Study protocols

PNEUMON

Capturing patient-centered outcomes using
innovative technologies in adults with severe
eosinophilic asthma on benralizumab: The

EMPOWAIR real-world study design

Konstantinos Kostikas?, Petros Bakakos?, Petros Galanakis®, Georgios Hillas*, George N. Konstantinou®, Michael Makris®,
Nikolas Mathioudakis®, Konstantinos Porpodis’, Nikoletta Rovina?, Eleftherios Zervas?, Stelios Loukides®

ABSTRACT

Severe eosinophilic asthma (SEA) is associated with poor disease control and
compromised health-related quality of life (HRQoL), leading to a substantial
psychosocial and economic disease burden. Benralizumab, an interleukin-5-
alpha receptor monoclonal antibody, is approved as an add-on maintenance
treatment for SEA, yet real-world evidence of its effectiveness is limited.
EMPOWAIR is a non-interventional, multicenter, 48-week prospective cohort
study aiming to evaluate the clinical effectiveness and the patient-perceived
impact of benralizumab on HRQoL, sleep quality, depression, anxiety, work
productivity and activity impairment among SEA patients treated in routine
care settings in Greece. The study will also engage advanced remote patient
monitoring technologies using portable spirometers and wearable activity
trackers to collect data on lung function parameters and physical activity.
The study plans to consecutively enroll 150 adult patients treated by lung
specialists practicing in various healthcare settings across the country over
an 18-month recruitment period. Eligible patients must be newly prescribed
benralizumab per the approved label. Primary data will be collected at
enrollment and 4, 8, 16, 32, and 48 weeks after treatment initiation through
routine clinic visits or telephone contacts as per the standard clinical practice.
The primary objective is to assess the change from baseline in HRQoL, as
measured by the St. George’s Respiratory Questionnaire (SGRQ), and to
estimate the proportion of patients achieving a minimum clinically important
improvement in respiratory health status, defined as > 4-point reduction from
baseline in SGRQ total score, after 16 weeks of benralizumab treatment. The
study rationale, design and protocol, are described herein.
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INTRODUCTION

Asthma is a chronic respiratory disease that encompasses
a broad spectrum of phenotypes and endotypes®.
Approximately 5-10% of patients with asthma suffer from
severe disease, which cannot be adequately controlled
by conventional treatment with a high dose of inhaled
corticosteroids combined with long-acting 32-agonists

or oral corticosteroids (OCS), or control is lost when de-
escalating treatment. Based on a 2021 report of the
International Severe Asthma Registry, in >80% of patients
with severe asthma, the disease is characterized by the
presence of eosinophilia, which causes inflammation and
hyperresponsiveness of the airways, and is referred to as
severe eosinophilic asthma (SEA)?3.
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Patients with SEA experience substantial symptom burden
and frequent disease exacerbations, which contribute to
disease-related morbidity and progressive loss of lung
function. Persistent symptoms and frequent exacerbations
also conduce toward patients’ activity limitation, which, along
with compromised sleep quality and feelings of anxiety or
depression, adversely and substantially influence their health-
related quality of life (HRQolL), leading to a considerable
psychosocial and economic disease burden. Among
asthmatic patients, both anxiety and depression have been
associated with worse perception of asthma control*, while
poorly controlled disease has been associated with greater
healthcare resource utilization (HCRU), elevated direct and
indirect healthcare costs, as well as higher scores for work
presenteeism and absenteeism®.

Among the currently available monoclonal antibodies
(mADb) for add-on biologic treatment of SEA, benralizumab
was approved in 2017 and 2018 in the USA and Europe,
respectively. Benralizumab is a humanized afucosylated
immunoglobulin G1 kappa mAb that binds to the alpha
subunit of the interleukin (IL)-5 receptor on the surface
of eosinophils and basophils, inhibits IL-5-mediated
proliferation and potently induces antibody-dependent
cell-mediated cytotoxicity to these cells®®. Through this
mechanism, benralizumab mediates reduction of eosinophilic
inflammation. In the placebo-controlled pivotal trials
SIROCCO’ and CALIMA8, benralizumab significantly reduced
the annual exacerbation rate (AER) and improved asthma
symptoms and lung function. Patients with higher baseline
blood eosinophil counts (BEC) experienced an improved
treatment response compared to those with lower baseline
BEC, particularly regarding forced-expiratory volume in 1
second (FEV,)”®. The derived benefit of benralizumab was
also extended in adults with severe uncontrolled asthma
with BEC =150 cells/pL in terms of reducing the AER,
and improving FEV, and total asthma symptom scores'®,
as well as in patients with fixed airway obstruction in
terms of reducing the AER and improving symptoms and
lung function!. Furthermore, in the phase Ill trial ZONDA,
benralizumab significantly lowered the need for OCS while
asthma control was maintained in patients with severe
asthma and increased eosinophil count®. The extension trial
BORA!? and two 2-year integrated analyses have confirmed
the long-term efficacy and safety of benralizumab, as well a
sustained OCS sparing effect in patients with uncontrolled
SEA®, In addition to the aforementioned clinical outcomes,
evidence generated in clinical studies also supports that
patients treated with benralizumab also experienced
improvement in their HRQoL and overall health status as
assessed using the Asthma Quality of Life Questionnaire,
the St. George's Respiratory Questionnaire (SGRQ), as well
as the Clinician and the Patient Global Impression of Change
scores (CGIC and PGIC, respectively)”814-16,

To complement and expand the data generated in the
pre-authorization clinical trial setting in a broader patient
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population, but also to gain insight into the patient-
perceived treatment benefit, real-world studies have
been conducted!’-2*. However, given the relatively recent
emergence of benralizumab in the market, such evidence
remains limited overall and is non-existent in Greece.
EMPOWAIR was designed to generate real-world evidence
(RWE) on a broad range of well-established clinical and
novel patient-centered outcomes, which are critical for the
assessment of the therapeutic benefit of benralizumab in
SEA both from the physician’'s and the patient’s perspective.
The study will employ a multi-aspect and patient-centric
approach, and will engage advanced remote patient
monitoring technologies using the Air Next portable
spirometer (NuvoAir AB, Stockholm, Sweden) and the
Fitbit® wristband wearable activity tracker (WAT), to collect
data on patients’ lung function parameters and physical
activity. All main study outcomes will be examined at various
timepoints throughout the observation period, starting as
early as 4 weeks after treatment initiation, thus enabling the
identification of ‘early’ treatment responders with a closer
focus on patients’ physical and psychological well-being
and HRQoL in addition to asthma control, achievement of
remission, and lung function metrics.

METHODS

Study design, setting, and population

EMPOWAIR (‘A rEal-world, Multicenter, 48-week Prospective
cohort study to capture clinical and patient-centered
Outcomes in adults With severe eosinophilic Asthma
treated wlth benRalizumab in routine care settings in
Greece) is a single-country, non-interventional, multicenter,
48-week prospective cohort study, mainly based on primary
data collection, which will include adult patients with SEA
initiated on benralizumab in routine care settings of Greece.
The study will be carried out by 20-25 sites comprising
private practices and hospital clinics specializing in the
management of asthma in geographically diverse locations
throughout Greece, with a balanced representation of public,
academic, and private sectors. All aspects of treatment and
clinical management of patients will be in accordance with
local clinical practice and applicable local regulations, and
at the discretion of the participating physicians, with no
changes to the current standard of care required for study
participation. The study will enroll patients who have been
prescribed benralizumab (Fasenra®) prior to informed consent
obtainment and independently of study participation and
will be treated according to the local prescribing information
(Summary of Product Characteristics)?? of the study
medication and routine medical practice in terms of visit
frequency and type of assessments performed.

The overall duration of the study is expected to be
approximately 126 weeks (about 29 months), including a
recruitment period of 78 weeks and an observation period
of 48 weeks. Follow-up visit frequency will be determined
by the treating physician; however, study-related data will
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be collected at study enrollment and at 4, 8, 16, 32, and
48 weeks post-index (i.e. after benralizumab treatment
initiation) with an allowable time window of +1 to +2 weeks,
depending on the specific data collection timepoint. Data
collection at enrollment and at 16 and 48 weeks post-
index will be performed in the context of on-site routine
visits at the private practices/hospital clinics, whereas data
collection at 4, 8, and 32 weeks post-index will take place
through either on-site routine visits or telephone contacts
at physicians’ discretion, based on which scheduling option
better accommodates patients’ preferences and needs for
care. An overview of the study design is presented in Figure 1.
The eligibility criteria for participation in the study are listed
in Table 1, while relevant definitions are provided in Table 2.

Research objectives

The study primarily aims to assess the change from baseline
in HRQolL, as measured by the SGRQ, and to estimate
the proportion of patients achieving a minimum clinically
important improvement in respiratory health status, defined
as > 4-point reduction from baseline in SGRQ total score,
after 16 weeks of treatment with benralizumab. The study
also has a number of secondary and exploratory objectives,
which are listed in Table 3.

Site selection

Study investigators will be selected from a pool of lung
specialists across Greece in a non-random manner through
a documented and constructed feasibility assessment
process that will account, among others, for physicians’
qualifications, previous participation and experience in similar
clinical studies, recruitment potential and retention capability,
geographical representativeness based on proportionality to

PNEUMON

the total Greek population, and representativeness in terms
of asthma cases encountered in routine practice settings,
hospital clinic/private practice location (i.e. regional setting),
and type of healthcare site.

Data collection and sources

Data collection will be carried out by means of a specifically
designed web-based data capture system [electronic Case
Report Form (eCRF)], which will adhere to all applicable
data protection regulations and requirements. The study
will mainly employ primary data collected at enrollment and
prospectively during the study visits or telephone contacts.
All visits and examinations will be performed according
to institutional standards of care and physicians’ clinical
judgment. Physical activity and at-home spirometry device-
derived data will be collected and accessed via a cloud-based
server. Secondary data pertaining to medical- and asthma-
related history, exacerbation history, hospital-based HCRU
over the past 48 weeks, recent routine results of airway
inflammation biomarkers of interest, and prior management
practices before the start of benralizumab treatment, will
be abstracted from patients’ medical records and through
patient self-report. Furthermore, a patient diary will be
used to record information on HCRU, rescue medication
use, asthma-related nocturnal awakenings requiring rescue
medication during the study observation period, and any
non-asthma-related reasons that may have limited patients’
typical physical activity level during the device-wearing
periods.

Study-specific physical activity data, namely step counts
and active minutes, will be collected using a WAT device
(Fitbit® wristband). A unique number tracker, as well as
training on its use, will be provided to each participant

Figure 1. Overview of study design
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Table 1. Study eligibility criteria

PNEUMON

INCLUSION CRITERIA EXCLUSION CRITERIA

» Male or female outpatients, aged 18-75 years at the time of
benralizumab prescription.

« Physician-diagnosed SEA inadequately controlled despite
high-dose inhaled corticosteroids plus long-acting 3-agonists.

- Patients prescribed but not yet having initiated treatment with
benralizumab according to the SmPC, prior to signed informed
consent, and for whom the decision to prescribe this therapy is
clearly separated from the physician’s decision to include the
patient in the study.

« For patients not OCS-dependent: BEC =150 cells/uL in the
2 weeks before benralizumab initiation and a historical value of
>300 cells/pL during the previous year.

« For OCS-dependent patients: BEC =150 cells/pL in the 2
weeks before benralizumab initiation or a historical value of
>300 cells/pL during the previous year.

« History of >1 documented CSE in the 48 weeks prior to
benralizumab initiation, and =2 CSEs in the previous 24
months.

« Patients willing and able to read and complete the study
specific questionnaires.

« Patients willing and able to use the study-specific wearable/
handheld devices.

« Patients must provide a written informed consent prior to
inclusion in the study.

« Any of the contraindications to the administration of the
benralizumab per the SmPC.

» Concomitant treatment with any other biologic agent for any
indication.
« Previous exposure to any anti-IL5/IL5R treatment.

« Exposure to omalizumab in the past 6 months prior to
benralizumab initiation.

« Clinically important pulmonary disease or prior diagnosis with
any disease, other than asthma, associated with elevated BEC.

« Acute respiratory infections within 8 weeks prior to informed
consent.

« Heavy smokers with a >20 pack-year smoking history.

« Pregnancy, lactation or pregnancy intention during the study
period.

« Known evidence of lack of adherence to asthma controller
medications.

» Use of immunosuppressive medication for reasons other than
asthma within 3 months prior to informed consent.

« Current receipt of any investigational drug/device/
intervention or investigational product within 30 days or 5 half-
lives of the agent before benralizumab initiation.

BEC: blood eosinophil count. CSE: clinically significant exacerbation. IL5: interleukin 5. ILSR: interleukin 5 receptor. OCS: oral corticosteroids. SEA: severe eosinophilic asthma. SmPC: summary of

product characteristic.

at enrollment. Patients will be asked to wear their WAT
continuously over the waking hours, excluding bathing time
and device's charging time, for at least 7 consecutive days
before the first benralizumab dose and during the last week
of each month post-index. Eight to ten days before each
data collection time point (study visit or telephone contact,
as applicable), patients will be contacted by phone by the
study investigator or staff, reminding them to wear their
activity tracker for the next 7 days until the study visit/
telephone contact. Activity data for prespecified time points
will be analyzed provided at least 4 valid days are available
within that week, with valid days defined as those with a
minimum of 10 hours of waking wear time.

For the home-based spirometric measurements, patients
will be provided the portable hand-held Air Next spirometer
at enrollment and receive comprehensive training on its use.
Patients will be asked to perform home-based spirometry
at least once weekly (in the morning within the first 3
hours after awakening and before the administration of any
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asthma-related medication) after the start of benralizumab
treatment until the end of the study observation period.
In addition, they will be requested to perform spirometry
upon symptom worsening on a daily basis for at least
7 consecutive days. The analysis will include only valid
tests (sessions), defined as those fulfilling the maneuver
acceptability criteria as well as the repeatability criteria for
both Forced Vital Capacity and FEV,, and being of ‘excellent’,
‘very good’, or ‘good’ quality grade based on the grading
system for assessment of spirometry quality that is jointly
recommended by the American Thoracic Society and the
European Respiratory Society?>24. For each day, the patient’s
highest spirometric values from the valid session with the
best quality grade will be selected for analysis purposes.

The clinician’s perception of change in the patient’s overall
health since treatment initiation will be assessed using the
Greek version of the CGIC which is a 7-point Likert-type
scale. In addition, the study will use a number of patient-
reported outcomes (PROs), shown in Table 4.
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Table 2. Definition of terms
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Minimum clinically important improvement
in respiratory health status

Moderately efficacious change in
respiratory health status

Clinically significant asthma exacerbation

> 4-point reduction from baseline in SGRQ total score

> 8-point reduction from baseline in SGRQ total score

Worsening of asthma symptoms that requires any of the following: a) treatment

with systemic corticosteroids for >3 days; b) increase of maintenance dose of oral
corticosteroids for >3 days or a single depo-injectable dose of corticosteroids;
c) emergency department visit that required use of systemic corticosteroids; d)

hospitalization

Clinically meaningful improvement in
asthma control

Clinically meaningful worsening in asthma
control

Index
Baseline

Early clinically important improvement in
respiratory health status

Improvement in respiratory health status at
48 weeks post-index

Response in terms of asthma control at 48
weeks post-index

Clinically meaningful improvement in FEV,
FEV, improvement at 48 weeks post-index
OCS-dependent

>0.5 reduction in ACQ-6 score
>0.5 increase in ACQ-6 score

Start of benralizumab treatment, i.e. date of first injection
The period immediately before index; its duration varies depending on the outcome

Achievement of minimum clinically important improvement at 4 weeks post-index
Maintaining or exceeding the MCID for SGRQ score at 48 weeks post-index

Maintaining or exceeding a clinically important improvement in asthma control after
48 weeks of treatment

FEV, increase from baseline =100 mL
Maintaining an increase from baseline in FEV, =100 mL at 48 weeks post-index

Treated with OCS equivalent to a daily dose of =5 mg prednisone for >3 continuous

months directly preceding benralizumab initiation

Valid day (for activity analysis)

Valid session (for at home spirometry)

A day having =10 hours of waking wear time

A session being of ‘excellent’ (>3 acceptable maneuvers with repeatability within

0.150 L), ‘very good’ (2 acceptable maneuvers with repeatability within 0.150 L), or
‘good’ (=2 acceptable maneuvers with repeatability within 0.200 L) quality grade

Severe uncontrolled asthma

At least one of the following: a) Poor symptom control, i.e. ACQ consistently >1.5 or

ACT <20 (or ‘not well controlled’ by NAEPP or GINA guidelines); b) Frequent severe
exacerbations, defined as >2 bursts of systemic corticosteroids (>3 days each) in
the previous year; c) Serious exacerbations, defined as >1 hospitalization, intensive
care unit stay or mechanical ventilation in the previous year; d) Airflow limitation, i.e.
pre-bronchodilator FEV, <80% predicted with reduced FEV,/FVC (defined as less
than the lower limit of normal) following a withhold of both short- and long-acting

bronchodilators

ACQ-6: asthma control questionnaire-6. ACT: asthma control test. FEV : forced-expiratory volume in 1 second. FVC: forced vital capacity. MCID: minimum clinically important difference. NAEPP:
national asthma education and prevention program. OCS: oral corticosteroids. SGRQ: St. George's respiratory questionnaire.

Ethics

The conduct of this study will adhere to the applicable
national regulatory requirements governing the conduct of
such type of clinical research. The study has been designed
and will be conducted and reported in accordance with the
ethical principles laid down in the Declaration of Helsinki,
the Guidelines for Good Pharmacoepidemiology Practice
of the International Society for Pharmacoepidemiology,
the Strengthening the Reporting of Observational Studies
in Epidemiology guidelines where applicable, the EU
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General Data Protection Regulation, and the local rules and
regulations. All participants will provide signed informed
consent.

Sample size

Sample size estimation has been based on the primary
endpoint pertaining to the mean difference in SGRQ total
score from baseline at 16 weeks after benralizumab initiation.
A sample size of 128 patients is required in order to have
80% power to detect differences in means of 4 points
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Table 3. Study objectives

Primary objective

Assess the change from baseline in HRQoL (measured by the SGRQ) and to estimate the proportion of patients achieving a
minimum clinically important improvement in respiratory health status after 16 weeks of treatment with benralizumab.

Secondary objectives

Estimate the proportion of patients achieving a moderately efficacious change in respiratory health status (measured by the
SGRQ) after 16 weeks of treatment.

Assess the change from baseline in SGRQ and to estimate the proportion of patients achieving a minimum clinically important
improvement and of those achieving a moderately efficacious change in respiratory health status after 4, 8, 32 and 48 weeks of
treatment.

Determine predictors of early clinically important improvement in respiratory health status (measured by the SGRQ) at 4 weeks of
treatment with benralizumab, and at 48 weeks post-benralizumab initiation among the 4-week SGRQ responders.

Describe the asthma control status (assessed by the ACQ-6), the change in asthma control and the response rate after 4, 8, 16,
32, and 48 weeks of treatment, as well as to assess the response rate at 48 weeks post-benralizumab initiation among the 16-
week ACQ-6 responders.

To assess the change in the annual rate of CSE between the 48-week periods pre- and post-benralizumab initiation, and to
identify factors influencing the CSE rate.

Assess the change in asthma-related hospital-based HCRU between the 48-week periods pre- and post-index.

Assess the change from baseline in clinic-measured spirometric indices after 16 and 48 weeks of treatment, and to describe
the FEV, improvement rate at 48 weeks post-benralizumab initiation among patients who will achieve clinically meaningful
improvement in FEV, at 16 weeks post-index.

Assess the change from baseline in rescue medication use and in the proportion of nights with awakenings due to asthma
requiring rescue medication use after 4, 8, 16, 32 and 48 weeks of treatment.

Describe the change in cumulative OCS burden between the 16-week periods pre- and post-index and the 48-week periods pre-
and post-index.

Assess the change from baseline in anxiety and depression levels (assessed by the HADS) after 16 and 48 weeks of treatment.
Assess the change from baseline in patient-reported sleep quality (assessed by the PSQI) after 16 and 48 weeks of treatment.

Assess the change from baseline in work productivity and activity impairment (assessed by the WPAI:RS questionnaire) after 16
and 48 weeks of treatment.

Describe the clinician-assessed and patient-perceived overall response to treatment with benralizumab over the 48-week period,
using the CGIC and the PGIC.

Assess the 48-week treatment persistence rate, the frequency and reasons for benralizumab discontinuation as well as the time
to treatment discontinuation.

Explorative objectives
Determine the rate of change in home-measured spirometric lung function indices over a 48-week period.

Describe the change from baseline in physical activity levels (as measured by the WAT) after 4, 8, 16, 32 and 48 weeks of
treatment.

Assess the change from baseline in OCS use among the OCS-dependent patients initiated on benralizumab, after 16 and 48
weeks of treatment.

Assess the change from baseline in IgE and FeNO levels after 16 and 48 weeks of treatment, among patients with available
biomarker data at baseline.

Assess the rhinosinusitis health status and HRQoL of patients with baseline CRSWNP (measured by the SNOT-22) after 16 and
48 weeks of treatment.

Assess the response rate to individual components of clinical remission as well as combinations of components after 32 and 48
weeks of treatment.

ACQ-6: asthma control questionnaire-6. CGIC: clinician global impression of change. CRSWNP: chronic rhinosinusitis with nasal polyps. CSE: clinically significant exacerbation. FeNO: fractional
exhaled nitric oxide. FEV: forced-expiratory volume in 1 second. HADS: hospital anxiety and depression scale. HCRU: health care resource utilization. HRQoL: health-related quality of life. IgE:
immunoglobulin E. OCS: oral corticosteroids. PGIC: patient global impression of change. PSQI: Pittsburgh sleep quality index. SGRQ: St. George's respiratory questionnaire. SNOT-22: sino-nasal
outcome test-22. WAT: wearable activity tracker. WPAI:RS: work productivity and activity impairment: respiratory symptoms.
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Table 4. Patient-reported outcome instruments used in the study

Main outcomes/ domains/ | Number Recall Scale/score
subscales of items | period

St. George’s
Respiratory
Questionnaire*®

Part 1: severity of respiratory
symptoms.

Part 2: daily activity and
psychosocial impact of
respiratory condition.

Yields a total score and 3
component scores (symptoms,
activity, and impacts)

Asthma Control
Questionnaire-63*

Night-time waking, symptoms 6
on waking, activity limitation,
shortness of breath, wheezing,

and use of short-acting 2

agonist

Hospital Anxiety
and Depression
Scale*

Two 7-item subscales: anxiety 14
and depression

Pittsburgh Sleep
Quality Index®*

Subjective sleep quality, 19
sleep latency, sleep duration,

habitual sleep efficiency, sleep
disturbances, use of sleeping
medication, and daytime

dysfunction

Work Productivity Absenteeism, presenteeism, 6
and Activity and daily activity impairment
Impairment:

Respiratory

Symptoms®*

Patient Global Perception of change in overall 1
Impression of health

Change*®

Sino-Nasal Physical problems, functional
Outcome Test- limitations, and emotional

2236 consequences of sino-nasal

conditions

[representing the minimum clinically important difference
(MCID) for SGRQ total score] using paired t-test with a
0.05 two-sided significance level and assuming a standard
deviation (SD) of the differences of 16.0 (effect size: 0.25).
The assumption was based on data from the SOLANA trial,
where the SD of this difference at 4, 8 and 12 weeks for
the benralizumab and placebo groups ranged from 14 to
2118. This sample size offers a precision of 9.0% [with
95% confidence interval (Cl) using the Clopper-Pearson
exact method ranging between 41.0% and 59.0%] for the
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4 weeks O (best possible
status) — 100 (worst
possible status) for
component and total

Scores

O (well controlled) —
6 (extremely poorly
controlled)

1 week

0-21 for each
subscale, higher
scores represent
worse mental health

1 week

1 month 0-3 for each
component, 0-21

for total score, lower
scores indicate better

sleep quality

0-100% each
outcome

1 week

- 1 (much better) —
(much worse)

2 weeks O (no problem) —

(problem as bad as it
can be) for each item,
0-110 for total score,
higher scores indicate

poorer outcomes

PNEUMON

4 unit-decrease: minimum
clinically important
difference.

8 unit-decrease: moderately
efficacious change.

12 unit-decrease: very
efficacious treatment

Score change of at least
0.5 is meaningful and
used to support responder
definition

Scores

0-7: normal.

8-10: possible cases of
anxiety/depression.

>11: likely cases of anxiety/
depression

A global score of =5
indicates poor sleep quality

Scores indicate percent:
a) work time missed,

b) impairment while
working, c) overall work
impairment,

d) activity impairment, due
to respiratory symptoms

Response is indicated by
a score of ‘much better’ or
‘moderately better’

A minimal importance
difference of 8.90 has been
established for individual
score change

estimation of a percentage of 50% of patients achieving the
MCID at the post-index time point where the width of the
Cl is the largest. To control for an approximate 15% non-
evaluable/drop-out rate, 150 patients are finally required
to ensure the aforementioned sample size for the final
statistical analysis.

The sample size based on the mean difference in
SGRQ total score was estimated using the nQuery 8.0
(‘Paired t-test for difference in means’), whereas the size
determination based on Clopper-Pearson exact method has
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been performed using the statistical software package SAS
v9.4 (SAS Institute, Cary, NC).

Statistical analysis

All statistical analyses and generation of tables and
patient data listings will be performed using the latest
version of SAS® software available at statistical analysis
initiation. Continuous variables will be summarized using
descriptive statistical measures, and categorical variables
will be displayed using frequency tables. The normality of
distribution of continuous variables will be examined using
the Shapiro-Wilk test. Concerning binomial proportions,
Clopper-Pearson 95% Cls will be estimated. Summary
statistics for the differences between values of related
continuous variables will be presented along with 95% ClI for
the mean difference in the context of the primary endpoint.
Differences from baseline values will be assessed using
the paired t-test or Wilcoxon signed-rank test for paired
continuous data and the McNemar's test for paired nominal
data. The association of baseline and disease characteristics
with binary or count outcomes will be evaluated through
univariable and multivariable binary logistic regression and
Poisson regression models, respectively. Poisson regression
models will also be fitted in order to estimate the HCRU
and CSE rate during the 48-week period pre- and post-
benralizumab initiation, as well as the difference in the rates
between these periods, along with the relevant 95% Cls. In
addition, linear mixed-effects models for repeated-measures
will be applied in order to estimate the mean weekly change
in home-measured spirometric lung function indices over the
study observation period. Time to benralizumab treatment
discontinuation will be estimated using the Kaplan-Meier
method. All analyses will be performed in the set of eligible
enrolled patients among each population of interest specified
in the study objectives; all statistical tests will be two-sided
and performed at a 0.05 significance level.

DISCUSSION

EMPOWAIR employs a multifaceted approach to assess
the effect of benralizumab treatment on clinical and
patient-centered outcomes in patients with SEA treated in
routine care settings in Greece. To this end, a number of
complementary data will be collected, derived from various
sources, and based on objective, physician-assessed,
patient-perceived, and handheld device-derived measures.
In addition to data generated through routine clinical
examination, a major part of the study, including the primary
endpoint, will be based on various PROs addressing asthma-
related symptoms, as well as the effect of asthma on overall
health status, emotional state and mental wellbeing, sleep
quality, daily activities, and work productivity. Moreover,
the study will make use of portable spirometers and WATS,
handled by the patients themselves, to measure and record
spirometric parameters and physical activity, respectively.
This is the first time that such technological devices are
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being used in a real-world study of asthma at a country-level
in Greece. Thus, the novelty of EMPOWAIR extends beyond
the standard measures for addressing drug effectiveness in a
traditional clinical care setting and is enhanced by its specific
decentralized design, which employs a hybrid (remote and
on-site) patient monitoring and data collection methodology.
Importantly, the specific PROs and device-derived outcome
measures used in EMPOWAIR were selected based on
patient input that was received through patient focus groups
conducted by a third party on behalf of the study sponsor.

The patient’s perception of asthma symptoms and the
impact of the disease on various aspects of HRQoL and
daily activities is increasingly recognized as a valuable tool
in assessing asthma symptom control. Such instruments are
widely used both in routine clinical practice and clinical trial
settings, while the 2022 GINA report recommends patient-
reported symptoms as critical components to consider
when making treatment decisions and monitoring response
to treatment?. The integration of PROs into the workflow
of routine care is considered key in a disease like asthma,
displaying substantial heterogeneity both in terms of clinical
presentation and the underlying pathogenetic mechanisms
at play.

On the other hand, using novel technologies such as
portable spirometers and WATs is gaining popularity as
a reliable and objective tool to monitor asthma in real-
time. The protocol will involve home-based spirometry via
a novel ultra-portable device which operates through a
smartphone or tablet and is suitable for unsupervised use.
In general, several studies have demonstrated the high
correlation between FEV, measurements obtained using
handheld spirometry devices and in-clinic spirometers and
highlight the benefit of having frequent ‘snapshots’ of the
patient’s respiratory status as opposed to the once every
several months in-clinic spirometric evaluation?. Moreover,
a descriptive longitudinal study assessing the quality of
home spirometry performed with the Air Next spirometer
demonstrated reproducible, high-quality measurements, with
the quality grade in 84% (453/541) of sessions classified
as at least ‘good’ (i.e. yielding =2 acceptable tests with
repeatability <200 mL) in the unsupervised home setting?®.
Similarly, there is an increasing pool of publications reporting
the benefit of personal WATs to monitor physical activity in
patients with asthma?’. Such tools are particularly important
in severe asthma, as these patients are generally considered
a ‘low-active’ population, engaging in considerably low
levels of physical activity?®. The device used in the study has
demonstrated dependability, durability, and acceptability,
which render it a valid research tool to accurately measure
active minutes of physical activity over 7-day periods®®. For
the purposes of the study, step counts and active minutes
will be recorded, with the latter defined as the minutes spent
for activity equivalent to at least 3 metabolic equivalents
for task (MET) (i.e. including moderate-intensity level of 3-6
MET and vigorous-intensity level of > 6 MET).



Study protocols

Both of the aforementioned devices are thought to
empower patients in their everyday asthma self-management
with no intention to interfere with clinicians’ decision-
making and patient treatment plan. Two key elements
that are essential for ensuring the validity of the relevant
device-derived outcomes are patient education and active
engagement in these tasks. Towards this goal, patients will
be trained by the physicians on the use of both devices at
enrollment, emphasizing on the significance of their proper
and consistent use, while the study staff will encourage
patient engagement through regular reminders and follow-
up.

It is generally acknowledged that remote and constant
patient monitoring offers additional benefits, especially in
the COVID-19 era, as this approach may lower both the
frequency and the duration of on-site visits needed and,
consequently, the infection exposure risk while, at the same
time, the physician can still make informed and timely
decisions on the patient’s care. In a broader context, the use
of mobile technology allows the patient healthcare plan to be
structured around the patients’ own environments, being less
burdensome, decreasing barriers and increasing access to
healthcare, supporting more timely care with real-time data
collection, and increasing convenience for patients.

Limitations
One possible limitation of the study, that could affect the
estimation of change in patients’ physical activity levels
following benralizumab initiation, stems from a potential for
the baseline values to be ‘inflated’ as a result of ‘positive
persuasion’ by the physicians. Patients recently given
instructions to exercise and, at the same time, excited
with a new WAT may be more willing to exercise than they
normally would. This may result in higher-than-normal
baseline exercise levels, but the enthusiasm and motivation
may wane over time, and exercise levels may decrease,
irrespective of the treatment, thus leading to a potential
underestimation of its effect. Since this bias is inherent in
the study design, the step taken to at least partly control for
it, is that encouragement and motivation from their physician
to use the WAT will take place before measurements used
for the analysis are collected. An additional source of bias in
this measure stems from the fact that the week during which
the measurements used in the analysis are made may not
represent a typical period for the patient for various reasons;
to appraise this bias, information on whether this was a
typical week for the patients, or if there were any non-asthma
related reasons that prevented them from exercising as they
wished, will be collected in a diary and recorded in the eCRF.
In the absence of a control group, it will be difficult to
account for factors that could impact on the primary
outcome, including but not limited to seasonal variations of
asthma triggers, such as viral infections and environmental
allergens, owing to the time-varying recruitment rates
among the participating sites. For instance, given that the
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primary endpoint will be assessed at 16 weeks post-baseline,
patients enrolled in the study in spring are expected to have
better outcomes than those starting in fall, as the prevalence
of viral infections is much lower in the country during the
summer. In addition, it will be also difficult to ascertain any
positive effects derived from the practices applied in the
study from the benefit attributed to the treatment itself,
since empowering and motivating patients to take co-
responsibility for the management of their condition may
enhance treatment outcomes and patient satisfaction.
Furthermore, without a control group, attrition bias, deriving
from patients who experience smaller or no benefit from the
treatment being more likely to discontinue participation,
cannot be excluded. In contrast, patients deriving greater
benefit may feel that it is worth the effort and be more
actively engaged in the proper use of the devices. Such
effects and the impact of potential confounders, as those
mentioned above, will be evaluated in the context of the
analysis with the implementation of appropriate statistical
methodologies. There is also a likelihood for information bias
impacting the outcomes employing home-based spirometry
assessments and WAT-derived activity measurements,
originating from the fact that for patients initiating
benralizumab at enrollment or within 7 days from enrollment,
baseline measurements will be obtained after benralizumab
initiation. Nonetheless, it is considered that this time delay
is too short to substantially affect the robustness of these
outcomes.

Despite the aforementioned limitations, as well as
others that are inherent to its observational design, the
EMPOWAIR study is anticipated to yield valuable RWE,
which is undoubtedly more representative of both the study
population of interest and outcomes under observation
compared to randomized controlled clinical trials that provide
information on a selected group of patients chosen on the
basis of strict and narrow eligibility criteria and treated in a
controlled manner. With regard to the external validity, the
generalizability of the study outcomes will be enhanced
by enrolling patients from geographically diverse locations
throughout Greece, accounting for variations in medical
practice paradigms. Nevertheless, since the study sites will
be selected through non-probability sampling and patients
are required to be technologically literate in order to qualify
for study participation, the generalizability of the study
results will be indeterminate.

CONCLUSIONS

Evidence generated in EMPOWAIR is anticipated to shed
multidimensional insights on the effects of benralizumab
treatment on HRQoL, physical and emotional well-being,
and respiratory indices in patients with SEA treated in
routine care settings in Greece. Focusing on the patient,
the study will utilize remote patient monitoring through
advanced technologies that promise to empower patients to
better manage their disease and actively participate in their
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healthcare plan.

ACKNOWLEDGEMENTS

The authors wish to thank NuvoAir, IQVIA for the conduct of
patient focus groups, and Qualitis Ltd. for medical writing
support funded by Astrazeneca.

CONFLICTS OF INTEREST

PNEUMON

(study code: D3250R00102). All participants provided written
informed consent.

DATA AVAILABILITY

The data supporting this research are available from the
authors on reasonable request.

AUTHORS' CONTRIBUTIONS

The authors have each completed and submitted an ICMJE
Form for Disclosure of Potential Conflicts of Interest. K.
Kostikas reports honoraria for presentations and consultancy
fees from AstraZeneca, Boehringer Ingelheim, Chiesi, CSL
Behring, ELPEN, GSK, Menarini, Novartis, Sanofi, Specialty
Therapeutics (paid to the University of loannina) and being
the Editor-in-Chief of the Pneumon journal. His department
has also received funding and grants from AstraZeneca,
Boehringer Ingelheim, Chiesi, Innovis, ELPEN, GSK, Menarini,
Novartis and Nuvoair. P. Bakakos reports honoraria for
presentations, participation fees in advisory boards and
support for attending meetings from AstraZeneca, Boehringer
Ingelheim, Chiesi, ELPEN, GSK, MSD, Novartis and Specialty
Therapeutics. P. Galanakis is an AstraZeneca employee. G. N.
Konstantinou reports honoraria for presentations, participation
fees in advisory boards and support for attending meetings
from AstraZeneca and being Secretary in Food Allergy
Interest Group, European Academy of Allergy and Clinical
Immunology. M. Makris reports honoraria for lectures, personal
and consultancy fees and support for attending meetings
from AstraZeneca, Chiesi, GSK, Menarini, Novartis, Pfizer,
and Sanofi. N. Mathioudakis reports being an AstraZeneca
employee. K. Porpodis reports honoraria for presentations and
support for attending meetings from AstraZeneca, ELPEN,
GSK, Menarini and Sanofi. N. Rovina reports honoraria for
presentations, consultancy fees and support for attending
meetings from AstraZeneca, ELPEN, GSK and Menarini. E.
Zervas reports honoraria for presentations, participation fees
in advisory boards and support for attending meetings from
AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb,
Chiesi, Galenica, ELPEN, GSK, Menarini, MSD, Novartis and
Roche, and being Secretary General of Hellenic Thoracic
Society. S. Loukides reports honoraria for presentations,
participation fees in advisory boards and support for attending
meetings from AstraZeneca, Boehringer Ingelheim, Chiesi,
ELPEN, GSK, Menarini, Novartis, Roche, Sanofi, Specialty
Therapeutics, and being President of the Hellenic Thoracic
Society.

FUNDING

The study was funded by AstraZeneca, which has approved
the study protocol and manuscript.

ETHICAL APPROVAL AND INFORMED
CONSENT

This study protocol was reviewed and approved by the
Institutional Review Boards of the participating hospitals

Pneumon 2022;35(4):24
https://doi.org/10.18332/pne/154605

10

KK and PG were involved in the concept and design of the
study. All authors have contributed to manuscript revision
and critical appraisal, agreed to submit to the current journal;
gave final approval of the published version; and agreed on
accountability of all aspects of the current work.

PROVENANCE AND PEER REVIEW

Commissioned; externally peer reviewed.

REFERENCES

1. Global Initiative for Asthma. 2022 GINA Report, Global
Strategy for Asthma Management and Prevention. Updated
2022. Acessed May 11, 2022. https://ginasthma.org/wp-
content/uploads/2022/07/GINA-Main-Report-2022-FINAL-
22-07-01-WMS.pdf

Bakakos A, Loukides S, Bakakos P. Severe Eosinophilic Asthma.
J Clin Med. 2019;8(9):1375. doi:10.3390/jcm8091375
Heaney LG, Perez de Llano L, Al-Ahmad M, et al. Eosinophilic
and Noneosinophilic Asthma: An Expert Consensus
Framework to Characterize Phenotypes in a Global Real-
Life Severe Asthma Cohort. Chest. 2021;160(3):814-830.
doi:10.1016/j.chest.2021.04.013

Ciprandi G, Schiavetti |, Rindone E, Ricciardolo FL. The impact
of anxiety and depression on outpatients with asthma.
Ann Allergy Asthma Immunol. 2015;115(5):408-414.
doi:10.1016/}.anai.2015.08.007

Lee LK, Ramakrishnan K, Safioti G, Ariely R, Schatz M.
Asthma control is associated with economic outcomes,
work productivity and health-related quality of life in patients
with asthma. BMJ Open Respir Res. 2020;7(1):e000534.
doi:10.1136/bmjresp-2019-000534

Kolbeck R, Kozhich A, Koike M, et al. MEDI-563, a
humanized anti-IL-5 receptor alpha mAb with enhanced
antibody-dependent cell-mediated cytotoxicity function.
J Allergy Clin Immunol. 2010;125(6):1344-1353.e2.
doi:10.1016/}.jaci.2010.04.004

Bleecker ER, FitzGerald JM, Chanez P, et al.; SIROCCO
study investigators. Efficacy and safety of benralizumab
for patients with severe asthma uncontrolled with high-
dosage inhaled corticosteroids and long-acting 32-agonists
(SIROCCO): a randomised, multicentre, placebo-controlled
phase 3 trial. Lancet. 2016;388(10056):2115-2127.
doi:10.1016/S0140-6736(16)31324-1

FitzGerald JM, Bleecker ER, Nair P, et al.; CALIMA study
investigators. Benralizumab, an anti-interleukin-5
receptor a monoclonal antibody, as add-on treatment for
patients with severe, uncontrolled, eosinophilic asthma




Study protocols

(CALIMA): a randomised, double-blind, placebo-controlled
phase 3 trial. Lancet. 2016;388(10056):2128-2141.
doi:10.1016/S0140-6736(16)31322-8

Nair P, Wenzel S, Rabe KF, et al.; ZONDA Trial Investigators.
Oral Glucocorticoid-Sparing Effect of Benralizumab in
Severe Asthma. N Engl J Med. 2017;376(25):2448-2458.
doi:10.1056/NEJM0al703501

10.Goldman M, Hirsch I, Zangrilli JG, Newbold P, Xu X.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The association between blood eosinophil count and
benralizumab efficacy for patients with severe, uncontrolled
asthma: subanalyses of the Phase Il SIROCCO and CALIMA
studies. Curr Med Res Opin. 2017;33(9):1605-1613.
doi:10.1080/03007995.2017.1347091

Chipps BE, Hirsch |, Trudo F, Alacqua M, Zangrilli JG.
Benralizumab efficacy for patients with fixed airflow
obstruction and severe, uncontrolled eosinophilic asthma.
Ann Allergy Asthma Immunol. 2020;124(1):79-86.
doi:10.1016/j.anai.2019.10.006

Busse WW, Bleecker ER, FitzGerald JM, et al.; BORA study
investigators. Long-term safety and efficacy of benralizumab
in patients with severe, uncontrolled asthma: 1-year results
from the BORA phase 3 extension trial. Lancet Respir Med.
2019;7(1):46-59. doi:10.1016/S2213-2600(18)30406-5
FitzGerald UM, Bleecker ER, Bourdin A, et al. Two-Year
Integrated Efficacy And Safety Analysis Of Benralizumab
In Severe Asthma. J Asthma Allergy. 2019;12:401-413.
doi:10.2147/JAA.S227170

FitzGerald JM, Bleecker ER, Menzies-Gow A, et al. Predictors
of enhanced response with benralizumab for patients
with severe asthma: pooled analysis of the SIROCCO and
CALIMA studies. Lancet Respir Med. 2018;6(1):51-64.
doi:10.1016/S2213-2600(17)30344-2

Panettieri RA Jr, Welte T, Shenoy KV, et al.; SOLANA Study
Investigators. Onset of Effect, Changes in Airflow Obstruction
and Lung Volume, and Health-Related Quality of Life
Improvements with Benralizumab for Patients with Severe
Eosinophilic Asthma: Phase lllb Randomized, Controlled
Trial (SOLANA). J Asthma Allergy. 2020;13:115-126.
doi:10.2147/JAA.S240044

Harrison TW, Chanez P, Menzella F, et al.; ANDHI study
investigators. Onset of effect and impact on health-related
quality of life, exacerbation rate, lung function, and nasal
polyposis symptoms for patients with severe eosinophilic
asthma treated with benralizumab (ANDHI): a randomised,
controlled, phase 3b trial. Lancet Respir Med. 2021;9(3):260-
274. doi:10.1016/S2213-2600(20)30414-8

Pelaia C, Crimi C, Benfante A, et al. Therapeutic Effects of
Benralizumab Assessed in Patients with Severe Eosinophilic
Asthma: Real-Life Evaluation Correlated with Allergic and
Non-Allergic Phenotype Expression. J Asthma Allergy.
2021;14:163-173. doi:10.2147/JAA.5297273

Kavanagh JE, Heam AP, Dhariwal J, et al. Real-World Effectiveness
of Benralizumab in Severe Eosinophilic Asthma. Chest.
2021;159(2):496-506. doi:10.1016/j.chest.2020.08.2083
Padilla-Galo A, Levy-Abitbol R, Olveira C, et al. Real-life

Pneumon 2022;35(4):24
https://doi.org/10.18332/pne/154605

11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

PNEUMON

experience with benralizumab during 6 months. BMC Pulm
Med. 2020;20(1):184. doi:10.1186/s12890-020-01220-9
Bjerrum AS, Skjold T, Schmid JM. Oral corticosteroid
sparing effects of anti-IL5/ anti-IL5 receptor treatment
after 2 years of treatment. Respir Med. 2021;176:106260.
doi:10.1016/j.rmed.2020.106260

Numata T, Miyagawa H, Nishioka S, et al. Efficacy of
benralizumab for patients with severe eosinophilic
asthma: a retrospective, real-life study. BMC Pulm Med.
2020;20(1):207. doi:10.1186/s12890-020-01248-x
[FASENRA Pen instruction booklet]. Accessed May 13, 2022.
https://www.ema.europa.eu/en/documents/product-
information/fasenra-epar-product-information_el.pdf
Culver BH, Graham BL, Coates AL, et al.; ATS Committee on
Proficiency Standards for Pulmonary Function Laboratories.
Recommendations for a Standardized Pulmonary Function
Report. An Official American Thoracic Society Technical
Statement. Am J Respir Crit Care Med. 2017;196(11):1463-
1472. doi:10.1164/rccm.201710-1981ST

Graham BL, Steenbruggen |, Miller MR, et al. Standardization
of Spirometry 2019 Update. An Official American
Thoracic Society and European Respiratory Society
Technical Statement. Am J Respir Crit Care Med.
2019;200(8):e70-e88. doi:10.1164/rccm.201908-1590ST
Exarchos KP, Gogali A, Sioutkou A, Chronis C, Peristeri S,
Kostikas K. Validation of the portable Bluetooth® Air Next
spirometer in patients with different respiratory diseases. Respir
Res. 2020;21(1):79. d0i:10.1186/s12931-020-01341-7
Gogali A, Exarchos K, Bartziokas K, Sioutkou A, Agerskov N,
Kostikas K. Validation study of the quality of home spirometry
performed by Air Next spirometer in combination with
mobile coaching system: preliminary results. Eur Respir J.
2020;56:166. doi:10.1183/13993003.congress-2020.166
Tyson L, Hardeman W, Marquette M, Semlyen J, Stratton
G, Wilson AM. A systematic review of the characteristics of
interventions that promote physical activity in adults with
asthma. J Health Psychol. 2021:13591053211059386.
doi:10.1177/13591053211059386

Panagiotou M, Koulouris NG, Rovina N. Physical Activity: A
Missing Link in Asthma Care. J Clin Med. 2020;9(3):706.
doi:10.3390/jcm9030706

Brewer W, Swanson BT, Ortiz A. Validity of Fitbit's active
minutes as compared with a research-grade accelerometer
and self-reported measures. BMJ Open Sport Exerc Med.
2017;3(1):e000254. doi:10.1136/bmjsem-2017-000254
Jones PW, Quirk FH, Baveystock CM. The St George's
Respiratory Questionnaire. Respir Med. 1991;85(Suppl B):25-
31. doi:10.1016/s0954-6111(06)80166-6

Juniper EF, Svensson K, Moérk AC, Stahl E. Measurement
properties and interpretation of three shortened versions
of the asthma control questionnaire. Respir Med.
2005;99(5):553-558. doi:10.1016/j.rmed.2004.10.008
Snaith RP. The Hospital Anxiety And Depression Scale. Health Qual
Life Outcomes. 2003;1(1):29. doi:10.1186/1477-7525-1-29
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer



Study protocols PNEUMON

DJ. The Pittsburgh Sleep Quality Index: a new instrument
for psychiatric practice and research. Psychiatry Res.
1989;28(2):193-213. doi:10.1016/0165-1781(89)90047-4

34.Reilly Associates. WPAI Translations. Updated February 11,
2021. Accessed May 13, 2022. http://www.reillyassociates.
net/WPAI_Translations.html

35. Tabberer M, von Maltzahn R, Bacci ED, et al. Measuring
respiratory symptoms in moderate/severe asthma: evaluation
of a respiratory symptom tool, the E-RS®: COPD in asthma
populations. J Patient Rep Outcomes. 2021;5(1):104.
doi:10.1186/s41687-021-00338-6

36.Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP.
Psychometric validity of the 22-item Sinonasal
Outcome Test. Clin Otolaryngol. 2009;34(5):447-454.
doi:10.1111/j.1749-4486.2009.01995 .x

Pneumon 2022;35(4):24
https://doi.org/10.18332/pne/154605

12



