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Efficacy and safety of benralizumab for patients with severe
asthma uncontrolled with high-dosage inhaled
corticosteroids and long-acting B,-agonists (SIROCCO):

a randomised, multicentre, placebo-controlled phase 3 trial

Eugene R Bleecker, | Mark FitzGerald, Pascal Chanez, Alberto Papi, Steven F Weinstein, Peter Barker, Stephanie Sproule, Geoffrey Gilmartin,
Magnus Aurivillius, Viktoria Werkstrom, Mitchell Goldman, on behalf of the SIROCCO study investigators*

Summary

Background Eosinophilia is associated with worsening asthma severity and decreased lung function, with increased
exacerbation frequency. We assessed the safety and efficacy of benralizumab, a monoclonal antibody against
interleukin-5 receptor a that depletes eosinophils by antibody-dependent cell-mediated cytotoxicity, for patients with
severe, uncontrolled asthma with eosinophilia.

Methods We did a randomised, double-blind, parallel-group, placebo-controlled phase 3 study at 374 sites in
17 countries. We recruited patients (aged 12-75 years) with a physician-based diagnosis of asthma for at least 1 year
and at least two exacerbations while on high-dosage inhaled corticosteroids and long-acting f3,-agonists (ICS plus
LABA) in the previous year. Patients were randomly assigned (1:1:1) by an interactive web-based voice response system
to benralizumab 30 mg either every 4 weeks (Q4W) or every 8 weeks (Q8W first three doses every 4 weeks) or placebo
Q4W for 48 weeks as add on to their standard treatment. Patients were stratified 2:1 according to blood eosinophil
counts of at least 300 cells per pL and less than 300 cells per pL. All patients and investigators involved in patient
treatment or clinical assessment were masked to treatment allocation. The primary endpoint was annual exacerbation
rate ratio versus placebo, and key secondary endpoints were prebronchodilator forced expiratory volume in 1s (FEV))
and total asthma symptom score at week 48, for patients with blood eosinophil counts of at least 300 cells per pL.
Efficacy analyses were by intention to treat (based on the full analysis set); safety analyses included patients according
to study drug received. This study is registered with ClinicalTrials.gov, number NCT01928771.

Findings Between Sept 19, 2013, and March 16, 2015, 2681 patients were enrolled, 1205 of whom met the study criteria
and were randomly assigned: 407 to placebo, 400 to benralizumab 30 mg Q4W, and 398 to benralizumab 30 mg Q8W.
267 patients in the placebo group, 275 in the benralizumab 30 mg Q4W group, and 267 in the benralizumab 30 mg
Q8W group had blood eosinophil counts at least 300 cells per pL and were included in the primary analysis population.
Compared with placebo, benralizumab reduced the annual asthma exacerbation rate over 48 weeks when given Q4W
(rate ratio 0-55, 95% CI 0-42-0-71; p<0-0001) or Q8W (0-49, 0-37-0-64; p<0-0001). Both benralizumab dosing
regimens significantly improved prebronchodilator FEV, in patients at week 48 compared with placebo (least-squares
mean change from baseline: Q4W group 0-106 L, 95% CI 0-016-0-196; Q8W group 0-159 L, 0-068—0-249). Compared
with placebo, asthma symptoms were improved by the Q8W regimen (least-squares mean difference —0-25, 95% CI
—0-45 to —0-06), but not the Q4W regimen (—0-08, —0-27 to 0-12). The most common adverse events were worsening
asthma (105 [13%] of 797 benralizumab-treated patients vs 78 [19%)] of 407 placebo-treated patients) and nasopharyngitis
(93 [12%] vs 47 [12%)).

Interpretation These results confirm the efficacy and safety of benralizumab for patients with severe asthma and
elevated eosinophils, which are uncontrolled by high-dosage ICS plus LABA, and provide support for benralizumab

to be an additional option to treat this disease in this patient population.

Funding AstraZeneca and Kyowa Hakko Kirin.

Introduction

Asthma has been estimated to affect more than
315 million people worldwide, with approximately 10%
having severe or uncontrolled asthma.'” The worldwide
prevalence of asthma continues to increase, and is
projected to reach more than 400 million by 2020,
representing a growing unmet need for the treatment of
patients with uncontrolled disease.

Patients with severe asthma need high-dosage inhaled
corticosteroids in combination with long-acting
B,-agonists to control their disease.* Despite the proven
effectiveness of this approach for most asthmatics, many
patients continue to have uncontrolled disease and are at
risk for severe asthma exacerbations. Patients with
severe, uncontrolled asthma experience a high disease
burden, including recurrent exacerbations and hospital
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Research in context

Evidence before this study

Benralizumab is a humanised, anti-eosinophil monoclonal
antibody against interleukin-5 receptor o that is intended for
patients with severe, uncontrolled asthma with eosinophilic
inflammation. We searched PubMed on June 7, 2016, for articles
with the terms “asthma”, “anti-interleukin-5", and “eosinophi
in the title or abstract. This search yielded 29 results, including
one study describing a randomised, controlled, double-blind,
dose-ranging phase 2b trial of benralizumab for patients with
uncontrolled eosinophilic asthma. Based on this systematic
review, benralizumab is the only monoclonal antibody against
interleukin-5 receptor o used to treat asthma. Benralizumab
induces direct, rapid, and nearly complete depletion of
eosinophils in the bone marrow, blood, and target tissue via
enhanced antibody-dependent cell-mediated cytotoxicity.
Given the promising results obtained in the phase 2b trial, we
undertook the phase 3 SIROCCO study to confirm the efficacy

I

admissions (defined as admission to an inpatient facility
and/or assessment and treatment in a health-care facility
for =24 h).>® As a result, most health-care resources used
for asthma care are attributable to those patients with
severe disease.”* Furthermore, the cost of asthma
increases proportionally with disease severity.

Eosinophilic inflammation is present in approximately
50% of patients with asthma® and is associated with
asthma severity, greater frequency of exacerbations, and
decreased lung function.”® Additionally, poor asthma
control is associated with progressive increases in
sputum and blood eosinophil counts."

Interleukin 5 is one of several cytokine mediators
involved in eosinophil development, activation,
proliferation, and survival, and concentrations of this
cytokine in the lungs are increased in patients with
asthma.”® Findings from clinical trials have shown
efficacy and safety of treatment with monoclonal antibodies
against interleukin 5 in patients with asthma and have led
to the approval of mepolizumab and reslizumab in the
USA and mepolizumab in Europe as add-on maintenance
treatment for patients with severe asthma aged 18 years
(reslizumab) or 12 years (mepolizumab) and older with an
eosinophilic phenotype."”

Benralizumab is a humanised, afucosylated, monoclonal
antibody against interleukin-5 receptor a that induces
direct, rapid, and nearly complete depletion of eosinophils
through enhanced antibody-dependent cell-mediated
cytotoxicity, an apoptotic process of eosinophil elimination
involving natural killer cells.®” This mechanism is in
contrast to current treatments, which target interleukin 5
directly and act through a passive (ie, indirect) mechanism
that ultimately results in eosinophil reduction but not
depletion.” Benralizumab has a broad efficacy profile
for patients with severe, uncontrolled asthma with
eosinophilic inflammation.®* In a phase 2b study?

and safety of benralizumab 30-mg dosage for patients with
severe, uncontrolled, eosinophilic asthma, and to seek
regulatory approval in the USA, Europe, and Japan.

Added value of this study

This study is, to our knowledge, the first phase 3 trial of
benralizumab in patients with severe, uncontrolled asthma
with eosinophilic inflammation. Benralizumab given once every
4 or 8 weeks decreased exacerbations and improved lung
function, with improvement in asthma symptoms noted with
the once every 8 weeks dosage.

Implications of all the available evidence

Severe asthma affects the health and wellbeing of millions of
people worldwide. Exacerbations are life threatening for these
patients, and their health-related quality of life is substantially
diminished. These findings show the potential for benralizumab
to improve outcomes for patients with severe asthma.

benralizumab 100 mg Q8W for 1 year seemed to reduce
exacerbation rates compared with placebo (0-34 vs 0-57;
41% reduction, 80% CI 11-60; p=0-096) for patients with
uncontrolled asthma treated with medium-dosage or
high-dosage inhaled corticosteroids and long-acting
B,-agonists (ICS plus LABA). A lower 20 mg dosage was
efficacious in reducing exacerbation rates (0-30 vs 0-68 in
placebo, 57% reduction, 80% CI 33-72; p=0-015) in
patients with Dblood eosinophil counts at least
300 cells per pL.”2 Results from this study prompted the
decision to investigate a 30 mg dosagein phase 3 trials.”*

We report the results from SIROCCO, one of two
phase 3 trials that investigated the efficacy and safety of
benralizumab in patients with severe asthma with
eosinophilia inadequately controlled with high-dosage
ICS plus LABA.

Methods

Study design and participants

SIROCCO was a phase 3, randomised, double-blind,
parallel-group, placebo-controlled study done at 374 clinical
research centres in Australia, Brazil, Bulgaria, Czech
Republic, France, Italy, Mexico, Peru, Poland, Russia,
South Africa, South Korea, Spain, Turkey, the UK, the USA,
and Vietnam (appendix pp 2-6).

Patients aged 1275 years who weighed at least 40 kg
and who were diagnosed by a physician to have had
asthma needing treatment with medium-dosage or high-
dosage ICS plus LABA for atleast 1 year before enrolment
(week —4) were included in the study. Patients must have
had at least two documented asthma exacerbations
needing systemic corticosteroid treatment or a temporary
increase in their usual maintenance dosages of oral
corticosteroids within 1 year before enrolment. To be
eligible for participation, patients must have had
documented treatment of ICS plus LABA with or without
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2681 patients enrolled

449 not entered into screening or run-in
302 eligibility criteria not met

114 study-specific withdrawal criteria

A 4

24 patient decision
4 lost to follow-up
3 adverse events
2 other

A4

2232 entered screening or run-in

1027 not randomised
749 eligibility criteria not met
188 study-specific withdrawal criteria
46 patient decision

A 4

21adverse events
3 lost to follow-up
1severe non-compliance with the protocol

A4

| 1205 randomised

17 other
2 died

¢ A 4

v

N

| 407 assigned to placebo | |

00 assigned to benralizumab 30 mg Q4W |

| 398 assigned to benralizumab 30 mg Q8W

—>| 1 lost to follow-up |

N

407 treated (intention to treat)
267 high-dosage ICS plus LABA with

140 high-dosage ICS plus LABA with

blood eosinophils =300 cells per pL

blood eosinophils <300 cells per pL

v

v

N

399 treated (intention to treat)
275 high-dosage ICS plus LABA with

124 high-dosage ICS plus LABA with

blood eosinophils 2300 cells per pL

blood eosinophils <300 cells per pL

v

v

398 treated (intention to treat)
267 high-dosage ICS plus LABA with

131 high-dosage ICS plus LABA with

blood eosinophils =300 cells per pL

blood eosinophils <300 cells per pL

v

v

362 45 discontinued treatment 349 50 discontinued treatment 358 40 discontinued treatment
completed 20 patient decision completed 20 patient decision completed 16 patient decision
treatment 5 adverse events treatment 9 adverse events treatment 8 adverse events
3 study-specific discontinuation criteria 3 study-specific discontinuation criteria 2 study-specific discontinuation criteria
2 lost to follow-up 4 lost to follow-up 4 lost to follow-up
3 severe non-compliance with the 5 severe non-compliance with the 3 severe non-compliance with the
protocol protocol protocol
11 other reasons 9 other reasons 7 other reasons
1 missing
5did not 357 10 35did not 1did not 348 6 44 did not 3did not 355 3 37 did not
complete completed completed complete complete completed completed complete complete completed completed complete
study study study* study study study study* study study study study*® study
3 patient 1 other 1 patient
decision decision
1lostto 1lostto
follow- follow-
up up
1 other 1died

v v

| 367 completed study |

v v

| 354 completed study |

v v

| 358 completed study |

Figure 1: Trial profile
*Discontinued treatment but attended all study visits. ICS=inhaled corticosteroids. LABA=long-acting B,-agonist. Q4W=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W).

oral corticosteroids and additional asthma controllers for

Additional inclusion

criteria

included

a pre-

at least 3 months before enrolment. Patients aged 18 years
or older were permitted only high-dosage inhaled
corticosteroid ~ treatment, whereas patients aged
12-17 years could have been receiving medium-dosage or
high-dosage inhaled corticosteroids.

bronchodilator forced expiratory volume in 1 s (FEV)) of
less than 80% predicted (<90% predicted for patients
aged 12-17 years) at screening (week —3); a documented
post-bronchodilator reversibility of at least 12% and at
least 200 mL in FEV, within 12 months before enrolment
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All patients (n=1204)

High-dosage ICS plus LABA with baseline blood
eosinophils 2300 cells per pL (n=809)

High-dosage ICS plus LABA with baseline
blood eosinophils <300 cells per pL (n=395)

Placebo (n=407) Benralizumab  Benralizumab  Placebo Benralizumab Benralizumab Placebo Benralizumab  Benralizumab
30 mg Q4W 30 mg Q8W (n=267) 30 mg Q4W 30 mg Q8W (n=140) 30 mg Q4W 30 mg Q8W
(n=399) (n=398) (n=275) (n=267) (n=124) (n=131)
Age (years) 487 (14-9) 50-1(13-4) 47-6 (14-5) 486 (147) 492 (131) 47-6 (14-6) 49-0(15-3) 52:0(13:9) 47-8 (143)
Age group (years)
21210 <18 23 (6%) 11 (3%) 19 (5%) 12 (4%) 8 (3%) 10 (4%) 11 (8%) 3(2%) 9 (7%)
2181075 384 (94%) 388 (97%) 379 (95%) 255 (96%) 267 (97%) 257 (96%) 129 (92%) 121 (98%) 122 (93%)
Sex
Male 138 (34%) 124 (31%) 146 (37%) 87 (33%) 102 (37%) 93 (35%) 51 (36%) 22 (18%) 53 (40%)
Female 269 (66%) 275 (69%) 252 (63%) 180 (67%) 173 (63%) 174 (65%) 89 (64%) 102 (82%) 78 (60%)
Race
White 302 (74%) 285 (71%) 287 (72%) 191 (72%) 191 (69%) 192 (72%) 111 (79%) 94 (76%) 95 (73%)
Black or African American 16 (4%) 15 (4%) 15 (4%) 10 (4%) 11 (4%) 10 (4%) 6 (4%) 4(3%) 5 (4%)
Asian 50 (12%) 54 (14%) 50 (13%) 36 (13%) 39 (14%) 35 (13%) 14 (10%) 15 (12%) 15 (11%)
Other* 39 (10%) 45 (11%) 46 (12%) 30 (11%) 34 (12%) 30 (11%) 9 (6%) 11 (9%) 16 (12%)
Ethnic group
Hispanic or Latino 77 (19%) 73 (18%) 80 (20%) 57 (21%) 52 (19%) 52 (19%) 20 (14%) 21 (17%) 28 (21%)
Not Hispanic or Latino 330 (81%) 326 (82%) 318 (80%) 210 (79%) 223 (81%) 215 (81%) 120 (86%) 103 (83%) 103 (79%)
Body-mass index (kg/m?) 289 (7-1) 292 (71) 282(62) 287 (7:0) 28.9 (69) 277 (6:1) 293 (71) 299 (7:3) 293(6-2)
Missing data 0 2 0 0 2 0 0 0 0
Eosinophil count (cells perul) 370 (0-2690) 390 (0-3440) 360 (0-3100) 500 500 500 130 (0-290) 160 (0-297) 180 (0-290)
(300-2690) (300-3440) (300-3100)
Missing data 4 4 6 3 1 4 1 3 2
Central eosinophil count (cells 350 (0-3580) 360 (0-3170)  325(0-3110)  480(70-2220) 470 (40-3170) 460 (10-3110)  130(0-3580) 160 (0-760) 150 (0-460)
per L)
Missing data 12 12 16 9 6 10 3 6 6
Prebronchodilator FEV, (L) 1.660 1-655 1.680 1.654 1-673 1.660 1.672 1.615 1.721
(0-584) (0-553) (0-582) (0-580) (0-577) (0-574) (0-594) (0-493) (0-597)
Predicted normal (%) 56-6% (15-0) 57-4% (14-1)  56-1% (14-6) 56-4% (14-6)  56:5% (14-4) 55-5% (14-6) 57:0%(157)  59-4%(13-2)  57:3%(147)
Missing data 7 6 1 5 2 1 2 4 0
Prebronchodilator FEV,/FVC 61(13) 62(12) 61(13) 61(13) 62 (12) 60 (13) 62 (13) 63(12) 62 (14)
Missing data 7 6 1 5 2 1 2 4 0
Reversibility (%) 20% 18% 22% 20% 18% 21% 20% 17% 22%
(-26 to 154) (-7t0136) (-12 t0 157) (26t0154)  (-7t0136) (-10t0 157) (-7t0138) (-2t0 96) (-12t0 134)
Missing data 26 24 23 16 13 14 10 11 9
ACQ-6 scoret 2.87(0-94) 2:77(0-96) 2-80(0-88) 2:90 (0-95) 2:77(0-95) 2.81(0-89) 2-82(0-93) 2:78 (1-00) 2:78 (0-85)

(Table 1 coninues on next page)

or identified at screening; and an Asthma Control
Questionnaire, six-question version (ACQ-6) score of at
least 1-5 at enrolment” The ACQ-6 is a six-item
questionnaire to assess daytime and night-time symptoms
and rescue f-agonist use on a 0-6 scale. Patients were
excluded from the study if they had a history of
anaphylaxis with any biologic drug, a clinically important
pulmonary disease other than asthma, or a helminthic
parasitic infection diagnosed within 24 weeks before
enrolment that had either not been treated or did not
respond to standard-of-care treatment. Full inclusion and
exclusion criteria are included in the appendix (pp 7-10).
Because the aim of the SIROCCO trial was to
establish the effect of benralizumab as an add-on
treatment, patients continued receiving their
background asthma controller treatments at a stable

dosage during the study. Short-acting f,-agonists were
permitted as rescue drugs to control worsening asthma
symptoms; the appendix (pp 11-13) lists restricted
asthma drugs.

Before any patient was enrolled, an independent ethics
committee or institutional review board at each study
centre approved the clinical study protocol, and the
national regulatory authority either approved the clinical
study protocol or received a notification according to
local regulations. All patients provided written informed
consent at enrolment. The study was done in accordance
with the principles of the Declaration of Helsinki and
was consistent with the International Council for
Harmonisation/Good Clinical Practice and applicable
regulatory requirements and AstraZeneca company
policy on bioethics.
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All patients (n=1204)

High-dosage ICS plus LABA with baseline blood
eosinophils 2300 cells per pL (n=809)

High-dosage ICS plus LABA with baseline
blood eosinophils <300 cells per pL (n=395)

Placebo (n=407) Benralizumab  Benralizumab  Placebo Benralizumab Benralizumab Placebo Benralizumab  Benralizumab
30 mg Q4W 30 mg Q8W (n=267) 30 mg Q4W 30 mg Q8W (n=140) 30 mg Q4W 30 mg Q8W
(n=399) (n=398) (n=275) (n=267) (n=124) (n=131)
(Continued from previous page)
Time since asthma diagnosis 142 153 14-4 13-4 149 14-6 168 17-4 140
(years) (11-72-4) (11-70-4) (11-66-9) (11-65-2) (1-1-62-6) (11-66-9) (11-72-4) (1-2-70-4) (1-2-588)
Number of exacerbations in 3.0(1:8) 2:9(1-8) 2:8(1:5) 3:1(2-0) 3-0(2-0) 2-8(1:5) 2.7 (15) 2:7(12) 2:6(1-3)
the past 12 months
Number resulting in ED visit 0-3(0-8) 0-3(1-0) 0-2(0-8) 0-3(0-8) 0-4 (1-0) 0-3(0-9) 0-2(0-8) 0-2(0-9) 0-2(0-6)
Patients with 67 (16%) 64 (16%) 53 (13%) 48 (18%) 51(19%) 40 (15%) 19 (14%) 13 (10%) 13 (10%)
=1 exacerbations resulting
in ED visit
Number resulting in hospital 0-4(0-8) 0-4(0-7) 0-4(0-8) 0-4(0-8) 0-3(0-7) 0-4(0-9) 0-4(0-8) 0-4(0-9) 0-3(0-8)
admission
Patients with 107 (26%) 98 (25%) 100 (25%) 67 (25%) 66 (24%) 71 (27%) 40 (29%) 32 (26%) 29 (22%)
=1 exacerbations resulting
in hospital admission
Total asthma symptom score 2:68 (1.07) 2:72 (1-02) 2.70(1-11) 2:74 (1-08) 2-67 (1-01) 2-68 (1-09) 2:57 (1-07) 2-84(1-02) 2:73 (1-14)
Missing data 0 1 3 0 1 2 0 0 1
Diagnosis of allergic rhinitis 220 (54%) 207 (52%) 219 (55%) 156 (58%) 148 (54%) 150 (56%) 64 (46%) 59 (48%) 69 (53%)
Nasal polyps 79 (19%) 84 (21%) 74 (19%) 62 (23%) 66 (24%) 62 (23%) 17 (12%) 18 (15%) 12 (9%)
Atopic (based on Phadiatop 230 (57%) 231 (58%) 244 (61%) 152 (57%) 156 (57%) 169 (63%) 78 (56%) 75 (60%) 75 (57%)
test)
History of omalizumab 31(8%) 29 (7%) 28 (7%) 22 (8%) 16 (6%) 18 (7%) 9 (6%) 13 (10%) 10 (8%)
treatment
Missing data 3 1 1 2 1 1 1 0 0
AQLQ(S)+12 scoret 3:90(1:02) 3-93(0-98) 3:94(1-00) 3-87(0:99) 3-93(1-00) 3-93(0:97) 3-97(1:07) 392(0:95) 3-97(1-04)
Missing data 15 17 17 12 12 12 3 5 5
Smoker 5 (1%) 0 1(<1%) 1(<1%) 0 1(<1%) 4 (3%) 0 0
Nicotine pack-years 5-0 (0-9) 5-0 (0-9) 5-0 (0-9) 5-0 (0-9) 6-0 (0-9) 5-0(0-9) 5-0(0-9) 5-0(1-9) 5-0(0-9)

Data are mean (SD), number (%), or median (range). Some percentages do not add up to 100 because of rounding. ICS=inhaled corticosteroids. LABA=long-acting B,-agonsists. Q4W=every 4 weeks. Q8W=every 8 weeks
(first three doses Q4W). ACQ-6=Asthma Control Questionnaire, six-question version. AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. ED=emergency department. FEV,=forced

expiratory volume in 1 s. FVC=forced vital capacity. *Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, or other. TLow numbers represent better symptom control. $High numbers suggest better
quality of life. SCurrent smoker or former smoker with a smoking history of 10 packs per year.

Table 1: Baseline demographics and clinical characteristics (full analysis set)

Randomisation and masking
All adult patients, and adolescent patients enrolled
at non-European Union (EU) sites, were randomly
assigned (1:1:1) to one of three 48-week treatment
groups: subcutaneous benralizumab 30 mg either every
4 weeks (Q4W) or every 8 weeks (Q8W; first three doses
given 4 weeks apart), or matching placebo. This dosing
regimen was chosen based on an exposure-response
analysis of data from the phase 2b study with
benralizumab involving patients with uncontrolled
asthma.”” Adolescent patients enrolled at sites in the
EU were randomly assigned to one of two treatment
groups: subcutaneous benralizumab 30 mg Q8W (first
three doses given Q4W) or matching placebo to
accommodate a request by the Paediatric Committee at
the European Medicines Agency to limit drug burden
in adolescents.

Each patient was assigned a unique enrolment number
and randomisation code by an interactive web-based voice
response system. Randomisation was stratified by age

group (adult or adolescent), country (in adults) or region
(within the EU and outside the EU for adolescents), and
blood eosinophil counts. The randomisation stratified
patients (2:1) for blood eosinophil counts of at least
300 cells per pL and less than 300 cells per pL, which
were measured at a local laboratory. The randomisation
was stratified to enrich the study population with patients
most likely to benefit from benralizumab treatment and
to provide insight into efficacy in patients with low
baseline blood eosinophil counts. Randomisation codes
were assigned by the study investigator sequentially
in each stratum as patients became eligible for
randomisation, until each stratum was full.

The study was planned with a double-blind, double-
dummy design to ensure masking throughout. The
identity of the treatment allocation was not made
available to the patients, investigators involved in patient
treatment or clinical assessment, or study funder.
Placebo solution was visually matched with benralizumab
solution.
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High-dosage ICS plus LABA with baseline blood High-dosage ICS plus LABA with baseline blood
eosinophils 2300 cells per pL eosinophils <300 cells per pL
Placebo Benralizumab Benralizumab Placebo Benralizumab Benralizumab
30 mg Q4W 30 mg Q8W 30 mg Q4W 30 mg Q8W
Primary endpoint
Annual asthma exacerbation rate over
48 weeks*
Number of patients analysed 267 275 267 140 124 131
Rate estimate (95% Cl) 133 073 0-65 121 0-85 1.00
(112-158)  (0-60-0-89) (0-53-0-80) (0:96-1-52)  (0-65-1-11) (0-78-128)
Absolute difference estimate (95% Cl) - -0-60 -0-68 - -036 -0-21
(-0-87t0-0-33)  (-0-95 to-0-42) (-0-71t0 -0-00) (-0-58 t0 0-16)
Rate ratio vs placebo (95% Cl; p value) . 055 0-49 . 0-70 0-83
(0-42-071; (0:37-0-64; (0-50-1-00; (0-59-1-16;
<0-0001) <0-0001) 0-0471) 0-2685)
Key secondary endpoints (48 weeks)
Prebronchodilator FEV, (L)t
Number of patients analysed 261 271 264 138 120 129
LS mean change (number of 0239(233)  0-345(236) 0-398 (235) 0-145(125)  0-120(105) 0-248 (119)
patientsS§)
LS mean difference vs placebo 0-106 (0-016 to 0-159 (0-068 to -0-025 (-0-134 to 0-102 (0-003 to
(95% CI; p value) 0-196;0-0215)  0-249; 0-0006) 0-083; 0-6438) 0-208; 0-568)
Total asthma symptom scoretq
Number of patients analyseds 267 273 263 139 123 127
LS mean change (number of -1.04 (180)  -1.12(197) -1-30 (178) -0-77 (99) -0-97(93) -1.06 (91)
patients§)
LS mean difference vs placebo -0-08 (-0-27to -0-25 (-0-45 to -0-20 (-0-48 to -0-29 (-0-57to
(95% CI; p value) 0-12; 0-4420) -0-06; 0-0118) 0-08; 0-1688) -0-01; 0-0431)
ICS=inhaled corticosteroids. LABA=long-acting ,-agonsists. Q4W=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W). FEV,=forced expiratory volume in 1 s. LS=least
squares. *Estimates calculated using a negative binomial model, with adjustment for treatment, region, oral corticosteroid use at time of randomisation, and previous
exacerbations. TEstimates 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 x treatment. #Patients with a baseline and at least one post-baseline assessment. SNumbers of patients at 48 weeks. A decrease in
score suggests an improvement.
Table 2: Primary and key secondary endpoints

Procedures

Benralizumab and placebo were provided in pre-filled
syringes (accessorised with needle guards and finger
phalanges) containing a deliverable volume of 1 mL
containing 30 mg/mL solution or matching placebo
solution for injection (manufactured by AstraZeneca,
Gaithersburg, MD, USA). Patients assigned to the
benralizumab Q4W dosing schedule or placebo were
given their randomly assigned treatments at study centre
visits at weeks 0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, and 44,
whereas patients assigned to the benralizumab Q8W
dosing schedule were given benralizumab at study
centre visits on weeks 0, 4, 8, 16, 24, 32, and 40 and
placebo at the intervening visits. The site of injection
was rotated between different anatomical sites at
each visit.

Data were collected from all patients at enrolment,
screening, randomisation (week 0), every 4-week
interval during the treatment period (weeks 4-48), and
follow-up (week 56, for patients not continuing in
BORA [NCT02258542], an open-label extension study).
Study investigators at each site did prebronchodilator
spirometry at screening, then weeks 0, 4, 8, 16, 24, 32,

40, and 48. Lung function assessments (FEV, and
forced vital capacity) were done according to the
American Thoracic Society/European Respiratory
Society (ATS/ERS) guidelines.” Properly certified
personnel did the spirometry testing using equipment
that was supplied by a central spirometry vendor
(eResearch Technology GmbH, Estenfeld, Germany)
and met ATS/ERS recommendations. Additional
assessments included asthma symptom score, ACQ-6,*
Standardised Asthma Quality of Life Questionnaire for
12 years and older (AQLQ(S)+12; a 32-item
questionnaire to assess asthma-related quality of life
scored on a 1-7 scale), anti-drug antibodies, and overall
measurement of response to treatment (appendix
pp 14-15). Patient-reported outcomes and daily metrics,
including ACQ-6, AQLQ(S)+12, and asthma symptom
scores, were recorded using an electronic Asthma Daily
Diary. The Asthma Daily Diary, ACQ-6, and
AQLQ(S)+12 have been validated for use in clinical
trials.** Safety was monitored at each study centre visit
from enrolment, during the screening or run-in period,
during the treatment period, and at a follow-up visit on
week 56.
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Outcomes

The primary efficacy endpoint was the annual asthma
exacerbation rate ratio versus placebo, which is
summarised as total number of exacerbationsx365-25/
total duration of follow-up within the treatment group
(days). An exacerbation was defined as a worsening of
asthma that led to one of the following: (1) use of systemic
corticosteroids, or temporary increase in a stable oral
corticosteroid background dosage, for at least 3 days or a
single injectable dose of corticosteroids; (2) emergency
department or visit to an urgent care centre (<24 h)
because of asthma that needed systemic corticosteroids;
or (3) inpatient hospital stay (=24 h) because of asthma.
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
(appendix p 16).

Key secondary endpoints (ie, multiplicity [type I
error]-protected endpoints) for the primary analysis
population were prebronchodilator FEV, and total
asthma symptom score (a composite of daytime and
night-time symptoms scored 0-6 overall) at week 48.
The primary and key secondary analyses of efficacy
included patients with blood eosinophil counts at least
300 cells per pL. Additional secondary endpoints were
time to first asthma exacerbation, annual rate of asthma
exacerbations that were associated with a visit to an
emergency department or urgent care centre or
admission to hospital, post-bronchodilator FEV,, ACQ-6
score,” and AQLQ(S)+12 score. All efficacy endpoints
were also assessed in patients with blood eosinophil
counts less than 300 cells per pL, with statistical
comparisons not done for patients with less than
300 eosinophils per pL for non-key secondary outcomes
(except ACQ-6) and summarised descriptively. Safety
outcomes were adverse events, serious adverse events,
laboratory variables, electrocardiograms, vital signs, and
immunogenicity.

Statistical analysis
We calculated that for the primary analysis of efficacy,
approximately 252 patients with blood eosinophil counts
at least 300 cells per pL per treatment group (756 total)
were needed for 90% power to detect a 40% reduction in
annual exacerbation rate in both benralizumab dosage
regimens compared with placebo, assuming a two-sided
4% o (appendix p 18) and an annual placebo exacerbation
rate of 0-88 events per patient, based on published phase
2b data.””” The sample size calculation was based on
simulations and a negative binomial shape parameter of
0-9, on the basis of corresponding data from phase 2b
trial results.? A total enrolment of 1134 adults and
adolescents for randomisation was needed, including the
enrolment of 126 patients per group (378 total) for the
less than 300 cells per puL blood eosinophil cohort.

We analysed the primary efficacy endpoint using a
negative binomial model, with adjustment for treatment,
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Figure 2: Annual asthma exacerbation rate estimates at 48 weeks according
to baseline blood eosinophil concentrations

Data for patients with baseline blood eosinophils (A) 2300 cells per L and

(B) <300 cells per pL in the full analysis set are shown. Estimates were calculated
using a negative binomial model, with adjustment for treatment, region, oral
corticosteroid use at time of randomisation, and previous exacerbations.
Q4W-=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W).

region, exacerbations in the previous year (two, three, or
four or more), and oral corticosteroid use at time of
randomisation. The estimated treatment effect (ie, rate
ratio of benralizumab vs placebo), corresponding 95% CI,
and two-sided p value for the rate ratio were calculated.
The annual exacerbation rate and corresponding 95% Cls
within each treatment group were also calculated.
We also did prespecified subgroup analyses to assess the
exacerbation rate in subgroups of clinical relevance
(appendix p 17). We did a post-hoc analysis in the primary
analysis population to assess the treatment effect of a
history of at least three exacerbations experienced by
patients in the previous year using a separate negative
binomial model with adjustment for treatment, region,
oral corticosteroid use, and number of previous
exacerbations.

We analysed the key secondary endpoints using a
mixed-effects model for repeated measures analysis, with
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Figure 3: Change from baseline in prebronchodilator forced expiratory volume in 1s according to baseline
blood eosinophil concentrations

Data for patients with baseline blood eosinophils (A) 2300 cells per pL and (B) <300 cells per L in the full analysis set
are shown. Q4W=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W). *p<0-05 for benralizumab 30 mg Q4W
vs placebo. tp<0-05 for benralizumab 30 mg Q8W vs placebo.

adjustment for treatment, region, baseline value, oral
corticosteroid use at time of randomisation, visit,
and visitxtreatment. Least-squares means, treatment
differences in least-squares means, 95% Cls, and p values
were calculated. We analysed the other continuous
secondary efficacy endpoints using a mixed-effects model
for repeated measures analysis. Time to first asthma
exacerbation was analysed using a Cox proportional
hazard model, with adjustment for treatment, region,
exacerbations in the previous year, and oral corticosteroid
use at time of randomisation.

To account for multiplicity to test the primary endpoint
and two key secondary endpoints (ie, change from
baseline in FEV, and asthma symptom score) for each of

the two benralizumab dosing regimens, we followed a
multiple testing procedure to control the overall type I
error rate (appendix p 18). The testing procedure
permitted two tests of annual asthma exacerbation rate
(one test for each dosing regimen vs placebo) at the
family-wise error rate of 0-04 using a Hochberg
procedure. If both p values were less than 0-04, then the
two key secondary endpoints could be tested for both
dosing regimens at a family-wise error rate of 0-05 using
a Holm procedure.

All efficacy analyses were done in the intention-to-treat
population; that is, all randomly assigned patients who
received any study treatment, regardless of their protocol
adherence and continued participation in the study.
Safety analyses were based on the actual treatment
regimen received and included all patients who received
at least one dose of study drug. All analyses were done
using SAS version 9.2.

A data safety monitoring board and two independent
adjudication committees (one for asthma-associated
emergency department visits and/or hospital admissions;
the other for major adverse cardiovascular events or
malignancies) oversaw the study (appendix p 19). This
study is registered with ClinicalTrials.gov, number
NCT01928771.

Role of the funding source

The funders of the study participated in the study
design. All authors, including those employed by the
funders of the study, participated in the data collection,
data analysis, data interpretation, and writing of the
report. All authors had full access to all of the data in the
study and had final responsibility for the decision to
submit for publication.

Results

Between Sept 19, 2013, and March 16, 2015, we enrolled
2681 patients, 2232 of whom were screened for eligibility
(figure 1). 1205 patients who met study entry criteria
were randomly assigned to treatment: 407 to placebo,
400 to benralizumab 30 mg Q4W, and 398 to
benralizumab Q8W. One patient in the benralizumab
30 mg Q4W group was lost to follow-up before treatment;
all other patients received their assigned treatments. 267
patients in the placebo group, 275 in the benralizumab
30 mg Q4W group, and 267 in the benralizumab 30 mg
Q8W group had blood eosinophil counts at least
300 cells per pL (figure 1). 1069 (89%) of 1204 patients
completed treatment with the study drug and 135 (11%)
discontinued treatment. The proportions of patients
who discontinued treatment were similar across groups.
The most common reason for discontinuation of
treatment was patient decision (56 patients [5%];
figure 1). Baseline characteristics were similar across
randomised treatment groups and between patients
with blood eosinophil counts at least 300 cells per pL
and less than 300 cells per pL (table 1). Use of
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eosinophils 2300 cells per puL

High-dosage ICS plus LABA with baseline blood

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

least one post-baseline assessment. SHigh numbers suggest better quality of life.

Placebo Benralizumab Benralizumab Placebo Benralizumab Benralizumab
(n=267) 30 mg Q4W 30 mg Q8W (n=140) 30 mg Q4W 30 mg Q8W
(n=275) (n=267) (n=124) (n=131)
ACQ-6 score (week 48)*t
Number of patients analyseds 267 274 263 138 124 130
LS mean change -1.17 (186) -1:32(198) -1-46 (191) -0-89 (97) -0-89 (89) -111(94)
LS mean difference vs placebo (95% Cl; -015(-0-34to  -0-29 (-0-48to 0-00 (-027to  -0-22(-0-48to
p value) 0-04; 0-1107) -0-10; 0-0028) 0-27;0-9903) 0-05; 0-1066)
AQLQ(S)+12 score*§
Number of patients analyseds 254 261 252
LS mean change 1-26 (180) 144 (192) 156 (187)
LS mean difference vs placebo (95% Cl; 0-18 (-0-02 to 0-30 (0-10-0-50;
p value) 0-37;0-0811) 0-0036)

We did not do a formal statistical analysis of the data from the <300 cells per uL group for AQLQ(S)+12 score. ICS=inhaled corticosteroids. LABA=long-acting f,-agonsists.
Q4W-=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W). ACQ-6=Asthma Control Questionnaire, six-question version. LS=least squares. AQLQ(S)+12=Standardised
Asthma Quality of Life Questionnaire for 12 years and older. *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 x treatment. tLow numbers represent better control. tPatients with a baseline and at

Table 3: Changes in health-related quality of life, and productivity at week 48 (secondary endpoints)

maintenance asthma treatment use was similar across
groups, with a mean fluticasone propionate or equivalent
total daily dosage of 899 pg (range 125-3000; appendix
p 20). 196 (16%) patients were receiving oral
corticosteroids, with similar dosing between cohorts.

Unless otherwise specified, all results are presented for
patients with baseline blood eosinophil counts at least
300 cells per pL. For the primary endpoint, both dosing
regimens of benralizumab significantly decreased the
annual asthma exacerbation rate compared with placebo
at week 48 (table 2; figure 2). For the Q4W cohort, the rate
ratio versus placebo was 0-55 (95% CI 0-42-0-71;
p<0-0001), and for the Q8W cohort, it was 0-49
(0-37-0-64; p<0-0001).

Both benralizumab dosing regimens significantly
improved prebronchodilator FEV, in patients at week 48
compared with placebo (table 2). The difference in
least-squares mean change from baseline between the
benralizumab Q4W and placebo cohorts was 0-106 L
(95% CI 0-016-0-196; p=0-0215) and between the
benralizumab Q8W and placebo cohorts it was 0-159 L
(0-068-0-249; p=0-0006). Benralizumab treatment Q8W
also resulted in improved asthma symptoms, as indicated
by a greater decrease in total asthma symptom score at
week 48 compared with placebo treatment (least-squares
mean difference -0-25, 95% CI -0-45 to -0-06;
p=0-0118); however, the difference was not significant for
the Q4W regimen (-0-08, —0-27 to 0-12; p=0-4420;
table 2).

During the 48-week period, the curves for the cumulative
number of exacerbations in the benralizumab-treated and
placebo cohorts diverged as early as 4 weeks (the first
sampling timepoint; appendix p 21). Additionally, the time
to first asthma exacerbation was longer for both

benralizumab treatment cohorts compared with placebo,
with the probability of having an asthma exacerbation
reduced by 37% (hazard ratio 0-63, 95% CI 0-49-0-82;
p=0-0005) for the Q4W cohort and by 40% (0-60,
0-46-0-78; p=0-0002) for the Q8W cohort (appendix
p 22). The prebronchodilator FEV, increase relative to
baseline for the benralizumab Q8W cohort was greater
than for the placebo cohort throughout the treatment
period starting at week 4 (p<0-05; figure 3). Post-
bronchodilator FEV, also increased at week 48 with both
treatment regimens (Q4W cohort p=0-0369; Q8W cohort
p=0-0357; appendix p 23). The decrease in total asthma
score for the Q8W cohort also began early in treatment,
with the decrease being consistently greater than placebo
treatment (p<0- 05 from week 36; appendix p 24); however,
differences between placebo and the benralizumab Q4W
cohort were not statistically significant.

The benralizumab Q8W cohort had reduced asthma
exacerbations leading to emergency department visits or
hospital admissions compared with placebo treatment
(rate ratio 0- 37, 95% CI 0-20-0-67; p=0-0010), and for the
Q4W cohort, the rate ratio was 0-61 (0-37-1-01; p=0-0529;
appendix p 25). Compared with placebo, benralizumab
treatment Q8W also improved ACQ-6 (least-squares mean
difference —0-29, 95% CI —0-48 to —0-10; p=0-0028) and
health-related quality of life (AQLQ(S)+12 score; 0-30,
0-10-0-50; p=0-0036), but findings for the benralizumab
Q4W group were not significant (ACQ-6 p=0-1107;
AQLQ(S) +12 p=0-0811; table 3).

Patients who had blood eosinophil counts less than
300 cells per pL and received benralizumab Q4W
achieved improvements in exacerbation rate (p=0-0471),
and those who received the Q8W dosage had
improvements in asthma symptoms (p=0-0431); no
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Placebo Benralizumab Benralizumab
(n=407)  30mgQ4W  30mgQ8W
(n=403)* (n=394)

Any adverse event 311 (76%) 293 (73%) 281 (71%)
Any adverse event leading 3 (<1%) 9 (2%) 8 (2%)t
to treatment

discontinuation

Any serious adverse event 55 (14%) 47 (12%) 52 (13%)
Deaths 2 (1%) 2 (<1%) 1(<1%)
Adverse events in >3% of

patientst

Asthma 78 (19%) 60 (15%) 45 (11%)

Nasopharyngitis 47 (12%) 47 (12%) 46 (12%)

Upper respiratory tract 36 (9%) 44 (11%) 32 (8%)

infection

Headache 21 (5%) 30 (7%) 37 (9%)

Bronchitis 30 (7%) 24 (6%) 19 (5%)

Sinusitis 28 (7%) 17 (4%) 22 (6%)

Influenza 23 (6%) 17 (4%) 19 (5%)

Pharyngitis 14 (3%) 17 (4%) 23 (6%)

Rhinitis 15 (4%) 16 (4%) 10 (3%)

Arthralgia 10 (2%) 11 (3%) 18 (5%)

Cough 10 (2%) 15 (4%) 13 3%)

Pyrexia 8 (2%) 16 (4%) 12 (3%)

Back pain 15 (4%) 11 (3%) 8 (2%)

Acute sinusitis 10 (2%) 10 (2%) 13 (3%)

Rhinitis allergic 8 (2%) 11 (3%) 12 (3%)

Nausea 8 (2%) 8 (2%) 12 (3%)

Gastroenteritis 6 (1%) 9 (2%) 12 (3%)

Pain in extremity 5(1%) 3 (1%) 13 (3%)

Injection-site reactions 8 (2%) 16 (4%) 9 (2%)
Hypersensitivity adverse 11 (3%) 13 (3%) 11 (3%)
events§

Causally relatedq 2 (<1%) 2 (<1%) 2 (<1%)
Urticaria 2 (<1%) 1(<1%) 2 (<1%)
Allergic 0 1(<1%) 0
granulomatous
angiitis

Data are number of patients (%). The on-treatment period was defined as the day
of first dose of study treatment to the scheduled end-of-treatment visit.
Q4W-=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W).*Includes four
patients in the Q8W cohort who received extra doses of benralizumab. tOne
additional patient discontinued the study after receiving their last dose but before
attending the end-of-treatment visit. $Medical Dictionary for Regulatory
Activities version 18.1. SHigh-level term. §In the opinion of the investigator.

Table 4: Adverse events, injection-site reactions, and hypersensitivity
during the on-treatment period in the safety population

other secondary endpoints were significant in patients
who had blood eosinophil counts less than 300 cells per pL
(tables 2 and 3). However, this study was not powered to
detect differences within this group.

Findings from prespecified subgroup analyses
suggested that geographical region might affect treat-
ment response (appendix p 27). Patients from each
region displayed substantial heterogeneity of baseline
characteristics between regions, particularly with regard
to exacerbation history (appendix p 28).

In the at least 300 cells per pL population, blood
eosinophil counts were reduced in both benralizumab
groups by week 4 to a median of 0 cells per pL
(IQR 0-10) from similar baseline values (450 cells per pL
[300-720] for Q4W and 440 cells per pL [280-691] for
Q8W), whereas blood eosinophil counts in the placebo
cohort remained similar between baseline and week 4
(appendix p 29). This reduction was maintained at
week 48. Findings were similar for patients with blood
eosinophil counts less than 300 cells per pL (appendix
p 29).

In a post-hoc analysis of patients who had at least three
exacerbations in the previous year, patients in the
benralizumab Q8W cohort who had at least
300 blood eosinophils per pL had greater improvements
relative to placebo in annual exacerbation rate (p<0-0001),
FEV, (p=0-0018), total asthma symptom score (p=0-0420),
and ACQ-6 (p=0-0458) than the overall population with
at least 300 cells per pL (appendix). Patients in the
benralizumab Q4W  cohort also had greater
improvements relative to placebo in annual exacerbation
rate (p=0-0010); whereas FEV,, total asthma symptom
score, ACQ-6, and AQLQ(S)+12 were similar to placebo
(see appendix for results for patients with a history of two
exacerbations in the previous year).

Adverse events during the treatment period were
reported by similar percentages of patients who received
benralizumab (574 [72%)] of 797) or placebo (311 [76%] of
407; table 4). Percentages of patients experiencing adverse
events were also similar between treatment groups,
irrespective of baseline eosinophil counts (appendix p 30).
The most common adverse events in patients treated with
benralizumab were worsening asthma (105 [13%)),
nasopharyngitis (93 [12%)]), and upper respiratory tract
infection (76 [10%]); adverse events related to asthma were
reported by proportionally less patients in the
benralizumab-treated groups than in the placebo group
(table 4). Serious adverse events were also reported by
similar percentages of patients who received benralizumab
(99 [12%)) or placebo (55 [14%]). The most common serious
adverse event in all patients was worsening asthma
(31[8%)] in the placebo group vs 22 [5%] in the benralizumab
Q4W group vs 24 [6%)] in the benralizumab Q8W group);
no other serious adverse event was experienced by more
than 1% of patients. Four serious adverse events were
judged by the investigator to be related to treatment: three
in the benralizumab Q4W cohort (allergic granulomatous
angiitis, panic attack, and paraesthesia) and one in the
placebo cohort (injection-site erythema). 18 patients (2%)
receiving benralizumab and three (1%) receiving placebo
discontinued treatment because of adverse events. Five
patients died during treatment: two in the benralizumab
Q4W cohort (cerebral haemorrhage and asthma), one in
the Dbenralizumab Q8W cohort (accidental opioid
overdose), and two in the placebo cohort (pulmonary
embolism and cause unknown). Additionally, one patient
with a post-treatment adverse event died in the Q8W
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cohort (sudden death of unknown cause). None of the
deaths was considered related to treatment.

33 patients (3%) experienced injection-site reactions:
16 (4%) of 403 patients on benralizumab Q4W, nine (2%) of
394 on benralizumab Q8W, and eight (2%) of 407 on placebo
(table 4). Similar percentages of patients experienced
hypersensitivity adverse events: 13 (3%) on benralizumab
Q4W, 11 (3%) on benralizumab Q8W, and 11 (3%) on
placebo. Six patients reported hypersensitivity adverse
events that the investigator deemed to be causally related to
treatment (five with urticaria and one with allergic
granulomatous angiitis). Positive anti-drug antibody
response was noted in 105 (13%) of 797 patients in the
benralizumab groups (appendix p 31). There was no
suggestion that positive anti-drug antibody response was
associated with hypersensitivity or affected efficacy
outcomes (data not shown).

Discussion
In the phase 3 SIROCCO study, the anti-eosinophil
monoclonal antibody benralizumab significantly reduced
the annual rate of exacerbations by up to 51% after
48 weeks of treatment in patients with severe,
uncontrolled asthma with eosinophilia (blood eosinophil
counts =300 cells per pL). Benralizumab also significantly
improved pulmonary function, with a 0-106-0-159 L
increase in prebronchodilator FEV, relative to placebo,
depending on the dosing regimen. Differences from
placebo were generally greater for the Q8W cohort than
the Q4W cohort, especially for symptom endpoints; for
example, patient-reported asthma symptoms were
significantly reduced in the Q8W cohort, but not in the
Q4W cohort, compared with placebo at week 48. Our
findings suggest that the clinical benefit obtained with
benralizumab translates into better asthma control and,
for the Q8W dosage, improved health-related quality of
life. Benralizumab treatment resulted in direct, rapid,
and nearly complete eosinophil depletion at 4 weeks, the
first sampling timepoint, consistent with phase 1 and 2
study results that showed such depletion to occur as early
as day 1.2

These results are consistent with those presented from
the similarly designed 56-week CALIMA phase 3 trial® of
benralizumab for patients with severe, uncontrolled
asthma with eosinophilia (table 5). After assignment to
the same treatment groups as the SIROCCO study,
both benralizumab regimens significantly decreased
the annual exacerbation rate and improved
prebronchodilator FEV, compared with placebo for
patients with blood eosinophil counts at least
300 cells per pL. These improvements in asthma
symptoms were also substantial compared with
baseline.®® Furthermore, both studies indicated
improvements in patient-reported asthma symptoms
with benralizumab Q8W, a prespecified outcome
measure. Consistent with findings from previous
studies,®” both dosage regimens of Dbenralizumab

improvement. tNon-significant.

SIROCCO CALIMA*

Benralizumab Benralizumab  Benralizumab Benralizumab

Q4W Q8w Q4w Q8w
Annual rate of exacerbations 1 45% 1 51% 1 36% 128%
Prebronchodilator FEV, (L) 1 0-106 1 0-159 10125 10116
Total asthma symptom score (score 0-6)* | 0-081 1025 lo12t 1023

All results are differences from placebo; week 48 results for SIROCCO and week 56 results for CALIMA. FEV,=forced
expiratory volume in 1s. Q4W=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W). *Reduced score suggests

Table 5: Efficacy results for patients who received high-dosage inhaled corticosteroids plus long-acting
B,-agonists with baseline blood eosinophils at least 300 cells per pL in the CALIMA and SIROCCO studies

reduced blood eosinophil counts rapidly and
extensively.”#
Similar to findings from previous studies,®*

benralizumab was well tolerated, with approximately
90% of patients assigned to benralizumab still receiving
treatment after 48 weeks, and only 2% of patients
stopping treatment because of adverse events. The safety
profile was consistent with that anticipated from previous
studies of similar patient populations.*” Injection-site
reactions were low overall, reported by 3% of patients
receiving benralizumab.

Two monoclonal antibody treatments against
interleukin 5 (mepolizumab and reslizumab) have been
approved in the European Union and the USA by the
European Medicines Agency and the US Food and Drug
Administration, respectively, for the treatment of severe
asthma."” Unlike benralizumab, both these antibodies
target the interleukin-5 ligand directly, rather than the
receptor. Therefore, benralizumab is likely to circumvent
potential issues with cytokine-directed antibodies, such
as the induction of increased cytokine production.?”
Furthermore, benralizumab depletes eosinophils
directly, whereas mepolizumab and reslizumab work
through a passive mechanism, which seems to reduce
eosinophils rather than deplete them entirely.* Studies
for mepolizumab and reslizumab generally involved
similar patients to those included in this study, although
for mepolizumab, patients included in the MENSA®
and DREAM? phase 3 studies had more severe
exacerbation phenotypes than those in the SIROCCO
study, as noted by a greater mean baseline number of
exacerbations in the previous year (2:-8-3-0 for the
SIROCCO cohorts vs 3-4-3-8 for DREAM and MENSA
cohorts) and a greater annual exacerbation rate in the
placebo group. Similar to benralizumab, clinical efficacy
of mepolizumab was related to baseline blood eosinophil
counts. In a post-hoc analysis of DREAM and MENSA,*
in which mepolizumab was given Q4W for at least
32 weeks to patients with severe, uncontrolled asthma
with evidence of eosinophilic airway inflammation, the
reduction of the annualised exacerbation rate compared
with placebo was 52% for patients with baseline
eosinophil counts of at least 150 cells per pL and 59%
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for counts of at least 300 cells per pL. Efficacy of
intravenous reslizumab treatment was reported in two
duplicate phase 3 studies® only for patients with blood
eosinophil counts at least 400 cells per pL, with a
reduction of 54% in the annual exacerbation rate relative
to placebo when given once Q4W for 52 weeks. Although
studies of different biologics are not directly comparable,
increases in lung function with benralizumab treatment
seemed to be greater than those reported for
mepolizumab and reslizumab,*" with improvements
noted as early as 4 weeks, the first timepoint assessed.

An additional biologic drug in clinical development for
the treatment of uncontrolled asthma is dupilumab, a
human monoclonal antibody against the interleukin-4
receptor a that inhibits interleukin-4 and interleukin-13
signalling. The results of a phase 2b study® showed that
this drug increases lung function and reduces severe
exacerbations in patients with uncontrolled, persistent
asthma.

The finding that the Q8W dosage was efficacious
suggests that benralizumab has the potential to lower
disease burden and reduce health-care costs relative to
other biologics that are required to be administered more
regularly.

Patients with blood eosinophil counts less than
300 cells per pL had a substantial but smaller treatment
effect; the size of this cohort was limited because of
protocol-mandated enrichment for the at least
300 cells per pL cohort. Therefore, the threshold
eosinophil count that results in significant therapeutic
improvement with benralizumab treatment should be
investigated in larger populations of severe or
uncontrolled patients with asthma and different degrees
of eosinophilia. An additional study limitation was that
long-term safety with benralizumab treatment cannot be
ascertained in a 1-year trial; this will be addressed in the
BORA extension study (NCT02258542), in which patients
from this study and CALIMA* will be followed up for up
to 2 additional years. Also, because of the small sample
size, differences noted in subgroup analyses need to be
confirmed in a larger patient population.

The SIROCCO study validates and expands on the
results from the phase 2b study” of the use of biologic
treatments to deplete eosinophils through antibody-
dependent cell-mediated cytotoxicity to treat patients
with severe, uncontrolled asthma with eosinophilia. In
the phase 2b study, benralizumab 100 mg Q8W reduced
the annual exacerbation rate by 41% relative to placebo at
52 weeks, while improving lung function and asthma
symptoms for patients with uncontrolled eosinophilic
asthma. Although not directly comparable, the
magnitudes of improvements in exacerbations, lung
function, asthma symptoms, and health-related quality
of life in SIROCCO were even greater than in the phase
2b study. Moreover, positive findings from these studies
support the assessment of benralizumab in the treatment
of other diseases with an eosinophilic component, such

as chronic obstructive pulmonary disease, chronic
rhinosinusitis, and hypereosinophilic syndrome.

Both the SIROCCO and CALIMA studies met their
primary endpoints, and confirm their respective results.
Benefits were noted not only through asthma
exacerbation reductions, but also through improvements
in lung function and asthma symptoms. Improvements
in these variables occurred early in the study, after
4 weeks, which is earlier than reported for improvements
in studies of mepolizumab and reslizumab.**?
Furthermore, these benefits were obtained with dosages
provided once Q8W, unlike other biologic treatments for
asthma, which are given once every 2—4 weeks.
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Appendix 1. Principal study investigators

The following principal investigators participated in the study:

Australia

Concord Repatriation General Hospital: Matthew Peters; Institute for Respiratory Health: Martin Phillips; Princess
Alexandra Hospital: John Upham; John Hunter Hospital: Peter Gibson; Eastern Clinical Research Unit: Francis
Thien; Royal Melbourne Hospital: Jo Douglass; Prince of Wales Hospital: Paul Thomas; Monash Health: Philip
Bardin; Flinders Medical Centre: Dimitar Sajkov; The Alfred Hospital: Mark Hew; Peninsula Health: David
Langton.

Brazil

Pesquisare Saude S/S Ltda: Andreia Pez; Hospital Sao Lucas da PUCRS: Carlos Fritscher; Irmandade Santa Casa de
Misericordia de Porto Alegre: Jorge Hetzel; Hospital Nossa Senhora da Conceicao: Waldo Mattos; Hospital das
Clinicas da FMUSP — Servico de Pneumologia: Rafael Stelmach; Clinica de Alergia Martti Antila: Martti Antila;
Sao Paulo, UNIFESP, pneumo: Ana Luisa Fernandes; AFIP/CDEC — Associacao Fundo de Incentivo a Pesquisa;
Luciana Palombini; CCBR Centro de Pesquisa Clinica: Priscila Wolff; CCBR Brasil — Sdo Paulo: Norton Sayeg
Castro.

Bulgaria

SHATPPD Dr Dimitar Gramatikov Ruse EOOD: Hristo Metev; UMHAT Dr. Georgi Stranski — Pulmonology and
Phthisiatry: Yavor Ivanov; Military Medical Academy — MHAT — Pleven: Aneliya Bogdanova; Medical centre for
pneumo-phthisiatric diseases EOOD, Sofia: Ana Dancheva; Diagnostic Consultative Centre Mladost-M, Varna
OOD: Marinka Peneva; DCC IV-Varna: Rumyana Veselinova; MHAT Prof. Dr. Stoyan Kirkovich AD, Stara
Zagora: Vanya llieva; MHAT Sveti Panteleymon — Yambol AD: Tatyana Petkova; Diagnostic consultative centre
Sliven OOD: Emanuil Vichev; SHPTRPPD Sveta Petka Balgarska EOOD: Elena Shopova; MHAT Sveti Ivan
Rilski-2003 OOD, Dupnitsa: Yuliya Ivanova; MHAT Samokov EOOD: Rumyana Yotsova; DCC Aleksandrovska
EOOD: Vasil Dimitrov; First MHAT AD, Second Internal Department: Ginka Kirkova; SHAT of Pulmonary
Diseases-Pernik EOOD: Galina Petrova; DCC Sartse i zdrave OOD, Pneumonology office: Anna Balanova;
SHATPD Dr. Dimitar Gramatikov — Ruse EOOD: Svetoslav Dachev.

Czech Republic

Fakultni nemocnice Plzen, Ustav imunologie a alergologie: lvana Malkusova; TRN ambulance Dr.Veverky
Rokycany: Josef Veverka; Plicni stredisko Teplice s.r.o.: Stanislav Holub; Plicni ordinace Dr. Marese Strakonice:
Jaroslav Mares; Mestska nemocnice Ostrava, odd. TRN: Radovan Kozel; MediTrial s.r.0.: Daniela Kopecka;
Ordinace pneumologie: Vladimir Zindr; CCBR Czech a.s.: Tomas Hala; CCBR Czech Prague s.r.o.: Pavel Cerva;
CCBR Czech Brno, s.r.o.; Jirina Petrzelkova, Nadezda Fiserova.

France

Hopital Nord: Pascal Chanez; Hopital Arnaud de Villeneuve: Arnaud Bourdin; Hopital Croix Rousse; Gilles
Devouassoux; Hopital Bichat - Claude Bernard: Camille Taille; Hopitaux Universitaires de Strasbourg: Frédéric De
Blay; Centre Hospitalier Le Mans: Francois Goupil; CHU — Hépital la Cavale Blanche: Christophe Leroyer; Centre
Hospitalier Francois Mitterrand: Delphine Gourcerol; Centre Hospitalier de la région d’Annecy: Toufik Didi; CHU
Hopital Gabriel Montpied: Denis Caillaud; CHU Toulouse — Hopital Larrey: Alain Didier; Centre Hospitalier
Kremlin Bicetre: Gilles Garcia; Hopital du Bocage: Philippe Bonniaud; CHU de la Réunion: Fabrice Paganin,
Laurent Guilleminault, Eric Huchot.

Italy

Universita di Pisa, Malattie dell’ Apparato Respiratorio: Pierluigi Paggiaro; Ospedale S. Paolo — Milano: Stefano
Centanni; A.O. Universitaria — Ospedali Riunitil Di Foggia: Maria Pia Foschino Barbaro; Azienda Ospedaliera
Universitaria Integrata di Verona: G Enrico Senna, Gianenrico Senna; Milano - Fondazione Salvatore Maugeri:
Pierachille Santus; Fondazione S. Maugeri: Luca Perfetti; Ospedale Mauriziano Umberto | — Torino: Giovanni
Rolla; Arcispedale Santanna: Alberto Papi; A.O. Univ. Policlinico Vittorio Emanuele: Carlo Vancheri; Azienda
Ospedaliera Mater Salutis/Aulss 21 Legnago: Claudio Micheletto; A.O. Policlinico Universitario Tor Vergata:
Mario Cazzola; Azienda Ospedaliera San Camillo — Forlanini: Gregorino Paone; Azienda Ospedaliera V. Cervello:
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Nicola Scichilone; AZ. Ospedaliero — Universitaria Careggi: Andrea Matucci; Ospedale Policlinico San Matteo Di
Pavia: Angelo Corsico; Azienda Ospedaliera Policlinico S. Orsola — Malpighi: Stefano Nava; Ospedale Generale
Ninetto Melli: Eugenio Sabato; Azienda Ospedaliera Universitaria Policlinico: Nunzio Crimi; Universita Degli Studi
Di Napoli Federico 11: Giuseppe Spadaro; Ospedale S.Maria Della Misericordia: Maurizio Dottorini; Ospedale S.
Raffaele — Milano: Maria Grazia Sabbadini; Azienda Ospedaliera Ospedale Policlinico Consorziale: Luigi Macchia.

Mexico

Hospital Santa Margarita: Ricardo Campos Cerda; Internal Medicine ClinTrials: Mayra Salazar Silva; Unidad de
Investigacion respiratoria de Michoacéan: Edith Vallejo Pérez; Instituto Jaliciense de Investigacion Clinica SA de
CV: Dante Hernandez Colin.

Peru

Clinica Los Andes: Javier Diaz, Carlos Minauro; Complejo Hospitalario San Pablo: Alberto Matsuno; Hospital
Nacional Arzobispo Loayza: Victor Lizarbe; Clinica San Borja: Efrain Felix; Clinica International: Alfredo
Guerreros; Hospital Central Policia Nacional de Peru Luis N. Saenz: Rolando Estrella; Centro de Investigacion
Ricardo Palma: Miguel Tsukayama; Hospital Nacional Guillermo Almenara Irigoyen: Octavio Cubas; Hospital
Nacional Adolfo Guevara Velasco: Fernando Rodriguez Chariarse; Hospital Nacional Cayetano Heredia: Danilo
Salazar; Neumocare — Centro de Medicina Respiratoria e Investigacion: Socorro Castro; Hospital Maria
Auxiliadora: Jorge De los Rios; ABK Reuma SRL de Medicentro Biociencias: William Chavez; Clinica de
Especialidades Medicas: Monica Flores.

Poland

SPZ0OZ Uniwersytecki Szpital Kliniczny nr 1 im. Norberta Barl: Adam Antczak; NZOZ MEDICA Jerzy Cygler
Poradnia Kardiologiczna: Jerzy Cygler; NZOZ Polimedica: Mariola Jgdrzejczak; EMED Centrum Ustug
Medycznych: Ryszard Olesiejuk; NZOZ IMEDICA: lwona Von Steiner; Intermedius Ustugi Medyczne Adrian
Maruszewski: Wojciech Machowiak; Niepubliczny Zaktad Opieki Zdrowotnej PULS Sp. z 0.0.: Krzysztof Filipek;
CARDIAMED Beata Miklaszewicz i Dariusz Dabrowski S.J.: Piotr Wojtasiak; Centrum Medyczne PRO-MED Piotr
Piskorz: Piotr Piskorz; Clinical Best Solutions-Grzegorz Fiutkowski: Justyna Kotodynska-Jeridi; Niepubliczny
Zaktad Podstawowej Opieki Zdrowotnej RAMED s.c.: Ewa Uhryn; EMC Instytut Medyczny Spotka Akcyjna:
Maritta Nittner-Marszalska; Mazowieckie Centrum Badan Klinicznych s.c.: Elzbieta Rybicka-Liszewska;
Uniwersytecki Szpital Kliniczny w Biatymstoku: Anna Bodzenta-ELukaszyk; Uniwersyteckie Centrum Kliniczne:
Marta Chelminska; Centrum Alergologii Sp. z 0. o.: Izabella Krupa-Borek; SPZOZ w Proszowicach: Wojciech
Skucha; Prywatna Praktyka Lekarska Gabinet Pediatryczno-Alergologicz: Anna Ploszczuk.

Russian Federation

FGBU FNCC FMBA of Russia: Sergei Sokurenko; St. Petersburg, State Pavlov Medical University: Vasiliy
Trofimov; Medical Association Novaya Bolnitsa Co Ltd: Igor Leshchenko; City Consultation and Diagnostics
Center #1: Natalia Shaporova; City Hospital #26: Inna llyashevich; Limited Liability Company Medical Research
Institute: Irina Sticenko; Kazan State Medical University: Alexander Vizel; Alliance Biomedical — Russian Group:
Yulia llkovich, Dmitrii Tikhanov; MBUZ City Municipal Clinical Hospital of Emergency #2: Svetlana Goncharova;
Alliance Biomedical — Russian Group: Sergey Buldakov, Olga Volkova; Municipal Health Care Institution City
Clinical Hospital #4: Galina Ignatova; UrGMA City Hospital N6: Nadezhda 1zmozherova; Hospital #23, Moscow
Medical Academy Na Sechenow M I: Nadezhda Berdnikova; Russian Medical postgraduate academy: L A
Goryachkina; St. Petersburg, Pulmonology Institute: Mikhail Ilkovich; REAVITA, Co Ltd: Veronika Popova;
North-Ossetian State Medical Academy: Laura Bolieva; Yaroslavl State Med Acad Clinical Hospital N2: Alexander
Khokhlov; SGMU na Razumovsky Saratov: Andrey Rebrov; Nizhny Novgorod Regional Clinical Hospital n.a.
N.A.Semashko: Vladimir Nosov; City Hospital #32: Natalia Kuzubova; VVolgograd State Medical University: Olga
Magnitskaya, Sergey Nedogoda; Saratov State Medical University: Natalia Astafyeva; Regional Clinical Hospital:
Elena Gaydar; Ryazan State Medical University: Vladimir Abrosimov; Smolensk State Medical Academy: Artem
Molotkov, Galina Reshedko; Regional Clinical Hospital: Mikhail Smirnov; MSUMD department of clinical
pharmocology and pharmacotherapy: Arkadiy Vertkin; Novosibirsk State University: Marina Osipenko; Outpatient
department 25 SPb: Elena Pavlysh; Municipal Clinical Hospital Ne25: Nadezhda Logvinenko; City Clinical
Hhospital #4: Svetlana Myasoedova; Tomsk Regional Clinical Hospital: Liudmila Lenskaya; Novaya Klinika LLC:
Valery Chistyakov; City Clinical Hospital 14: Elena Vishneva; City Hospital of Saint Martyr Elizaveta: Liliya Uon;



Moscow State Health Care Institution, City Clinical Hosp #51: Anna Zateyshchikova; Child City Hospital #22:
Svetlana Laleko; LTD Allergomed: Tatiana Pak.

South Africa

Gatesville Medical Centre: Axel Bruning; Lakeview Hospital: Ismail Mitha; Durban, 8 Flamco Terrace: Visvakuren
Naidoo; 26 Daffodil Street: J Reddy; University of Cape Town: Richard Van Zyl Smit; Dbn, Randles Road: Uttam
Govind.

South Korea
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University Hospital of North Tees: Richard Harrison; Gartnavel General Hospital: Rekha Chaudhuri; St. Peter’s
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Khronusova; Florida Center for Allergy and Asthma Research: Jaime Landman; Wake Forest University Health
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Family and Occupational Medicine: Julian Gonzales; Temple University Hospital-Lung Center: Steven Kelsen; Life
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Alberto Manzor; Saint Francis Sleep Allergy and Lung Institute: Francis Averill; Top Medical Research Inc: Jose
Ruiz; Pulmonary Research of Abingdon LLC: Emory Robinette; East Coast Institute for Research: Mitchell
Rothstein; Aspen Clinical Research, LLC: Talaat Al Shugairat; PMA Medical Specialists LLC: Raymond Kovalski;
Sealy Clinical Research Foundation: Kannappan Krishnaswamy; Toledo Institute of Clinical Research: Syed
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Elvin Mendez; Elite Clinical Research: Carlos Aguilar; South Florida Clinical Trials: Hernando Alvarez; Calvin
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MD, PA; Integrated Research Group Inc: Amit Patel; Northeast GA Physicians Group Allergy & Asthma: William
Nish; Mainland Medical Research Institute: Susan Andrew; Clinical Research of Brandon, LLC: German Alvarez;
Integrity Clinical Trials, LLC: Maria del Carmen Valdes; Altru Health Main: Wayne Breitwieser; Aviisha Medical
Institute LLC; Abraham Ishaaya: Syed Research Consultants LLC: Faizullah Syed; Allphase Clinical Research INC:
Luis Mas; Allergy and Asthma Care Mid-South — Germantown: Phillip Lieberman; Jimin Wang MD PA; Riser
Medical Associates: James Riser; Exemplar Research Inc: Sally Dee; Billings Clinic Research Endocrinology:
Kathleen Davis; Clinical Research of Rock Hill: Michael Denenberg; Scottsboro Quick Care Clinic: Younus Ismail;
Parikh Institute for Research LLC: Purvi Parikh; Delaware Valley Clinical Research: Eugene Gatti; Pediatric
Pulmonary & Asthma Associates of South Jersey: Mila Leong; Bassetti Medical Research: Dennis Bassetti;
Advanced Research Associates Self Medical Group: Dennis Murphy; American Institute of Research/NewPort
Children’s Medical Gr: Zachariah Reda; Sacred Heart Medical Research LLC: Juan Ortiz, Yvelice Villaman-
Bencosme; Advance Research Institute: Michael Lucia; Midland Florida Clinical Research: Godson Oguchi; Infinity
Medical Research Inc: Curtis Mello; Clinsearch LLC: Richard Krause; National Allergy and Asthma Research LLC:
John Ramey; Allergy & Asthma Associates of Santa Clara Valley: Alan Goldsobel; Southeastern Medical
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HCMC University Medical Center: Le Thi Tuyet Lan



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 guidelines.

Female and male aged 12 to 75 years, inclusively, at the time of visit 1.

— Patients who were 17 on the day of visit 1 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 or designee).

— Highly effective forms of birth control included: true sexual abstinence, a vasectomised sexual partner,
Implanon®, female sterilisation by tubal occlusion, any effective intrauterine device/levonorgestrel
intrauterine system, 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
investigational product, and have a negative serum pregnancy test result on visit 1.

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 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 investigational product until 16 weeks after their last doses.
Weight of >40 kg.

History of physician-diagnosed asthma requiring treatment with medium- to high-dosage inhaled corticosteroids
(ICS; >250-ug fluticasone dry powder formulation equivalents total daily dosage) and a long-acting z-agonist
(LABA), for at least 12 months prior to visit 1.

Documented treatment with ICS and long-acting pB2-agonists for at least 3 months prior to visit 1 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.

=  For patients 18 years of age and older, the ICS dosage had to be >500 pg/day fluticasone
propionate dry powder formulation or equivalent daily. For ICS/LABA combination
preparations, the highest approved maintenance dosage in the local country would have met
this ICS criterion.

=  For patients ages 12-17, the ICS dosage had to be >500 pg/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.

=  For patients >18 years of age, if that sum was >500 pg of fluticasone propionate equivalents
dry powder formulation daily, the patient was eligible for the study.

= For patients 12—17 years of age, if that sum was >500 pg of fluticasone propionate equivalents
dry powder formulation daily, the patient was eligible for the study.

Additional maintenance asthma controller medications that were locally approved in a country for the treatment
of asthma (e.g., leukotriene receptor antagonists [LTRA], tiotropium, cromone, theophylline, OCS), and had
been used for at least 30 days prior to visit 1 were allowed.



e Pre-bronchodilator forced expiratory volume in 1 second (FEV1) of <80% predicted (<90% predicted for
patients 12 to 17 years of age) at visit 2 (week —3).

e 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 a 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, and assent when applicable,
date.

e Asthma Control Questionnaire-6 score >1-5 at visit 1 (week —4).

e Documented post-bronchodilator reversibility in FEV; of >12% and >200 mL in FEV: within 12 months prior
to visit 1.

— If historical documentation was not available, reversibility had to be demonstrated and documented at
visit 2.

Inclusion criteria at randomisation:
e For women not of childbearing potential only: have a negative urine pregnancy test prior to administration of
the investigational product at visit 4.
o 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 B2-agonist use on >2 days.
— 21 nocturnal awakening due to asthma.
e Pre-bronchodilator FEV; of <80% (<90% predicted for patients 12 to 17 years of age) predicted at day of
randomisation visit.
e Patients demonstrate acceptable inhaler, peak flow meter, and spirometry techniques during run-in (from visit 2
to visit 4).
e At least 70% compliance with usual asthma controller ICS/LABA during run-in period (from visit 2 to visit 4)
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.
e  Minimum 80% compliance with electronic patient-reported outcome 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:

o Clinically important pulmonary disease other than asthma (e.qg., active lung infection, chronic obstructive
pulmonary disease, bronchiectasis, pulmonary fibrosis, cystic fibrosis, hypoventilation syndrome associated
with obesity, lung cancer, al 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).

e 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.
— Impede the patient’s ability to complete the entire duration of study.
e Known history of allergy or reaction to the investigational product 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, was obtained that had not been treated with, or has 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 entire duration of the study.
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.

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 was for adolescent
patients from the European Union within 4 months or within 5 half-lives prior to the date informed consent and
assent was obtained, 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 investigational product 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.

—  Immunotherapy initiated prior to this period or as a routine part of the patient’s seasonal treatment was
allowed.

— If the immunotherapy was delivered as an injection, there should have been a gap of 7 days between
the immunotherapy and investigational product administration.

Current use of any oral or ophthalmic nonselective f-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 screening period.

Five-lipoxygenase inhibitors (e.g., Zileuton®) and roflumilast were prohibited.
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Appendix 3. Asthma medication restrictions

Use of short-acting Bz-agonists (SABAS)
o Regularly scheduled SABA use in the absence of any asthma symptoms and/or planned exercise was
discouraged from enrolment and throughout the study duration.
e 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, it 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).
e SABAs via a metered dose device were permitted as needed for worsening asthma symptoms (i.e., rescue use)
and were recorded in the Asthma Daily Diary as number of inhalations.
e 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

e  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 Bz-agonists (LABAS)
e Use of long-acting B2-agonists (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

e The patient’s usual pre-study ICS/LABA formulation, dosage, and regimen, and any other additional allowed
asthma controllers that he/she may have been taking prior to enrolment should have been continued unchanged
throughout the run-in and treatment period.

e Additional maintenance asthma controller medications that were locally approved in a country for the treatment
of asthma (e.qg., tiotropium, LTRASs, chromone, theophylline, and OCS), that had been used for at least 30 days
prior to visit 1, were allowed.

e 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.

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

e 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
e Pre- and/or post-bronchodilator spirometry assessments were performed at the study centre at scheduled visits:
restrictions to patient’s background medication were required prior to the spirometry.
e Screening visit 2:
— Patients should have withheld their usual ICS, LABA, or long-acting muscarinic receptor antagonist
(LAMA) medications on the morning of the screening FEV: measurement and reversibility test.
— Twice-daily ICS and LABA therapies should have been withheld for 12 to 24 hours; once-daily
therapies containing ICS, LABAs, or long-acting antimuscarinic therapies should have been withheld
for >24 hours for eligibility assessment.
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— In case the patient did not meet the reversibility eligibility criterion or FEV; (<80% or <90%)
eligibility criterion, and a second re-test was done (not earlier than next calendar day and not later than
7 calendar days after the failed attempt), asthma medication restrictions described above should have
been applied.

— Inaddition, SABA 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.

e  Treatment visits 4-17:

— Patients should have withheld their usual ICS, LABA, or LAMA medications on the morning of the

scheduled spirometry, as indicated above for screening visit 2.
= This was especially important prior to scheduled spirometry assessments in order to maintain
the integrity of planned efficacy analyses around lung function improvement.

— Inaddition, SABA 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 his/her usual morning asthma medication and rescheduled
the visit for another day within the allowed window.

e If the patient had taken rescue SABA within 6 hours of the planned centre visit spirometry, he/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 (PEF) testing
e Patients should have avoided taking their morning asthma controllers prior to the morning home 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
e 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
e 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 visit 1.

Other medication restrictions
e  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.
o 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.
e Patients should not have received allergen immunotherapy injection on the same day as study treatment
administration.
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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.

— 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 B-adrenergic antagonist (e.g., propranolol).

13



Appendix 4. Efficacy assessments

Spirometry

Lung function (FEV: 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 PEF testing

An electronic, hand-held spirometer (peak flow meter) was dispensed to the patient on visit 2 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).
Home PEF data were captured in the Asthma Daily Diary.

Patient-reported outcomes (PROS)

Patients were supplied with an electronic patient-reported outcomes (ePRO) device and hand-held spirometer at
visit 2 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 visit 2 to the morning of visit 19.
The morning assessment included one item pertaining to asthma symptoms that occurred in the night.
— Patients were asked to score each of the questions on a 4-point scale (0 — No asthma symptoms to 3 —
You were unable to sleep because of your asthma)
—  The morning diary also captured night-time awakenings (yes/no) and the use of rescue medication
during these awakenings (yes/no).
The evening diary contained a single item.
— The patients were asked to score the question on a 4-point response scale (0 — No asthma symptoms to
3 — You were unable to do your normal activities because of your asthma).
The total daily symptom score was the sum of the morning and evening responses.
—  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 with 6 questions (ACQ-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 FEV;
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 O (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.
An ACQ-5 score can be calculated from the ACQ-6 data by omitting the SABA item when scoring the
instrument.
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e Following visit 4 (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 (AQLQ[S]+12)
e The AQLQ(S)+12 is a questionnaire that measures the health-related quality of life experienced by patients
aged >12 years with asthma.
— The questionnaire comprises four separate domains: symptoms, activity limitations, emotional function
and environmental stimuli.
—  The questionnaire was completed using the ePRO device.
e 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.
e Individual AQLQ(S)+12 total or domain score changes of >0-5 were considered to be clinically meaningful.
e Following visit 4 (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

e Worsening of asthma was defined as new or increased symptoms and/or signs (examination or lung
function) that could be either concerning to the patient (patient-driven) or related to an Asthma Daily Diary
alert (diary-driven).

e Asthma Daily diary alerts were considered to be one or a combination of: 1) a decrease in morning peak
flow >30% on at least 2 of 3 consecutive days compared with baseline, 2) >50% increase in rescue
medication and/or use of one new or additional nebulised LABA on at least 2 of 3 consecutive days
compared with the average use for the previous week, 3) nocturnal awakening due to asthma, requiring
rescue medication use for at least 2 of 3 consecutive nights, or 4) an increase in total asthma symptom score
of at least 2 units above the run-in average (last 10 days of run-in), or a score of 6 (maximum possible
score) on at least 2 of 3 consecutive days or a worsening of signs or symptoms as identified by physician
assessment.
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Appendix 6. Patient subgroups for analysis of exacerbation rates

e 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
rest of the world [i.e., Africa, South America]).
—  Body mass index (<35/>35 kg/m?).
— 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 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

e To account for multiplicity to test the primary endpoint (annual asthma exacerbation rate) and two key
secondary endpoints (the change in FEV; and total asthma symptom score from baseline to week 48,
respectively) for each of the two dosing regimens (for patients with baseline blood eosinophils >300/uL) a
testing strategy was followed to control the overall type-1 error rate.

e We conducted the testing strategy according to the following gatekeeping 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.! 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.?

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

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

Test exacerbation rate of the two dosages
at 0-04 using Hochberg procedure

Test the two key secondary endpoits for
the smaller p-value dosage at 0-01 using
Holm procedure

no
Max(P1, P2)<0-04?

Max(P1, P2)<0-02?

Stop and no null hypothesis is rejected
Test the two key secondary endpoints

for both dosages at 0-05 using
Holm procedure

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. Data safety monitoring board and adjudication committees

e A data 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 asthma-associated ED visits and/or hospitalisations 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 major adverse cardiovascular events/malignancies 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 High-dosage ICS/LABA + baseline blood eosinophils High-dosage ICS/LABA + baseline blood eosinophils
(N=1,204) 2300 cells/uL (n=809) <300 cells/uL (n=395)
Benralizumab Benralizumab Benralizumab Benralizumab Benralizumab Benralizumab
Placebo 30 mg Q4W 30 mg Q8W Placebo 30 mg Q4W 30 mg Q8W Placebo 30 mg Q4W 30 mg Q8W
(n=407) (n=399) (n=398) (n=267) (n=275) (n=267) (n=140) (n=124) (n=131)
ICS 407 (100%) 399 (100%) 398 (100%) 267 (100%) 275 (100%) 267 (100%) 140 (100%) 124 (100%) 131 (100%)
Total daily dose (ug) 896 (125-3000) 899 (250-3000) 903 (500-2500) 902 (125-3000) 894 (417-3000) 913 (500-2500) 886 (500-2250) 909 (250-2292) 881 (500-2000)
LABA 407 (100%) 399 (100%) 398 (100%) 267 (100%) 275 (100%) 267 (100%) 140 (100%) 124 (100%) 131 (100%)
ICS/LABA 378 (93%) 382 (96%) 378 (95%) 250 (94%) 261 (95%) 251 (94%) 128 (91%) 121 (98%) 127 (97%)
0CS 68 (17%) 57 (14%) 71 (18%) 37 (14%) 38 (14%) 52 (19%) 31 (22%) 19 (15%) 19 (15%)
Total daily dose (mg)  15-3 (5:0-40-0) 14-4 (2-5-60-0) 15-2 (1-3-60-0) 13.9 (5-0-30-0) 15-3 (5-0-60-0) 15-5 (2-5-60-0) 16-9 (5-0-40-0) 12.5 (2:5-30-0) 14-3 (1-3-40-0)
LAMA 34 (8%) 34 (9%) 33 (8%) 22 (8%) 23 (8%) 25 (9%) 12 (9%) 11 (9%) 8 (6%)
LTRA 153 (38%) 128 (32%) 150 (38%) 102 (38%) 92 (33%) 103 (39%) 51 (36%) 36 (29%) 47 (36%)
Xanthine derivatives 65 (16%) 49 (12%) 60 (15%) 41 (15%) 30 (11%) 46 (17%) 24 (17%) 19 (15%) 14 (11%)
Other 5 (1%) 6 (2%) 3 (1%) 4 (1%) 3 (1%) 3 (1%) 1 (1%) 3 (2%) 0

Data are number of patients (%) or mean (range). ICS=inhaled corticosteroids. LABA=long-acting B2-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: Figure 1. Cumulative number of asthma exacerbations over 48 weeks for patients receiving
high-dosage ICS/LABA with baseline blood eosinophils (A) >300 cells/uL and (B) <300 cells/uL (full analysis
set)

A. Eosinophils =300 cells/uL

400 ——— Placebo  —— — Benralizumab 30 mg Q4W -~ Benralizumab 30 mg Q8W
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ICS=inhaled corticosteroids. LABA=long-acting B,-agonist. Q4W=every 4 weeks. Q8W=every 8 weeks (first three
doses Q4W).
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Appendix 11: Figure 2. Time to first asthma exacerbation for patients receiving high-dosage ICS/LABA with
baseline blood eosinophils (A) =300 cells/uL and (B) <300 cells/pL (full analysis set)
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124 116 108 100 93 89 79 73 L] 64 6l 31

Error bars represent 95% confidence intervals. ICS=inhaled corticosteroids. LABA=long-acting .-agonist.
Q4W=every 4 weeks. Q8W=every 8 weeks (first three doses Q4W).
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Appendix 12: Table 2: Post-bronchodilator FEV1change from baseline at week 48 (full analysis set)

High-dosage ICS/LABA + baseline blood eosinophils >300 cells/uL
Placebo Benralizumab 30 mg Benralizumab 30 mg
(n=267) Q4W (n=275) Q8W (n=267)
Post-bronchodilator FEV; (L)*

N* 245 250 238

LS mean change 0-134; 228% 0-231; 231% 0-233; 225+

LS means difference vs placebo - 0-097 (0-006 to 0-189)  0-099 (0-007 to 0-192)

p-value vs placebo - 0-0369 0-0357

Data are mean change from baseline at week 48 or mean difference (95% Cl). "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 visitxtreatment. TNumber of patients with baseline and at least
one post-baseline assessment (i.e., patients contributing to analysis). *Number of patients with both baseline data and
week 48 data available. Cl=confidence interval. FEVi=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 13: Figure 3. Change from baseline through week 48 in total asthma symptom score for patients
receiving high-desage ICS/LABA with blood eosinophils (A) >300 cells/uL and (B) <300 cells/puL
(full analysis set)

A. Eosinophils =300 cells/uL
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Error bars represent 95% confidence intervals. "P<0-05 for benralizumab 30 mg Q8W vs placebo. ICS=inhaled
corticosteroids. LABA=long-acting B2-agonist. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8
weeks (first three doses Q4W).



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/uL

(full analysis set)”

Annual exacerbation rate estimate
Absolute difference estimate

Rate ratio vs placebo

P-value vs placebo

0-18 (0-13 t0 0-25)

0-11 (0-07 to 0-16)
~0-07 (~0-14 to 0-00)
0-61 (0-37 to 1-01)
0-0529

Placebo Benralizumab 30 mg Q4W | Benralizumab 30 mg Q8W
(n=267) (n=275) (n=267)
Annual exacerbation rate associated with
ED visit or hospitalisation over 48 weeks
n (%) 37 (14%) 28 (10%) 18 (7%)

0-06 (0-04 t0 0-11)
~0-11 (-0-18 to —0-05)
0-37 (0-20 t0 0-67)
0-0010

Data are absolute difference or rate ratio (95% CI)."Estimates via negative binomial model adjusting for treatment,

region, oral corticosteroid use at time of randomisation, and prior exacerbations associated with ER visits or
hospitalisations. ED=emergency department. ICS=inhaled corticosteroids. LABA=long-acting ,-agonist.
Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 15: Table 4: Post-hoc analysis of the treatment effect of exacerbation history on primary and

secondary endpoints

High-dosage ICS/LABA + baseline blood eosinophils >300 cells/pL

Placebo Benralizumab 30 mg Benralizumab 30 mg
(n=267) Q4W (n=275) Q8W (n=267)
Primary analysis population”
267 275 267
Annual exacerbation rate
Crude rate 1.53 0-85 0-66
Rate ratio vs placebo - 0-55 (0-42t0 0-71) 0-49 (0-37 to 0-64)
p-value vs placebo - <0-0001 <0-0001
Patients who had two prior exacerbations®
N 149 173 164
Annual exacerbation rate
Crude rate 1.05 0-58 0-55
Rate ratio vs placebo - 0-56 (0-38 to 0-81) 0-55 (0-37 to 0-80)
p-value vs placebo - 0-0023 0-0020
Pre-bronchodilator FEV; (L)
LS mean change 0-230 0-340 0-343
LS means difference vs placebo - 0-110 (-0-004 to 0-224) 0-113 (-0-002 to 0-228)
p-value vs placebo - 0-0576 0-0548
Total asthma symptom score
LS mean change -1.04 -1.12 -1-26
LS means difference vs placebo - —0-08 (-0-34 t0 0-18) —0-22 (-0-49 t0 0-04)
p-value vs placebo - 0-5289 0-0948
ACQ-6 score
LS mean change -1.11 -1.34 -1-40
LS means difference vs placebo - —0:23 (-0-46 to 0-00) —0-29 (-0-53 to —0-06)
p-value vs placebo - 0-0506 0-0146
AQLQ(S)+12 score
LS mean change 1.17 1.42 1.55
LS means difference vs placebo - 0-25 (0-00 to 0-50) 0-38 (0-13t0 0-63)
p-value vs placebo - 0-0488 0-0034
Patients who had three or more prior exacerbations'
N 118 102 103
Annual exacerbation rate
Crude rate 2:15 1.29 0-84
Rate ratio vs placebo - 0-54 (0-38t0 0-78) 0-43 (0-29 t0 0-63)
p-value vs placebo - 0-0010 <0-0001
Pre-bronchodilator FEV; (L)
LS mean change 0-251 0-358 0-486
LS means difference vs placebo - 0-108 (-0-040 to 0-255) 0-235 (0-088 to 0-382)
p-value vs placebo - 0-1510 0-0018
Total asthma symptom score
LS mean change -1-05 -1-12 -1-36
LS means difference vs placebo - —0-07 (-0-37 t0 0-23) —0-32 (-0-62 to —0-01)
p-value vs placebo - 0-6475 0-0420
ACQ-6 score
LS mean change -1.24 -1.25 -1-56
LS means difference vs placebo - -0-02 (-0-33 to 0-30) —0-33 (-0-65 to —0-01)
p-value vs placebo - 0-9105 0-0458
AQLQ(S)+12 score
LS mean change 1.37 1.45 1.59

LS means difference vs placebo
p-value vs placebo

0-07 (~0-26 to 0-40)
0-6722

0-22 (~0-11 to 0-55)
0-1966

LS mean differences at week 48. Data are rate ratio or LS mean difference (95% CI). "Annual asthma
exacerbation rate over 48 weeks. fIn the previous year. ACQ-6=Asthma Control Questionnaire-6.
AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. Cl=confidence
interval. FEV= forced expiratory volume in 1 second. ICS=inhaled corticosteroids. LABA=long-acting
B2-agonist. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 16: Figure 4. Annual asthma exacerbation rate ratio at 48 weeks by subgroup for (A) benralizumab
Q4W versus placebo and (B) benralizumab Q8W versus placebo for patients receiving high-dosage

ICS/LABA with blood eosinophils >300 cells/pL

A. Benralizumab 30 mg Q4W

Estimate (95% CI)
Baseline OCS use: Yes —a— 0- 77 (0-40-1-4T)
Mo = o 0-51 (0-38-0-68)
Sex: Male —— 0-45 (0-29-0-70)
Female - 0-61 (0-44-0-84)
Age Group: <18 years I L | 3-25 (D-75-13-96)
18 to =63 years HilH 0-50 (0-38-0-65)
=65 years —a— 0-71 (0-31-1-62)
Geographic reglon: Asia —a— 0-34(0-17-0-68)
Eastern Europe —— 0-35(0-32-0-96)
Europe —— 0-40 (0-24-0-67)
North Amenca —— 0-76 (0-42-1-37)
Rest of World* —a— 0-84 (0-48-1-46)
BMI: <35 kg/m’ i 0-52 (0-39-0-69)
=35 kg/m* —— 0-71 (0-39-1-28)
Exacerbations in the prev. year: 2 —— 0-36 (0-39-0-30)
3 —a— 0-46 (0-24-0-87)
=4 —a— 0-67 ?}-42—1 -OS;
Race: White . — 0-58 (0-43-0-7
Black or African American [ L | 0-72(0-18-2-90)
Asian —— 0-37 (0-19-0-72)
Other —a— 0-66 (0-30-1-46)
Nasal polyps at baseline: Yes —a— 0-39 (0-36-0-98)
No - 0-53 (0-39-0-72
IgE at baseline: <30 IU/L e | 0-73 (0-30-1-7
=30 to <700 [T - 0-42 (0-31-0-57
=700 TUL —a— 1-14 (0-65-2-01)
Atopic at baseline: Yes - 0-60 (0-43-0-83)
No —m— 0-50 (0-33-0-7
Prior therapy with omalizumab: Yes . 0-67(0-28-1-38)
No i 055 (042-0.71)
Favours treatment Favours placebo
T TTTTT] T T T TTTTT T T T TTTTTT
01 1 10
Rate ratio (treatment/placebo)
B. Benralizumab 30 mg Q8W
Estimate (95% CI)
Baseline OCS use: Yes ] 0-31 (0-16-0-61)
No —k—1 0-54 (0-40-0-72)
Sex: Male —k— 0-37(0-230-39)
Female —k— 0-56 (0-40-0-77)
Age Group: <18 years } A | 1-77 (0-40-7-78)
18 to =63 years —— 0-45 (0-34-0-61)
=63 years —a— 0-58 (0-25-1-35
Geographic region: Asia —h— 0-19 (0-08-0-41)
Eastern Europe —k—— 0-79 (0-47-1-31)
Eurape ] 0-30 (0-17-0-52)
North Amernica —a— 0-71(0-38-1-30)
Pest of World® b 0-60 (0-32-1-12)
BMI: =35 kg/m’ —— 0-45 (0-33-0-60)
=35 kg/m’ —— 0-76 (0-40-1-46
Exacerbations in the prev. year: 2 —— 0-54(0-37-0-79)
3 —a— 0-44 (0-24-0-81)
=4 —— 0-40 (0-24-0-69
Race: White —— 0-54 (0-39-0-74)
Black or African American I r 3 { 0-86 (0-23-3-23)
Asian A 0-19 (0-09-0-42)
Other b 0-64 (0-28-1-47)
Nasal polyps at baseline: Yes —a— 0-33(0-33-0-93)
No H— 0-46 (0-34-0-63)
IzE at baseline: <30 IU/L 1 0-64 (0-26-1-53)
=30 to <700 IUL —k— 0-49 (0-36-0-67)
=700 TUL P 0-41 (0-20-0-81)
Atopic at baseline: Yes —— 0-44 (0-31-0-63)
No —— 0-58 (0-37-0-90)
Prior therapy with omalizumaly: Yes A 0-46 (0-19-1-09)
Mo —k— 0-50 (0-38-0-67)
Favours treatment Favours placebo
TTTTT T T T TTTTT T T T TTTT]
0.
Rate ratio (treatment/placebo)

*Africa, South America. BMI=body mass index. Cl=confidence interval. ICS=inhaled corticosteroids.
IgE=immunoglobulin E. LABA=long-acting B, agonist. OCS=oral corticosteroid. Q4W=once every 4 weeks.
Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 17: Table 5: Baseline demographics and clinical characteristics by geographic region for patients
receiving high-dosage ICS/LABA with baseline blood eosinophils >300 cells/uL

Asia Eastern Europe Europe North America Rest of World
(n=96) (n=250) (n=164) (n=142) (Africa and
South America)
(n=157)
Age (years) 52-1(11-1) 49.2 (14-1) 50-5 (12-1) 45.5 (16-1) 45.7 (15-2)
Sex
Male 36 (37-:5%) 94 (38%) 55 (34%) 53 (37%) 44 (28%)
Female 60 (62:5%) 156 (62%) 109 (66%) 89 (63%) 113 (72%)
Race
White 0 250 (100%) 160 (98%) 107 (75%) 57 (36%)
Black or African-American 0 0 1 (<1%) 24 (17%) 6 (4%)
Asian 96 (100%) 0 1 (<1%) 3(2%) 10 (6%)
Other” 0 0 2 (1%) 8 (6%) 84 (54%)
BMI (kg/m?) 244 (4-3) 28:2(5:7) 27-7 (6-0) 31-9(8:5) 28-9 (6:6)

Local eosinophil count (cells/uL)
FEV, pre-bronchodilator (% predicted normal)
FEV1/FVC pre-bronchodilator (%)
Reversibility (%)
ACQ-6 scoref
Smoking history

Never

Current

Former
Time since asthma diagnosis (years)
Number of exacerbations in the previous 12
months

2 exacerbations

>3 exacerbations
Exacerbations leading to hospitalisation in the
previous 12 months
OCS use
ICS total daily dose (ug)

713-2 (468-2)
58-8% (13-1)
61-6% (12-8)
20-9% (22-1)
2:3(0-7)

70 (73%)
1(1%)

25 (26%)

8-4 (1-1t0 43-1)
3-4(2:3)

50 (52%)

46 (48%)

16 (17%)

17 (18%)
953-2 (327-1)

493-3 (229-6)
56-3% (14-1)
61-3% (11-9)
30-2% (26-5)
2-8(0-9)

212 (85%)

0

38 (15%)

11-3 (1-2t0 62:6)
2-4(0-9)

188 (75%)

62 (25%)

106 (42%)

15 (6%)
826-7 (345-0)

700-6 (461-6)
51-6% (15-1)
56-1% (12-5)
22-5% (20-0)
2:9(1-0)

110 (67%)
0

54 (33%)
13-9 (1-1 to 66-9)
3-5(2:3)
80 (49%)
84 (51%)

30 (18%)

61 (37%)
1079-4 (477-7)

677-6 (450-0)
57-9% (13-8)
65-2% (11-5)
25-7% (21-0)
2:9 (1-1)

120 (85%)

1 (<1%)

21 (15%)

20-3 (1-3 to 64-0)
3-1(2-0)

75 (53%)

67 (47%)

29 (20%)

16 (11%)
772:9 (274-0)

664-1 (350-7)
57-29% (15-2)
61-5% (12-7)
27-0% (25-0)
2:9(0-8)

141 (90%)

0

16 (10%)

21-0 (1-2 to 65-2)
2-9(1-6)

93 (59%)

64 (41%)

23 (15%)

18 (11%)
927-5 (316-4)

Data are mean (SD), median (range), or n (%)."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 P2-agonist use on a 06 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 ,-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three
doses Q4W). SD=standard deviation.

28




Appendix 18: Table 6. Blood eosinophil count changes with benralizumab treatment for patients receiving high-dosage ICS/LABA with baseline blood eosinophils
>300 cells/pL and <300 cells/pL”

High-dosage ICS/LABA + >300 cells/pL baseline blood eosinophils High-dosage ICS/LABA + <300 cells/pL baseline blood eosinophils
Placebo Benralizumab Benralizumab Placebo Benralizumab Benralizumab
30 mg Q4W 30 mg Q8W 30 mg Q4W 30 mg Q8W
Baseline blood eosinophil count
(cells/uL) 460 (330, 760); 265 450 (300, 720); 275 440 (280, 690); 267 150 (80, 220); 139 160 (100, 220); 123 150 (80, 240); 129
Week 4 blood eosinophil count
(cells/uL) 420 (255, 640); 2447 0 (0, 10); 263 0 (0, 10); 247 160 (90, 250); 134" 0 (0, 10); 118f 0 (0, 10); 118f
LS mean change 3-0% -95-2% -91-0% 81-6% -87-5% -89-2%
LS mean difference - —98-3% (—107-3 t0 -89-2) —94-1% (-103-3 to -84-9) - —169-1% (—208-7 to —129-5) —170-8% (—210-2 to —131-3)
P-value vs placebo - <0-0001 <0-0001 - <0-0001 <0-0001
Week 48 blood eosinophil count
(cells/uL) 375 (230, 580); 202" 0 (0, 10); 202 0 (0, 10), 208 150 (80, 310); 97* 0 (0, 10); 907 0 (0, 10) 997
LS mean change 6-9% -95-3% -92-7% 122-1% -84-0% -88-3%
LS mean difference - -102:2% (-116-2t0 -88-2)  —99-6% (-113-6 to —85-6) - —206-1% (-292-0 to —120-3) —210-5% (-294-9 to —126-0)
P-value vs placebo - <0-0001 <0-0001 — <0-0001 <0-0001

Data are median (Q1, Q3); 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 visitxtreatment. ‘Not all patients evaluated for LS mean change
and difference. Cl=confidence interval. ICS=inhaled corticosteroids. LABA=long-acting ,-agonist. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 weeks
(first three doses Q4W).
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Appendix 19: Table 7. Adverse events during on-treatment period categorised for blood eosinophil counts (safety population)

High-dosage ICS/LABA + >300 cells/pL baseline blood eosinophils High-dosage ICS/LABA + <300 cells/uL baseline blood eosinophils
Benralizumab Benralizumab Benralizumab Benralizumab
Placebo 30 mg Q4W 30 mg Q8W Placebo 30 mg Q4W 30 mg Q8W
(n=267) (n=277)* (n=265) (n=140) (n=126)* (n=129)
Any AE 203 (76%) 205 (74%) 185 (70%) 108 (77%) 88 (70%) 96 (74%)
Any AE leading to treatment discontinuation® 2 (<1%) 3 (1%) 6 (2%) 1(<1%) 6 (5%) 2 (2%)
Any SAE 36 (13%) 28 (10%) 33 (12%) 19 (14%) 19 (15%) 19 (15%)
Deaths 1 (<1%) 1 (<1%) 0 1 (<1%) 1 (<1%) 1 (<1%)
AEs in >3% of patients*
Asthma 51 (19%) 38 (14%) 25 (9%) 27 (19%) 22 (17%) 20 (16%)
Nasopharyngitis 35 (13%) 35 (13%) 34 (13%) 12 (9%) 12 (10%) 12 (9%)
Upper respiratory tract infection 26 (10%) 31 (11%) 25 (9%) 10 (7%) 13 (10%) 7 (5%)
Headache 17 (6%) 16 (6%) 28 (11%) 4 (3%) 14 (11%) 9 (7%)
Bronchitis 22 (8%) 14 (5%) 12 (5%) 8 (6%) 10 (8%) 7 (5%)
Sinusitis 19 (7%) 10 (4%) 17 (6%) 9 (6%) 7 (6%) 5 (4%)
Influenza 16 (6%) 11 (4%) 15 (6%) 7 (5%) 6 (5%) 4 (3%)
Acute sinusitis 9 (3%) 8 (3%) 11 (4%) 1 (<1%) 2 (2%) 2 (2%)
Back pain 9 (3%) 8 (3%) 3 (1%) 6 (4%) 3 (2%) 5 (4%)
Cough 8 (3%) 8 (3%) 8 (3%) 2 (1%) 7 (6%) 5 (4%)
Hypertension 8 (3%) 7 (3%) 5 (2%) 4 (3%) 4 (3%) 5 (4%)
Pyrexia 8 (3%) 12 (4%) 9 (3%) 0 4 (3%) 3 (2%)
Nausea 7 (3%) 5 (2%) 10 (4%) 1 (<1%) 3 (2%) 2 (2%)
Rhinitis 7 (3%) 10 (4%) 6 (2%) 8 (6%) 6 (5%) 4 (3%)
Pharyngitis 6 (2%) 12 (4%) 14 (5%) 8 (6%) 5 (4%) 9 (7%)
Arthralgia 6 (2%) 9 (3%) 15 (6%) 4 (3%) 2 (2%) 3 (2%)
Rhinitis allergic 6 (2%) 9 (3%) 8 (3%) 2 (1%) 2 (2%) 4 (3%)
Viral infection 5 (2%) 9 (3%) 3 (1%) 3 (2%) 0 3 (2%)
Pain in extremity 4 (1%) 1(<1%) 9 (3%) 1 (<1%) 2 (2%) 4 (3%)
Dyspnoea 3 (1%) 5 (2%) 8 (3%) 1 (<1%) 6 (5%) 2 (2%)
Gastroesophageal reflux disease 1 (<1%) 4 (1%) 5 (2%) 5 (4%) 1 (<1%) 3 (2%)
Asthenia 3 (1%) 4 (1%) 5 (2%) 0 5 (4%) 1 <1%)
Dizziness 6 (2%) 3 (1%) 2 (<1%) 2 (1%) 5 (4%) 0
Gastroenteritis 3 (1%) 5 (2%) 6 (2%) 3 (2%) 4 (3%) 6 (5%)
Injection-site reactions 6 (2%) 11 (4%) 5 (2%) 2 (1%) 5 (4%) 4 (3%)
Hypersensitivity adverse events® 7 (3%) 9 (3%) 6 (2%) 4 (3%) 4 (3%) 5 (4%)
Causally related” 1 (<1%) 2 (<1%) 2 (<1%) 1 (<1%) 0 0
Urticaria 1 (<1%) 1 (<1%) 2 (<1%) 1(<1%) 0 0
Allergic granulomatous angiitis 0 1 (<1%) 0 0 0 0

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. “Includes patients in the Q8W cohort who received extra doses of benralizumab. fOne additional patient in the Q8W cohort discontinued treatment during
the post-treatment period. ¥Medical Dictionary for Regulatory Activities version 18.1. SHigh-level term. "In the opinion of the investigator. AE=adverse event.
ICS=inhaled corticosteroids. LABA=long-acting B2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). SAE=serious adverse
event.
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Appendix 20: Table 8. Immunogenicity of benralizumab in treated patients (safety population)

Placebo Benralizumab 30 mg Q4W Benralizumab 30 mg Q8W
(n=407) (n=403) (n=394)
Any anti-drug antibody—positive response” 21 (5%) 47 (12%) 58 (15%)
Anti-drug antibody—positive post-baseline, not positive/missing at baseline’ 10 (3%) 39 (10%) 49 (13%)
Anti-drug antibody—persistent-positive 16 (4%) 23 (6%) 39 (10%)
Anti-drug antibody—transient-positive’ 4 (1%) 18 (5%) 13 (3%)
Anti-drug antibody—positive, neutralizing antibody—positive” 11 (3%) 31 (8%) 49 (13%)

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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