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1 Executive Summary

1.1. Product Introduction

Benralizumab is a humanized afucosylated, monoclonal antibody (IgG1k) targeting the
interleukin-5 receptor alpha subunit. It is a new molecular entity not approved for use in any
country. The dosing regimen proposed for approval consists of a loading dose of 30 mg
subcutaneously (SC) every 4 weeks followed by 30 mg SC every 8 weeks.

1.2. Conclusions on the Substantial Evidence of Effectiveness

The recommended regulatory action from a clinical perspective is Approval for benralizumab 30
mg SC Q8 following a loading dose of 30 mg SC Q4 x 3 doses for use in patients 12 years of age
and older with severe asthma and an eosinophilic phenotype.

To support this application, the applicant has completed two pivotal efficacy and safety trials
which demonstrate a statistically significant and clinically relevant improvement in asthma
exacerbations in patients with severe asthma. In addition, a third pivotal trial demonstrates a
decrease in the dose of oral corticosteroids (OCS) required to control a patient’s underlying
asthma.

While a treatment benefit provided to the adolescent subgroup remains inconclusive based on
the data from this clinical development program, this review recommends approval in this age
group. This differs from the applicant’s proposed indication for use in adults 18 years of age and
older. While the point estimates in both exacerbation trials favor placebo, the data are
associated with wide confidence intervals which cross 1, indicating uncertainty in the results.
Given the rarity of this population, a sufficiently powered study to demonstrate a treatment
benefit in the adolescent population would be impractical to conduct. In addition, as there are
no age-related differences in the PK and PD and no safety concerns to offset the potential
efficacy of benralizumab in adolescent patients with this rare asthma phenotype, this review
recommends approval in the adolescent age group.

1.3. Benefit-Risk Assessment
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Benefit-Risk Summary and Assessment

Patients with severe asthma represent a small subset of asthmatic patients at particular risk for increased morbidity and mortality. Two other
IL-5 targeting therapies have been approved in past two years targeting patients with severe asthma and an eosinophilic phenotype.

The efficacy and safety of benralizumab in this patient population was evaluated in three pivotal phase 3 trials including two exacerbation trials
and one oral corticosteroid reduction trial. All were well-controlled and adequately designed to assess the efficacy of benralizumab in the
severe asthma population. Both exacerbation studies demonstrate statistically significant and clinically meaningful improvements in
exacerbations for patients receiving benralizumab beyond that provided by high dose ICS/LABA therapy. In addition, for patients requiring OCS
to control their asthma, benralizumab therapy allowed a larger percentage of patients to reduce their OCS dose. All three trials also
demonstrate numeric improvements in FEV1 compared with placebo. An increased treatment benefit is consistently seen in patients with
higher baseline peripheral blood eosinophil counts supporting the restriction of use to patients with an eosinophilic phenotype. While efficacy
was not conclusively demonstrated in the adolescent population, a sufficiently powered study to demonstrate a treatment benefit would be
impractical to conduct given the rarity of this severe asthma phenotype. In addition, as there are no age-related differences in the PK and PD
and no safety concerns to offset the potential efficacy of benralizumab in adolescent patients, this review recommends approval in the
adolescent age group.

The program included an assessment of safety concerns related to immunomodulatory therapy and biologics including infections, malignancy,
hypersensitivity events, and immunogenicity. No safety concerns that offset the efficacy benefits provided by benralizumab have been
identified for the overall or adolescent population. While benralizumab was associated with reasonably high level of anti-drug antibody (ADA)
in its clinical development program with a drop in PK and increase in eosinophil counts, no decrease in the efficacy response is seen in ADA
positive subjects and no additional safety concerns have been identified.

This review recommends approval of benralizumab in patients 12 years of age and older with severe asthma and an eosinophilic phenotype.
Efficacy was demonstrated in the severe asthma population with subgroup analyses demonstrating increased treatment benefit in patients
with a higher baseline peripheral blood eosinophil count. No safety concerns that would preclude approval were identified in the overall
population or the adolescent population. The safety findings that were seen in the program can be adequately addressed through labeling and
should continue to be followed with routine pharmacovigilance.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

e Asthma is characterized by recurring symptoms of wheezing,

breathlessness, chest tightness and coughing caused by underlying
airway inflammation and airway hyper-responsiveness. Episodic
increases in symptoms are referred to as asthma exacerbations. The
disease is typically associated with variable and reversible airflow
obstruction, but progressive airway remodeling may lead to
persistent asthma associated with partially or fully irreversible
airway obstruction leading to chronic symptoms despite current
standard of care treatment. While many exacerbations may be
managed as outpatient with the use of oral corticosteroids, severe
exacerbations may require hospitalization and may even lead to
death.

e Severe uncontrolled asthma is estimated to account for

approximately 5% of all patients with asthma. While there are no
specific guidelines to identify patients with severe asthma and an
eosinophilic phenotype remains, the estimated prevalence is
thought to be 3% or less.

Asthma is a common condition. While most
patients can be treated with existing
therapies, a small percentage of the asthma
population with severe disease continues to
experience significant morbidity and the
potential for mortality from this condition.

e There are two other IL-5 targeting therapies approved for the
treatment of patients with severe asthma and an eosinophilic

phenotype.

While there are two approved therapies
treating this specific subset of asthma patients,
the availability of additional treatment options
for those unable to tolerate existing
treatments is preferable.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

e The applicant has demonstrated in two studies that benralizumab
provides statistically significant and clinically meaningful
improvements in asthma exacerbations requiring oral corticosteroids
and/or ER visit/hospitalization beyond the benefit provided by high
dose ICS/LABA therapy in patients with severe asthma. In addition,
the data demonstrate an increased benefit in patients with higher
eosinophil counts.

e A third pivotal phase 3 study demonstrates an ability to reduce oral
corticosteroid dosing in patients who require oral corticosteroids to
maintain asthma control.

e The program also demonstrates numeric improvements in lung
function.

e An improvement in lung function is also seen in a smaller trial with a
shorter treatment duration in milder asthmatics. Additional studies
would be needed to support broadening the indication beyond severe
asthma and the risk benefit of a monoclonal antibody for a milder
population would need to be considered given the availability of other
safe and efficacious treatment options.

Benralizumab provides for a clinically relevant
treatment benefit in patients with severe
asthma with an increase in treatment benefit
seen in patients with higher baseline blood
eosinophil counts. Approval in adolescents is
recommended despite point estimates
favoring placebo, given similar impact on PK
and PD in adolescents and the lack of a safety
concern that offsets the potential for efficacy
in a younger patient with this rare and severe
phenotype.

e The safety program for Benralizumab demonstrates risks that are
common to monoclonal antibodies including hypersensitivity
reactions and anti-drug antibody formation.

The program does not demonstrate any safety
findings that offset the efficacy findings.

e No REMS is proposed.

The risks of hypersensitivity reactions and anti-
drug antibody formation with benralizumab
can be managed through labeling and routine
pharmacovigilance.
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2 Therapeutic Context

2.1. Analysis of Condition

Asthma is characterized by recurring symptoms of wheezing, breathlessness, chest tightness
and coughing caused by underlying airway inflammation and airway hyper-responsiveness. It is
typically associated with variable and reversible airflow obstruction, but progressive airway
remodeling may lead to persistent asthma associated with partially or fully irreversible airway
obstruction.

The diagnosis and management of this common condition are outlined in the NAEPP?! and
GINA? guidelines which include a treatment approach of escalating daily maintenance therapy
in accordance with a patient’s symptoms. While the majority of patients are successfully
managed with this step-wise treatment approach, a subset of patients remain uncontrolled
despite maximal medical management and are considered to have severe asthma.

The International ERS/ATS Severe Asthma guidelines? define severe asthma as:

e Patients with a confirmed asthma diagnosis which requires treatments with high
dose inhaled corticosteroids (ICS) plus long acting beta agonist (LABA) or leukotriene
modifier/theophylline therapy to prevent it from becoming “uncontrolled” or which
remains “uncontrolled” despite this therapy.

Additionally, the guidelines outline that patients who do not meet the aforementioned criteria,
but whose asthma worsens when corticosteroids are tapered, also meet the definition of
severe asthma. In these guidelines, “uncontrolled asthma” is defined as meeting any of the four
following criteria:
e Poor symptom control: ACQ consistently > 1.5 or ACT < 20 (or “not well controlled”
by NAEPP or GINA guidelines) over 3 months of evaluation
e Frequent severe exacerbations: 2 or more bursts of systemic corticosteroids (>3 days
each) in the previous year
e Serious exacerbations: at least one hospitalization, ICU stay or mechanical
ventilation in the previous year

1 National Institutes of Health (NIH). National Heart, Lung, and Blood Institute (NHLBI).National Asthma Education
and Prevention Program. Expert Panel Report 3: guidelines for the diagnosis and management of asthma. August
2007. NIH publication no. 07-4051.

2 Global Initiative for Asthma (GINA): Global Strategy for Asthma Management and Prevention, 2013. Website
accessed April 28,2015: http://www.ginasthma.org/.

3 Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ et al. International ERS/ATS guidelines on definition,
evaluation and treatment of severe asthma. Eur Respir J 2014;43:343-373.
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e Airflow limitation: FEV1 <80% predicated (in the presence of a reduced FEV1/FVC)

Beyond categorizing asthma by severity, there is an active body of research working to identify
additional asthma phenotypes and endotypes using various biomarkers. One approach by the
Severe Asthma Research Program (SARP) employed statistical modeling to identify asthma
clusters. While 5 subgroups were identified, overlap between the groups was seen with respect
to identifying biomarkers* exemplifying the heterogeneity seen within asthma and difficulties
with further sub-classification of the disease. While alternative approaches have been outlined
in the academic literature, to date, there are no guidelines outlining the identification or
management of specific severe asthma subgroups. The ERS/ATS severe asthma guidelines opine
“Detailed efforts in this regard require organization and integration of these defining
characteristics into clinically recognizable phenotypes. Ultimately, these phenotypes should
evolve into asthma ‘endotypes’, which combine clinical characteristics with identifiable
mechanistic pathways. Their identification to date remains speculative at best. In general,
temporal stability of phenotypes will be required to provide evidence of their clinical
usefulness. The ultimate clinical usefulness of these severe asthma phenotypes will be
determined by their therapeutic consequences.>”

Despite the current uncertainty on how best to identify patients with particular asthma
phenotypes, two monoclonal antibodies targeting the interleukin-5 pathway demonstrated
efficacy in clinical development programs enriched for patients with severe asthma and
parameters believed to be predicative of an eosinophilic phenotype. Mepolizumab was
approved in 2015 and reslizumab in 2016 for the treatment of patients with severe asthma and
an eosinophilic phenotype. These two treatment options are discussed further in Section 2.2 of
this review.

2.2. Analysis of Current Treatment Options

If approved, benralizumab will represent the third biologic targeting the interleukin-5 pathway
indicated for add-on maintenance treatment of patients with severe asthma and an
eosinophilic phenotype. Corresponding to the uncertainty in the clinical community on how
best to clinically define an eosinophilic phenotype, all three programs have enriched for this
subgroup in different ways. Mepolizumab evaluated patients with a recent peripheral blood
eosinophil count of > 150 cells/pl or 12-month historical value of > 300 cells/pl while reslizumab
utilized a cutoff of 400 cells/pl just prior to enroliment. As discussed throughout this review,
benralizumab enriched for patients with counts > 300 cells/pl just prior to enrollment but also

4 Moore et al “Identification of Asthma Phenotypes Using Cluster Analysis in the Severe Asthma Research Program”
Am. J. of Respiratory and Cri Car Med; Vol 181.4 (2010):315-323.

5 Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ et al. International ERS/ATS guidelines on definition,
evaluation and treatment of severe asthma. Eur Respir J 2014;43:343-373.
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included patients with values < 300 cells/ul in its pivotal phase 3 trials. To identify patients with
severe asthma, the mepolizumab and benralizumab programs identified patients using criteria

consistent with the ETS/ARS criteria.

Table 1: Summary of Treatments Relevant to Proposed Indication

Product Name

Indication

Dose

Efficacy Information and population studied

Mepolizumab

Approved 2015

Add-on maintenance
treatment in patients
> 12 years of age with
severe asthma with an
eosinophilic
phenotype

100 mg SC
every 4
weeks

Exacerbations

1 phase 2b exacerbation trial demonstrated a reduction
in exacerbations. The population was enriched with
patients meeting criteria believed to identify an
eosinophilic phenotype. These criteria included
peripheral blood eosinophil counts, airway eosinophil
counts and loss of control with OCS dose reduction and
FENO.

1 pivotal exacerbation trial demonstrated a reduction in
exacerbations in severe asthma patients on background
standard of care with peripheral blood eosinophil
count > 150 cells/ul* or historical count > 300 cells/pl?
with a history of 2 exacerbations in the prior 12
months.

Oral Corticosteroid Reduction

1 trial demonstrated an ability to reduce oral
corticosteroids dosage in severe asthma patients with
peripheral blood eosinophil count > 150 cells/ul* or
historical count > 300 cells/ul

Lung Function
No consistent improvement in lung function was seen
in this development program.

Adolescents

28 adolescents were evaluated in the program with a
trend toward exacerbation reduction in mepolizumab
treated patients.

Reslizumab

Approved 2016

Add-on maintenance
therapy in patients
18 years old with
severe asthma with an
eosinophilic
phenotype

3 mg/kg
IV every 4
weeks

Exacerbations

2 pivotal trials demonstrated a reduction in
exacerbations and improvements in lung function in
severe asthma patients with a peripheral blood
eosinophil count > 400 cells/pl® and a history of at least
one asthma exacerbation in the prior 12 months.

Lung function

The two exacerbation trials and a third lung function
trial in severe asthma patients with a peripheral blood
eosinophil count = 400 cells/ul demonstrated an
improvement in lung function.
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All eosinophil counts

1 trial evaluated lung function in asthma patients
unselected for blood eosinophil levels. No association
between a treatment effect and blood eosinophil levels
was seen.

Adolescents

39 adolescents were evaluated in the program with
point estimates favoring placebo in two exacerbation
studies. Reslizumab is approved for use in patients 18
years of age and older given an unfavorable risk benefit
assessment in the adolescent population.

Lwithin 6 weeks of dosing

2within 12 calendar months of enroliment
3 within 3-4 weeks of dosing

4 within 3-4 weeks of dosing

3 Regulatory Background

3.1.U.S. Regulatory Actions and Marketing History

Benralizumab is a new molecular entity (NME) that is not currently marketed in the U.S. or any
other country in the world. In addition to the severe asthma indication, the applicant is
evaluating benralizumab as a potential treatment for chronic obstructive pulmonary disease
with two phase 3 trials currently ongoing.

3.2. Summary of Presubmission/Submission Regulatory Activity

Table 2 summarizes the pre-submission regulatory activity pertaining to the sponsor’s clinical
development program

Table 2: Summary of Presubmission Regulatory Activity

Date Meeting Comments
Type
February EOP2 e Dose selection for the phase 3 program was discussed
13, 2013 including the observed efficacy data and PD modeling data

from a phase 2 dose ranging trial. The sponsor proposed a
30 mg dose based on the observed data and potential for PK
variability and increased immunogenicity with lower doses.
The FDA noted that the use of the PD modeling data was
acceptable but risky and that the acceptability of choosing a
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higher dose to overcome immunogenicity concerns would
be dependent on the safety profile of the product. The FDA
recommended further dose exploration or the evaluation of
more than one dose in phase 3.

The FDA recommended evaluation of patients with a range
of peripheral blood eosinophil counts as the link between
this biomarker and the ‘eosinophilic asthma’ had not been
established. The sponsor proposed to stratify enrollment of
eosinophil high and low patients 2:1, with the primary
efficacy analysis conducted in an eosinophil high population.
The FDA found the proposal to be reasonable but noted that
data across the population would be considered.

The FDA recommended evaluation of patients across the
spectrum of asthma severity to assist in the justification of
restricting use of benralizumab in severe asthma

Specifics parameters of the exacerbation trial designs—
including treatment duration, exacerbation definition, and
immunogenicity assessments—were discussed and found to
be reasonable.

September | Type C The sponsor notified the FDA ee
8,2014
the CALIMA was proposed and found to

be reasonable.

May 22, Type C IC

2014

September | Type C The sponsor’s proposal to rely on data from SIROCCO and

8,2014 CALIMA to support registration in a severe asthma
population was discussed. The FDA noted that while it
recommends the evaluation of the full spectrum of asthma,
targeting more severe patients may be acceptable if the
program provides sufficient information to inform the
selection of appropriate patients for treatment and the
overall risk-benefit is commensurate with the targeted
patient population.
The sponsor’s proposal to evaluate the prefilled syringe(PFS)
in the phase 3 trials in addition to data from an at-home-use
trial was reasonable to assess device performance.
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March 31,
2016

Type C
Written
responses

The format and content of a proposed BLA for benralizumab
was discussed.

September
20, 2016

Pre-BLA

FDA agreed that the filing of a BLA application was
reasonable based on the data provided. It also agreed that is
was reasonable to include data from the AZ sponsored
studies only.

The strategy to pool data from SIROCCO and CALIMA was
discussed and found to be reasonable.

FDA noted that data documenting a treatment’s impact on
exacerbation-related ER visits and/or hospitalizations are
clinically meaningful and appropriate for inclusion in
labeling.

FDA noted that including of data evaluating the history
exacerbations and baseline eosinophil levels as independent
predictors of treatment benefit into the product label would
be a review issue.

FDA agreed with the planned descriptive analyses for the
AESI but also recommended additional integrated analyses
to compare treatment groups. The agency recommended
including an evaluation herpes zoster infection in its safety
analysis as well.

3.3.

Foreign Regulatory Actions and Marketing History

Benralizumab is not marketed in any foreign county.

4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1.

Office of Scientific Investigations (0SI)

The pivotal efficacy and safety trials in the benralizumab clinical development program were
large multicenter trials with each site enrolling a small number of subjects which limits the
potential for any individual study center to impact the efficacy and safety findings. Two clinical
sites were chosen for inspection (Site # 7802 and Site 7805). Final OSI reports for these sites
found that the data from these sites are valid and accurate.
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4.2. Product Quality

Benralizumab is a humanized, afucosylated, IgG1kappa monoclonal antibody. It is supplied as a
sterile, preservative free, solution for subcutaneous injection in a single-use prefilled syringe
(PFS).

Reviewer’s Comment: Readers are referred to the product quality review for additional details
which is pending at the time of this review.

4.3. Clinical Microbiology
The microbiology review remains pending at the time of this review.

4.4. Nonclinical Pharmacology/Toxicology

The nonclinical pharmacology and toxicology review of this application recommends Approval.
Long-term animal studies have not been performed to evaluate the carcinogenic potential of
benralizumab. A reproductive toxicity study did not demonstrate evidence of toxicity in
cynomolgus monkeys treated with benralizumab for 9 months. Additional details of the
nonclinical program can be found in the nonclinical review by Dr. Tim Robison.

4.5. Clinical Pharmacology

4.5.1. Mechanism of Action

Benralizumab is a humanized afucosylated, monoclonal antibody (IgG1 k) that binds with high
affinity and specificity to the alpha subunit of the interleukin 5 receptor (IL-5Ra). The IL-5R is
primarily found on eosinophils and basophils and the Fc portion of benralizumab binds the
FcyRIIl on natural killer (NK) cells with high affinity. Benralizumab is believed to mediate
apoptosis of the eosinophil/basophil through antibody-dependent cell-mediated cytotoxicity
pathway by bringing the NK cell and eosinophil/basophil in close proximity. Benralizumab also
prevents the eosinophil growth factor, IL-5, from binding its target receptor on eosinophils and
basophils.

Per review by the OBP and non-clinical reviewer, the cytolytic properties of benralizumab are
supported by the in-vitro and pharmacology studies and the rapid drop in peripheral blood
eosinophil count further supports this proposed mechanism of action. Readers are referred to
the product quality, non-clinical, the clinical pharmacology reviews and Section 4.5.2 of this
review and for additional details.
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4.5.2. Pharmacodynamics

A 12-week phase 2 study evaluating 25, 100 or 200 mg of SC benralizumab or placebo every 4
weeks for 3 doses in asthma patients demonstrated complete or near complete reductions in
peripheral blood eosinophil counts in all dose groups. Post-dose drops from 400 to 0, 200 to O,
and 120 to 5 cells/pL 24 hours seen for the 25, 100 and 200 mg dose groups respectively with
reductions maintained through the dosing period. No change in the median peripheral blood
eosinophil count was seen in the placebo dose group.

A 52-week, phase 2b study MI-CP220 evaluated three SC doses of benralizumab in asthmatic
subjects and included both PD and efficacy assessments (exacerbation rate, FEV1 and ACQ).
Subjects received 2, 20, or 100 mg of benralizumab of placebo every 4 weeks for the first 3
doses followed by every 8 weeks thereafter. The PD data from this trial demonstrate reduction
in mean peripheral blood eosinophil mean counts from baseline at Week 40 of 14, 57, 75, and
76% for the placebo, 2mg, 20 mg, and 100 mg treatment groups respectively. Readers are
referred to Section 6.1 of this review for detailed discussion of the study design, observed
efficacy data, and exposure response modeling used to support dose selection for further
evaluation in phase 3.

Of note, both of the aforementioned phase 2 studies used ®® formulation of
benralizumab which differs from the to-be-marketed formulation, a liquid formulation in a PFS.

Similar reductions in peripheral blood eosinophil counts are seen in the phase 3 program. In the
phase 3 exacerbation trials, both benralizumab dosing regimens demonstrate drops in
peripheral blood eosinophil counts with reductions maintained for a minimum of 8 week post-
dosing. Importantly, the adolescent populations from the phase 3 exacerbation trials
demonstrate similar reductions in the eosinophil counts. Data from SIROCCO are show in Figure
1 for the overall population and Figure 2 for the adolescent population. Similar findings are
seen in the CALIMA trial (data not shown).
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Figure 1: SIROCCO: Peripheral Blood Eosinophil Count-Time Profiles
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Figure 2: SIROCCO: Peripheral Blood Eosinophil Counts in Adolescents
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Readers are referred to the clinical pharmacology review for additional details.

4.5.3. Pharmacokinetics

Pharmacokinetic data (PK) from the phase 1 and 2 clinical studies and SIROCCO, CALIMA, BISE
and ZONDA were pooled and analyzed using a population PK approach. The applicant reports
that subcutaneous administration of benralizumab was associated with an absorption half-life

of 3.59 days, absolute bioavailability of 59% and a terminal % life of approximately 15 days in
asthma patients.

Population PK analysis estimates that the systemic clearance of benralizumab was 18% lower in
the adolescent population than in the adult population. The body weight effect on clearance
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follows the same trend in both populations. Therefore, the systemic exposure in the

adolescent population is expected to be approximately 20% higher than the adult population.

Readers are referred to the clinical pharmacology review for additional details

4.6. Devices and Companion Diagnostic Issues

@
the
current proposal follows the dosing administration in the pivotal trials: subcutaneous
administration of benralizumab using a prefilled syringe (PFS) administered by a healthcare
provider (HCP). Device-related AEs were specified as AESI and an at home study (GREGALE)

evaluated all devices for reliability and performance. Readers are referred to Section 8.5.1 for

discussion of device performance in these studies. There is no companion diagnostic for this
application.

4.7. Consumer Study Reviews

Consumer studies are not applicable to this application. Benralizumab is proposed as a
prescription product for administration to the patient by a healthcare professional.

CDER Clinical Review Template 2015 Edition
Version date: November 5, 2015 for initial rollout (NME/original BLA reviews)

Reference ID: 4126437

24



Clinical Review

Sofia Chaudhry, MD

BLA 761070
Benralizumab

5 Sources of Clinical Data and Review Strategy

5.1.Table of Clinical Studies

Table 3: Summary of Clinical Development Program

SIROCCO R, DB, PC, 30 mg SC Q4x3 > Q8 AER, 48 Total: 1205 > 12 years old 286 centers in 17 countries
D3250C00017 | MC 30 mg SC Q4 FEV1, ACQ >18 yo: 1152 | with severe Australia, Brazil, Bulgaria,
9/13-4/16 Placebo SC and AQLQ 12-17 yo: 53 | asthma Czech Republic, France,
Italy, Mexico, Peru, Poland,
Enrollment Russian Federation, South
stratified 2:1 for Africa, South Korea, Spain,
pts with eos count | Turkey, United Kingdom,
> & < 300 cells/uL | United States of America,
Vietnam
CALIMA R, DB, PC, 30 mgSC Q4x3 2> Q8 AER, 56 Total 1306 212 years old 242 centers in 11 countries
D3250C00018 | MC 30 mg SC Q4 FEV1, ACQ >18 yo: 1251 | with severe Argentina, Canada, Chile,
Placebo SC and AQLQ 12-17 yo: 55 | asthma Germany, Japan, Philippines,
8/13-3/16 Poland, Romania, Sweden,
Enrollment Ukraine, United States
stratified 2:1 for
pts with eos count
> & < 300 cells/uL
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ZONDA R, DB, PC, 30 mg SC Q4x3 2> Q8 0cCs 28 220 > 18 years old age | 64 centers in 12 countries
D3250C00020 | MC 30 mg Q4 SC reduction, with severe (Argentina, Bulgaria,
Placebo SC FEV1, ACQ asthma requiring Canada, Chile, France,
8/13-3/16 and AQLQ oral Germany, Poland, South
corticosteroids Korea, Spain, Turkey,

Ukraine, and United States
-required to have
baseline
eosinophil count 2
150 cells/<plL

BORA R, DB 30 mg SC Q8 Safety Adults: 21331 Patients who complete SIROCCO, CALIMA, or
(ongoing) 30 mg SC Q4 56 >18 ZONDA are eligible for enrollment
12-17: 12-17:
108
MELTEMI oL 30 mg SC Q8 Safety Until Total: 3452 Patients who have completed SIROCCO, CALIMA,
(ongoing) 30 mg SC Q4 marketed >18 ZONDA and 16 weeks in BORA are eligible for
12 -17: enrollment
| Other studies pertinent to the review of efficacy or safety |
MI-CP220 R, DB, PC, 2 mg SC Q4x3 2> Q83 AER 52 609 > 18 years of age 95 centers in 10 countries
MC phase 2b | 20 mg SC Q4x3 = Q83 with moderate to | US, Russia, Brazil, Bulgaria,
12/10-8/13 dose ranging | 100 mg SC Q4x3 - Q83 severe asthma Poland, Argentina, Peru,
Placebo Mexico, Canada, Columbia
BISE R, DB, PC, 30 mg Q4 FEV1 12 211 Mild to moderate | 52 centers in 6 countries
D3250C00032 | MC Placebo asthma US, Canada, Poland,
Germany, Hungary, Slovakia
2/15-10/15
GREGALE OL, MC, 30mg Q4 Device 20 Adults with severe | 24 centers in 2 countries
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D3250C00029 | functionality, assessme asthma US, Canada
reliability, nt
4/15-3/16 performance
of PFSin at

home setting
1The applicant reports that approximately 1200 patients are expected to remain in BORA through end of treatment and follow-up visit. See Section 8.2.1 of this review for the additional
safety data provided in the 120 day safety update.
2The applicant reports that approximately 900 patients are expected to rollover from BORA into MELTEMI. See Section 8.2.1 of this review for the additional safety data provided in the
120-day safety update.
3 the formulation of benralizumab used in this study differs from the final to-be-marketed formulation
R = randomized, DB = double-blind, PC = placebo-controlled, MC = multicenter, PFS = pre-filled syringe, AER = annual exacerbation rate, FEV; = forced expiration volume in 1 second, ACQ =
asthma control questionnaire, AQLQ = asthma quality of life questionnaire, yo = years old; pt = patients; eos = eosinophil
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5.2.Review Strategy

The clinical development program for benralizumab included one 52 week dose-ranging
exacerbation trial (MI-CP220), 2 phase 3 exacerbation trials (SIROCCO and CALIMA), 1 steroid
reduction trial (ZONDA) and a shorter 12-week lung function trial in a milder asthmatic
population (BISE). A different formulation of benralizumab was used in the phase 2 study MI-
CP220; however the results are adequate to inform dose selection for the phase 3 program and
are presented and discussed in Section 6.1. To inform final posology for benralizumab, the
phase 3 studies evaluated two dosing regimens, 30 mg every 4 weeks and 30 mg every 4 weeks
followed by every 8 weeks for the remainder of the treatment period. This review abbreviates
these dosing regimens as 30 Q4 and 30 Q8. The results used to support the final dose and
dosing regimen for marketing are summarized in Section 7.1.4.

The efficacy results from the SIROCCO, CALIMA, ZONDA and BISE are presented individually in
Section 6.2, 6.3, 6.4 and 6.5 respectively. A summary discussion of the results used to support
the recommendation for approval is presented in Section 7. Safety of benralizumab is discussed
in Section 8. The efficacy data in this review presents data from the Full Analysis Set (FAS) while
the safety data relies on data in the Safety Analysis Set (SAS). The FAS includes all patients
randomized to treatment irrespective of protocol adherence and continued study participation
and patients are analyzed according to their randomized investigational product. The SAS
includes all patients who received at least one dose of investigational product and patients are
classified according to the treatment they actually received.

6 Review of Relevant Individual Trials Used to Support Efficacy

6.1.MI-CP220
6.1.1. Study Design
Overview and Objective

MI-CP220 was a phase 2b dose-ranging trial conducted to inform the dose selection of
benralizumab in the phase 3 efficacy and safety studies. Three SC doses (2, 20, and 100 mg)
were evaluated in this 52-week exacerbation trial. The formulation of benralizumab evaluated
in this trial differs from the final to-be-marketed formulation N

Primary Objective:
e to evaluate the effect of multiple-dose SC administration of benralizumab on the annual
asthma exacerbation rate (AER) in adult subjects with uncontrolled asthma suspected to
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be eosinophilic in nature

Secondary Objectives:
e To evaluate the safety and tolerability of benralizumab.
e To determine the optimal dose of benralizumab to be used in phase 3 studies.
e To describe the immunogenicity and pharmacokinetics (PK) of benralizumab.
e To assess the effect of benralizumab on other assessments of clinical activity (i.e.,
asthma control and pulmonary function).
e To assess the effect of benralizumab on health-related quality of life.

Trial Design

MI-CP220 was a phase 2b, randomized, double-blind, placebo-controlled, dose-ranging study
evaluating multiple subcutaneous (SC) doses of benralizumab (2, 20, and 100 mg) in adult
subjects with uncontrolled asthma on medium or high-dose ICS plus a LABA with a history of > 2
exacerbations in the prior year. Eligible subjects were stratified as having a high likelihood of
eosinophilic phenotype (eos+) or not (eos-) based on a FeNO > 50 ppb and a positive ELEN
index. The ELEN index is an applicant-derived mathematical algorithm which was designed to
predict when a patient would have an elevated sputum eosinophil count > 2%. Treatment was
administered every 4 weeks for the first 3 doses followed by every 8 weeks thereafter for the
remaining doses. Eos+ subjects were randomized 1:1:1:1 to 2, 20 or 100 mg SC benralizumab
and Eos- subjects 1:1 to 100 mg SC benralizumab or placebo.

Study Endpoints

Primary efficacy endpoint:
e Annual exacerbation rate (AER) during the study (Week 1 [day1] to Week 52) for EOS+
subjects

Statistical Analysis Plan

The primary endpoint analysis was conducted on the modified intent to treat population (mITT)
which included all randomized subjects who received any dose of investigation product. The
primary comparisons were conducted on the eos+ patients and included 100 mg vs placebo, 20
mg vs placebo, and 2 mg vs placebo. The analyses conducted for the eos- subjects were
planned as exploratory assessments.

Protocol Amendments

Three protocol amendments were made for this trial. None of the amendments impact the
interpretation of the efficacy or safety findings.

Data Quality and Integrity: Sponsor’s Assurance
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The CSR outlines that quality of study data was assured though site monitoring, investigator
training, and the use of data management procedures.

6.1.2. Study Results
Compliance with Good Clinical Practices
A statement of compliance with Good Clinical Practice is located in the CSR.
Financial Disclosure

The financial disclosure information from this trial does not impact the interpretation of the
efficacy or safety results. See Section 13.2 of this review for additional details.

Patient Disposition

A total of 609 subjects were randomized in the trial and included 324 eos+ and 285 eos-
negative subjects. Of these subjects, 606 received at least one dose of investigational product
with three subjects (1 in the eos- placebo group and 2 in the eos-100 mg benralizumab group)
discontinuing the trial prior to receiving investigational product. Trial completion was balanced
across treatment arms (86-90%). Withdrawal of consent and lost to follow-up were listed as the
most common reasons for trial discontinuation.

Protocol Violations/Deviations

Protocol deviations occurred in 19% of randomized subjects (117 of 609) with the number of
deviations generally balanced between placebo and active treated subjects. Of the protocol
deviations, inclusion/exclusion criteria violations were the most common deviations and
occurred in 74 subjects.

Reviewer’s Comment: While the overall rate of deviations is high, the nature of the most
common deviation (violation of inclusion/exclusion criteria) do not prevent the trial from
informing dose selection for the further evaluation and confirmation in phase 3.

Demographic Characteristics

Trial participants were primarily Caucasian (66-76%), female (60-72%), age of 45 to 50, with a
mean BMI of 28-29. About half of the subjects (47%) were on high dose ICS and the other half
on medium dose ICS (52%) prior to enrollment. Baseline eosinophil counts ranged from 27%
with counts < 200 cells/mcl, 48% with counts < 300 cells/mcl and 35% with counts > 400
cells/mcl. Just over half of subjects had reversible disease (55%)°.

6 Defined by improvement in baseline FEV1 > 12% following SABA administration
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Efficacy Results — Primary Endpoint

The trial demonstrated a reduction in the AER for the 20 mg and 100 mg dose group in eos+
subjects compared to placebo with a numerically higher response seen in the 100 mg dose
group and the lowest response seen in the 2 mg dose group (Table 4,

Figure 3).

Table 4: MI-CP220 Annual Exacerbation Rate by Eosinophil Phenotype (mITT)

Eos+ Eos -
Placebo 2 mg 20 mg 100 mg Placebo 100 mg
N =80 N=81 N=81 N =82 N =142 N =140
Exacerbation 0.57 0.65 0.37 0.34 0.56 0.43
Rate
80% CI 0.46,0.70 | 0.53,0.78 |0.29,0.48 |0.26,0.45 | 0.48,0.65 | 0.36,0.52
p-value 0.781 0.173 0.096 0.284

Source: Modified from CSR MI-CP220 Table 11.4.1.1-1

Figure 3: Annual Exacerbation Rate by Eosinophil Phenotype,( mITT)
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Source: MI-CP220 CSR Figure 11.4.1.1-1

An exposure response model on the annual exacerbation rate was explored using the
benralizumab trough concentrations at steady state and observed exacerbation rates from this
study. The model estimated that the 30 mg SC route to the EDoy dose for the Q4 x 3 followed
by Q8 dosing regimen was expected to maximize efficacy while reducing the impact of steady
state PK variability.

CDER Clinical Review Template 2015 Edition 31
Version date: November 5, 2015 for initial rollout (NME/original BLA reviews)

Reference ID: 4126437



Clinical Review
Sofia Chaudhry, MD
BLA 761070
Benralizumab

Figure 4: MI-CP220 simulated exposure-response model
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Source: Summary of Clinical Pharmacology Figure 34

Reviewer’s Comment: The data from the MI-CP220 trial and the sponsor’s exposure response
model were discussed at an EOP2 meeting. The sponsor indicated that it had chosen to evaluate
a 30 mg dose in its phase 3 program as it was expected to maximize efficacy while reducing the
impact of lower dosing on steady-state PK variability and ADA formation. The Division noted
that dose selection based on the PD modeling was risky but at the applicant’s discretion. It
further noted that the rate of ADA formation appeared high in the trial and stated that
acceptability of choosing a high-dose to suppress formation would be dependent on the risk-
benefit assessment seen in the phase 3 program. The Agency recommended evaluation of
multiple doses in the phase 3 program. In response the applicant evaluated two dosing
regimens, 30 mg Q4 and 30 mg Q8 following a Q4x3 loading dose in its phase 3 program. The
data supporting final dose selection of benralizumab are summarized in Section 7.1.4.

The intended patient population for benralizumab and the population evaluated in MI-CP220
were also discussed during the EOP2 interaction. Specifically the lack of clinical criteria to
identify an eosinophilic asthma population was highlighted. Following the EOP2 discussion, the
applicant evaluated both a peripheral blood eosinophil low and high population in its phase 3
program, but note