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CONFIDENTIAL

Pre-meeting briefing
Benralizumab for treating inadequately
controlled asthma

This slide set is the pre-meeting briefing for this appraisal. It has been

prepared by the technical team with input from the committee lead team

and the committee chair. It is sent to the appraisal committee before the

committee meeting as part of the committee papers. It summarises:

+ the key evidence and views submitted by the company, the consultees
and their nominated clinical experts and patient experts and

+ the Evidence Review Group (ERG) report

It highlights key issues for discussion at the first appraisal committee
meeting and should be read with the full supporting documents for this
appraisal

Please note that this documentincludes information from the ERG before
the company has checked the ERG report for factual inaccuracies

The lead team may use, or amend, some of these slides for their
presentation at the Committee meeting
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Abbreviations

AER annual asthma NMA network meta-analysis
exacerbation rate
BTS British thoracic society | HRQoL | health-related quality of life
IL interleukin Q4w once every 4 weeks
IHS inhaled corticosteroids | Q8W once every 8 weeks
IPD Individual patient data | SC sub-cutaneous
ITT intention to treat SmPC Summary of products
characteristics
OCS oral corticosteroid SoC standard of care
LABA long-acting B-agonists | STA Single technology appraisal
MART maintenance and
reliever therapy
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Key issues: Clinical effectiveness

Does benralizumab have any particular advantages over other available
treatments and where would it fit in the clinical pathway?

Which is the most relevant comparator (company proposes SOC but
clinical adviser to the ERG cites mepolizumab in 90% of patients)

What are the most clinically relevant outcomes (annual number and
severity of exacerbations, rescue medication, lung function, mOCS use
and other secondary outcomes)?

Is benralizumab clinically effective compared with standard of care?

Is it reasonable to assume that benralizumab and reslizumab are clinically
equivalent given different modes of action?

Is the MAIC of benralizumab compared with mepolizumab robust? |s there
a clinically meaningful difference in the clinical effectiveness of
benralizumab and mepolizumab?

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma
Issue date: April 2018




Key issues: Subgroups and comparators

Is the treatment effect likely to differ depending on previous annual
exacerbation rate and/or by use of maintenance oral corticosteroids?

Whatis the committee’s view of the evidence for and relevance of the
proposed subgroup?

The company modelled the subgroup of patients with 3+ exacerbations in
the previous 12 months or on mOCS for the previous 6 months. Does the
committee consider the subgroup to be homogeneous, or should it be
separated by further subgroups of people not on mOCS and people on
mOCS?

Mepolizumab is recommended by NICE in patients with 4+ exacerbations
in the previous 12 months or on mOCS in the previous 6 months. Does the
committee consider that the comparison with benralizumab can be
conducted in the subgroup with 3+ exacerbations population or should it be
restricted to patients with 4+ exacerbations?
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Disease Background

» Asthma is a disease of airways

+  Symptoms such as breathlessness, chest tightness, wheezing, cough

+ 4.8 million people in England and Wales, in 2015 there were 1,468 asthma
related deaths in the UK

« 5-10% people have severe asthma defined as:

— ‘asthma that requires treatment with high dose inhaled corticosteroids
plus a second controller medicine to prevent it from becoming
‘uncontrolled’ or that remains ‘uncontrolled’ despite this therapy’ (NICE
guideline NG80: asthma: diagnosis, monitoring and chronic asthma
management and guidelines from the Global Initiative for Asthma 2017
(GINA)

« Eosinophilic asthma is now recognized as an important subtype of asthma
based on the pattern of inflammatory cellular infiltration in the airway. It can
be associated with increased asthma severity, allergy, late-onset disease,
and steroid resistance

Further detail and discussion on the background can be found in page 39-58 of the company
submission

Eosinophilic inflammation is common in asthma with approximately 50% of all patients with asthma
having eosinophilic inflammation.

Asthma accounts for high numbers of consultations in primary care, out-of-hours services and
hospital emergency departments; during 2011-2, there were over 65,000 hospital admissions for
asthma in the UK

In 2015, 1,468 people died due to asthma in the UK, the highest level for over 10 years
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NICE guideline NG80: asthma: diagnosis, monitoring and chronic asthma
management & guidelines from the Global Initiative for Asthma 2017 (GINA
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Further detail and discussion on the management of severe asthma can be found in pages 42-56 of
the company submission

Guidance from the recently published NICE guideline NG80: asthma: diagnosis, monitoring and
chronic asthma management and recent guidelines from the Global Initiative for Asthma (GINA)
replace management based on a combination of guidance from the British Thoracic Society (BTS)
and Scottish Intercollegiate Guidelines Network (SIGN)

New biological treatment options for people with severe asthma Inadequately controlled with
medium to high dose ICS in combination with other controller medications have recently been
recommended by NICE. Continuing to increase ICS dose or adding OCS are options, but as high-
dose and long-term use of corticosteroids are associated with a range of adverse effects, guidelines
state that ICS and OCS should be used at the lowest doses at which asthma control is maintained
and other treatments should be considered to minimise the use of steroid tablets.

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma
Issue date: April 2018



https://www.nice.org.uk/guidance/ng80

Previous appraisals

Biologics recommended by NICE for treating eosinophilic asthma:

« NICE TA431 (2017) recommends mepolizumab for treating severe refractory
eosinophilic asthma, in adults with a blood eosinophil count of 300 cells/microlitre
or more in the previous 12 months, and have has had 4 or more asthma
exacerbations needing systemic corticosteroids in the previous 12 months or has
had continuous oral corticosteroids over the previous 6 months

« NICE TA479 (2017) recommends reslizumab for treating severe eosinophilic
asthma that is inadequately controlled in adults with a blood eosinophil count has
been recorded as 400 cells per microlitre or more and have had 3 or more severe
asthma exacerbations needing systemic corticosteroids in the past 12 months

Biologics recommended by NICE for treating allergic IgE-mediated asthma:

« NICE TA278 (2013) recommends omalizumab for treating severe persistent
confirmed allergic IgE-mediated asthma in people aged 6 years and older who
need continuous or frequent treatment with oral corticosteroids (defined as 4 or
more courses in the previous year).

NOTE: Biologic therapies not included in NG80 but covered in updated GINA 2017
guidelines
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Types of severe asthma

_ Mepolizumab
Omalizumab Reslizumab

Eosinophilic

IgE mediated
(atopic)

« Eosinophilic and IgE-mediated asthma 2 phenotypes of severe asthma
— Eosinophilic asthma is mediated by IL-5
« Eosinophilic inflammatory phenotype represent those with the highest risk of

exacerbations, hospitalisations, deaths, and oral corticosteroid (OCS) dependency
8

Source: Related reslizumab PMB, slide 3

Eosinophils are a type of white blood cell that play a major role in airway inflammation in asthma
are associated with allergic sensitisation and part of the inflammatory response
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Patient perspective (Asthma UK)

» Life with severe asthma is limiting

+ The impact of caring for someone with severe asthma is substantial

* People with severe eosinophilic asthma do not respond to standard
treatment and require more intensive treatments to control symptoms,
prevent attacks, hospitalisations and deaths

« Substantial unmet need for people with severe asthma. Treatment
options include high doses of drugs with very poor side effect profiles.

» The side effects and ineffectiveness at reducing severe asthma
symptoms are significant contributors to low adherence rates.

» Biologics recommended by NICE have been life-transforming for
people with severe asthma but are limited to a specific sub-
population.

» Benralizumab could provide an alternative option for people with
severe eosinophilic asthma who do not respond well to existing
treatment options, in that their symptoms persist and their asthma
remains uncontrolled

Further detail can be found in the expert submissions documents

Asthma UK — “The introduction of biologics to treat asthma has proved to be life-
transforming for people with severe asthma who are eligible for them. For example, Jane
Farmilo, who was diagnosed with severe eosinophilic asthma and started taking
mepolizumab said “Two weeks after my first injection | could climb hills in the Peak District.
After just three injections, instead of contemplating taking early retirement from the
midwifery job | love, I’'m actually thinking about increasing the number of hours | do. This
treatment has really transformed my life.”
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CONFIDENTIAL

Expert Comments (BTS/RCP)

* Aim of treatment - reduction in number of clinically important exacerbations, improved
lung function and reduction in OCS use in people with severe difficult to control asthma

+ Severe asthma is usually treated with either OCS or monoclonal antibodies
(omalizumab, mepolizumab or reslizumab) in the NHS

« Benralizumab would allow for additional options besides OCS to become available to
patients and would therefore have steroid sparing properties. The reduced incidence of
the side effects associated with OCS (such as weight gain, skin thinning, increased
risk of infection, osteoporosis, cataracts, gastritis and osteonecrosis) would normally
not be incorporated in a quality-adjusted life year (QALY)

« Biologic therapy is given following assessment by specialist centres when current
treatment has been optimised and compliance assessed. Centres will have been
approved through NHSE specialist commissioning

« Benralizumab is innovative due to its different mode of action on the IL-5 receptor
although the effect of reducing eosinophils is not unique

« Benralizumab administered as injection which will have detrimental effects due to pain
and inconvenience of visits to a healthcare centre

* The clinical expert statement:

— Many patients on mOCS are poorly controlled

— 0.5 or moreimprovementin ACQ, 30% reductionin AER requiring systemic steroids or 50%
reduction in maintenance systemic steroids is clinically meaningful

— |I-5 antagonists are a step-change, similar benefits for benralizumab/mepolizumab/resilizumab

Further detail can be found in the expert submissions documents
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Burden of OCS use (company submission)

» Approximately 40% of people with severe asthma regularly use OCS

» Frequentor chronic use of OCS in asthma associated with short-term and
long-term detrimental side effects including osteoporosis, peptic ulcers,
cataracts, adrenal suppression, weight gain, hypertension, mood problems,
high blood pressure, and type 2 diabetes

» Areal-world study using Clinical Practice Research Datalink (CPRD) linked
with Hospital episode statistics data and Optimum Patient Care Research
Database (OPCRD) was conducted by the company

Further detail and discussion on the burden of OCS use can be found in pages 45-52 of the
company submission
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CONFIDENTIAL

Details of the technology

Technology Benralizumab (Fasenra, AstraZeneca)

Marketing Indicated as an add-on maintenance treatment in adult
authorisation patients with severe eosinophilic asthma inadequately
controlled despite high-dose inhaled corticosteroids plus
long-acting B-agonists (LABA)

European marketing authorisation granted in January 2018

W ERGELTE ) R Binds through interleukin (IL)-5Ra and inhibits IL-5 which
reduces eosinophil numbers and activity. Different mode of
action than other anti-IL-5 antibody products that achieve
eosinophil reduction through the indirect mechanism of IL-
5 neutralisation (mepolizumab, reslizumab), which results
in eosinophil reduction, but not depletion.

Administration 30 mg dose once every 4 weeks for first 3 doses, then
once every 8 weeks thereafter as sub-cutaneous (SC)
injection through an accessorised pre-filled syringe

Acquisition cost Anticipated list price: £| ] ] Bl (30 mg SC injection)

PAS price: £l (30 mg SC injection)
Treatment duration is lifetime

Further detail and discussion on details of the technology can be found in pages 33-38 of the
company submission
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CONFIDENTIAL

NICE Final scope

Population Adults with severe asthma with

elevated blood eosinophils

s I Benralizumab as an add-on to

Comparators

QOutcomes

optimised standard therapy (OST)

optimised standard therapy
reslizumab (in addition to OST)
mepolizumab (in addition to OST)

asthma control

incidence of exacerbations
use of oral corticosteroids
evaluation of response

lung function

mortality

time to discontinuation
adverse effects of treatment
health-related quality of life

Company Decision Problem

Adults with severe eosinophilic asthma
inadequately controlled despite high-dose
IHS and LABA+ blood eosinophil count of
2300 cells/pl AND either 3 or more asthma
exacerbations needing systemic steroids in
past 12 months OR treatment with
continuous OCS in previous 6 months.
Company —maximum clinical benefit based
on the trial data

ERG are in agreement

As per scope

As per scope

Company considered SOC main comparator
ERG - mepolizumab more appropriate

As per scope

w

Further detail and discussion on details of the technology can be found in pages 33-38 of the

company submission
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Clinical effectiveness

No notes on this page.
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Benralizumab clinical studies (1)

Trial design: All studies phase lll, randomised, double-blind and parallel group
Study Population (ITT) Intervention Comparator
1| {ee{e{o Bl Patients 12—-75 years with uncontrolled | 30 mg SC injection for 48 wks:
(n=1205) asthma receiving high dose ICS and |, Benralizumab Q4W or
LABA, history of 2 or more asthma ) -
exacerbations in prior year, pre- * Benralizumab Q4W x 3 and
specified blood eosinophil 2300/uL Q8W x 4 (with placebo
injection at the 4W interim)

(N.B. high dose = 800ug FP daily)

CALIMA Patients 12-75 years with uncontrolled | 30 mg subcutaneous injection Placebo
(n=1306) asthma receiving medium to high for 56 weeks of either: Q4w
dose* ICS and LABA, his.tory of 2 or « Benralizumab Q4W or
more asthma exacerbations in prior
year, pre-specified blood eosinophil
>300/puL

n=215 (16%) received medium-dose
ICS (= 500ug FP daily) plus LABA
BUT were not included in any

* Benralizumab Q4W x 3 and
QB8W x 5 (with placebo
injection in interim) **

analyses.

Zonda Patients aged 18-75 years with 30 mg subcutaneous injection

(n=206) uncontrolled asthma receiving high- for 28 weeks of either:
dose* ICS and LABA, history of 1 gr + Benralizumab Q4W or Placebo
more asthma exacerbations in prior Q4w

* Benralizumab Q4W x 3 and

year, with blood eosinophils 2150/pL
Q8W x 2

See company submission, table 11 and 12, pages 66-69 and pages 70-74 for more
information

*Medium dose defined as >250ug FP equivalent per day and high dose as >500ug for
adults

NOTE: The trials include people with 1 or 2 more exacerbations per month and defined
high dose ICS as

>500ug for adults whereas a NICE recommendation is sought for the subgroup of adults
with severe eosinophilic asthma that is inadequately controlled, despite high-dose inhaled
corticosteroids (ICS) (= 800ug FP daily) and 3 or more asthma exacerbations needing
systemic corticosteroids in the previous 12 months

The 8 Wk dosing regimen was for adults and non-EU adolescents. The rationale for
different dosing regimen in adolescents in the EU was based on the Paediatric Committee
at the European Medicines Agency’s (PDCO) request to limit drug burden in adolescents
and to study only the less frequent dose in this patient population

For EU adolescents, the dosing regimens were:

SIROCCO: 30 mg subcutaneous injection for 48 weeks treatment period of benralizumab

National InstftdorHE ARG QDM Xk cellence
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CONFIDENTIAL

CALIMA: 30 mg subcutaneous injection for 56 weeks treatment period of
benralizumab
Q4W x 3 and Q8W x 5

ZONDA did not include adolescents

*Medium dose defined as >250ug FP equivalent per day and high dose as
>500ug for adults

National Institute for Health and Care Excellence
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Benralizumab clinical studies (2)
Study Outcomes Pre-defined subgroups Settings
131 {e]e{e{o I Primary outcome: Annual asthma + Baseline OCSuse (yes/no)
_ exacerbation rate (AER) ratio versus +  Sex(male/female)
(n=1204)  piwiive; « Age(<18, 18—<65, or 265 yrs) 37‘::‘:’;"93
Secondary outcomes: : Slergg;a%'zfgsg'[z';éﬁli;;g %?st:;; countries,
« pre-bronchodilator forced expiratory ; . including 24
volume in 1 second (FEV1) E::gﬁ:;’ North America, South UK centres
+ Total asthma symptom score -week 48 | | Body mass index (35/>35 kg/mz2)
+ health related quality of life (HRQoL) Numyberof exacert:ationsin g
+ healthcare resource use utilisation . 5 3 or>d
+ adverseevents previous year (2,3, or £ )
+ Race (white, black or African-
_ - American, Asian, or other). 303 centres
CALIMA Mg?JL.P(E.tAnnual astl'llma bo* + Nasal polyps at baseline (yes/no) in 11
(n=1306) exacerbation rate ratio versus placebo Immunoglobulin E at baseline countries
Secondary outcomes: (=30, >30-<700,0r>700 IU/L)
» Total asthma symptom score -week 56 Atopic asthma at baseline (yes/no)
Prior treatment with omalizumab
+ Restas above for SIROCCO (yes/no)
Zonda Primary outcome: Percentage reduction [+ Age
=220 in oral glucocorticoid dose frombaselineto |+ Gender
(n= ) week 28 + Body massindex 89 centresin
Secondary outcomes: *  Number of exacerbationsin the 12 countries
_ . previous year
+ reduction in average daily OCS of : -
S25%. > 50% or 2100% o e
+ Discontinuation of OCS use : glggdd: :;:; b:“sleel‘l,r;els
+ Asabove for SIROCCO & CALIMA P

See company submission, table 11 and 12, pages 66-69 and pages 75-76 for more
information

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.

AER summarised as total number of exacerbations x 365.25/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

The total asthma symptom score is a composite of morning assessments of asthma
symptoms, night-time awakenings, and rescue medication use and an evening assessment
of activity impairment. Scores range from 0 to 6, and higher scores indicate a greater

National Institute for Health and Care Excellence
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CONFIDENTIAL

symptom burden.

Primary and key secondary analyses of efficacy included people with blood
eosinophil counts at least 300 cells per yL. (All efficacy endpoints were also
assessed in patients with blood eosinophil counts less than 300 cells per L,
but statistical comparisons were not done for patients with less than 300
eosinophils per L for non-key secondary outcomes (except for ACQ-6)

National Institute for Health and Care Excellence
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Issue date: April 2018
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Clinical effectiveness ITT results: SIROCCO*

Placebo Benralizumab 30 mg Q8W
Primary endpoint: Annual asthma exacerbati
Number of patients 267 267
Rate estimate (95% CI) 1.33(1.12-1.58) 0.65(0.53-0.80)
Absolute difference estimate (95% CI) - -0.68 (-0.95--0.42)

Rate ratio vs placebo (95% CI; p value - 0.49 (0.37-0.64; <0.0001
Key secondary endpoints (48 weeks)

Pre-bronchodilator FEV,

Number of patients 261 264
Least square (LS) mean change (number 0.239(233) 0.398 (235)
of patients)
LS mean difference vs placebo (95% ClI; - 0.159(0.068 - 0.249; 0.0006)
p value
Total asthma symptom score ( decrease in score represents improvement)
Number of patients analysed* 267 263

LS mean change (number of patients) -1.04 (180) -1.30(178)

LS mean difference vs placebo (95% CI; - -0.25(-0.45--0.06;0.0118)

p value

EQ-5D-5L (mapped to EQ-5D-3L from EQ-5D-5L)
Number of patients analysed**
Estimate for groups (95% CI)
Estimate for difference(95% CI; p value)

I

title corrected to reflect ITT results 17
* People with a baseline and at least one post-baseline assessment. *“*excludes adolescents !

Source: Table 19 (page 97 of the company submission) . Also see company submission
pages 76-78 and 96-98 for more information

*Company submission reports results for patient subgroup for which a NICE
recommendation is sought (i.e., patients with, or 26 months previous treatment with OCS)

AER, FEV 1 and total asthmas score estimates calculated using a negative binomial
model, with adjustment for treatment, region, oral corticosteroid use at time of
randomisation, and previous exacerbations

*** Estimates calculated using a mixed-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

Baseline characteristics were similar between treatment arms, as well as between patients
with blood eosinophil counts at least 300 cells per yL and less than 300 cells per uL . Use
of maintenance asthma treatment use was similar across groups, with a mean fluticasone
propionate or equivalent total daily dosage of 899 ug (range 125-3000). Overall, 196 (16%)
patients were receiving oral corticosteroids, with similar dosing between cohorts

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma
Issue date: April 2018

17




Clinical effectiveness ITT results: CALIMA*

Placebo Benralizumab 30 mg Q8W

Primary endpoint: Annual asthma exacerbation rate over 56 weeks

Number of patients 248 239

Rate estimate (95% CI) 0.93(0.77-1.12) 0.66 (0.54-0.82)

Absolute difference estimate (95% CI) - -0.26 (-0.48 to —-0.04)

Rate ratio vs placebo (95% CI; p value - 0.72 (0.54-0.95; 0.0188
Key secondary endpoints (48 weeks)
Prebronchodilator FEV, (L)

Number of patients 244 238

LS mean change (number of patients) 0.215; 221 0.330; 211

LS mean difference vs placebo (95% CI; - 0.116 (0.028-0.204; 0.0102)

p value)

Number of patients analysed” 247 237

LS mean change (number of patients); -1.16; 187 -1.40; 185

patients at 56 weeks

LS mean difference vs placebo (95% CI; - -0.23 (-0.43 to -0.04; 0.0186)

p value

EQ-5D- EQ-5D-5L (mapped to EQ-5D-3L from EQ-5D-5L)
Number of patients analysed** -
Estimate for groups (95% ClI) [ ]
Estimate for difference (95% CI; p value) [ ]

*title corrected to reflect [TT results
* People with a baseline and at least one post-baseline assessment
M“excludes adolescents

(04]

Source: Table 20 (page 98-99 of the company submission) . Also see company submission
pages 98-99 for more information

Patient demographics and baseline clinical characteristics were balanced across treatment
groups and by eosinophil count (at least 300 cells per uL versus less than 300 cells per uL)

AER and total asthma score estimates calculated using a negative binomial model, with
adjustment for treatment, region, oral corticosteroid use at time of randomisation, and
previous exacerbations

FEV1 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.

National Institute for Health and Care Excellence
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Heterogeneity in regional exacerbation rates between
SIROCCO and CALIMA despite similar trial design

» Differences in the treatment effect might be due to three key drivers: exacerbation
history, regional effect and background medication

» Exacerbation rates during treatment were higherin SIROCCO and the resulting
reduction in exacerbation rates with benralizumab were numerically greater.

» Subgroup of people with =3 exacerbations in year before trial were under-
represented in Eastern Europe and South America regions in the CALIMA study

However, the proportion of patients who had = 3 exacerbations in the previous
year study were similar in CALIMA (39.4%) and SIROCCO (41.4%) Q8W.
ERG note similar stratified randomisation implemented in both trials -
argument of possible lower baseline exacerbation rates does not hold.

* Possible placebo response in CALIMA as exacerbation rate was 0.93 per
year in placebo group during treatment compared with 2.8 seen in the
prior year.

» CALIMA participants were provided background medication of high dose
ICS/LABA for duration of whole trial thereby, increasing the potential for a stronger
placebo response.

ERG do not agree — difference between baseline placebo rates and placebo
rates at the end of trial were similar in CALIMA (1.87) and SIROCCO (1.77)

o]

Please see pages 99-101 of the company submission for more information

Analyses of exacerbation rates by region were explanatory and not powered to detect
difference ( small n numbers in each group).

National Institute for Health and Care Excellence
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Pooled clinical effectiveness results: SIROCCO
and CALIMA

» A pre-specified pooled efficacy analysis was conducted (similar trial designs) to
better understand the relationship between baseline blood eosinophils and
effectiveness of benralizumab

» Patients on medium-dose ICS in CALIMA were excluded

+ Data from 1204 patients in SIROCCO and 1091 patients in CALIMA (total of
2295) on high-dose ICS plus LABA showed that benralizumab Q8W reduced
the annual rate of exacerbations by 43% compared with placebo (RR = 0.57,
95% CI: 0.47-0.69, p <0.0001)

» Subgroup analysis of pooled data demonstrates that exacerbation reduction
was dependanton previous exacerbations, baseline blood eosinophil counts,
and baseline lung function.

» Higher exacerbation reduction for patients with baseline AER = 3, and also for
patients with baseline blood eosinophil counts = 300 cells/uL BUT there is
uncertainty associated with results as confidence intervals overlap

National Institute for Health and Care Excellence
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Clinical effectiveness results: pooled SIROCCO/CALIMA
subgroup in which NICE recommendation is sought

Benralizumab 30mg Q8W

Estimate, 95% CI Placebo (N=136)

(N=123)
Primary efficacy endpoint: Marginal annual exacerbation rate
Rate estimate 1.83 (1.45, 2.30) 0.85(0.63, 1.15)
Marginal absolute difference vs ) -0.98 (-1.46, 0.50)
placebo

Rate ratio - 0.47 (0.32, 0.67)

P value - <0.001

Key secondary endpoints

ACQ-6 score (decrease in score represents improvement)
Change from baseline -1.16 -1.59

- -0.43 (-0.69, -0.16)

Estimate for difference vs
placebo

P value - 0.002
Mean EQ-5D-5L score
Change from baseline 0.06 (0.04, 0.09) 0.10(0.08, 0.13)
Estimate for difference vs ) 0.04 (0.01, 0.08)
placebo
P value - 0.019
* slide included before the committee meeting 21
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Clinical effectiveness results: ZONDA

Note: 1 or more asthma exacerbations in prior year, with blood eosinophils 2150/uL

Placebo (N=75) Benralizumab Q8W (N=73)

Key secondary outcomes

Annual asthma exacerbation rate

Rate ratio (95% CI; p value - ]0.30(0.17 to 0.53; p<0.001

Pre-bronchodilator FEV1

LS mean difference

Analysis of % reduction from baseline in OCS dose

Odds ratio (95% CI; p value

1.83

0.126

Primary outcome: median OCS dose (range) — mg/day

At baseline 10.0(7.5—-40.0) | 10.0 (7.5 —40.0)

At final visit 10.0 (0.0 - 40.0) | 5.0 (0.0-30.0)
Median reduction from 25.0(-150 - 75.0 (-50 - 100)
baseline(range) 100)
Reduction from baseline in final OCS dose, n (%)

290% 9(12) 27 (37)

270% 15 (20) 37 (51)

250% 28 (37) 48 (66)

>0% 40 (53) 58 (79)

Any increase or no change in dose |35 (47 15 (21

4.12 (2.22 — 7.63; p<0.001

0.54

0.239

0.112 (95% CI, —0.033 to 0.258;

p=0.129)

Source: Table 21( page 105 of company submission). Also see company submission

pages 103-105 for more information

A total of 220 patients underwent randomisation and received study treatment in the
ZONDA ftrial. Baseline characteristics were balanced between arms, with the exception of
the median baseline blood eosinophil count, which was lower in the benralizumab 30 mg

Q4W and Q8W groups compared with the placebo group

The baseline OCS dose was the daily dose at which the patient’s asthma was stabilised at
randomisation and the final OCS dose was the final daily dose at week 28
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Subgroup analysis of ZONDA
Adult patients with blood eosinophil level = 300 cells/uL

Comparison (difference between medians); P
value

Comparison (difference between medians); P :
value

___Comparison (rateratio) | [
Comparison (difference in LS means); P value - -

Comparison (difference in LS means); P value

Source: Table 25( page 110 of company submission). Also see company submission
pages 108-110 for more information
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Adverse events (AEs)

+ Benralizumab is well tolerated, with rates of AEs, serious AEs, and AEs leading to
discontinuation of treatment similar between benralizumab and placebo

*+ Most AEs observed were mild to moderate in intensity and not related to
treatment

+  Common AEs across trials included worsening asthma, nasopharyngitis, upper
respiratory tract infection, headache, and bronchitis

+ ITT: Adverse events leading to treatment discontinuation were slightly more
frequentin the benralizumab Q8W and Q4W groups (2%) than in the placebo
groups (<1%) in both the SIROCCO and CALIMA studies.

* Inthe pooled SIROCCO and CALIMA subgroup analysis (for patients
inadequately controlled, despite high-dose ICS plus LABA, with blood EOS count
=300 cells per ylAND =3 prior asthma exacerbations), 80.5% of people recieving
benralizumab experienced an AE compared with 81.6% receiving placebo. Rate
of AEs leading to discontinuation of treatment was 4.1% versus 0.7%. One patient
in the benralizumab arm died due to an AE not considered to be drug related

Further detail and discussion on adverse events can be found in pages126-130 of the
company submission

In the pooled SIROCCO and CALIMA subgroup analysis (for patients inadequately
controlled, despite high-dose ICS plus LABA, with blood EOS count =300 cells per yl AND
=3 prior asthma exacerbations), the rate of serious AEs was 17.9% in the benralizumab
group and 11.8% in the placebo group, while the rate of AEs leading to discontinuation of
treatment was 4.1% versus 0.7%, respectively.
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Approach to comparison with existing biologics
Matching adjusted indirect comparison (MAIC) —ITT

» Network meta-analysis (NMA) ruled out by company due to significant differences
between benralizumab, mepolizumab and reslizumab trials

= Anchored MAIC approach chosen to adjust for the cross-trial differences in patient
characteristics to produce less biased estimates of effects when compared with
standard indirect treatment comparison

« Literature identified effect modifiers validated by external clinical experts:

— Exacerbation trials - AER, AER requiring the A&E admissions or hospitalisation, pre-
bronchodilator FEV1,

— OCS sparing trials - percentage reduction from baseline OCS dose and proportion of
patients with 100% reduction in OCS dose
« The selection of studies and patient population considered for inclusion in the MAIC
for comparison of reslizumab and mepolizumab against benralizumab included:

— only Phase |l pivotal trials evaluating approved respiratory biologics in severe
uncontrolled asthma on high-dose ICS plus at least one additional controller

— Only subgroup receiving high-dose ICS from CALIMA included
— Studies evaluating only EMA licensed or US FDA licensed doses of respiratory biologics
« However MAIC only considered feasible for mepolizumab comparison and in
the ITT population because of limited data on the comparator subgroup
— the relative treatment effect was assumed to also apply to the severe subgroup

Please refer to Appendix D for detailed methodology of the MAIC and pages 110-118 as
well pages 124-125 of the company submission for further information on the reasoning for
the MAIC approach

Identification of treatment effect modifiers -section D.1.2, page 361-365 and page 383-387
for more information on the selection of effect modifiers and prognostic variables

An anchored MAIC method was adopted based on the following rationale:

* Benralizumab and other in-scope biologics (mepolizumab and reslizumab) share a
common control group (placebo)

* MAIC is preferred to simulated treatment comparison as it avoids the need to assume a
relationship between the effect outcome,( e.g., exacerbation rates), and the ‘matching’
characteristic
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Matching adjusted indirect comparison (MAIC)
Benralizumab vs reslizumab

» Benralizumab and reslizumab trials varied in sample size, disease
severity, medium-dose ICS cut-off, exacerbation history in previous year,
and baseline EOS count; (low to moderate overlap in the trial population
in terms of exacerbation history within the past year).

— High heterogeneity across the baseline characteristics in the two
studies identified giving an effective sample size of 20 rendering
MAIC infeasible*

— Extreme weights for some patients during matching are produced
which indicates lack of population overlap and decreases statistical
power to detect differences between treatments

— Differences in inclusion criteria and dosing schedule for OCS sparing
trials could not be adjusted for using MAIC

» Therefore, MAIC analysis was considered unfeasible and equivalent
clinical efficacy was assumed for benralizumab and reslizumab based on
this.

» ERG- there is no evidence to support this strong assumption

Please refer to Appendix D for detailed methodology of the MAIC and pages 110-118 as
well pages 124-125 of the company submission for further information on the reasoning for
the MAIC approach

*The benralizumab and reslizumab trials varied in terms of sample size, disease severity,
medium-dose ICS cut-off, exacerbation history in previous year, and baseline EOS count;
there was very low to moderate overlap in the benralizumab and reslizumab trial population
in terms of exacerbation history within the past year
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Matching adjusted indirect comparison (MAIC)

Benralizumab vs mepolizumab - exacerbations

+ 3 benralizumab (SIROCCO, CALIMA, ZONDA) and 3 mepolizumab (MENSA,
DREAM,SIRIUS) trials were includedin the MAIC analysis

*  MUSCA trial not included as the primary objective was HRQoL and study was not
powered to detect differences in efficacy outcomes. Study duration was also
comparatively shorter (24 weeks) than other trials (SIROCCO: 48 weeks and
CALIMA 56 weeks )
— A sensitivity analysis includingthis trial conducted instead

+ Despite differences between benralizumab and mepolizumab trials ( e.g. ICS dose,
priory history of exacerbation and baseline OCS), the effective sample size (639)
was large enough for MAIC

MEPO 100 mg Q4W SC/75mg Q8W IV BENRA 30 mg Q8W SC MEPO 100 mg Q4W SC BENRA 30 mg Q8W SC

(a) OCS sparing trials

(a) Exacerbation trials

Source: Figure 22 (page 120 of the company submission). Further detail and discussion on
details of the evidence network for comparison of benralizumab versus mepolizumab for
annual rate of clinically significant exacerbations, annual rate of exacerbations leading to
ER visit/hospitalisation and change from baseline in pre-bronchodilator FEV1 can be found
in pages 119-120 of the company submission

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma

Issue date: April 2018

27




Benralizumab vs mepolizumab
MAIC exacerbation results

Studies Endpoint comparison Benralizumab vs. mepolizumab®
(matched): RR (95% CI)
Annualised rate of clinically _
SIROCCO/ | significant exacerbations
A | FEV1 at week 32 T
EAM Annualised exacerbation rate _
leading to ER/hospitalisation

Base case MAIC results for clinically significant ~ Base case MAIC results for change from
exacerbations (2 880 ug FP daily) baseline in pre-bronchodilator FEV1 (L) (=
880 ug FP daily)

Source: Table 29 , figure 23 and figure 25 (pages 121-122 of the company submission).
Also, please refer to Appendix D for detailed methodology of the MAIC and pages 120-122

of the company submission
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Benralizumab vs mepolizumab
MAIC OCS sparing results

Studies Endpoint comparison Benralizumab vs.
mepolizumab* (matched)

Percentage reduction in OCS dose, mean
difference (95% CI)

ZONDA vs. | Patients with complete reduction in OCS dose,
SIRIUS OR (95% ClI)

Annual exacerbation rate reduction/ clinically
significant exacerbations, RR (95% CI)

I
N
I
N
I
-

|

Base case MAIC results for percent Base case MAIC results for annual rate of
reduction in OCS dose at 24 weeks clinically significant exacerbations

Source: Table 30, figure 26 and figure 28 (pages 122-123 of the company submission).
Also, please refer to Appendix D for detailed methodology of the MAIC and pages 122-123
of the company submission

Small ESS can indicate that some patients are receiving extreme weights, and there may
be little statistical power to detect differences between treatments. This situation was seen
in the sensitivity analysis for the OCS sparing trials (ZONDA vs SIRIUS, with matching for
two additional variables, i.e., the proportion of patients with a history of omalizumab use
and ACQ-5 scores), wherein the ESS reduced to 44 after matching due to a skewed
distribution of weights. As such, results of this sensitivity analysis should be interpreted with
caution.

Across the OCS sparing trials, the studies varied in terms of the eligibility criteria for OCS
discontinuation, and the dosing schedule for reduction of OCS. These differences could not
be adjusted for using MAIC, so the results of the OCS-sparing trials analyses should be
interpreted with caution.
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ERG critique-decision problem and risk of bias
in trials

+ Company considers SoC to be most relevant comparator for
benralizumab.

+ ERG’sclinical adviser suggests only people who do not need
anti-IL5 therapy would receive SoC (~5% of people with severe
asthma). Most people would receive mepolizumab and only a
minority (up to 5%) would receive reslizumab because of its
intravenous route of administration

— ERG considers mepolizumab the most relevant comparator

+ ERG had concerns regarding selective reporting of some trial
secondary outcomes. No concerns regarding primary outcomes

Please see page 42 and pages 53- 55 of the ERG report for more information
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ERG critique-risk of bias in trials

SIROCCO:
ERG considers the following unreported secondary outcomes to be relevant:

CALIMA:
ERG considers the following unreported secondary outcomes to be relevant:

ZONDA:
ERG considers the following unreported secondary outcomes to be relevant:

-

Please see pages 55- 59 of the ERG report for more information
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ERG critique-trial results 1

SoC and results in pivotal trials consistent with current UK guidelines/ practice

Similar proportion with = 3 exacerbations in the previous year in CALIMA (39.4%)
and SIROCCO (41.4%) Q8W as expected due to similarly stratified randomisation

Differences in AER (higherin SIROCCO thanin CALIMA) were NOT due to
— regional differences and fewer Eastern Europe/South American patients
(similar proportion in SIROCCO [41.4%] CALIMA [39.4%] )
— placebo response in CALIMA (similar AER in previous year CALIMA (1.87) and
SIROCCO (1.77)
Difference in magnitude of treatment effect in both trials is more likely to be related
to unknown confounders
ERG note that the treatment effect of benralizumab appears to consistently favour
benralizumab in SIROCCO and CALIMA only for the Asian population
Pooling subgroups from CALIMA and SIROCCO was appropriate -higher
exacerbation reduction for patients with baseline AER = 3, and baseline blood
eosinophil counts =z 300 cells/pL although confidence intervals overlap
ZONDA population is less severe than SIROCCO/CALIMA - different prognosis?

Benralizumab was well tolerated with an adequate safety profile in the short term
(up to one year) and including people on mOCS

Please see pages 78- 80 of the ERG report for more information
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ERG critique- MAIC methodology 1

« MAIC analysis largely conducted according to NICE Decision Support Unit (DSU)
recommendations. However, the company declined to provide individual patient
data (IPD) .

— ERG could not check the clinical analysis or verify whether the assumptions
underpinning the analysis were appropriate

— The inclusion of adolescents aged 12 years and older in the MAIC (adultsin
the final scope) would have a negligible impact on the results (<5% of

participants)

« ERG thoughtit was inappropriate to assume clinical equivalency for benralizumab
and reslizumab (based on comparison of baseline characteristics and ITT results)

— Different mechanism of action and differences in baseline characteristics of
trial populations does not support clinical equivalency.

— ERG agreed that MAIC comparing the two drugs appeared unfeasible
« There was evidence of selective outcome reporting, whereby outcomes in all trials

Please see page 98- 106 of the ERG report for more information on the MAIC comparison
between benralizumab and reslizumab

Please see page 106- 113 of the ERG report for more information on the MAIC comparison
between benralizumab and mepolizumab
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ERG critique- MAIC methodology 2

+ The effect modifier selection process for the MAIC analysis excluded statistically
significant effect modifiers such as age, race, BMI, FEV1, nicotine status, and atopic
status. These were not selected for matching in the MAIC because there was not a
significant imbalance between benralizumab and mepolizumab trials (contrary to
NICE DSU recommendations)

— Approach based on a combination of literature searches, statistical analysis
and clinical opinion to identify effect modifiers and prognostic factors

— ERG noted it was unclear whether open elicitation of potential effect modifiers
from clinicians or clinical input on pre-selected variables was sought

+ Data were imputed from one technology to another despite benralizumab having a
fundamentally different mechanism of action from mepolizumab and reslizumab

— MAIC analysis comparing benralizumab and mepolizumab conducted in full trial
populations as relevant subgroup data not available for competitor trials

— MAIC was conductedin the ITT population. The ERG considered it
unreasonable to assume the relative efficacy between the ITT population and
severe sub-group would be equal for benralizumab and mepolizumab. The
ERG noted that even though both mepolizumab and reslizumab are more
efficacious in the more severe subgroup, they may not be efficacious by the
same amount

Please see page 98- 106 of the ERG report for more information on the MAIC comparison
between benralizumab and reslizumab

Please see page 106- 113 of the ERG report for more information on the MAIC comparison
between benralizumab and mepolizumab
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Cost effectiveness

No notes on this page.
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Key issues: Cost effectiveness (1)

» Whatis the committee’s view about the estimates of asthma-related
mortality risk used in the model?

+ The company uses the relative treatment effect from the MAIC on the
full MENSA/DREAM trials and generalises it to the subgroup with 4+
exacerbations. What is the committee view on whether it is appropriate
to assume the same relative treatment effect irrespective of prior
number of exacerbations?

Whatis the committee’s view on the MAIC including the MUSCA trial?

+ The company model assumes that benralizumab has the same clinical
effectiveness as reslizumab. Does the committee consider the
assumption of clinical equiavalency between reslizumab and
benralizumab appropriate?
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Key issues: Cost effectiveness (2)

Different assumptions to calculate the costs of mepolizumab and
reslizumab were made by the company and ERG. Which
approach does the committee consider appropriate?

Whatis the committee’s view of the company’s base case ICER
against SoC of £34,284 per QALY gained?

Whatis the committee’s view of the ERG’s base case ICER
against SoC of £39,135 per QALY gained?

The comparison of benralizumab with mepolizumab and
reslizumab is highly dependent on the assumptions about relative
effectiveness and on confidential prices for the biologics. Does the
committee accept that benralizumab is cost effective compared to
mepolizumab and reslizumab?

What are the most plausible ICER’s?
Is the technology innovative?
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Company economic model-4 state Markov model
as in the model file submitted by company

Health states

All patients in cohort

+ Patients enter the model in the controlled or in the uncontrolled state

+ Controlled state is defined as having an ACQ-6 score <1.5

+ Exacerbations are a composite state that include OCS burst, A&E visit, and hospitalisation
and includes asthma-relate death

+ Type of exacerbation depends on the origin state: controlled or uncontrolled

+ Patients are at risk of all cause death from all states ( missing from figure above)

+ Cycle length = 2 weeks 38

Source: Figure 21, page 143 of the ERG report

Note: The ERG noted that the model structure depicted in the model file differs from the model
structure reported in the company submission. The actual model more closely corresponds to the
figure shown, though is missing the fact that each exacerbation state is comprised of three different
types, and is missing the all-cause mortality state
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Model details

« The model divides population into the 2 subgroups:
— patients with 3+ exacerbations not on mOCS (non-mOCS)
— and patients on mOCS
« Assessment of response at 52 weeks:
— responders continue on biological drug
— non-responders revert to SoC
+ Increased efficacy for benralizumab:
— reduces the frequency and severity of exacerbations compared with SoC
— reduces the use of mOCS compared with SoC and with mepolizumab.
— improves health-related quality of life (utilities) compared with SoC.
+ Patients experiencing an exacerbation are the risk of asthma-related death
« Severity of exacerbations depends on if people are on biological drugor SoC
+ Patients on mOCS are at risk of developing a range of long-term conditions
« Cycle lengthin the model is 2 weeks

+ The model is in line with the NICE reference case in terms of time horizon,
perspective and discount rate

Please see pages 155-164 ,181 of the company submission, page 20 of the company
submission summary and pages 142-153 of the ERG report for more information

After leaving an exacerbation state, patients can return to a controlled or uncontrolled state

Health states in the model are defined as below:

» Controlled Asthma: ACQ-6 score <1.5 (as with precedent from the reslizumab NICE
STA)

* Uncontrolled Asthma: ACQ-6 score 21.5

+ Exacerbations:

* OCS burst only: Use of systemic corticosteroids (or a temporary increase in a
stable mOCS background dose) for at least 3 days; a single depo-injectable dose
of corticosteroids is considered equivalent to a 3-day course of systemic
corticosteroids, with no hospitalisation.

» Emergency Visit: An urgent care visit (defined as evaluation and treatment for
<24 hours in an emergency department or urgent care centre) due to asthma that
required systemic corticosteroids (as above) with no hospitalisation.

» Hospital admission: An inpatient hospitalisation (defined as admission to an
inpatient facility and/or evaluation and treatment in a healthcare facility for 224
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hours) due to asthma.

Assessment of treatment response at 52 weeks defined as a reduction in the
number of exacerbations or a reduction in continual use of mOCS after 52
weeks of treatment
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Company model
Baseline characteristics

Characteristic

Benralizumab vs. SoC (base case)

Age (years) 50.2 Pooled SIROCCO/CALIMA
% female 64.5 Pooled SIROCCO/CALIMA
% patients on mOCS at baseline 54 1 Kerkhof 2017

Age (years) 498 Pooled SIROCCO/CALIMA
% female 66.1 Pooled SIROCCO/CALIMA
% patients on mOCS at baseline 78.6 Kerkhof 2017

Age (years) 50.2 Pooled SIROCCO/CALIMA
Weight (kg) 75.2 Pooled reslizumab trials
% female 63.3 Pooled SIROCCO/CALIMA
% patients on mOCS at baseline 0 NICE Reslizumab STA

Please see pages 162-164, 167-171 of the company submission and pages 142-153 , table
54 (page 150)of the ERG report for more information

NOTE: The company noted in their company submission that 78.6% of patients on mOCS
at baseline was sourced from Kerkhof. However, Kerkhof reported mOCS use in 16.5% in
patients 18-64 y.o. (n=313) and 17.1% in patients >=65 y.0. (n=168)

Based on data from a UK registry of patients with difficult to control asthma (Heaney et al.,
2010), 41.7% of people are on mOCS. Kerkhof et al. (2017) also reported mOCS use in
~17% of UK patients with severe uncontrolled eosinophilic asthma with eosinophil count of
>=300 cells per uL. The ERG note the modelled proportions of patients taking mOCS at
baseline were not representative of clinical practice in the UK.
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Clinical inputs to the model
Proportion of responders

Drug

Company base case: benralizumab (vs SoC)
Non-OCS Pooled SIROCCO/CALIMA

I
mOCS I ZONDA
Benralizumab (vs Mepolizumab)
Non-OCS (benralizumab) ] MAIC results
mOCS (benralizumab) B MAIC results

I

I

Non-OCS NICE mepolizumab STA

mOCS Assumed equivalent to
benralizumab

Benralizumab (vs Reslizumab)
Non-OCS (benralizumab)
Non-OCS (reslizumab)

Reslizumab NICE STA

Assumed equivalent to
benralizumab

Please see pages 170-180 of the company submission for more information

NOTE: The company assume equivalent clinical effectiveness for benralizumab and
reslizumab and that the relative effectiveness between the total and subgroup populations
are equivalent for benralizumab and mepolizumab. This is not the same as equal
effectiveness when comparing benralizumab with mepolizumab. However equal
effectiveness for this comparison has been assumed for treatment response.
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+ Benralizumab compared with SoC:

+ Benralizumab compared with mepolizumab

+ Benralizumab compared with reslizumab

CONFIDENTIAL

Clinical inputs to the model
Transition probabilities

— Transition probabilities calculated from the individual level data of the
trials: SIROCCO/CALIMA for non-OCS and ZONDA for mOCS

— Transition probabilities for benralizumab obtained from trials as above

— Transition probabilities for mepolizumab calculated by multiplying the
transition to exacerbation by 1/RR from MAIC (RR=]Jjjjjij} for non-
OCS and RR=]jjjjij for mOCS)

— Transition probabilities for benralizumab obtained from trials as above

— Reslizumab assumed to have the same clinical effectiveness as
benralizumab

Please see pages 165-181 of the company submission and pages 154-156 of the ERG
report for more information

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma
Issue date: April 2018

42




CONFIDENTIAL

Clinical inputs to the model
Reduction in severity of exacerbations

Benralizumab SoC Benralizumab |SoC

Exacerbations from controlled state

OCS burst 16 (100%) 25 (89.29%) 3 (100%) 21 (100%)
A&E 0 1(3.57%) O 0

Hospitalisation Je 2 (7.14%) 0 0
Exacerbations from uncontrolled state

OCS burst - 22(81.48%) 99(85.34%) 13(100%) 31(68.89%)
0 9(7.75%) 0 5 (11.11%)
GLEHEINEENLLGE 5(18.52%)  8(6.91%) 0 9(20%)

Note: for comparisons with other biologics, the same split as benralizumab is used

See pages 180-181 of the company submission and pages 156-161 of the ERG report for
more information
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Clinical inputs to the model
Reductionin mOCS use

mOCS use at baseline B ZONDA

Benralizumab B ZONDA
SoC B ZONDA
Mepolizumab B VvAC

In the model, the use of MOCS is associated with increased incidence of long-term
conditions: Type 2 diabetes mellitus, osteoporosis, glaucoma, cataracts, myocardial
infarction, heart Failure, cerebrovascular accident, renal impairment, peptic ulcer,
and pneumonia.

The long-term conditions are associated with costs and disutilities in the long-term

Please see pages 182-183 of the company submission for more information. Data in table
is from the model excel file.
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Clinical inputs to the model
Other clinical effectiveness parameters and assumptions

1. Benralizumab discontinuation rate is 11.8% (pooled
SIROCCO/CALIMA), and assumed the same for
mepolizumab

100% adherence to biological drugs.
Constant exacerbation rates over time

. Treatment response sustained over time

OB W N

. The impact of adverse drug reactions is negligible

See pages 279-280 of the company submission and Table 100 for more information
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Parameter | Value
During OCS burst

Company model

Age 17-44 0.05%
Age 45+ 0.32%
Age 17-44 0.32%
Age 45+ 2.05%
Age 18-24 0.15%
Age 25-34 0.14%
Age 35-44 0.20%
Age 45-54 0.76%
Age 55-64 2.14%
Age 65+ 4.54%

Asthma related mortality

Patients experiencing
exacerbations are at risk of
asthma-related death
Exacerbations assumed to
last 8 weeks

Risk of death depends on age
and type of exacerbation

Risk of death obtained from
Watson et al, Roberts et al,
and NRAD report

Please see pages 184-191 of the company submission and page 162-167 of the ERG

report for more information
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Company model
Health state utilities

+ EQ-5D-5L data collected during SIROCCO and CALIMA trials and
mapped to derive EQ-5D-3L utilities for the health states of the non-OCS
subgroup

+ AQLQ-12 collected in ZONDA and used to derive EQ-5D-3L utilities for
the health states of the mOCS subgroup.

+ Utilities vary by:
— Subgroup: mOCS vs non-OCS

— Health state: Controlled, uncontrolled, exacerbation with OCS burst,
exacerbation with A&E visit, exacerbation with hospitalisaiton.

— Treatment: Benralizumab compared with SoC (only for health states
controlled and uncontrolled)

+ Disutility of exacerbations lasts 8 weeks based on Golam et al. (2017).
ERG note that this is much longerthan consideredin previous
appraisals of mepolizumab and reslizumab

See pages 191-193 of the company submission and pages 167-171 of the ERG report for
more information
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Company model

Resource use and costs

Drug costs

« Estimated average cost of SoC sourced from trials defining high dose ICS/LABA
using BNF 2017 prices

+ Unit cost of benralizumab reflects the cost per 8 weeks. Divided by 4 to adjust to
the 2-weekly cycle length. People assumed to receive 8 doses in the first year and
6.5 doses thereafter

+ Unit cost of mepolizumab reflects the cost per 4-weeks (administered once every
four weeks for all patients, the cost is adjusted to the 2-week cycle length

+ Cost of reslizumab based on average patient weight publishedin the reslizumab
NICE appraisal (75.2kg) per 4 weeks and adjusted to 2 week cycle length

Administration costs:

+ NICE appraisals for reslizumab and mepolizumab

+ SoC associated with no additional drug costs

Health state unit costs

+ Unit costs applied to levels of healthcare resource use estimated by Willson et al.
(2014, 2016)

AE costs:

+ AEs notincludedin the model because of small proportions and minor differences
between treatment groups (similar incidence of AEs for the placebo group (77. 6%)
compared with the benralizumab (74.7%) group)

Please see pages 249-258 of the company submission and table 71 ( page 183) and table
97 (page 257) for more information

NOTE: In the Willson study, the cycle length of the model was 1-2 week, To align health
state costs with the benralizumab model assumption of an exacerbation lasting 8 weeks
and is assigned during 4 different cycles, the cost of an exacerbation is divided by 4 to
avoid overestimating the cost of exacerbations
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Company model
Disutilities and costs from chronic mOCS use

+ mOCS use is associated with ongoing disutilities and costs due to
increased incidence of long-term conditions

Incidence obtained from OPRI study by AstraZenaca . For chronic
conditions, prevalence is constant for the time horizon of the model
whereas annual incidence rates used for events

+ Proportion of mOCS users sourced from ZONDA

» Ten comorbidities were identified in total. A weighted average of costs by
prevalence/incidence of each comorbidity was calculated for each daily
dose level of mOCS. This weighted average was then multiplied by the
proportion of patients on each daily dose level in order to calculate the
overall cost of mMOCS use for each dose level.

» Disutilities obtained from Sullivan et al (2011)

Please see page s 249-258 of the company submission and table 71 ( page 183) and table
97 (page 257) for more information
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Company model

Base case results determlnlstlc

Comparator Population Inc ICER per
technology Costs QALYs | QALY

Add-on Benralizumab Base case I B 34284
vs. SOC

Add-on benralizumab  NICE I B Doninant
vs. Add-on recommended for

mepolizumab mepolizumab

Add-on benralizumab NICE
vs. Add-on reslizumab recommended for
reslizumab

I B Donminant

Note: Probabilistic results give similar ICERs

ICERs are based on the benralizumab PAS price and mepolizumab and
reslizumab list prices. See confidential part 2 appendix for comparisons
with PAS prices

Scenario analyses showed that the results are most sensitive to including risk
of asthma death from an exacerbation, equal utility /disutility across treatment
arms, costs and utilities associated with mOCS

National Institute for Health and Care Excellence
Pre-meeting briefing — benralizumab for treating inadequately controlled asthma
Issue date: April 2018

50




CONFIDENTIAL

Company model:
Results of key sensitivity analysis

Sensitivity analysis

Base-case

Age at treatment initiation( 50.2 years)
Utilities independent of treatment

Asthma mortality risk =0

Removing the consequences of mOCS use

mepolizumab: proportion of responders on mOCS

In addition:

PSA
Threshold analysis on PAS price

ICER vs SoC

£34,284
£41,807
£38,688
£67,260
£36,083-£38,573

Sensitivity analyses in comparisons with mepolizumab and reslizumab had
negligibleimpact on the ICER except:

See pages 285-298 of the company submission for more information

In order to understand the importance of each parameter in the model and the parameters’
individual impact on the cost, effectiveness and cost effectiveness results, a series of
deterministic sensitivity analyses were undertaken. Each parameter was set to either the
upper and lower limits of the 95% CI, 20% higher or lower than the base case value (where
a 95% CI was not available) or standard upper and lower limits holding all other parameters

constant.
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ERG comments-model structure

« The model structure was appropriate for the economic evaluation

+ Model assumed that patients not on mOCS in any given state were be subjectto
the transition probabilities, costs, and utilities associated with having received
mOCS treatment if they were in the mOCS group at baseline

« The model in the reslizumab appraisal included moderate and severe exacerbation
states (patients could transition from any asthma state to any exacerbation state)
whereas, there was only one exacerbation state from each origin (controlled and
uncontrolled)it the benralizumab model. This meant it was not possible to
transition between different severities of exacerbation

+ 8 weeks exacerbations in the company model based on visual inspection of pooled
SIROCCO/CALIMA utility data (time to return to pre-exacerbation utility).

— the visual inspection method is unclear. Clarification - no systematic method
had been used, estimated duration of exacerbation may vary

+ NICE mepolizumab appraisal - MENSA ftrial duration of utility decrement was 13
days for OCS burst, 10 days for ED visit, and 21 days for hospitalisation.

— duration of disutility applied for each type of exacerbation was substantially
overestimated. The shorter durations would be more plausible

Please see pages 29, 142-145 of the ERG report for more information
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ERG comments-clinical inputs to model

+ Response criteria consistent with the reslizumab appraisal (52 weeks) but did
not include annual reassessment
« ICER very sensitive to response rates but the ERG did not have access to the
individual patient data to validate this data
+ Reslizumab and benralizumab have different mechanism of actions
— presuming similar effectiveness and response to treatment is questionable
« ERG’s clinical expert agreed with applying a constant probability of treatment
discontinuation, as patients could later return to treatment the overall
discontinuation rate may be lower
+ ERG were unclear whether the age estimate of 50.2 (average of treatment
arms in the pooled data) represented adult patients only (and not adolescents)
— average age of UK adult patients with difficult asthma from a UK registry
(Heaney et al. (2010) is 44.9 years.
— Age is important driver in the model (ERG used 50.2 for consistency in
their base case and 44.9 in scenario analysis)
« No treatment waning effect was assumed in the company submission but this
should have been explored in scenario analysis

Please see pages 145-152 of the ERG report for more information
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ERG comments-clinical inputs to model

* Mean weight reported in Heaney et al. is 81.2 (SD:19.9) kg. This is higher than
mean weight of 75.2 kg included in model (and also used in the reslizumab STA)
— ERG - higher BMI associated with severe asthma (83.1kg in ZONDA)
— ERG preferred higher BMI and vial-based dosing scheme for reslizumab
+« mOCS use at baseline in the model (54.1% in the SOC comparison and 78.6%
in the mepolizumab comparison) were not reflective of UK clinical practice
— Heaney et al. registry reported 41.7% which was used in the ERG base
case for the comparison of benralizumab versus SoC
« The exclusion of the MUSCA trial from the MAIC comparing benralizumab with
mepolizumab appeared contrary to the inclusion criteria:
— when includedin the MAIC analysis, after

matching,
e
e

Effect on the base-case ICER for benralizumab vs. mepolizumab is
negligible. However, when using the PAS discounted price for mepolizumab,
the ICER increases very substantially

Please see pages 152-161 of the ERG report for more information
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ERG comments-transition probabilities

+ Because exacerbations last 8 weeks in the company model, the probability of
entering an exacerbation state is 4 times higher than the actual probability.
— Reflective that probabilities used in the model must be in accordance with a 2-week
cycle length
+ The ERG noted that assuming exacerbation rates and proportion of responders
to be the same for benralizumab and reslizumab may not be realistic in
practice due to differences in biological action between the two treatments.
— In addition the comparison between benralizumab and reslizumab only conducted on
non-mOCS users due to a lack of data which further increases uncertainty
+ The company did not provide individual patient level data (IPD) to the ERG,
therefore treatment effectiveness analysis could not be validated by the ERG
+ ERG consider the health state transition probabilities used in the company’s
analysis are not robust given the relatively small sample sizes used to obtain
those estimates and a relatively low exacerbation rate in severe asthma
patients (about one exacerbation per year)

Please see pages 154-156 and appendix 4 of the ERG report for more information
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ERG comments-asthma related mortality

+« ERG notes that deaths due to asthma in people who are concordant with
appropriate therapy are relatively uncommon and consider asthma related
mortality was overestimated in the company’s model

— Company model predicts 1.5 times higher mortality in company base case
population compared to the UK general population of the same age

« Asthma-related mortality was identified as one of the key drivers of the cost-
effectiveness of the treatments (mepolizumab/reslizumab appraisals)

+« The ERG identified an asthma audit report (2016) which reported the average
probability of death to be 0.0078 per hospital admission. The weighted average
of the probabilities of asthma death in hospital used in the company base case
is ~2.5 times higher (0.01943)

« When the reduced probabilities of asthma-related death were applied to the
company’'s model, the company base case increased by more than £2,000

— ICER would increase further if mortality in older patients was modelled using
narrower age categories.

Please see pages 162-166 of the ERG Report for more information
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ERG comments-resource use and costs

Method to calculate cost of SoC is reasonable

The ERG note that the mean weight of 75.2 kg used to calculate weight based
acquisition cost of reslizumab is not representative of UK patients with severe
asthma
— ERG incorporate reslizumab vial-based dosing from SmPC and wastage
based on the weight distribution from Haselkorn et al (83.7 kg) into their base
case
The ERG note that drug administration times used by the company did not
include a period of supervision to monitor for anaphylaxis after a biologic drug has
been given. ERG also note that administration of mepolizumab takes 5 mins
longer than for benralizumab and 55 mins for reslizumab which was also costed
approprialy by the company
— ERG consider treatment administration costs for biological treatments are not
reflective of UK clinical practice
— Incorporating updated costs increased the ICER for benralizumab compared
with SoC by ~£400. The comparisons with reslizumab and mepolizumab did
not vary significantly
Health state cycle cost were also recalculated by the ERG which had marginal
effects on the ICER’s for benralizumab

Please see pages 171-181 of the ERG Report for more information
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CONFIDENTIAL

the comparators mepolizumab and reslizumab

cost effectiveness results

pre-meeting briefing document

The results are therefore not representative of the true prices of
the drugs- see the confidential part 2 appendix with PAS prices :

[0¢]
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All the ICERs reported in the next slides_ ONLY include the PAS |
discount for benralizumab and DO NOT include PAS prices for !
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ERG base case
ICER for benralizumab compared with

ERG changes Company base case Mepolizumab | Reslizumab
1.Asthma- assumed ~2.5times lower See Table 60in ERG £36,398 BEN dominates BEN
related than in the company’'s model report dominates
mortality for some patients (BTS
asthma audit 2016)

pA ) [eled 11170 41.7% (Heaney et al., 2010)  54.1% for SOC £36,531 BEN dominates NA
EAdW G G-I for all treatments comparison,78.6% for
the MEPO comparison

.G LBl Same administration time for  Monitoring time not £34 646 BEN dominates BEN
LG Gl mepolizumab and costed; administration dominates
IR [E benralizumab assumedadmin  of MEPO takes 5 mins

costas in reslizumab longer than for BEN;
appraisal. 55 mins for RESLI
LR.YL TNV Based on a bodyweight 75.2kg NA NA BEN
n costfor distribution from Haselkorn et dominates

(=S [vdT1) 1O al.,and the vial-based dosing

SAcGE L0l 0.0041/cycle (average across  0.0048/cycle £34 346 BEN dominates BEN

GIET LG TEN trials) dominates

tion rate

ERG base case (1+2+3+4+5) £39,135 BEN dominates BEN
dominates

Please see pages 187-189 of the ERG report for detailed results of the base-case pair-wise
analyses
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CONFIDENTIAL

Assumptions

ERG Base Case

Set asthma-related mortality to zero

mOCS use at baselineof 17% (as in Kerkhofet al.
2017)

Administration costs of biologics assuming monitoring
for the entire treatment duration

Use EQ-5D-5L utilities from the pivotaltrials directly,
rather than mappedvaluesonto EQ-5D-3L

Administration costs of biologics assuming monitoring
for first 16 weeks (benralizumab and mepolizumab)

Patient’'sage at the start of treatment setto 44.9 (as in
Heaneyetal. (2010)

Method of calculating acquisition cost of reslizumab as
in the CS (RESLIcomparison)

Using results of MAIC scenario analysis for
exacerbation trialsincluding MUSCA trial MEPO
comparison)

Proportion of patients respondingto all treatments after
52 weeks setto 50% for both OCS and non-OCS
users

ERG base-case
Results of key scenario analyses

ICER for benralizumab compared with:
SoC

£39,135
£73,560

£44 425

£40,089

£40,066

£39,161

£38,340

NA

NA

£38,246

MEPO

BEN dominates
BEN dominates

BEN dominates

BEN dominates

BEN dominates

BEN dominates

BEN dominates

NA

BEN dominates

BEN dominates

RESLI
BEN dominates
BEN dominates

BEN dominates

BEN dominates

BEN dominates

BEN dominates

BEN dominates

BEN dominates

NA

BEN dominates

Source: Table 81 ( page 193) of the ERG report
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Innovation
Company comments

» Benralizumab results in near complete depletion of blood
eosinophils within 24 hours following the first dose, which is
maintained throughout the treatment period, and reduces airway
mucosal eosinophils by 96% at day 84

— mepolizumab and reslizumab indirectly reduck the activation,
proliferation, and survival of eosinophils resulting in eosinophil
reduction but not depletion

» Only anti eosinophilic treatment available for administration
through an accessorised prefilled syringe and convenient every 8-
week dosing for SC injection

— benralizumab reduces the number of product administration visits and
associated administration costs, and facilitating home administration
by where needed

— reslizumab and mepolizumab require reconstitution before
administration with high associated resource use costs
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NC Not calculable

NCT Clinical trial registry number

NHS National Health Service

NICE National Institute for Health and Care Excellence
NIS Nationwide Inpatient Sample

NK Natural killer

NMA Network meta-analysis

NO Nitric oxide

NR Not reported

NRAD National Review of Asthma Deaths

NSS Not statistically significant

OAT Optimised asthma therapy

OCS Oral corticosteroid

OPCRD Optimum Patient Care Research Database
OPRI Observational & Pragmatic Research Institute
OR Odds ratio

PAS Patient access scheme

PASLU Patient Access Scheme Liaison Unit

PBAC Pharmaceutical Benefits Advisory Committee
PDCO Paediatric Committee at the European Medicines Agency
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PEF Peak expiratory flow

PGIC Patient Global Impression of Change
PICOS Population, Intervention, Comparator, Outcomes criteria
PK Pharmacokinetic

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PRO Patient-reported outcome

PSA Probabilistic sensitivity analysis

PSSRU Personal Social Services Research Unit
QX)W Every (X) weeks

QC Quality check

QALY Quality-adjusted life-year

QOF Quality outcomes framework

QOL Quality of life

RCT Randomised controlled trial

RESLI Reslizumab

RR Relative risk

RWE Real-world evidence

SABA Short-acting beta-agonist

SAS Statistical Analysis System

SC Subcutaneous

SD Standard deviation

SGA Subgroup analysis

SGRQ St. George’s Respiratory Questionnaire
SIGN Scaottish Intercollegiate Guidelines Network
SLR Systematic literature review

SOC Standard of care

SCS Systemic corticosteroid

SE Standard error

SF-6D Short-form six-dimension

SMC Scottish Medicines Consortium

SPC Summary of product characteristics
STA Single technology appraisal

STC Simulated treatment comparison

SUEA Severe uncontrolled eosinophilic asthma
TEAE Treatment-emergent adverse event
TSD Technical Support Document

TTO Time trade-off

UCl Upper confidence interval

UK United Kingdom

ULN Upper limit of normal

us United States

USA United States of America

VAS Visual analogue scale

VBA Visual basic
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WHO World Health Organisation

WOCBP Women of childbearing potential

WPAI Work Productivity and Activity Impairment
WTP Willingness to pay

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 20 of 461



Executive summary

Benralizumab is a humanised monoclonal antibody with a unique mechanism of action, which
is different to that of mepolizumab and reslizumab. It is the first interleukin-5 receptor (IL-5Ra)
antagonist with a licence for severe uncontrolled eosinophilic asthma. By directly targeting IL-
5Ra, benralizumab induces rapid and near complete depletion of eosinophils and basophils
through enhanced antibody-dependent cell-mediated cytotoxicity; this differs from
mepolizumab and reslizumab, which target IL-5 and achieve eosinophil reduction through the

indirect mechanism of |L-5 neutralisation.

Benralizumab recently received a marketing authorisation for add-on maintenance treatment
in adult patients with severe eosinophilic asthma inadequately controlled despite high-dose
ICS plus LABA in January 2018.

Three pivotal regulatory trials (SIROCCO, CALIMA and ZONDA) inform the comparison for
benralizumab vs SOC. These trials have demonstrated that benralizumab is effective at
reducing asthma exacerbations versus placebo when added to SOC (by 43% [RR: 0.57; 95%
Cl: 0.47-0.69; p<0.0001] in a pooled analysis of SIROCCO/CALIMA, and by 70% in ZONDA
[nominal p<0.001]); reducing the use of oral corticosteroids (OCS) with a 75% median reduction
in OCS dose compared with 25% for placebo (p<0.001), and a 4-times higher odds of

achieving a reduction in OCS dose in ZONDA; and improving asthma symptoms.

AstraZeneca seeks a NICE recommendation in a subgroup of benralizumab’s licensed
population: patients with severe eosinophilic asthma that is inadequately controlled, despite
high-dose ICS plus LABA, with a blood eosinophil count 2300 cells per pl, AND either 23 prior
asthma exacerbations needing systemic corticosteroids in the previous 12 months OR

treatment with continuous OCS over the previous 6 months.

This is the subgroup where the key trials (SIROCCO, CALIMA and ZONDA) have
demonstrated the greatest efficacy, with exacerbation reductions of 53% (p<0.001) based on
pooled SIROCCO/CALIMA subgroup data in patients receiving high-dose ICS plus LABA, with
blood eosinophils 2300 cells/ul and 23 exacerbations in the past year, compared with placebo.

In the ZONDA subgroup with blood eosinophils 2300 cells/ul, benralizumab reduced

exacerbations by || |GGG 2nd the median percentage reduction in OCS
dose was [N T proposed subgroup

positioning also aligns to clinical experts’ expectations of where benralizumab is likely to fit
into clinical practice in NHS England and NHS Wales.
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In the absence of head to head data versus mepolizumab, a matched indirect comparison

(MAIC) adjusting for trial differences, | EEEEEEEEEEEG———
I —
I —

I /. VAIC versus reslizumab was considered in the

absence of head to head data, but was not feasible due to significant differences between trial

baseline characteristics. Therefore, equivalent efficacy has been assumed for benralizumab
and reslizumab in exacerbation reductions and ACQ transitions (reslizumab OCS-sparing data

are currently not available).

Benralizumab requires less frequent administration (once every 8 weeks dosing after three
initial doses at 4-weekly intervals) compared with mepolizumab and reslizumab, which require
every 4-weekly dosing. Benralizumab is administered in a subcutaneous pre-filled syringe
whereas mepolizumab and reslizumab require reconstitution before administration, with
reslizumab requiring weight-based intravenous infusion. Therefore, compared with
mepolizumab and reslizumab, benralizumab will require less NHS resource time for
administration, and offers the advantages and convenience of less frequent administration for

patients.

In the subgroup where a NICE recommendation is sought, the cost-effectiveness of
benralizumab compared with standard of care therapy is estimated to be £34,284/QALY (net
price with PAS), with benralizumab providing an additional [JJJllIQALYs at an additional cost
of | er-patient. Benralizumab dominates mepolizumab and  reslizumab
(Ilincremental QALYs and [ lllllsavings versus mepolizumab; ] incremental QALYs
and [l savings versus reslizumab), using the net price for benralizumab (including PAS)

and list prices of comparators (due to confidential PAS of comparators).
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Disease context and unmet needs

Asthma is a chronic, inflammatory disorder of the airways, characterised by variable airflow
obstruction, airway inflammation, excessive mucus production, and airway hyper-
responsiveness. Patients with asthma may present with varying degrees of severity, ranging
from mild, intermittent disease to severe disease characterised by marked airflow obstruction,
daily symptoms and life-threatening exacerbations (BTS/SIGN 2016, GINA 2017).

An estimated 3.6 million adults are currently receiving treatment for asthma in England
(Asthma UK 2017). Despite the availability of guideline-recommended maintenance therapies
(e.g., high-dose inhaled corticosteroids (ICS)/long-acting B2 agonists (LABA) with/without
additional therapies such as OCS), an estimated 5%-10% of patients remain uncontrolled,
with 0.8% of the UK asthma population meeting the criteria for severe uncontrolled asthma

with an eosinophilic inflammatory phenotype (Kerkhof et al. 2017).

Asthma is considered severe if it remains poorly controlled, despite high dose inhaled
therapies once modifiable factors such as poor inhaler technique, suboptimal adherence, or
persistent environmental exposures have been excluded (BTS/SIGN 2016, GINA 2017).
Patients with severe uncontrolled asthma characterised by an eosinophilic inflammatory
phenotype represent those with the highest risk of exacerbations, hospitalisations, deaths,
and oral corticosteroid (OCS) dependency. They have severely impaired quality of life (QoL)
and are associated with substantially higher health resource use (Price et al. 2015, Kerkhof et
al. 2017). For example, in the UK, the rate of exacerbations in patients with severe
uncontrolled eosinophilic asthma is approximately 10 times higher than for patients without
this phenotype (1.389 versus 0.132 exacerbations per patient-year, respectively) (Suruki et al.
2017). In addition, these patients can expect to have 2.5 times more GP visits, 4.1 times higher
asthma-related ED attendance, 6.8 times more hospital-based specialist visits, 7.6 times more
hospitalisations, and 3.9 times higher costs on average, compared with the overall asthmatic
population (Kerkhof et al. 2017).

The frequent or chronic use of OCS in this group of patients is associated with short-term and
long-term detrimental side effects including osteoporosis, obesity, Type 2 diabetes mellitus, and
renal impairment, and an average of 43% higher associated costs when compared with patients

not on maintenance OCS (O'Neill et al. 2015). A recent UK real-world study conducted by
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More targeted therapies for severe asthma (mepolizumab, reslizumab, and omalizumab) have
provided patients with important new therapeutic options. However, unmet needs still exist.
Biologic treatment that specifically targets IgE (omalizumab) is not an effective treatment for
patients with eosinophilic inflammation without IgE markers (EMA 2016), and has
demonstrated only a limited OCS-sparing effect (Niven et al. 2016). Mepolizumab and
reslizumab achieve eosinophil reduction through the indirect mechanism of IL-5 neutralisation,
which results in eosinophil reduction but not depletion, and shows only variable efficacy in
reducing tissue eosinophilia with no effect on the number of eosinophil progenitors in the bone
marrow (NAEPP 2007, Straumann et al. 2010, Fulkerson et al. 2013, Rosenberg et al. 2013,
Mukherjee et al. 2014).

Currently, available biologics for severe, eosinophilic asthma also require reconstitution before
administration with associated resource use: reslizumab is administered by intravenous (1V)
infusion every 4 weeks and dosing is weight-dependent, and mepolizumab is administered
subcutaneously (SC) every 4 weeks (EMA 2016, AstraZeneca 2017, EMA 2017).

New targeted products are therefore needed to more effectively reduce airway eosinophilia,
reduce the frequency and severity of exacerbations and hospitalisations, improve symptoms,
avoid further loss of pulmonary function, reduce dependence on OCS, and limit OCS toxicity

while providing dosing simplicity for patients.

Benralizumab product information and positioning

Benralizumab is indicated as an add-on maintenance treatment in adult patients with severe
eosinophilic asthma inadequately controlled despite high-dose ICS plus LABA. The
recommended dose of benralizumab is 30 mg by subcutaneous injection every 4 weeks for

the first 3 doses, and then every 8 weeks thereafter.

As an anti-eosinophil humanised, monoclonal antibody, benralizumab specifically binds to the
human IL-5 receptor alpha subunit (IL-5Ra), with a unique mode of action. By binding to
eosinophils through IL-5Ra, benralizumab blocks the binding of the IL-5 ligand to its receptor,
and inhibits the activity of IL-5 and the subsequent activation of the eosinophil. Additionally,
due to an afucosylated section on the molecule itself, benralizumab increases the affinity of
eosinophils to Natural Killer (NK) cells. This leads to a rapid and near complete depletion of
eosinophils and basophils through enhanced antibody-dependent cell-mediated cytotoxicity
(ADCC), resulting in a systemic efficacy response (Laviolette et al. 2013). Benralizumab
results in near complete depletion of blood eosinophils within 24 hours following the first dose,
which is maintained throughout the treatment period, and reduces airway mucosal eosinophils
by 96% at day 84 (Laviolette et al. 2013).
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In contrast, mepolizumab and reslizumab act by binding to IL-5 and inhibiting IL-5 signalling,
thereby indirectly reducing the activation, proliferation, and survival of eosinophils (Figure 1)

— this ultimately results in eosinophil reduction but not depletion.

Figure 1: Mode of action of benralizumab

Apoptosis Mepolizumab
NK cell o
o Mepolizumab and
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5Ra, preventing IL-5 from binding to ("
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recruits NK cells via IL-5Ra through
its afucosylated section, rapidly
depleting eosinophils and basophils
through ADCC

Reslizumab

. Eosinophil

ADCC: Antibody-dependent cell-mediated cytotoxicity; IL-5: Interleukin 5; IL-5R: Interleukin 5 receptor; NK: Natural killer

Currently, benralizumab is the only anti-eosinophilic treatment available with simple
administration via an accessorised prefilled syringe and every 8-week SC dosing.
Mepolizumab and reslizumab require reconstitution before administration, and more frequent
dosing (weight-based every 4 weeks IV dosing as an infusion for reslizumab, fixed every 4
weeks SC dosing for mepolizumab). The simple dosing schedule for benralizumab may
therefore reduce the humanistic and economic burden of severe asthma through lower

resource use.

In this submission, a recommendation for benralizumab is sought in the subpopulation of
patients with severe eosinophilic asthma who are inadequately controlled, despite high-dose
ICS plus LABA, with a blood eosinophil count 2300 cells per pl AND either =23 prior asthma
exacerbations needing systemic corticosteroids in the previous 12 months OR treatment with
continuous OCS over the previous 6 months. The proposed subgroup reflects where
benralizumab is anticipated to provide the most clinical benefit, based on Phase 3 trial data
and clinical opinion on the positioning of anti-IL-5 medicines in UK practice (Bleecker 2016,
FitzGerald 2016, AstraZeneca 2017, Nair et al. 2017).

Benralizumab will meet an unmet clinical need in this patient population through its innovative
mechanism of action, strong clinical efficacy and tolerability (described below), and robust OCS-

sparing effect, as well as a less frequent dosing schedule than mepolizumab and reslizumab.
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Key clinical evidence for benralizumab

The key evidence to support the effectiveness of benralizumab in severe asthma is based on
three pivotal Phase 3 placebo-controlled clinical trials (SIROCCO, CALIMA, and ZONDA)
(Bleecker 2016, FitzGerald 2016, Nair et al. 2017), and a matched-adjusted indirect

comparison (MAIC) versus mepolizumab.

Intent-to treat (ITT) data versus standard of care (SOC)

Throughout the Phase 3 clinical trial programme, benralizumab demonstrated statistically

significant reductions in the annual exacerbation rate compared with placebo in the overall ITT

analyses, when added to standard of care therapy (medium or high-dose ICS plus LABA)

(Table 1).

Further, improvements were consistently observed for key secondary endpoints, including

those relating to lung function (i.e. FEV+4) and PRO measures (e.g. total asthma symptom

score and quality of life measures), versus placebo.

In addition, benralizumab reduced patients’ exposure to and dependence on chronic OCS;

benralizumab was associated with a 75% median reduction in daily OCS dose in the ZONDA

trial, compared with 25% for placebo, and a 4-times higher odds of achieving a reduction in
median daily OCS dose (Table 1).

Table 1: Summary of key efficacy results for benralizumab Q8W in the pivotal Phase 3
trials (ITT population)

Study name,
NCT number,
and overall
study sample
size

Study objective

Key efficacy outcomes for benralizumab Q8W versus
placebo, ITT analysis

Reduction in
annual
exacerbation
rate

Prebronchodilator
FEV; (L)

Total asthma
symptom score*

SIROCCO
(NCT01928771)

N=1,205

Efficacy and safety study of
benralizumab added to
high-dose ICS plus LABA in
patients with uncontrolled
asthma

51% reduction
RR: 0.49 (95%

Cl: 0.37 - 0.64:
p<0.0001)

159ml improvement

LS mean difference:
0.159 (95% CI: 0.068 -
0.249; p=0.0006)

0.25 point decrease

LS mean difference:
-0.25 (95% CI: -0.45
to —0.06; p=0.0118)

CALIMA
(NCT01914757)

N=1,306

Efficacy and safety study of
benralizumab added to
medium-dose or high-dose
ICS plus LABA in patients
with uncontrolled asthma

28% reduction
RR: 0.72 (95%

Cl: 0.54 - 0.95;
p=0.0188)

116ml improvement

LS mean difference:
0.116 (95% CI: 0.028
- 0.204; p=0.0102)

0.23 point decrease

LS mean difference:
-0.23 (95% CI: -0.43
to -0.04; p=0.0186)

ZONDA
(NCT02075255)

N=220

70% reduction
RR: 0.30 (95%

Cl: 0.17 - 0.53;
p<0.001)

112ml improvement

LS mean difference:
0.112 (95% CI: -0.033
- 0.258; p=0.129)

0.18 point decrease

LS mean difference: -
0.18 (95% CI: -0.51,
0.16; p=0.291)
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Reducing OCS use in Median % reduction in final daily OCS dose:
patients with uncontrolled 75% reduction versus 25% reduction for placebo (p<0.001)

sz:Tié’R g'r? dhfh‘:f;i'ccs (Median treatment difference of 37.50%: 95% CI: 20.80, 50.00)

OCS therapy Odds of a reduction in OCS dose: 4 times higher
OR: 4.12 (95% CIl 2.22, 7.63; p<0.001)
Discontinuation of OCS in eligible patients*: 52% of

benralizumab-treated patients vs 19% placebo-treated patients
(p=0.002).

* A decrease in score suggests an improvement

A Patients eligible for a 100% reduction in OCS dose (i.e. OCS discontinuation) were those receiving <12.5mg/day at the end of
the run-in phase

Differences in trial methodology should be considered when interpreting results presented in this table

Reductions in exacerbation rates appeared to be greater in SIROCCO (51%) than in CALIMA
(28%), which is likely to be driven by regional differences in baseline exacerbation history (i.e.,
patients in CALIMA had less severe disease in terms of exacerbation rates at baseline, which
led to a strong placebo response, and a lower rate of exacerbations during the study,

regardless of treatment arm).

In terms of safety outcomes, benralizumab was found to be well tolerated, with rates of AEs,
serious AEs, and AEs leading to discontinuation of treatment being similar between the
benralizumab and placebo groups. Most AEs were mild to moderate in intensity, and not

considered to be related to treatment.
Subgroup data versus SOC

The similar trial designs of SIROCCO and CALIMA allowed the results in patients receiving
high-dose ICS plus LABA to be pooled, to increase the effective sample size, better
characterise the relationship between the clinical efficacy of benralizumab and characteristics
such as baseline blood eosinophil counts and exacerbation history, and therefore identify

which patients are most likely to benefit from treatment with benralizumab.

Based on the results of the pooled analysis, benralizumab was found to be more efficacious
in patients with blood eosinophils 2300 cells/pL and a history of three or more exacerbations
in the previous year (compared with patients with lower eosinophil counts and less frequent
exacerbations). In these patients, benralizumab was found to significantly reduce the annual
asthma exacerbation rate by 53% (p<0.001), improve FEV, from baseline by 254 ml (p<0.001),
and improve the ACQ-6 score from baseline by -0.43 points (p=0.002) compared with placebo,
when both were added to standard of care therapy (Table 2) (AstraZeneca data on file 2017).
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Table 2: Efficacy of benralizumab in the pooled SIROCCO and CALIMA subgroup
analysis

. Benralizumab 30mg _ .
Estimate Q8W (N=123) Placebo (N=136) Difference between arms
Marginal annual 0.85 183 RR: 0.47 (95% CI: 0.32, 0.67);
exacerbation rate ’ ' p<0.001
FEV, pre-bronchodilator 0.485 0.231 Estimate for difference: 0.254
change from baseline (L) ' ' (95% CI: 0.113, 0.395); p<0.001
ACQ-6 score change 159 116 Estimate for difference: -0.43
from baseline ) ) (95% CI: -0.69, -0.16); p=0.002
Mean EQ-5D-5L score 0.10 0.06 Estimate for difference: 0.04
change from baseline ) ' (95% CI: 0.01, 0.08); p=0.019

In a subgroup analysis of patients from ZONDA with blood eosinophils =300 cells/pl,

.|
.|
I o pared with a treatment difference of 37.5%

in the ITT population) (Table 3).

Table 3: Efficacy of benralizumab in the ZONDA subgroup analysis (patients with
blood eosinophils 2300 cells/uL)

Benralizumab 30mg Difference between

. 0, =
Estimate, 95% CI Q8W (N=61) Placebo (N=64) arms

Percent reduction in OCS
dose, median (95% CI)

Annual exacerbation rate

FEV1 pre-bronchodilator
change from baseline (L)

AQLQ(S)+12 score change
from baseline

* Hodges-Lehman median treatment difference

As discussed above, a NICE recommendation is therefore sought in the subgroup of patients
with severe eosinophilic asthma that is inadequately controlled, despite high-dose ICS (=
800ug FP daily) plus LABA, with a blood eosinophil count 2300 cells per pl, AND either 23
prior asthma exacerbations needing systemic corticosteroids in the previous 12 months OR

treatment with continuous OCS over the previous 6 months.
Data versus mepolizumab and reslizumab

In the absence of head-to-head trials against the comparators mepolizumab and reslizumab,
the feasibility of conducting an indirect comparison was assessed. Cross-trial differences

were too large to conduct a robust network meta-analysis (NMA), and a population-adjusted
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ITC approach, specifically a matching-adjusted indirect comparison (MAIC), was therefore

considered to adjust for cross-trial differences in the overall clinical trial patient population. A

MAIC was feasible versus mepolizumab, which found || G

Table 4: Summary of MAIC results for benralizumab versus mepolizumab

Studies Endpoint comparison Benralizumab vs. mepolizumab

(matched):

Annualised rate of clinically
significant exacerbations, RR (95%
Cl)

SIROCCO/
CALIMA vs. FEV1 at week 32, mean difference
MENSA/ (95% CI)

DREAM*

Annualised exacerbation rate
leading to ER/hospitalisation, RR
(95% CI)

Percentage reduction in OCS dose,
mean difference (95% CI)

Patients with complete reduction in

ZONDAVS. | 505 dose, OR (95% Cl)

SIRIUSA

Annual exacerbation rate reduction/
clinically significant exacerbations,
RR (95% CI)

* High-dose ICS populations (= 880 ug FP daily SIROCCO/CALIMA vs MENSA/DREAM) adjusted for trial differences.

A High-dose ICS populations (>500 pg FP daily ZONDA vs SIRIUS) adjusted for trial differences.

MAIC includes benralizumab 30 mg Q8W SC data vs mepolizumab 100mg Q4W SC [& 75mg Q4W |V (bioequivalent dose) in
MENSA/DREAM] data

For the comparison between benralizumab and reslizumab, there was high heterogeneity
between trial baseline characteristics (resulted in a 99% reduction in the effective sample size
(ESS=20)), meaning that a robust MAIC was not feasible. As such; equivalent efficacy has
been assumed for benralizumab and reslizumab in exacerbation reductions and ACQ

transitions for this submission (OCS-sparing data for reslizumab are not currently available).

I b<ralizumab may provide additional benefit in patients requiring maintenance
OCS; this may be explained by the unique mechanism of action of benralizumab, which leads

to near complete elimination of eosinophils from the airways.
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Economic impact of benralizumab

No economic analyses that were designed to assess the cost-effectiveness of benralizumab
were identified; therefore, a de novo model was developed. A Markov model was selected as
the preferred structure for the model, utilising a 2-week cycle length, with a lifetime time
horizon. A discount rate of 3.5% was applied to costs and outcomes, and the perspective was

that of the UK NHS and personal and social services, in line with the NICE reference case.

Asthma states in the model were based on the control status of asthma as defined by ACQ-6
score criteria, with a threshold for controlled asthma of below 1.5 and a threshold for
uncontrolled asthma above 1.5. Since asthma is a variable disease, patients could transition
between controlled and uncontrolled health states every 2 weeks, transition probabilities for
which were calculated directly from the trial data, where ACQ was captured on a 2-weekly

basis.

During each cycle, patients were also at risk of exacerbations; this risk was also calculated
directly from the trial data and separately for the controlled and uncontrolled states. Following
an exacerbation, patients could either experience a further exacerbation or return to the
controlled/uncontrolled states. Patients were at risk of all-cause mortality at all times,
probabilities for which were derived from life tables. There was an additional mortality risk
associated with an exacerbation, which was calculated following similar methodology to that
employed in other NICE appraisals of asthma biologics (mepolizumab and reslizumab), using
The National Review of Asthma Deaths (NRAD) plus literature sources from Watson et al and
Roberts et al.

A stopping rule was included in the model at 12 months based on a patient’s exacerbation
rate and/or reduction in OCS dose; patients who had a clinically meaningful reduction in at
least one of these outcomes continued on benralizumab, while those who did not discontinued

benralizumab and reverted to standard of care.

All patients who responded to benralizumab were assumed to continue benralizumab for the
rest of their lifetime, whilst facing an annual risk of discontinuation, and treatment effect was

extrapolated accordingly.

Utility in the model was applied to all model asthma health states, using mapped EQ-5D-3L from
EQ-5D-5L from SIROCCO/CALIMA and AQLQ-12 from ZONDA. An event-based approach to

resource use was adopted for acute events. UK unit costs were applied in the model.
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Based on the results of this analysis, the cost-effectiveness of add-on benralizumab (+PAS)
compared with SoC alone was calculated to be £34,284/QALY gained in the base case
population, with benralizumab providing an additional [JJJlIQALYs at an additional cost of
S ocr-patient (net price with PAS).

Add-on benralizumab was dominant versus add-on mepolizumab, with QALY gain of
B0 cost saving of £ llin the mepolizumab NICE-recommended population.
Similarly, add-on benralizumab was dominant versus add-on reslizumab, with QALY gain of ]
and cost saving of £jlfin the reslizumab NICE-recommended population. However, it
should be noted that these values are based on comparisons of benralizumab net price with
mepolizumab and reslizumab list prices due to a confidential PAS being in place for both of

these medicines.

The key strength of the model is that it is reflective of the two dimensions of asthma: symptoms
and exacerbations, based on a consistent common source for benralizumab and SoC (the
benralizumab SIROCCO, CALIMA and ZONDA trials). Further to this, to address concerns
during the mepolizumab NICE STA that the burden of OCS was not fully captured within the
model, we have generated new UK real-world evidence demonstrating the risk of
comorbidities associated with maintenance OCS therapy, specifically for asthma patients in
the UK, and have applied this within the model. Key limitations relate to uncertainties
generated by the MAIC comparison, lack of long-term data related to asthma-related morbidity
and mortality, potential underestimation of the long-term costs and consequences of chronic
OCS use, and the necessity of using a net versus list price comparison owing to confidential
PAS’s for both mepolizumab and reslizumab. The model was most sensitive to the starting
age of the cohort (as mortality varies with age) in the comparison versus SOC, and to the
proportion of responders to treatment and risk of discontinuation of add-on therapy in the
comparison versus mepolizumab. Varying most other inputs had a minor impact on the ICERs

when tested in sensitivity analysis.

The net budget impact for benralizumab has been estimated to be || ]~ year 1,

increasing to [ Gz year 5.
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B.1 Decision problem, description of the technology and

clinical care pathway

Summary of key points

Despite treatment with the current standard of care (high-dose ICS plus LABA
with/without additional therapies such as OCS), a proportion of patients with severe

asthma remain uncontrolled and at high risk.

Patients with severe uncontrolled asthma characterised by an eosinophilic phenotype
represent a minority of asthma patients with the highest risk of exacerbations,
hospitalisations, and OCS dependency. They have severely impaired QoL, and are
associated with substantially higher healthcare resource utilisation and an increased risk

of death compared with the overall asthmatic population.

Additionally, these patients are frequent or chronic users of OCS, which is associated
with short-term and long-term detrimental side effects such as obesity, diabetes,
osteoporosis, and peptic ulcerations, and an average of 43% higher associated costs

when compared with patients not on maintenance OCS.

A recent UK real-world study conducted by AstraZeneca found that exposure to OCS in

asthma patients resuited in a |
I copared with patients not exposed to OCS after adjustment

New, targeted therapies are therefore needed to reduce the frequency and severity of
exacerbations and hospitalisations, improve symptoms, avoid further loss of pulmonary
function, reduce OCS dependency, and limit drug toxicity while providing dosing simplicity

and convenience for patients

Benralizumab is a humanised, monoclonal antibody with an innovative and unique
mechanism of action. By targeting the IL5 receptor, benralizumab induces rapid and near
complete depletion of eosinophils and basophils through enhanced antibody-dependent
cell-mediated cytotoxicity; this differs from anti-IL-5 antibody products that achieve
eosinophil reduction through the indirect mechanism of IL-5 neutralisation (e.g.

mepolizumab, reslizumab)

Benralizumab is indicated as an add-on maintenance treatment in adult patients with

severe eosinophilic asthma inadequately controlled despite high-dose ICS plus LABA
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e Benralizumab is the only anti-eosinophilic treatment available with administration via an
accessorised prefilled syringe by a healthcare provider, for subcutaneous injection and

convenient every 8-week dosing.

e Benralizumab rapidly depletes blood eosinophils following the first dose, with a prolonged

duration of effect.

o A NICE recommendation is sought in the subgroup of patients with severe eosinophilic
asthma that is inadequately controlled, despite high-dose ICS plus LABA, with a blood
eosinophil count 2300 cells per ul AND =3 prior asthma exacerbations needing systemic
corticosteroids in the previous 12 months OR treatment with continuous OCS over the

previous 6 months

B.1.1 Decision problem

This submission focuses on part of the technology’s marketing authorisation; a NICE
recommendation is sought for the subgroup of adults with severe eosinophilic asthma that is
inadequately controlled, despite high-dose inhaled corticosteroids (ICS) (= 800ug FP daily)
plus long acting B-agonists (LABA) with:

e A blood eosinophil count that has been recorded as 300 cells per microlitre or more
AND either
e 3 or more asthma exacerbations needing systemic corticosteroids in the previous 12
months
OR

¢ Treatment with continuous oral corticosteroids over the previous 6 months

The proposed subgroup positioning is narrower than the full marketing authorisation, as this
reflects where benralizumab provides the most clinical benefit based on Phase 3 trial results,
and is in line with UK clinical experts’ views on the positioning of anti-IL-5 medicines in the
clinical treatment pathway (AstraZeneca 2017). Benralizumab will fit into the existing NICE
asthma pathway within the ‘difficult or severe asthma’ patient category under the ‘asthma

management’ section.
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Table 5. The decision problem

Final scope issued by NICE Decision problem addressed in the company submission Rationale if different from
the final NICE scope
Population Adults with severe asthma with | Adults with severe eosinophilic asthma that is inadequately controlled | This subpopulation reflects
elevated blood eosinophils despite high-dose inhaled corticosteroids plus long acting B agonists | where benralizumab provides
with: the most clinical benefit based
. Aplocl)_cti eosinophil count that has been recorded as 300 cells per \c,)v?ﬂt]hsi:]r;s;ld:;z’e?tggvlisewshgﬁ
micro |.re or more the positioning of anti-IL-5
AND either medicines in the clinical
3 or more asthma exacerbations needing systemic corticosteroids | treatment pathway.
in the past 12 months Patients who are within
OR licence but not covered by
¢ Treatment with continuous oral corticosteroids over the previous 6 this subgroup: Fhose with
months <300 eosmophl!s per ul, as
well as those with <2
exacerbations in the past 12
months or not requiring
continuous OCS use for the
past 6 months
Intervention Benralizumab as an add-on to | Benralizumab as an add-on to optimised standard therapy (high dose | N/A
optimised standard therapy inhaled corticosteroids and long acting beta-2 agonist with or without
oral corticosteroids and other asthma controllers)
Comparator(s) | ¢ Optimised standard therapy | ¢ Optimised standardised therapy (high-dose inhaled corticosteroid | N/A
e Reslizumab (in addition to and long acting beta-2 agonist with or without oral corticosteroids
optimised standard and other asthma controllers)
therapy) e Reslizumab (in addition to optimised standard therapy)
e Mepolizumab (in addition to | ¢ Mepolizumab (in addition to optimised standard therapy)
optimised standard In line with the conclusions of the appraisal committees for
therapy) mepolizumab and reslizumab, as well as the final Scope for this
appraisal, omalizumab was not considered to be an appropriate
comparator.
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Outcomes

The outcome measures to be
considered include:

e asthma control

¢ incidence of clinically
significant exacerbations,
including those which
require unscheduled
contact with healthcare
professionals or
hospitalisation

e use of oral corticosteroids

e patient and clinician
evaluation of response

e lung function

e mortality

o time to discontinuation

e adverse effects of treatment
¢ health-related quality of life

The outcome measures to be considered include:

e asthma control

¢ incidence of clinically significant exacerbations, including those
which require unscheduled contact with healthcare professionals
or hospitalisation

e use of oral corticosteroids

e clinician evaluation of response
e lung function

e mortality

e discontinuation

e adverse effects of treatment

e health-related quality of life.

Patient evaluation of
response not available in the
trial data

Discontinuation is treated as a
constant rather than a time
dependent variable as is
consistent with other
appraisals in severe asthma.

Economic
analysis

The reference case stipulates
that the cost effectiveness of
treatments should be
expressed in terms of
incremental cost per quality-
adjusted life year.

The reference case stipulates
that the time horizon for
estimating clinical and cost
effectiveness should be
sufficiently long to reflect any
differences in costs or
outcomes between the
technologies being compared.

An overview of the cost-effectiveness model follows:

A Markov model has been selected as the preferred structure for the
model. The model utilises a 2 week cycle length, with a lifetime time
horizon. A default discount rate of 3.5% will be applied to costs and
outcomes.

Health States: Asthma states in the model are based on the control
status of asthma (controlled, uncontrolled) as defined by Asthma
Control Questionnaire (ACQ) score criteria. The threshold for
controlled asthma is below 1.5 and the threshold for uncontrolled
asthma is above 1.5.

Transitions: Since asthma is a variable disease, patients can
transition between controlled and uncontrolled health states every 2
weeks. This transition probability is calculated directly from the trial
data where ACQ was captured on a 2 weekly basis.

N/A — model aligns with
reference case
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Costs will be considered from
an NHS and Personal Social
Services perspective.

The availability of any patient
access schemes for the
intervention or comparator
technologies should be taken
into account.

During each cycle, patients are also at risk of exacerbations; this risk
is also calculated directly from the trial data separately for the
controlled and uncontrolled states. Following an exacerbation
patients can either have a further exacerbation or return to the
controlled/uncontrolled states.

Patients are at risk of all-cause mortality at all times with this
probability coming from life tables. There is an additional mortality
risk associated to an exacerbation which is calculated as per
previous appraisals’ (mepolizumab and reslizumab) preferred
assumptions using NRAD plus literature sources from Watson et al
and Roberts et al.

Treatment duration: A stopping rule is included in the model at 12
months based on a patient’s exacerbation rate and/or reduction in
OCS dose, patients who meet these criteria continue on
benralizumab, those that do not revert to standard of care.

All patients are assumed to continue benralizumab for the rest of their
lifetime and the treatment effect is extrapolated accordingly,
discontinuation is included in the model on a yearly basis and these
patients revert to standard of care.

Utilities: Utility in the model is applied to the model asthma health
states using mapped EQ-5D-3L from EQ-5D-5L from
SIROCCO/CALIMA and AQLQ-12 from ZONDA, with a decrement
applied to those patients who suffer an exacerbation during each
cycle.

Resource use and costs: The model adopts the perspective of the
UK NHS and personal and social services. An event based approach
to resource use is adopted for acute events. UK unit costs are
applied in the model.

The model facilitates both deterministic analysis and probabilistic
sensitivity analysis.
The proposed PAS for benralizumab has been taken into account

(while list prices for mepolizumab and reslizumab have been used
due to the confidential nature of the PAS for these comparators)
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Subgroups to
be considered

If the evidence allows, the
following subgroups will be
considered:

e baseline eosinophil levels
(further detail not specified)

e people who require
maintenance oral
corticosteroid treatment

e people who require
frequent oral corticosteroid
treatment.

Guidance will only be issued in
accordance with the marketing
authorisation. Where the
wording of the therapeutic
indication does not include
specific treatment
combinations, guidance will be
issued only in the context of
the evidence that has
underpinned the marketing
authorisation granted by the
regulator.

The submission focuses on part of the technology’s marketing
authorisation; a NICE recommendation is sought for the subgroup of
adults with severe eosinophilic asthma that is inadequately
controlled, despite high-dose inhaled corticosteroids (ICS) (= 800ug
FP daily) plus long acting B-agonists (LABA) with:

¢ Ablood eosinophil count that has been recorded as 300 cells per
microlitre or more
AND either

e 3 or more asthma exacerbations needing systemic corticosteroids
in the previous 12 months
OR

¢ Treatment with continuous oral corticosteroids over the previous 6
months

The proposed subgroup
positioning is narrower than
the full marketing
authorisation, as this reflects
where benralizumab provides
the most clinical benefit based
on Phase 3 trial results, and is
in line with UK clinical experts’
views on the positioning of
anti-IL-5 medicines in the
clinical treatment pathway
(AstraZeneca 2017a)

Special
considerations
including
issues related
to equity or
equality

None
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B.1.2

Description of the technology being appraised

Table 6 includes a summary of the key product attributes of benralizumab. The summary of

product characteristics and European public assessment report are presented in Appendix C.

Table 6: Summary of the technology being appraised

UK approved name and
brand name

Benralizumab (Fasenra™)

Mechanism of action

Benralizumab is an anti-eosinophil humanised, monoclonal antibody that
specifically binds to the human IL-5 receptor alpha, which is expressed on
eosinophils and basophils in humans. Benralizumab induces rapid and
near complete depletion of eosinophils and basophils through enhanced
antibody-dependent cell-mediated cytotoxicity by targeting the IL-5
receptor. Depletion of eosinophils is reversible following cessation of
benralizumab therapy.

Benralizumab has a unique mode of action. By recruiting natural killer
cells via IL-5Ra, benralizumab actively targets and depletes eosinophils.
Binding to eosinophils through IL-5Ra blocks the binding of the IL-5 ligand
to its receptor, and inhibits the activity of IL-5 and the subsequent
activation of the eosinophil. This provides differentiation from anti-IL-5
antibody products that achieve eosinophil reduction through the indirect
mechanism of IL-5 neutralisation (mepolizumab, reslizumab), which
results in eosinophil reduction, but not depletion.

Marketing authorisation/
CE mark status

Marketing authorisation was received in January 2018

Indications and any
restriction(s) as described
in the summary of product
characteristics (SmPC)

Benralizumab is indicated as an add-on maintenance treatment in adult
patients with severe eosinophilic asthma inadequately controlled despite
high-dose inhaled corticosteroids plus long-acting B-agonists.

Method of administration
and dosage

Benralizumab is administered as a 30 mg dose, once every 4 weeks for
the first 3 doses, and then once every 8 weeks thereafter by SC injection.

Benralizumab is the only anti eosinophilic treatment available for SC
injection through an accessorised pre-filled syringe (APFS — no
reconstitution required) with convenient 8-weekly dosing, reducing the
number of product administration visits and associated administration
costs, and facilitating home administration by a HCP, where needed.

Benralizumab should be prescribed by physicians experienced in the
diagnosis and treatment of severe asthma.

Additional tests or
investigations

None

List price and average cost
of a course of treatment

List price is £1955/vial (30 mg SC injection)
Treatment duration is lifetime.

Patient access scheme (if
applicable)

A simple PAS has been submitted to PASLU: net price | N GlGEGzGzGzIN:N (30
mg SC injection).
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B.1.3 Health condition and position of the technology in the

treatment pathway
B.1.3.1 Disease burden

Asthma

Asthma is a chronic inflammatory disorder of the airways caused by the interaction of genetic
and environmental factors. The disease is characterised by widespread, variable, and
reversible airflow obstruction; airway inflammation; excessive mucus production; and airway
hyper-responsiveness that lead to recurrent episodes of wheezing, breathlessness, chest
tightness, and coughing (BTS/SIGN 2016). Progressive pathologic airway remodelling and
scarring may occur in persistent asthma, resulting in partially reversible or irreversible airway
obstruction (Pascual et al. 2005). Asthma comprises distinct ‘endotypes’, most notably T
helper 2 (Tu2)-low and -high. Tu2-high asthma is characterised by increased airway and

systemic eosinophilia, and the disease is more severe than in Tu2-low asthma (Fahy 2015).

Severe asthma

Asthma presents with varying degrees of severity, ranging from mild, intermittent disease to
severe presentations with life-threatening exacerbations. The definition of asthma severity has
evolved from symptom-based to one that is focused on the intensity of treatment required to
achieve good asthma control (BTS/SIGN 2016, GINA 2017). Asthma is considered severe if
it is poorly controlled despite the elimination of modifiable factors (e.g., poor inhaler technique/
suboptimal adherence, persistent environmental exposures) and the correct use of optimised
standard therapy (BTS/SIGN 2016, GINA 2017).

Severe uncontrolled asthma

While the majority of asthma patients can be adequately controlled with the current SoC (high-
dose ICS plus LABA with or without OCS and other asthma controllers, as recommended by
national guidelines - NICE and BTS/SIGN), a subset of patients with severe asthma remains
uncontrolled (BTS/SIGN Steps 4 and 5) and are associated with poor outcomes. These

patients represent a major unmet need (Gauthier et al. 2015).

Evidence for any one of the following four criteria while on current high-dose therapy identifies

the patient as having “severe asthma” (Chung et al. 2014):
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1. Poor symptom control: Asthma Control Questionnaire (ACQ) consistently >1.5 or Asthma
Control Test (ACT) <20 (or “not well controlled” by National Asthma Education and
Prevention Program [NAEPP;(NAEPP 2007)] or GINA guidelines over the 3 months of

evaluation)

2. Frequent severe exacerbations: 2 or more bursts of systemic corticosteroids (>3 days

each) in the previous year

3. Serious exacerbations: at least 1 hospitalisation, Intensive Care Unit (ICU) stay, or

mechanical ventilation in the previous year

4. Airflow limitation: FEV1<80% predicted (in the presence of reduced FEV4/FVC defined as

less than the lower limit) following a withhold of both short- and long-acting bronchodilators

These criteria were also used to determine eligibility in the benralizumab Phase 3 trials.
Patients who do not meet the criteria for uncontrolled asthma, but whose asthma worsens on

tapering of corticosteroids, will also meet the definition of severe asthma (Chung et al. 2014).

Eosinophilic phenotype of asthma

The inflammatory characteristics of asthma have been classified into 4 distinct phenotypes
based on the cellular airway inflammatory responses that include (1) eosinophilic,
(2) neutrophilic, (3) mixed granulocytic (eosinophilic and neutrophilic), and (4) paucigranular
(Simpson et al. 2006). There are observed variabilities in clinical response to currently
available asthma therapies, which appear to be related, in part, to distinctive inflammatory
phenotypes (Wenzel 2012, Gauthier et al. 2015).

Eosinophilic inflammation is common in asthma (Garcia et al. 2013, Schleich et al. 2013), with
approximately 50% of all patients with asthma having eosinophilic inflammation (Zhang et al.
2007).

Eosinophilic inflammation is an important component in the pathogenesis of asthma.
Eosinophils release pro-inflammatory mediators, which contribute to epithelial cell damage,
airway hyper-responsiveness, mucus hypersecretion, and airway remodelling (Patterson et al.
2015). Eosinophilic airway inflammation can be both allergic and non-allergic in aetiology,
with high eosinophil levels associated with more severe forms of asthma (GINA 2017).
Eosinophils are recruited to the airways and activated in response to inflammatory stimuli.
Interleukin-5 (IL-5) is the major cytokine promoting eosinophil proliferation and activation
(Figure 2) (de Groot et al. 2015).
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Figure 2. Two different pathways that lead to eosinophilic airway inflammation in
asthma
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Source: (de Groot et al. 2015)
Apart from elevated numbers of eosinophils in sputum and peripheral blood, adults with an
eosinophilic phenotype can be clinically identified by typical characteristics. Features common
in uncontrolled eosinophilic asthma include (de Groot et al. 2015):

¢ Frequent exacerbations

e Chronic rhinosinusitis (inflammation of the nasal mucous membrane) with nasal
polyposis

e Persistent airflow limitation and air trapping

e Poor asthma control

e Dependence on OCS
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Epidemiology

Asthma affects people of all ages, including 3.6 million adults in England alone (Asthma UK
2017). A recently published cohort study using CPRD/OPCRD data (N=401,261) aimed to
characterise burden of severe, uncontrolled, eosinophilic asthma in the UK. An estimated 7%
of patients meeting the study eligibility criteria (i.e., active asthma without concurrent COPD
and with recorded EOS count) had experienced two or more exacerbations during the baseline
year; 10% had received high-dose ICS plus LABA during both baseline and outcome years;
and 1.7% received high-dosage ICS plus LABA during both baseline and outcome years and
also experienced two or more attacks during the baseline year. Overall, 0.81% (95% CI 0.78%
to 0.84%) of the asthmatic population met the study definition of severe uncontrolled
eosinophilic asthma, namely high-dosage ICS plus LABA in both baseline and outcome years,
two or more attacks in the baseline year, and high blood eosinophil count of 20.3x10%/L at the
index date (Kerkhof et al. 2017).

Based on a sub-analysis of this study, approximately 1.7% of the total asthma population
would meet the anticipated NICE recommended population for benralizumab (i.e. blood
eosinophil count 2300 cells/ul in the previous 12 months, and either 23 asthma exacerbations
needing OCS in the previous 12 months or treatment with continuous OCS over the previous
6 months). This would equate to 63,589 patients when this percentage is applied to the 2016
asthma QOF register for England and Wales (AstraZeneca data on file 2017).

In 2015, 1,468 people died due to asthma in the UK, the highest level for over 10 years
(Asthma UK 2016).

Burden of severe uncontrolled eosinophilic asthma
Clinical burden

Exacerbations of asthma are episodes characterised by a progressive increase in symptoms
of shortness of breath, coughing, wheezing, chest tightness, and progressive decrease in lung
function, i.e., they represent a change from the patient’s usual status that is sufficient to require
a change in treatment. Severe exacerbations are potentially life-threatening and their

treatment requires careful assessment and close monitoring (GINA 2017).

Patients with severe uncontrolled asthma are at a higher risk of exacerbations, hospitalisation,
and death compared with patients with controlled asthma, and are often dependent on OCS
(Heaney et al. 2010). CPRD data have shown that in the UK, the rate of exacerbations in
patients with severe uncontrolled asthma is approximately 10 times higher than for patients

without (1.088 versus 0.098 exacerbations per patient-year, respectively) (Suruki et al. 2017).
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Increased eosinophils are also associated with increased severity, more exacerbations, less
well-controlled disease, decreased lung function, higher mortality, and higher OCS
dependency in patients with asthma (Hospers et al. 2000, de Groot et al. 2016, Price et al.
2016). For example, a UK CPRD/OPCRD study found that the risk of experiencing a severe
exacerbation was significantly higher (RR: 1.30, 95% CI: 1.23-1.37) for patients with
eosinophil counts >300 cells per yL compared with counts of 300 cells per pL or less (Price et
al. 2015).

In patients at GINA Step 4 or 5 with 22 prior exacerbations in the past 12 months, and
eosinophilic asthma, the annual rate of exacerbations was estimated to be 10 times higher
than in asthmatic patients not meeting these criteria (1.389 versus 0.132 exacerbations per

patient-year, respectively) (Suruki et al. 2017).
Humanistic burden

Patients with asthma have impaired quality of life which can lead to fatigue, absence from
school or work and psychological problems including stress, anxiety and depression
(Accordini et al. 2006). QoL detriments are usually captured using instruments including the
asthma-specific ACQ, AQLQ, and ACT (Table 7), as well as generic instruments such as the
EQ-5D, although additional assessments may be required for themes such as asthma-related
tiredness, which are not typically reported in the standardised assessments.

Table 7: Comparison of disease-specific, validated PRO measures commonly used to
assess quality of life in asthma

PRO measure

Description

Scoring

Minimally important
difference

Asthma
Control
Questionnaire
(ACQ)

7-item questionnaire to assess
daytime and night-time
symptoms, FEV1, and rescue
32-agonist use; 5 and 6-item
versions (ACQ-5 and 6) also
available

Items scored on a 0-7 scale,
with low numbers representing
better control. Total scores
range from 0 (totally controlled)
to 6 (severely uncontrolled)

A change in score of
0.5

Asthma
Quality of Life
Questionnaire

32-item questionnaire to
assess asthma-related quality
of life across the domains of

Items scored on a 1-7 scale,
with low numbers indicating
worse quality of life. Total scores

A difference of 0.5
for overall quality of
life and for each of

Control Test
(ACT)

patients with poorly controlled
asthma, across domains of
symptoms, rescue medication
use, daily functioning, and self-
assessed asthma control

with lower numbers representing
worse asthma control. Total
scores range from 5-25, with
scores >19 indicating well-
controlled asthma

(AQLQ) symptoms, activity limitations, | range from 1 (severely impaired) | the individual
emotional function, and to 7 (not impaired at all) domains
environmental exposure

Asthma 5-item questionnaire to identify | Items scored on a 1-5 scale, 3 points between two

groups or for
changes over time

PRO: patient-reported outcome
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Quality of life decreases with increasing severity of disease. Compared with patients with

moderate-severe controlled disease, patients with severe uncontrolled asthma:

e experience more symptoms, night time awakenings, rescue medication use, activity
impairment, and worse QoL compared with those who are controlled (Bateman et al.
2007, Chen et al. 2007, Xu et al. 2017);

e had higher ACQ scores (mean 3.8 vs. 2.4, respectively) (Quirce et al. 2011) and lower
ACT scores (mean 17 vs. 24) (Novelli et al. 2015), indicating poorer asthma control;
and

e had lower AQLQ scores (mean 3.5 vs. 4.8, respectively) (Quirce et al. 2011), indicating

worse QoL

Further, a large European survey (N=8000) reported that 91.7% of uncontrolled asthma
patients had symptoms that affected normal daily activities at least 1 day per week, compared

with 0% of controlled asthma patients (Price et al. 2014).
Economic burden

Although patients with severe uncontrolled asthma comprise a small proportion of the total
asthma population, they have substantially more healthcare resource use (HCRU) than

patients with moderate or mild asthma (O'Neill et al. 2015).

Analysis of UK CPRD/OPCRD data has found that patients with severe uncontrolled
eosinophilic asthma have 2.5 times more GP visits, 4.1 times higher asthma-related ED
attendance, 6.8 times more hospital-based specialist visits, and 7.6 times more
hospitalisations, on average, compared with the overall asthmatic population (Table 8)
(Kerkhof et al. 2017).

This increased resource use leads to increased costs; for example in this UK CPRD/OPCRD
study, total mean asthma-related costs were found to be £861 per year for patients with severe
uncontrolled eosinophilic asthma, compared with £222 for the main study population (i.e., the
general asthma population), representing a cost ratio of 3.9 (95% CI: 3.7 - 4.1) (Table 8)
(Kerkhof et al. 2017).

Table 8: Mean asthma-related HCRU, associated direct costs (in 2015 £), and cost

ratios for patients with SUEA compared with the overall UK asthma population, per
year

Outcome, mean (SD) All patients SUEA HCRU and cost
(n=363558/146485%) (n=2940/1206%) ratios
GP visitt
Number 1.36 (1.57) 2.67 (2.80) 2.5(2.4t0 2.6)
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Costs £30.8 (49.8) £77.0 (107.5)
Hospital-based specialist visit
Number 0.04 (0.33) 0.30 (0.96) 6.8 (6.0t07.7)
Costs £6.9 (52.2) £46.7 (149.2)
Asthma-related ED attendance
Number 0.01 (0.11) 0.04 (0.25) 4.1(3.21t05.3)
Costs £1.6 (18.8) £6.6 (44.7)
Hospitalisation*
Number 0.01 (0.12) 0.05 (0.38) 7.6 (4.7 to 11.6)
Costs £10.4 (194.7) £78.7 (660.3)
Medication cost £170.1 (218.2) £645.4 (285.4) 3.8 (3.7t03.9)
Total costs* £222.0 (337.2) £861.0 (811.9) 3.9(3.7t0 4.1)

*The first number in the column headers represents the total number of patients in the CPRD dataset. The second number
represents those patients in the Clinical Practice Research Datalink who also had linked Hospital Episode Statistics (HES - a
data warehouse containing more complete and reliable information on inpatient hospital admissions). Linkage of the CPRD and
HES datasets for these patients was used to determine hospitalisations and associated costs, as factored into total costs.

The SUEA cohort with HES data included 26 (2.2%) patients <18 years old.

195% CI, based on 1000 bootstrap replicates.

1GP visits included consultations with primary care physicians and asthma nurses.

ED, emergency department; GP, general practice; HCRU, healthcare resource use; OCS, oral corticosteroids; SUEA, severe,
uncontrolled eosinophilic asthma.

Source: (Kerkhof et al. 2017)

As well as direct costs, severe uncontrolled asthma carries a substantial indirect cost burden
due to loss of productivity and absenteeism. Few studies have attempted to quantify this
burden, but one UK study found that asthma or asthma symptoms accounted for 2.8 million
school absences and 4.1 million lost work days annually, with 36,800 disability living allowance
claims (Mukherjee et al. 2016). Another study found that patients who were on maximal dose
of ICS/LABA but still uncontrolled had 9-12 additional days of work lost per year (for those
aged 219) (Sullivan et al. 2007). Further, in a pooled analysis of severe asthma patients with
blood eosinophils 2300 cells/ul and =23 exacerbations in the previous year from the SIROCCO
and CALIMA benralizumab trials (the subgroup for which a NICE recommendation is sought),
a mean estimated average of 6 hours was lost from work per week due to health problems at

baseline (AstraZeneca data on file 2017, Xu et al. 2017).

Burden of OCS use

Patients with severe uncontrolled asthma are more likely to need frequent use of OCS
compared with patients with moderate disease (ENFUMOSA 2003, Antonicelli et al. 2004, Van
et al. 2006, Moore et al. 2007, Heaney et al. 2010); approximately 40% of severe asthma
patients regularly use OCS to control their asthma in the UK. Patients with a high blood
eosinophil count are also more often OCS-dependent compared with those with low blood

eosinophils (20.8% versus 8.9%, respectively)(de Groot et al. 2016).
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Frequent or chronic use of OCS in asthma is associated with short-term and long-term
detrimental side effects including osteoporosis, peptic ulcers, cataracts, adrenal suppression,
weight gain, hypertension, mood problems, high blood pressure, and Type 2 diabetes mellitus
(Manson et al. 2009, Lefebvre et al. 2015, Price 2017).

To better understand the impact of OCS use in a UK population, AstraZeneca recently
conducted a real-world study using CPRD linked with HES data and OPCRD, which looked at
the association between different measures of OCS exposure and the incidence of related
conditions, both in the overall patient population and those diagnosed with asthma. The study
further evaluated healthcare resource use over time and by dose exposure (AstraZeneca data
on file 2017).
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maintenance OCS on average cost 43% more than those not on maintenance OCS. Non-
medication costs (19% greater) and non-asthma-related medication were also higher (58%
greater) for patients on OCS maintenance therapy. Non-asthma medication included proton
pump inhibitors and bisphosphonates, examples of therapies used to manage side effects of
OCS-induced morbidity (O'Neill et al. 2015).

Similarly, a study based on CPRD/OPCRD data found that asthma patients who were
receiving maintenance OCS compared with patients in the overall asthma population incurred

an average each year of:

e 1.7 times more GP visits (1.93 versus 1.36, respectively)

e 5.7 times more hospital-based specialist visits (0.31 versus 0.04, respectively)
e 6.7 times more hospitalisations (0.04 versus 0.01, respectively)

e 2.1 times higher medication costs (£363.6 versus £170.1, respectively), and

o 2.5times higher overall costs (£552 versus £222, respectively)

in terms of mean asthma-related HCRU and associated direct costs (Kerkhof et al. 2017).

These findings are reflective of the higher disease burden faced by patients requiring OCS.
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B.1.3.2 Current clinical pathway

Goal of treatment

The aim of asthma management is control of the disease. Complete control of asthma is
defined as (BTS/SIGN 2016):

e no daytime symptoms

¢ no night-time awakening due to asthma

¢ no need for rescue medication

e no asthma attacks

e no limitations on activity including exercise

e normal lung function (in practical terms FEV, and/or PEF>80% predicted or best)

e minimal side effects from medication.

For patients with severe asthma, many of these goals will be inaccessible, and priorities may
surround relative rather than complete improvements for these outcomes (NHS England
2017).

General treatment approach
Medications to treat asthma can be described as controllers or relievers.

Controllers are maintenance medications taken daily on a long-term basis to keep asthma
under clinical control chiefly through their anti-inflammatory effects. Controllers include inhaled
corticosteroids (ICS), ICS/long-acting B-agonist (LABA) combinations, leukotriene modifiers,
sustained release theophylline, and long-acting muscarinic antagonists (LAMA) (BTS/SIGN
2016, GINA 2017). Previously, systemic oral corticosteroids (OCS) were the only option for
asthmatics not controlled by these therapies; however, for severe allergic asthmatics with
recurrent exacerbations, the anti-immunoglobulin E (IgE) monoclonal antibody omalizumab is
available, while the IL-5-targeting therapies mepolizumab and reslizumab were both approved
by NICE in 2017.

Relievers are used on an as-needed basis to control acute symptoms of asthma by promoting
bronchodilation. These medications are usually short-acting oral B2 agonists (SABAs), but also
include options such as inhaled anticholinergics, short-acting theophylline, and ICS/LABAs

that have a maintenance and reliever therapy (MART) licence as a reliever.
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Treatment guidelines

In the UK, the most commonly used treatment guidelines are those from BTS/SIGN and those

recently published by NICE. Key principles of pharmacological management for asthma, as
described by BTS/SIGN, are presented in Figure 9 (BTS/SIGN 2016).

Figure 9: BTS/SIGN guidelines for the management of asthma

Move down to find and maintain lowest controlling therapy Move up to improve control as needed

Adult asthma - suspected Adult asthma - diagnosed

High dose
Additional add-  therapies
== on therapies
Initial add-on p Consider trials of-

: i ing ICS up t
Consider Regular therapy Increased dose of ICS Irll}gchm:ilsl- additlilon(:)f
monitored reventer + | ABA depending on

Infrequent, P! ; a fourth drug, e.g.
inhalation of i Add inhaled LABA0 | ABA response, or LTRA, SR
B} short-lived i d Ics low-dose ICS consider trial of 3
treatment with wheeze = (normally as a ICS/LABA plus LTRA, theophyliine, (-
low-dose ICS combination inhaler) SR theophylling, or agonist tablet, LAMA
LAMA Refer for specialist care

Continuous or
frequent use of
oral steroids

Use daily steroid
tablet in the lowest
dose providing
adequate control;
maintain high-dose
ICS; consider other
treatments to
minimise use of
steroid tablets

Refer for specialist care

Short-acting B2-agonist as required. Consider moving up if using three times a week or more

Diagnosis and assessment Evaluation:_assess symptoms, measure lung function, check inhaler technique and _adherence;
adjust dose; update self-management plan; move up and down as appropriate

ICS = inhaled corticosteroid; LABA = long acting beta agonist; LTRA = leukotriene receptor antagonist; LAMA = long acting
muscarinic receptor antagonist

Source: (BTS/SIGN 2016)

A stepwise approach to treatment is recommended, moving up to improve control as needed,

and moving down to find and maintain the lowest controlling therapy.

ICS are the recommended preventer drug for adults and children, for achieving overall
treatment goals. LABAs are the first choice for add-on therapy to ICS in adults, and should be
considered before increasing the dose of ICS. If asthma control remains suboptimal after the
addition of a LABA, more intense treatment should be considered following a reassessment
of diagnosis, adherence, and inhaler technique. For patients who demonstrate an
improvement when a LABA is added but for whom control remains inadequate, options include
increasing the ICS dose, or adding on a LTRA, LAMA, or theophylline. For patients who do
not demonstrate an improvement when a LABA is added, the LABA should be stopped and
an increased dose of ICS, an LTRA, or a LAMA (off-label) should be added.
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For patients who are inadequately controlled on a combination of SABA, medium-dose ICS,
and an additional drug (usually a LABA), there are limited options. BTS/SIGN states that the
addition of tiotropium to high-dose ICS plus LABA may confer some additional benefit in
inadequately controlled adults, although results are currently inconclusive. Other options
include stepping up ICS to a high dose (adults) or medium dose (children), or adding an LTRA,
theophylline, or slow-release 32 agonist. BTS/SIGN does not indicate a preference for either
of these options based on the available evidence, although it is acknowledged that the

potential for side effects is greater with theophyllines and B2 agonist tablets.

The recently updated NICE guidance on asthma management also recommends a stepwise
approach, but with some differences in the sequence of treatment options (such as earlier
positioning of ICS/LTRA, and a preference for a maintenance and reliever regimen over SABA
for reliever therapy if uncontrolled on low-dose ICS/LABA) (NICE 2017).

Severe uncontrolled asthma

For those patients who remain inadequately controlled despite stepping up to high dose
therapies, the recommended treatment option is daily OCS (prednisolone), at the lowest dose
providing adequate control. Patients requiring OCS should generally be referred to specialist
care, and monitored for OCS-induced side effects, such as elevated blood pressure, diabetes,

decreased bone mineral density (BMD), cataracts, and glaucoma.

Alternatives to OCS are severely limited, but include the biologic treatments mepolizumab and
omalizumab (Siergiejko et al. 2011, Bel 2014)(OCS-sparing data for reslizumab have not been
published).

Mepolizumab has a marketing authorisation as an add-on treatment for severe refractory
eosinophilic asthma in adult patients. Mepolizumab is a humanised, IL-5 antagonist
monoclonal antibody that acts by binding to IL-5 and inhibiting IL-5 signalling, thereby reducing
the production and survival of eosinophils. Mepolizumab is administered via SC injection, once
every 4 weeks. Regulatory approval was granted on the basis of three RCTs — DREAM,
MENSA, and SIRIUS, which demonstrated an improvement in exacerbation rates compared
with placebo (Pavord 2012, Bel 2014, Ortega et al. 2014). The most commonly-reported side

effects in clinical trials were headache, injection-site reactions, back pain (EMA 2016).
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NICE has recommended mepolizumab as an add-on to optimised standard therapy, as an
option for treating severe refractory eosinophilic asthma in adults, only if: the blood eosinophil
count is 300 cells/microlitre or more in the previous 12 months; and, the person has agreed to
and followed the optimised standard treatment plan, and has had 4 or more asthma
exacerbations needing systemic corticosteroids in the previous 12 months; or has had
continuous oral corticosteroids of at least the equivalent of prednisolone 5 mg per day over
the previous 6 months. Continuation of treatment is conditional on an adequate response at
12 months and each year thereafter (NICE 2017).

Reslizumab is licensed as add-on therapy in adult patients with severe eosinophilic asthma,
inadequately controlled despite high-dose ICS plus another medicinal product for
maintenance treatment. Reslizumab is administered by IV infusion every 4 weeks; the
recommended dose is dependent on body weight. Like mepolizumab, reslizumab is a
humanised monoclonal antibody that binds to IL-5, interfering with the activity and survival of
eosinophils. Reslizumab was approved based on the results from three pivotal trials that
showed improvements in asthma exacerbations compared with placebo (Castro et al. 2011,
Castro et al. 2015). Blood creatine phosphokinase increased is listed as the only common AE

in the SmMPC, with anaphylactic reaction and myalgia listed as uncommon (EMA 2017).

NICE has recommended reslizumab for adult patients with a blood eosinophil count of 2400
cells per ul, AND who have had three or more severe asthma exacerbations needing systemic
corticosteroids in the past 12 months. Continuation of treatment is conditional on an adequate

response at 12 months and each year thereafter.

Omalizumab is licensed as add-on therapy to improve control of asthma in adults and children
with severe persistent allergic asthma who have: a positive skin test or in vitro reactivity to a
perennial aeroallergen; reduced lung function (FEV1<80% in adults and adolescents); frequent
daytime symptoms or night-time awakenings; and multiple documented severe exacerbations
despite daily high-dose ICS plus LABA. Omalizumab should only be considered for patients
with convincing IgE-mediated asthma. Administration is every 4 weeks by SC injection, with
the appropriate dose depending on baseline IgE levels and body weight. Omalizumab works
by binding to IgE and preventing it from binding to its receptor on basophils and mast cells,
thereby reducing the concentration of free IgE available to trigger the allergic cascade.
Regulatory approval was on the basis of one study that demonstrated a reduced rate of
asthma exacerbations for omalizumab compared with placebo. The most commonly reported
adverse reactions in adults in clinical studies were headache, injection site reactions, and
upper abdominal pain (EMA 2016).
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NICE has recommended omalizumab as an option for severe persistent confirmed allergic
IgE-mediated asthma, as an add-on to optimised standard therapy in people aged =6 years
who need continuous or frequent treatment with OCS (defined as 24 courses in the previous

year).

Outside of the UK, the GINA guidelines provide a globally accepted standard that has been
adopted by several European countries (GINA 2017). The GINA guidelines are broadly similar
to BTS/SIGN, but differences remain regarding dosing categories for ICS use and definitions

of exacerbations.

Current treatment patterns in the UK

A 2010 study based on data from the UK severe asthma registry (N=382) reported that 41.7%
of refractory asthma patients (based on the American Thoracic Society [ATS] definition) were
receiving maintenance OCS, with a mean OCS dose of 15 mg (Heaney et al. 2010). A more
recent study based on OPCRD/CPRD data found that 16.6% of patients with severe
eosinophilic asthma (SUEA) were receiving maintenance OCS, compared with 2.9% of
patients in the overall asthma population; all SUEA patients in this study were also receiving
high-dose ICS+LABA, compared with 12.8% in the overall population (Kerkhof et al. 2017). A
sub-analysis of data from this study found that 56% of patients who had experienced 3 or more
exacerbations in the past year and had an eosinophil count of at least 300 cells/ul were

receiving maintenance OCS (AstraZeneca data on file 2017).

In terms of biologic treatments, the NHS innovation scorecard has shown increasing use of
mepolizumab and omalizumab since these were recommended by NICE (in 2017 and 2013,
respectively), with an estimated 5.2 and 624 defined daily doses used per 100,000 population,
respectively, in Q4 2016/17 (defined daily dose is a WHO measure that represents the
assumed average maintenance dose per day for a drug used for its main indication in adults)
(NHS Digital 2017).

Unmet needs

Despite high-dose ICS plus a second controller (and/or systemic corticosteroids), some severe
asthma patients remain uncontrolled, continuing to suffer with daily symptoms, limited lung
function, frequent exacerbations, and poor QoL. These patients also often resort to long-term
dependence on chronic OCS (Price et al. 2014), which has a significant impact on their lives
(Walsh et al. 2001, Dean et al. 2009, Iribarren et al. 2012, Hyland et al. 2015).
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Patients with severe uncontrolled asthma and an eosinophilic phenotype present significant
clinical, humanistic, health, and cost burdens that demand optimised therapy for driving
improved outcomes (Hospers et al. 2000, Garcia et al. 2013, Talini et al. 2015, de Groot et al.
2016, Price et al. 2016).

Existing targeted therapies are limited in many patients with severe eosinophilic asthma. For
example, omalizumab, which specifically targets IgE, is not known to be effective in severe
non-allergic eosinophilic asthma, and is also poorly effective in severe allergic asthmatics
requiring maintenance OCS (Hanania et al. 2011). Biologics that target the cytokine IL-5
(mepolizumab and reslizumab) indirectly target eosinophils, causing a decline in blood
eosinophilia, but show only variable efficacy in reducing tissue eosinophilia and no effect on
the number of eosinophil progenitors in the bone marrow (NAEPP 2007, Straumann et al.
2010, Fulkerson et al. 2013, Rosenberg et al. 2013, Mukherjee et al. 2014). Mepolizumab also
requires reconstitution before subcutaneous administration, while reslizumab requires an
intravenous infusion. Both require 4-weekly dosing (reslizumab dosing is also weight-

dependent), with associated resource use.

New, targeted products are therefore needed to reduce the frequency and severity of
exacerbations and hospitalisations, avoid further loss of pulmonary function, and limit drug

toxicity associated with OCS, while providing dosing simplicity and convenience for patients.

Role of benralizumab in the clinical pathway

Benralizumab is expected to meet unmet clinical needs in the treatment of severe,
uncontrolled eosinophilic asthma, through its innovative mechanism of action and simple SC

dosing schedule.

As an anti-eosinophil humanised, monoclonal antibody, benralizumab specifically binds to the
human IL-5 receptor alpha (IL-5Ra), with a unique mode of action. By binding to eosinophils
through IL-5Ra, benralizumab blocks the binding of the IL-5 ligand to its receptor, and inhibits
the activity of IL-5 and the subsequent activation of the eosinophil. Additionally, due to an
afucosylated section on the molecule itself, benralizumab increases the affinity of eosinophils
to Natural Killer (NK) cells. This leads to a rapid and near complete depletion of eosinophils
and basophils through enhanced antibody-dependent cell-mediated cytotoxicity (ADCC),
resulting in a systemic efficacy response (Laviolette et al. 2013). Benralizumab results in near
complete depletion of blood eosinophils within 24 hours following the first dose, which is
maintained throughout the treatment period, and reduces airway mucosal eosinophils by 96%
at day 84 (Laviolette et al. 2013).
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In contrast, mepolizumab and reslizumab act by binding to IL-5 and inhibiting IL-5 signalling,
thereby indirectly reducing the activation, proliferation, and survival of eosinophils (Figure 1)

— this ultimately results in eosinophil reduction but not depletion.

Figure 10: Mode of action of benralizumab
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ADCC: Antibody-dependent cell-mediated cytotoxicity; IL-5: Interleukin 5; IL-5R: Interleukin 5 receptor; NK: Natural killer

Currently, benralizumab is also the only anti-eosinophilic treatment available with simple
administration via an accessorised prefilled syringe by a healthcare provider for SC injection
and every 8-week dosing. The less frequent dosing schedule for benralizumab and avoidance
of the need for reconstitution (as for mepolizumab and reslizumab, which also require every
4-weekly dosing) may therefore reduce the humanistic and economic burden of severe asthma

through lower resource use.

By targeting the subgroup of patients with =300 eosinophils per pl, and either =3 prior
exacerbations in the past year or 6 months of continuous OCS use (Figure 11), benralizumab

can bengefit the patients who need it most.

Figure 11: Context of benralizumab in the clinical pathway of care
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B.1.4 Equality considerations

AstraZeneca does not anticipate the use of this technology to result in any equality issues.
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B.2 Clinical effectiveness

Summary of key points

Overview of clinical trial programme

The clinical evidence presented in this submission for benralizumab is based on three
randomised controlled Phase Il trials: SIROCCO, CALIMA, and ZONDA

The primary outcome in SIROCCO and CALIMA was the reduction in the annual asthma
exacerbation rate versus placebo. The primary outcome in ZONDA was the reduction
in median daily OCS dose. All three studies were conducted in patients with

uncontrolled severe eosinophilic asthma

The clinical evidence demonstrates that benralizumab is effective at reducing asthma
exacerbations, reducing the use of OCS, and improving asthma symptoms. These
efficacy outcomes are highly clinically relevant for patients with severe uncontrolled

eosinophilic asthma

ITT data versus SOC

In SIROCCO, CALIMA, and ZONDA trials, benralizumab significantly:

reduced the annual rate of asthma exacerbations by 51% compared with placebo in
SIROCCO (p<0.0001), by 28% in CALIMA (p=0.0188), and by 70% in ZONDA (nominal
p<0.001) (differences in exacerbation reductions between SIROCCO and CALIMA are

likely to have been driven by regional differences in baseline exacerbation history, as

well as a strong placebo response in CALIMA)

reduced a patient's exposure to and dependence on chronic OCS; in ZONDA,

benralizumab was associated with a 75% median reduction in OCS dose compared with
25% for placebo (p<0.001), and a 4-times higher odds of achieving a reduction in OCS
dose. Benralizumab resulted in OCS being completely withdrawn in 52% of eligible
patients (vs 19% in placebo; p=0.002), thereby reducing and avoiding the long-term
detrimental effects of the OCS burden

improved pulmonary function by 159 ml in SIROCCO (p=0.0006), by 116 ml in CALIMA
(p=0.010), and by 112 ml in ZONDA (NSS; nominal p=0.129), compared with placebo,

which is clinically meaningful

reduced asthma symptoms, improved asthma control, and improved asthma-associated

Qol, with statistically significant improvements seen for PRO measures including the

total asthma symptom score
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The rate of adverse reactions (including any AE, AEs leading to discontinuation, and SAEs)
across the Phase 3 trials was comparable between the benralizumab and placebo arms. Most

AEs were mild to moderate in intensity, and were not considered to be related to treatment.

Sub-group data versus SOC for the population in which a recommendation is sought
(severe eosinophilic asthma inadequately controlled, despite high-dose ICS plus LABA, with
blood EOS count 2300 cells per ul, AND either =23 prior asthma exacerbations needing systemic
corticosteroids in the previous 12 months OR treatment with continuous OCS over the previous

6 months)

Pooled SIROCCO/CALIMA data (sub-group with high-dose ICS [= 800ug FP daily] plus LABA,
blood eosinophils = 300 cells/ul, and 3+ exacerbations in prior year): Benralizumab reduced
the annual asthma exacerbation rate by 53% (RR: 0.47; 95% CI: 0.32, 0.67; p<0.001), improved
FEV1 by 254 ml (change from baseline of 0.485 vs 0.231, respectively; p<0.001), and improved
the ACQ-6 score from baseline by -0.43 points (-1.59 vs -1.16, respectively; p=0.002),
compared with placebo when added to SOC.

In the ZONDA subgroup with blood eosinophils 2300 cells/pl, benralizumab reduced the annual

exacerbation rate by | - the median
percentage reduction in OCS dose was I
(Hodges-Lehman difference in medians: | EGcCcNGEEEEEEEEEEEEEEE

Comparative effectiveness versus mepolizumab and reslizumab

In the absence of head-to-head trials against the comparators mepolizumab and reslizumab,
the feasibility of conducting an indirect comparison was assessed. Cross-trial differences
required a matching-adjusted indirect comparison (MAIC) versus mepolizumab, which showed
|

Analyses were carried out in the overall population, and assumed to be generalisable to the
mepolizumab NICE-recommended population, due to a lack of data for mepolizumab in this
subgroup. For the comparison between benralizumab and reslizumab, high heterogeneity
between trials meant that a robust MAIC was not feasible. Therefore, equivalent efficacy has
been assumed for benralizumab and reslizumab in exacerbation reductions and ACQ

transitions (reslizumab OCS-sparing data are currently not available).
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B.2.1 Identification and selection of relevant studies

Search strategy

A systematic literature review was conducted to identify relevant studies of benralizumab in
severe asthma, in accordance with NICE guidance, and the University of York Centre for
Reviews and Dissemination (CRD) standards and Cochrane standards. Findings are reported
according to the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Searches were conducted on 17th October 2017 in Medical Literature Analysis and Retrieval
System Online (MEDLINE®), Excerpta Medica Database (Embase®), MEDLINE® In-
Process, and Cochrane (Central Register of Controlled Trials [CENTRAL]) databases. In
addition, relevant conference proceedings, manufacturers’ websites, and HTA submission

dossiers were hand-searched to identify additional relevant evidence.

The search terms included disease terms, a study design filter, and drug terms for agents
licensed for the treatment of severe asthma. The study design filter was adapted from the
Scottish Intercollegiate Guidelines Network (SIGN) guidelines to identify RCTs using a

combination of Medical Subject Headings (MeSH) and free text terms.

A two-stage screening process was adopted, with a first-pass screening for titles and abstracts
followed by second-pass screening for full-text publications. Screening was carried out by two
independent reviewers, with any discrepancies reconciled by a third independent reviewer.

Study selection

Eligibility criteria were specified in terms of population, intervention, comparators, outcomes

and study design (PICOS) criteria, as described in Table 9.

Table 9: Eligibility criteria (PICOs) for the systematic review

Population e Age: adults and adolescents (212 years)

e Gender: any

e Race: any

¢ Disease: severe asthma that is uncontrolled despite treatment with medium- to
high-dose ICS plus at least one additional controller

Interventions e Benralizumab

Comparators e Biologics (approved and in development)

e Mepolizumab

e Omalizumab

e Reslizumab

¢ Placebo/best supportive care

e Medium or high-dose ICS + at least one additional controller.

e High-dose ICS + 1 additional controller (e.g. LABA/LTRA/LAMA/theophylline)

e Medium dose ICS + 1 additional controller (e.g. LABA/LTRA/LAMA/theophylline)
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¢ High-dose ICS + 2 additional controller (e.g. LABA + LAMA/LABA+LTRA)
e High-dose ICS + at least one additional controller + OCS maintenance treatment

Outcomes of
interest

Efficacy and quality of life outcomes:
¢ Pre-bronchodilator FEV1
¢ Post-bronchodilator FEV+
e Peak expiratory flow
e Asthma exacerbation (overall exacerbation, exacerbations requiring systemic
corticosteroids, ER visit and/or hospitalisation)
¢ Definition of exacerbation
e Number of patients with exacerbations
e Total number of exacerbations experienced over the duration of the study
¢ Mean rate of exacerbations per patient per year
¢ Time to first exacerbation
e Symptom-free days
¢ Asthma control measured by ACQ
e Asthma symptoms (overall, day-time, night-time symptom, night-time awakening)
¢ Oral corticosteroids sparing efficacy
e AQLQ or mini AQLQ

e SGRQ

e EQ-5D

o WPAI
Safety outcomes: e Hoarseness or dysphonia

¢ Any adverse events o Mortality

¢ Any serious adverse events e Nausea

¢ Any treatment-related adverse ¢ Oral candidiasis

events e Pneumonia

¢ Bronchitis ¢ Palpitations

e Cardiac events ¢ Sinusitis

e Cough e Tremor

e Dry mouth e Upper respiratory tract infections
Tolerability

o All withdrawals
¢ Withdrawal due to adverse events
¢ Withdrawal due to lack of efficacy

Study designs

e RCTs

Language e Database to be searched irrespective of language

e English language studies were included in SLR
Publication o Database inception to present date (searched initially on 17th June 2016 and
timeframe subsequently on 17 October 2017)

e Conference proceedings for past 3 years (searched on 17 October 2017)

ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; ER: Emergency room; EQ-5D: EuroQoL 5D;
FEV: Forced expiratory volume in one second; ICS: Inhaled corticosteroid; LABA: Long-acting beta-2 agonist; LAMA: Long-
acting muscarinic antagonist; LTRA: Leukotriene receptor antagonist; RCT: Randomised controlled trial; SGRQ: St. George’s
Respiratory Questionnaire; SLR: Systematic literature review; WPAI: Work Productivity and Activity Impairment

Identified trials

A total of seven completed clinical studies that met the inclusion criteria were identified for

benralizumab (Table 10).
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Table 10: Summary of identified benralizumab clinical trials in patients with severe

asthma
Study name Study Sample | Interventions Description
phase size (N)
SIROCCO Phase Il | 1,205 Benralizumab; 30 mg Q4W | Efficacy and safety study of
(NCT01928771) B i b: 30 Q8w benralizumab added to high-dose
(Bleecker 2016) enralizumab; SY mg ICS plus LABA in patients with
Placebo uncontrolled asthma
CALIMA Phase Il | 1,306 Benralizumab; 30 mg Q4W | Efficacy and safety study of
(NCT01914757) B i b: 30 Q8w benralizumab added to medium-
(FitzGerald enralizumab; SY mg dose or high-dose ICS plus LABA
2016) Placebo in patients with uncontrolled
asthma
ZONDA Phase Il | 220 Benralizumab; 30 mg Q4W | Reducing OCS use in patients
(NCT02075255) . ] with uncontrolled asthma on high
(Nair et al. Benralizumab; 30 mg Q8W dose ICS plus LABA and chronic
2017) Placebo OCS therapy
Castro 2014 Phase Il | 609 Benralizumab; 2 mg Efficacy study of multiple
(NCT01238861) B i b: 20 subcutaneous doses of
(Castro et al. enrafizumab, 2L mg benralizumab or placebo in adult
2014) Benralizumab; 100 mg subjects with uncontrolled asthma
Placebo
Park 2016 Phase Il | 106 Benralizumab; 2 mg Efficacy study of the effect of
(NCT01412736) B i b: 20 multiple subcutaneous doses of
(Park et al. enrafizumab, 2L mg benralizumab on the annual
2016) Benralizumab; 100 mg asthma exacerbation rate in adult
subjects with uncontrolled,
Placebo suspected eosinophilic asthma
Nowak 2015 Phase Il | 110 Benralizumab 0.3 mg/kg Efficacy study of single
(NCT00768079) B i b 1 malk intravenous doses of
(Nowak et al. enrafizumab 1 mg/kg benralizumab in adult subjects
2015) Placebo who required an urgent
healthcare visit for treatment of an
acute asthma exacerbation
NCT01947946 Phase Il | 13 Benralizumab; 30 mg Q4W | Efficacy and safety study of

Benralizumab; 30 mg Q8W

Placebo

benralizumab added to medium-
dose ICS plus LABA in patients
with uncontrolled asthma — this
trial was terminated due to
sponsor decision

Of note are two additional key trials for benralizumab (BISE and GREGALE) that did not meet

the inclusion criteria. BISE was a randomised, placebo-controlled, double-blind Phase 3 trial

in patients with mild to moderate persistent asthma (Ferguson et al. 2017), and was excluded

due to being conducted in a milder asthmatic population. GREGALE was a Phase 3 trials that

assessed the functionality,

reliability,

and performance of a pre-filled syringe with

benralizumab administered at home, and was excluded as it was open-label and single-arm;

further, the trial was not powered to assess efficacy outcomes (Clinicaltrials.gov 2017).
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See Appendix D.1 for full details of the process and methods used to identify and select the

clinical evidence relevant to this submission.

B.2.2 List of relevant clinical effectiveness evidence

After consideration of the available evidence, three pivotal Phase 3 randomised, controlled
studies were considered the most relevant to the decision problem, i.e., patients with severe,
uncontrolled eosinophilic asthma: SIROCCO, CALIMA, and ZONDA (Table 11).

¢ SIROCCO and CALIMA were similar studies that evaluated the efficacy and safety of
benralizumab in patients with asthma who remained uncontrolled on high (SIROCCO)
or medium to high (CALIMA) doses of ICS/LABA, with or without concomitant OCS

e ZONDA was an OCS sparing trial, that aimed to confirm if benralizumab can reduce
OCS dependence (after dose optimisation) in patients who are uncontrolled on high-
dose ICS plus LABA, and chronically dependent on OCS

Two different dosing regimens were evaluated in the above Phase 3 trials. In line with the
licensed indication, only the results for the licensed dose (Q8W) will be presented. While the
full ITT results are presented here, to reiterate, the focus of this submission is on the patient
subgroup for which a NICE recommendation is sought (i.e., patients with blood eosinophil
count 2300 cells per pL, and either 23 exacerbations needing systemic corticosteroids in the
past 12 months, or 26 months previous treatment with OCS), with subgroup analyses from
SIROCCO, CALIMA, and ZONDA demonstrating the safety and efficacy of benralizumab in

this specific patient group.

In terms of identified but excluded studies, Castro 2014, Nowak 2015, and Park 2016 were
excluded because they were Phase 2 studies that evaluated unlicensed dosing regimens of
benralizumab. Study NCT01947946 was excluded as it was terminated with 13 randomised

patients and no results were available.
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Table 11: Clinical effectiveness evidence

receiving high-dose ICS plus LABA
with/without additional asthma controller(s)
and having a history of 2 or more asthma
exacerbations in prior year (N=1,204
randomised and received treatment, pre-
specified blood eosinophil 2300/uL and
<300/uL [2:1])

receiving medium to high-dose ICS plus
LABA with/without additional asthma
controller(s) and having a history of 2 or more
asthma exacerbations in the prior year
(N=1306 randomised and received treatment,
pre-specified blood eosinophil 2300/uL and
<300/uL [2:1])

Study SIROCCO (NCT01928771) (Bleecker 2016) | CALIMA (NCT01914757) (FitzGerald 2016) | ZONDA (NCT02075255) (Nair et al. 2017)

Study design Randomised, Double-blind, Parallel Group, Randomised, Double-blind, Parallel Group, Randomised, Double-blind, Parallel Group,
Placebo controlled Placebo controlled Placebo controlled

Population 12 to 75 years with uncontrolled asthma 12 to 75 years with uncontrolled asthma 18-75 years with uncontrolled asthma

receiving high-dose ICS plus LABA and
chronic OCS with or without additional
asthma controller(s) with blood eosinophils
2150 cells/pL and having a history of 1 or
more exacerbation in the prior year

Intervention(s)

For adults and non-EU adolescents: 30 mg
subcutaneous injection for 48 weeks of
either:

e Benralizumab Q4W or

e Benralizumab Q4W x 3 and Q8W x 4
(with placebo injection at the 4W interim)

For EU adolescents:* 30 mg subcutaneous
injection for 48 weeks treatment period of:

e Benralizumab Q4W x 3 and Q8W x 4

For adults and non-EU adolescents: 30 mg
subcutaneous injection for 56 weeks of
either:

e Benralizumab Q4W or

e Benralizumab Q4W x 3 and Q8W x 5
(with placebo injection in interim)

For EU adolescents:* 30 mg subcutaneous
injection for 56 weeks treatment period of:

e Benralizumab Q4W x 3 and Q8W x 5

30 mg subcutaneous injection for 28 weeks
treatment period of either:
e Benralizumab Q4W

e Benralizumab Q4W x 3 and Q8W x 2
(with placebo injection in interim)

authorisation

Comparator(s) | For adults and non-EU adolescents: Placebo | For adults and non-EU adolescents: Placebo | Placebo Q4W
Q4w Q4w
For EU adolescents: Placebo Q4W x 3 and For EU adolescents: Placebo Q4W x 3 and
Q8W x 4 Q8W x 5
Indicate if trial | Yes Indicate if trial | Yes Yes to both Yes to both
supports used in the
application for economic
marketing model
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Rationale for Pivotal clinical trial Pivotal clinical trial Pivotal clinical trial
use/ non-use in
the model
Reported e Annual asthma exacerbation rate (primary | ¢ Annual asthma exacerbation rate (primary | e« Percentage reduction in final OCS dose
outcomes endpoint) endpoint) compared with baseline (primary
ZZE?slif::)end inthe | Pulmonary function e Pulmonary function endpoint)
problem e Asthma symptom score and other asthma | ¢ Asthma symptom score and other asthma | ® Pro;gortlon of patients with 25%, 50% and
control metrics (e.g., ACQ-6) control metrics (e.g., ACQ-6) 100% reduction, and final OCS dose <5.0
. . . . . . mg/day
e Exacerbations associated with emergency | ¢ Exacerbations associated with emergency .
room visit or hospitalisation room visit or hospitalisation e Annual asthma exacerbation rate
e QoL (AQLQ(S)+12, EQ-5D) o QoL (AQLQ(S)+12, EQ-5D) o Exacerbations associated with emergency
N o room visit or hospitalisation
¢ HCRU and productivity loss (WPAI+CIQ) ¢ HCRU and productivity loss (WPAI+CIQ) « Pulmonary function
e Asthma symptom score and other asthma
control metrics (e.g., ACQ-6)
e QoL (AQLQ(S)+12)

All other N/A N/A N/A
reported
outcomes

* The rationale for the different dosing regimen in adolescents in the EU was based on the Paediatric Committee at the European Medicines Agency’s (PDCO) request to limit drug burden in
adolescents and to study only the less frequent dose in this patient population
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B.2.3

effectiveness evidence

Summary of methodology of the relevant clinical

The methodology for the three key trials is summarised in Table 12, and is presented in further

detail below.

Table 12: Comparative summary of trial methodology

Trial

SIROCCO
(NCT01928771)

CALIMA
(NCT01914757)

ZONDA
(NCT02075255)

Trial design

Randomised, Double-blind,
Parallel Group, Placebo
controlled

Randomised, Double-blind,
Parallel Group, Placebo
controlled

Randomised, Double-blind,
Parallel Group, Placebo
controlled

Key eligibility criteria
for participants*

o Aged 12-75 years
o Weight at least 40 kg

e 2 or more asthma
exacerbations in prior
year

e Uncontrolled asthma
receiving high-dose
ICS plus LABA
with/without additional
asthma controller(s)

o Aged 12-75 years
o Weight at least 40 kg

e 2 or more asthma
exacerbations in prior
year

e Uncontrolled asthma
receiving medium to
high-dose ICS plus
LABA with/without
additional asthma
controller(s)

o Aged 18-75 years

¢ Receiving high-dose
ICS plus LABA and
chronic OCS with or
without additional
asthma controller(s)

¢ Blood eosinophils 2150
cells/uL

e 1 or more asthma
exacerbations in prior
year

Settings and
locations where the
data were collected

374 centres in 17
countries, including 24 UK
centres

303 centres in 11 countries

89 centres in 12 countries

Trial drugs

Permitted and
disallowed
concomitant
medication

Benralizumab 30 mg/mL
SC, every 4 weeks, or
every 4 weeks for the first
three doses and every 8
weeks thereafter (with
matching placebo at the 4
week interim to maintain
blinding), or matching
placebo?

Patients continued to
receive any other asthma-
controller medications

Benralizumab 30 mg/mL
SC, every 4 weeks, or
every 4 weeks for the first
three doses and every 8
weeks thereafter (with
matching placebo at the 4
week interim to maintain
blinding), or matching
placebo”

Patients continued to
receive any other asthma-
controller medications

Benralizumab 30 mg/mL
SC, every 4 weeks, or
every 4 weeks for the first
three doses and every 8
weeks thereafter (with
matching placebo at the 4
week interim to maintain
blinding), or matching
placebo

Patients continued to
receive any other asthma-
controller medications

Primary outcomes

Annual asthma
exacerbation rate ratio
versus placebo

Annual asthma
exacerbation rate ratio
versus placebo

Percentage reduction in
oral glucocorticoid dose
from baseline to week 28
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Other outcomes
used in the economic
model/specified in

Prebronchodilator FEV1,
total asthma symptom
score (a composite of

Prebronchodilator FEV1,
total asthma symptom
score (a composite of

% of patients who had a
reduction in the average
daily oral glucocorticoid

e (Geographic region
e Body mass index

e Number of
exacerbations in the
previous year

e Race

¢ Nasal polyps at
baseline

e |Immunoglobulin E at
baseline

e Atopic asthma at
baseline

e Prior treatment with
omalizumab

e Blood eosinophil levels

e (Geographic region
e Body mass index

e Number of
exacerbations in the
previous year

e Race

¢ Nasal polyps at
baseline

e Immunoglobulin E at
baseline

e Atopic asthma at
baseline

e Prior treatment with
omalizumab

¢ Blood eosinophil levels

the scope daytime and night-time daytime and night-time dose of 25% or more, of
symptoms scored 0-6 symptoms scored 0-6 50% or more, or of 100%
overall) at week 48, time to | overall) at week 56, time to | (discontinuation of oral
first asthma exacerbation, first asthma exacerbation, glucocorticoid therapy)
annual rate of asthma annual rate of asthma from baseline to end of the
exacerbations that were exacerbations that were maintenance phase, and
associated with a visit to associated with a visit to the % of patients with an
an emergency department | an emergency department | average final oral
or urgent care centre or or urgent care centre or glucocorticoid dose of 5.0
admission to hospital, post- | admission to hospital, post- | mg or less per day while
bronchodilator FEV4, ACQ- | bronchodilator FEV1, ACQ- | asthma control was
6 score, AQLQ(S)+12 6 score, AQLQ(S)+12 maintained. Annual asthma
score, EQ-5D, WPAI, score, EQ-5D, WPAI, exacerbation rate, time to
healthcare resource healthcare resource the first asthma
utilisation, adverse events utilisation, adverse events | exacerbation, percentage
of patients with at least one
asthma exacerbation
(including exacerbations
associated with emergency
department visits or
hospitalisation), FEV1
before bronchodilation,
total asthma symptom
score, ACQ-6 score,
AQLQ(S)+12 score, EQ-
5D, WPAI, healthcare
resource utilisation,
adverse events
Pre-planned e Baseline OCS use e Baseline OCS use e Age
subgroups e Sex o Sex e Gender
o Age o Age e Body mass index

e Number of
exacerbations in the
previous year

e Geographical region
e OCS dose at baseline
¢ Blood eosinophil levels

* Medium dose defined as >250ug FP equivalent per day and high dose as >500ug for adults

A EU adolescents in SIROCCO and CALIMA received benralizumab Q4W for the first three doses and Q8W thereafter, or
matching placebo at these intervals. The rationale for the different dosing regimen in adolescents in the EU was based on the
Paediatric Committee at the European Medicines Agency’s (PDCO) request to limit drug burden in adolescents and to study only
the less frequent dose in this patient population
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Trial design

SIROCCO and CALIMA

The two similarly designed primary registration studies, SIROCCO and CALIMA, evaluated
patients 12 years to 75 years of age with uncontrolled asthma and a history of exacerbations,
still symptomatic despite using medium-to-high-dose (CALIMA) or high-dose (SIROCCO) ICS
plus LABA with or without OCS or additional controller medications (GINA Steps 4 and
5/NAEPP Steps 5 and 6) (NAEPP (NAEPP 2007, GINA 2017). There were 2 benralizumab
dosing regimens: every 4 weeks [Q4W] and every 8 weeks [Q8W]).

The primary endpoint in each study was the annual rate of asthma-related exacerbations, with
key secondary endpoints being FEV: and asthma symptoms as defined by a daily patient
diary. Other secondary endpoints included asthma symptom score and other asthma control
metrics (e.g., ACQ-6, QoL (AQLQ(S)+12, EQ-5D), HCRU, and productivity loss (WPAI+CIQ).
A pooled analysis was pre-specified for SIROCCO and CALIMA to better understand the
relationship between the clinical efficacy of benralizumab, and blood eosinophil count and
exacerbation history (FitzGerald et al. 2017). Study endpoints were evaluated over a 48-week
treatment period in SIROCCO and a 56-week treatment period in CALIMA.

Randomised patients were stratified by baseline blood eosinophil counts =300 cells/uL and
<300 cells/uL at a ratio of 2:1. Both studies were prospectively powered for the primary efficacy
analysis of annual rate of asthma-related exacerbations in the stratum of patients on high-
dose ICS plus LABA with blood eosinophils 2300/uL. This stratification approach allows for
the effect of benralizumab on the primary and the 2 key secondary endpoints to be
characterised across the full range of baseline blood eosinophil counts, although all
multiplicity-protected analyses in both studies were in the primary population of patients on
high-dose ICS plus LABA with blood eosinophils 2300 cells/pL. The cut-off of 300 cells/ul was
consistent with the approach in Phase 2b benralizumab trials (Castro et al. 2014) as well as
mepolizumab studies, which showed this level to be a useful predictive biomarker of response
to anti-IL5 therapies. Additional cut-offs at eosinophil thresholds of 0, 150, and 450 cells/pl
were also explored and are presented for the pooled analysis (FitzGerald et al. 2017).

In the CALIMA trial, 16% patients (n=215) on medium-dosage ICS plus LABA (defined as 500
ug/day fluticasone equivalent) were not included in the regulatory filing. All analyses included
in this submission are conducted on patients on high dose ICS/LABA defined as ICS daily
dose >500 pg fluticasone equivalent per the GINA guideline (GINA 2017); results for patients
on medium-dose ICS/LABA are not presented. (All adult patients in SIROCCO received high-
dose ICS plus LABA,; adolescents received medium or high-dose ICS [=500 ug] plus LABA.)

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 67 of 461



Pre-planned subgroup analyses were carried out for the following patients in SIROCCO and
CALIMA in patients with eosinophils 2300 cells/ul:

e Baseline OCS use (yes/no)

e Sex (male/female)

e Age (<18, 18-<65, or =265 years)

e Geographic region (Asia, Eastern Europe, Europe [excluding Eastern Europe], North
America, or South America)

e Body mass index (<35/>35 kg/m?)

o Number of exacerbations in the previous year (2, 3, or 24).

¢ Race (white, black or African-American, Asian, or other).

¢ Nasal polyps at baseline (yes/no)

e Immunoglobulin E at baseline (<30, >30-<700, or >700 IU/L)

¢ Atopic asthma at baseline (yes/no)

e Prior treatment with omalizumab (yes/no)

In addition, analyses for baseline blood eosinophil count categories (<150/uL, 150-299/uL,
300-449/uL, 2450/ uL) were prespecified.

ZONDA evaluated patients 18 years to 75 years of age with severe asthma who required
treatment with high-dose ICS plus LABAs and chronic OCS therapy with or without additional
controller medications. The same 2 dosing regimens (Q4W and Q8W) studied in SIROCCO
and CALIMA were also studied in ZONDA, and compared with placebo, over a 28-week
treatment period. Following enrolment, patients entered a run-in phase that included
stabilisation of the OCS dose (reduced until the minimum effective dose without loss of asthma

control was reached), prior to the randomised intervention period.

The primary endpoint in this study was the percentage reduction in final OCS dose compared
with baseline, while maintaining asthma control. In this study, eligible patients with a
peripheral blood eosinophil count of 2150/uL were randomised. Secondary endpoints included
the proportion of patients with 250% and 100% reduction in average daily OCS dose while
maintaining asthma control; the proportion of patients with an average final OCS dose <5.0
mg daily while maintaining asthma control; annual asthma exacerbation rate and other
exacerbation parameters; pre-bronchodilator FEV4; asthma symptoms; ACQ-6 score; and
AQLQ(S)+12 score.

Pre-planned subgroup analyses were conducted for the following patients:

e Age (218 to <65 and 265 years)

e Gender (male/female)
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e BMI (<35 kg/m2, >35 kg/m?)

¢ Number of exacerbations in the previous year (1, 2, or 23)

e Region (Asia, Central and Eastern Europe, Western Europe and Turkey, European
Union, North America, and RoW)

e OCS dose at baseline (10 mg, >10 mg)

e Blood eosinophils 2300 cells/pl

Eligibility criteria

SIROCCO, CALIMA, and ZONDA enrolled patients whose asthma was uncontrolled on
ICS/LABA therapy. A summary of the key eligibility criteria is presented below, with a full list

of key inclusion and exclusion criteria presented in Appendix D.1.
SIROCCO

Patients aged 12-75 years who weighed at least 40 kg, with physician-diagnosed asthma
needing treatment with medium to high-dosage ICS plus LABA for at least 12 months before
enrolment and with high-dose ICS plus LABA for at least 3 months before enrolment (week —
4) were included in SIROCCO. Patients were required to have had at least two documented
asthma exacerbations needing systemic corticosteroid treatment or a temporary increase in
their usual maintenance dosages of OCS within 1 year before enrolment. Patients must have
also had documented treatment of ICS plus LABA with or without OCS and additional asthma
controllers for at least 3 months before enrolment. Patients aged 18 years or older were
permitted only high-dosage ICS treatment, whereas patients aged 12—-17 years could have
been receiving medium-dosage or high-dosage ICS. Additional inclusion criteria included a
prebronchodilator FEV1 <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 FEV1 within 12 months before enrolment or identified at screening; and an

ACQ-6 score of at least 1.5 at enrolment.

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.
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CALIMA

The eligibility criteria in CALIMA were the same as those in SIROCCO, with the key difference
of ICS dose: adult patients in SIROCCO were required to be receiving high-dose ICS whereas
adult patients in CALIMA could be receiving medium-dose ICS or high-dose ICS (medium
dose defined as 500 ug; high dose defined as >500 ug fluticasone dry powder formulation or

equivalent).
ZONDA

Adult patients were eligible to participate in ZONDA if they had a blood eosinophil count of
150 cells or more per cubic millimetre and had asthma that had been treated with medium-
dose to high-dose ICS and LABA therapy for at least 12 months before enrolment, and with
high-dose ICS and LABA therapy for at least 6 months before enrolment. Patients were
required to have been receiving OCS therapy for at least 6 continuous months directly before

enrolment (equivalent to a prednisolone or prednisone dose of 7.5 to 40.0 mg per day).

Settings and locations where the data were collected
SIROCCO

Patients were enrolled at 374 centres in 17 countries (Australia, Brazil, Bulgaria, Czech
Republic, France, Italy, Mexico, Peru, Poland, Russian Federation, South Africa, South Korea,

Spain, Turkey, United Kingdom, USA, and Vietnam), including 24 UK centres.
CALIMA

Patients were enrolled at 303 centres in 11 countries (Argentina, Canada, Chile, Germany,

Japan, Philippines, Poland, Romania, Sweden, Ukraine, and USA).
ZONDA

Patients were screened at 89 centres, and received treatment at 64 centres, in 12 countries
(Argentina, Bulgaria, Canada, Chile, France, Germany, Poland, South Korea, Spain, Turkey,

Ukraine, and USA).
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Trial drugs and concomitant medications

Trial drugs

In SIROCCO, CALIMA, and ZONDA, benralizumab was administered as a 30 mg/mL solution
for injection in accessorised pre-filled syringe, 1mL fill volume. Benralizumab was
administered subcutaneously every 4 weeks (Q4W), or every 4 weeks for the first three doses
and every 8 weeks thereafter (Q8W) (with matching placebo at the 4-week interim to maintain
blinding). Matching placebo was administered every 4 weeks to those randomised to the

control arm.

For EU adolescents in SIROCCO and CALIMA only, benralizumab was administered Q4W for
the first 3 doses and Q8W thereafter, with matching placebo at these intervals in the control
arm. The rationale for the different dosing regimen in adolescents in the EU was based on the
Paediatric Committee at the European Medicines Agency’s (PDCO) request to limit drug

burden in adolescents and to study only the less frequent dose in this patient population.

As discussed above, this submission focuses on the Q8W dose, in line with the marketing

authorisation.

Concomitant medications

All patients were required to be treated with ICS and LABA for at least 3 months prior to Visit
1 and during the course of each study. Patients continued to receive any asthma-controller
medications (including leukotriene modifiers, long-acting muscarinic antagonists, OCS, and
theophylline), throughout the study. Short-acting p2-agonists were permitted as rescue
medications. Changes to the patient’s background controller regimen were discouraged during

the treatment period, unless judged medically necessary by the investigator.
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Outcomes

Primary outcome

In SIROCCO and CALIMA, the primary efficacy endpoint was the annual asthma exacerbation
rate ratio versus placebo, which is summarised as total number of exacerbations x 365.25/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. The primary and key secondary analyses of efficacy included patients with blood
eosinophil counts at least 300 cells per uL. (All efficacy endpoints were also assessed in
patients with blood eosinophil counts less than 300 cells per L, but statistical comparisons
were not done for patients with less than 300 eosinophils per uL for non-key secondary

outcomes (except for ACQ-6).)

In ZONDA, the primary endpoint was the percentage reduction in the OCS dose from baseline
(randomisation at week 0) to the final dose at the end of the maintenance phase (week 28)
while asthma control was maintained. Results were stratified by baseline eosinophil level
(=150 to <300 cells per pL vs. 2300 cells per yL).

Secondary outcomes

In SIROCCO and CALIMA, key secondary endpoints were prebronchodilator FEV, and total
asthma symptom score (a composite of daytime and night-time symptoms scored 0—6 overall)
at week 48 (SIROCCO) or week 56 (CALIMA). 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 FEV1, ACQ-6 score, AQLQ(S)+12 score, EQ-5D, WPAI, HRU, CGIC, and
PGIC.
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In ZONDA, secondary endpoints included the percentages of patients who had a reduction in
the average daily OCS dose of 25% or more, of 50% or more, or of 100% (discontinuation of
OCS therapy) from baseline to end of the maintenance phase, and the percentage of patients
with an average final OCS dose of 5.0 mg or less per day while asthma control was
maintained. Additional end points included the annual asthma exacerbation rate, the time to
the first asthma exacerbation, the percentage of patients with at least one asthma
exacerbation (including exacerbations associated with emergency department visits or
hospitalisation), the FEV before bronchodilation, the total asthma symptom score, the ACQ-
6 score, the EQ-5D score, and the AQLQ(S)+12 score. Exploratory end points were used to

investigate the effect of blood and sputum eosinophilia on the efficacy of the trial drug.

In all three ftrials, safety outcomes including rates of AEs, serious AEs, AEs leading to
discontinuation, laboratory variables, ECGs, vital signs, immunogenicity, and deaths were also
reported.

Patient characteristics

SIROCCO

A total of 1204 patients received at least one dose of treatment in the SIROCCO ftrial. Baseline
characteristics were similar between treatment arms, as well as between patients with blood
eosinophil counts at least 300 cells per yL and less than 300 cells per pyL (Table 13). Use of
maintenance asthma treatment use was similar across groups, with a mean fluticasone
propionate or equivalent total daily dosage of 899 ug (range 125-3000). Overall, 196 (16%)

patients were receiving oral corticosteroids, with similar dosing between cohorts.
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Table 13: Baseline patient characteristics in the SIROCCO trial

All patients (n=1204)

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

Placebo (n=407)

Benralizumab

Benralizumab

Placebo (n=267)

Benralizumab

Benralizumab

30 mg Q4W 30 mg Q8W 30 mg Q4W 30 mg Q8W
(n=399) (n=398) (n=275) (n=267)
Age (years) 48.7 (14.9) 50.1 (13.4) 47.6 (14.5) 48.6 (14.7) 49.2 (13.1) 47.6 (14.6)
Sex
Male 138 (34%) 124 (31%) 146 (37%) 87 (33%) 102 (37%) 93 (35%)
'Female 269 (66%) 275 (69%) 252 (63%) 180 (67%) 173 (63%) 174 (65%)
Race
White 302 (74%) 285 (71%) 287 (72%) 191 (72%) 191 (69%) 192 (72%)
'Black or African American 16 (4%) 15 (4%) 15 (4%) 10 (4%) 1 (4%) 10 (4%)
'Asian 50 (12%) 54 (14%) 50 (13%) 36 (13%) 39 (14%) 35 (13%)
‘Other’ 39 (10%) 45 (11%) 46 (12%) 30 (11%) 34 (12%) 30 (11%)
Hispanic or Latino ethnicity 77 (19%) 73 (18%) 80 (20%) 57 (21%) 52 (19%) 52 (19%)
BMI (kg/m?) 28.9 (7.1) 29.2 (7.1) 28.2 (6.2) 28.7 (7.0) 28.9 (6.9) 27.7 (6.1)

Eosinophil count (cells per pL)

370 (0-2690)

390 (0-3440)

360 (0-3100)

500 (300-2690)

500 (300-3440)

500 (300-3100)

Central eosinophil count (cells per pL)

350 (0-3580)

360 (0-3170)

325 (0-3110)

480 (70-2220)

470 (40-3170)

460 (10-3110)

Prebronchodilator FEV (L)

1.660 (0.584)

1.655 (0.553)

1.680 (0.582)

1.654 (0.580)

1.673 (0.577)

1.660 (0.574)

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)

Prebronchodilator FEV4/FVC 61 (13) 62 (12) 61 (13) 61 (13) 62 (12) 60 (13)
Reversibility 20% (-26 to 154)| 18% (-7 to 136) | 22% (-12 to 157)|20% (-26 to 154)| 18% (-7 to 136) | 21% (10 to 157)
ACQ-6 score' 2.87 (0.94) 2.77 (0.96) 2.80 (0.88) 2.90 (0.95) 2.77 (0.95) 2.81(0.89)

Time since asthma diagnosis (years)

14.2 (1.1-72.4)

15.3 (1.1-70.4)

14.4 (1.1-66.9)

13.4 (1.1-65.2)

14.9 (1.1-62.6)

14.6 (1.1-66.9)
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Number exacerbations in past 12 months 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 (%) 244 (60.0) 253 (63.4) 252 (63.3) 149 (55.8) 173 (62.9) 164 (61.4)
3 (%) 76 (18.7) 64 (16.0) 79 (19.8) 53 (19.9) 44 (16.0) 53 (19.9)
24 (%) 87 (21.4) 82 (20.6) 67 (16.8) 65 (24.3) 58 (21.1) 50 (18.7)
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)
Patients with 21 exacerbations 67 (16%) 64 (16%) 53 (13%) 48 (18%) 51 (19%) 40 (15%)
resulting in ED visit
Number resulting in hospital admission 0.4 (0.8) 0.4 (0.7) 0.4 (0.8) 0.4 (0.8) 0.3 (0.7) 0.4 (0.9)
I Patients with 21 exacerbations 107 (26%) 98 (25%) 100 (25%) 67 (25%) 66 (24%) 71 (27%)
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)
Diagnosis of allergic rhinitis 220 (54%) 207 (52%) 219 (55%) 156 (58%) 148 (54%) 150 (56%)
Nasal polyps 79 (19%) 84 (21%) 74 (19%) 62 (23%) 66 (24%) 62 (23%)
Atopic (based on Phadiatop test) 230 (57%) 231 (58%) 244 (61%) 152 (57%) 156 (57%) 169 (63%)
History of omalizumab treatment 31 (8%) 29 (7%) 28 (7%) 22 (8%) 16 (6%) 18 (7%)
AQLQ(S)+12 score* 3.90 (1.02) 3.93 (0.98) 3.94 (1.00) 3.87 (0.99) 3.93 (1.00) 3.93 (0.97)
Current smoker 5 (1%) 0 1(<1%) 1(<1%) 0 1(<1%)
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)

Data are mean (SD), number (%), or median (range). Some percentages do not add up to 100 because of rounding. Missing data is not accounted for in this table. ICS=inhaled corticosteroids.
LABA=long-acting B2-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.
§ Current smoker or former smoker with a smoking history of 210 packs per year.

* Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, or other.
1 Low numbers represent better symptom control.
I High numbers suggest better quality of life.
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CALIMA

A total of 1,306 patients were randomised and received treatment in the CALIMA trial. Patient
demographics and baseline clinical characteristics were balanced across treatment groups
and by eosinophil count (at least 300 cells per pL versus less than 300 cells per uL) (Table
14).
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Table 14: Baseline patient characteristics in the CALIMA trial

All patients (n=1306)

High-dosage ICS plus LABA with baseline blood
eosinophils 2300 cells per L (n=728)

Placebo (n=440)

Benralizumab 30
mg Q4W (n=425)

Benralizumab 30
mg Q8W (n=441)

Placebo (n=248)

Benralizumab 30
mg Q4W (n=241)

Benralizumab 30
mg Q8W (n=239)

Age (years) 48.8 (15.1) 50.0 (13.6) 49.0 (14.3) 48.5(14.1) 50.1 (13.1) 49.6 (13.0)
Sex
Male 176 (40%) 155 (36%) 168 (38%) 103 (42%) 82 (34%) 101 (42%)
'Female 264 (60%) 270 (64%) 273 (62%) 145 (58%) 159 (66%) 138 (58%)
Race
White 372 (85%) 360 (85%) 369 (84%) 213 (86%) 209 (87%) 203 (85%)
'‘Black or African American 14 (3%) 10 (2%) 15 (3%) 8 (3%) 5(2%) 8 (3%)
‘Asian 53 (12%) 55 (13%) 55 (12%) 27 (11%) 27 (11%) 28 (12%)
‘Other’ 1(<1%) 0 2 (<1%) 0 0 0
Hispanic or Latino ethnicity 92 (21%) 104 (24%) 104 (24%) 52 (21%) 56 (23%) 52 (22%)
BMI (kg/m?)t 28.9 (6.5) 28.7 (6.8) 28.8 (6.5) 29.0 (6.1) 29.1 (7.3) 28.6 (6.1)

Local eosinophil count (cells per pL)*

371 (0-4494)

370 (20-2420)

400 (0-2600)

510 (300-4494)

500 (300-2420)

500 (300-2600)

Central eosinophil count (cells per pL)t

370 (0—4150)

350 (0-2800)

350 (0-2260)

490 (30-4150)

470 (0-2800)

475 (10-2260)

Prebronchodilator FEV, (L)t 1.771 (0.645) 1.757 (0.602) 1.759 (0.641) 1.815 0.648) 1.75 (0.570) 1.758 (0.622)
Prebronchodilator FEV, (% predicted normal)t 58.0% (14.9) 58.9% (14.8) 57.9% (14.9) 58.2% (13.9) 59.1% (13.7) 57.0% (14.2)
FEV.1/FVC prebronchodilator? 61 (13) 61 (12) 60 (13) 60 (12) 61 (12) 60 (13)
Reversibility' 20% (18 to 814)| 20% (-24 to 809) | 20% (=13 to 171)| 20% (-9 to 133) | 20% (24 to 124)| 20% (=13 to 171)
ACQ-6 score? 2.69 (0.92) 2.69 (0.91) 2.75 (0.93) 2.75 (0.94) 2.70 (0.91) 2.80 (0.95)
Time since asthma diagnosis (years) 16.2 (1.2-69.9) | 15.8 (1.2-69.2) | 16.8 (1.1-64.6) | 17.0(1.3-69.9) | 15.6 (1.3-66.2) | 16.1(1.2-58.2)
Number of exacerbations in the past 12 months 2.7 (1.6) 2.7 (1.9) 2.7 (1.4) 2.8 (1.7) 28 (1.7) 2.7 (1.3)
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2 (%) 288 (65.5) 280 (65.9) 287 (65.1) 151 (60.9) 148 (61.4) 144 (60.3)
3 (%) 93 (21.1) 89 (20.9) 93 (21.1) 56 (22.6) 54 (22.4) 59 (24.7)
24 (%) 59 (13.4) 55 (12.9) 60 (13.6) 41 (16.5) 38 (15.8) 36 (15.1)
Number resulting in ED visit 0.3(1.2) 0.3 (0.8) 0.2 (0.7) 0.4 (1.4) 0.3 (0.9) 0.2 (0.6)
IPatients with 21 exacerbations resulting in 62 (14%) 60 (14%) 56 (13%) 36 (15%) 35 (15%) 31 (13%)
emergency department visit
INumber resulting in hospital admission 0.3 (0.8) 0.2 (0.5) 0.3 (0.7) 0.3 (0.7) 0.2 (0.5) 0.3 (0.6)
IPatients with 21 exacerbations resulting in 72 (16%) 65 (15%) 78 (18%) 44 (18%) 42 (17%) 43 (18%)
hospital admission
Total asthma symptom scoret 2.71 (1.04) 2.73 (1.02) 2.79 (1.06) 2.71 (1.06) 2.69 (0.98) 2.76 (1.06)
Diagnosis of allergic rhinitis 248 (56%) 242 (57%) 227 (51%) 147 (59%) 136 (56%) 125 (52%)
Nasal polyps 73 (17%) 59 (14%) 65 (15%) 55 (22%) 40 (17%) 53 (22%)
Atopic (based on Phadiatop test) 286 (65%) 264 (62%) 278 (63%) 164 (66%) 151 (63%) 149 (62%)
History of omalizumab treatment?’ 14 (3%) 12 (3%) 12 (3%) 9 (4%) 7 (3%) 7 (3%)
AQLQ(S)+12 score'$ 3.96 (1.03) 3.98 (0.96) 3.85(1.02) 3.93 (1.04) 3.99 (0.98) 3.87 (1.05)
Smoking history
Never 349 (79%) 325 (76%) 348 (79%) 203 (82%) 175 (73%) 185 (77%)
ICurrent 2 (<1%) 0 3 (<1%) 1(<1%) 0 1(<1%)
'Former 89 (20%) 100 (24%) 90 (20%) 44 (18%) 66 (27%) 53 (22%)
Smoking pack year (years)T 5 (0-9) 5 (0-9) 5 (0-45) 4 (0-9) 5 (0-9) 4.5 (0-45)

Data are mean (SD), median (range), or n (%). ACQ-6=Asthma Control Questionnaire-6. AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. FEV1=forced

expiratory volume in 1 s. FVC=forced vital capacity. ICS=inhaled corticosteroids. LABA=long-acting f2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
*Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, and other.

tData not available for all randomised patients.

IThe ACQ-6 is a 6-item questionnaire to assess daytime and night-time symptoms and rescue B2-agonist use on a 0—6 scale (low numbers represent better control).

§The AQLQ(S)+12 is a 32-item questionnaire to assess asthma-related quality of life scored on a 1-7 scale (greater numbers indicate better quality of life).

f[For current and former smokers. Missing data is not presented.
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ZONDA

A total of 220 patients underwent randomisation and received study treatment in the ZONDA

trial. Baseline characteristics were balanced between arms, with the exception of the median

baseline blood eosinophil count, which was lower in the benralizumab 30 mg Q4W and Q8W

groups compared with the placebo group (Table 15).

Table 15: Baseline patient characteristics in the ZONDA trial

Characteristic

Placebo (N=75)

Benralizumab

Benralizumab

Q4W (N=72) Q8W (N=73)
Age (years) 49.9+11.7 50.2£12.0 52.9£10.1
Female sex, n (%) 48 (64) 40 (56) 47 (64)
White race, n (%) 70 (93.3) 69 (95.8) 66 (90.4)
BMI (kg/m?)t 28.7+5.2 29.846.8 30.246.5

Blood eosinophil count

Median count (range), cells/mm?3 Tt

535 (160 - 4550)

462 (160 - 1740)

437 (154 - 2140)

Distribution, n (%)

2150 to <300 cells/mm?3 11 (15) 10 (14) 12 (16)
2300 cells/mm? 64 (85) 62 (86) 61 (84)
FEV1 before bronchodilation

Value, litres 1.93110.662 1.85010.741 1.75410.635

Percent of predicted normal value 62.0+16.5 57.4+18.0 59.0+17.9
FEV.:FVC ratio before bronchodilation, % 62+13 59+13 59+12
Median percent reversibility of FEV4 (range)$ 16.4 (-5.4-93.4) | 18.2(-3.0-126.0) | 22.6 (-3.4 - 88.0)
ACQ-6 score " 2.7+1.0 2.6+1.1 24+1.2
Median time since asthma diagnosis (range), yr 10.5(1.1-54.5) | 13.3(1.2-52.3) | 16.3 (1.3 -53.0)
Number of exacerbations in previous 12 months 2.5+1.8 2.8+2.0 3.1£2.8

1 24 (32.0) 24 (33.3) 21 (28.8)

2 22 (29.3) 19 (26.4) 23 (31.5)

3 18 (24.0) 9(12.5) 9(12.3)

24 11 (14.7) 20 (27.8) 20 (27.4)
Total asthma symptom scoreq 2.4+1.0 2.5+1.0 2.3+1.1
AQLQ(S)+12 score** 4.1+1.1 4.2+1.1 4.4+1.2
Median smoking history (range), pack-yr 6.0(1-9) 55(2-9) 50(1-8)

Median oral glucocorticoid dose (range), mg/day

At trial entry?

10.0 (7.5 - 40.0)

10.0 (7.5 - 40.0)

10.0 (7.5 - 40.0)

At end of run-in phase

10.0 (7.5 - 40.0)

10.0 (7.5 - 40.0)

10.0 (7.5 - 40.0)
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Mean inhaled glucocorticoid dose (range), ug/day

1232 (250 - 5000)|1033 (250 - 3750)1192 (100 - 3250)

Leukotriene-receptor antagonist, n (%)

25 (33) 28 (39)

29 (40)

* Plus—minus values are means +SD.

FEV denotes forced expiratory volume in 1 second, and FVC forced vital capacity
T The body-mass index is the weight in kilograms divided by the square of the height in meters.
1 Patients who were taking an oral glucocorticoid other than prednisone or prednisolone at enroliment were switched to an

equivalent dose of prednisone or prednisolone at trial entry.

§ The percentage reversibility of the FEV, was calculated with the use of FEV, values obtained before and after bronchodilation
at baseline as follows: ([postbronchodilation FEV —prebronchodilation FEV4]+prebronchodilation FEV/)x100. q[ The total
asthma symptom score is a composite of morning assessments of asthma symptoms, nighttime awakenings, and rescue
medication use and an evening assessment of activity impairment. Scores range from 0 to 6, and higher scores indicate a

greater symptom burden.

I The Asthma Control Questionnaire 6 (ACQ-6)17 is a six-item questionnaire to assess daytime and nighttime symptoms and
rescue use of short-term $2-agonists. Scores range from 0 to 6, and lower scores indicate better control. Score changes of 0.5

or more points were considered to be clinically meaningful.

** The Asthma Quality of Life Questionnaire (standardised) for persons 12 years of age or older (AQLQ[S]+12)18 is a 32-item
questionnaire to assess asthma-related quality of life. Scores range from 1 to 7, and higher scores indicate better asthma-

related quality of life. Score changes of 0.5 or more points were considered to be clinically meaningful.
11 Patients were stratified at randomisation according to the local laboratory baseline blood eosinophil count that was defined

as the result obtained at visit 1.

B.2.4

relevant clinical effectiveness evidence

Statistical analysis and definition of study groups in the

The statistical analysis for SIROCCO, CALIMA, and ZONDA is summarised in and discussed

in further detail below.

Table 16: Summary of statistical analyses

use

eosinophil counts =300 cells per
ML per treatment group (684
total) were needed to achieve
90% power to detect a 40%
reduction in the annual asthma
exacerbation rate for both
benralizumab dosage regimens
versus placebo

Trial Hypothesis Statistical Sample size, power Data management,
objective analysis calculation patient withdrawals
SIROCCO | Assess ITT analysis using 252 patients with blood Patients who
differences in a negative binomial | eosinophil counts =300 cells per | discontinued the
exacerbation model for the WL per treatment group (756 study were followed
rates between primary endpoint, total) were needed for 90% up for subsequent
benralizumab with adjustment for | power to detect a 40% reduction | visits. Sensitivity
and placebo treatment, region, in annual exacerbation rate in analyses were
exacerbations in both benralizumab dosage conducted to assess
the previous year regimens compared with the impact of missing
(two, three, or four | placebo data on the primary
CALIMA or more), and OCS 228 patients with blood and key secondary

endpoints
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ZONDA Assess ITT analysis using 70 patients per group was The proportion of
differences in a Wilcoxon rank- needed to achieve 86% power to | patients with missing
OCS dose sum test for the detect a difference in the primary | data was low and
reduction primary endpoint endpoint between each similar across
between benralizumab group and placebo | treatment groups;
benralizumab sensitivity analysis to
and placebo assess the impact of
missing data was not
conducted

Hypothesis objective

In both SIROCCO and CALIMA, for each of the two benralizumab dosing regimens, the null
hypothesis was that the exacerbation rate on benralizumab was equal to the exacerbation rate

on placebo.

In ZONDA, the null hypothesis was that the reduction in OCS dose on benralizumab was equal

to that on placebo, for each of the two benralizumab dosing regimens.

Sample size
SIROCCO

For the primary efficacy analysis, 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% a and an annual placebo exacerbation rate of 0.88
events per patient, based on 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 1,134 adults and adolescents for
randomisation was needed, including the enrolment of 126 patients per group (378 total) for

the less than 300 cells per uL blood eosinophil cohort.
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CALIMA

Approximately 228 patients needed to be randomised to each treatment group (totalling
roughly 684 patients) to achieve 90% power to detect a 40% reduction in the annual asthma
exacerbation rate in patients with baseline blood eosinophil counts 300 cells per L or greater,
for both benralizumab dosages versus placebo. The sample size calculation assumed two-
sided 4% a-level tests, an annual placebo exacerbation rate of 0.88 events per patient based
on published data and an exposure-response analysis of phase 2b study data, and a negative
binomial shape parameter of 0.9. To maintain a 2:1 ratio of patients with blood eosinophil
counts of 300 cells per yL or greater and less than 300 cells per uL, enrolment of 114 patients
receiving high-dosage inhaled corticosteroids plus LABA with blood eosinophil counts less
than 300 cells per pL was targeted per treatment group. Approximately 270 patients receiving

medium-dosage inhaled corticosteroids plus LABA were expected to be recruited.
ZONDA

An estimated 70 patients per group was required for the trial to detect a difference in the
primary endpoint between each benralizumab group and the placebo group, with 86% power
by means of a Wilcoxon rank-sum test with a two-sided level of 5%. This estimation was based
on simulations that used data from the Steroid Reduction with Mepolizumab Study (SIRIUS),
which yielded a median percentage reduction from baseline of 50% in the glucocorticoid dose
in the active-treatment group, as compared with no reduction in the placebo group.
Approximately 60 patients with a blood eosinophil count of at least 150 cells to less than 300
cells per cubic millimetre and 150 patients with a blood eosinophil count of 300 cells or more

per cubic millimetre were targeted to undergo randomisation.

Randomisation and blinding
SIROCCO

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. 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.
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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 yL, 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.
CALIMA

Eligible adult patients from all regions and adolescent patients from outside of the European
Union were randomly assigned (1:1:1) to receive 56-week, double-blind treatment with either
benralizumab 30 mg once every 4 weeks (Q4W), benralizumab 30 mg once every 4 weeks
for the first three doses followed by once every 8 weeks for the remainder of the treatment
period (hereafter referred to as the Q8W regimen), or placebo. As for SIROCCO, patients
aged 12-17 years enrolled within the European Union were randomly assigned (1:1) to receive

double-blind treatment with benralizumab 30 mg Q8W or placebo.

Similarly, patients were assigned to treatment groups using an interactive web-based voice
response system. Randomisation was stratified by inhaled corticosteroids dosage at
enrolment (high or medium), geographic region, age group, and peripheral blood eosinophil
count at enrolment. Patients were recruited with blood eosinophils 300 cells per pL or greater
and less than 300 cells per uL at screening in a ratio of approximately 2:1, respectively. The
study investigator assigned randomisation codes sequentially in each stratum as patients

became eligible for randomisation, until each stratum was full.

To preserve blinding, patients and study centre staff were masked to treatment allocation,
placebo solution was visually matched with benralizumab solution, and both placebo and
benralizumab were provided in accessorised (needle guards and finger phalanges), pre-filled

syringes.
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ZONDA

Patients were randomised to receive benralizumab 30 mg every 4 weeks, benralizumab 30 mg
every 4 weeks for the first three doses and then every 8 weeks (with placebo administered at

the 4-week interim visits), or placebo every 4 weeks.

Patients underwent randomisation in a 1:1:1 ratio, with the use of an interactive Web- or voice-
response system, and were stratified according to eosinophil count (=150 to <300 cells per
cubic millimetre vs. 2300 cells per cubic millimetre) and country. Investigators and patients

were blinded to the trial group assignments, with placebo visually matched to benralizumab.

Outcome assessments
SIROCCO and CALIMA

The primary efficacy endpoint was analysed using a negative binomial model, with adjustment
for treatment, region, exacerbations in the previous year (two, three, or four or more), and oral
corticosteroid use at time of randomisation. The estimated treatment effect (i.e., 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% ClIs within each
treatment group were also calculated. Prespecified subgroup analyses assessed the
exacerbation rate in subgroups of clinical relevance. A post-hoc analysis was also conducted
in the primary analysis population for the purposes of this submission, 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.

The key secondary endpoints were analysed using a mixed-effects model for repeated
measures analysis, with adjustment for treatment, region, baseline value, oral corticosteroid
use at time of randomisation, visit, and visit x treatment. Least-squares means, treatment
differences in least-squares means, 95% Cls, and p values were calculated. Other continuous
secondary efficacy endpoints were analysed 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.
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To account for multiplicity to test the primary endpoint and two key secondary endpoints (i.e.,
change from baseline in FEV and asthma symptom score) for each of the two benralizumab
dosing regimens, a multiple testing procedure was followed to control the overall type | error
rate. 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 conducted on the intention-to-treat (ITT) 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 conducted using SAS version 9.2.
ZONDA

For the primary endpoint, benralizumab was compared with placebo using a Wilcoxon rank-
sum test. To control the overall type | error rate, multiple comparisons were accounted for by
using the Hochberg procedure. A sensitivity analysis for the assessment of the primary
endpoint was conducted with a proportional-odds model, with controls for trial group,
geographic region (Asia, Central Europe and Eastern Europe, Western Europe and Turkey,

North America, and the rest of world), and baseline oral glucocorticoid dose.

A Cochran-Mantel-Haenszel test, with adjustment for geographic region, was used to analyse
secondary endpoints regarding reductions in the oral glucocorticoid dose. A negative binomial
model, with adjustment for trial group, geographic region, and number of exacerbations in the
previous year, with an offset term of the logarithm of the follow-up time was used to calculate
annual exacerbation rates in the trial groups. Treatment effects were described with the use
of rate ratios. The analyses of the secondary endpoints were not controlled for multiple
comparisons and were presented with nominal P values. Results for exploratory variables
were analysed with the use of descriptive statistics according to trial group, unless otherwise

indicated. Data were analysed with the use of SAS software, version 9.2.
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Data management, withdrawals

In all three trials, patients were permitted to discontinue treatment and assessments at any
time at the discretion of the investigators. Patients were also free to withdraw from the study
at any time, without prejudice to further treatment. Patients who prematurely discontinued
treatment were to complete a premature discontinuation visit, and were encouraged to remain
in the study to complete all subsequent visits and assessments. Patients who were not willing
to continue patrticipating in the study were to return to the study centre one last time at around
12 weeks after the last dose of treatment for final study-related assessments. Reasons for

withdrawal were recorded.

In SIROCCO and CALIMA, missing data occurred when patients withdrew from the study or
when data were not available at certain visits (for FEV, and total asthma symptom score).
Sensitivity analyses were conducted to assess the impact of missing data on the primary and
key secondary endpoints. Three multiple imputation methods (missing at random [MAR],
partial-dropout reason-based multiple imputation [partial-DRMI], and DRMI) were used to
assess robustness to missing data for these endpoints. The results of all three methods were
consistent with the results of the primary efficacy analysis, indicating that the results of the
studies were robust to missing data. In ZONDA, the proportion of patients with missing data
was low and similar across treatment groups, and the optional sensitivity analysis to assess

the impact of missing data was not conducted.
Participant flow

SIROCCO

A total of 2,681 patients were enrolled in the SIROCCO trial; 2232 patients entered
screening/run-in, and 1,205 patients were randomised to receive treatment with benralizumab
30 mg Q4W, Q8W, or placebo. One patient who was randomised did not receive treatment
and was considered lost to follow-up; all other randomised patients received their allocated

treatment.

Overall, 1,069 (88.7%) patients completed treatment and 135 (11.2%) patients discontinued
treatment (Figure 12). The proportions of patients who discontinued treatment were similar
across the groups. The most frequent reasons for discontinuation of study treatment were
patient decision (4.6%), other (2.2%), and AE (1.8%). Most (116 of 135) patients who

discontinued treatment also discontinued the study.
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Figure 12: Participant flow in the SIROCCO trial
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A total of 91 patients (7.6%) in the full analysis set (FAS —including all patients who underwent

randomisation) had at least one important protocol deviation: 34 (8.5%) in the benralizumab
30 mg Q4W group, 28 (7.0%) in the benralizumab 30 mg Q8W group, and 29 (7.1%) in the

placebo group. The most frequent important protocol deviations overall were deviations

related to inclusion/exclusion criteria (7.1%), of which the most common deviation was a

pre-bronchodilator FEV, 280% (or 290% for adolescents) at randomisation (4.1%). Overall,

the occurrence of important protocol deviations was similar across groups and was considered

not to impact the interpretation of the study results.

CALIMA

Of the 2,505 patients enrolled in the CALIMA trial, 2181 patients entered screening/run-in, and

1,306 were randomised to receive treatment with benralizumab 30 mg Q4W, Q8W, or placebo.

All randomised patients (comprising the FAS) received at least one dose of study drug.
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A total of 1,157 (88.6%) patients completed treatment with study drug and 149 (11.4%)
patients discontinued treatment (Figure 13). The proportions of patients who discontinued
treatment were similar across groups, with the most frequent reasons for discontinuation of
study treatment overall being patient decision (4.8%), other (2.5%), and AE (1.7%). Most (116

of 149) patients who discontinued treatment also discontinued the study.

Figure 13: Participant flow in the CALIMA trial
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Overall, 105 patients (8.0%) had at least one important protocol deviation during the study;
the incidence was higher in the benralizumab 30 mg Q8W group (10.9%) compared with the
benralizumab 30 mg Q4W (6.6%) or placebo (6.6%) groups. This difference was driven by the
increased incidence of patients receiving incorrect study treatment (in the form of additional
benralizumab doses instead of placebo doses after week 8, affecting 22 patients [5.0%] in the
benralizumab 30 mg Q8W group). Other notable important protocol deviations related to
inclusion/exclusion criteria (6.4%), of which the most common deviation was a
pre-bronchodilator FEVy 280% (or 290% for adolescents) at randomisation (4.2%). Overall,
the occurrence of important protocol deviations was considered not to impact the interpretation

of the study results.
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ZONDA

A total of 369 patients were enrolled in the ZONDA trial, of whom 271 entered run-in/OCS
optimisation. Of these, 220 patients were randomised to receive treatment with benralizumab

30 mg Q4W, Q8W, or placebo and received at least one dose of study drug.

Overall, 207 (94.1%) patients completed their allocated treatment, and 13 (5.9%) patients
discontinued treatment (Figure 14). The proportion of patients who discontinued treatment
was similar across the groups, with 5 (2.3%) discontinuing due to AEs, 5 (2.3%) due to patient
decision, 2 (0.9%) due to the development of study-specific discontinuation criteria, and 1
(0.5%) due to other. Most (10 of 13) patients who discontinued treatment also withdrew from
the study.

Figure 14: Participant flow in the ZONDA trial
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A total of 54 patients (24.5%) in the FAS (comprising all randomised patients) had at least 1
important protocol deviation, with a greater percentage in the placebo group (27 [36.0%]
patients) compared with the benralizumab 30 mg Q4W (15 [20.8%] patients) and Q8W groups
(12 [16.4%] patients). The most frequent important protocol deviations overall were deviations
related to OCS dose titration criteria which could have impacted the final OCS dose (22.3%)
and inclusion/exclusion criteria (4.5%).
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B.2.5 Quality assessment of the relevant clinical effectiveness

evidence

Quality assessment

Table 17 contains a summary of the quality assessment for the clinical trials, based on the
NICE submission template user guide. Please refer to Appendix D for a complete quality

assessment.
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Table 17: Summary of the quality assessment for the key clinical trials

SIROCCO and CALIMA

ZONDA

Was randomisation carried out appropriately?

Yes — each patient assigned unique enrolment number and randomisation code by an interactive web-based
voice response system

Was the concealment of treatment allocation
adequate?

Yes — AstraZeneca staff involved in the study, the patients, and the investigators involved in the treatment of
the patients or in their clinical evaluation were not aware of the treatment allocation

Were the groups similar at the outset of the study
in terms of prognostic factors?

Yes — patient demographics and baseline clinical
characteristics were balanced across treatment
groups and by eosinophil count (at least 300 cells
per pL versus less than 300 cells per pL)

Baseline characteristics were balanced between
arms, with the exception of median baseline blood
eosinophil count, which was lower in the
benralizumab 30 mg Q4W and Q8W groups
compared with the placebo group

Were the care providers, participants and
outcome assessors blind to treatment allocation?

Yes — placebo solution was visually matched with benralizumab solution. Both benralizumab and placebo
were provided in an accessorised pre-filled syringe

Were there any unexpected imbalances in drop-
outs between groups?

No — the proportions of patients who discontinued treatment were similar across groups

Is there any evidence to suggest that the authors
measured more outcomes than they reported?

No — all key pre-specified endpoints were reported in the clinical study reports and/or publications

Did the analysis include an intention-to-treat
analysis? If so, was this appropriate and were
appropriate methods used to account for missing
data?

Yes — all analyses conducted on the ITT population.
Sensitivity analyses were conducted to assess the
impact of missing data Three multiple imputation
methods (MAR, partial-DRMI, and DRMI) were used
to assess robustness to missing data

Yes — all analyses conducted on the ITT population.
Sensitivity analyses to account for missing data were
not conducted due to the low proportion of missing
data

Please see Appendix D for full details of the quality assessment.
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Applicability to clinical practice

It is expected that the results of the Phase 3 trials will be broadly applicable to clinical practice
in England. Maintenance therapy at baseline in the Phase 3 clinical trials was in-line with
recommended UK guidelines, i.e., high-dose ICS plus LABA + OCS based on BTS/SIGN
recommendations, and patients continued to receive their asthma-controller medications
concomitantly throughout the trials. Although the trials contained few UK patients, baseline
characteristics were comparable to those in previously published analyses of patients with
severe asthma in the UK for most characteristics (Table 18) (Heaney et al. 2010, Kerkhof et
al. 2017).

Key trial endpoints including exacerbation rates, lung function, OCS use, and PRO measures
are also used to assess the efficacy of treatment in clinical practice, and reflect patient-relevant
outcomes. Results for exacerbation reductions with benralizumab in European patients were
numerically favourable, compared with the overall population in SIROCCO and CALIMA
(potentially due to differences in baseline exacerbation rates), while OCS reductions in
ZONDA were directionally consistent between European patients and the overall population
(Section B.2.6). In addition, relevance of the clinical data and subgroup positioning was
explored and confirmed through engagement with UK clinicians, at an AstraZeneca-
sponsored advisory board (AstraZeneca 2017).

Table 18: Comparison of baseline characteristics between the Phase 3 benralizumab
trials and published literature

SIROCCO CALIMA ZONDA (Heaney et | (Kerkhof et
al. 2010) al. 2017)
Patient population Severe Severe Eosinophilic Refractory Severe
asthma asthma asthma treated | UK asthma | uncontrolled
treated with | treated with | with high-dose patients eosinophilic
high-dosage | medium- or ICS+LABA, (ATS UK asthma
ICS+LABA | high-dosage +0CS definition) patients
ICS+LABA*
Mean age, years 48.8 49.2 51.0 NR 55.8
Female sex, % 66.1 61.8 61.4 63.1 66.4
White race, % 72.6 84.3 93.2 90.6 NR
Mean BMI, kg/m? 28.78 28.77 29.58 28 NR
Mean local eosinophil 472 472 575 NR NR
count
Never-smoker, % 80.4 78.3 79.1 61.0 50.8
Prebronchodilator FEV;, 1.665 1.762 1.846 1.90 NR
L
Reversibility, % 257 39.2 241 NR NR
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Median time since 14.76 16.11 12.18 NR NR
diagnosis, years

Mean exacerbations in 29 2.7 2.8 NR 2
past year, n

Mean ACQ-6 score 2.81 2.71 2.56 NR NR
Diagnosis of allergic 53.7 54.9 50.9 36.6 20.7
rhinitis, %

Nasal polyps, % 19.7 151 31.8 13.4 12.8
Eczema, % 12.0 10.0 7.3 27.0 34.0
History of omalizumab 7.3 29 141 NR or
treatment, %

ICS/LABA therapy, % 100 100 100 NR 100
OCS users, % 16.3 9.3 100 41.7 16.6

* Note that although medium-dose patients were included, primary analyses were conducted on patients receiving high-dose
A Defined as 21 prescription during baseline in this study

ATS: American Thoracic Society; BMI: Body mass index; FEV1: Forced expiratory volume in 1 second; ICS/LABA: Inhaled
corticosteroid + long-acting beta-agonist therapy; OCS: Oral corticosteroid

B.2.6 Clinical effectiveness results of the relevant trials

In-line with the licensed indication, only the results for the licensed dose (Q8W) are presented
below, and unless otherwise specified, all results are presented for patients with baseline
blood eosinophil counts at least 300 cells per pL, and on high dose ICS/LABA with or without
OCS. While the key results are presented from each trial, the focus of the submission is on
the patient subgroup for which a NICE recommendation is sought (i.e., patients with blood
eosinophil count =300 cells per pL, and either =3 exacerbations needing systemic
corticosteroids in the past 12 months, or =26 months previous treatment with OCS), with
subgroup analyses from SIROCCO, CALIMA (pooled), and ZONDA demonstrating the safety
and efficacy of benralizumab in this specific patient group.

Data for this section are sourced from the clinical trial publications (Bleecker 2016, FitzGerald
2016, Nair et al. 2017) and the clinical study reports (CSRs) for each trial.
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SIROCCO

For the primary endpoint, benralizumab decreased the annual asthma exacerbation rate by
51% compared with placebo at week 48, with a rate ratio versus placebo of 0.49 (0.37-0.64;
p<0.0001). Overall, 34.8% of patients treated with benralizumab Q8W experienced at least
one exacerbation during the study period, compared with 50.6% of patients on placebo. In
terms of key secondary endpoints, a significant improvement in lung function, as measured
by pre-bronchodilator FEV1 was observed (LS mean difference versus placebo of 159mil;
p=0.0006) (Figure 15). Benralizumab also demonstrated improvements in asthma symptoms,
as measured by total asthma symptom score (LS mean difference versus placebo of -0.25;
p=0.0118) (Table 19), which, whilst statistically significant, did not reach the MCID.

Table 19: Primary and key secondary endpoint results in the SIROCCO trial

Placebo

Benralizumab 30 mg Q8W

Primary endpoint: Annual asthma exacerbation rate over 48 weeks*

Number of patients 267 267

Rate estimate (95% CI)

1.33 (1.12-1.58)

0.65 (0.53-0.80)

Absolute difference estimate (95% CI)

~0.68 (-0.95- —0.42)

Rate ratio vs placebo (95% CI; p value)

0.49 (0.37-0.64; <0.0001)

Key secondary endpoints (48 weeks)

Prebronchodilator FEV; (L)t

Number of patientst 261 264

LS mean change (number of patients§) 0.239 (233) 0.398 (235)

LS mean difference vs placebo (95% CI; p value) - 0.159 (0.068 - 0.249; 0.0006)
Total asthma symptom scoretq

Number of patients analysedi 267 263

LS mean change (number of patients§) -1.04 (180) -1.30 (178)

LS mean difference vs placebo (95% CI; p value) - -0.25 (-0.45 - -0.06; 0.0118)
EQ-5D

Number of patients analysed” [ | [ |

Estimate for groups (95% ClI) I I

Estimate for difference | ]

EQ-5D= EuroQol 5 dimensions; ICS=inhaled corticosteroids. LABA=long-acting f2-agonsists. 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.

1 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.

I Patients with a baseline and at least one post-baseline assessment.
§ Numbers of patients at 48 weeks.

9 A decrease in score suggests an improvement

A Excludes adolescents

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 94 of 461


http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn1
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn2
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn3
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn4
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn2
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn5
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn3
http://www.sciencedirect.com/science/article/pii/S0140673616313241?via%3Dihub#tbl2fn4

Figure 15: FEV1 change from baseline through Week 48 in SIROCCO
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*P<0.05 for benra 30 mg Q8 weeks vs placebo.
Error bars represent 95% confidence intervals. P values are from the repeated measures analysis.
Benra=benralizumab; FEV=forced expiratory volume in 1 sec; LS=least squares; Q8W=every 8 weeks.

CALIMA

Benralizumab decreased the annual asthma exacerbation rate by 28% compared with placebo
at week 56, with a rate ratio versus placebo of 0.72 (0.54-0.95; p=0.018). Overall, 39.7% of
patients treated with benralizumab Q8W experienced an exacerbation during the study period,
compared with 50.8% of patients on placebo. For key secondary endpoints, a significant
improvement in lung function, as measured by pre-bronchodilator FEV1 was observed (LS
mean difference versus placebo of 116ml; p=0.0102) (Figure 16). Benralizumab also
demonstrated improvements in asthma symptoms, as measured by total asthma symptom

score (LS mean difference versus placebo of -0.23; p=0.0186) (Table 20).

Table 20: Primary and key secondary endpoint results in the CALIMA trial

Placebo Benralizumab 30 mg Q8W
Primary endpoint: Annual asthma exacerbation rate over 56 weeks*
Number of patients 248 239
Rate estimate (95% CI) 0.93 (0.77-1.12) 0.66 (0.54-0.82)
Absolute difference estimate (95% ClI) - -0.26 (-0.48 to —0.04)
Rate ratio vs placebo (95% CI; p value) - 0.72 (0.54-0.95; 0.0188)

Key secondary endpoints (48 weeks)

Prebronchodilator FEV; (L)t

Number of patientst 244 238
LS mean change (number of patients§) 0.215; 221 0.330; 211
LS mean difference vs placebo (95% CI; p value) - 0.116 (0.028-0.204; 0.0102)

Total asthma symptom scoretq

Number of patients analysedi 247 237
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LS mean change (number of patients§)

-1.16; 187

-1.40; 185

LS mean difference vs placebo (95% CI; p value)

~0.23 (-0.43 to -0.04; 0.0186)

EQ-5D

Number of patients analysed”

Estimate for groups (95% ClI)

Estimate for difference (95% CI; p value)

Data for the primary endpoint are rate estimate (95% Cl) or rate ratio (95% CI). Data for the secondary endpoint are mean
change from baseline at week 56; n or mean difference (95% CI). EQ-5D= EuroQol 5 dimensions; FEV=forced expiratory
volume in 1 s. LS=least squares. Q8W=once every 8 weeks (first three doses Q4W).

* Estimates calculated using a negative binomial model with adjustment for treatment, region, oral corticosteroid use at time of
randomisation, and previous exacerbations.

1 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.

I Key secondary endpoint; composite of daytime and night-time symptoms scored 0-6 overall (a decrease in score indicates
improvement).

§ Numbers after semicolon are patients at 56 weeks
A Excludes adolescents

Figure 16: FEV, change from baseline through Week 56 in CALIMA
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"P<0.05 for Benra 30 mg Q8W.
Error bars represent 95% confidence intervals. P values are from the repeated-measures analysis.
Benra=benralizumab; FEV=forced expiratory volume in 1 sec; LS=least squares; Q8W=every 8 weeks.

Rationale for differences between SIROCCO and CALIMA: regional differences
in exacerbation rates

Despite similar trial designs and populations included in the primary analyses, reductions in
exacerbation rates were observed to be greater in SIROCCO than in CALIMA. As presented
in the CALIMA publication (FitzGerald 2016), subgroup analyses suggested three key drivers

for this observation: regional effect, exacerbation history, and background medication.
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Heterogeneity in regional exacerbation rates in CALIMA might have contributed to the size of
treatment effect of benralizumab to a greater extent in CALIMA than in SIROCCO. This finding
was substantially the consequence of patients from Eastern Europe and South America who
had fewer exacerbations in the year before study entry (i.e., less severe baseline disease).
Essentially these patients had very low rates of exacerbations during the treatment period,

irrespective of the treatment regimen.

In support of this explanation, we found that patients who had experienced 3 or more
exacerbations in the previous year (i.e., greater asthma severity at baseline — see Section
B.2.7) were under-represented in the Eastern Europe and South America regions, and had
the greatest effects of benralizumab treatment. Exacerbation reductions in this subgroup of
CALIMA patients (3 or more exacerbations in the year before study) reflect annual asthma
exacerbation rate reduction results of the SIROCCO study —i.e., 51% for the Q8W regimen in
CALIMA and 57% in SIROCCO.

In addition to regional heterogeneity and exacerbation history, the efficacy results of CALIMA
seem to be affected by a strong placebo response. The exacerbation rate of patients in the
placebo group during the treatment period of the trial was 0.93, far different from the
exacerbation rate of 2.8 seen in the year prior to randomisation. This response could have led
to an underestimation of the treatment benefit of benralizumab in CALIMA. Unlike other
biologic clinical trials, the Sponsor provided background medication of high dose ICS/LABA to
all patients during the entire clinical trial, which could also have contributed to the strong

placebo response.

Differences in exacerbation rate reductions, by region, for both SIROCCO and CALIMA are
presented in Figure 17. It should be noted that hazard ratios for European patients were
numerically favourable compared with the overall population. However, analyses of
exacerbation rates by region were explanatory and not powered to detect differences, with
small n numbers in each group; correspondingly, confidence intervals are wider than in the

overall population.
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Figure 17: Exacerbation rate reduction, by geographical region in SIROCCO and
CALIMA analyses (high-dosage ICS/LABA with blood eosinophils 2300 cells/uL)
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Pre-specified subgroup analysis. Values in parentheses represent 95% Cls. Statistical analysis model was a negative binomial
mode, including covariates for treatment group, region, use of maintenance OCS, and number of exacerbations in the previous
year. Europe encompasses Western Europe and Turkey.

Pooled SIROCCO and CALIMA

A pre-specified pooled efficacy analysis of the SIROCCO and CALIMA trials was conducted
to better understand the relationship between the clinical efficacy of benralizumab and
baseline blood eosinophil counts and exacerbation history, and therefore identify which
patients are most likely to benefit from treatment with benralizumab (FitzGerald et al. 2017).
The similar design of the two studies allowed for the results to be pooled, with the log of each
patient’s corresponding follow-up time used as an offset variable to adjust for patients’ having
different exposure times during which the events occurred (i.e. differences in study durations).

Patients on medium-dose ICS in CALIMA were excluded.

Results from 1204 patients in SIROCCO and 1091 patients in CALIMA on high-dose ICS plus
LABA were included to give a total of 2295 patients in the pooled analysis. In patients with
eosinophils 2300 cells/ul, benralizumab Q8W reduced the annual rate of exacerbations by
43% compared with placebo (RR: 0.57; 95% CI: 0.47-0.69; p<0.0001).

Previous exacerbations, baseline blood eosinophil counts, and baseline lung function indices
were found to be consistent and influential predictors of exacerbation reduction (Figure 18 and
Figure 19). Baseline lung function indices (especially reversibility) and eosinophil counts were

also important predictors of FEV, change.
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Figure 18: Analysis of the effect of patient baseline characteristics on the efficacy of
benralizumab treatment

Rate ratio Events/follow-up duration,
(treatment/placebo; 95% Cl)  years (treatment vs placebo)
Age group (years)
<18 — 10/13-3vs 7/173
18 to <65 - 281/413-7 vs 562/4201
=65 — = 28/54.4 vs 66/62-0
Sex
Male - 113/187.2 vs 207/186.0
Female - 206/294.2 vs 428/313-4
BMI (kg/m)
=35 - 249/4241 vs 524/423.2
=35 — F0/57-3vs 111/76-2
Baseline oral corticosteroid use
Yes — = 52/70-8 vs 128/61-1
No - 267/410.6 vs 507/438.2
Number of exacerbations in previous year
2 = 172/296-4 vs 234/291-6
3 —-— 67/107-2 vs 154/105-4
=4 —— B0O/77-B vs 247/102-4
Race
White - 256/377-4 vs 4613942
Black or African American —t— 23/17-0vs 11/16-5
Asian —a— 25/59.7 vs 137/60.8
Other* — 15/27-2 ws 26/27-9
Masal polyps at baseline
Yes —— 82/110-3vs 198/114-1
Mo - 237/371-1vs 437/385.3
Atopic status at baseline
Yes -- 206/302-8 vs 399/307-9
No —a- 107/173-0 vs 225/185-6
Smoking history
Newver - 254/384-0 vs 4914093
Former or current —— 65/97-4 vs 144/90-1
Overall - 319/481 vs 635/499
T 1

01 1 10
+—— —»
Favours treatment Favours placebo

Data are from the ITT population from the high-dosage inhaled corticosteroid treatment cohorts from the SIROCCO and
CALIMA studies (baseline blood eosinophils 2300 cells per pL; full analysis set, pooled). AER was analysed using a negative
binomial model.

AER=annual asthma exacerbation rate. BMI=body-mass index. Q8W=every 8 weeks (first three doses every 4 weeks).
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Figure 19: Annual asthma exacerbation rates by baseline eosinophil count (full analysis
set, pooled)

Placebo Benralizumab Q8W
(n=777) (n=762)
20 cells perpL
Number of patients analysed 770 751
Rate estimate (95% Cl) 116 (1-:05to 1-28) 0-75 (0-66 to 0-84)
Absolute difference estimate vs placebo (95% Cl) -0-41 (-0-56 to -0-27)
Rate ratio vs placebo (95% Cl) " 0-64 (0-55to 0-75)
p value vs placebo . <0-0001
=150 cells per pL
Number of patients analysed 648 646
Rate estimate (95% Cl) 114 (1-02t0 1-28) 0-72(0-63t0 0-82)
Absolute difference estimate vs placebo (95% Cl) . -0-42 (-0-58 to -0-27)
Rate ratio vs placebo (95% Cl) . 0-63(0-53t0 0-74)
p value vs placebo <0:0001
2300 cells per pL
Number of patients analysed 511 499
Rate estimate (95% ClI) 1-14 (1-00to 1-:29) 0-65 (0-56 to 0-75)
Absolute difference estimate vs placebo (95% Cl) - -0-49 (-0-67t0 -0-32)
Rate ratio vs placebo (95% CI) 0.57 (0-47 to 0.69)
p value vs placebo . <0-0001
2450 cells per puL
Number of patients analysed 306 298
Rate estimate (95% Cl) 125 (1.06 to 1-47) 0-62 (0-51t0 0.76)
Absolute difference estimate vs placebo (95% Cl) . -0.63 (-0-87 to -0-39)
Rate ratio vs placebo (95% C1) - 0-50 (0-38 to 0-64)
p value vs placebo <0.0001

ClI: Confidence interval; Q8W: Every 8 weeks

Based on this analysis, benralizumab was found to be more efficacious in patients who had
experienced three or more exacerbations in the year before study entry (and eosinophil counts
2300 cells per pL), than in those patients who had experienced two exacerbations. This
informed the patient subgroup for which a NICE recommendation is sought (i.e., patients with
blood eosinophil count 2300 cells per pL, and either =3 exacerbations needing systemic
corticosteroids in the past 12 months, or 26 months previous treatment with OCS) and is

further discussed in Section B.2.7.

ZONDA

For the primary endpoint, benralizumab reduced the median final OCS dose by 75% from
baseline, compared with a reduction of 25% in the OCS doses in the placebo group (p<0.001)
(Figure 20). This translated to a Hodges-Lehman median treatment difference of 37.5% (95%
Cl 20.8 - 50.0).
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Figure 20: Median change from baseline in oral glucocorticoid dose in the ZONDA trial

307 e Placebo —a-Benralizumab 30 mg, every 4 wk —— Benralizumab 30 mg, every 8 wk

&
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02 4 8 12 16 20 24 28
Week
No. at Risk
Benralizumab 30 mg, every 4 wk 72 70 70 69 69 68 66 68
Benralizumab 30 mg, every 8 wk 70 72 67 69 69 66 69 68
Placebo 74 75 7.3 74 74 73 73 72

Error bars represent 95% confidence intervals. Values are slightly offset from each other at each time point for clarity.

The odds of a reduction in OCS dose were 4.12 times higher with benralizumab than with
placebo (95% CI: 2.22 - 7.63; p<0.001). In addition, greater proportions of patients in the
benralizumab Q8W group had a 90% to 100% reduction from baseline in daily OCS dose at
Week 28 compared with those in the placebo group (37.0% versus 12.0%, respectively). When
stratified by baseline OCS dose, patients on benralizumab receiving <10 mg/d OCS at
baseline (n=38) had a median 100% reduction in OCS dose, compared with 25% for patients
on placebo (n=39). In addition, 52% of patients eligible for a 100% reduction in OCS dose (i.e.,
those receiving <12.5mg/day at the end of the run-in phase) achieved this outcome in the
benralizumab arm, compared with 19% in the placebo arm. All secondary outcomes related

to reduction in the OCS dose were met.

In terms of other secondary outcomes of interest, the annual asthma exacerbation rate was
70% lower in the benralizumab Q8W group than in the placebo group (nominal p<0.001)
(Table 21), with 23.3% of patients on benralizumab experiencing an exacerbation compared
with 52.0% of patients on placebo over the 28-week treatment period. This was despite the
substantial reduction in OCS in the benralizumab group. The use of benralizumab was also
associated with improvements in pulmonary function (NSS; pre-bronchodilator FEV+), ACQ-6
score (indicating better asthma control), and AQLQ(S)+12 score (indicating better asthma-
related quality of life) from baseline to week 28.

Results for OCS reductions in European patients were || I it the

overall population, with a mean reduction in OCS dose from baseline of [ JJilifor patients
receiving benralizumab Q8W (n=22) compared with [JJJilffor patients receiving placebo
(n=23).
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Table 21: Primary and key secondary outcomes in the ZONDA trial

Placebo (N=75)

Benralizumab Q8W (N=73)

Primary outcome

Median OCS dose (range) — mg/day*

At baseline 10.0 (7.5-40.0) 10.0 (7.5-40.0)
At final visit 10.0 (0.0 - 40.0) 5.0 (0.0 —30.0)
Median reduction from baseline 25.0 (-150 — 100) 75.0 (-50 — 100)
(range) - % of baseline value; p value - p<0.001
Reduction from baseline in final OCS dose, n (%)
290% 9(12) 27 (37)
270% 15 (20) 37 (51)
250% 28 (37) 48 (66)
>0% 40 (53) 58 (79)
Any increase or no change in dose 35 (47) 15 (21)

Analysis of % reduction from baseline in OCS dose

Odds ratio (95% CI; p value)

4.12 (2.22 — 7.63; p<0.001)

Key secondary outcomes

Final oral glucocorticoid dose of <5 mg/day — n (%)

Odds ratio (95% CI; p value)

2.74 (1.41 - 5.31; p=0.002)

Annual asthma exacerbation rate 1.83 0.54
Rate ratio (95% CI; p value) - 0.30 (0.17 to 0.53; p<0.001)
Pre-bronchodilator_ FEV1, LS mean 0.126 0.239
change from baseline (L)
LS mean difference - 0.112 L (95% E)I, —0.033 to 0.258;
p=0.129)
ACQ-6 score change from baseline -0.57 -1.12
\ - —0.55 (95% ClI, —-0.86 to —0.23;
LS mean difference P=0.001)
AQLQ score from baseline 0.63 1.08
\ - 0.45 (95% ClI, 0.14 t0 0.76;
LS mean difference P=0.004)

* The baseline OCS dose was the daily dose at which the patient’'s asthma was stabilised at randomisation and the final OCS

dose was the final daily dose at week 28.
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B.2.7  Subgroup analysis

Based on analysis of the SIROCCO and CALIMA trials, benralizumab was found to be more
efficacious in patients with blood eosinophils 2300 cells/uL and a history of three or more
exacerbations in the previous year (compared with patients with lower eosinophil counts and
less frequent exacerbations; see page 98). Based on this analysis, and also in-line with
clinicians’ expectations of the positioning of benralizumab in severe asthma (AstraZeneca
2017), a NICE recommendation is sought in the subgroup of patients with severe eosinophilic
asthma inadequately controlled, despite high-dose ICS (= 800ug FP daily) plus LABA, with
blood eosinophils 2300 cells per pl, AND either 23 prior asthma exacerbations needing
systemic corticosteroids in the previous 12 months OR treatment with continuous OCS over

the previous 6 months).

Supporting evidence is based on pooled data from the SIROCCO and CALIMA trials, in
patients receiving high-dose ICS (= 800ug FP daily) plus LABA, with blood eosinophils 2300
cells per yl and 23 prior asthma exacerbations needing systemic corticosteroids in the
previous 12 months, as well as a subgroup analysis of patients with blood eosinophils 2300

cells per ul from the ZONDA trial. These results are described below.

Pooled SIROCCO and CALIMA subgroup analysis

Adult patients with blood eosinophil level 2300 cells/ul and 23 severe exacerbations,

who have failed on high-dose ICS plus LABA therapy

A total of 259 patients were included in the pooled SIROCCO and CALIMA subgroup analysis.
Pooling increased the sample size and was feasible due to the similar study designs, helping
to identify patients who could benefit most from treatment with benralizumab. Overall, 24% of
patients were on concomitant OCS and 88% on ICS/LABA, and the median time since asthma
diagnosis was 16 years (Table 22). In the 12 months prior to study initiation, patients had
experienced a mean of 4.2 exacerbations, with 24% experiencing an exacerbation leading to
hospitalisation.

Table 22: Baseline characteristics in the subgroup analysis (pooled SIROCCO and
CALIMA)

Benralizumab 30mg Placebo (N=136)
Q8W (N=123)
Age, mean (SD) 50.8 (11.5) 49.6 (12.7)
Female sex, n (%) 74 (60.2) 93 (68.4)
Race, n (%)
White 91 (74.0) 106 (77.9)
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Black or African American 4 (3.3) 2(1.5)
Asian 25 (20.3) 21 (15.4)
Other 3(24) 7(5.1)
Years since asthma diagnosis, median (range) 18.4 (1.3, 66.9) 14.3 (1.2, 69.9)
Pre-bronchodilator FEV, (L), mean (SD) 1.60 (0.596) 1.67 (0.632)
Local baseline eosinophil count, mean (SD) 718 (475) 676 (450)
N. exacerbations in past 12 months, mean (SD) 4.0 (1.72) 4.4 (2.32)
N. exacerbations leading to hospitalisation or 0.9 (1.69) 0.9 (1.55)
ER treatment in past 12 months, mean (SD)
Patients with 21 exacerbations resulting in 30 (24.4) 33 (24.3)
hospitalisation in past 12 months, n (%)
Diagnosis of allergic rhinitis, n (%) 77 (62.6) 82 (60.3)
Nasal polyps, n (%) 42 (34.1) 43 (31.6)
History of omalizumab treatment, n (%) 13 (10.6) 16 (11.8)
PRO measures
Total asthma symptom score 2.84 (1.10) 2.82 (1.01)
ACQ-6 score, mean (SD) 2.87 (0.95) 2.90 (0.92)
AQLQ overall, mean (SD) 3.69 (0.99) 3.87 (0.96)
EQ-5D-5L utility score* 0.73 (0.216) 0.75 (0.181)
Maintenance asthma medication use at baseline
ICS use, n (%) 123 (100.0) 136 (100.0)
Mean ICS total daily dose (pg)(a) 1236.428 1165.788
LABA use, n (%) 122 (99.2) 136 (100.0)
ICS/LABA use, n (%) 110 (89.4) 117 (86.0)
OCS use, n (%) 29 (23.6) 32 (23.5)
Mean OCS total daily dose (mg)(b) 13.845 12.984
LAMA use, n (%) 20 (16.3) 19 (14.0)
LTRA use, n (%) 62 (50.4) 62 (45.6)
Xanthine derivatives use, n (%) 33 (26.8) 27 (19.9)
Other asthma medications use, n (%) 3(2.4) 1(0.7)

(a) ICS doses were converted to their Fluticasone Propionate equivalent for this summary.
(b) OCS doses were converted to their Prednisolone equivalent for this summary.
*UK tariff was used to estimate score

Clinical effectiveness

Using a negative binomial model for assessment, benralizumab was found to significantly
reduce the annual asthma exacerbation rate by 53% compared with placebo (RR: 0.47; 95%
Cl: 0.32 - 0.67; p<0.001) in the pooled subgroup analysis.
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Further, benralizumab reduced the rate of exacerbations associated with ER visits by 69%
(p=0.051), improved pre-bronchodilator FEV+ by 254 ml (p<0.001), and improved PRO scores
of asthma control and quality of life (ACQ-6 and EQ-5D-5L) from baseline compared with

placebo (Table 23). No differences were observed for exacerbations associated with

hospitalisation, although event rates were very low.

Table 23: Efficacy in the pooled SIROCCO and CALIMA subgroup analysis

Estimate, 95% CI

Benralizumab 30mg | Placebo (N=136)

Q8W (N=123)

Marginal annual exacerbation rate

0.85 (0.63, 1.15) 1.83 (1.45, 2.30)

Marginal absolute difference

-0.98 (-1.46, -0.50)

Rate ratio

0.47 (0.32, 0.67)

P value

<0.001

Annual exacerbation rate associated with ER visit

0.05 (0.02, 0.12) 0.15 (0.08, 0.30)

Marginal absolute difference

-0.10 (-0.22, 0.01)

Rate ratio

0.31(0.09, 1.01)

P value

0.051

Annual exacerbation rate associated with hospitalisation

Not calculated*

Not calculated*

Rate ratio 1.01 (0.30, 3.45)
P value 0.988
FEV. pre-bronchodilator change from baseline (L) 0.485 0.231
Estimate for difference 0.254 (0.113, 0.395)
P value <0.001
ACQ-6 score change from baseline -1.59 -1.16

Estimate for difference

-0.43 (-0.69, -0.16)

P value

0.002

Mean EQ-5D-5L score change from baseline

0.10 (0.08, 0.13) 0.06 (0.04, 0.09)

Estimate for difference

0.04 (0.01, 0.08)

P value

0.019

* The crude rate was 0.09 for benralizumab and 0.14 for placebo

ZONDA

*

*
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Meta-analysis

Individual patient-level data (IPD) for the key benralizumab exacerbation trials (SIROCCO and
CALIMA) were pooled together to inform the MAIC. Direct meta-analysis was not carried out
due to this pooling of IPD. Pooled estimates for comparator exacerbation studies (for
mepolizumab and reslizumab) were calculated in a meta-analysis performed in Stata
statistical software using a drop down command prompt “metan”. Fixed-effects estimates were
calculated according to the Mantel-Haenszel model, and random-effects estimates according

to the method of DerSimonian and Laird.

B.2.9 Indirect and mixed treatment comparisons

Note: this section summarises the methodology and results of the MAIC. For further, more

detailed information, please refer to Appendices D.1.1 and D.1.2.

In the absence of head-to-head trials versus mepolizumab and reslizumab, the feasibility of

conducting indirect comparisons was assessed.

Search strategy

An SLR was conducted to identify RCT evidence for the efficacy of monoclonal antibodies for
severe asthma, in accordance with NICE guidance, and the University of York CRD standards
and Cochrane standards. Methods of this systematic review for the identification of relevant

benralizumab studies are described in Section B.2.1.
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Study selection

The systematic review for indirect and mixed treatment comparisons was conducted with a
broader scope than the review for benralizumab RCTs, to incorporate evidence for all relevant

comparators in the severe asthma population. Eligibility criteria are described in Table 26.

Table 26: Eligibility criteria (PICOs) for the systematic review

Population e Age: adults and adolescents (=12 years)

e Gender: any

e Race: any

¢ Disease: severe asthma that is uncontrolled despite treatment with medium- to
high-dose ICS plus at least one additional controller

Interventions e Biologics (in line with the scope of this appraisal)
¢ Benralizumab

e Mepolizumab

e Reslizumab

Comparators ¢ Placebo/best supportive care

e Medium or high-dose ICS + at least one additional controller.

¢ Medium dose ICS + 1 additional controller (e.g. LABA/LTRA/LAMA/theophylline)
¢ High-dose ICS + 1 additional controller (e.g. LABA/LTRA/LAMA/theophylline)

¢ High-dose ICS + 2 additional controller (e.g. LABA + LAMA/LABA+LTRA)

e High-dose ICS + at least one additional controller + OCS maintenance treatment

Outcomes of Efficacy and quality of life outcomes:

interest ¢ Asthma exacerbations (overall exacerbations, mean rate per patient per year,
exacerbations requiring systemic corticosteroids, ER visit and/or hospitalisation,
including definitions)

o Number/proportion of patients with exacerbations

e Total number of exacerbations experienced over the duration of the study

¢ Time to first exacerbation

e Pre-bronchodilator FEV

e Post-bronchodilator FEV+

e Peak expiratory flow

e Symptom-free days

e Asthma control measured by ACQ

e Asthma symptoms (overall, day-time, night-time symptom, night-time awakening)

¢ Oral corticosteroids sparing efficacy

¢ AQLQ or mini AQLQ

e SGRQ

e EQ-5D

o WPAI
Safety outcomes: e Hoarseness or dysphonia

e Any adverse events o Mortality

e Any serious adverse events e Nausea

¢ Any treatment-related adverse ¢ Oral candidiasis

events e Pneumonia

e Bronchitis o Palpitations

e Cardiac events ¢ Sinusitis

e Cough e Tremor

e Dry mouth o Upper respiratory tract infections
Tolerability

¢ All withdrawals
¢ Withdrawal due to adverse events
¢ Withdrawal due to lack of efficacy

Study designs e RCTs
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Language e Database to be searched irrespective of language
e English language studies were included in SLR

Publication e Database inception to 17 October 2017
timeframe e Conference proceedings for past 3 years (searched on 17 October 2017)

ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; ER: Emergency room; EQ-5D: EuroQoL 5D;
FEV.: Forced expiratory volume in one second; ICS: Inhaled corticosteroid; LABA: Long-acting beta-2 agonist; LAMA: Long-
acting muscarinic antagonist; LTRA: Leukotriene receptor antagonist; RCT: Randomised controlled trial; SGRQ: St. George’s
Respiratory Questionnaire; SLR: Systematic literature review; WPAI: Work Productivity and Activity Impairment

Identified trials

A total of 2762 separate references were identified through database searching (see Appendix
D.1.1 for search terms — Error! Reference source not found. to Error! Reference source
not found.). The search terms included the medicine omalizumab as this was included in the
draft scope but was subsequently excluded in the final scope of this appraisal. Hence,

omalizumab studies were excluded at the screening phase.

Due to an overlap of evidence across different databases, 470 abstracts were removed as
duplicates. Initial screening of the titles and abstracts of the remaining 2,292 citations yielded
390 relevant references, which were evaluated as full-text articles. Of these 390 references,
91 references met the inclusion criteria of the review. In addition, 43 references meeting the
inclusion criteria were identified from conference proceedings (n=14), bibliographic screening
(n=2), registry databases (n=20), and manufacturers’ databases (CSRs, n=7) (see Error!
Reference source not found. in the appendix for the PRISMA flow). Finally, having linked
the multiple publications from each single study, 16 studies from 134 publications were

included in the SLR (Error! Reference source not found. in the Appendix).

NMA feasibility assessment
The clinical studies identified in the SLR were assessed for potential inclusion in an NMA.

The selection criteria for studies to be assessed for an NMA were based on the proposed label
and the patient population for the Phase Ill of benralizumab, i.e., patients with severe asthma
that remained uncontrolled despite treatment with high-dose ICS and at least one additional
controller. However, for other biologics approved doses were considered for treatment
comparisons. Table 27 details the approved or labelled doses of biologics considered for

inclusion of studies for the NMA.

Table 27: Approved interventions and doses in severe asthma

Treatment Approved/labelled dose

Benralizumab | 30 mg Q8W SC (proposed label dose) based on two pivotal trials

Mepolizumab | 100 mg Q4W SC; 75 mg IV (bioequivalent to the approved SC dose)

Reslizumab 3 mg/kg Q4W IV
IgE: Immunoglobulin E; 1V; Intravenous; Q4W: Every 4 weeks; Q8W: Every 8 weeks; SC: Subcutaneous
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As mepolizumab 75 mg IV is considered to be bioequivalent to the approved dose (100 mg
Q4W SC), these two doses were pooled in the ITC.

Of the 16 studies included in the SLR, only 10 studies met the criteria for assessment for
inclusion in an NMA: three studies each for benralizumab and reslizumab, and four studies for

mepolizumab. The feasibility of performing an NMA was assessed in three steps:

e The possibility of constructing an interlinked network of studies
e A comparison of study design and patient demographics that could modify relative
treatment effect, and

e The availability of data for each outcome of interest

A heterogeneity assessment was undertaken to evaluate the degree of comparability among
the studies that form the evidence network. Based on the heterogeneity assessment across
the trials selected for NMA, a high degree of variability was observed in the inclusion/exclusion
criteria, baseline characteristics, and disease severity, as assessed by exacerbation history,
EOS count, maintenance OCS use, and baseline IgE count of the included patient population.

See Appendix D.2 for further details on the heterogeneity assessment.

In the event of cross-trial differences in patient populations and differences in outcome
measure definitions, NMA can generate biased estimates. A robust NMA combining all these

studies in a single evidence network was therefore not feasible.

Several of the limitations (such as cross-trial differences) that arise based on aggregate data
in an NMA can be accounted for using a population-adjusted ITC, wherein individual patient
data (IPD) in one or more trials are used to adjust for the cross-trial differences in the

distribution of variables that influence the outcomes.
Rationale for MAIC Approach

Matching adjusted indirect comparison (MAIC) is a form of population-adjusted ITC that uses
subject-level data from trials of one treatment (in this case for benralizumab using IPD data
available to the manufacturer) and matched baseline aggregate data reported in comparator
trials (in this case for mepolizumab and reslizumab). Individuals in the IPD population are
weighted by the inverse of their propensity score, to balance the covariate distribution with
that of target aggregate population. Another type of population-adjusted ITC is Simulated
Treatment Comparison (STC) (Phillippo 2016).

The motivation behind using MAIC is to adjust for the cross-trial differences in the patient
characteristics and thus generate less biased estimates of effects when compared with
standard ITC
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Matching-adjusted indirect comparison methodology

In light of the limitations of conducting a standard NMA for comparing benralizumab against

other biologics in severe asthma, a MAIC was conducted to assess the relative efficacy across

interventions. NICE DSU guidance on the use of MAICs for HTA was used to inform the
approach (Phillippo 2016).

Following this guidance, an anchored MAIC method was adopted based on the following

rationale:

Benralizumab and other in-scope biologics (mepolizumab and reslizumab) share a
common control group, i.e., placebo, and according to the NICE DSU
recommendations only anchored analyses were performed

MAIC is preferred to simulated treatment comparison (STC) on the basis that it avoids
the need to assume a relationship between the effect outcome, e.g., exacerbation

rates, and the ‘matching’ characteristic

The variables selected for adjustment in the MAIC were selected in an ordered way and were

also validated with external key opinion leaders (KOLs) (AstraZeneca data on file). The

approach included the following steps:

1.

Assess whether there existed an effect modifier among the baseline covariates
available in both benralizumab and comparator studies and demonstrate that these
effect modifiers were distributed differently across the studies included in the MAIC, to
justify the use of MAIC

Validate the selection with an external clinical KOL

Variable adjustment by estimating a logistic propensity score model that was
conditional on the effect modifiers identified in the previous steps. The propensity score
defined in this context is the conditional probability that an individual in the target
population is assigned to the comparator given the covariates. Further, each individual

is weighted by the inverse of their propensity score

Estimate the relative treatment effects of benralizumab and comparator included in the

MAIC using standard ITC methodologies

The results of matched analyses were finally compared with the unmatched results of the ITC

to assess the extent to which MAIC had altered the results.

Six key efficacy outcomes were selected on the basis of the primary study endpoint and clinical

significance in severe asthma, as well as to inform the economic model:

Exacerbation trials:
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o Annual rate of clinically significant exacerbations (see Error! Reference
source not found. in Appendix D.1.2 for definition of this outcome in each
study included in the MAIC)

o Annual rate of exacerbation requiring emergency room (ER) visit or

hospitalisation
o Pre-bronchodilator forced expiratory volume in one second (FEV+)
e OCS sparing trials:
o Percentage reduction from baseline OCS dose
o Proportion of patients with 100% reduction in OCS dose

o Annual rate of clinically significant exacerbations (See Error! Reference

source not found. in Appendix D.1.2 for definitions)

Please refer to Appendix D for detailed methodology of the MAIC.

Selection of studies/patient population for MAIC

Only Phase lll pivotal trials evaluating approved respiratory biologics in severe uncontrolled
asthma on medium to high-dose ICS plus at least one additional controller were considered

for inclusion in the MAIC for comparison against benralizumab.

The studies that informed the NMA feasibility assessment were considered for MAIC. The
inclusion/exclusion criteria for the SLR were sufficiently broad so as to identify all potentially
relevant studies. Further criteria specific to the decision problem were then applied to
determine which studies should populate the base case network and sensitivity analyses in
the MAIC. All of the SLR criteria as listed in Error! Reference source not found. had to be
met for data from a study to be used in the MAIC. Error! Reference source not found.

summarises the criteria for selection of studies for the MAIC.

Table 28: Summary of objectives and eligibility criteria for the MAIC

Objectives

To compare benralizumab against other launched respiratory biologics, i.e.,
Objectives mepolizumab and reslizumab, in patients with severe asthma uncontrolled
on high-dose ICS plus LABA (medium- to high-dose ICS plus LABA when
compared with reslizumab), and ideally in mepolizumab and reslizumab
NICE-recommended populations, respectively

Eligibility criteria

Population e Age: adults and adolescents (212 years)
e Gender: any
e Race: any
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¢ Disease: severe asthma that is uncontrolled despite treatment with high-
dose ICS plus at least one additional controller (medium- to high-dose
ICS when compared with reslizumab)

Interventions

Approved biologics

e Benralizumab
e Mepolizumab
e Reslizumab

Only studies evaluating approved/labelled doses of interventions were
included in the MAIC

Comparators

e Placebo/best supportive care
e Medium or high-dose ICS + at least one additional controller.

e Medium-dose ICS + 1 additional controller (e.g.,
LABA/LTRA/LAMA/theophylline)

¢ High-dose ICS + 1 additional controller (e.g.
LABA/LTRA/LAMA/theophylline)

¢ High-dose ICS + 2 additional controllers (e.g., LABA +
LAMA/LABA+LTRA)

e High-dose ICS + at least one additional controller + OCS maintenance
treatment

Study designs

e RCTs
e Phase lll

e Phase Il trials were not considered for analysis being exploratory in
nature and do not provide a definitive answer regarding the clinical
benefit of the intervention in question

¢ In addition, studies not powered to detect differences in efficacy
outcomes were not considered in the analysis

Language English language studies
Publication Database inception to 17 October 2017
timeframe

Conference proceedings for past 3 years (searched on 17 October 2017)

ICS: Inhaled corticosteroid; LABA: Long-acting beta-2 agonist; MAIC: Matching-adjusted Indirect Comparison; OCS: oral
corticosteroid; RCT: Randomised controlled trial

The following section describes the detailed criteria for selection of studies for the MAIC.

Selection of interventions and dose

Studies evaluating only EMA licensed or US FDA licensed doses of respiratory biologics were

included in the MAIC. In studies with multiple treatment arms, active treatment arms that met

this criterion were included.

All of the mepolizumab and reslizumab studies included in the SLR qualified the criteria for
disease severity. Only Phase Il trials were considered to be appropriate for selection in MAIC
to give a robust and unbiased comparison. This approach was in-line with other submissions
of comparative biologics. Phase Il trials were not considered for analysis, being exploratory in
nature. The primary aim of Phase Il trials is to evaluate if the intervention under investigation

demonstrates clinical activity and is well tolerated. These studies do not provide a definitive

answer regarding the clinical benefit of the intervention in question.
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Apart from the above-listed criteria (Error! Reference source not found.), a number of
additional factors were also considered for selection of studies for the MAIC against specific
comparators (mepolizumab and reslizumab) depending on the comparator trials’ population.
These included background ICS dose (medium/high) and availability of relevant baseline
characteristics for matching. These additional parameters were considered to be essential for
selecting studies for MAIC in order to generate a more closely matching sample with the
benralizumab trials population. The following sections discuss the additional factors

considered for identifying appropriate studies for inclusion in the MAIC, for each comparison.
Sensitivity analyses
The following sensitivity analyses were run. Results can be found in Appendix D.1.2.

o Specifically for the comparison between benralizumab and mepolizumab, there were
observed differences between the definitions of high-dose ICS across the
benralizumab and mepolizumab ftrials. In benralizumab ftrials, high-dose ICS was
defined using the GINA guideline definition of >500 ug FP daily or equivalent whereas
mepolizumab trials used =880 ug FP daily or equivalent criteria to define high-dose
ICS. Therefore, each analysis for exacerbation trials was conducted for two high-dose
ICS definitions, with one using the mepolizumab study definition of 2880 ug FP daily
or equivalent (considered to be the base case analysis) and the other using
benralizumab study definition of >500 ug FP daily or equivalent (applied as a scenario
analysis). The mepolizumab study definition of 2880 ug FP daily or equivalent has
been used as the base case for the results reported below as this most closely
represents the mepolizumab NICE recommended population. Results for the analysis
using the benralizumab study definition of >500 pg FP daily or equivalent are included
in Appendix D.1.2 - results of the MAIC.

o Comparison between benralizumab and mepolizumab: Inclusion of MUSCA
mepolizumab trial as a sensitivity analysis as this trial was not powered to detect

differences in efficacy outcomes

e Exacerbation trials comparison between benralizumab and mepolizumab: The MENSA
trial was 32 weeks in duration, considerably different from the duration of the other
three studies, i.e., 52 weeks in DREAM, 48 weeks in SIROCCO, and 56 weeks in
CALIMA. Therefore, pre-bronchodilator FEV; (L) was analysed at 32 weeks (base
case), end of the studies (including all four trials), and end of the studies (excluding
MENSA).

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 114 of 461



¢ Two analyses including base case and sensitivity analyses were conducted for the
OCS sparing trials (ZONDA for benralizumab vs SIRIUS for mepolizumab). The base
case analysis included EOS count, exacerbation history, OCS dose, BMI, and nasal
polyps for matching, while sensitivity analysis included ACQ-5 score and history of

omalizumab use in addition to the above variables.

e Percentage reduction in OCS dose: The ZONDA and SIRUS trials varied in terms of
study duration. ZONDA was a 28-week study, while SIRIUS was a 24-week study. In
order to compare like-for-like, the mean percentage reduction in OCS dose was
analysed using 24-week data from both of the trials (base case). To assess the impact
of differences in time points, an additional sensitivity analysis was conducted using the
end of study data from both the trials, i.e., 28 weeks from the ZONDA trial and 24
weeks from the SIRIUS trial.

Results of the MAIC (base case analysis)

Mepolizumab

Three studies each for benralizumab, SIROCCO (Bleecker 2016), CALIMA (FitzGerald 2016),
and ZONDA (Nair et al. 2017), and mepolizumab, MENSA (Ortega et al. 2014), DREAM
(Pavord 2012), and SIRIUS (Bel 2014), met the criteria of approved doses, disease severity,
and study phase for inclusion in the MAIC (see Error! Reference source not found. in
Appendix D.1.2). Additionally, one more trial evaluating mepolizumab was identified, i.e.,
MUSCA (Chupp et al. 2017). However, the primary objective of MUSCA was to analyse health-
related quality of life (HRQoL), and the trial was not powered to detect differences in efficacy
outcomes. Moreover, the study duration was comparatively short, i.e., 24 weeks compared
with the benralizumab trials (48 weeks in SIROCCO and 56 weeks in CALIMA). MUSCA was
therefore not included in the base case, but a sensitivity analysis was conducted including this

trial, which is described on page Error! Bookmark not defined. in the appendix.

No evidence was found in the mepolizumab NICE-recommended subgroup (EOS =300 cells/pl
and either 4 exacerbations requiring OCS in the past 12 months or continuous OCS use for
the past 6 months). One abstract reporting a post-hoc analysis of the MENSA study in patients
with EOS =300 cells/y and =3 exacerbations in the prior year was identified, which
demonstrated increased efficacy in this subgroup compared with that in the overall MENSA
population. However, this analysis was not used for the MAIC as it was only available for one
of the two mepolizumab exacerbation trials (i.e., MENSA but not DREAM), and was not
conducted in the mepolizumab NICE-recommended population. Please see Appendix D.1.2 —

list of identified studies for full details of this abstract.
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In order to generate a more matching sample across the studies, background ICS dose was
also assessed. Five of the six trials included patients receiving background high-dose ICS.
However, the CALIMA trial for benralizumab included patients receiving background medium
to high dose ICS. Therefore, only the subgroup of patients receiving high-dose ICS was
considered in MAIC. We also assessed studies for data specific to the subgroup of interest to
enable a more robust comparison; however limited data were identified, and comparisons

were therefore conducted in the overall clinical trial populations.

Figure 21 presents the evidence networks for comparison between benralizumab and
mepolizumab across both categories of studies. Treatment differences of each intervention
against placebo were used to derive the anchored ITC. For the exacerbation trials, results for
benralizumab were obtained by pooling the IPD from the SIROCCO and CALIMA trials, while
results for mepolizumab were pooled from the MENSA and DREAM trials. For the OCS
sparing trials, SIRIUS and ZONDA were included in the analysis (see Appendix D.1.2 for
further details).

Figure 21: Evidence network for comparison of benralizumab vs. mepolizumab for
annual rate of clinically significant exacerbations, annual rate of exacerbations
leading to ER visit/hospitalisation and change from baseline in pre-bronchodilator
FEV1

BENRA: Benralizumab; IV: Intravenous; MEPO: Mepolizumab; OCS: Oral corticosteroid; Q4W: every four weeks; Q8W: every
eight weeks; SC: Subcutaneous
Note that benralizumab Q8W dosing included first 3 doses Q4W
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Benralizumab and mepolizumab trials varied in terms of baseline EOS count, definition of high-
dose ICS, prior history of exacerbation, proportion of patients using OCS at baseline, ACQ-
scores, proportion of patients with nasal polyps, and treatment duration (see Error! Reference
source not found., Error! Reference source not found., Error! Reference source not
found., and Error! Reference source not found. in Appendix D.1.2). Nevertheless, the
effective sample size (ESS) after adjustment of the trial populations was sufficiently large for
a MAIC analysis. Following matching across the exacerbation trials and OCS-sparing trials,
benralizumab was compared with mepolizumab for the six key efficacy outcomes. Comparison
tables of baseline characteristics of patients before and after matching for each analysis are

shown in Appendix D.1.2.

SIROCCO/CALIMA versus MENSA/DREAM (exacerbation trials)

!
1l
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Reslizumab

A total of six studies assessing reslizumab in severe asthma were identified. Of the included
studies, only two studies, Study 3082 (Castro et al. 2015) and Study 3083 (Castro et al. 2015)
met the criteria for the MAIC (see Error! Reference source not found. in Appendix D.1.1).
Since reslizumab studies included patients on medium to high-dose ICS, patients on medium-
dose ICS from CALIMA trial (FitzGerald 2016) were also considered for inclusion in MAIC with

the aim of improving the matching.

The benralizumab and reslizumab trials varied in terms of sample size, disease severity,
medium-dose ICS cut-off, exacerbation history in previous year, and baseline EOS count;
there was very low to moderate overlap in the benralizumab and reslizumab trial population in
terms of exacerbation history within the past year. High heterogeneity across the baseline
characteristics resulted in a considerable reduction in the ESS after adjustments (99%
reduction, ESS=20), meaning that a robust MAIC between benralizumab and reslizumab was

not feasible. See Appendix D.1.2 — selection of effect modifiers for further details.

One abstract was identified in the reslizumab NICE-recommended population (EOS =400
cells/pl and 23 exacerbations requiring OCS in the past 12 months), which reported results
from a post-hoc, pooled analysis of the two pivotal 52-week trials. Of the 953 patients included
in the trials, 158 were included in this analysis, and increased efficacy of reslizumab was found
in this subgroup compared with the overall population. These data were not used to assess if
a MAIC was possible; however, as baseline characteristics were not reported, and therefore
differences between ftrials could not be adjusted for. Further, the data reported were
inconsistent with the data considered to inform the reslizumab NICE recommendation, and
the analysis includes a small number of patients. Please see Appendix D.1.2 — list of identified

studies for full details of this abstract.
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Uncertainties generated by the MAIC

Although the MAIC is associated with several advantages as it uses IPD, the results are still

subject to certain limitations.

Firstly, despite balancing the observed patients’ characteristics during matching, some

unobservable differences may still exist between the trials.

Another limitation is the occurrence of extreme weights for some patients while matching,
which can lead to decreased statistical power to detect differences between the treatments.
Effective sample size (ESS) is a reliable indicator in such cases. Small ESS can indicate that
some patients are receiving extreme weights, and there may be little statistical power to detect
differences between treatments. This situation was seen in the sensitivity analysis for the OCS
sparing trials (ZONDA vs SIRIUS, with matching for two additional variables, i.e., the
proportion of patients with a history of omalizumab use and ACQ-5 scores), wherein the ESS
reduced to 44 after matching due to a skewed distribution of weights. As such, results of this

sensitivity analysis should be interpreted with caution.

The MAIC methodology tried to address the differences the inclusion or exclusion criteria of
the included ftrials. To account for some of the key differences between trials, additional

sensitivity analyses were conducted as described above.

Additionally, across the OCS sparing trials, the studies varied in terms of the eligibility criteria
for OCS discontinuation, and the dosing schedule for reduction of OCS. These
differences could not be adjusted for using MAIC, so the results of the OCS-sparing trials

analyses should be interpreted with caution.

Finally, it should be noted that the MAIC was conducted using ITT data from the trials, as the
literature searches found no data for mepolizumab in the subgroup where it is NICE-
recommended. We have not identified a reason why the relative effect between benralizumab
and mepolizumab would differ in the mepolizumab NICE-recommended population (adults
with severe eosinophilic asthma that is inadequately controlled, despite high-dose ICS and
LABA, with 2300 EOS count, and =24 exacerbations in prior year or receiving maintenance
OCS). It is therefore deemed a reasonable assumption that the relative treatment effect for
benralizumab versus mepolizumab as derived from the MAIC in the full trial populations can
be applied to data for the mepolizumab NICE-recommended population, to inform the decision
problem in this submission. Further, this was the approach taken in the previous mepolizumab

and reslizumab NICE appraisals for comparisons between these medicines and omalizumab.

The results of this analysis have been included in the economic model. (see section B.3.7)
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B.2.10 Adverse reactions

Overall rates of AEs in the SIROCCO, CALIMA, and ZONDA ITT analyses

Across all three pivotal trials, the rates of AEs and serious AEs were numerically lower for
benralizumab Q8W compared with placebo. Rates of experiencing any AE ranged from 68%
to 75% for patients receiving benralizumab across the trials, and from 76% to 83% for patients
receiving placebo. Rates of serious AEs ranged from 9% to 13% for benralizumab and from
14% to 19% for placebo.

The most commonly experienced AEs across the trials consistently included worsening
asthma, nasopharyngitis, upper respiratory tract infection, headache, and bronchitis.
Hypersensitivity reactions were infrequent and similar between arms. Relative risk calculations

did not indicate an increased risk of any specific AEs when compared between all three trials.

A summary of AEs experienced in SIROCCO, CALIMA, and ZONDA is presented in Table 31,
Table 32, and Table 33, respectively, along with absolute and relative risks. Please note that
the studies were not powered to detect differences in event rates of AEs, and these

calculations are exploratory.

Table 31: Summary of AEs experienced in SIROCCO

?:nii%gc)) ﬁZ"Baébzv"(Ti'ggi? difference | Relative risk (95% CI
Any adverse event 311 (76%) 281 (71%) -5.1% 0.93 (0.86 - 1.01)
fny adverse event leading | 3 (<1%) 8 (2%)1 1.3% 2.75 (0.74 - 10.31)
Any serious adverse event 55 (14%) 52 (13%) -0.3% 0.98 (0.69 - 1.39)
Deaths 2 (1%) 1(<1%) -0.2% 0.52 (0.05 - 5.67)
Adverse events in >3% of patients?
Asthma 78 (19%) 45 (11%) 1.7% 0.60 (0.42 - 0.84)
Nasopharyngitis 47 (12%) 46 (12%) 0.1% 1.01 (0.69 - 1.48)
Upper respiratory tract 36 (9%) 32 (8%) 0.7% 0.92 (0.58 - 1.45)
Headache 21 (5%) 37 (9%) 4.2% 1.82 (1.09 - 3.05)
Bronchitis 30 (7%) 19 (5%) -2.5% 0.65 (0.37 - 1.14)
Sinusitis 28 (7%) 22 (6%) -1.3% 0.81 (0.47 - 1.39)
Influenza 23 (6%) 19 (5%) -0.8% 0.85 (0.47 - 1.54)
Pharyngitis 14 (3%) 23 (6%) 2.4% 1.70 (0.89 - 3.25)
Rhinitis 15 (4%) 10 (3%) -1.1% 0.69 (0.31 - 1.51)
Arthralgia 10 (2%) 18 (5%) 2.1% 1.86 (0.87 - 3.98)
Cough 10 (2%) 13 (3%) 0.8% 1.34 (0.60 - 3.03)
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Pyrexia 8 (2%) 12 (3%) 1.1% 1.55 (0.64 - 3.75)
Back pain 15 (4%) 8 (2%) -1.7% 0.55 (0.24 - 1.28)
Acute sinusitis 10 (2%) 13 (3%) 0.8% 1.34 (0.60 - 3.03)
Rhinitis allergic 8 (2%) 12 (3%) 1.1% 1.55 (0.64 - 3.75)
Nausea 8 (2%) 12 (3%) 1.1% 1.55 (0.64 - 3.75)
Gastroenteritis 6 (1%) 12 (3%) 1.6% 2.07 (0.78 - 5.45)
Pain in extremity 5 (1%) 13 (3%) 21% 2.69 (0.97 - 7.46)
Injection-site reactions 8 (2%) 9 (2%) 0.3% 1.16 (0.45 - 2.98)
;'\)’g:tgens“i""y adverse 11 (3%) 11 (3%) 0.1% 1.03 (0.45 - 2.36)
Causally related" 2 (<1%) 2 (<1%) 0 1.03 (0.15-7.30)
Urticaria 2 (<1%) 2 (<1%) 0 1.03 (0.15 - 7.30)

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.
1 One additional patient discontinued the study after receiving their last dose but before attending the end-of-treatment visit.
I Medical Dictionary for Regulatory Activities version 18.1.

§ High-level term.
9] In the opinion of the investigator.

Table 32. Summary of AEs experienced in CALIMA

Placebo Benralizumab 30 Risk . . o
(n=440) | mg Q8W (n=428) | difference | clative risk (95% Cl)
Any adverse event 342 (78%) 320 (75%) -3.0% 0.96 (0.89 - 1.04)
Any drug-related adverse 36 (8%) 54 (13%) 4.4% 1.54 (1.03 - 2.30)
event
Any adverse event leading o o o )
to treatment discontinuation 4 (<1%) 10 (2%) 14% 2.57(0.81-8.13)
Any adverse event leading
to death 0 2 (<1%) 0.5% 5.14 (0.25 106.75)
Any serious adverse event 60 (14%) 40 (9%) -4.3% 0.69 (0.47 - 1.00)
Adverse event in >3% of patients’
Nasopharyngitis 92 (21%) 79 (18%) -2.6% 0.88 (0.67 - 1.16)
Asthma 68 (15%) 47 (11%) -4.8% 0.71 (0.50 - 1.01)
Bronchitis 52 (12%) 44 (10%) -1.6% 0.87 (0.60 - 1.27)
Upper respiratory tract
in':gction piratory 41 (9%) 36 (8%) -0.9% 0.90 (0.59 - 1.38)
Headache 32 (7%) 34 (8%) 0.8% 1.09 (0.69 - 1.74)
Sinusitis 37 (8%) 20 (5%) -4.0% 0.56 (0.33-0.94)
Influenza 24 (5%) 14 (3%) -2.3% 0.60 (0.31-1.14)
Rhinitis allergic 23 (5%) 16 (4%) -1.6% 0.72 (0.38 - 1.33)
Hypertension 21 (5%) 18 (4%) -0.6% 0.88 (0.48 - 1.63)
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Rhinitis 17 (4%) 17 (4%) 0.1% 1.03 (0.53 - 1.99)
Back pain 16 (4%) 11 (3%) -1.1% 0.71 (0.33 - 1.51)
Acute sinusitis 14 (3%) 5 (1%) -2.2% 0.37 (0.13-1.01)
Arthralgia 9 (2%) 14 (3%) 1.3% 1.60 (0.70 - 3.66)
Cough 8 (2%) 14 (3%) 1.6% 1.80 (0.76 - 4.24)
Pharyngitis 7 (2%) 10 (2%) 0.8% 1.47 (0.56 - 3.82)
Pyrexia 6 (1%) 12 (3%) 1.6% 2.06 (0.78 - 5.43)
Injection-site reactions 8 (2%) 9 (2%) 0.3% 1.16 (0.45 - 2.97)
Hypersensitivity 17 (4%) 13 (3%) -0.9% 0.79 (0.39 - 1.60)
e mativity 2 (<1%) 4 (<1%) 0.5% 2.06 (0.38 - 11.17)

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 therapy visit. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).

* Medical Dictionary for Regulatory Activities version 18.1.

Table 33: Summary of AEs experienced in ZONDA

e | B | aitanco | Relaive sk 05% C)
Any adverse event 62 (83) 55 (75) -7.3% 0.91 (0.77 - 1.08)
Any adverse event leading 2 (3) 3(4) 1.4% 1.54 (0.27 - 8.96)
to treatment discontinuation
Any adverse event leading 0 2(3) 2.7% 5.13 (0.25 - 105.17)
to death
Any serious adverse event 14 (19) 7(10) -9.1% 0.51 (0.22 - 1.20)
Adverse event in 23% of patients’
Nasopharyngitis 15 (20) 11 (15) -4.9% 0.75 (0.37 - 1.53)
Bronchitis 12 (16) 7 (10) -6.4% 0.60 (0.25 - 1.44)
Headache 4 (5) 6 (8) 2.9% 1.54 (0.45-5.24)
Rhinitis 2 (3) 6 (8) 5.6% 3.08 (0.64 - 14.78)
Upper respiratory tract 5(7) 5(7) 0.2% 1.03 (0.31 - 3.40)
infection
Sinusitis 8 (11) 4 (5) -5.2% 0.51 (0.16 - 1.63)
Asthma 18 (24) 2(3) -21.3% 0.11 (0.03 - 0.47)
Influenza 5(7) 1(1) -5.3% 0.21 (0.02 - 1.72)
Hypertension 2 (3) 3(4) 1.4% 1.54 (0.27 - 8.96)
Pneumonia 3(4) 3(4) 0.1% 1.03 (0.21 - 4.93)
Vertigo 2 (3) 3(4) 1.4% 1.54 (0.27 - 8.96)
Presyncope 0 34) 4.1% 7.19 (0.38 - 136.79)
Back pain 4 (5) 2(3) -2.6% 0.51 (0.10 - 2.72)
Cough 4 (5) 1(1) -4.0% 0.26 (0.03 - 2.24)
Dyspnoea 4 (5) 1(1) -4.0% 0.26 (0.03 - 2.24)
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Nausea 3(4) 0 -4.0% 0.15(0.01 - 2.79)
Oral candidiasis 4 (5) 0 -5.3% 0.11 (0.01 - 2.09)
Status asthmaticus 3(4) 0 -4.0% 0.15 (0.01 - 2.79)
Injection-site reaction 2 (3) 0 -2.7% 0.21 (0.01 - 4.21)
Hypersensitivity 1(1) 2 (3) 1.4% 2.05(0.19-22.17)
Urticaria 1(1) 1(1) 0.0% 1.03 (0.07 - 16.12)

Data are number of patients (%).
* Medical Dictionary for Regulatory Activities version 18.1.

Rates of AEs leading to treatment discontinuation were <5% for both benralizumab and
placebo across all three trials. Although a numerically higher proportion of patients receiving
benralizumab discontinued treatment due to an AE (21 patients receiving benralizumab,
compared with 9 patients receiving placebo in total), no trends in specific adverse events

leading to discontinuation were observed:

¢ In SIROCCO, urticaria and arthralgia were the only TEAEs leading to discontinuation
of investigational product in more than one patient (2 patients [0.5%] each in the

benralizumab 30 mg Q8W group)

o In CALIMA, asthma was the only TEAE leading to discontinuation of investigational
product in more than one patient (2 patients [0.5%] in the benralizumab 30 mg Q8W
group and 1 patient [0.2%] in the placebo group

o In ZONDA, there were no AEs leading to discontinuation of investigational product in

more than one patient

Summary of AEs in the subgroup analysis

In the pooled SIROCCO and CALIMA subgroup analysis (for patients inadequately controlled,
despite high-dose ICS plus LABA, with blood EOS count =300 cells per ul AND =3 prior asthma
exacerbations), 80.5% of patients who received benralizumab experienced an AE (99/123),
compared with 81.6% of patients who received placebo (111/136). The rate of serious AEs
was 17.9% in the benralizumab group and 11.8% in the placebo group, while the rate of AEs
leading to discontinuation of treatment was 4.1% versus 0.7%, respectively. Serious AEs and
discontinuations were examined between the groups and the AEs were spread across many
different systems, with no trend for any particular system to be affected. One patient in the

benralizumab arm died due to AEs, which was not considered to be study drug-related.
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B.2.11 Ongoing studies

Several studies are ongoing to further assess the efficacy and safety of benralizumab in

patients with severe asthma. These are summarised in Table 34.

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 125 of 461



Table 34. Overview of relevant ongoing Phase 3 clinical trials of benralizumab for
severe uncontrolled asthma

activity of the drug in
those asthma
patients who remain
on treatment for at
least 16 weeks and
not more than 40
weeks in the
predecessor study
D3250C00021
(BORA).

Benralizumab
Q8w

Phase 3 trial Aim Study design |Population (N) |Treatment Primary and key
(clinical trial #, [Location, (duration) secondary
status) Year] endpoints
BORA Study to Randomised, |Adult and 30 mg Primary endpoint:
(D3250C00021, |[demonstrate the Double-blind, |adolescent subcutaneous |Safety & tolerability
NCT02258542) |long-term safety of |Parallel Group, |patients 12-75  finjection for up
benralizumab Extension years of age who [to 72 weeks of Secondary:
(extension of Study completed the either: y:
SIROCCO, CALIMA |[[countries see |double-blind Benralizumab |®¢ Annual asthma
& ZONDA) SIROCCO, treatment period |Q4qw exacerbation rate
CALIA 254, 021292525 anratzuma |+ HORU ag
- : Q8W productivity loss
ongoing] benralizumab or (WPAI+CIQ)
matching
placebo . Pulm_onary
(N=1800-2000 up function
to a max of e Asthma control
2200). (ACQ-6)
e QoL
(AQLQ(S)+12,
EQ-5D)
MELTEMI Study to continue to |Open-label, See BORA 30 mg Primary: Safety &
(D3250C00037 |characterize the parallel group, |(N=770) subcutaneous |tolerability
NCT02808819) |Safety profile of extension injection of
benralizumab study either: Secondarv:
administration and  |[countries see Benralizumab y:
monitor the BORA; 2016 — Q4w ¢ Annual asthma
pharmacodynamic  |ongoing] exacerbation rate

e Absolute
eosinophil count

e Anti-drug antibody
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D3250C00031 |Study to assess Multicentre, 18-75 years with |30 mg Primary: Proportion
(GRECO) functionality, Open Label, [severe not well- [subcutaneous |of
(NCT02918071) |performance and Single Group |controlled injection Q4W
reliability of a single- |[US, Canada; |asthma, currently |(5 injections in |° Succ_:e_ssful_
use Al with 2016] treated with total) for up to administration
benralizumab ICS/LABA 28 weeks ¢ Functional Al
administered with/without assessment |¢ Product
subcutaneously in an additional complaints
at-home setting asthma
reported by the controller(s) and
patient/caregiver, having a history Secondary:
and to cqnfirm the of 1 or more e Asthma control
safety, clinical asthma . (ACQ-6)
benefit of exacerbation o
benralizumab in (N=120) * Pharmacokinetics
severe asthma o Safety
patients
ANDHI Study to investigate |Multicentre, 18-75 years with |30 mg Primary: Effect of
(NCT03170271) |the effect of randomised, |[severe subcutaneous |benralizumab on the
benralizumab on the |double-blind, |uncontrolled injection on rate of asthma
rate of asthma parallel asthma, currently |[day 0, 28, 56, |exacerbations
exacerbations, assignment treated with and 112
patient reported ICS/LABA and )
quality of life and having a history Sﬁcond?ry. SSRQI.
lung function during of 22 change from baseline
24-week treatment in exacerbations
patients with
uncontrolled, severe
asthma with
eosinophilic
inflammation
SOLANA Study to evaluate the |Multicentre, 18-75 years with |30 mg Primary: effect of
(NCT02869438) |onset of effect and [randomised, |severe subcutaneous |benralizumab on the
time course of double-blind, |uncontrolled injection on time course of
change in lung parallel eosinophilic day 0, 28, and |change on lung
function with assignment  |asthma (=300 56 function
benralizumab in cells/ul) and a
severe, uncontrolled history of 22 i
asthma patients with exacerbations Secondary. FE\.”’
eosinophilic blood eosmophlls_, .
inflammation ACQ-6, SGRQ, nitric
oxide, lung function
metrics

ACQ-6 Asthma control questionnaire 6; Al Auto-injector; APFS Accessorised pre-filled syringe; AQLQ(S)+1 Standardised
Asthma Quality of Life Questionnaire for patients 12 years and older; EU European Union; EQ-5D-5L EuroQol-5 Dimensions
5-Level; FDA Food and Drug Administration; FEV, Forced expiratory volume in 1 second; HCRU Healthcare resource
utilisation; ICS Inhaled corticosteroid; LABA Long-acting 3, agonist; OCS Oral corticosteroid; PEF Peak expiratory flow; Q4W
Once every 4 weeks; Q8W Once every 8 weeks; QoL Quality of life; UK United Kingdom; US United States; WPAI+CIQ
Work Productivity and Activity Impairment + Classroom Impairment Questions.
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B.2.12 Innovation

Benralizumab has an innovative and unique mechanism of action. By binding to eosinophils
through IL-5Ra, benralizumab blocks the binding of the IL-5 ligand to its receptor, and inhibits
the activity of IL-5 and the subsequent activation of the eosinophil. Additionally, due to an
afucosylated section on the molecule itself, benralizumab increases the affinity of eosinophils
to Natural Killer (NK) cells. This leads to a rapid and near complete depletion of eosinophils
and basophils through enhanced antibody-dependent cell-mediated cytotoxicity (ADCC),
resulting in a systemic efficacy response (Laviolette et al. 2013). Benralizumab results in near
complete depletion of blood eosinophils within 24 hours following the first dose, which is
maintained throughout the treatment period, and reduces airway mucosal eosinophils by 96%
at day 84 (Laviolette et al. 2013).

In contrast, mepolizumab and reslizumab act by binding to IL-5 and inhibiting IL-5 signalling,
thereby indirectly reducing the activation, proliferation, and survival of eosinophils (Figure 1)

— this ultimately results in eosinophil reduction but not depletion.

Currently, benralizumab is the only anti eosinophilic treatment available for administration
through an accessorised prefilled syringe (APFS) and convenient every 8-week dosing for SC
injection, reducing the number of product administration visits and associated administration
costs, and facilitating home administration by a HCP, where needed. In comparison,
reslizumab and mepolizumab require reconstitution before administration with associated
resource use: reslizumab is administered by IV infusion every 4 weeks and dosing is weight-
dependent; mepolizumab is administered SC every 4 weeks (EMA 2016, AstraZeneca 2017,
EMA 2017).

B.2.13 Interpretation of clinical effectiveness and safety evidence

Overview

The key evidence to support the effectiveness of benralizumab in severe asthma is based on
three pivotal Phase 3 placebo-controlled clinical trials (SIROCCO, CALIMA, and ZONDA), and

a matched-adjusted indirect comparison (MAIC) against mepolizumab.

Interpretation of subgroup evidence versus SOC for the population in which a NICE
recommendation is sought (severe eosinophilic asthma inadequately controlled, despite
high-dose ICS plus LABA, with blood eosinophils 2300 cells/ul, AND either 23 prior asthma
exacerbations needing systemic corticosteroids in the previous 12 months OR treatment with

continuous OCS over the previous 6 months)
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Throughout the Phase 3 clinical trial programme, benralizumab demonstrated statistically
significant reductions in the annual exacerbation rate compared with placebo in the overall ITT
analyses, when both were added to standard of care therapy. The similar trial designs of
SIROCCO and CALIMA allowed the results to be pooled, to better understand the relationship
between the clinical efficacy of benralizumab and characteristics such as baseline blood
eosinophil counts and exacerbation history, and therefore identify which patients are most

likely to benefit from treatment with benralizumab.

Annual exacerbation rate

Based on the results of the pooled analysis, benralizumab was found to be more efficacious
in patients with blood eosinophils 2300 cells/uL and a history of three or more exacerbations
in the previous year (compared with patients with lower eosinophil counts and less frequent
exacerbations). This subgroup also reflected clinical experts’ expectations of where
benralizumab is likely to provide the most benefit (AstraZeneca 2017). In these patients,
benralizumab was found to significantly reduce the annual asthma exacerbation rate by 53%
compared with placebo (RR: 0.47; 95% CI: 0.32 - 0.67; p<0.001) (AstraZeneca data on file
2017).

In the subgroup of ZONDA patients with blood eosinophils =300 cells/ul, benralizumab

reduced the annual exacerbation rate by

Exacerbations leading to hospitalisation

In the pooled SIROCCO and CALIMA subgroup analysis (patients with blood eosinophils 2300
cells/uL and =3 exacerbations in the previous year), benralizumab reduced the annual
exacerbation rate associated with ER visits by 69%, though this did not reach statistical
significance (RR: 0.31; 95% CI: 0.09, 1.01; p=0.051). There was no difference in the annual

exacerbation rate associated with hospitalisation, due to low event rates.

In the subgroup of ZONDA patients with blood eosinophils =300 cells/pl,
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Exacerbations associated with severe, uncontrolled eosinophilic asthma are associated with
a considerable clinical, humanistic, and economic burden. For example, total mean healthcare
resource use and associated costs for patients with severe uncontrolled eosinophilic asthma
have been estimated to be 4 times higher than in the overall asthmatic population. Therefore,
reductions in exacerbation rates with benralizumab in the subgroup where a NICE
recommendation is sought could lead to improved patient outcomes, including lower mortality

(as assumed in the model), and decreased NHS resource use.

OCS dose reductions

In the OCS-sparing ZONDA trial, in the subgroup of patients with blood eosinophils 2300

cells/pl, benralizumab reduced the median final OCS dose by

Reductions in OCS dose represent an important goal in severe, uncontrolled eosinophilic
asthma due to the need to mitigate OCS-associated complication risks such as obesity,
diabetes, osteoporosis, and peptic ulcerations. These complications are dose-exposure
dependent and are associated with high costs — for example, patients on maintenance OCS
incur 43% higher estimated costs than those not on maintenance OCS. Benralizumab could
therefore provide patients with an important new OCS-sparing option, that reduces the clinical

and economic burden associated with OCS use.

Quality of life

Benralizumab was also associated with improvements in quality of life measures from
baseline. For example, in the pooled SIROCCO and CALIMA subgroup analysis (patients with
blood eosinophils 2300 cells/uL and =3 exacerbations in the previous year), the mean EQ-5D
score change from baseline was 0.10 for benralizumab compared with 0.06 for placebo
(estimate for difference of 0.04; 95% CI: 0.01, 0.08; p=0.019). In the subgroup of ZONDA
patients with blood eosinophils =300 cells/pl, the AQLQ(S)+12 score change from baseline

3

as
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Interpretation of MAIC results versus mepolizumab

In the absence of head-to-head ftrials against the key comparators mepolizumab and
reslizumab, the feasibility of conducting an indirect comparison was assessed. Based on
heterogeneity assessment, cross-trial differences were too large to conduct a robust NMA
combining relevant trials between benralizumab and these comparators. A population-
adjusted ITC approach, specifically MAIC, was therefore considered to adjust for cross-trial
differences and assess comparative efficacy. The approach followed the NICE DSU guidance
on the use of MAICs in HTA.

Despite between-trial differences between benralizumab and mepolizumab, the ESS after
adjustment of the trial populations was sufficiently large for a robust MAIC analysis. Two
networks were constructed: one for exacerbation trials (SIROCCO/CALIMA for benralizumab
and MENSA/DREAM for mepolizumab), and one for OCS sparing trials (ZONDA for

benralizumab and SIRIUS for mepolizumab).
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and adjustment for differences,

Generalisability of the MAIC to the subgroup of interest should be considered when
interpreting these results, as the analysis was conducted in the overall population, and then
applied to the benralizumab subgroup data for which mepolizumab has a NICE

recommendation (i.e., patients with 2300 eosinophils and 24 exacerbations in the past year).
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For the comparison between benralizumab and reslizumab, high heterogeneity across the
baseline characteristics resulted in a considerable reduction in the ESS after adjustments
(99% reduction, ESS=20), meaning that a robust MAIC was not feasible.

Interpretation of the safety data

In terms of safety outcomes, benralizumab was found to be well tolerated, with rates of AEs,
serious AEs, and AEs leading to discontinuation of treatment being similar between
benralizumab and placebo. Most AEs were mild to moderate in intensity, and not considered
to be related to treatment. The most commonly experienced AEs across the trials consistently
included worsening asthma, nasopharyngitis, upper respiratory tract infection, headache, and
bronchitis. Although small numerical differences in incidences were observed across groups
for some of the most common TEAEs, none of these differences were considered to be

clinically meaningful. No deaths were considered to be related to treatment.

Study durations ranged from 28 weeks (ZONDA) to 48 weeks (SIROCCO), to 56 weeks
(CALIMA), and longer-term data needed to confirm the persistence of treatment effect are not
currently available. The ongoing BORA and MELTEMI extension ftrials are designed to

evaluate long-term efficacy and safety with benralizumab (Section B.2.11).

End of life criteria were not considered in this appraisal.
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B.3 Cost effectiveness

Summary of key points

A de novo Markov model was developed to assess the cost-effectiveness of
benralizumab compared with SoC in the base case population (severe eosinophilic
asthma that is inadequately controlled, despite high-dose ICS plus LABA, with a blood
eosinophil count 2300 cells per ul, AND either 23 prior asthma exacerbations needing
systemic corticosteroids in the previous 12 months OR treatment with mOCS over the
previous 6 months) and with mepolizumab and reslizumab in their respective NICE
recommended populations.

e The ICER for add-on benralizumab (+PAS) compared with SoC alone was
£34,284/QALY gained in the base case population, with benralizumab providing an
additional [JJllIQALYs at an additional cost of £jjilloer-patient

e As the comparators have a confidential PAS, ICERs were calculated using the net
price of benralizumab and the list prices of mepolizumab and reslizumab. Results of
this analysis showed that benralizumab was dominant versus both comparators (using
benralizumab PAS price versus comparator list price):

o Mepolizumab: [Jllincremental QALYs; £jilillsavings (in the mepolizumab
NICE-recommended population)

o Reslizumab: | QALYs; £lllsavings. (in the reslizumab-NICE
recommended population)

o Sensitivity analysis is provided exploring different levels of PAS discount for
mepolizumab and reslizumab

B.3.1 Published cost-effectiveness studies

A systematic literature review was undertaken to identify cost-effectiveness studies relevant

to the Decision Problem. The eligibility criteria implemented is provided in Table 35 and search

strategy details are provided in Appendix G. The search was undertaken on 6th November

2017. The search was undertaken according to NICE requirements (NICE 2013).

Table 35: Eligibility criteria for the Systematic Review

Criteria

Inclusion criteria

Population

Adults, children and young people aged =12 years with severe asthma

Disease severity classified according to validated criteria (e.g. the Global
Initiative for Asthma [GINA] criteria)

Intervention

e Benralizumab
e Reslizumab
e Mepolizumab

Company evidence submission: benralizumab for inadequately controlled asthma
© AstraZeneca 2018. All rights reserved Page 133 of 461



e Omalizumab
No restriction on dose or duration of treatment or use of concomitant best
supportive care
Outcomes Main outcomes, to include:
¢ Incremental costs-effectiveness ratio (ICER): Cost per quality-
adjusted life year (QALY)
e ICER: Cost per disability-adjusted life year (DALY)
e |CER: Cost per event avoided
Additional outcomes:
e Range of ICERs as per sensitivity analyses
e Assumptions underpinning model structures
e Key costs drivers
e Sources of clinical, cost and quality of life inputs
e Discounting of costs and health outcomes
e Model summary and structure
Study design e Cost-utility analyses
o Cost-effectiveness analyses
o Cost-benefit analyses
e Cost-minimisation analyses
Territory of interest | No restriction
Date of publication | 2012 onwards
Language of English language publications or foreign language publications with an
publication English abstract

Description of identified studies

The relevant studies identified through the cost-effectiveness SLR are summarised in Table
36 below.
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Table 36: Summary list of published cost-effectiveness studies

Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
Dal Negro 2012 (Dal |Pre-post comparison |1-year pre- Patients with severe, |Mean total costs per |Mean (SD) per ICER [cost/ QALY]
Negro et al. 2012) of patients from an omalizumab persistent atopic patient (SD) [€, 2011] | patient Omalizumab add-on
institutional as_t_hrr_1a as per Global |, Pre-omalizumab, FEV1 (% predicted) therapy, €23,880
databasef Initiative for Asthma €2,869 (1,383)

Italy

Time horizon, 12
months prior to and
36 months after the
initiation of
omalizumab

Perspective, Payer

Cycle length, NA

Discounting
costs/benefits: NA

36 months post-
omalizumab

(GINA) guideline
definition, resistant to
daily high-dose anti-
asthma drugs with
add-on omalizumab
for 236 months

e Mean age (min,
max), 45.4 years
(31, 64)

¢ Female gender,
50%

e Post-omalizumab,
€8,038 (2,096)

e Pre-omalizumab,
57 (12)

e Post-omalizumab,
76 (19)

ACT (score)

e Pre-omalizumab,
11.56 (3.22)

e Post-omalizumab,
19.91 (4.12)

Exacerbations
(n/year)

e Pre-omalizumab,
2.06 (1.12)

e Post-omalizumab,
0.94 (0.46)

Inactivity (days/year)

e Pre-omalizumab,
19 (21)

e Post-omalizumab,
76 0 (0)
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Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
Utility increment (SD),
0.22 (0.16)
del Carmen Vennera |Pre-post comparison |Pre-omalizumab Patients 217 years Mean annual total Mean (SD) ICER (95% CI)

2016 (del Carmen
Vennera et al. 2016)

Spain

of patients from a
specialised asthma
unit

Time horizon, 12
months prior to and
12 months after the
initiation of
omalizumab

Perspective, Societal

Cycle length, NA

Discounting
costs/benefits: NA

(standard therapy for
=12 months)

Post-omalizumab
(212 months)

(n=86) with severe
persistent allergic
asthma uncontrolled
by standard treatment
for 212 months
receiving omalizumab
for 212 months in the
Pulmonary and
Respiratory Allergy
Service, Hospital
Clinic de Barcelona,
Spain from January
2005 to April 2014

¢ Mean age (SD),
50.57 years (13.63)

¢ Female gender,
59.2%

costs per patient
(95% CI) [€, 2016]

e Pre-omalizumab,
€8,052.34
(7,122.11,
8,974.53)

e Post-omalizumab,
€16,783.15
(15,236.14,
18,602.70)

exacerbation rate
(with/without ER
visit or hospital
admission)

e Pre-omalizumab,
10.77 (5.94)

e Post-omalizumab,
3.05 (4.12)

Mean (SD) Asthma
Control Test (ACT)

scorettt

e Pre-omalizumab,
13.61 (4.71)

e Post-omalizumab,
19.96 (4.31)

Cost/exacerbation
avoided

Direct costs only

Omalizumab add-on
therapy, €1,487.46
(1,241.21, 1,778.34)

Total costs

Omalizumab add-on
therapy, €1,130.93
(909.08, 1,392.86)

Cost/3-point
increase of the ACT
score

Direct costs only

Omalizumab add-on
therapy, €5,425.13
(4,539.30, 6,551.03)

Total costs

Omalizumab add-on
therapy, €4,124.79
(3,281.69, 5,186.73)
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Levy 2015
(Levy et al. 2015)
Spain

Pre-post comparison
of patients attending
an asthma unit

Time horizon, 10
months prior to and
10 months after the
initiation of
omalizumab

Perspective, Payer
(Spanish NHS)

Cycle length, NA

Discounting
costs/benefits: NA

10 months pre-
omalizumab

10 months post-
omalizumab

Patients (n=79) aged
>14 years diagnosed
with severe persistent
asthma not controlled
after >1 year of follow
up attending the
Severe Asthma Unit,
Pneumology Service,
Hospital Universitario
Virgen de la Victoria
(HUVV), Malaga
between July 2008
and July 2012.

¢ Mean (SD) age, 54
years (12.67)

e Female, 77.9%

Severe, persistent
asthma diagnosed
according to Spanish
Guidelines for Asthma
Management (GEMA
2009)

Mean costs per
patient (95% CI) [€,
2012]

e Pre-omalizumab,
€1,850 78
(1,519.46,
2,182.10)

e Post-omalizumab,
€5,431.87
(4,930.72,
5,933.02)

Total QALYs (95%
Cl)

e Pre-omalizumab,
0.4972 (0.4768,
0.5177)

e Post-omalizumab,
0.6305 (0.6027,
0.6584)

ICER (95% CI)
Cost/QALY

Omalizumab add-on
therapy, €26,864
(21,632.07, 33,859.49)

Cost/exacerbation
avoided

Omalizumab add-on
therapy, €462.08
(347.65, 606.22)

Morishima 2013

(Morishima et al.
2013)

Japan

Markov model

Time horizon,
lifetimet

Perspective, Societal

Omalizumab +
standard therapy

Placebo + standard
therapy

Patients with severe
asthma

e Mean age, 50
years

e Male gender, 50%

Mean lifetime
discounted costs
(95% CI) [$, 2010]

e Omalizumab,
$114,100 (114,000,
114,200)

e Standard therapy,
£43,000

Total QALYs (95%
Cl) [discounted]

e Omalizumab, 16.10
(16.05, 16.12)

e Standard therapy,
16.00

ICER (95% CI)
[cost/QALY]

e Omalizumab vs
standard therapy,
$755,200 (614,200-
1,298,500)

e Responder
subgroup§ vs
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Cycle length, 1 week

Discounting costs:
3.0%

Discounting benefits:
3.0%

Health states

e Symptom-free
asthma

e Day-to-day asthma

¢ Asthma-related
exacerbationst

e Death

e Responder
subgroup§,
$155,300 (155,300,
155,300)

e Responder
subgroup§, 16.19
(16.14, 16.26)

standard therapy,
$590,100 (430,700-
858,600)

Norman 2013
(Norman et al. 2013)
[This analysis formed
part of the NICE MTA

appraisal of
omalizumab (TA278]

Faria 2014 (Faria et
al. 2014) [Analysis by
Faria considered cost-
effectiveness under
the PAS discounted
price]

UK

Markov model

Time horizon, lifetime
(age 100 years)

Perspective, Payer
(UK NHS)

Cycle length, 3
months

Discounting costs:
3.5%

Omalizumab add-on
therapy to optimised
standard

step 4 or 5 GINA
therapy

Standard

step 4 or 5 GINA
therapy

Patients uncontrolled
at step 4, and in the
process of moving up
tostep 5

(maintenance OCS),
and patients
controlled at step 5
whose asthma would
be uncontrolled if they
were on

step 4 therapy

Mean costs [£, 2010]
List price analysis
(Norman 2013)
Adults/adolescents (=
12 years): age at
model entry, 43 years
e Omalizumab,
£72,938

e Standard therapy,
£33,218

Children (6-11 years):
age at model entry, 9
years

Mean QALY
List price analysis
(Norman 2013)

Adults/adolescents (2
12 years): age at
model entry, 43 years

e Omalizumab, 14.13

e Standard therapy,
13.66

Children (6-11 years):
age at model entry, 9
years

e Omalizumab, 17.39

ICER [cost/QALY]
List price analysis
(Norman 2013)
Adults/adolescents (2
12 years): age at
model entry, 43 years
e Omalizumab vs
standard therapy,
£83,822

Children (6-11 years):
age at model entry, 9
years
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Discounting benefits:
3.5%

Health states

e Day-to-day asthma
symptoms +
omalizumab

e Asthma death

e Other cause death

¢ Clinically significant
severe
exacerbation

¢ Clinically significant

e Omalizumab,
£92,497

e Standard therapy,
£40,218

PAS analysis (Faria
2014)

Adults/adolescents (2
12 years): age at
model entry, 43 years

e Omalizumab,
£60,406

e Standard therapy,
£33,153

e Standard therapy,
16.72

PAS analysis (Faria
2014)

Adults/adolescents (2
12 years): age at

model entry, 43 years
¢ Omalizumab, 14.14

e Standard therapy,
13.66

Children (6-11 years):

e Omalizumab vs
standard therapy,
£78,009

PAS analysis (Faria
2014)

Overall population
e =12 years, £57,557
e 6-11 years, £53,348

Hospitalisation
subgroup

e >12 years, £31,782

age atmodel 0.9 |, .11 years, £20.109
Children (6-11 years): |e Omalizumab, 17.39
age at model entry, 9 |, Standard therapy, Maintenance OCS
years 16.72 subgroup
¢ Omalizumab, e =12 years, £34,386
£76,386
e Standard therapy, =3 exacerbations
£40,575 e =12 years, £53,087
e 6-11 years, £48,537
Suzuki 2017 Markov modeltt Omalizumab add on | Patients with Total costs QALY ICER [cost/QALY]

(Suzuki et al. 2017)
Brazil

Time horizon, lifetime

to standard therapy

Standard therapy
(ICS + LABA + rescue

uncontrolled, severe
allergic asthma
(n=416)

[Brazilian Real (R$),
2015]

e Omalizumab,
R$295,740

e Omalizumab, 10.84

e Standard therapy,
5.64

e Omalizumab vs
standard therapy,
R$53,890
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Perspective, Payer
(public healthcare)

Cycle length, 3
months

Discounting costs:
5.0%

Discounting benefits:
5.0%

Health states

e Day-to-day asthma
symptoms with
omalizumab add-on
therapy

e Day-to-day asthma
symptoms with
standard therapy

¢ Clinically significant
non-severe
exacerbation

¢ Clinically significant
severe
exacerbation

e Death from all
causes

e Asthma-related
death

medication [OCS and
SABA])

Age

e <12 years, 0.5%

e 12-17 years, 5.0%
e 18-64 years, 88.0%
e >65 years, 6.5%

e Female, 35.3%

e Standard therapy,
R$15,340
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Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
van Nooten 2013 Markov modelt Omalizumab add on |Patients (=12 years) |Total lifetime costs |QALY ICER
(van Nooten et al. to standard therapy | with u_ncontrolled [€, 2010] Undiscounted Cost/QALY
2013) Time horizon, lifetime allergic (IgE Undiscounted e Omalizumab, 15.98 | Undiscounted

Netherlands

(from age 40)

Perspective, Societal

Cycle length, NR
(assumed to be 3
months)

Discounting costs:
4.0%

Discounting benefits:
1.5%

Health states

¢ Daily symptoms
(may experience
bon-clinically
significant
exacerbations)

¢ Clinically significant
state

¢ Clinically significant
severe state

e Death from all
causes

Standard therapy

mediated) asthma
despite treatment with
high dose ICS (>1000
Mg) beclomethasone)
and a LABA enrolled
in the eXpeRience
registry

e Omalizumab,
€227,688

e Standard therapy,
€161,499

Discounted

e Omalizumab,
€151,619

e Standard therapy,
€95,754

e Standard therapy,
14.26

Discounted
e Omalizumab, 12.86

e Standard therapy,
11.40

LY
Undiscounted
e Omalizumab, 25.74

e Standard therapy,
23.93

Discounted
e Omalizumab, 25.74

e Standard therapy,
23.93

e Omalizumab vs
standard therapy,
€38,528

Discounted

e Omalizumab vs
standard therapy,
€38.371

Cost/LY
Undiscounted

e Omalizumab vs
standard therapy,
€36,418

Discounted

¢ Omalizumab vs
standard therapy,
€30,738
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Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
e Death due to
clinically significant
severe
exacerbations
Whittington 2017 Markov model Mepolizumab add on | Patients with severe, |Lifetime costs [$, Lifetime QALY ICER
(Whittington et al. to standard therapy | uncontrolled asthma |2014]  Mepolizumab, Cost/QALY

2017)
us

Time horizon, Lifetime

Perspective, Payer

Cycle length, 2 weeks

Discounting costs:
3.0%

Discounting benefits:
3.0%

Health states

e Day-to-day asthma
symptoms (i.e. non-
exacerbation)

e Asthma-related

event requiring
OCS burst

e Asthma-related ER
visit

e Asthma-related
hospitalisation

Standard therapy

with evidence of
eosinophilia

e Mean age, 50
years

e Female, 57%

Treatment cost

¢ Mepolizumab,
$706,111

e Standard therapy,
$98,083

Non-treatment cost

e Mepolizumab,
$15,465

e Standard therapy,
$33,552

15.12

e Standard therapy,
13.569

¢ Mepolizumab vs
standard therapy,
$385,546

Cost/

exacerbation
avoided

e Mepolizumab vs
standard therapy,
$24,626
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

e Death (includes
mortality related to
asthma
exacerbation,
general disease
course, and other
all-cause mortality)

Zafari 2016
(Zafari et al. 2016)
us

Markov model

Time horizon, 5
yearstt

Perspective, Payer

Cycle length, 1 week

Discounting costs:
3.0%

Discounting benefits:
3.0%

Health states
e Exacerbation free

e Exacerbation
requiring OCS

e Exacerbation
requiring ER visit

Omalizumab

Bronchial
thermoplasty (BT)

Standard

step 3 or 4 GINA
therapy

Adults aged 18-65
years (mean age 40
years) with moderate-
to-severe allergic
asthma who were
uncontrolled despite
using high dose ICS
or

ICS + LABA

Five-year mean
discounted costs
(95% CI) [$, 2013]

e Standard therapy,
$15,400 (14,700,
16,300)

e BT, $28,100
(27,600, 29,100)

e Omalizumab,
$117,000 (116,000,
118,000)

Five-year QALYs
(95% CI) [$, 2013]

e Standard therapy,
3.08 (1.64, 4.21)

e BT, 3.24 (1.78,
4.38)

e Omalizumab, 3.26
(1.80, 4.40)

ICER [cost/QALY]

e BT vs standard
therapy, $78,000

e Omalizumab vs
standard therapy,
$552,000

e Omalizumab vs BT,
$3,86 million
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Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
e Exacerbation
requiring
hospitalisation
e Death
CADTH CDR Markov Mepolizumab add-on |Adult patients with Total costs [CAN$, |QALY ICER
Mepolizumab 2015 to standard therapy | severe eosinophilic 2015] « Mepolizumab Manui_‘acil‘urer
(Canadian Agency for Time hori lifeti asthma (= 150 « Mepolizumab 11.09 ' submission
Ime honzon, liretime cells/mcL at treatment ) Cost/QALY

Drugs & Technologies
2016)

Perspective, Payer

Cycle length, 4 weeks

Discounting costs:
5.0%

Discounting benefits:
5.0%

Health states

e Day-to-day asthma
symptoms for
patients receiving a
biologic

e Day-to-day
symptoms for
patients receiving
standard therapy

e Asthma-related
mortality

¢ All-cause mortality

Omalizumab add-on
to standard therapy

Standard therapy

initiation or = 300
cells/mcL in past 12
months) with
symptoms
inadequately
controlled with high-
dose inhaled
corticosteroids and an
additional asthma
controller(s), and who
have experienced = 2
exacerbation in the
past year or who have
dependency on
systemic
corticosteroids

CAN$167,100

e Omalizumab,
CAN$232,293

e Standard therapy,
$42,258

e Omalizumab, 10.86

e Standard therapy,
10.22

Exacerbations

¢ Mepolizumab,
15.02

e Omalizumab, 17.72

e Standard therapy,
20.56

Life-years

e Mepolizumab,
14.59

e Omalizumab, 14.32

e Standard therapy,
14.08

e Mepolizumab vs
standard therapy,
CAN$143,778

e Mepolizumab vs
omalizumab,
dominant

Cost/
exacerbation
avoided

e Mepolizumab vs
standard therapy,
CAN$22,540

e Mepolizumab vs
omalizumab,
dominant

CDR reanalysis
Cost/QALY

e Mepolizumab vs
standard therapy,
CAN$521,838

Company evidence submission: benralizumab for inadequately controlled asthma

© AstraZeneca 2018. All rights reserved

Page 144 of 461




Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
e Mepolizumab vs
omalizumab, cost
saving
CADTH CDR Decision tree/Markov |Reslizumab add-on to | Patients with Total costs [CAN$, |QALY ICER [cost/QALY]
Reslizumab 2017 (CMA also conducted |standard therapy inadequately 2015] e Reslizumab. 4.421
(Canadian Agency for |to compare controlled severe e Reslizumab ’ Manufacturer
Drugs & Technologies | reslizumab with S eosinophilic asthma CAN$139 058 * Standard therapy, | submission
. tandard therapy . ’ 4.005 ;
2017) omalizumab and inadequately ¢ Reslizumab vs
mepolizumab) controlled with * Standard therapy, standard therapy,
medium-to-high dose | CAN$32,650 CAN$256,090
. . I ICS and an additional
Time horizon, lifetime
asthma controller(s) [CMA reported
(e.g. LABA) and blood ;
Perspective, Payer eosinophil count of ;e;/l:ﬁ;m\/:b to be cost
>
2400 cells/ul mepolizumab and
Cycle length, 2 weeks omalizumab

Discounting costs:
5.0%

Discounting benefits:
5.0%

Health states
e Day-to-day asthma

¢ Hospitalisation for
asthma
exacerbation

¢ ER for asthma
exacerbation

(CAN$2,174 to
CAN$3,107/ year)]

CDR reanalysis

e Reslizumab vs
standard therapy,
CAN$888,657
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

e OCS for asthma
exacerbation

e Unscheduled GP
visit for asthma
exacerbation

e Death from asthma

[CMA reported
reslizumab to be cost
saving vs
mepolizumab
(CANS$1,491/ year)
and associated with
an incremental cost vs

e Death for other omalizumab
causes (CANS$4,655/ year)]
NICE TA278 2013 Markov model Omalizumab add-on | Patients with severe |Incremental costs Incremental QALY ICER [cost/QALY]

(NICE 2013)

MTA review of TA133
and TA201#+

Results of the ERG
model are reported in
Norman 2013
(Norman et al. 2013)

UK

Time horizon, Lifetime

Perspective, Payer

Cycle length

e First cycle, 16
weeks

e Second cycle
(children), 8 weeks

e Second cycle (aged
=212 weeks), 10
weeks, subsequent
cycles 3 months

Discounting costs:
3.5%

Discounting benefits:
3.5%

to standard therapy

Standard therapy

persistent allergic
asthma uncontrolled
despite daily high-
dose ICS plus a LABA
at BTS/SIGN step 4
or 5. Two base case
populations
considered (i) adults
plus adolescents
aged 212 years; (ii)
children aged 6 to
11 years

[£, 2010]
Adults/adolescents (2
12 years)

e Omalizumab vs
standard therapy,
£40,748

Children (6-11 years):

age at model entry, 9
years

e Omalizumab vs
standard therapy,
£54,432

Adults/adolescents (2
12 years)

e Omalizumab vs
standard therapy,
1.27

Children (6-11 years):

age at model entry, 9
years

e Omalizumab vs
standard therapy,
0.67

Adults/adolescents (2
12 years): age at
model entry, 43 years
¢ Omalizumab vs

standard therapy,
£32,076

Children (6-11 years):
age at model entry, 9
years

¢ Omalizumab vs
standard therapy,
£80,747
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Health states

e Day-to-day
symptoms;
standard therapy

e Day-to-day
symptoms;
omalizumab
responders

¢ Clinically significant
exacerbation

e Clinically
significant, severe
exacerbation

¢ All-cause mortality

e Asthma-related
mortality

NICE TA431 2017
(NICE 2017)

SMC 1149/16
(Scottish Medicines
Consortium 2016)

[A summary of the
ERG response and
additional analysis
undertaken is
provided in Bermejo

2017 (Bermejo et al.

2017)

Markov model

Time horizon, Lifetime

Perspective, Payer

Cycle length, 4 weeks

Discounting costs:
3.5%

Discounting benefits:
3.5%

Mepolizumab add-on
to standard therapy

Standard therapy

[Omalizumab add-on
to standard therapy in
an overlap
populationss§]

Adults with severe,
refractory eosinophilic
asthma on high-dose
ICS and additional
maintenance
treatment(s)

Total costs

CIC in manufacturer’s
submission

QALY

CIC in manufacturer’s
submission

ICER [cost/QALY]

Manufacturer
submission

Mepolizumab vs
standard therapy

e Manufacturer
proposed
population™,
£19,526

e As above, but
excluding
maintenance OCS
users with <4
exacerbations,
£15,394
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Citation, country

Summary of model

Intervention/

Patient population

Base case costs

Base case health

Base case ICER

comparator [currency, year] outcomes
UK Health states e ITT, £31,659
e Day-to-day
symptoms; people ERG reanalysis
on treatment Mepolizumab vs
e Day-to-day standard therapy
symptoms; people ¢ Manufacturer
‘responding’ and proposed
continuing add-on populationiT,
biologic treatment £35,440
e Day-to-day e As above, but
sym‘ptoms; people excluding
not ‘responding’ to maintenance OCS
add-on biologic users with <4
treatment, standard exacerbations,
therapy alone £33,520
¢ Asthma-related o ITT, £72,596
mortality
¢ All-cause mortality Mepolizumab vs
omalizumab
and vs standard
therapy
in the overlap ITT
populationSS$
e Mepolizumab
dominated
¢ Standard therapy:
£105,455
NICE TA479 2017 Markov model Reslizumab add-on to Adtl}'t < at GINA Total costs [£, 2015] | QALY ICER
NICE 2017 standard thera patients a
( ) _ . o i Steps 4 and 5 who T::’:Zggzer glza:':::gglr,er Manufacturer
Time horizon, Lifetime had experience =3 submission
UK Standard therapy e Reslizumab, CIC e Reslizumab, 15.08 |Cost/QALY
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Citation, country

Summary of model

Intervention/
comparator

Patient population

Base case costs
[currency, year]

Base case health
outcomes

Base case ICER

Perspective, Payer

Cycle length, 4 weeks

Discounting costs:
3.5%

Discounting benefits:
3.5%

Health states
e Controlled asthma

¢ Uncontrolled
asthma

e Moderate
exacerbation

e Severe
exacerbation

e Asthma-related
mortality

o All-cause mortality

exacerbations in the
preceding year

e Standard therapy,
£83,417

Revised base case

¢ Reslizumab, CIC
(additional costs of
£65,673)

e Standard therapy,
£61,713

e Standard therapy,
11.99

Revised base case
e Reslizumab, 15.84

e Standard therapy,
13.64

Reslizumab vs
standard therapy,
£24,907

Omalizumab vs
standard therapy,
£33,254

Reslizumab vs
omalizumab, £16,643

Cost/ILYG

Reslizumab vs
standard therapy,
£22,367

Revised base case
Cost/QALY

Reslizumab vs
standard therapy,
£29,870

ERG response
Cost/QALY

Reslizumab vs
standard therapy,
£57,356
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B.3.2 Economic analysis

As no economic analyses of the cost effectiveness of benralizumab as add-on therapy to high-

dose ICS/LABA were identified from the SLR, a de novo economic model has been developed.

B.3.2.1 Patient population

The economic evaluation addresses the Decision Problem (Section B.1.1) and seeks to
explore the cost-effectiveness of add-on benralizumab compared with SoC alone (or versus
add-on mepolizumab or reslizumab in their respective NICE recommended populations) in
adults with severe refractory eosinophilic asthma. These people are considered to be receiving
maximal inhaled therapy (high dose ICS and additional maintenance treatment[s]). As a
cohort, it should be noted that a proportion of patients will be on maintenance OCS (mOCS)
(see Table 39).

Add-on benralizumab showed enhanced clinical benefit in sub-populations of the anticipated
licensed indication (see Section B.2.7). This was demonstrated in patient populations with a
persistent blood eosinophil count of 2300 cells/pL and 23 exacerbations in the previous year.
Benralizumab also demonstrated the reduction of mOCS dose which is desirable because of
the adverse events associated with both short and long-term use. In order to maximise the
clinical benefit of benralizumab, to align with clinical expert opinion on the positioning of anti-
IL-5 medicines and in the context of the current guidance for other biologics for severe asthma

we seek a recommendation for benralizumab from the Committee as an option for:

Patients with severe eosinophilic asthma that is inadequately controlled, despite high-dose
ICS plus LABA, with a blood eosinophil count 2300 cells per ul, AND either =3 prior asthma
exacerbations needing systemic corticosteroids in the previous 12 months OR treatment with

mOCS over the previous 6 months.

This will be referred to from now on as the “Base Case Population”.
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B.3.2.2 Model structure

The model structure is detailed below in Figure 28. Patients enter the model and are classified
according to whether they are treated with mOCS or not (“Background Therapy” in the figure).
These patients then enter the pre-response assessment phase (“Treatment Phase” in the
figure) of the model for the first 52 weeks of treatment, during which time patients transition
through states as per the below definitions at the pre-response assessment probabilities
(“Health States” in the figure). Then at 52 weeks patients are assessed for their treatment
response (detailed below) and are either defined as having a treatment response or not
(“Treatment Phase” in the figure), after which all patients transition through states (“Health
States” in the figure) based on post response transition probabilities in 2 weekly cycles due to

the frequency of ACQ capture in the trials Table 37.

Health State Definitions

The definition of health states is summarised below, and their actual assessment schedule by

trial is shown in Table 37:

e Controlled Asthma: ACQ-6 score <1.5 (as with precedent from the reslizumab NICE

STA)

¢ Uncontrolled Asthma: ACQ-6 score 21.5
e Exacerbations:

o OCS burst only: Use of systemic corticosteroids (or a temporary increase in a
stable mOCS background dose) for at least 3 days; a single depo-injectable dose
of corticosteroids is considered equivalent to a 3-day course of systemic
corticosteroids, with no hospitalisation.

o Emergency Visit: An urgent care visit (defined as evaluation and treatment for <24
hours in an emergency department or urgent care centre) due to asthma that
required systemic corticosteroids (as above) with no hospitalisation.

o Hospital admission: An inpatient hospitalisation (defined as admission to an
inpatient facility and/or evaluation and treatment in a healthcare facility for 224

hours) due to asthma.
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Table 37: Clinical assessments to define health states, by study

Study
Measure SIROCCO CALIMA ZONDA
(48 weeks treatment (56 weeks treatment (28 weeks treatment
period) period) period)
Eosmop_hll counts Measured
at baseline
mOCS use at All using mOCS at
baseline With and without mOCS use at baseline baseline per inclusion
criteria
FEV; (Pre) Weeks 0, 4 and 8, then every 8 weeks Every 4 weeks
ACQ-6 score Measured every 2 weeks/reflects previous week
Exacerbations Start date of exacerbation

ACQ-6=Asthma Control Questionnaire 6; FEV1=forced expiratory volume in 1 second; OCS=oral corticosteroids.

All patients are assumed to start in the Uncontrolled Asthma state.

Assessment of response to treatment

Within the economic model it is assumed that, as with clinical practice and current NICE
recommendations for biologic therapies, there will be a clinical assessment of response to
treatment. This is assumed to occur at 52 weeks, in accordance with clinical expert advice
and in keeping with current NICE recommendations for mepolizumab and reslizumab, and is

defined as below:

e a clinically meaningful reduction in the number of exacerbations needing systemic
corticosteroids or
¢ a clinically significant reduction in continuous oral corticosteroid use while maintaining

or improving asthma control.

It is assumed that after this assessment of response, patients who meet the response criteria
will continue treatment with benralizumab and benefit from improved efficacy, while patients
who do not meet the response criteria will discontinue benralizumab and will revert to standard

of care costs and efficacy.
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Figure 28: Model structure
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Table 38: Features of the economic analysis base case, as compared with previous

appraisals

Previous appraisals

Current appraisal

Factor

TA431 -
Mepolizumab for
treating severe
refractory
eosinophilic
asthma (NICE

TA479 -
Reslizumab for
treating severe

eosinophilic
asthma (NICE

Chosen values

Justification

equivalent to
lifetime)

2017) 2017)
Time horizon Long enough to
reflect all important
60 years differences in costs
Lifeti (assumed to be or outcomes
ifetime

Lifetime

between
technologies.
Reflective of clinical
practice.

Model Structure

3 state model 5 State model

based on including
exacerbations Controlled and
and the Uncontrolled

assumption of

increased QoL
outside of

exacerbations

Asthma,

Exacerbations are

either Moderate
or Severe

4 state model
including
Controlled and
Uncontrolled
Asthma and
Exacerbations.

As per model
used in
Reslizumab
appraisal,
removing the
Moderate
Exacerbation
state

Model structure
accepted by
previous NICE STA
of reslizumab,
follows clinical
expert opinion that
the difference
between a
moderate
exacerbation and
uncontrolled
asthma would be
imperceptible

Assessment of
Treatment
Response

A 50% reduction
in the number of
exacerbations or
a reduction in
continual use of
mOCS after 52

A reduction in the
number of
exacerbations or
a reduction in
continual use of
mOCS after 52

A reduction in the
number of
exacerbations or
a reduction in
continual use of
mOCS after 52

As per precedent
set in the
reslizumab NICE
STA and aligns to
clinical expert
preference on the

pooled trials

weeks of weeks of weeks of definition and time
treatment treatment treatment point
Treatment waning No evidence of
effect
treatment effect
Not included Not included Not included waning. Consistent
with other
appraisals in the
disease area
Source of utilities EQ-5D from
Mapped utilit pooled
EQ-5D from fromF}f\’QLQ froym SIROCCO/CALIM |  Consistent with
DREAM ftrial

A and mapped
AQLQ from
ZONDA

Reference case
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Source of costs

PSSRU and NHS
reference costs

PSSRU and NHS
reference costs

PSSRU and NHS
reference costs

Consistent with
Reference case

Cycle length Consistent with
4 weeks 4 weeks 2 weeks frequency 9f
measurement in the
trials
Measurement of . .
Consistent with
Health Effects QALYs QALYs QALYs Reference case
Discount Rate Consistent with
assumed for 3.5% 3.5% 3.5%
e Reference case
utilities and costs
Perspective ; ;
NHS NHS NHS Consistent with

Reference case

B.3.2.3 Intervention technology and comparators

Intervention: Add-on Benralizumab

Add-on benralizumab is a 30mg 8-weekly subcutaneous (SC) injection with an initiation phase
of 4-weekly dosing for the first 3 doses, for severe refractory eosinophilic asthma adult patients
(218 years), already on high dose ICS and additional maintenance treatments(s). We seek
guidance for a sub-population of the marketing authorisation for patients who have a blood
eosinophil count of =300 cells/pL at initiation of treatment; and =3 exacerbations in the

previous year or are dependent on mOCS (see the Decision Problem in Section B.1.1).

Comparator 1: SoC alone

Clinical inputs for the SoC alone arm of the model is derived from the SoC arm of the pooled
SIROCCO/CALIMA trials for patients not receiving mOCS and from ZONDA for those patients
who are receiving mOCS. Patients are on high dose ICS and an additional maintenance
treatment(s) (such as LABA, leukotriene receptor antagonist or theophylline). Clinician
feedback from an advisory board considered the SoC arms of the pooled SIROCCO/CALIMA
and ZONDA trials to fairly reflect SoC in clinical practice in England and Wales and those
treatments outlined in the BTS/SIGN guidelines. These patients have limited alternative

treatment options beyond mOCS.
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Comparator 2: Add-on mepolizumab

Mepolizumab (Nucala) is a humanised monoclonal antibody indicated in adults as add-on
therapy in patients with severe refractory eosinophilic asthma. The recommended dose of
mepolizumab is 100 mg, it is available as a lyophilised white powder and administered
subcutaneously every 4 weeks. NICE recommends mepolizumab in a sub-population of the
licensed indication (NICE 2017):

“Mepolizumab, as an add-on to optimised standard therapy, is recommended as an option for

treating severe refractory eosinophilic asthma in adults, only if:

e the blood eosinophil count is 300 cells/microlitre or more in the previous 12 months
and
e the person has agreed to and followed the optimised standard treatment plan and
o has had 4 or more asthma exacerbations needing systemic corticosteroids in the
previous 12 months or
o has had continuous oral corticosteroids of at least the equivalent of prednisolone

& mg per day over the previous 6 months”

This will be the population in which the comparison of benralizumab vs mepolizumab will be

made and will henceforth be referred to as the “mepolizumab NICE recommended population”.

No person would receive both biologic treatments concurrently.

Comparator 3: Add-on reslizumab

Reslizumab (Cingaero) is a humanised monoclonal antibody indicated in adults as add-on
therapy in patients with severe refractory eosinophilic asthma inadequately controlled despite
high-dose inhaled corticosteroids plus another medicinal product for maintenance treatment.
The recommended dose of reslizumab varies from patient to patient and is determined based
on a patient’s body weight, it is available as an intravenous infusion and administered every 4
weeks. NICE recommends reslizumab in a sub-population of the licensed indication (NICE
2017):

“‘Reslizumab, as an add-on therapy, is recommended as an option for the treatment of severe
eosinophilic asthma that is inadequately controlled in adults despite maintenance therapy with

high-dose inhaled corticosteroids plus another drug, only if:

e the blood eosinophil count has been recorded as 400 cells per microlitre or more
e the person has had 3 or more severe asthma exacerbations needing systemic

corticosteroids in the past 12 months”
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This will be the population in which the comparison of benralizumab vs reslizumab will be

made and will henceforth be referred to as the “reslizumab NICE recommended population”

No person would receive both biologic treatments concurrently.
B.3.3 Clinical parameters and variables

Standard of Care

Clinical data (exacerbation rates, quality of life and transition probabilities based on ACQ
score) were derived from three benralizumab trials, a pooled analysis of CALIMA and
SIROCCO for patients not on mOCS (published and unpublished data) and ZONDA for
patients who are on mOCS. Inputs were extracted from the afore mentioned trials (add-on

benralizumab versus SoC alone)

An advisory board was conducted in July 2017 with the primary aim to assess the
benralizumab clinical trial data and its relevance to the UK clinical practice and secondly to

test the structure and clinical data and assumptions that underpin the economic model.

Mepolizumab

As stated previously the NICE recommendation for mepolizumab is in patients in whom the

blood eosinophil count is 300 cells/microlitre or more in the previous 12 months and

e the person has agreed to and followed the optimised standard treatment plan and
e has had 4 or more asthma exacerbations needing systemic corticosteroids in the
previous 12 months or
o has had continuous oral corticosteroids of at least the equivalent of prednisolone
5 mg per day over the previous 6 months
o Given this recommendation it follows that the appropriate comparison of

benralizumab and mepolizumab would occur within this recommended population.

In the absence of a head to head trial between benralizumab and mepolizumab an indirect
comparison was assessed for feasibility, however, due to there being no published data from
mepolizumab in the mepolizumab NICE recommended population the only possible indirect

comparison is between the full trial populations.

During the feasibility assessment, it was observed that there were key differences within the
two trial populations in terms of baseline characteristics (Section B.2.9), and these were felt

to be potential treatment effect modifiers.
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Based on these observations it was determined that the most robust approach to indirect
comparison would be to undertake a Matched Adjusted Indirect Comparison (MAIC) as per
NICE DSU guidance (Phillippo 2016) (benralizumab versus mepolizumab; see section B.2.9:

results).

Reslizumab
As stated previously the NICE recommendation for reslizumab is in patients in whom

¢ the blood eosinophil count has been recorded as 400 cells per microlitre or more
e the person has had 3 or more severe asthma exacerbations needing systemic

corticosteroids in the past 12 months

Given this recommendation it follows that the appropriate comparison of benralizumab and

reslizumab would occur within this recommended population.

In the absence of a head to head trial between benralizumab and reslizumab an indirect
comparison was assessed for feasibility, however, due to there being very limited published
data from reslizumab in their recommended population the best possible indirect comparison

is between the full trial populations.

During the feasibility assessment, it was observed that there were key differences within the
two trial populations in terms of baseline characteristics (Section B.2.9), and these were felt

to be potential treatment effect modifiers.

Based on these observations it was determined that the most robust approach to indirect
comparison would be to undertake a Matched Adjusted Indirect Comparison (MAIC) as per
NICE DSU guidance.

However, due to such significant differences between the trials, the population in which a
MAIC could be conducted was significantly reduced to 20 patients and was therefore
determined not to be feasible. Clinical data inputs, therefore, in this comparison are assumed

to be equivalent between benralizumab and reslizumab.

Mortality

Asthma-related mortality was extracted from published peer reviewed sources (Watson et al.
2007, Roberts et al. 2013, NRAD 2014) and all-cause mortality was applied from life tables.
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B.3.3.1 Patient characteristics

Table 39 shows the baseline characteristics which affect outcomes implemented in the model
which were derived from pooled SIROCCO/CALIMA as this represents the largest sample size
and does not differ significantly from the baseline characteristics observed in the ZONDA trial.
At baseline, the mean age was 50.2 years and 64.5% of patients were female. In order to
calculate the percentage of patients in each population who would be dependent on mOCS at
baseline in UK clinical practice, an analysis of the Kerkhof 2017 paper, a UK observational
research study, was undertaken. For a full description of the baseline characteristics refer to
Table 22.

Table 39 Patient characteristics at baseline, inputted into model, Base Case
Population

Characteristic Value inputted Source

Age 50.2 SIROCCO/CALIMA
% female 64.5% SIROCCO/CALIMA
% patients on mOCS 54.1% DOF

Table 40: Patient characteristics at baseline, inputted into model, Mepolizumab NICE
recommended population

Characteristic Value inputted Source

Age 49.8 SIROCCO/CALIMA
% female 66.1% SIROCCO/CALIMA
% patients on mOCS 78.6% DOF

Table 41: Patient characteristics at baseline, inputted into model, Reslizumab NICE
recommended population

Characteristic Value inputted Source

Age 50.2 SIROCCO/CALIMA

% female 63.3% SIROCCO/CALIMA

% patients on mOCS 0% Reslizumab for treating severe
eosinophilic asthma (TA479)
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B.3.3.2 Transition probabilities

Controlled and Uncontrolled Asthma

Transition probabilities were derived from the 2-weekly ACQ-6 follow up of patients, based on
the pooled SIROCCO/CALIMA and ZONDA trials. Patients were initially allocated to either
Controlled or Uncontrolled asthma states within each post-randomisation 2-week cycle, i.e. 0—
2 weeks, 2—4 weeks etc. The Controlled and Uncontrolled health states were determined using

the ACQ-6 score at the end of each 2-week cycle as described in Section B.3.2.2.

Exacerbations

A recent publication (Golam 2017) showed that the utility decrement in patients in the
SIROCCO and CALIMA trials experiencing an exacerbation lasted for between 7 and 10

weeks.

This post-hoc analysis used pooled data from two pivotal studies of benralizumab, SIROCCO
and CALIMA. The SIROCCO ftrial evaluated benralizumab anti-eosinophil treatment regimens
of 30 mg either every 4 weeks (Q4W) or every 8 weeks (Q8W, first three doses every 4 weeks)
vs. placebo in combination with high-dosage inhaled corticosteroids (ICS)/long-acting B2-

agonists (LABA) for 48 weeks in patients with severe asthma.
The analysis used the following endpoints from SIROCCO and CALIMA:
e The EuroQoL 5 dimensions, 5 levels (EQ-5D-5L), a generic health status instrument
o Asthma exacerbation events treated by:
o OCS burst
o ED visits
o Hospitalisations

Different health states from the weekly EQ-5D-5L responses were converted to utility values
(scalars that combine all five dimensions of the EQ-5D-5L) by using values/preferences for

health states that were derived from a sample of the United Kingdom (UK) general population.
All patients with an exacerbation were selected from the pooled SIROCCO and CALIMA data
To calculate utility during an exacerbation, several steps were taken:

o The exacerbation starting date as documented in the study protocol/clinical electronic

case report form (eCRF) was defined as Day O
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o EQ-5D-5L utility values collected within £3 days of Day O were used to calculate the

average utility, which was considered to be the Week 0 average

o To measure mean utility values before and after the start of exacerbations, we

calculated weekly averages (e.g., Week -2, -1, +1, +2, etc.; Figure 1)

o Mean utilities using only the EQ-5D-5L values during the protocol-defined exacerbation

periods were calculated as well.

o The benralizumab study protocols define the start of an exacerbation as the
earliest of the following: 1) the start date of OCS or a temporary increase in a
stable mOCS background dosage, 2) the date of an ED visit, or 3) the date of

hospital admission

o The end date is defined as the latest (i.e., most recent) of the following: 1) the
last day of systemic corticosteroids or a temporary increase in a stable mOCS
background dosage, 2) the date of ED discharge, or 3) the date of hospital

discharge

Durations across the three exacerbation event types were based on a visual inspection of
mean utilities per week. Durations encompassed the week during which the mean utility starts

to decline through the week during which the mean utility returns to a stable level.

Based on this analysis we have therefore reflected this in the model by allocating the
exacerbation health state to the 4 cycles that best fit within +4 weeks of the exacerbation start
date, i.e. 8 weeks in total. To implement this, the exacerbation start date was adjusted to
match the closest cycle start date. The 2 cycles before and 2 cycles after that start date were
then defined as ‘exacerbation cycles’. Additionally, only the transition into and out of the
exacerbation health state was used, effectively collapsing the 4 cycles per exacerbation into

1 cycle.
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Further analysis of utility data using the above method was conducted on the utility score
during an exacerbation dependent on which state a patient had been in prior to suffering an
exacerbation. It was observed that the utility decrement for exacerbations differed based on
whether that patient was Controlled or Uncontrolled prior to having the exacerbation, therefore
this is reflected in the model (denoted in the tables below as “Exacerbation (Controlled)” and
“Exacerbation (Uncontrolled)”. This approach is used as we believe that applying a single
utility value for all exacerbations would overstate the utility decrement for patients having an
exacerbation while previously being controlled and understate the utility decrement for
patients having an exacerbation while previously being uncontrolled. This follows precedent
from a previous appraisal in the respiratory area for roflumilast (TA 461) where differential
utility values were applied to patients experiencing an exacerbation dependent on their COPD

severity.

Given that exacerbations are assessed over an 8-week period, while asthma control and
transition to exacerbations are assessed on a 2-weekly basis, the transition probability matrix
based on 2-weekly model cycle interpretation reflects a 4 times higher than actual probability
of entering an exacerbation state that lasts 4 times shorter than the actual length of time in
that state. This means that model calculations track patients to enter 2 weekly exacerbations
states 4 times repeatedly, resulting an exacerbation duration of 8 weeks in line with the trial

data. This is discussed further in Section B.3.4.

The two-week transition probabilities used in the base case model for transition between

health states for benralizumab and the relevant comparators are outlined below.
B.3.3.2.1 Standard of Care comparison — Base Case Population

Non mOCS

The base case transition probabilities for patients not receiving mOCS were computed using
patient level data from two pooled benralizumab clinical trials (SIROCCO/CALIMA). The total
pooled population from these trials included 986 patients, of which 496 were treated with SoC
and 490 with benralizumab. Analysis was limited to patients in the Base Case Population, i.e.
those who were 218 years of age, using 800ug ICS fluticasone equivalent per day, having an
eosinophil count of greater than or equal to 300 cells per yL and having experienced 3
exacerbations or more in the preceding year, giving a population of 136 in the SoC treatment

arm and 123 in the benralizumab arm.
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Table 42: Transition probabilities — SoC (non mOCS), Base Case Population, All
Weeks

Visit i+1
Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)
Visit i Controlled e e e |
Uncontrolled I I | I
Exacerbation I I I |
(Controlled)
Exacerbation I I | I
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Two different transition matrices were computed for the benralizumab treatment arm,

according to the assumptions of the model:

¢ Transition probabilities from 0—-52 weeks for the base case population benralizumab-
treated population using pooled SIROCCO/CALIMA

¢ Transition probabilities after 52 weeks for responders, in the base case population, to
benralizumab treatment using pooled SIROCCO/CALIMA

Assessment of response to treatment

As described in Section B.2.3, assessment of response was made at 52 weeks based on:

e a clinically meaningful reduction in the number of exacerbations needing systemic

corticosteroids

The distribution of the benralizumab-treated population, in terms of treatment response is
presented in Table 43. The base case analysis assumes that non-responders do not continue

treatment beyond 52 weeks and revert to SoC costs and effects.

Table 43: Percentage of patients responding to benralizumab (non mOCS)

Responders Non-Responders

Benralizumab (Non mOCS) e I

Pre-Response Assessment (0-52 weeks)

The pre-assessment transition probabilities were computed using data from the base case
benralizumab treated population before assessment of response at 52 weeks. The results are
presented in Table 44 and Table 45.
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Table 44: Transition probabilities — Benralizumab (non mOCS), Base Case Population,
0-52 weeks

Visit i+1

Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)

Visit i Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Post-Response Assessment (>52 weeks)

In the benralizumab treatment arm, patients who do not meet the criteria for response are
assumed to discontinue treatment and transfer to the SoC arm. As data beyond 52 weeks of
treatment with benralizumab were not available, all transition probabilities, including
exacerbations beyond 52 weeks were based on data reported (0-52 weeks) in responders
according to the definition described above.

Table 45: Transition probabilities — Benralizumab responder (non mOCS), Base Case
Population, >52 weeks

Visit i+1

Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)

Visit i Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

mOCS

The base case transition probabilities for patients receiving mOCS were computed using
patient level data from the OCS sparing benralizumab clinical trial (ZONDA). The total
population from this trial included 148 patients, of which 75 were treated with SoC and 73 with
benralizumab. Analysis was limited to patients who were 218 years of age and having an
eosinophil count of greater than or equal to 300 cells per uL, giving a population of 64 in the

SoC treatment arm and 61 in the benralizumab arm.
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Table 46: Transition probabilities — SoC (mOCS), Base Case Population, All Weeks

Visit i+1

Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)

Visit i Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Two different transition matrices were computed for the benralizumab treatment arm,

according to the assumptions of the model:

¢ Transition probabilities from 0-52 weeks for the base case population benralizumab-
treated population using ZONDA
¢ Transition probabilities after 52 weeks for responders, in the base case population, to

benralizumab treatment using ZONDA
Assessment of response to treatment

As described in Section B.3.2, assessment of response was made at 52 weeks based on:

e a clinically meaningful reduction in the number of exacerbations needing systemic
corticosteroids OR
¢ a clinically significant reduction in continuous oral corticosteroid use while maintaining

or improving asthma control.

The distribution of the benralizumab-treated population, in terms of treatment response is
presented in Table 43. The base case analysis assumes that non-responders do not continue

treatment beyond 52 weeks and revert to SoC costs and effects.

Table 47: Percentage of patients responding to benralizumab (mOCS)

Responders Non-Responders

Benralizumab (mOCS) - -
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Pre-Responder Assessment (0-52 weeks)

The pre-assessment transition probabilities were computed using data from the base case
benralizumab treated population before assessment of response at 52 weeks. The results are
presented in Table 48 and Table 49.

Table 48 Transition probabilities — Benralizumab (mOCS), Base Case Population, 0-52
weeks

Visit i+1

Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)

Visit i Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Post-Response Assessment (>52 weeks)

In the benralizumab treatment arm, patients who do not meet the criteria for response are
assumed to discontinue treatment and transfer to the SoC arm. As data beyond 52 weeks of
treatment with benralizumab were not available, transition probabilities beyond 52 weeks were
based on data (0-52 weeks) reported in responders according to the definition described
above.

Table 49: Transition probabilities — Benralizumab responder (mOCS), Base Case
Population, >52 weeks

Visit i+1

Controlled Uncontrolled | Exacerbation | Exacerbation
(Controlled) | (Uncontrolled)

Visit i Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.
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B.3.3.2.2 Mepolizumab Comparison — Mepolizumab NICE recommended

population

As described in Section B.3.3, a MAIC was conducted to estimate the relative exacerbation
rates of add-on benralizumab compared with add-on mepolizumab. Given the limitations of
the available evidence for mepolizumab, the comparison versus mepolizumab was performed
in the full trial populations for benralizumab and mepolizumab (see Section B.2.9). The results
showed that benralizumab | G - olizumab for
the relevant endpoints (exacerbations, FEV1, exacerbations leading to hospitalisation and
relative OCS sparing. We consider it reasonable to assume that the relative efficacy between
the drugs will be the same in the all-comers trial population as in the more severe sub-group;
and we have not identified any reasons/clinical rationale against this assumption. Further,
since both drugs show greater efficacy in more severe patients, i.e., as EOS increases and
exacerbation frequency increases, we would expect the difference in effect seen in the ITT
populations to remain in place in the more severe sub-group. This approach is in line with the
assumptions made in both of the previous appraisals in severe asthma where mepolizumab
and reslizumab were compared to omalizumab (TA431 and 479). The corresponding rate
ratios versus placebo for clinically significant exacerbations were estimated at [JJij for add-
on benralizumab versus add on mepolizumab in the non-mOCS population (Table 50) and
Il for the mOCS population (Table 51). To derive the exacerbation rate for mepolizumab,
1/the MAIC RR is applied to the exacerbation rate observed in the benralizumab arm of pooled
SIROCCO/CALIMA and ZONDA data, using data for the mepolizumab NICE recommended
population (Section B.3.2).

Table 50: MAIC results for SIROCCO/CALIMA versus MENSA/DREAM

Studies Endpoint comparison Benralizumab vs. mepolizumab*
(matched): RR (95% ClI)

Annualised rate of clinically
significant exacerbations

vs. MENSA/DREAM

Annualised exacerbation
rate leading to

]
SIROCCO/CALIMA | FEV; I
] ]
ER/hospitalisation

* High-dose ICS populations (= 880 ug FP daily SIROCCO/CALIMA vs MENSA/DREAM) adjusted for trial differences.
MAIC includes benralizumab 30 mg Q8W SC data vs mepolizumab 100mg Q4W SC & 75mg Q4W |V (bioequivalent dose) data
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Table 51: MAIC results for ZONDA versus SIRIUS

Studies | Endpoint comparison Benralizumab vs. mepolizumab*
(matched)

Reduction in mOCS dose, RR (95% CI) | | EGcNcIzING

SIRIUS

Annual exacerbation rate reduction/

clinically significant exacerbations, RR ]
(95% Cl)

* High-dose ICS populations (>500 pg FP daily ZONDA vs SIRIUS) adjusted for trial differences.
MAIC includes benralizumab 30 mg Q8W SC data vs mepolizumab 100mg Q4W SC & 75mg Q4W |V (bioequivalent dose) data

]
ZONDA | patients with complete reduction in I .
VS. mOCS dose, OR (95% CI)

]

NICE guidance for mepolizumab also recommends a stopping criterion based on an
assessment at 52 weeks (NICE 2017). As evidence for the effectiveness of mepolizumab in
patients who meet the treatment continuation criteria is unpublished and unavailable,
exacerbation rates of those who continue or discontinue treatment could not be indirectly
compared. For mepolizumab, these values have been assumed to also follow the relative
rates found in the MAIC, while all patients who discontinue treatment are assumed to follow
the exacerbation rates and transition probabilities of the SoC arm in the benralizumab trial.
Evidence from the mepolizumab NICE STA (NICE 2017) is considered to be the most relevant
source from which to determine the percentage of patients responding to treatment with
mepolizumab because it is the only publicly available source in which this treatment response
rate has been evaluated in the correct population. As the data regarding the percentage of
patients responding to mepolizumab is not specific as to whether it applies to the non mOCS
or the mOCS population and it is referenced to the MENSA/DREAM trials it is assumed that
this percentage relates to the non mOCS population and an assumption is made that the
percentage of responders in the mOCS population is equal that of benralizumab. A summary
of the percentage of responders by treatment is shown in Table 52.

Table 52: Percentage of patients responding to biologic therapy (benralizumab and
mepolizumab)

Population Responders Non-Responders
Benralizumab Non OCS [ ] [

mOCS I ___
Mepolizumab Non OCS [ ] [

mOCS I ____

* As no information is available for the percentage of patients responding to mepolizumab in the mOCS population, this is

assumed to be equal to that of benralizumab
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Non mOCS

Transition probabilities for benralizumab and mepolizumab in the mepolizumab NICE
recommended population in patients not treated with mOCS for the pre and post response

assessment periods are detailed below.

Pre-Response Assessment (0-52 weeks)

Table 53: Transition probabilities — Benralizumab (non mOCS), Mepolizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled ] ] ] I
Uncontrolled ] ] ] I
Exacerbation ] ] ] I
(Controlled)
Exacerbation ] ] ] I
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Table 54: Transition probabilities — Mepolizumab (non mOCS), Mepolizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled I I I I
Uncontrolled I I I I
Exacerbation I I I I
(Controlled)
Exacerbation ] ] ] ]
(Uncontrolled)

Transition probabilities calculated using RRs from the MAIC in the full trial populations for benralizumab and mepolizumab,
applied to the mepolizumab NICE recommended population. Exacerbation (Controlled) refers to an exacerbation from the
previous state of Controlled, Exacerbation (Uncontrolled) refers to an exacerbation from the previous state of Uncontrolled.
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Post Response Assessment (52 weeks)

Table 55: Transition probabilities — Benralizumab responder (non mOCS),

Mepolizumab NICE recommended population, >52 weeks

Visit i+1

Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Visit i

Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Table 56: Transition probabilities — Mepolizumab responder (non mOCS),

Mepolizumab NICE recommended population, >52 weeks

Visit i+1

Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Visit i

Controlled

Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Transition probabilities calculated using RRs from the MAIC in the full trial populations for benralizumab and mepolizumab,
applied to the mepolizumab NICE recommended population. Exacerbation (Controlled) refers to an exacerbation from the
previous state of Controlled, Exacerbation (Uncontrolled) refers to an exacerbation from the previous state of Uncontrolled.

Table 57: Transition probabilities — SoC (non mOCS), Mepolizumab NICE

recommended population, All Weeks

(Uncontrolled)

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled I I I I
Uncontrolled I I I I
Exacerbation I I I I
(Controlled)
Exacerbation I I I I

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.
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mOCS

Transition probabilities for benralizumab and mepolizumab in the mepolizumab NICE
recommended population in patients receiving mOCS for the pre and post response

assessment periods are detailed below.

Pre-Response Assessment (0-52 weeks)

Table 58: Transition probabilities — Benralizumab (mOCS), Mepolizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled ] ] ] I
Uncontrolled ] ] ] I
Exacerbation ] ] ] I
(Controlled)
Exacerbation ] ] ] I
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Table 59: Transition probabilities — Mepolizumab (mOCS), Mepolizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled [ [ [ [
Uncontrolled I - I I
Exacerbation I I I I
(Controlled)
Exacerbation I I I I
(Uncontrolled)

Transition probabilities calculated using RRs from the MAIC in the full trial populations for benralizumab and mepolizumab,
applied to the mepolizumab NICE recommended population. Exacerbation (Controlled) refers to an exacerbation from the
previous state of Controlled, Exacerbation (Uncontrolled) refers to an exacerbation from the previous state of Uncontrolled.

Post-Response Assessment (>52 weeks)

Table 60: Transition probabilities — Benralizumab responder (mOCS), Mepolizumab
NICE recommended population, >52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled I I I I
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Uncontrolled

Exacerbation
(Controlled)

Exacerbation
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Table 61: Transition probabilities — Mepolizumab responder (mOCS), Mepolizumab
NICE recommended population, >52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled [ [ ] [ ] I
Uncontrolled N ] N N
Exacerbation ] I [ [
(Controlled)
Exacerbation I I I I
(Uncontrolled)

Transition probabilities calculated using RRs from the MAIC in the full trial populations for benralizumab and mepolizumab,
applied to the mepolizumab NICE recommended population. Exacerbation (Controlled) refers to an exacerbation from the
previous state of Controlled, Exacerbation (Uncontrolled) refers to an exacerbation from the previous state of Uncontrolled.

Table 62: Transition probabilities — SoC (mOCS), Mepolizumab NICE recommended
population, All weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled [ [ [ [
Uncontrolled I - I I
Exacerbation I I I I
(Controlled)
Exacerbation N I I I
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

B.3.3.2.3 Reslizumab Comparison — Reslizumab reimbursed population

As mentioned in Section B.3.3, due to significant trial differences, we were unable to robustly
conduct a MAIC to compare add on benralizumab with add on reslizumab. In order to facilitate
a comparison between these two products, therefore, we have made the assumption that all

clinical values, and therefore transition probabilities are equivalent between the two products.
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Reslizumab also has stopping criteria based on an assessment at 52 weeks. As evidence for
the effectiveness of reslizumab in patients who meet the treatment continuation criteria is
unpublished, exacerbation rates of those who continue or discontinue treatment could not be
indirectly compared. For add on reslizumab, these values have been assumed to also be
equivalent to those of add-on benralizumab, while all patients who discontinue treatment are
assumed to follow the exacerbation rates and transition probabilities of the SoC arm in the
benralizumab trial. Given the response assessments for reslizumab and benralizumab are the
same and that the clinical inputs for the two products are also the same, it is reasonable
therefore to assume that the same percentage of patients will respond to each medicine. A
summary of the percentage of responders by treatment is shown in Table 63.

Table 63: Percentage of patients responding to biologic therapy (benralizumab and
reslizumab), reslizumab NICE recommended population

Population Responders Non-Responders
benralizumab Non mOCS e e
reslizumab Non mOCS e e

Due to the absence of an OCS sparing study for reslizumab and the NICE recommendation
not being inclusive of patients using mOCS, the comparison between benralizumab and

reslizumab is only conducted in the non mOCS patient population.

Non mOCS

Transition probabilities for benralizumab and reslizumab in the reslizumab NICE
recommended population for patients no treated with mOCS, pre and post assessment

periods are detailed below.

Pre-Response Assessment (0-52 weeks)

Table 64: Transition probabilities — Benralizumab (non mOCS), reslizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled ] ] ] ]
Uncontrolled | [ ] ] ]
Exacerbation | [l ] I ]
(Controlled)
Exacerbation | [l ] I ]
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.
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Table 65: Transition probabilities — Reslizumab (non mOCS), reslizumab NICE
recommended population, 0-52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled I I ] ]
Uncontrolled | I I ] ]
Exacerbation | [l I ] ]
(Controlled)
Exacerbation | [l I ] ]
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.
Post Assessment (>52 weeks)

Table 66: Transition probabilities — Benralizumab responder (non mOCS), reslizumab
NICE recommended population, >52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation | Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled I ]

Uncontrolled e e
Exacerbation e e
(Controlled)
Exacerbation e e
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

Table 67: Transition probabilities — Reslizumab responder (hnon mOCS), reslizumab
NICE recommended population, >52 weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled ] ] ] ]
Uncontrolled | [ I I ]
Exacerbation | [l ] I ]
(Controlled)
Exacerbation | [l ] I ]
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.
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Table 68: Transition probabilities — SoC (non mOCS), Reslizumab NICE recommended
population, All weeks

Visit i+1
Controlled Uncontrolled Exacerbation Exacerbation
(Controlled) (Uncontrolled)
Visit i Controlled ] ] ] I
Uncontrolled | [ ] ] I
Exacerbation | [l ] ] ]
(Controlled)
Exacerbation | [N I I I
(Uncontrolled)

Exacerbation (Controlled) refers to an exacerbation from the previous state of Controlled, Exacerbation (Uncontrolled) refers to
an exacerbation from the previous state of Uncontrolled.

B.3.3.3 Distribution of exacerbations

An analysis of exacerbations in the trial data was performed, and it was observed that
benralizumab not only reduces the frequency of exacerbations but also the severity of those
exacerbations in terms of a lower frequency of hospitalisations. Data from the
SIROCCO/CALIMA (pooled) and ZONDA trials were therefore used to reflect this in the model
and to derive the percentage (%) of each type of exacerbation by taking the number of
exacerbations in each treatment group and dividing by the total number of exacerbations
(Table 69).

Table 69: Exacerbation distribution extracted from pooled clinical trial data, Base
Case population

Parameter N % Source

Controlled

Benralizumab - mOCS

OCS treated exacerbations 3 100 ZONDA

Exacerbations treated in the ER 0 0 ZONDA

Exacerbations treated in hospital 0 0 ZONDA
Benralizumab - Non mOCS

OCS treated exacerbations 16 100 SIROCCO/CALIMA

Exacerbations treated in the ER 0 0 SIROCCO/CALIMA

Exacerbations treated in hospital 0 0 SIROCCO/CALIMA

Uncontrolled

Benralizumab - mOCS
OCS treated exacerbations 13 100 ZONDA
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Exacerbations treated in the ER 0 ZONDA
Exacerbations treated in hospital 0 ZONDA
Benralizumab - Non mOCS
OCS treated exacerbations 22 81.48 SIROCCO/CALIMA
Exacerbations treated in the ER 0 SIROCCO/CALIMA
Exacerbations treated in hospital 5 18.52 SIROCCO/CALIMA
Controlled
Standard Care - mOCS
OCS treated exacerbations 21 100 ZONDA
Exacerbations treated in the ER 0 0 ZONDA
Exacerbations treated in hospital 0 0 ZONDA
Standard Care - Non mOCS
OCS treated exacerbations 25 89.29 SIROCCO/CALIMA
Exacerbations treated in the ER 1 3.57 SIROCCO/CALIMA
Exacerbations treated in hospital 2 7.14 SIROCCO/CALIMA
Uncontrolled
Standard Care - mOCS
OCS treated exacerbations 31 68.89 ZONDA
Exacerbations treated in the ER 5 11.11 ZONDA
Exacerbations treated in hospital 20 ZONDA
Standard Care - Non mOCS
OCS treated exacerbations 99 85.34 SIROCCO/CALIMA
Exacerbations treated in the ER 9 7.75 SIROCCO/CALIMA
Exacerbations treated in hospital 8 6.91 SIROCCO/CALIMA

‘mOCS use’ and ‘non mOCS’ use refer to use of mMOCS as part of baseline therapy.

For the comparisons of benralizumab versus other biologics, it is assumed that the split of
exacerbations is the same for all comparators, by applying the split for benralizumab patients

to mepolizumab and reslizumab patients.
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B.3.3.3.1 Consequences of mOCS

In order to quantify the impact of Oral Corticosteroids (OCS) exposure, AstraZeneca
commissioned a matched historical cohort study using the Optimum Patient Care Research
Database (OPCRD), and the Clinical Practice Research Datalink (CPRD) database
(AstraZeneca data on file 2017). The study consisted of a minimum 1-year baseline period
and a minimum 2 years’ outcome period, on either side of an index date. The index date was
the date of the first recorded prescription for a parenteral or oral corticosteroid for patients in
the mOCS arm, while that for the non mOCS arm was the nearest primary care visit to the

matched-case index date.

Complete and partial mOCS sparing was assessed in the ZONDA trial and results for both
benralizumab and placebo arms were reported for different categories of daily mOCS
exposure (i.e., 0Omg, >0 to <0.5mg, 0.5mg to <2.5mg, 2.5mg to <5mg, 5mg to <7.5mg, 7.5mg

to <15mg, 215mg) at baseline and at 28 weeks.

Complete and partial mOCS sparing is calculated for the benralizumab vs mepolizumab

comparison via the MAIC.

Table 70: Percentage of patients by mean daily mOCS dose

Daily dose of Benralizumab Placebo

mOCS (mg) Baseline At 28 weeks Baseline At 28 weeks
0 (no mOCS) [ ] I I
>0-<0.5 [ ] [ I B
0.5-<25 [ ] [ I B
25-<5 I T T B
6-<75 [ ] I I
75-<15 I I T I
15 ] C_ C_ C_

Throughout the model, patients receiving mOCS treatment are at risk of developing the
comorbidities which are associated to mOCS use. During the first 28 weeks (the length of the
ZONDA trial) period patients are assumed to receive mOCS according to the percentages
seen at baseline in the ZONDA ftrial, after the initial 28-week period patients are assumed to
receive mOCS according to the percentages seen at the end of the ZONDA trial for the

remainder of the model duration (Table 70).
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To adjust for the presence of chronic conditions in the cohort of mOCS users, period
prevalence and incidence data of different comorbidities for the same categories of daily
mOCS dose were sourced from data From the AstraZeneca RWE study detailed above
(AstraZeneca data on file 2017). The risk of the 10 comorbidities included in the analysis and

the risk/dose relationship over a 15 year period is shown below (Table 71)

Table 71: Period prevalence or incidence of comorbidities among asthma patients
(AstraZeneca data on file 2017)

Daily Type 2 Osteo- | Glaucoma | Cataract | Myocardial Heart | Cerebro- Renal Peptic
dose of diabetes porosis infarction failure | vascular | impairment ulcer
mOCS mellitus accident

(mg)

>0-<0.5

0.5-<25

25-<5

6-<7.5

75-<15

>15

B.3.3.4 Discontinuations outside of the response assessment

Patients responding to add-on therapy are assumed to remain on the same add-on biologic
for a lifetime duration, which is consistent with committee guidance for mepolizumab [ID798]
and input from clinical advisers. However, there is likely to be a natural attrition rate in the
number of patients (e.g. due to adverse events, personal or physician’s preference) on
treatment over the time horizon of the analysis. The economic model includes a set
percentage of patients which discontinue treatment during each cycle. A percentage of both
mOCS and non mOCS dependent patients move to ‘Not on add-on treatment’ each cycle
according to the discontinuation of add-on therapy rate defined in the model inputs. Patients
who discontinue treatment are assumed to continue receiving SoC and thus are assigned to
SoC transition probabilities, utilities and costs. Discontinuation rates were sourced from
clinical trial data and assumed to be the same for each add-on biologic, as per the precedent
set in the recent NICE STA for mepolizumab (TA 431) and are outlined in Table 72.
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Table 72: Percentage of patients discontinuing add-on therapy each year

Add-on therapy | Patients Probability of Source
discontinuing discontinuation
therapy each per cycle
year (%)
Benralizumab 11.8% 0.0048 Pooled data from the phase Ill clinical

trials for benralizumab. ITT population
(Section B.2.4)

Mepolizumab 11.8% 0.0044 Assumed to be the same as benralizumab
in keeping with the precedent in TA 431

Reslizumab 11.8% 0.0048 As discontinuation rate is not published in
the reslizumab NICE guidance (NICE
2017), this is assumed to be the same as
that for benralizumab.

B.3.3.5 Adherence to treatment

In the context of the economic model adherence describes the extent to which drug costs are
included whilst ‘on treatment’ where 100% represents no missed days of therapy. For add-on
benralizumab, mepolizumab and reslizumab treatment adherence is assumed to be 100% for
those patients who continue on biologic therapy since treatment occurs at regular intervals in
a clinical setting. This is consistent with the assumption made in the mepolizumab NICE STA
TA431 and the reslizumab NICE STA TA479. People deemed at high risk of severe asthma
attacks should be monitored more closely as part of their personal asthma action plans. This
is a conservative assumption in the comparison of benralizumab vs SoC as it is likely to

overstate drug costs
B.3.3.6 Mortality

Asthma-related mortality for all exacerbation states

Limited evidence on mortality in severe refractory eosinophilic asthma patients is captured by
the benralizumab clinical trial programme, nonetheless asthma fatalities are still known to
occur (refer to Section 1.3.1: burden of illness). In previous economic evaluations of
mepolizumab and reslizumab, asthma-related mortality was identified as one of the key drivers
of the cost-effectiveness vs. SoC alone. In the economic model, asthma related mortality is
captured by a probability of dying related to experiencing an exacerbation. The source of
mortality data is taken from Watson 2007, Roberts 2013 and the NRAD report (NRAD 2014).

A literature review of asthma-related mortality was conducted to identify UK studies reporting
mortality rates as a result of severe asthma, or risk factors for asthma-related death. On

inspection, only 2 studies were deemed informative, Watson 2007 and Roberts 2013.
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The base case analysis uses data from Watson 2007, Roberts 2013 and the NRAD report.
The study by Watson et al. was the only study to report mortality risk for acute severe asthma
patients hospitalised for asthma. Data was analysed from the CHKS database, specifically
admissions with ICD10 codes J45 (asthma, plus sub-codes J45.0, J45.1, J45.8 and J45.9)
and J46 (acute severe asthma). Mortality during the admission spell (the period from a live
admission to either discharge or death) was then recorded by admission code and stratified
by age band (<12, 12-16, 17-44 and 245 years) and gender. One of the key limitations with
this study is that in the absence of a death certificate the death could not be attributed to
asthma with any certainty. However, it was deemed reasonable by Watson et al to assume
that asthma was at least a contributory factor in the majority of deaths due to death occurring
in the same admission spell, which lasted only a few days in the majority of patients. Time
between admission and death was 4 days in acute severe asthma patients. Additionally, no

secondary morbidity codes were reported for the patient in over 80% of cases.

The mortality risk reported by Watson et al. is a conditional probability; it represents the
probability of death given a hospitalisation for asthma. In order to obtain the asthma-related
mortality risk for hospitalised exacerbations in the economic analysis, the mortality risk
following hospitalisation is multiplied by the risk of an exacerbation requiring a hospitalisation.
Therefore, the age dependent risks are only applied following an exacerbation requiring

hospitalisation.

Applying only an asthma related mortality risk to those experiencing an exacerbation requiring
a hospitalisation was deemed a conservative approach, as it is known that patients die of
asthma exacerbations outside of the hospital setting and benralizumab reduces exacerbations
requiring hospitalisation and those requiring an A+E visit or an OCS burst. The NRAD report
(identified through hand searching) is the first UK wide investigation into asthma deaths and
the largest worldwide study of this kind to date. The aim was to understand circumstances
surrounding asthma deaths and to identify avoidable factors and make recommendations for
change and improvement in asthma care. The study was undertaken over a 3-year period
(2011-2014). Extensive information about each death was sought from multiple sources
including primary, secondary and tertiary care, as well as ambulance, paramedic and out of
hours care providers. Death by location showed that 41% died at home, 23% on the way to
hospital and 30% in hospital. Forty-five per cent (87/195) died from asthma without any
medical assistance during the final episode; for 65 of these cases, there was no record of
them seeking medical assistance, and for 22 cases (11%), there was a record of the patient

trying to get help but dying before medical treatment could be provided.
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NRAD is considered a valuable source of proxy mortality data for non-hospitalised mortality.
It allows an estimation of probability of death for non-hospitalised exacerbation by combining
location of death information with probabilities for death for hospitalised exacerbation (Watson
2007).

Asthma deaths from the exacerbation state were therefore calculated using data from (Watson
et al. 2007, Roberts et al. 2013) and data from the National Review for Asthma Deaths (NRAD)
(NRAD 2014).

The approach was optimised to reflect both the mortality attributable to asthma hospitalisation
and the inherent variation in this risk across the most granular stratification of age categories
available. The approach included the assumption that asthma-related mortality can only occur
from the exacerbation state at specific asthma-related mortality rates. For exacerbations
requiring a hospital admission, the model uses mortality data from Watson et al. (2007)
combined with Roberts et al. (2013) and for exacerbations not requiring a hospital admission
(i.e. OCS burst and ER visits) from Watson et al. (2007) combined with locations from the
National Review for Asthma Deaths (NRAD) (Watson et al. 2007, Roberts et al. 2013, NRAD
2014). This approach is consistent with the preferred method used in the mepolizumab NICE
STA (TA431) (NICE 2017).

Deriving probabilities of death given an exacerbation treated by an OCS burst or an A+E visit

Watson et al. reported mortality incidence, stratified by age, within an acute severe asthma
population following a hospital admission, over a period of five years. However, this does not
provide estimates for the probability of death for an exacerbation treated with either an OCS
burst or an A+E visit. Therefore, for exacerbations not requiring a hospital admission (i.e. OCS
burst and A+E visits) the data were combined with the results from the NRAD and the
percentage of each type of exacerbation from the SIROCCO/CALIMA trials as outlined in
Table 73, Table 74 and Table 75. The NRAD report only provides the percentage of deaths
which occur from each type of exacerbation, however, the trial data shows that certain types

of exacerbation are more frequent than others.

Table 73: Deaths during asthma-related hospital admission (Watson et al. 2007)

Age band Deaths during Total asthma Proba.blllty of.de?th during asthma
s s s hospital admission (Watson et al.

(years) asthma admission admissions 2007)

17 — 44 36 9,407 0.00383

45-100 177 7,143 0.02478
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Table 74: Location of asthma-related deaths (NRAD 2014)

Number of Percentage of deaths
Location of death (NRAD) Exacerbation type during exacerbation
people (NRAD)
Home (private address) 80
Nursing/residential home
OCS burst 46.67%
Holiday 4
Other
Hospital, pre-hospital arrest 45 ER visit 23.08%
Hospital, arrest in hospital 59 Hospital admission 30.26%

Table 75: Percentage of total exacerbations by type

Exacerbation Type % of total exacerbations seen in pooled SIROCCO/CALIMA
OCS burst 86%
A+E 6.7%
Hospitalised 7.3%

Therefore, to calculate, for example the probability of death from an exacerbation treated with
an OCS burst, the probability of death from a hospitalisation from Watson is adjusted by the
percentage of deaths from a hospitalised exacerbation from NRAD and the percentage of
exacerbations which were hospitalised in the trial data to give the probability of death from an
exacerbation treated with an OCS burst adjusted by the % of deaths from an OCS treated
exacerbation from NRAD and the % of exacerbations which were treated with an OCS burst

from the trials — as per the formula below

% Exac (OCS burst)
% Deaths (OCS burst)

Probability of death (OCS burst) X

% Exac (Hosp)

= Probability of death (Hospital admission) X % Deaths (Hosp)

Where % Exac (OCS) = Percentage of total exacerbations resulting in OCS burst (from SIROCCO/CALIMA), % Exac (Hosp) =
Percentage of total exacerbations resulting in hospital admission (from SIROCCO/CALIMA, % Deaths (OCS) = Percentage of
deaths during OCS burst (from NRAD), % Deaths (Hosp) = Percentage of deaths during hospital admission (from NRAD).

So, for example, the probability of death during an exacerbation requiring an OCS burst for

patients aged 45-100 equals:
Probability of death (Hosp)for patients aged 45 — 100

% Exac (Hosp) Trial % Deaths (OCS burst) NRAD

Wat X X
atson % Deaths (Hosp) NRAD % Exac (OCS burst) Trial

With numbers:
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Probability of death during an OCS burst for patients aged 45 — 100

= 0.00383 x

0.073  0.4667
X
0.3026  0.860

= 0.000501

Table 76: Probability of asthma-related death during OCS burst and ER visit (Watson

et al. and NRAD)

Age band (years)

Probability of death during OCS
burst (Watson et al. + NRAD)

Probability of death during ER
visit (Watson et al. + NRAD)

17 - 44

0.000501

0.003165

45-100

0.003240

0.020475

The age band 17-44 is used in the DSA and PSA only

Deriving probabilities of death given an exacerbation treated by a hospitalisation

Review of the literature found that Roberts et al. provided a granular (in terms of age)

representation of asthma-related mortality following hospital

admission for patients

(particularly for patients aged 45 years and over). This study investigated the risk of 30-day

case fatality following hospitalisation for asthma in adults in Scotland from 1981 to 2009. The

Scottish Morbidity Record Scheme with all asthma hospitalisations for adults (>18 years) with

ICD9 493 and ICD10 J45-J46 in the principal diagnostic position at discharge was used. These

data were linked to mortality data from the General Register Office for Scotland, with asthma

case-fatality defined as death within 30 days of asthma admission (in or out of hospital).

Mortality probabilities from the study are outlined in Table 77.

Table 77: Probability of death during hospital admission (Roberts et al. 2013)

Number of deaths
(from odds ratio

Age band (years)

Number of hospital
admissions (Roberts

Probability of death during
hospital admission

in Roberts et al.) et al.) (Roberts et al.)
89 45 -54 19,856 0.00448
210 55 - 64 16,474 0.01275
605 65 - 100 21,779 0.02778
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To best model an ageing population, the relative rate ratios of the probabilities for the age
bands, 45 — 55, 55 — 64 and 65 — 100 from Roberts et al. were then applied to the Watson et
al. 45-100 band in Table 76. The adjustment assumed that the total asthma admissions were
divided equally between the three age categories in order to provide age-stratified probabilities
of death following asthma hospital admission for patients with severe asthma (Table 78). This
allows for a more granular measurement of asthma related mortality and represents a more
conservative estimation than using Watson alone as it allocates the majority of the mortality
risk to the later age groups rather than an average across all. This is also in line with the
preferred assumption from the mepolizumab NICE STA TA 431.

Table 78: Probability of death following hospital admission (Watson et al. 2007,
Roberts et al. 2013)

Probability of Assumption that |Deaths following |Probability of
death Relative hospital asthma death following
Age following rate ratio admissions from |admission hospital
band hospital (Roberts Watson et al. are |(Watson et al.) admission
(years) |admission etal.) divided equally fitted to relative (Watson et al.
(Roberts et ’ between the age |rate ratios fitted to Roberts
al.) groups (Roberts et al.) et al.)
45-54 |0.00448 1 2,381 18 0.00756
55-64 |0.01275 2.82 2,381 51 0.02142
65—-100 |0.02778 6.18 2,381 108 0.04536

The asthma-specific mortality rates used in the model summarised in Table 79 were applied
to the population in the exacerbation states each cycle in proportion to each type of

exacerbation Table 75: Percentage of total exacerbations by type.

Table 79: Asthma exacerbation-related mortality inputs used in the base case model

Age band (years) Probability of death I;zts;tc;u;ct:(:l