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ABSTRACT

Type 2 (T2)-low severe asthma (SA) presents a distinct subpopulation for
which, in lack of a consistent classification system, epidemiological and
clinical outcome data remain unclear and therapeutic needs remain largely
unmet. The aim of the PHOLLOW real-world study is to assess the prevalence
and predictors of T2-low SA, and depict the patient profile, clinical features,
treatment patterns and disease burden using clinical and patient-reported
outcomes (PROs) in routine settings in Greece. This is a cross-sectional and
retrospective chart review 2-part study that will enroll 600 adult outpatients
with SA over a 1-year period by 20-30 asthma specialists. A new SA
phenotype classification system and two different definitions proposed herein
will be used to categorize patients into definite or possible T2-low (unlikely
or least likely T2-high) SA, and definite/most likely or possible/likely T2-high
SA, based on a composite measure of airway inflammation markers (blood
eosinophil counts, fractional exhaled nitric oxide), allergic/atopic status and
age-of-onset phenotype, taking into consideration the current receipt of
biologic and/or maintenance oral corticosteroid treatment and response to
it. Part A will collect top-level data for all participants to assess T2-low SA
prevalence and predictors. T2-low SA patients will proceed to part B, where
further data and PROs assessing asthma symptom control, quality of life,
anxiety, depression, work productivity and activity impairment will be collected.
In view of anticipated new treatments for SA, evidence generated by PHOLLOW
will provide insight into T2-low SA prevalence and disease burden, using a
well-defined classification scheme, which can inform healthcare decision-
making.
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asthma (SA) that is either partially controlled or uncontrolled

Asthma is a heterogeneous chronic inflammatory disease despite intensive treatment?®. Severe uncontrolled asthma
of the airways affecting more than 300 million people has been associated with impaired health-related quality of
worldwide!. About 3-10% of asthmatics suffer from severe  life (QoL), increased mortality and hospitalization, as well as
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a serious socio-economic burden due to increased healthcare
resource utilization (HCRU) and derived costs®*®.

Based on the underlying pathophysiologic mechanisms:
1) SA is divided into two major endotype categories:
T-helper (Th) 2-high (T2-high) disease, manifested by
eosinophilia and pathways activated by cytokines produced
by Th2 or group 2 innate lymphoid cells (ILCs); and 2)
T2-low, characterized by neutrophilic or less commonly
paucigranulocytic airway inflammation with normal levels
of eosinophils and a lack of response to corticosteroid
therapy*¢-8. T2-low is mostly classified as asthma in which
the markers of T2-high disease, such as high sputum and
blood eosinophil counts (BEC) and high fractional exhaled
nitric oxide (FeNO), are absent®°. However, there are no
universally accepted thresholds for the aforementioned T2-
high markers, the levels of which depend on various factors,
such as infections, exposure to allergens, anthropometric
characteristics, smoking habits, and current corticosteroid
treatment®'%1!. The aforementioned lack of a clear universal
definition may explain the wide variation in the reported
prevalence of T2-low asthma, ranging from one-fifth to one
half of individuals with asthma'?*®* and from 9% to 43%
among SA patients'®-18,

In the absence of a consistent asthma phenotype
classification system and well-defined therapeutic targets,
T2-low disease represents a major unmet therapeutic
challenge. Despite advances in the design of therapies for
SA, most currently approved biologic agents target signaling
pathways mediated by the action of the cytokines interleukin
(IL)-4, IL-5 and IL-13, which play an important role in the
pathogenesis of T2-high, but are less involved in T2-low
disease, hence these agents are approved for eosinophilic
asthma®19-21,

Several mediators of neutrophilic and paucigranulocytic
airway inflammation are being investigated as possible
therapeutic targets for T2-low disease, with an increased
attention to the group of cytokines on the epithelial layer
of the lung referred to as alarmins, including the thymic
stromal lymphopoietin (TSLP), IL-33 and IL-25%22, Alarmins
instigate inflammatory responses via numerous downstream
pathways, including not only T2 (IL-4, IL-13 and IL-5) but
also Thl- or Th17- (IL-17) driven pathways???%, Thus,
anti-alarmin therapies may have an application in both
T2-high and T2-low SA?224 Furthermore, in patients with
T2-high asthma with eosinophilic exacerbations driven
by multiple, simultaneously activated T2 pathways, anti-
alarmins may be more effective than agents targeting a
single T2 interleukin pathway??. In patients with T2-low
disease, TSLP inhibition blocks a broad range of eosinophilic
and neutrophilic inflammatory pathways, playing a role in
non-T2 processes and promoting airway remodeling!®22:24,
In neutrophilic asthma, TSLP drives the development of
neutrophil-activating Th17 lymphocytes by inducing dendritic
cells, while in paucigranulocytic asthma, TSLP mediates the
cross-talks between mast cells, and airway structural cells
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(epithelial cells, fibroblasts, and smooth muscle cells)?®.

Recently, a first-in-class anti-alarmin antibody was
approved in the US as add-on maintenance treatment for
SA with no biomarker limitation®222426-28 ‘while various other
anti-alarmins are also in early-stage clinical development?922,
altogether presenting a promising therapeutic approach for
SA patients including the distinct subpopulation of T2-low
disease.

PHOLLOW was designed taking into consideration the
relative paucity of information regarding the prevalence and
characteristics of the SA T2-low endotype in Greece, as well
as the anticipated introduction of several new treatment
modalities in SA over the next years. The study aims to
evaluate the prevalence and burden of T2-low disease using
a new well-defined classification scheme proposed herein,
as well as to characterize the patient profile, clinical features,
and treatment strategies, in T2-low SA patients managed
in routine care settings in Greece, thus providing input to
healthcare policy-makers.

METHODS

Study population and subpopulations

Eligible participants are male or female patients with SA
as defined in Table 122°, >18 years of age at the time of
informed consent signature, with documented physician-
diagnosed asthma for at least 12 months. During the 12
months prior to enrolment, patients need to have at least
two BEC, one immunoglobulin E (IgE), and one FeNO
measurements available; alternatively, such measurements
need to be planned by the physician to be performed at the
study visit, as per their routine practice and independently of
their decision to include the patient in the current study, and
thus be available at enrolment. For patients who are treated
with omalizumab on the day of enrolment, at least one IgE
measurement must be available before omalizumab initiation.
All participants must provide written informed consent prior
to inclusion in the study. Key eligibility criteria are listed in
Figure 1.

Patients will be classified by SA phenotype using two
definitions, based on a published consensus-driven algorithm
previously used to categorize patients enrolled in the
International Severe Asthma Registry*°, with differentiations
newly proposed herein according to expert’s input in the
study team. These two definitions, namely BASE and STRICT,
will classify patients into ‘T2-low (definite or possible)’,
‘definite T2-low’, and ‘possible T2-low’; and ‘T2-high
(definite or possible)’, ‘definite T2-high’, and ‘possible T2-
high'. Given that T2 low is characterized on the basis of non-
detection of markers of T2 inflammation, and in order to be
more aligned with international terminology*°, ‘definite T2-
low’ could also be referred to as ‘unlikely T2-high’, ‘possible
T2-low’ as ‘least likely T2-high’, ‘possible T2-high’ as ‘likely
T2-high’, and ‘definite T2-high” as ‘most likely T2-high’. Both
definitions will be based on the same composite measure of
airway inflammation markers (i.e. BEC and FeNO), allergic/
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Table 1. Definition of terms
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Allergic/atopic status

Asthma symptom
control level based on
ACT

Well-controlled (ACT score 20-25)

Clinically significant
asthma exacerbation
(CSE)

Not well-controlled (ACT score 16-19)
Very poorly controlled (ACT score 5-15)

At least 2 of the following: a) total immunoglobulin E>100 IU/mL; b) skin prick test positivity; c) early-
onset asthma (before 18 years of age).

Controlled

Uncontrolled

Worsening of asthma symptoms that requires any of the following: a) treatment with systemic
corticosteroids for at least 3 days; b) an increase of the maintenance dose of oral corticosteroids for at
least three days or a single depo-injectable dose of corticosteroids; c) an emergency department visit

that required use of systemic corticosteroids; d) hospitalization.

Current smoking status

A subject who has smoked >100 cigarettes in his/her lifetime, and who currently smokes cigarettes

either every day or some days, or smoked in the past 30 days.

Response to biological
and/or mOCS
treatment

12-month baseline period.

Severe asthma (SA)

Reduction of exacerbations and/or maintenance oral corticosteroid reduction by >50% based on the

Receipt of high-dose inhaled corticosteroids/long-acting beta agonist, or medium or high dose inhaled

corticosteroids/long-acting beta agonist plus long-term oral corticosteroids (with or without other
add-on treatment) for at least 3 months to prevent it from becoming ‘uncontrolled’ or which remains
‘uncontrolled’ (defined below) despite this therapy (after excluding poor inhaler technique/adherence,
based on physician’'s judgement, comorbidities that contribute to poor asthma control and exposure to

sensitizing agents/irritants)>2°.

Uncontrolled asthma

At least one of the following (per ATS/ERS guidelines):

1. Poor symptom control, i.e. ACQ consistently 1.5 or ACT <20 (or ‘not well controlled’ by NAEPP or

GINA guidelines).

2. Frequent severe exacerbations, defined as =2 bursts of systemic corticosteroids (=3 days each) in the

previous year.

3. Serious exacerbations, defined as >1 hospitalization, intensive care unit stay or mechanical ventilation

in the previous year.

4. Airflow limitation, i.e. pre-bronchodilator FEV1<809% predicted with reduced FEV, /forced vital
capacity (FVC) (defined as less than the lower limit of normal) following a withhold of both short- and

long-acting bronchodilators.

ACQ: Asthma Control Questionnaire. ACT: Asthma Control Test. ATS/ERS: American Thoracic Society/European Respiratory Society. GINA: Global Initiative for Asthma. NAEPP: National Asthma
Education and Prevention Program. FEV : forced-expiratory volume in 1 second. FVC: forced vital capacity. mCOS: maintenance oral corticosteroids.

atopic status and age-of-onset phenotype (as defined
in Table 1), but will employ different airway inflammation
marker thresholds, also taking into consideration the current
receipt of biologic and/or maintenance oral corticosteroid
(mOCS) treatment and response to this treatment (as
applicable) as presented in Figures 2 and 3. Patients within
each T2-low subpopulation (‘definite T2-low/unlikely T2-
high’, and ‘possible T2-low/least likely T2-high’) will be
further stratified into subgroups based on their asthma
symptom control level at the study visit using the Asthma
Control Test™ (ACT) into ‘controlled’ (ACT score >20) and
‘uncontrolled’ (ACT score <20).

Study objectives

The primary objective of this study is to assess the
prevalence of T2-low asthma phenotype using the BASE
definition among patients with SA treated in routine
care settings in Greece. Secondary objectives include
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assessment of the prevalence of T2-low asthma phenotype
using the STRICT definition, assessment of the level of
asthma symptom control in the T2-low subpopulation
[‘overall (definite or possible)’, ‘definite’, and ‘possible’,
as per BASE and STRICT definitions separately], as well
as characterization of the patient demographic and
clinical profile, current and past therapeutic management
strategies, clinically significant asthma exacerbation (CSE)
burden (as defined in Table 1) over the past 12 months,
and patients’ lung function, as assessed by spirometry
at the study visit, in the T2-low subpopulation (using
the BASE and STRICT definitions separately) and its
subgroups by asthma symptom control level (‘controlled’
and ‘uncontrolled’). Furthermore, the study will assess the
asthma-specific QoL using the Mini — Asthma Quality of
Life Questionnaire (Mini-AQLQ), the anxiety and depression
levels using the hospital anxiety and depression scale
(HADS), the work productivity loss and activity impairment
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Figure 1. Overview of study design and data collection variables
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Key Exclusion Criteria
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Clinically important pulmonary
disease or diagnosis of any
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associated with elevated
peripheral eosinophil counts
Moderate or severe asthma
exacerbation =4 weeks before
enrolment

= Acute upper or lower respiratory
infection =8 weeks prior to
enrolment
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&Current smoking status
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Allergy/atopy testing results (SPT and/or RAST) during the
past 12 months including the study visit (as applicable)

HCRU due to asthma in the preceding 12 months before the

Patient-reported outcomes (ACT, mini-AQLQ, HADS, and
WPAIRS)

NS

study visit

ACT: Asthma Control Test. AQLQ: Asthma Quality of Life Questionnaire. ATS/ERS: American Thoracic Society/European Respiratory Society. BEC: blood eosinophil count. FeNO: fractional exhaled
nitric oxide. HADS: Hospital Anxiety and Depression Scale. IgE: immunoglobulin E. RAST: Radioallergosorbent test. SPT: skin prick test. T2: Type-2. WPAI:RS: Work Productivity and Activity

Impairment: Respiratory Symptoms.

Figure 2. Criteria and scoring system for classification of SA phenotypes based on study definitions

Blood Eosinophil Count
(BEC)

The thresholds of <300 and
<150 cells/uL will be used for
the BASE and STRICT
definition, respectively;
Exception: for patients who are
treated with biologics and/or
maintenance oral corticosteroids
(mOCS) the threshold of

<150 cells/pL will be used for both
definitions.

Criteria for SA phenotype classification

Fractional exhaled Nitric

Oxide (FeNO) Allergic/atopic status

The threshold of <25 parts “Yes” versus “No”
per billion (ppb) will be used
for both definitions,
regardless of biologic/mOCS
treatment.

Allergic/atopic status is

defined as fulfillment of 22 of

the following conditions:

» Total IgE 2100 IU/mL

» Skin prick test positivity

» Early-onset asthma (before
18 years of age)

Current receipt of biologic

Response to biologic

and/or mOCS treatment and/or mOCS treatment

“Yes” versus “No” “Yes” versus “No” (asapplicable)
Response is defined as
reduction of exacerbations
and/or mOCS reduction by
250% based on the 12-
month baseline period.

BEC (cells/pL)
FENO (ppb)
Allergic/atopic status

Cumulative Score

0

1
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2 (with BEG2300 cells/ulL)
=3
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0

1
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2 (with BEC 2300 cells/pL)
z3

Composite T2-Inflammation Marker Scoring System & Cla;

Classification System

BASE definition {BEC: 300 cells/pL, FENO: 25 ppb, Allergic/atopic status)

cation of SA Phenotypes

Non-biologic and non-mOCS treated patients

Scoring System

Score: 0 Score:1 Score:2 Score: 0 Score: 1 Score: 2
<150 150-299 2300 BEC (cells/uL) <150 150-299 2300
<25 25-49 250 FENO {ppb) <25 25-49 250
NO YES Allergic/atopic status NO YES

Response to therapy NO YES

Cumulative Sc
0

Classification
Definite T2-Low/Unlikely T2-high
Definite T2-Low/Unlikely T2-high

z2
Definite/Most likely T2-High

cells/pL, FENO: 25 ppb, Allergic/atopic status,

Classification Cumulative Sci
Definite T2-Low/Very unlikely T2-high 0
1
22

Definite/Mostlikely T2-High
Definite/Most likely T2-High

Scoring System

Classification System

BASE definition {BEC: 150 cells/pL, FENO: 25 ppb, Allergic/atopic status)

1 (with BEC<150 cells/pL)
1 (with BEG2150 cells/uL)

STRICT definition (BEC: 150 cells/uL, FENO: 25 ppb, Allergic/atopic status|

Based on the Study De

ons (BASE & STRICT)

Biologic and/or mOCS treated patients

Classification
Definite T2-Low/Unlikely T2-high

ore

Definite/Most likely T2-High
Classification

ore

Definite/Most likely T2-High

BEC: blood eosinophil count. FeNO: fractional exhaled nitric oxide. IgE: immunoglobulin E. mOCS: maintenance oral corticosteroids. ppb: parts per billion. SA: severe asthma. T2:
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Figure 3. Composite scoring system
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BASE Definition

BASE

Classification
Definite T2-low/Unlikely T2-high
Definite T2-low/Unlikely T2-high
Definite T2-low/Unlikely T2-high
Possible T2-low/Least likely T2-high
Possible T2-low/Least likely T2-high
Definite/Most likely T2-high
Definite T2-low/Unlikely T2-high
Possible T2-low/Least likely T2-high
Possible T2-low/Least likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Possible/Likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high

Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite T2-low/Unlikely T2-high
Possible T2-low/Least likely T2-high
Possible T2-low/Least likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Possible/Likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high

A B WONAW®WONN-=®NDN = 2O oymulative score

O A BRWONHRAMWONN=_2ONNN_L2a2ONOOCOOORMOOOOAORAEOORAE,WWNDN

STRICT
Classification

PNEUMON

Definite T2-low/Unlikely T2-high
Possible T2-low/Least likely T2-high
Possible T2-low/Least likely T2-high

Possible/Likely T2-high
Possible/Likely T2-high
Definite/Most likely T2-high

Possible T2-low/Least likely T2-high

Possible/Likely T2-high

Possible/Likely T2-high

Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high

Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high

Possible T2-low/Least likely T2-high

Possible/Likely T2-high

Possible/Likely T2-high

Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Possible/Likely T2-high

Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high
Definite/Most likely T2-high

BEC: blood eosinophil count. FeNO: fractional exhaled nitric oxide. mOCS: maintenance oral corticosteroids. T2: Type-2.
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using the Work Productivity and Activity Impairment:
Respiratory Symptoms (WPAI:RS) questionnaire at the
study visit, the asthma-related HCRU in the past 12 months
before the study visit, and the frequency of OCS-dependent
patients, in the T2-low SA subpopulation and its subgroups
by asthma symptom control level.

Exploratory objectives of this study include the
assessment of the influence of selected patient and disease

PNEUMON

characteristics on the prevalence of T2-low SA (according
to the BASE definition); the identification of potential
patient, treatment and disease characteristics influencing
ACT-assessed asthma symptom control in the T2-low SA
subpopulations as per the BASE and STRICT definitions
separately; and the examination of the differences in
patient, disease, and treatment characteristics between the
subgroups of patients with definite and possible T2-low

Table 2. PHOLLOW study objectives in the populations of interest

Definite?

T2-Low Subpopulation

Possible®

Objectives Overall
——m—
Iﬂﬂ..ﬂ.ﬂﬂ.ﬂﬂ.ﬂﬂ.ﬂl!

Primary objective

1 Prevalence of T2-low SA based v
on the BASE definition

Secondary objectives

1  Prevalence of T2-low SA based v
on the STRICT definition

2  Level of asthma symptom v
control using the ACT

3 Characterization of patient v v Vv
demographic and clinical profile

4 Current and past therapeutic v v V
management strategies

5  Asthma exacerbation burden v Vv Vv

over the past 12 months

6  Patient’s lung function (assessed v v Vv
by spirometry) at the study visit

7  Asthma-specific QoL at the v v VvV
study visit

8  Anxiety and depression levels at v Vv Vv
the study visit

9  Work productivity and activity v Vv VvV
impairment at the study visit

10 Asthma-related HCRU in the 12 v Vv Vv
months before study visit

11 Frequency of OCS-dependent v v Vv
patients

Exploratory objectives

1  Influence of patient/disease v
characteristics on the prevalence
of T2-low SA based on the BASE
definition

2  Factors influencing asthma v
symptom control

3  Different characteristics between v
definite/possible T2-low SA

U: uncontrolled. C: controlled. (U): (un)controlled. a Unlikely T2-high. b Least likely T2-high. HCRU: healthcare resource utilization. OCS: oral corticosteroids.

QoL quality of life. SA: severe asthma. T2: Type-2.
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Table 3. Study outcome measures corresponding to study objectives

Primary outcome

1 Proportion of patients with T2-low SA (BASE definition)

Secondary outcomes

Proportion of patients with T2-low SA (STRICT definition)

2 Proportions of patients with ‘well-controlled’, ‘not well-controlled” and ‘very poorly controlled” asthma symptoms (as

defined in Table 1)

3 Patient’s demographic and clinical characteristics

Types and frequencies of current non-pharmacological and pharmacological treatments by drug class, and drug
utilization patterns (including dose, dosing frequency, route of administration, and duration of treatment)
Types and frequencies of past pharmacological treatment modalities by drug class

CSE rate (expressed as the number of CSEs per patient) over the past 12 months

6 Pre-bronchodilator FEV,, FVC, FEV,/FVC, and FEF,, . (absolute and percent predicted values, as applicable) at the
study visit

7 Mini-AQLQ total and domain scores at the study visit
Proportion of patients with impaired QoL due to asthma (i.e. with Mini-AQLQ total score <6) at the study visit

8 HADS total and subscale (HADS-A and HADS-D) scores at the study visit

Proportion of patients with symptoms of anxiety and/or depression as indicated by HADS-A and/or HADS-D score

>11 at the study visit

9 WPAI:RS domain scores referring to absenteeism, presenteeism, and work productivity loss,among patients who are

employed, at the study visit

WPAI:RS domain score referring to activity impairment among all patients, at the study visit

10 Number of hospital admissions with a primary discharge diagnosis of asthma (ICD-9-CM 493), of unscheduled
visits to private practices, and of ED visits due to asthma in the past 12 months before the study visit

Annual hospital admission and ED visit rates

Inpatient LOS (overall LOS, ICU/HDU LOS, and non-ICU/HDU LOS) in the past 12 months before the study visit

11 Proportion of patients treated with OCS equivalent to a daily dose of =5 mg prednisone for >3 continuous months

directly preceding the study visit

Exploratory outcomes

Association of selected patient and disease characteristics with the prevalence of T2-low SA (BASE definition)

2 Association of treatment, demographic and clinical characteristics with asthma symptom control (continuous/
categorical ACT)

3 Patient, disease, and treatment characteristics differing between the subgroups of definite and possible T2-low SA
patients

ACT: Asthma Control Test. AQLQ: Asthma Quality of Life Questionnaire. ED: Emergency Department. FEF: forced expiratory flow. FEV : forced-expiratory volume in 1 second. FVC: forced
vital capacity. HADS: Hospital Anxiety and Depression Scale. HADS-A: HADS-Anxiety subscale. HADS-D: HADS-Depression subscale. HDU: Hight Dependency Unit. ICD-9-CM: International
Classification of Diseases-9-Clinical Modification. ICU: Intensive Care Unit. LOS: length of stay. OCS: oral corticosteroids. QoL: quality of life. SA: severe asthma. T2: Type-2. WPAI:RS: Work

Productivity and Activity Impairment: Respiratory Symptoms.

SA in the T2-low SA subpopulations as per the BASE and
STRICT definitions separately. The study objectives and the
(sub)populations to which they refer are summarized in Table
2.

Study design

PHOLLOW (a real-world, multicenter, cross-sectional and
retrospective chart review study to assess the prevalence
of asthma inflammatory PHenotypes and to characterize
the patient prOfiLe, clinical features and disease burden

Pneumon 2022;35(4):27
https://doi.org/10.18332/pne/157014

of type-2 LOW severe asthma in routine care settings in
Greece) is an epidemiological, single-country, multicenter,
cross-sectional with retrospective chart review two-part
study, with a single-visit data collection schedule. The study
will include a representative sample of outpatients with SA
treated by asthma specialists (pulmonologists and allergists)
in routine care settings in Greece. The planned recruitment
period, and, consequently, the expected duration of the study
is 12 months, but will actually be determined by achievement
of the target sample size. Each patient’s look-back period for
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Table 4. Patient-reported outcome instruments used in the study

Main outcomes/ domains/ Number | Recall period | Scale/score |Average time
subscales of items to complete

Mini-AQLQ3! Symptoms, activity limitation,
emotional function, environmental

stimuli

Asthma Control Test®? Frequency of shortness of breath
and general asthma symptoms, use
of rescue medications, effect of
asthma on daily functioning, overall

self-assessment of asthma control

Hospital Anxiety and
Depression Scale®®

Work Productivity and
Activity Impairment:
Respiratory Symptoms>*

Anxiety, depression

Absenteeism, presenteeism, and
daily activity impairment

AQLQ: Asthma Quality of Life Questionnaire.

data collection from medical charts extends from the date
of asthma symptom onset to the date of obtainment of
informed consent. The study design including data collection
variables at the study visit is summarized in Figure 1.

In part A of the study, appropriate top-level patient
data are collected from all enrolled eligible SA patients to
assess the prevalence and identify potential predictors of
T2-low SA. The most recent BEC/FeNO/IgE measurements
recorded in the 12-month period prior to and including
the study visit, along with allergic/atopic status, current
receipt of biologic and/or mOCS treatment, and response to
biologic and/or mOCS treatment are used for stratification
of patients into SA phenotypes; an exception applies for
patients treated with omalizumab at the study visit, for
whom the most recent IgE measurement before omalizumab
initiation is used for determining the allergic/atopic status,
in case that the patient meets one of the other two
qualifying conditions [i.e. Skin Prick Test (SPT) positivity
or Early-Onset Asthma (EOA)]. SPT results are collected, if
needed, prior to omalizumab initiation. For patients classified
as T2-high SA according to the BASE definition, study
participation ends in part A, and no further data are collected
about them.

Part B of the study only concerns patients classified as
T2-low as per the BASE definition and involves further data
collection and patient-reported outcome (PRO) assessments,
in order to address the applicable study secondary, and
exploratory objectives.

The study is designed and will be 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 STROBE guidelines where
applicable, the EU General Data Protection Regulation, and
the local rules and regulations.
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2 weeks 7 points each 3-5 min

question

5 4 weeks 5 points each 30 sec
item

14 1 week 4 points each 2-5 min
item

6 1 week 0-100% each  2-3 min
outcome

Site selection and patient enrolment

Candidate investigators originate from a pool of specialists,
both pulmonologists and allergists, across Greece, with
efforts made to recruit sites with representative medical
practices and to provide data describing the many real-life
aspects of asthma management and its burden on patients
and the healthcare system.

Site selection has been performed in a non-random
manner, through a documented and constructed feasibility
assessment process accounting, among other factors, for
physicians’ qualifications, number of potentially eligible
patients, and representativeness based on hospital’s
patient care activity (number of cared SA patients during
the 12-month period before start of recruitment), hospital
location (geographical region), and type of healthcare site/
institution (publicly owned non-academic site/institution,
university hospital, privately-owned hospital, private practice).
Based on preliminary feasibility projections, between 20 and
40 patients are to be recruited by each site, with the planned
number of sites being between 20 and 30.

To minimize patient selection bias, physicians are
requested to consecutively enroll the first eligible patients
attending their clinic/office over the pre-specified study
recruitment period. To enable assessment of potential
selective enrolment, physicians are asked to complete
a screening log of all potentially eligible patients, i.e. of
patients who meet study eligibility criteria regardless of
whether they agree or are able to participate or not, including
the minimum required information of date seen, sex, age
range on the date seen, and reason for non-consenting.

Data collection

The study involves both primary and secondary data collected
by means of a web-based data capture system [electronic
Case Report Form (eCRF)] adhering to all applicable data
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protection regulations and requirements with regard to
electronic records and database validation.

Data are collected directly by the participating physicians
as generated within the normal clinical practice setting,
through routine clinical assessments performed in the
context of the single study visit as well as patient self-
report (where applicable) and use of PROs. Data collection
includes the variables and measurements that are described
in Figure 1 and Table 3. Patient source data pertaining to
medical and asthma-related history, exacerbation history,
hospital-based HCRU over the past 12 months, results of
airway inflammation biomarkers of interest, and asthma
management practices are abstracted from patients’
medicals records and patient self-report. PROs are completed
by the patients themselves via self-administered paper
questionnaires of the validated Greek versions (Table 4)31-34,
The scores/answers are subsequently transcribed into the
eCRF directly by the participating physicians.

In line with the purely observational and non-interventional
nature of the study, no further clinical, laboratory, imaging,
and lung function assessments are required apart from those
performed as per the treating physician’s routine medical
practice.

Internal validity of the outcomes is safeguarded to the
extent feasible with the implementation of appropriate
source data verification and quality assurance measures.

Sample size

This study’s primary aim is purely descriptive in nature. A
sample size of 600 patients, offers a margin of error of 4.1%
[with 95% confidence interval (Cl) using the Clopper-Pearson
exact method ranging between 45.9% and 54.1%] for the
estimation of a percentage of 50% where the width of the
Cl is largest. Assuming that a proportion of at least 20% in
the overall eligible population will be classified as T2-low
according to the BASE definition, the study size that will be
used for analysis of the applicable secondary objectives is
expected to exceed 100 patients. This means that regarding
any qualitative variable observed at any frequency >0%, the
margin of error would range from >3.6% to 10.2%.

Statistical analysis

All analyses will be performed in the set of eligible enrolled
patients among each subpopulation of interest provided
that the number of patients included in each subgroup is
sufficient and allows for meaningful estimates.

Continuous variables will be expressed using descriptive
statistical measures, while categorical variables will be
expressed using frequency tables. The 95% Clopper-
Pearson ClI for binomial proportions and the 95% Poisson
Cl for incidence rates will be estimated. The normality of
distribution of continuous variables will be examined using
the Shapiro-Wilk test. Comparisons of continuous variables
will be performed using the t-test (parametric) or Mann-
Whitney U (non-parametric) test for two independent
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samples, while comparisons of categorical variables will be
performed using either the Pearson’s chi-squared test or
Fisher’'s exact test.

The association of patient, treatment and disease
characteristics with binary and continuous outcomes will
be evaluated through univariable and multivariable binary
logistic regression and linear regression models, respectively.
In regard to multivariable regression analysis, the stepwise
procedure based on the minimization of the Akaike's
information criterion will be applied for the final model
selection. All models will be fitted, provided that the number
of patients included is sufficient to allow for meaningful
inferences. In addition, the type of institution (academic/
non-academic) and the administrative geographical region
of the study site (Attica, outside Attica) will be considered
as potential confounders on the association of patient and
disease characteristics with the prevalence of T2-low SA and
asthma symptom control level.

No imputation methods will be applied for missing data,
with the exception of partial dates. With regard to the scoring
and handling rules of any missing PRO items, the relevant
scoring instructions, where available, will be followed. All
statistical tests will be two-sided and will be performed at a
0.05 significance level.

DISCUSSION

PHOLLOW aims to provide epidemiological data on asthma
phenotypes of SA patients treated in routine care in Greece,
and to characterize the patient profile, clinical features, and
disease burden of T2-low SA. The stratification of patients
in SA phenotypes will be based on a clearly defined scoring
system and criteria utilizing BEC, FeNO, allergic/atopic
status, current receipt of biologics and mOCS treatment,
as well as response to such treatment. The study will
employ two different definitions, termed BASE and STRICT,
which use the same criteria and scoring, yet differ in the
classification of patients into T2-low or high phenotypes
by cumulative score. In particular, for patients not receiving
biologic or mOCS treatment, STRICT uses a more stringent
BEC threshold (150 versus 300 cells/uL). Consequently,
among this treatment subgroup, a proportion of patients
categorized as ‘definite T2-low/unlikely T2-high’, ‘possible
T2-low/least likely T2-high’, and ‘possible/likely T2-high’
by BASE will be re-classified as ‘possible T2-low/least likely
T2-high’, ‘possible/likely T2-high’, and ‘definite/most likely
T2 high' by STRICT, respectively, similar to another recently
published approach based on an expert consensus framework
categorizing patients from the International Severe Asthma
Registry*®. Among biologic and/or mOCS treated patients,
those classified as ‘definite T2-low/unlikely T2-high" and
those classified as ‘possible T2-low/least likely T2-high’
by the BASE will be re-classified as ‘possible T2-low/least
likely T2-high” and ‘possible/likely T2-high' by the STRICT
definition, respectively. Thus, the STRICT definition will result
in a smaller prevalence of T2-low among the overall SA study
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patient population.

The algorithm that will be used for the classification of
patients into SA phenotypes is newly proposed in the present
study and aims to fill a gap, particularly in the definition of
T2-low. Earlier approaches to characterize T2-low asthma
defined this phenotype based on the mere absence of T2-
high markers. Over the past years, several studies have
adopted more specific criteria for this definition, using
selected biomarkers and threshold values. For instance,
Jackson et al.'® characterized patients as T2-low if BEC was
<300 cells/pL and FeNO was <25 ppb; a publication'” of the
UK Severe Asthma Registry defined T2-low as BEC <150
cells/pL and FeNO<25 ppb, another publication®® of the
Belgian Severe Asthma Registry defined T2-low as induced
sputum eosinophilic count <3% or FENO and BEC <27 ppb
and <188/mm?, respectively, while the publication of the
data from the International Severe Asthma Registry classified
eosinophilic and non-eosinophilic phenotypes based on a
combination of clinical and biomarker variables including
the highest BEC ever (=300, >150-300, or <150 cells/mL),
anti-IL-5/5 receptor treatment, long-term OCS use ever,
elevated FENO (=25 ppb) ever, nasal polyps diagnosis ever,
and adult asthma onset (=18 years)*°. Recently, a composite
biomarker scoring system using three biomarkers, each
assigned a score of O, 1, or 2, was tested as a strategy to
adjust corticosteroid dose in patients with SA. The algorithm
used FENO (<15, 15-29, =30 ppb), BEC (<150, 150-299,
>300 cells/pL), and serum periostin (<45, 45-54, =55 ng/
mL), and was compared with a standardized symptom-risk
based algorithm, without significant differences found in
the proportion of patients with reduced corticosteroid dose
between the two strategies®.

PHOLLOW builds upon prior knowledge, but also expands
it with incorporation of additional parameters to construct
a novel SA phenotype classification system. In particular,
biomarkers like BEC and FeNO, which are among the
most widely used criteria for patient stratification into SA
phenotypes, are maintained in the PHOLLOW algorithm.
On the other hand, along with the aforementioned more
traditional biomarkers, the new algorithm also takes into
account allergic/atopic status (total IgE levels, age of
asthma onset, and SPT positivity), current treatment with
biologics and/or mOCS, and response to such treatment
(as applicable). It should be noted that the use of biologics
and/or mOCS is a very critical parameter to consider
when assessing patients’ asthma phenotype, as it can
downregulate T2 biomarkers and lead to misclassification®*.
Regarding the weight of each component in the cumulative
score, a 3-point (0, 1, or 2) scoring system is applied for
continuous variables (i.e. BEC, FENO), and a 2-point (O and
1, or O and 2) score for dichotomous (answered by yes or
no) variables (allergic/atopic status, response to therapy).
The specific cut-off values selected for the continuous
variables herein have been previously used in studies of
SA therapeutics, and have even shown predictive value in
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terms of therapeutic benefit in some cases®¢. Response
to biologic/mOCS treatment is scored with the maximum
possible component score (2) in all cases, as it is considered
an indication of T2 inflammatory mechanisms in action®.
Individual component scores are combined in a composite
scoring system, selected as it is thought to provide a
systematic yet simple method of classification, which would
be more reliable than any single item in the measure. Lower
cumulative scores favor towards stratification to T2-low,
while higher scores will tend to classify patients as T2-high.
T2-low and T2-high phenotypes are further subdivided into
‘definite’ and ‘possible’. The resulting stratification can be
viewed as a gradient, with ‘definite T2-low/unlikely T2-high’
and ‘definite/most likely T2-high’ positioned in the two
extremes, which flank the intermediate ‘possible T2-low" and
‘possible T2-high’ phenotypes. The use of two different cut-
offs for BEC for classification scoring, namely 150 and 300
cells/pL in the STRICT and BASE definition, respectively, has
been adopted to minimize information bias with respect to
the primary outcome of the T2-low population prevalence, in
the absence of a universally accepted classification scheme.
The results generated herein are expected to be meaningful
in the broader context of disease pathobiology and emerging
therapies.

Limitations

There are several limitations inherent to the observational
cross-sectional and retrospective design. Mechanisms have
been put in place to mitigate confounding due to potential
patient selection bias, as well as information/recall and
response bias in patient report through use of a consecutive
sampling process, validated and standardized instruments
involving short recall periods, and specific timing for PRO
completion before study-related assessments, respectively.
To account for potential confounding on the primary study
outcome, the possible influence of confounding factors
will be examined through multivariable analyses, as an
exploratory outcome. It should also be noted that although
efforts have been made to recruit sites with representative
medical practices, the sampling frame was based on a non-
probability technique, with physicians being selected in a
non-random manner; thus, the generalizability of the study
outcomes is indeterminate. Another foreseen limitation of
PHOLLOW pertains to the sample size that will be eventually
used for assessment of the secondary and exploratory
objectives, since the actual prevalence of T2-low is unknown.
Nevertheless, the number of T2-low patients in the study
population is expected to exceed 100, which is considered
sufficient to characterize with acceptable precision this
subpopulation. Systematic error arising from inaccurate
measurements or missing data is expected to be mitigated
by having as a prerequisite for study eligibility the availability
of sufficient relevant medical records. Nonetheless,
inaccuracies in the assessment of asthma-related HCRU in
the last 12 months before enrollment may still be present,
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as visits performed in an outpatient setting may not be fully
recorded in the patients’ records.

Despite these limitations, studies of such design
essentially, through collecting data about real-world
management practices and their outcomes, help to bridge
clinical research in strictly controlled randomized settings
with daily clinical practice. As real-world studies follow less
restrictive methodological standards than controlled trials
in terms of patient selection, treatment, and other design
aspects, their results are better generalizable, especially for
populations with diseases of complex and heterogeneous
biology, such as asthma. Moreover, enrolment of patients
from diverse locations throughout Greece and different
types of healthcare institutions, will further enhance the
generalizability of the findings.

CONCLUSIONS

Evidence generated through the PHOLLOW real-world,
multicenter, cross-sectional and retrospective chart review
study is anticipated to provide valuable input into the local
treatment landscape and unmet needs in the specific setting
of T2-low SA in clinical practice, which is generally lacking. In
light of the expected position of novel treatments in the SA
pathway, the outcomes of the present study will facilitate the
future evaluation of generalizability and relevance of clinical
trial data to the real-world in Greece, which is increasingly
becoming essential in clinical decision making.

ACKNOWLEDGEMENTS

The authors wish to thank Qualitis Ltd. for medical writing
support, which was funded by Astrazeneca.

CONFLICTS OF INTEREST

The authors have each completed and submitted an ICMJE
form for disclosure of potential conflicts of interest. The
authors declare that they have no competing interests,
financial or otherwise, related to the current work. 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. E. Fouka reports
honoraria for presentations, support for attending meetings
and participation fees in advisory boards from AstraZeneca,
Boehringer Ingelheim, Chiesi, ELPEN, GSK, Menarini, Novartis
and Specialty Therapeutics, and being Head of the working
group for asthma of the Hellenic Thoracic Society. P. Galanakis
is an AstraZeneca employee. K. Katsoulis reports honoraria
for presentations, participation fees in advisory boards
and support for attending meetings from AstraZeneca,
Chiesi, GSK, and Menarini. 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

Pneumon 2022;35(4):27
https://doi.org/10.18332/pne/157014

11

PNEUMON

funding and grants from AstraZeneca, Boehringer Ingelheim,
Chiesi, Innovis, ELPEN, GSK, Menarini, Novartis and Nuvoair.
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. N.
Mathioudakis is an AstraZeneca employee. K. Porpodis
reports honoraria for presentations and support for attending
meetings from AstraZeneca, ELPEN, GSK, Menarini and
Sanofi. K. Samitas reports honoraria for presentations, support
for attending meetings and participation fees in advisory
boards from AstraZeneca, Boehringer Ingelheim, Bristol Myers
Squibb, Chiesi, ELPEN, GSK, Menarini, MSD, Novartis, Rontis
and Specialty Therapeutics, and having a role in Hellenic
Thoracic Society. P. Steiropoulos reports grants or contracts,
honoraria for presentations, participation fees in advisory
boards and support for attending meetings from AstraZeneca,
Boehringer Ingelheim, Chiesi, 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.

FUNDING

The study is 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
(study code: D2287R001786). All participants must provide
written informed consent in order to participate in the study.

DATA AVAILABILITY

Data sharing is not applicable to this article as no new data
were created.

AUTHORS' CONTRIBUTIONS

PB, SL, EZ and PG were involved in the concept of the
study. PB and PG were involved in the 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

Not commissioned; externally peer reviewed.

REFERENCES

1. GBD 2016 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence, prevalence,




Study protocols

10.

11.

12.

13.

14.

15.

16.

and years lived with disability for 328 diseases and injuries for
195 countries, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet. 2017;390(10100):1211-
1259. doi:10.1016/S0140-6736(17)32154-2

Global Initiative for Asthma. GLOBAL STRATEGY FOR
ASTHMA MANAGEMENT AND PREVENTION. Global Initiative
for Asthma; 2022. Accessed May 16, 2022. https://
ginasthma.org/wp-content/uploads/2022/05/GINA-Main-
Report-2022-FINAL-22-05-03-WMS.pdf

Zervas E, Samitas K, Papaioannou Al, Bakakos P, Loukides S,
Gaga M. An algorithmic approach for the treatment of severe
uncontrolled asthma. ERJ Open Res. 2018;4(1):00125-2017.
doi:10.1183/23120541.00125-2017

Lang DM. Severe asthma: Epidemiology, burden of illness, and
heterogeneity. Allergy Asthma Proc. 2015;36(6):418-424.
doi:10.2500/aap.2015.36.3908

Busse WW, Kraft M. Current unmet needs and potential
solutions to uncontrolled asthma. Eur Respir Rev.
2022;31(163):210176. doi:10.1183/16000617.0176-2021
Samitas K, Zervas E, Gaga M. T2-low asthma: current
approach to diagnosis and therapy. CurrOpinPulm Med.
2017;23(1):48-55. doi:10.1097/MCP0O000000000000342
Robinson D, Humbert M, Buhl R, et al. Revisiting Type 2-high
and Type 2-low airway inflammation in asthma: current
knowledge and therapeutic implications. Clin Exp Allergy.
2017;47(2):161-175. doi:10.1111/cea.12880

Stokes JR, Casale TB. Characterization of asthma endotypes:
implications for therapy. Ann Allergy Asthma Immunol.
2016;117(2):121-125. doi:10.1016/j.anai.2016.05.016
Kyriakopoulos C, Gogali A, Bartziokas K, Kostikas K.
Identification and treatment of T2-low asthma in the era
of biologics. ERJ Open Res. 2021;7(2):00309-2020.
doi:10.1183/23120541.00309-2020

Parulekar AD, Diamant Z, Hanania NA. Role of T2 inflammation
biomarkers in severe asthma. CurrOpinPulm Med.
2016;22(1):59-68. doi:10.1097/MCP0O000000000000231
Busby J, Holweg CTJ, Chai A, et al. Change in type-2
biomarkers and related cytokines with prednisolone in
uncontrolled severe oral corticosteroid dependent asthmatics:
an interventional open-label study. Thorax. 2019;74(8):806-
809. doi:10.1136/thoraxjnl-2018-212709

Ricciardolo FLM, Sprio AE, Baroso A, et al. Characterization of T2-
Low and T2-High Asthma Phenotypes in Real-Life. Biomedicines.
2021;9(11):1684. doi:10.3390/biomedicines9111684

Carr TF. Treatment approaches for the patient with T2 low
asthma. Ann Allergy Asthma Immunol. 2021;127(5):530-
535. doi:10.1016/j.anai.2021.05.027

Peters MC, Ringel L, Dyjack N, et al. A Transcriptomic Method
to Determine Airway Immune Dysfunction in T2-High and T2-
Low Asthma. Am J Respir Crit Care Med. 2019;199(4):465-
477.doi:10.1164/rccm.201807-12910C

Hinks TSC, Levine SJ, Brusselle GG. Treatment options in
type-2 low asthma. Eur Respir J. 2021;57(1):2000528.
doi:10.1183/13993003.00528-2020

Schleich F, Brusselle G, Louis R, et al. Heterogeneity of

Pneumon 2022;35(4):27
https://doi.org/10.18332/pne/157014

12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

PNEUMON

phenotypes in severe asthmatics. The Belgian Severe Asthma
Registry (BSAR). Respir Med. 2014;108(12):1723-1732.
doi:10.1016/j.rmed.2014.10.007

Jackson DJ, Busby J, Pfeffer PE, et al. Characterisation
of patients with severe asthma in the UK Severe Asthma
Registry in the biologic era. Thorax. 2021;76(3):220-227.
doi:10.1136/thoraxjnl-2020-215168

Jackson DJ, Aljamil N, Roxas C, et al. Severe ‘T2 Low’ Asthma
Is Uncommon and Frequently Associated with Co-Morbidities
Known to Cause Respiratory Symptoms. Am J Respir Crit
Care Med. 2018;197:A1341.

Menzies-Gow A, Wechsler ME, Brightling CE. Unmet need
in severe, uncontrolled asthma: can anti-TSLP therapy with
tezepelumab provide a valuable new treatment option? Respir
Res. 2020;21(1):268. doi:10.1186/s12931-020-01505-x
Rogliani P, Calzetta L, Matera MG, et al. Severe Asthma and
Biological Therapy: When, Which, and for Whom. PulmTher.
2020;6(1):47-66. doi:10.1007/s41030-019-00109-1
Bakakos A, Loukides S, Bakakos P. Severe Eosinophilic Asthma.
J Clin Med. 2019;8(9):1375. doi:10.3390/jcm8091375
Porsbjerg CM, Sverrild A, Lloyd CM, Menzies-Gow AN,
Bel EH. Anti-alarmins in asthma: targeting the airway
epithelium with next-generation biologics. Eur Respir J.
2020;56(5):2000260. doi:10.1183/13993003.00260-2020
Matera MG, Rogliani P, Calzetta L, Cazzola M. TSLP Inhibitors
for Asthma: Current Status and Future Prospects. Drugs.
2020;80(5):449-458. doi:10.1007/s40265-020-01273-4
Marone G, Spadaro G, Braile M, et al. Tezepelumab: a novel
biological therapy for the treatment of severe uncontrolled
asthma. Expert Opinlnvestig Drugs. 2019;28(11):931-940.
doi:10.1080/13543784.2019.1672657

Pelaia C, Pelaia G, Crimi C, et al. Tezepelumab: A Potential
New Biological Therapy for Severe Refractory Asthma. Int J
Mol Sci. 2021;22(9):4369. doi:10.3390/ijms22094369
Menzies-Gow A, Colice G, Griffiths JM, et al. NAVIGATOR:
a phase 3 multicentre, randomized, double-blind, placebo-
controlled, parallel-group trial to evaluate the efficacy
and safety of tezepelumab in adults and adolescents with
severe, uncontrolled asthma. Respir Res. 2020;21(1):266.
doi:10.1186/s12931-020-01526-6

Menzies-Gow A, Ponnarambil S, Downie J, Bowen K,
Hellgvist A, Colice G. DESTINATION: a phase 3, multicentre,
randomized, double-blind, placebo-controlled, parallel-
group trial to evaluate the long-term safety and tolerability
of tezepelumab in adults and adolescents with severe,
uncontrolled asthma. Respir Res. 2020;21(1):279.
doi:10.1186/s12931-020-01541-7

TEZSPIRE™ (tezepelumab-ekko) injection, for subcutaneous
use Initial U.S. AstraZeneca, Amgen; 2021. Accessed March
31, 2022. https://www.accessdata.fda.gov/drugsatfda_
docs/label/2021/761224s000lbl.pdf

Chung KF, Wenzel SE, Brozek JL, et al. International ERS/
ATS guidelines on definition, evaluation and treatment
of severe asthma. Eur Respir J. 2014;43(2):343-373.
doi:10.1183/09031936.00202013



Study protocols

30.

31.

32

33.

34.

35.

36.

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

Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, King DR.
Development and validation of the Mini Asthma Quality
of Life Questionnaire. Eur Respir J. 1999;14(1):32-38.
doi:10.1034/j.1399-3003.1999.14a08.x

.Nathan RA, Sorkness CA, Kosinski M, et al. Development

of the Asthma Control Test: A survey for assessing asthma
control. J Allergy Clin Immunol. 2004;113(1):59-65.
doi:10.1016/.jaci.2003.09.008

Snaith RP. The Hospital Anxiety And Depression Scale. Health
Qual Life Outcomes. 2003;1:29. doi:10.1186/1477-7525-1-29
WPAI TRANSLATIONS. REILLY ASSOCIATES. Updated
February 11, 2021. Accessed March 31, 2022. http://www.
reillyassociates.net/WPAI_Translations.html

Heaney LG, Busby J, Hanratty CE, et al. Composite type-2
biomarker strategy versus a symptom-risk-based algorithm
to adjust corticosteroid dose in patients with severe asthma:
a multicentre, single-blind, parallel group, randomised
controlled trial. Lancet Respir Med. 2021;9(1):57-68.
doi:10.1016/52213-2600(20)30397-0

Cheng SL. Molecular Targets for Biological Therapies of
Severe Asthma: Focus on Benralizumab and Tezepelumab.
Life (Basel). 2021;11(8):744. doi:10.3390/1ife11080744

Pneumon 2022;35(4):27
https://doi.org/10.18332/pne/157014

13

PNEUMON



