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ABSTRACT

Introduction The reduction of the risk of asthma

attacks is a major goal of guidelines. The fact that type-2
inflammatory biomarkers identify a higher risk, anti-
inflammatory responsive phenotype is potentially relevant
to this goal. We aim to quantify the relation between blood
eosinophils, exhaled nitric oxide (FeNO) and the risk of
severe asthma attacks.

Methods and analysis A systematic review of
randomised controlled trials (RCTs) will be conducted
by searching MEDLINE from January 1993 to April
2021. We will include RCTs that investigated the effect
of fixed treatment(s) regimen(s) on severe asthma
exacerbation rates over at least 24 weeks and reported
a baseline value for blood eosinophils and FeNO. Study
selection will follow the Preferred Reporting Iltems for
Systematic Reviews and Meta-Analyses guidelines,
and the methodological appraisal of the studies will be
assessed by the Cochrane Risk-of-Bias Tool for RCTs.
Study authors will be contacted to request anonymised
individual participant data (IPD) for patients randomised
to the trial’s control arm. An IPD meta-analysis will be
performed for multivariable prognostic modelling with
performance assessment (calibration plots and the
c-statistic) in a cross-validation by study procedure.
The outcome to predict is the absolute number of
severe asthma attacks to occur in the following 12
months if anti-inflammatory therapy is not changed
(ie, annualised number of attacks requiring >3 days of
systemic corticosteroids and/or hospitalisation if the
patient was randomised to the control arm of an RCT).
A summary prognostic equation and risk stratification
chart will be reported as a basis for further analyses of
individualised treatment benefit.

Ethics and dissemination The protocol has been
reviewed by the relevant Oxford academic ethics
committee and found to comprise fully anonymised data
not requiring further ethical approbation. Results will be
communicated in an international meeting and submitted
to a peer-reviewed journal.

PROSPERO registration number CRD42021245337.
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Strengths and limitations of this study

» The prognostic (ie, predicting adverse outcomes)
and theragnostic (ie, predicting treatment respon-
siveness) values of type-2 inflammatory biomarkers
are established; we thus speculate that a clinical
prediction model centred on blood eosinophils and
exhaled nitric oxide will provide a useful framework
for a preventive, treatable trait-based management.

» This systematic review and individual patient data
(IPD) level meta-analysis of randomised controlled
trials (RCTs) across the spectrum of asthma sever-
ities will support clinical decision-making based on
type-2 inflammatory biomarkers and other clinical
prognostic factors.

» We aim to include data from a substantial number of
RCTs (N>10) for a large number of patients in total
(n>5000), which allows for reliable statistical mod-
elling (internal validity) and assessment of transport-
ability across settings (external validity).

» The participating studies’ authors and sponsors will
form an international, collaborative and not-for-profit
consortium to allow efficient use of high-quality IPD.

» Potential weaknesses are the low number of events
reported in RCTs enrolling mild asthmatics and the
absence of active arm IPD.

INTRODUCTION

Reduction of the risk of severe asthma
attacks is a major goal of asthma manage-
ment." The current recommendation is to
perform risk assessment based on a history
of a asthma attack and a list of clinical risk
factors (table 1).! However, many of these
prognostic factors are unmodifiable or diffi-
cult to modify and a key risk factor (treatment
adherence) is difficult to identify and quan-
tify before starting treatment. In contrast,
some risk factors are modifiable, such as
symptoms and lung function, while they are
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Table 1 Clinical risk factors for asthma exacerbations with
their traditional categorisations

Risk factors Value (if pertinent)

Mean ACQ score >1.5

Poor control of asthma symptoms
Limited lung function

Low FEV, <60%-80% predicted
High postbronchodilator >12% change in FEV,
reversibility

Adherence poor (inadequate technique or inhaler use)

>0One 200-dose
canister/month

Reliever use excessive

Intubation or ICU admission for asthma on history
Comorbidities
Chronic rhinosinusitis

Obesity Body mass
index >35kg/m?
Psychiatric disease Psychosis, substance
abuse

Environmental exposure
Smoking
Allergen exposure in sensitised patient

Air pollution Especially high O, and/
or NO,

PoLAR ICE: mnemonic (see bold characters in table). Adapted
from Global Initiative for Asthma Guidelines.! Where possible, risk
factors will also be analysed in continuous versions with restricted
cubic splines to allow for non-linear associations.

ACQ, Asthma Control Questionnaire; FEV,, forced expiratory
volume in 1 s; ICU, intensive care unit.

not necessarily on the causal pathway of asthma attacks.
As a result of these deficiencies, risk quantification in
asthma is an inexact art and the impact of treatment is
difficult to predict.*™

One approach to targeted risk reduction is to use a
scale centred on readily available prognostic factors that
quantify the risk of the adverse outcome of interest in a
manner which also predicts the benefits of preventative
treatment. This approach has been successful in cardio-
vascular disease risk reduction where charts'*'* focus on
modifiable factors such as blood pressure and choles-
terol with age and gender as key prognostic demographic
factors. We speculate that a similar framework can be
applied to predict asthma attacks in patients with asthma.

Type-2 airway inflammation is important in the patho-
genesis of many asthma attacks'® where this immune
response characterised by interleukin (IL)-4, IL-5, IL-13
and eosinophilic airway infiltration forms a distinct clin-
ical phenotype.'® In clinic, the actions of type-2 immunity
are readily identified by two independent, complemen-
tary and accessible biomarkers: the peripheral blood
eosinophil count and fractional exhaled nitric oxide
(FeNO)."™* Importantly, the excess risk conferred by
raised type-2 biomarkers can be removed with appropriate

3

treatment,”* be it low-dose inhaled corticosteroids (ICSs)
in mild asthma,' * a higher dose of ICS in moderate
asthma®' *® or biological agents targeting type-2 cytokines
in moderate and severe asthma.'® 2% In effect, blood
eosinophils and FeNO have emerged as ‘treatable traits’.”

We have previously established a proof-of-concept
biomarker-stratified asthma attack scale using publication-
level data which is promising and potentially useful to
support clinical decision-making.*> ** The prototype
lacked detailed and statistically robust assessment of
multivariable prognostic relations and systematic assess-
ment of external validity, which is possible with an indi-
vidual participant data (IPD) meta-analysis (MA).

Review question

In people 212 years old diagnosed with asthma of any
severity randomised to the control arm of a clinical
trial, what is the annualised rate of severe asthma attacks
(defined as acute asthma requiring =3 days of systemic
corticosteroids and/or hospitalisation)31 to occur in rela-
tion to their peripheral blood eosinophil count, FeNO
and other prognostic factors at baseline?

Objectives

Specific aims of this systematic review are

1. To systematically identitfy randomised controlled trials
(RCTs) in people 212 years old diagnosed with asth-
ma of any severity which measured (i) the peripheral
blood eosinophil count and FeNO at baseline and (ii)
assessed the incident severe asthma attacks over >24
weeks of follow-up.

2. To perform an IPD MA for the participants randomised
to the control arms (defined as no ICS, lowest dose ICS
or placebo) of the RCTs identified in aim 1.

3. To assess the multivariable prognostic relations of the
peripheral blood eosinophil count, FeNO and other
risk factors assessed at baseline.

4. To develop and validate a clinical prediction model for
the absolute number of severe asthma attacks to occur
in the following 12 months in relation to the peripher-
al blood eosinophil count, FeNO and other risk factors
at baseline.

METHODS AND ANALYSIS

Eligibility

Types of studies

In keeping with the objectives of the systematic review,
we will include RCTs completed between 1 January 1993
and 1 April 2021 that investigated the effect of fixed treat-
ment(s) regimen(s) on severe asthma attack rates over at
least 6 months, also reporting a baseline value for blood
eosinophils and FeNO.

Types of participants

We will include studies on participants ages 12 and over
diagnosed with asthma of any severity according to objec-
tive criteria. We will exclude patients if both the baseline
blood eosinophil count and FeNO are missing. We will
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also exclude patients with missing follow-up duration
while on the allocated therapy, or missing number of
severe asthma attacks during follow-up.

Types of interventions

We will request IPD for the control arm(s) of each trial.
We define the ‘control arm’ as patients with the lowest
anti-inflammatory therapy intensity after randomisation
(ie, group with no ICS, lowest dose ICS or placebo).

Types of comparison conditions
Not applicable, as this is a prognostic IPD MA.

Types of outcome measures

The outcome is the occurrence of severe asthma
attacks, defined as the number of acute asthma episodes
requiring >3days of systemic corticosteroids and/or
hospitalisation. This was the primary outcome in many
RCTs. Severe asthma attacks are important for patients,
physicians and health insurance providers due to the
high morbidity and financial burden.” The severe
asthma attack rate is known to be modifiable following
appropriate anti-inflammatory therapy in patients with
high type-2 biomarkers.'® '? #' 2% The minimal clinically
important difference for the annualised severe asthma
attack rates in RCTs has not been determined, although
it has been estimated to be 20%—40% in a recent expert
consensus document.”

Search strategy

We will search MEDLINE (PubMed interface) for RCTs
from 1 January 1993 to 1 April 2021 that fit the eligibility
criteria.

Our search will use the term ‘asthma exacerbations’
((“asthma”[MeSH Terms] OR “asthma”[All Fields] OR
“asthmas”[All Fields] OR “asthma s”’[All Fields]) AND
(“exacerbate”[All Fields] OR “exacerbated”[All Fields]
OR “exacerbates”[All Fields] OR “exacerbating”[All
Fields] OR “exacerbation”[All Fields] OR “exacerba-
tions”[All Fields] OR “exacerbator”’[All Fields] OR
“exacerbators”[All Fields])), filtered for ‘randomised
controlled trials’ ‘humans’ ‘ages 12 and over’ and
languages English and French. The details of the PubMed
query are listed in online supplemental material. Litera-
ture search results will be uploaded to Microsoft EndNote.
Titles and abstracts of all records returned by the litera-
ture search will be screened to identify potentially rele-
vant publications which include the word ‘eosinophil”’ OR
‘FeNO’ OR ‘nitric oxide’” OR ‘exhaled NO’. Manual refer-
ence searching will be performed for completed clinical
trials that are in press at the time of the systematic review.
Two reviewers (SC and IP) will independently review the
retained publications to select trials for inclusion. We will
resolve disagreement through discussion. We will record
the reasons for excluding trials. Neither of the authors
will be blind to the journal titles or to the study authors
or institutions.

Table 2 Treatment step definitions

Treatment
step Definition
Step 1 As-needed short-acting beta2-agonist
Step 2 Daily low dose ICS or
As-needed low dose ICS-formoterol
Daily leukotriene receptor agonist
Step 3 Daily low dose ICS+an additional controller
therapy
Step 4 Any medium dose ICS-containing regimen
Step 5 Any high dose ICS-containing regimen or

Any maintenance systemic corticosteroid use
(defined as use of systemic corticosteroids
for >50% of the previous year)

Modified from Global Initiative for Asthma 2017 and 2021
guidelines.
ICS, inhaled corticosteroid.

Data collection

Request for IPD

The authors of the retained studies will be contacted to
obtain IPD. The corresponding author of each publica-
tion, and the representative(s) of the trial sponsor when
applicable, will be sent an invitation letter and a skeleton
Microsoft Excel spreadsheet containing the relevant
fields for data extraction.

Data items

Anonymised individual patient data (IPD) to be requested
includes demographics (age, body mass index); baseline
lung function with postbronchodilator reversibility; treat-
ment step according to anti-inflammatory components
(table 2); ICS daily dosage; other asthma controller or
reliever medications; presence of any Global Initiative for
Asthma (GINA) defined risk factors (table 1) at baseline,
when available; severe asthma attack history in the year
prior to trial enrolment; the intervention the patient was
randomised to; the peripheral blood eosinophil count,
total IgE, specific airborne sensitisation and FeNO at
baseline; duration of follow-up under controlled therapy;
and the outcome of interest, that is, the number of severe
asthma attacks during follow-up.

Risk of bias in individual studies

To facilitate the assessment of possible bias for each study,
we will collect information using the Cochrane Collabo-
ration tool for assessing the risk of bias,gg which covers:
sequence generation, allocation concealment, blinding,
incomplete outcome data (eg, dropouts and withdrawals)
and selective outcome reporting. For each domain in the
tool, we will detail the procedures undertaken for each
study, including verbatim quotes. A judgement as to the
risk of bias on each of the six domains will be made from
the extracted information, rated as ‘high risk’ or ‘low
risk’. If there is insufficient detail reported in the study,
we will judge the risk of bias as ‘unclear’ and the original
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study investigators will be contacted for more informa-
tion. These judgements will be made independently by
two authors based on the criteria for judging the risk of
bias.”® Disagreements will be resolved first by discussion
and then by consulting a third author for arbitration. We
will compute graphic representations of potential bias
within and across studies. We will consider each item
in the risk of bias assessment independently without an
attempt to collate and assign an overall score.

Data extraction

Data providers contacted following the systematic review
will be provided sufficient time and support to confirm
their consent for data extraction through data sharing
contracts. Data sharing will be free of charge, financial
contributions, and/or barriers to the dissemination of
the results.

Data management and sharing

Secure digital transfer and storage solutions are provided
by the University of Oxford. Under the terms of the
data sharing agreements, access to the complete dataset
is restricted to the named authors on the current study
protocol who are bound by contract to the University of
Oxford. Future third-party data sharing requests will need
to be submitted to the original study authors.

Data analysis and synthesis

In relation with the objectives of this study, the data will

be analysed and presented according to the following

formats:

1. Results of the systematic review will be reported as per
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.”* All identified
studies will be enumerated and detailed, irrespective
of the provision of IPD.

2. Results of the multivariable prognostic analysis will
report on univariate and multivariable coefficients
from negative binomial regression on the annualised
severe asthma attack rates. Important predictors to be
assessed are the baseline blood eosinophil count and
baseline FeNO values. Reporting will be in categories
according to commonly accepted cut-offs (blood eo-
sinophils, 0.15—<0.30, >0.30x10° cells/L; FeNO, <25,
25—<50, >50ppb), with more detailed modelling as
continuous variables. Non-linearity will be explored
with r¢s functions, with the number of knots guided by
the Akaike Information Criterion (AIC). Relations will
be plotted with 95% CIs. Other important prognostic
factors include treatment steps (as per table 2), asthma
attack history, postbronchodilator forced expiratory
volume in 1s percentage predicted, mean score on the
5-item Asthma Control Questionnaire, and body mass
index; potential predictors are listed fully in the statis-
tical analysis plan version 1.1, section 4.4 (online sup-
plemental material). Interactions between blood eo-
sinophil and FeNO values will be assessed according to
AIC. If relevant, combined effects will be summarised

in a 3x3 matrix stratified by the blood eosinophil count
(<0.15, 0.15—<0.80, >0.30x10" cells /L) and FeNO (<25,
25—<50, 250 ppb), and plotted in interaction plots with
95% CIL. Heterogeneity in estimates between studies
will be quantified by I” statistics.

3. Clinical prediction modelling will be based on the sta-
tistical analysis plan (version 1.1) presented in online
supplemental material. Briefly, we will use the study
population as a derivation cohort, with stratification
by study. Validation will be according to an internal —
external cross-validation procedure, where each study
is left out once.” The selection of predictors will be
based on the results of the multivariable prognos-
tic analyses. A summary prognostic equation will be
produced, assessed by the principal investigators and
adapted to GINA treatment step reference attack rates
(eg, Suruki et af’®) to allow for a user-friendly predic-
tion summary table similar to the reported prototype
(figure 1). Performance of the predictive equation and
table will be assessed separately with calibration plots,
c-statistic and decision-analytic measures as outlined in
the statistical analysis plan (see online supplemental
material).

Study power

Considering a mean annualised severe asthma attack of
0.6 in the entire study population and a conservative esti-
mate that the derivation cohort will comprise 50% of the
IPD reported in our prototype scale (0.5x3051=1525),%
there should be approximately 915 events to derive
a clinical prediction model. This provides for a solid
basis for statistical modelling considering the limited
number of potential predictors (around 10), leading a
favourable event per variable (EPV) ratio (EPV=92).37
However, we concede that the EPV will be considerably
lower for mild asthma populations, where trials iden-
tified less than 100 severe asthma attack events in their
control arms.”*® Conversely, the study will be more than
adequately powered for moderate-to-severe asthma.

Statistical software and Cls

Data analysis will be conducted in collaboration with
the study statistician (ES) using R software and the rms
package. Reported outputs will present estimates and
accompanying two-sided 95% CI. Bootstrap resampling
will be applied to assess internal validity. Cross-validation
by study will be performed to assess external validity.

Ethics and dissemination

The protocol has been reviewed by the academic ethics
committee (Oxford Tropical Research Ethics Committee
(OXTREC)) and found to comprise fully anonymised
data not requiring further ethical approbation. The
results of the systematic review, patient-level multivari-
able prognostic MA, and clinical prediction models will
be presented in an international scientific meeting and
submitted for publication.
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Figure 1 The prototype OxfoRd Asthma attaCk risk scaLE (ORACLE). Numbers in each cell are predicted annual asthma
attack rates for patients over the age of 12 if treatment is not changed. An asthma attack is an episode of acute asthma
requiring treatment with systemic steroids >3 days and/or hospitalisation. The blood eosinophil count is contemporaneous or
the highest result in last 12 months; fractional exhaled nitric oxide level (FeNO) is contemporaneous. *Risk factors are defined by
the Global Initiative for Asthma (GINA) guidelines': poor symptom control (Asthma Control Questionnaire score >1.5), low lung
function (forced expiratory volume in 1 s <80% predicted), adherence issues, reliever over-use (>200 dose salbutamol cannister/
month), intubation or intensive care unit admission for asthma previously, comorbidities (one of: chronic rhinosinusitis, obesity,

psychiatric disease), environmental exposures (one of: smoking, allergen, pollution). Reproduced from Couillard et al?® with

permission under the original CC BY public copyright license.

DISCUSSION

This protocol for a systematic review and IPD MA of RCTs
across the spectrum of asthma severities coincides with
a clinical prediction modelling effort centred on the
peripheral blood eosinophil count and FeNO. Indeed, we
speculate that these two biomarkers are the airway equiv-
alent of high blood pressure or serum cholesterol, insofar
as they identify a pathological process which relates to the
risk key adverse outcomes (asthma attacks) that is modifi-
able by treatment (anti-inflammatory medication).

The focus on two biomarkers to predict the modifiable
risk of asthma attacks is novel compared with existing clin-
ical prediction models,”"* where prognostic variables do
not include nor adjust for blood eosinophils and FeNO.
The established mechanistic, prognostic (ie, predicting
adverse outcomes) and theragnostic (ie, predicting
treatment responsiveness) values of these type-2 inflam-
matory biomarkers'”** * provide a strong basis for a
clinical prediction model centred on these independent,
additive, and, most importantly, modifiable risk factors.
The current protocol extends our previous proof-of-
concept® ** work suggesting that traditional clinical risk
factors can and should be adjusted for type-2 inflamma-
tory biomarkers. Another novel aspect of our project is
our intention to collaborate with a wide variety of authors
and sponsors to form an international, data-driven, and
notfor-profit consortium to support the development
and validation of a robust clinical prediction model.

Despite the rigorous PRISMA* and Cochrane™ meth-
odologies which will be used to identify high-quality

RCTs, there are areas of potential weaknesses in our study
design which warrant discussion. First, we will limit our
search strategy to MEDLINE. This approach was decided
after a preliminary search in MEDLINE alone showed
potential for >5000 control arm patients eligible to the
IPD MA component; more than required to power our
multivariable prognostic assessment and sufficient to
claim that the included studies will be identified system-
atically rather than subjectively. Second, RCTs enrolling
mild asthmatics have reported low absolute severe asthma
attack rates,” * which may limit the model’s reliability for
low-risk patients. Third, an RCT-based clinical predic-
tion model will be difficult to subsequently validate in
real-world settings where treatment intensity fluctuates
in response to the perceived risk of asthma attacks. Such
real-world fluctuation in treatment regimens may weaken
the relation between static biomarker measurements and
12-month observed asthma attack rates. Nevertheless,
we speculate that physician-patient discussions can be
assisted by a clinical prediction model which estimates
the risk of asthma attacks if anti-inflammatory treatment
is not changed, that is: if the patient were randomised
to the control arm of an RCT. Fourth, controlled trials
in asthma are notorious for a strong placebo effect. This
caveat may be due to improved adherence to ICS, the
Hawthorne effect, regression to the mean, or a combi-
nation of factors.” It is potentially surmountable by
adapting the resultant clinical prediction model using
reference asthma attack rates according to treatment
intensity, as previously reported in a claims-based study™
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and proposed in our statistical analysis plan. Finally, we
have not planned to request active arm IPD, thus limiting
our ability to assess the individual treatment benefit*” or
model heterogeneity of treatment effects.*’ We will not
pursue the active arms’ data to promote collaboration
between competing sponsors but envision a decentralised
computation of individual treatment benefit and aggre-
gate performance measures, such as the c-for-benefit
statistic,40 at a later stage.

To conclude, we propose a systematic review and IPD
MA to predict severe asthma attacks based on the inflam-
matory and clinical risk profile. Our emphasis on the
risk conferred by raised type-2 inflammatory biomarkers
and the consortium approach central to our endeavour
may distinguish it from existing prediction models.*"
We speculate that a clinical prediction model centred on
blood eosinophils and FeNO will provide a useful basis for
a preventive, treatable trait-based asthma management.
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