three doses, then every 8 weeks, for 1 year.
Patients, treating physicians, and study investigators were masked to treatment allocation. The primary endpoint was
annual exacerbation rate in eosinophilic individuals after 1 year of follow-up. Analysis was by modified intention to
treat. This study was designed with a two-sided a of 0-2 and powered at 78% for the primary outcome in the
eosinophilic population. This study is registered with ClinicalTrials.gov, number NCT01238861.

Findings Between Jan 3, 2011, and March 6, 2012, we randomly assigned 324 eosinophilic individuals to placebo
(n=80) or benralizumab 2 mg dose (n=81), 20 mg dose, (n=81), or 100 mg dose (n=82), and 285 non-eosinophilic
individuals to 100 mg benralizumab (n=142, 140 included in analysis) or placebo (n=143, 142 included in analysis).
In eosinophilic individuals, benralizumab reduced exacerbation rates compared with placebo in the 100 mg group
(0-34 vs 0-57, reduction 41%, 80% CI 11 to 60, p=0-096) but not in the 2 mg group (0-65 vs 0-57, difference —9%,
80% CI -59 to 26, p=0-781) or the 20 mg group (0-37 vs 0-57, reduction 36%, 80% CI 3 to 58, p=0-173). In patients
with a baseline blood eosinophil cutoff of at least 300 cells per pL, exacerbation rates in the benralizumab 20 mg
group (n=70) and 100 mg group (n=97) were lower than in the placebo group (n=83; 0-30 vs 0-68, reduction 57%,
80% CI 33 to 72, p=0-015 for 20 mg dose; 0-38 vs 0- 68, difference 43%, 80% CI 18 to 60, p=0-049 for 100 mg dose).
Our findings suggested that benralizumab 20 mg and 100 mg resided at the dose-response plateau. Treatment-
emergent adverse events occurred in 277 (72%) of 385 participants receiving any benralizumab dose compared
with 143 (65%) of 221 receiving placebo. Nasopharyngitis (44 [11%)] patients receiving benralizumab vs 13 [6%]
patients receiving placebo) and injection site reactions (60 [16%] vs eight [4%]) occurred more frequently with
benralizumab than with placebo.

Interpretation Benralizumab at 20 mg and 100 mg doses seemed to reduce asthma exacerbations in adults with
uncontrolled eosinophilic asthma and baseline blood eosinophils of at least 300 cells per pL, possibly due to targeting
of the interleukin 5 receptor rather than interleukin 5 ligand. Further investigation of benralizumab treatment in
phase 3 studies is warranted.

Funding MedImmune.

Introduction

Persistent eosinophilic airway inflammation in asthma
increases the risk of subsequent exacerbations.*
Monoclonal antibodies against interleukin 5 (eg,
mepolizumab and reslizumab) reduce blood and
sputum eosinophils in patients with asthma.** However,
findings from an early study of mepolizumab in an
unselected population of patients with asthma did not
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show clinical benefit,’ suggesting that anti-interleukin 5
therapy might be effective only in a targeted subgroup
with an eosinophilic phenotype.® In three randomised,
placebo-controlled studies, mepolizumab significantly
reduced exacerbations in participants with asthma and
evidence of eosinophilic inflammation.” Thus,
selection of patients with asthma and an eosinophilic
phenotype might be a more useful approach to
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investigate the efficacy of anti-interleukin 5 therapies.
Benralizumab (Medlmmune, Gaithersburg, MD, USA)
is a humanised, afucosylated IgG-lk monoclonal
antibody that targets human interleukin 5 receptor o
(IL5Ra)" expressed on eosinophils and basophils." " In
vitro, benralizumab exhibits enhanced antibody-
dependent cell-mediated cytotoxicity and induces
apoptosis of target cells.” Findings from two studies in
participants with atopic or eosinophilic asthma have
shown that benralizumab depletes eosinophils in
blood,"** airway mucosa, and sputum.”

In a phase 2b randomised dose-ranging study, we
aimed to assess the efficacy and safety of repeated doses
of subcutaneous benralizumab in adults with
uncontrolled asthma to determine whether this biological
product should undergo further phase 3 development.

Methods

Study design and participants

We did a phase 2b, randomised, double-blind, placebo-
controlled, dose-ranging study at 33 sites in the USA,
Canada, Bulgaria, Brazil, Peru, Mexico, Poland, Russia,
Argentina, and Colombia.

We enrolled adults aged 1875 years who had asthma and
were treated with medium-dose to high-dose inhaled
corticosteroids in combination with longacting 3 agonist
therapy™ for at least 1 year; criteria for medium and high
daily doses of inhaled corticosteroids are provided in the
appendix (p 5). Eligible participants had a documented
history of two to six exacerbations needing treatment with

systemic corticosteroids in the past year, a morning
prebronchodilator forced expiratory volume in 1s (FEV,) of
40% or higher but less than 90% predicted, and an Asthma
Control Questionnaire (ACQ-6) score of 1-5 or higher”™ on
at least two occasions during screening. Participants had to
demonstrate post-bronchodilator FEV, reversibility of at
least 12% and 200 mL, or a positive response to a metha-
choline challenge (provoking concentration of metha-
choline to cause a 20% fall in FEV, [PC,] <8 mg/mL).*
Individuals with a history of cigarette smoking, or current
smokers, were excluded. We studied this selective
population to reduce variability. Full inclusion and
exclusion criteria are provided in the appendix (pp 3-5).
The protocol was approved by the institutional review
board at each study site. All participants provided written
informed consent before participating in the study. The
study was conducted in accordance with the principles of
the Declaration of Helsinki. This study is registered with
ClinicalTrials.gov, number NCT01238861.

Randomisation and masking

After enrolment we classified each participant as having
an eosinophilic or non-eosinophilic phenotype, using
elevated baseline fraction of exhaled nitric oxide (Fe,)
and a mathematical algorithm® to predict elevated
sputum eosinophils (the eosinophil/lymphocyte and
eosinophil/neutrophil [ELEN] index). Each participant’s
eosinophilic or non-eosinophilic status was transferred
to a central interactive web—voice response system for
random assignment into the appropriate stratum.

355 patients excluded
278 entry criteria not met
69 withdrew consent
1 lost to follow-up
7 other reasons

964 patients screened

A 4

609 patients randomly
assigned
606 received any dose*

v

324 patients
eosinophilic

v

282 patients
non-eosinophilic

v v v

v v v

80 received placebo 81 received 81 received 82 received 142 received placebo 140 received
benralizumab benralizumab benralizumab benralizumab
2mg 20 mg 100 mg 100 mg

| | | | | |
11 withdrew 8 withdrew 11 withdrew 13 withdrew 13 withdrew 15 withdrew
4 lost to follow-up 2 lost to follow-up 3 lost to follow-up 1 lost to follow-up 1 lost to follow-up 2 lost to follow-up
6 withdrew consent 5 withdrew consent 4 withdrew consent 8 withdrew consent 10 withdrew consent 9 withdrew consent

1 had other reasons

1 had adverse event

4 had other reasons

4 had other reasons
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v

v

v

v

v

v

69 (86%) completed
study

73 (90%) completed
study

70 (86%) completed
study

69 (84%) completed
study

129 (91%) completed
study

125 (89%) completed
study

Figure 1: Trial profile

*Three non-eosinophilic patients (two in the benralizumab 100 mg group and one in the placebo group) were randomly assigned incorrectly and were excluded

before receiving any dose of study drug.
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Eosinophilic* Non-eosinophilic*
Placebo Benralizumab ~ Benralizumab Benralizumab Placebo Benralizumab
(n=80) 2 mg (n=81) 20 mg (n=81) 100 mg (n=82)  (n=142) 100 mg (n=140)
Demographics
Age, years 456 (11.7) 471(12-8) 466 (13-2) 47-8(12-9) 500 (12:3) 500 (11.5)
Female 53 (66%) 58 (72%) 48 (59%) 60 (73%) 100 (70%) 98 (70%)
White 53 (66%) 59 (73%) 50 (62%) 62 (76%) 106 (75%) 99 (71%)
BMI, kg/m? 28:8(6:0) 29:2(6:5) 280(52) 28.0(6:1) 29-6 (5:0) 295 (6:0)
Asthma characteristics
ACQ-6 scoret 27(1:0) 26 (1.0) 25(09) 25 (1:0) 25(0-8) 26 (08)
Symptom scoref 16 (0-7) 1.6 (0-6) 1.6 (0-6) 1.6 (0-7) 1.6 (0:5) 1.6 (0-6)
AQLQ scoret 36(12) 37(12) 38(11) 37(10) 38(10) 37(10)
Childhood asthma 31(39%) 31(38%) 33 (41%) 29 (35%) 46 (324) 48 (343)
Nasal polyps 15 (19%) 13 (16%) 21(26%) 17 (21%) 12 (8%) 12 (9%)
Exacerbations in past year 2-2(0-5) 2-3(0-7) 2:5(0-7) 2:3(0-6) 2:2(0-5) 2:3(0-7)
Feyo, ppb 37-9(31:9) 39:5(327) 40-8(31.0) 37:8(317) 20-7(13-9) 20-2(121)
Airway function
FEV,, % predicted 65-0% (153)  651% (15-2) 64-8% (14-8)  66:1% (15:9) 69-1% (14-5) 66-8% (151)
FEV,:FVC ratio, % 621% (113)  64:9% (11:0) 63:3% (10-9) 63-9% (115) 66-9% (11-4) 651% (11-4)
FEV, reversibility, %S 183% (151)  187% (22:0) 19-8% (203)  18.0%(133) 12-8% (13:0) 15:3% (15:3)
Blood eosinophil count, 10° per pL (local lab) 0-53(0-30) 0-53(0-33) 0-54 (0-28) 0-56 (0-36) 0-16 (0-09) 0-19 (0-12)
Baseline inhaled corticosteroid dose, ug/dayl 7391 6910 724-9 6970 6737 705-2
Medium-dose corticosteroids
Number of patients 40 (50%) 39 (48%) 40 (49%) 41 (50%) 82 (58%) 76 (54%)
Dose, ug/dayql 4500 4441 4260 4337 4354 437-8
High-dose corticosteroids||
Number of patients 40 (50%) 42 (52%) 41 (51%) 40 (49%) 60 (42%) 64 (46%)
Dose, ug/dayq] 10283 9202 10166 967-0 9993 10228
Chronic use of oral corticosteroid 4 (5%) 9 (11%) 5 (6%) 3(4%) 3(2%) 6 (4%)
Data are n (%) or mean (SD). Protocol-defined eosinophilic phenotype classification based on ELEN index and Fe,,,. BMI=body-mass index. ACQ-6=Asthma Control
Questionnaire, six-question version. AQLQ=Asthma Quality of Life Questionnaire, standard version. Fe ,=fraction of exhaled nitric oxide. FEV,=forced expiratory volume in
1s. FVC=forced vital capacity. ppb=parts per billion. *Eosinophilic refers to ELEN index positive or Fe,,=50 ppb; non-eosinophilic refers to ELEN index negative and Fe,,
<50 ppb. tScores on the ACQ-6 range from 0 to 6, with lower scores indicating better control of asthma; scores on the AQLQ range from 1 to 7, with higher scores indicating
better quality of life. $Overall symptom scores range from 0 to 4, with lower scores indicating less frequent or severe symptoms. SPercent reversibility refers to the increase in
FEV, in response to salbutamol (maximum dose 720 pg per Severe Asthma Research Program) or equivalent relative to pre-bronchodilator FEV,. §[Fluticasone equivalent,
mean dose. ||Not including one patient receiving high-dose corticosteroids for whom this information was missing at baseline.
Table 1: Baseline demographic and clinical characteristics for protocol-defined eosinophilic and non-eosinophilic participants (modified intention-to-
treat population)

Participants were stratified by eosinophilic status
(eosinophilic or non-eosinophilic) and baseline inhaled
corticosteroid dose (medium or high; appendix),” with
a target enrolment of at least 40% of participants on
high-dose inhaled corticosteroids. We randomly
assigned participants within each stratum using
random permuted blocks of fixed size (eight for
eosinophilic individuals and four for non-eosinophilic
individuals). Eosinophilic participants were randomly
assigned in a 1:1:1:1 ratio to receive placebo or 2 mg,
20 mg, or 100 mg benralizumab; non-eosinophilic
participants were randomly assigned in a 1:1 ratio to
receive placebo or 100 mg benralizumab. Study drugs
were given as two subcutaneous injections every
4 weeks for the first three doses (weeks 1, 4, and 8), then
every 8 weeks (weeks 16, 24, 32, and 40). Participants
maintained the same dose of inhaled corticosteroid and
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longacting P agonist from the start of the screening
period until week 52 (appendix p 20).

Patients, treating physicians, study investigators, and
study statisticians were masked to treatment allocation.
Allocation concealment was ensured by the vendor
systems and no study personnel or site had access to the
system.

Procedures

During screening we classified participants as having
either an eosinophilic phenotype, defined as ELEN index
positive or Fey, of at least 50 parts per billion (ppb), or a
non-eosinophilic phenotype, defined as both ELEN index
negative and Fe,, less than 50 ppb. Complete blood count
was measured locally. These data were automatically
entered into a validated computer program to calculate
the ELEN index for each participant.
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Eosinophilic phenotype Non-eosinophilic phenotype
Placebo Benralizumab 2 mg Benralizumab 20 mg Benralizumab 100 mg Placebo Benralizumab 100 mg
(n=80) (n=81) (n=81) (n=82) (n=142) (n=140)
Primary efficacy endpoint*
Annual exacerbation rate 0-57 (0-75) 0-65 (0-81) 0-37(0-61) 0-34(0-58) 0-56 (0-75) 0-43 (0-66)
Rate reduction compared with placebo (80% Cl) -9% (-59 to 26) 36% (3t0 58) 41% (11to 60) 22% (-5t0 42)
p value for comparison with placebo 0-781 0-173 0-096 0-284
Key secondary efficacy endpointst
FEV,
Number of patients with data available 51 51 58 59 99 101
Baseline, L 2:03 (0-69) 1.98 (0-70) 2:08 (0-75) 1:99 (0-66) 2:04 (0-66) 2:02 (0-68)
Change from baseline, L 0-04 (0-46) 0-16 (0-47) 0-19 (0:52) 0-17 (0-39) -0:01(0:30) 0-06 (0-33)
Treatment difference (80% Cl) 0-13 (0-02t0 0-24) 0-17 (0-05 to 0-29) 0-15 (0-05 to 0-25) 0-06 (0-01 to 0-12)
p value for comparison with placebo 0-140 0-069 0-063 0-155
ACQ-6 scoret
Number of patients with data available 34 42 40 39 64 73
Change from baseline -0-89 (1-20) -110 (1-12) -1.25(1:22) -112 (129) -0-82(1-11) -113 (1-05)
Treatment difference (80% Cl) -036 (-0-65t0-0-06)  -0-45(-0-77t0o-0-13)  -0-47(-0-79t0-0-16) -0-34(-0:57t0-0-12)
p value for comparison with placebo 0125 0-074 0-057 0-053
Data are mean (SD) or difference (80% Cl). ACQ-6=Asthma Control Questionnaire, six-question version. FEV,=forced expiratory volume in 1 5. *Primary efficacy endpoint was annual exacerbation rate for
eosinophilic population. Exacerbation rate reductions, Cls, and p values are calculated by using Poisson regression. Statistically significant result is a two-sided p<0-169. tp values, treatment differences, and the
Cls of the differences are calculated by using ANCOVA (analysis of covariance); a statistically significant result is a two-sided p<0-169. $Scores on the ACQ-6 range from 0 to 6, with lower scores indicating better
control of asthma and with 0.5 as the minimal clinically important change for an individual participant.
Table 2: Primary and key secondary efficacy endpoints for protocol-defined eosinophilic and non-eosinophilic participants (modified intention-to-treat population)

[ Placebo
[ Benralizumab 2 mg
[ Benralizumab 20 mg
07 [ Benralizumab 100 mg
n=81
0-6
) n=142
IS
5 057
E n=140
g o4 n-81 RR=22%
o n-82 -0-284
= RR=36% p=
2 034 p=0173 RR=41%
2 p=0-096*
0-2
01
0
Eosinophilic Non-eosinophilic

Figure 2: Annual exacerbation rate for protocol-defined eosinophilic and non-eosinophilic participants
(modified intention-to-treat population)
RR=rate reduction. *Statistically significant result is a two-sided p<0-169.

We developed the ELEN index as a surrogate marker of
sputum eosinophils of at least 2% using multivariate
statistical modelling of baseline sputum and blood data
from a phase 2a clinical study (NCT00394654),” validated
with two independent datasets (appendix).” The ELEN
index uses two predictor variables (the ratio of blood
eosinophils to lymphocytes, and the ratio of blood
eosinophils to neutrophils) to classify participants as
having either less than 2% or at least 2% sputum
eosinophils, without the need to collect sputum. Derived

ratios of eosinophils to lymphocytes and eosinophils to
neutrophils measured in peripheral blood have been
reported to have high efficiency to predict sputum
eosinophilia.**

On the basis of American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines,” we defined
asthma exacerbation as an increase in asthma symptoms
that did not resolve after rescue medication and needed
treatment with systemic steroids for at least 3 days.
Other assessments included lung function; asthma
control assessed with the ACQ-6"" and symptom diary;
health-related quality of life assessed with the Asthma
Quality of Life Questionnaire (AQLQ);* Fey,; and
peripheral blood eosinophil count. We did spirometry
using centrally provided equipment according to ATS/
ERS guidelines.” We tested maximum reversibility
using a salbutamol metered-dose inhaler with an
AeroChamber (Trudell Medical International, Canada)
15 min after four, six, or a maximum of eight total puffs
(720 png).” After four puffs, if the FEV, changed by 5% or
more, then an additional two puffs were given; after six
puffs, if the FEV, changed by 5% or more again, a further
two additional puffs were given. We monitored safety
and tolerability by recording adverse events. Efficacy
assessments were made until week 52 (appendix p 6),
after which participants were followed up for another
14 weeks to monitor safety.

Outcomes

The primary efficacy endpoint was the asthma annual
exacerbation rate in eosinophilic individuals, calculated as

www.thelancet.com/respiratory Vol 2 November 2014



Articles

the total number of reported exacerbations in each group
up to week 52 divided by the total duration of person-year
follow-up in each group. Secondary efficacy endpoints, in
eosinophilic individuals, were the change from baseline
in FEV,, mean ACQ-6 score, overall symptom score, and
mean AQLQ score at week 52. Exploratory endpoints
included change in Fe,,, and blood eosinophil counts; all
analyses in non-eosinophilic individuals were exploratory.
To further investigate benralizumab response, we did a
prespecified subgroup analysis based on baseline blood
eosinophil count (cutoffs of 200, 300, and 400 cells
per pL). We dichotomised all participants according to an
eosinophil cutoff of 300 cells per pL (<300 cells per pL vs
=300 cells per pL). This approach is consistent with a
recently published study of mepolizumab in which
measurement of blood eosinophils was reported to be
predictive of response to anti-interleukin 5 therapy.?”

Statistical analysis
We did efficacy analyses using a modified intention-to-
treat population, defined as all randomly assigned
participants who received any dose of investigational
product. The safety population included all participants
who received any investigational product and had safety
data. We planned to enrol 280 eosinophilic participants
(70 per treatment group), giving roughly 78% power for
each dose to detect a 40% reduction in annual exacerbation
rate compared with placebo. We planned to enrol 242 non-
eosinophilic participants (141 per treatment group), giving
roughly 63% power to detect a 25% reduction in annual
exacerbation rate compared with placebo. These calcu-
lations used a two-sided significance level of 0-2 and
assumed annual exacerbation rates of 0-66 for individuals
receiving medium-dose inhaled corticosteroids and
1-03 for those receiving high-dose inhaled corticosteroids.
The two-sided significance level of 0-2 represents a
10% chance of declaring a positive study when there is no
treatment effect (risk of going to phase 3 with an ineffective
drug). The power of 78% presents a 22% chance of
declaring a negative study when there is a positive
treatment effect (risk of discontinuing drug development).
We chose this selection of statistical risks to balance the
continuation and discontinuation risks while maintaining
a feasible phase 2b study.” Positive results in this study
would need to be replicated in confirmatory phase 3 studies.
To ensure appropriate power (reasonable type II error),
o adjustment for multiple doses and subgroup analyses
was not planned.

We planned and did an interim analysis after the last
randomly assigned participant had completed the visit at
week 24 to expedite planning for phase 3 studies.

Figure 3: Annual exacerbation rate reduction, FEV,, and ACQ-6 score in
eosinophilic participants (modified intention-to-treat population)

(A) Mean (80% Cl) difference in annual exacerbation rate compared with placebo.
(B) Mean difference (80% Cl) in FEV, compared with placebo. (C) Mean difference
(80% Cl) in ACQ-6 score compared with placebo. FEV,=forced expiratory volume
in 1s. ACQ-6=Asthma Control Questionnaire, six-question version.
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Baseline blood eosinophil count 2300 cells per pL

Baseline blood eosinophil count <300 cells per pL

Placebo Benralizumab Benralizumab Benralizumab Placebo Benralizumab Benralizumab Benralizumab
(n=83) 2 mg (n=65) 20 mg (n=70) 100 mg (n=97) (n=139) 2 mg (n=16)* 20 mg (n=11)* 100 mg (n=124)
Annual exacerbation ratet 0-68(0-82) 075 (0-87) 030 (0-55) 038 (0-62) 0-49(070)  0-21(0-46) 0-82 (0-91) 0-42 (0-65)
Rate reduction (80% Cl) 7% 57% 43% 57% -70% 16%
(-55t026) (33t072) (180 60) (NR) (NR) (-15t039)
p value compared with placebo 0-822 0-015 0-049 0271 0-265 0-479
FEV,$
Number of patients with data available 53 41 48 68 97 10 10 91
Baseline, L 2:03(072)  1.96 (0-64) 2:13(078) 2:06 (0-63) 2:03(0-64)  2:03(0-94) 174 (0-38) 1.97 (0-70)
Change from baseline, L -0-01 0-16 0-20 0-19 0-02 017 0-11 0-04
(0-45) (0:50) (0-55) (0-40) (030) (031) (0-40) (031)
Treatment difference (80% Cl) 017 023 0-20 0-02
(005t00-29)  (0-11t0 0:36) (0100 0-29) (-0-04t0 0-08)
p value compared with placebo 0-079 0-019 0-010 0-637
ACQ-6 scoret§
Number of patients with data available 38 35 35 52 60 7 5 60
Baseline, mean (SD) 2:63(0:96) 267 (0-90) 2:43(0-92) 2:67 (0-94) 2:54(0-86)  2:57(134) 277 (0-84) 2.54(0-83)
Change from baseline, mean (SD) -0-76 -1.00 -114 -126 -0-89 -1.62 -2-00 -1.02
(1-20) (1-14) (1-19) (1-28) (1-10) (0:92) (1:30) (0:98)
Treatment difference (80% Cl) -034 -0-44 -0-53 -022
(-065t0-0:03)  (-075t0-012)  (-0-81t0-0-26) (-0-46t0 0-02)
p value compared with placebo 0-156 0-079 0-015 0233
Overall symptom scorefq[
Number of patients with data available 39 31 32 44 72 5 7 67
Baseline, mean (SD) 151(067) 160 (0:63) 153 (0-58) 163 (0-66) 162(056)  1.85(0:69) 2:06 (0-66) 157 (0-59)
Change from baseline, mean (SD) -0-45 -0-51 -0-51 -0-62 -0-33 -0-88 -0-80 -0-47
(0-64) (073) (0:59) (077) (0-59) (0-95) (1:07) (0-61)
Treatment difference (80% Cl) -0-02 -0-05 -0-07 -0-15
(-021t0018)  (-023t0013)  (-0-26t00-11) (-0-28t0-0-02)
p value compared with placebo 0-901 0718 0-619 0147
AQLQ scoref§
Number of patients with data available 37 32 34 47 51 7 4 58
Baseline, mean (SD) 372(119)  378(115) 3.82(1.08) 362 (1:04) 372(095)  3-47(126) 358 (1-01) 3-81(0-99)
Change from baseline, mean (SD) 0-98 1.08 141 112 095 211 1.80 113
(1-44) (115) (1-46) (1:23) (1:26) (117) (1-22) (1:30)
Treatment difference (80% CI) 0-26 0-44 0-15 031
(-009t00:62)  (0-06t0 0-81) (-0-18 to 0-49) (0t0 0-61)
p value compared with placebo 0335 0134 0-552 0195

Data are mean (SD) or difference (80% Cl) unless otherwise stated. ACQ-6=Asthma Control Questionnaire, six-question version. AQLQ=Asthma Quality of Life Questionnaire, standard version. FEV,=forced
expiratory volume in 1 s. FVC=forced vital capacity. NR=not reported due to small sample size. *Number of participants too small to draw valid conclusions. TExacerbation rate reductions, Cls and p values are
calculated by using Poisson regression. Statistically significant result is a two-sided p<0-169. tp values, treatment differences, and the Cls of the difference are calculated by using analysis of covariance
(ANCOVA). Statistically significant result is a two-sided p<0-169. §Scores on the ACQ-6 range from 0 to 6, with lower scores indicating better control of asthma and with 0-5 as the minimal clinically important
change for an individual participant. Scores on the AQLQ range from 1 to 7, with higher scores indicating better quality of life. iOverall symptom scores range from 0 to 4, with lower scores indicating less

frequent or severe symptoms.

Table 3: Efficacy endpoints according to baseline blood eosinophil count (modified intention-to-treat population)
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Although the interim analysis was not undertaken to
stop the trial early for efficacy or futility (as in phase 3
studies), to be conservative we applied O’Brien-Fleming
a spending function to control the type I error at
0-2 (two-sided), which reduced the a for final analysis to
0-169. Thus, a p value less than 0-169 would be classified
as statistically significant for the final analysis. Interim
analysis provides an additional chance to declare a
positive study based on interim results; therefore, the
overall chance of declaring a positive trial when there is

no treatment effect is increased. To reduce this chance,
the type error for the final analysis was adjusted. We
report 80% Cls, rather than 83-1% Cls, for simplicity.
Before the interim analysis, we revised the statistical
analysis plan to prespecify exploratory subgroup analyses
on the basis of baseline blood eosinophil count and
baseline inhaled corticosteroid status (medium vs high
dose). We did an ad-hoc subgroup analysis on the
subgroup of non-eosinophilic participants who had a
baseline blood eosinophil count less than 300 cells per pL
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because we noted a treatment effect in the non-
eosinophilic group (appendix).

The primary efficacy endpoint was analysed by Poisson
regression, with baseline inhaled corticosteroid dose
status (medium vs high dose) as a covariate. We corrected
for overdispersion with Pearson x2. We did sensitivity
analyses using negative binomial regression and van
Elteren test. The changes from baseline in FEV,, ACQ-6,
and AQLQ were analysed by ANCOVA, with baseline
values and baseline inhaled corticosteroid status as
covariates. We did an ad-hoc analysis for annual
exacerbation rate using baseline inhaled corticosteroid
status and historical exacerbations as covariates. We did
not prespecify any imputation for missing data. We used
mixed model repeated measures for FEV, and ACQ-6 as
ad-hoc sensitivity analyses. All analyses were done with
SAS software (version 9.3).

This trial is registered with ClinicalTrials.gov, number
NCT01238861.

Role of the funding source

The study protocol was developed by MedImmune and
the corresponding author. The investigators collected
and had full access to all study data, which were analysed
by the funding source. The analysis was done solely by
MedImmune; however, the authors helped determine
which analyses were done and could request further
ad-hoc analyses. The report was written by the authors
with a medical writer funded by the funding source. The
corresponding author had final responsibility for the
decision to submit for publication.

Results

We screened 964 patients and randomly assigned
609 between Jan 3, 2011 and March 6, 2012. The trial
started screening in December 2010 (first participant
enrolled Jan 3, 2011) and the first participant was dosed on
Jan 3, 2011. The study was completed in August 2013 after
the last protocol-specified visit or assessment was done
(including telephone contact) for the last participant in the
study.

We randomly assigned 324 patients in the eosinophilic
cohort (81 in the 2 mg benralizumab group, 81 in the
20 mg benralizumab group, 82 in the 100 mg
benralizumab group, and 80 in the placebo group) and
285 in the non-eosinophilic cohort (142 in the 100 mg
benralizumab group and 143 in the placebo group). Three
patients in the non-eosinophilic group (two in the
benralizumab group and one in the placebo group) were
erroneously randomly assigned and did not receive any
dose of study drug; these participants were excluded from
the modified intention-to-treat and safety analyses
(figure 1; appendix p 2). In the modified intention-to-treat
population, 324 participants were characterised by the
protocol as eosinophilic and 282 were classified as non-
eosinophilic. In the eosinophilic cohort, 237 (73%)
participants were ELEN index positive, with Fe,, less than
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Figure 4: Mean (SD) FEV, for protocol-defined eosinophilic participants (modified intention-to-treat population)

FEV,=forced expiratory volume in 1.

50 ppb; 25 (8%) were ELEN index negative, with Fe,, of
50 ppb or higher; and 62 (19%) were ELEN index positive
and had Fe, of 50 ppb or higher. Across all participants,
315 had baseline eosinophil counts of at least 300 cells
per pL and 290 participants had counts of less than
300 cells per pL (appendix p 13); one patient did not have
data for baseline eosinophil count.

Table 1 shows participants’ demographic and clinical
characteristics. We noted a higher baseline frequency of
nasal polyps, a higher exacerbation rate, and greater
Fe,, measurement in the eosinophilic benralizumab
20 mg group than in the other dose groups. At baseline,
288 (48%) participants overall were taking high-dose
inhaled corticosteroids.

In the eosinophilic cohort, the annual exacerbation rate
at week 52 was lower in the benralizumab 100 mg group
than in the placebo group (p=0-096; table 2, figure 2).
Exacerbation rates did not significantly differ between
the placebo group and the eosinophilic 2 mg and 20 mg
groups (p=0-781 and p=0-173, respectively; table 2,
figure 2). Sensitivity analysis results were similar to the
primary analysis (appendix), with the strongest effects
noted with the negative binomial regression in which the
primary endpoint p value was 0-035 for the benralizumab
100 mg dose.

Benralizumab showed a greater numerical reduction
in annual exacerbation rate in subgroups with higher
baseline blood eosinophil counts (figure 3), although
the significance of this association was not tested. In the
subgroup with eosinophil counts of 300 cells per pL or
higher, benralizumab 20 mg and benralizumab 100 mg
reduced exacerbations compared with placebo, but had
no significant effect in the subgroup with eosinophil
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Figure 5: FEV, (A) and ACQ-6 score (B) for participants with baseline blood eosinophil count =300 cells per puL
Figure shows mean (SD). FEV,=forced expiratory volume in 1 s; ACQ-6=Asthma Control Questionnaire,
six-question version.

counts less than 300 cells per pL (table 3). We did an ad-
hoc analysis including the historical number of
exacerbations as a covariate; the results were similar to
those for analysis without this covariate (appendix p 7).
We also tested the interaction between the historical
number of exacerbations and treatment for the
combined placebo and combined benralizumab 100 mg
groups (p=0-0473); covariates included corticosteroid
status, historical exacerbation number, treatment group,
and the interaction item of historical exacerbation
number and treatment group.
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In eosinophilic individuals, benralizumab 20 mg and
100 mg reduced exacerbations more in participants
who were receiving high-dose inhaled corticosteroids
compared with those receiving medium-dose
corticosteroids; however, these differences were not
significant (appendix p 16). A test of the interaction
between baseline inhaled corticosteroid status and
treatment showed that the noted differences in
exacerbation rate were not statistically significant
(p=0-570 for 2 mg dose, 0-456 for 20 mg dose, and
0-186 for 100 mg dose; all compared with placebo).
Time to first exacerbation seemed to be longer in both
the 20 mg (p=0-126) and 100 mg (p=0-121)
benralizumab groups than in the placebo group
(appendix p 22).

We designed this study to detect a dose-response
relationship; however, in view of the overlapping Cls,
there is no clear difference between the 20 mg and
100 mg doses, suggesting that the doses might be on the
plateau of the dose-response curve.

In the eosinophilic cohort, patients receiving all
benralizumab doses had improvements from baseline at
week 52 in mean FEV, and mean ACQ-6 score compared
with placebo (table 2, figure 4, appendix p 25). These
results were based only on data from patients with
complete information available. We used mixed model
repeated measures for FEV, and ACQ as sensitivity
analyses. In the eosinophilic cohort, mean differences in
change from baseline at week 52 based on mixed model
repeated measures for benralizumab 100 mg vs placebo
were 0-10 L for FEV, (p=0-144) and -0-26 for ACQ-6
score (p=0-113). Similar to the results based on the
complete data only, data from mixed model repeated
measures showed significant reduction in ACQ-6 score.

In eosinophilic participants, we noted that
benralizumab’s effect on FEV, tended to be greater in
participants who were receiving high-dose inhaled
corticosteroids at baseline compared with those
receiving medium-dose corticosteroids (appendix p 18).
Ad hoc, we tested the effect of the interaction between
baseline inhaled corticosteroid status and treatment on
FEV, (p=0-345 for 2 mg dose, p=0-209 for 20 mg dose,
and p=0-057 for 100 mg dose, compared with placebo).

All doses of benralizumab produced improvements in
mean FEV, and mean ACQ-6 score compared with
placebo in the subgroup with baseline blood eosinophil
count =300 cells per pL; improvements were also seen in
the <300 cells per pL group with 2 mg and 20 mg
benralizumab, however the sample sizes for these groups
were too small to draw conclusions (table 3, figures 3, 5,
appendix p 28).

We noted improvement in mean AQLQ score
compared with placebo (p=0-134) in participants with at
least 300 cells per pL for the benralizumab 20 mg dose
only (table 3, appendix p 26). Benralizumab had no
consistent effect on overall symptom score (table 3,
appendix p 26) or Fe,, (appendix p 29). There were also
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Placebo (n=221) Benralizumab Benralizumab  Benralizumab Benralizumab
2 mg (n=81) 20mg(n=81) 100 mg (n=223) combined (n=385)
Any treatment-emergent adverse event 143 (65%) 56 (69%) 58 (72%) 163 (73%) 277 (72%)
Any serious treatment-emergent adverse event 23 (10%) 10 (12%) 6 (7%) 24 (11%) 40 (10%)
Discontinuation of study drug due to an adverse event 3 (1%) 4 (5%) 2 (2%) 6 (3%) 12 (3%)
Treatment-emergent adverse events by system organ
class that occurred in 23% of participants in combined
benralizumab group
Infections and infestations 81 (37%) 38 (47%) 33 (41%) 99 (44%) 170 (44%)
Respiratory, thoracic, and mediastinal disorders 87 (39%) 34 (42%) 34 (42%) 89 (40%) 157 (41%)
General disorders and administrative-site conditions 20 (9%) 18 (22%) 18 (22%) 51(23%) 87 (23%)
Nervous system disorders 28 (13%) 19 (23%) 9 (11%) 38 (17%) 66 (17%)
Musculoskeletal and connective tissue disorders 18 (8%) 13 (16%) 16 (20%) 28 (13%) 57 (15%)
Gastrointestinal disorders 24 (11%) 13 (16%) 15 (19%) 28 (13%) 56 (15%)
Skin and subcutaneous tissue disorders 16 (7%) 5 (6%) 10 (12%) 21(9%) 36 (9%)
Vascular disorders 8 (4%) 3 (4%) 3 (4%) 20 (9%) 26 (7%)
Injury, poisoning, and procedural complications 13 (6%) 6 (7%) 4 (5%) 14 (6%) 24 (6%)
Investigations 13 (6%) 4 (5%) 1(1%) 15 (7%) 20 (5%)
Cardiac disorders 6 (3%) 1(1%) 6 (7%) 8 (4%) 15 (4%)
Metabolism and nutrition disorders 4 (2%) 3 (4%) 2 (2%) 10 (4%) 15 (4%)
Psychiatric disorders 6 (3%) 5(6%) 2 (2%) 6 (3%) 13 (3%)
Data are n (%). Treatment-emergent adverse event refers any adverse event occurring after dosing. General disorders refers to all disorders coded as general but not at the site
of injection. Administrative site conditions refers to all adverse events that occurred at the site of administration of benralizumab or placebo. *Adverse events summarised
for eosinophilic and non-eosinophilic participants combined; since an initial review of the data provided no clinically relevant differences in adverse event rates between
these groups.
Table 4: Adverse events (irrespective of causality) reported by week 66 (safety population)*

no statistically significant differences in total daily
rescue medication use between any of the benralizumab
groups versus placebo (data not shown).

The annual exacerbation rate did not differ between
benralizumab 100 mg and placebo for the non-
eosinophilic participants (p=0-284; table 2, figure 2), and
ad-hoc subgroup analysis showed that benralizumab
100 mg had no effect on annual exacerbation rate in non-
eosinophilic participants with a baseline blood eosinophil
concentration less than 300 cells per pL (appendix p 15).
However, we noted improvements in FEV, and ACQ-6
score in the non-eosinophilic group receiving
benralizumab 100 mg (table 2).

All doses of benralizumab decreased blood eosinophil
counts after the first dose, with mean values of 46-56 cells
per pL on day 6 in participants with baseline values of at
least 300 cells per puL (appendix p 28). Eosinophil counts
recovered to near baseline levels by week 66, after the last
injection at week 40 (appendix).

Treatment-emergent adverse events were reported by a
higher proportion of participants in the combined
benralizumab groups (277 of 385, 72%) than in the
placebo groups (143 of 221, 65%) to week 66 (table 4).
Adverse events were summarised for eosinophilic and
non-eosinophilic participants combined, because an
initial review of the data showed that there were no
clinically relevant differences between these groups. Most
adverse events were mild to moderate in severity. Adverse
events irrespective of causality with more than 5% higher
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occurrence in the benralizumab groups than in the
placebo groups were nasopharyngitis (44 [11%] cases in
benralizumab groups vs 13 [6%] cases in placebo groups)
and injection-site reactions (60 [16%] vs eight [4%]).
Treatment-emergent adverse events resulted in
discontinuation of the study drug in 12 participants (3%)
receiving benralizumab and three participants (1%)
receiving placebo.

Serious adverse events were reported by the same
proportion of participants receiving benralizumab
(40 [10%]) as for placebo (23 [10%)]). Five participants
(1%) receiving benralizumab had serious adverse
events that we thought were treatment related, four in
the 100 mg group (acute cholecystitis, herpes zoster,
polyarteritis nodosa, and uterine leiomyoma) and one
in the 20 mg group (erythema nodosum), compared
with two participants (1%) in the placebo group
(anaphylactic reaction and pneumonia). The acute
cholecystitis was assessed by the funder and deemed to
be unrelated. The other suspected related serious
adverse events were assessed and thought to be related
but confounded by pre-existing disorders or
concomitant drugs. All serious adverse events resolved
and were reported to regulatory authorities as per the
requirement for safety reporting. There were no deaths.

Discussion
In this phase 2 dose-ranging study in participants with
uncontrolled eosinophilic asthma, benralizumab
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Panel: Research in context

Systematic review

A systematic review of PubMed was carried out using the
terms “asthma”, “eosinophil”, and “anti-interleukin-5" and
limited to papers published in English. This search yielded

26 results, which included a review article discussing the main
clinical studies investigating new anti-interleukin 5 therapies
in asthma.** References within the aforementioned review
article indicate that, whilst these therapies consistently
reduce sputum and blood eosinophils, their degree of clinical
benefit can vary. According to our systematic review of the
literature, benralizumab seems to be the only monoclonal
antibody targeted against the receptor of interleukin 5,
currently being evaluated in asthma. Persistent eosinophilic
airway inflammation in asthma increases the risk of
subsequent exacerbations. As it is difficult to measure
sputum eosinophils in practice, the ELEN index was
developed to predict sputum eosinophils >2%. At the time of
study start, the evidence pointed to sputum eosinophils as a
predictor of response. Subsequently more data have been
published which demonstrate the value of blood eosinophil
count in predicting response to anti-interleukin 5 therapy.”

Interpretation

This trial provides supporting evidence that participants with
asthma and raised eosinophils respond to interventions that
decrease eosinophils such as the anti-IL5Ra antibody,
benralizumab, and corroborates the evidence that blood
eosinophils are a predictor of response to anti-interleukin 5
therapies. Benralizumab (20 and 100 mg doses) may show
improvement in lung function and reduce exacerbations in
participants with asthma with elevated peripheral eosinophils
counts. The optimal dosing regimen identified by such
exposure-response analysis is being evaluated in phase 3
studies. Clinicians should await confirmation from ongoing
phase 3 studies.

100 mg seemed to reduce exacerbations and improve
lung function and quality of life in participants with a
protocol-defined eosinophilic phenotype (and also in a
prespecified subgroup analysis in participants with
baseline blood eosinophils =300 cells per pL), with a
predetermined o of 0-169. These potentially promising
results are important in the early development of a drug
but are not definitive until prospectively replicated in
larger studies with appropriate statistical endpoints (ie,
a=0-05) and more generalised populations (panel). We
designed this study on the basis of the hypothesis that
benralizumab would show efficacy in participants with
asthma and at least 2% sputum eosinophils. We used
the ELEN index (a surrogate blood-based marker of
sputum eosinophilia) and Fe, to stratify participants.
These assessments are more practical for large clinical
trials than are measurement of sputum eosinophils.
However, we noted significant improvements in
exacerbation rate, FEV,, and ACQ-6, for participants

with increased baseline blood eosinophil concentrations,
suggesting that blood eosinophil count might be a
useful biomarker to predict efficacy of benralizumab in
asthma (figure 3). Similar to findings from previous
studies with benralizumab,**” blood eosinophil counts
were substantially decreased after the first dose and
remained below baseline values up to the last dose.
Outcomes from this dose-ranging study suggested that
20 mg and 100 mg doses of benralizumab resided at the
dose-response plateau. We used the data from this trial
in an exposure-response analysis to identify the
optimum benralizumab dosing regimens to be studied
in a phase 3 study of 30 mg benralizumab
subcutaneously every 4 weeks, and 30 mg benralizumab
subcutaneously every 4 weeks for the first three doses
followed by 30 mg benralizumab subcutaneously every
8 weeks.” As projected, the 2 mg dose was ineffective,
probably because of inadequate drug distribution into
the lung. Overall, these results provide evidence to
support pursuit of benralizumab in participants with
eosinophil-driven, uncontrolled asthma in larger
phase 3 studies.

In previous studies, participants with uncontrolled
asthma and eosinophilia who were treated for 1 year with
an  anti-interleukin 5  monoclonal  antibody
(mepolizumab) had a significant reduction in
exacerbations but little effect on lung function or
symptoms.”® However, FEV, and asthma control were
significantly improved in a small 12-week study of
mepolizumab in patients with prednisone-dependent
asthma and persistent sputum eosinophilia.® A
significant improvement in lung function and modest
improvement in asthma control was also shown with
another anti-interleukin 5 monoclonal antibody,
reslizumab, in participants with eosinophilic asthma.* In
this study, benralizumab seemed to reduce exacerbations
similar to the effect reported with mepolizumab,? in
addition to improving lung function and asthma control
after 1 year. These differential effects could be related to
the fact that benralizumab targets the interleukin 5
receptor and subsequently reduces eosinophils® more
efficiently via  antibody-dependent cell-mediated
cytotoxicity. An alternative explanation could be
differences between studies in baseline FEV, reversibility.
In studies where FEV, improved during active treatment,
baseline FEV, reversibility was higher (18-28%; table 1)**
than in those studies that did not demonstrate an effect
on FEV,.”?

Interestingly, in participants who were characterised as
having a non-eosinophilic phenotype, benralizumab
100 mg seemed to improve lung function and asthma
control but did not seem to affect exacerbations. By
contrast, findings from previous studies have shown that
inhibition of interleukin 5 in a population unselected for
eosinophilia had no effect on lung function or asthma
control.>** Blood eosinophils might be a better predictor
of response than the ELEN index-Fe,, classification, a
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surrogate for at least 2% sputum eosinophils; 46 (16%) of
281 patients in the non-eosinophilic group had baseline
blood eosinophils of more than 300 cells per pL. In a
retrospective  post-hoc analysis of the DREAM
mepolizumab asthma study” comparing baseline
sputum eosinophil percentages with blood eosinophil
counts, we noted that the blood eosinophil count seemed
to more accurately predict response to anti-interleukin 5
monoclonal antibody therapy. Sputum eosinophil levels
could fluctuate more than blood eosinophil levels,*** and
thus eosinophils in the blood compartment might be a
better predictive biomarker. Alternatively, our findings in
non-eosinophilic participants could be accounted for by
the effect of benralizumab on other IL5Ra-expressing
cells contributing to airway inflammation, such as
basophils.”*

Benralizumab had an acceptable safety profile at all
doses, with few serious treatment-related adverse
events. The overall incidence of adverse events
irrespective of causality was slightly higher in the
benralizumab treatment groups than in the placebo
groups. Adverse events were mild to moderate in
severity, with nasopharyngitis and injection-site
reactions being the most frequent.

This study has several limitations. The study was
powered assuming placebo annual exacerbation rate of
0-66 and 1-03 for participants on medium-dose and
high-dose inhaled corticosteroids, respectively, on the
basis of findings from two studies, COMPASSY and
AHEAD.” We estimated a relative rate reduction of 40%
for annual exacerbation rate in the power calculation,
which was similar to the rate reduction (41%) noted for
benralizumab 100 mg. However, the annual
exacerbation rate for participants receiving medium-
dose and high-dose inhaled corticosteroids in the
placebo group was lower than estimated. A lower
placebo rate increases the variance estimate in the
Poisson regression model and, consequently, reduces
the overall power of the study.

In addition to the study not being powered for the
subgroup analyses, some participants with high baseline
blood eosinophil counts were classified as having a non-
eosinophilic phenotype, and vice versa. Consequently, in
a prespecified subgroup analysis that was not
randomised or stratified, participants were grouped
according to a baseline blood eosinophil cutoff point of
at least 300 cells per pL. The clinical usefulness of blood
eosinophil cutoftf points as predictive biomarkers for
anti-interleukin 5 and anti-IL5Ra therapies for asthma
needs prospective validation in phase 3 studies, which
are underway. Other limitations include that no adjust-
ment was made for multiplicity and loss of follow-up
data from participants, possibly resulting in over-
interpretation of FEV, and ACQ data.

In conclusion, the results at the prespecified statistical
significance level (p<0-169) from this dose-ranging study
suggest that benralizumab 20 mg and 100 mg could have
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a positive effect on exacerbations, lung function, and
asthma control compared with placebo in participants
with uncontrolled eosinophilic asthma. These pre-
liminary findings support further clinical development
of benralizumab in asthma. Phase 3 studies are underway
in patients with moderate or severe asthma with
peripheral eosinophils count of at least 300 cells per pL
with two dosing regimens based on exposure-response
analysis of this study,” 30 mg benralizumab sub-
cutaneously every 4 weeks, and 30 mg benralizumab sub-
cutaneously every 4 weeks for the first three doses
followed by 30 mg subcutaneously every 8 weeks
(NCT01914757, NCT02075255, and NCT01928771).
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