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ABSTRACT
Objectives: Biologic therapies are emerging as an option to treat a subset of patients with
severe asthma, however no direct comparison between these agents has been conducted.
Furthermore, heterogeneity of outcomes in clinical trials makes it difficult to compare these
agents and traditional therapies. The extent to which this heterogeneity exists has major
implications for evidence-based decisions and is yet to be fully reported. We conducted a
literature search to examine outcomes currently being used in clinical trials for asthma.
Data Sources: The Cochrane Library and Clinicaltrials.gov were searched for clinical trials of
asthma interventions.
Study Selections: We limited our search to phase 2 through 4 clinical trials in adults, as
early-phase trials tend to have pharmacodynamic and pharmacokinetic endpoints as primary
outcomes. Interventions for acute exacerbations were excluded.
Results: We identified 117 studies and subsequently identified 111 outcomes. The most
prevalent outcomes were asthma control and symptom severity, FEV1, and change in ACQ
scale. Twenty patient-reported outcomes instruments were identified and de-facto standard
asthma outcomes and PROs were under-reported in examined literature. Existing quality of
life tools did not capture the day-to-day experience or the unique treatment burden from
oral corticosteroids for patient with severe asthma. Compounding the absence of trials dir-
ectly comparing therapies, the significant variation we identified in outcome definitions and
measurement create hurdles to effectively compare traditional and biologic therapies.
Conclusion: With the growing number of clinical trials evaluating advanced therapies such
as biologics, a wide range of primary and secondary outcomes are evaluated. A core out-
come set created by relevant stakeholders is needed to collectively evaluate pooled out-
comes in order to allow more meaningful comparisons of asthma therapies and to
incorporate the patient experience.

ARTICLE HISTORY
Received 13 December 2019
Revised 12 March 2020
Accepted 14 March 2020

KEYWORDS
Reviews; Quality of Life

Introduction

Asthma is characterized by variable levels of chronic
airway inflammation and episodes of cough, wheeze,
and shortness of breath. With conventional inhaled or
anti-inflammatory treatments for asthma, most
patients can achieve adequate symptom control.
However, a subset of 3–10% of patients fail to respond
to available options (1,2). Joint guidelines published
by the European Respiratory Society and American
Thoracic Society (ERS/ATS) define severe asthma as
asthma that requires treatment with high dose inhaled
corticosteroids (ICS) plus a second controller to pre-
vent it from becoming “uncontrolled” or which
remains “uncontrolled” despite this therapy (2).
People with severe asthma suffer multiple symptoms,

stress, and more frequent exacerbations that often
require hospitalization. In addition to ICS, about 30%
of patients with severe asthma are also treated with
oral corticosteroids (OCS) (2). OCS and high dose
ICS come with their own unique burden of side
effects (3,4). Severe asthma impacts many facets of
daily life, including school or career, social relation-
ships, and family life (5,6). Notably, the 20-year direct
costs associated with uncontrolled asthma are esti-
mated to be $300.6 billion, increasing to $963.5 billion
when indirect costs are added (7).

In recent years, new biologic therapies – e.g. omali-
zumab – have been developed to treat moderate to
severe asthma (8). Targeting different immunologic
pathways, asthma biologics offer the potential for a
paradigm shift in the standard of asthma care,
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however at considerably higher price. There are cur-
rently five FDA-approved biologic agents. For all five
agents, Cochrane meta-analyses showed an approxi-
mate a 50% reduction in exacerbations, compared to
placebo. While these agents also demonstrated statis-
tically significant improvements in quality of life
(QoL) measures, all fell short of attaining minimally
clinically important differences (MCID) in QoL except
for the St. George’s Respiratory Questionnaire
(SGRQ) in a single study of mepolizumab (9–12). No
direct comparison between these agents has been con-
ducted with none proposed, likely due to lack of
impetus for pharmaceutical companies to do so. In
addition, it is difficult to assess the added value of
these agents for patients, given the heterogeneity of
outcomes in these trials at multiple levels: outcomes
measured, outcomes definitions used, and which
instruments are used to measure outcomes (e.g. a
standard assessment for QoL). There is an awareness
of the need and thus a growing effort toward collabor-
ation and establishing a more standardized reporting,
monitoring and capture of standardized data for clini-
cians, scientific research, and patient outcomes (13).
The current state of heterogeneity of outcomes is pre-
dictable as clinical outcomes (subjective), lung func-
tion (objective), and medication reduction (patient
preference) are all potentially desired however may be
different across patient populations. The extent of het-
erogeneity of outcomes in clinical trials in the current
and emerging evidence has major implications for evi-
dence-based decisions from clinical practice guidelines
to coverage and pricing. Our vantage point is that to
collectively evaluate various modalities of therapy, an
agreed upon core set of outcomes should be consid-
ered and included in as many future intervention tri-
als as possible, thereby allowing comparisons across
the potential therapies available and allowing for bet-
ter counseling to patients related to their desired out-
comes. In order to understand the extent of current
state of asthma outcome heterogeneity, we conducted
a targeted literature review to examine outcomes cur-
rently being used in clinical trials for asthma.

Methods

Data sources and search strategy

The objective of the search was to systematically iden-
tify outcomes reported in recent or ongoing clinical
trials for moderate-to-severe asthma, in order to gen-
erate an initial list of outcomes to be reviewed and
discussed by a multi-stakeholder panel. The list of
outcomes was to be supplemented by peer-reviewed

literature (for new patient-important outcomes,
including PROs), key informant interviews, and sug-
gestions from the panel. Given a goal to reach satur-
ation on a list of relevant outcomes for discussion
rather than synthesize evidence to assess treatment
effectiveness, a targeted review was more appropriate
than a meta-analysis. Thus, we focused efforts on two
primary sources: Cochrane Library and
clinicaltrials.gov.

Between the U.S.-focused registered trials in clini-
caltrials.gov and the outcomes identified by inter-
national Cochrane systematic reviews, we felt
confident in the representativeness of our search for
the purposes of a core outcome set (COS) scoped for
U.S., Canada, and Europe. Cochrane search method-
ology mandates searches of CENTRAL, MEDLINE,
and Embase, and advises searches of clinicaltrials.gov,
the WHO International Clinical Trials Registry
Platform, and the Specialized Register of relevant
Cochrane Review Groups. The MEDLINE and
CENTRAL databases combined contain over 25 mil-
lion references to biomedical journal articles and trial
reports (14). Moreover, asthma systematic reviews
include searches in the Cochrane Airways Trial
Register, which source from CENTRAL, MEDLINE,
Embase, PsycINFO, CINAHL, and abstracts from con-
ferences such as the American Thoracic Society and
European Respiratory Society (15). As such, the out-
comes we extracted from these databases are likely to
be comprehensive and appropriate in the health sys-
tems for which our COS is intended.

We limited our search to phase 2 through 4 clinical
trials in those aged >17 years old, as early-phase trials
tend to have pharmacodynamic and pharmacokinetic
endpoints as primary outcomes. Our review was ini-
tially limited to publications within the recent three
years (March 2016-June 2019) to encompass the
period when a number of trials for biologic agents
were conducted, reflecting the intent of the COS to be
used prospectively. To check whether the initial out-
comes list generated from our original search criteria
had indeed reached saturation, we then extended our
inclusion criteria for the Cochrane reviews to five
years. This broader search identified an additional
eight reviews without adding any new outcomes, sug-
gesting we had reached saturation.

Selection criteria

Interventions for acute exacerbations were excluded
given a different set of interventions and outcomes
compared to stable asthma. The target populations were
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adults and older adults. Given heterogeneous inclusion
criteria with inconsistent study populations, we applied
the search term “asthma” to ensure capture of relevant
results. From included sources (trials and reviews), out-
comes were abstracted and documented.

Data extraction

Outcomes were classified into different domains based
on the taxonomy suggested by Core Outcome
Measures in Effectiveness Trials (COMET) Initiative
(16). The classification was initially performed by one
individual (H.C.) and then with consensus review by
all other coauthors. All harmful occurrences were
labeled as “adverse event” and categorized into an
adverse event domain. To further understand the out-
comes collected in recent clinical trials for biologics,
we conducted a parallel search on Clinicaltrials.gov of
the phase 3 trials supporting the FDA approval of the
following drugs: dupilumab, reslizumab, benralizumab,
and mepolizumab. We selected the more recently
approved four agents and excluded omalizumab to
select for trials more recently performed. Primary out-
comes and definitions in these trials were extracted
and reviewed.

Results

Thirteen Cochrane reviews and 104 clinical trials met
our inclusion and exclusion criteria (Figure 1). Thirty-
six Cochrane reviews and 74 clinical trials were

excluded due to following reasons: non-pharmacother-
apy interventions (e.g. behavioral intervention, food
supplement, traditional Chinese medicine), not meas-
uring drug effectiveness (e.g. comparing device per-
formance), inclusion of other respiratory diseases,
pharmacodynamic/pharmacokinetic studies, and inclu-
sion of pediatric population. At second-round screen-
ing, 8 Cochrane reviews and 3 clinical trials assessing
therapies for acute exacerbations were excluded.
Among 104 clinical trials reviewed, 54 are single
country and 38 are multinational trials (12 don’t have
geographic information available). In total, 111 out-
comes were identified in 117 references. Using the
COMET taxonomy outcome classification (16), 53
(48%) fell into the respiratory domain, 14 (13%) the
blood and lymphatic system domain, 6 (5%) the preg-
nancy and perinatal domain, and 5 (5%) into the hos-
pital domain and immune system domain (Figure 2).
Besides adverse events and safety endpoints, the most
prevalent outcomes were: asthma control and symp-
tom severity (46%), pre-bronchodilator FEV1 (37%),
forced expiratory volume-one second (FEV1) (35%),
change in Asthma Control Questionnaire (ACQ) scale
(34%), use of rescue medication (27%), Peak expira-
tory flow (26%), health-related quality of life
(HRQoL) (26%), frequency of exacerbations (25%),
level of blood eosinophils (17%), fractional exhaled
nitric oxide (15%) and change in forced vital capacity
(15%) (Table 1). Definitions varied within prevalent
outcomes. Within exacerbations, more than ten defini-
tions were documented, including for example:

Figure 1. Flow diagram for study selection.
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unscheduled hospital visits or emergency department
visit, hospitalizations, use of OCS, an increase in
maintenance systemic corticosteroid therapy dose or
use for at least three days, increased bronchodilator
use for at least two days, or worsening lung function
(Table 2) (17,18). Similarly, also shown in Table 2,
different criteria were used to define asthma worsen-
ing such as reduction in peak expiratory flow or
FEV1, increas in rescue medication use or ACQ
score, occurrence of a severe asthma exacerbation,
nocturnal awakenings due to asthma requiring short-
acting beta agonist use. Among twenty patient-
reported outcome (PRO) instruments identified in
examined literature, ACQ and Asthma Quality of
Life Questionnaire (AQLQ) were most frequently
reported (Table 3). Nine different instruments were
used to measure asthma control and symptom sever-
ity (Table 3). For HRQoL, the following instruments
were used (Table 3): Asthma Quality of Life
Questionnaire (AQLQ), SGRQ, and the 5-level EQ-
5D (EQ-5D-5L).

For phase 3 studies of FDA-approved biologics, we
identified 11 studies with ten multinational clinical

trials and one multicenter trial based in the US.
Similar primary outcomes were collected in these
trials with a primary focus on asthma exacerbation
rate, change in FEV1, and reduction in OCS dose
(Table 4). While the definitions of outcomes are very
much identical within trials of the same products,
various terms and definitions were used across studies
for different drugs. For example, the terms used to
measure the frequency of asthma exacerbation with
definitions each to their own include: “severe exacer-
bation events”, “asthma exacerbation”, “clinical asthma
exacerbations (CAEs)”, and “clinically significant exac-
erbations of asthma.”

Discussion

Despite an assumption that certain outcomes, such as
lung function and frequency of exacerbations, are de-
facto standard asthma outcomes, they are unreported
in a significant proportion (approximately 20% and
60%, respectively). Multiple definitions were encoun-
tered across studies for the same outcomes, including
asthma control. Among the 46% of outcomes

Figure 2. The outcome domains of outcomes (2A) and distribution of the number of times outcomes were reported (2B) in trials
or Cochrane reviews.

Table 1. Report frequency of outcomes
Outcomes Counts Frequency among 117 studies

Asthma symptom severity/ asthma control 54 46%
Adverse events 44 38%
Change in Pre-bronchodilator FEV1 43 37%
Forced expiratory volume-one second, FEV1 41 35%
Change in ACQ scale 40 34%
Rescue medication use 32 27%
Change in Peak expiratory flow (PEF) (lung function) 31 26%
Health-related quality of life (HRQoL) 30 26%
Rate of (severe) exacerbations 29 25%
Blood eosinophil levels 20 17%
Fractional exhaled nitric oxide (FeNO) 18 15%
Change in Forced vital capacity (FVC) 17 15%
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classified as asthma control and symptom severity,
variation was significant, whether reported by clini-
cians or patients, or captured by physiologic tests.
These studies reported ACQ scores, ACT scores, and
other symptom scores (e.g. Asthma Symptom Utility
Index, Asthma Daily Symptom Diary [ADSD], clinical
severity scores, symptom scores, daytime/nighttime
symptom scores). While change in ACQ scale is expli-
citly reported in 34% of trials, there is no MCID –
thus any small numerical change is reported as an
outcome. As seen in the phase 3 trials for FDA-
approved biologics where similar primary outcomes
were reported across studies, they were in fact using
different terminologies and criteria for the outcomes.
This observed heterogeneity in clinical trial outcomes
is commensurate with a recent report by Gliklich
et al. on outcomes in asthma registries (13). This

body of work highlights the challenges of cross-inter-
pretation across various registries as well as clinical
trials and therefore creating linkage across these
efforts is essential.

Context also plays an important role in under-
standing the relevance or reproducibility of different
definitions. For example, exacerbations including use
of systemic corticosteroids may be easy to collect in
efficacy trials, but they may be under-reported in
effectiveness studies using claims data: patients are
sometimes able to use a single fill to cover multiple
short bursts. Without clarity and agreement around a
consistent minimal set of clearly defined outcomes to
measure across studies, efforts to compare interven-
tions and aggregate studies to inform decision-making
could remain challenging at best and uninformed
at worst.

Table 2. Definitions of exacerbation and worsening from examined studies.
Outcome: Exacerbation
� Acute worsening of asthma symptoms
� Worsening of asthma which requires use of SCS and/or

hospitalizations and/or emergency department visits
� ED visit/hospitalization requiring OCS
� Increased asthma symptoms requiring treatment with OCS or

hospitalization

� Episodes requiring the use of SCS
� Exacerbations requiring rescue OCS
resulting in: unplanned outpatient visit, use of systemic and/or nebulized
inhaled corticosteroids, ED visit, or hospitalization

Outcome: Moderate Exacerbation
� Deterioration in asthma symptoms, deterioration in lung function, or

increased rescue bronchodilator use lasting for �2 days
� SCS use �3 days as outpatient or �24 h during ED visit

� Worsening asthma requiring �10mg prednisone (or equivalent
glucocorticoid treatment) above baseline for �3 days, OR an
unscheduled provider visit or hospitalization associated with an
increase in asthma therapy that did not qualify for severe clinical
asthma exacerbation

Outcome: Severe Exacerbation
� Exacerbations requiring SCS treatment for �3 days, and/or ED visit or

hospitalization for acute asthma
� Exacerbations requiring ED visits or short-course SCS
� Worsening of asthma which requires use of SCS and/or hospitalization

and/or ED visits
� Worsening asthma requiring �10mg prednisone (or equivalent

glucocorticoid treatment) above baseline for �3 days, AND an
unscheduled provider visit or hospitalization associated with an
increase in asthma therapy that did not qualify for severe clinical
asthma exacerbation

� SCS use �3 days and hospitalization or emergency department visit
(�24 h) or death due to asthma

� An exacerbation resulting in �1 of the following:
� A temporary bolus/burst of SCS for �3 consecutive days to treat

symptoms of asthma worsening (a single depo-injectable dose of
corticosteroids will be considered equivalent)

� An ED or urgent care visit (< 24 hours in the facility for evaluation
and treatment) due to asthma that required SCS

� An in-patient hospitalization (admission and/or � 24 hours in a
healthcare facility)

� Asthma requiring the use of SCS, or an increase from a stable
maintenance dose, for � 3 days or an inpatient hospitalization or ED
visit due to asthma that required SCS

� Hospital admissions or treatment with a course of OCS
Outcome: Asthma Worsening
� Asthma worsening is defined as at least one of the following:
� PEF � 75% of baseline
� FEV1< 80% of baseline;
� Increase in rescue medication use of �6 puffs per day compared

to baseline
� Increase in ACQ-5 score of � 0.5 compared to baseline
� The occurrence of a severe asthma exacerbation
� Asthma worsening is defined as one or more of the following:
� An increase in ACQ-6> 0.5 from baseline
� A daily asthma symptom score of �4 for 2 consecutive days
� Nocturnal awaking(s) due to asthma requiring SABA use on 2

consecutive nights
� An increase from baseline of �4 puffs per day of rescue medication

use on 2 consecutive days, �20% reduction in morning PEF from
baseline and �20% reduction in evening PEF from baseline for 2
consecutive days

� Visit to ED, hospitalization or OCS therapy for severe asthma
exacerbation

� A day with worsening asthma was defined as any day during which
any of the following occurred:

� A decrease from baseline in morning PEF > 20%
� Morning PEF < 180 liters/minute
� An increase in b-agonist use of > 70% (and a minimum increase of at

least 2 puffs)
� An increase from baseline in daytime asthma symptom score of

> 50%
� An asthma attack, as defined by any day when� one of the following

events due to asthma has occurred: SCS use, unscheduled visit to the
doctor or urgent care clinic, unscheduled visit to ED, and/or
hospitalization.

ED: Emergency Department, SCS: Systemic corticosteroids, OCS: Oral corticosteroids, PEF: Peak expiratory flow, FEV1: Forced expiratory volume in 1 second,
ACQ: Asthma Control Questionnaire, SABA: Short-acting beta agonist
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The development of a core outcome set in asthma
would create a more consistent and transparent body
of evidence. Core outcome sets (COS) are agreed
upon minimum sets of outcomes to be collected
across studies for a given therapeutic area (19).
Patient input and multi-stakeholder consensus-build-
ing are central tenets of robust, high-quality COS
development. The multi-stakeholder approach to COS
development also enables greater understanding and
transparency across regulatory, value assessment and
market access institutions. Consensus between multi-
stakeholder workgroups can be obtained through dis-
cussion, as recently performed for outcomes in asthma
registries (13). However, a robust structured consen-
sus process utilizing both modified Delphi surveys
and in person discussion, and representing a large,
multi-stakeholder panel including patients payers, reg-
ulators, health technology assessors, clinicians and
industry will more likely be adopted. A COS for clin-
ical trials also streamlines clinical development in a
patient-relevant manner.

The value of new biologics

Another reason to develop an asthma COS is the
growing number of asthma biologics (20). Pavord
et al. describe a change moment occurring in our
understanding of the pathogenesis of asthma (21).
Allowing individualized therapy is paramount in the
heterogeneous spectrum of asthma and its personal-
ized pathobiology and resultant symptomatology.
Considering cost effective care, there is an opportunity

to re-consider existing outcomes, prioritize those most
likely to help define the true and relative value of
these therapies, and the optimal approach for incorpo-
rating them into clinical practice (20). The Institute
for Clinical and Economic Review (ICER) report con-
cluded that there was a reduction in the number of
exacerbations compared with placebo (22). Although
QoL measures across all products were statistically
improved, the majority of studies revealed that the
degree of improvement did not meet the MCID. In
the era of precision medicine, contemporary tools
may be too blunt to provide information that can dif-
ferentiate available biologics in an actionable way.
This is particularly concerning in severe or uncon-
trolled asthma populations, where there is some
debate regarding the applicability of existing asthma
PRO measures for severe patients, who have unique
burden of disease.

PRO assessment in asthma clinical trials

In this age of patient-centered research and patient-
focused drug development, there is an opportunity to
engage the patient community at a critical pivot point
in asthma care. As indicated by Gliklich et al., further
work is needed to determine how best to incorporate
asthma-specific PROs into asthma research and prac-
tice (13). Besides aggregate measures of asthma con-
trol and symptom severity, we observed only
occasional reporting on other PROs that would help
to characterize the real-life experiences of asthma
patients and inform shared patient-clinician treatment

Table 3. PRO Instruments Report Frequency.
PRO instrument Report Frequency

Asthma Control and Symptom Severity
Asthma Control Questionnaire (ACQ) 50
Asthma Control Test (ACT) 19
Asthma symptom diary (ADSD, ASD… , etc.) 14
CompEx 2
Sino-Nasal Outcome Test (SNOT) questionnaire 2
Evaluating Respiratory Symptoms (E-RS) 1
Asthma Symptom Utility Index (ASUI) 1
Nasal Congestion Score questionnaire 1
Visual asthma symptom scores 1
HRQoL
Asthma Quality of Life Questionnaire (AQLQ) 31
St. George’s Respiratory Questionnaire (SGRQ) 9
EQ-5D-5L 4
Illness Perception
Brief Illness Perception Questionnaire (BIPQ) 1
Patient Global Impression of Severity (PGI-S) 1
Treatment Experience
Patients’ beliefs Brief about Medication Questionnaire (BMQ) 1
Patient Global Impression of Change (PGI-C) 1
Global Evaluation of Treatment Effectiveness (GETE) 1
Work Productivity
Work Productivity and Activity Impairment (WPAI) Questionnaire plus Classroom Impairment Questions (CIQ) 2
Mental Health Patient Health Questionnaire (PHQ) 1
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Table 4. Outcomes in Phase 3 Trials for FDA-approved biologic agents
Primary Outcome Frequency Definition(s) Trials (Time Frame)

Annualized Rate of Severe
Exacerbation Events

1 A severe exacerbation was defined as a
deterioration of asthma requiring: use of
systemic corticosteroids for >¼3 days; or
hospitalization or emergency room visit
because of asthma, requiring systemic
corticosteroids. Annualized event rate was the
total number of exacerbations that occurred
during the treatment period divided by the
total number of participant-years treated.

NCT02414854 (baseline to week 52)

Annual Asthma Exacerbation Rate 2 The annual exacerbation rate is based on
unadjudicated annual exacerbation rate
reported by the investigator in the eCRF.

NCT01914757 (baseline to week 56)
NCT01928771 (baseline to
week 48)

Frequency of Clinical Asthma
Exacerbations (CAEs)

2 An exacerbation event was considered a CAE if
the patient met either or both of the criteria
listed below and this was corroborated with
at least 1 other measurement to indicate the
worsening of clinical signs and symptoms of
asthma:

Use of systemic, or an increase in the use of
inhaled, corticosteroid treatment for 3 or
more days; or an increased 2 or more fold for
at least 3 or more days for patient’s already
on corticosteroids.
asthma-related emergency treatment, such as
an unscheduled visit to the physician’s office
or emergency room for nebulizer treatment
or other urgent treatment to prevent
worsening of asthma symptoms, or an
asthma-related hospitalization.

NCT01285323 (baseline to month
12)
NCT01287039 (baseline to
week 52)

Number of Clinically Significant
Exacerbations of Asthma
Per Year

1 Clinically significant exacerbations of asthma are
defined as worsening of asthma which
required use of systemic corticosteroids (IV or
oral steroid like prednisone, for at least 3
days or a single intramuscular (IM)
corticosteroid (CS) dose is required. For
maintenance of systemic corticosteroids, at
least double the existing maintenance dose
for at least 3 days was required) and/or
hospitalization and/or emergency department
(ED) visits.

NCT01691521 (baseline to week 32)

Frequency of Each of the Two
Criteria for CAEs

2 An exacerbation event was considered a CAE if
the patient met either or both of the criteria
listed below and this was corroborated with
at least 1 other measurement to indicate the
worsening of clinical signs and symptoms of
asthma:

Use of systemic, or an increase in the use of
inhaled, corticosteroid treatment for 3 or
more days; or an increased 2 or more fold for
at least 3 or more days for patient’s already
on corticosteroids.
asthma-related emergency treatment, such as
an unscheduled visit to the physician’s office
or emergency room for nebulizer treatment
or other urgent treatment to prevent
worsening of asthma symptoms, or an
asthma-related hospitalization CAEs were
adjudicated by committee to assure
consistency.

NCT01285323 (baseline to month
12)
NCT01287039 (baseline to
week 52)

Absolute Change from Baseline in
Pre-Bronchodilator FEV1

1 FEV1 was the volume of air exhaled in the first
second of a forced expiration as measured
by spirometer.

NCT02414854 (baseline, week 12)

Change from Baseline in FEV1 2 FEV1 is a standard measurement of air
movement in the lungs of patients with
asthma. It is the volume of air expired in the
first second of a forced expiration.
Improvement in FEV1 is a measure in the
reduction of bronchospasm, the reduction of
airway inflammation, or both. FEV1 was

NCT01270464 (baseline, week 4, 8,
12 and 16)

(Continued)
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decisions. Physiological measures do not usually
reflect the subjective perception of disease impact
(23), and although asthma exacerbations are stressful,
they do not describe the day-to-day experience for
patients suffering from chronic asthma. Given PROs
play an important role in capturing the asthma patient
experience, there is increasing interest in using PROs
for patient assessment in respiratory medicine, includ-
ing to guide treatment decisions (24,25). Regulatory
bodies are also recognizing PRO measurement as a
component in the drug approval process. The FDA
has proposed a systematic approach to patient-focused
drug development and this mandate has been further
exemplified by their recent qualification of the ADSD
(26). Yet the status quo suggests an unrealized oppor-
tunity to leverage PRO data for asthma decision-

making. In a review by Braido et al., authors counted
only 20 out of 300 asthma clinical trials published
over 18months with a PRO evaluation (27). Table 2
lists the type of PRO instruments and frequency of
reporting among the studies we examined.

There is ongoing debate as to whether current
asthma PROs sufficiently capture HRQoL, which is an
important predictor of clinical outcomes for patients.
Severe asthma in particular is associated with a signifi-
cant HRQoL burden due to excessive symptoms, fre-
quent and life-threatening attacks, increased
comorbidity burden, and burden of side effects from
treatment (28). In a commentary from the Asthma
and Allergy Foundation of America, the ICER report
on asthma biologic therapies was criticized for not
sufficiently incorporating patients’ experiences in their

Table 4. Continued.
Primary Outcome Frequency Definition(s) Trials (Time Frame)

measured using forced expiratory
air spirometry.

Percentage Reduction from Baseline
in OCS Dose While Maintaining
Asthma Control

1 Percentage reduction of OCS dose was
calculated as (optimized OCS dose [mg/day]
at baseline - final OCS dose at Week 24)/
optimized OCS dose at baseline x 100.

NCT02528214 (baseline, week 24)

Percentage Reduction from Baseline
in Final OCS Dose While
Maintaining Asthma Control

1 Baseline OCS dose is the dose upon which the
patient is stabilised at randomisation (Week
0). Final OCS dose is the dose at Week 28.
The percentage reduction from baseline is
defined as: {(Baseline dose-final dose)/
baseline dose}�100%. If a patient
discontinues from the study during a given
dose reduction period, or the patient
experiences an exacerbation between Weeks
24 and 28 or immediately before
discontinuation, then the final OCS dose will
be 1 dose level higher than that which
directly preceded the event.

NCT02075255 (baseline, week 28)

Median Percentage Reduction from
Baseline in OCS Dose While
Maintaining Asthma Control

1 A supplementary presentation of the Primary
Outcome Measure data; result is presented as
median (inter-quartile range). Percentage
reduction of OCS dose was calculated as
(optimized OCS dose [mg/day] at baseline -
final OCS dose at Week 24)/optimized OCS
dose at baseline x 100.

NCT02528214 (baseline, week 24)

Number of Participants with the
indicated Percent Reduction from
Baseline in OCS Dose While
Maintaining Asthma Control

1 Baseline (BL) dose was the prescribed optimized
prednisone/prednisolone dose following the
OCS Optimization Phase. Maintenance (MN)
dose was the mean of all daily prednisone/
prednisolone doses during the MN Phase
(weeks 20 to 24). The percent reduction of
OCS dose during weeks 20 to 24 compared
to BL dose was calculated as: 100 x (BL dose
minus MN dose)/BL dose.
Asthma control between weeks 20 and 24
was defined as no clinically significant
exacerbation (worsening of asthma that
required use of systemic corticosteroids or
hospitalization and/or emergency department
visits) during this period.
The percent reduction of OCS was
categorized as: 90 to 100%; 75 to <90%; 50
to <75%; >0 to <50%; no decrease in
prednisone dose, or lack of asthma control,
or withdrawal (WD) from treatment.

NCT01691508 (baseline, week
20-24)

8 V. TEJWANI ET AL.



analysis and underestimating actual disease burden,
especially for severe, uncontrolled asthma (29).
Current knowledge suggests the severe asthma patient
experience may be unique from milder forms. One
aspect of this experience, unmeasured by existing
asthma QoL, is the impact of oral corticosteroids (30).
It is especially important to have PROs relevant to
severe asthma, weighted according to patient preferen-
ces, and sensitive enough to detect meaningful
changes, in order to provide patient-centered assess-
ment of therapeutic benefits.

Conclusion

There has been a renaissance in biologic therapies for
the treatment of moderate to severe asthma. However,
given heterogeneity in the outcomes of the various
studies and the absence of head-to-head trials, there
are no clear conclusions regarding the comparative
effectiveness of one agent to another. This heterogen-
eity also creates hurdles to robust indirect compari-
sons. Having a core set of agreed-upon outcomes
included in the various clinical trials, regardless of
whether additional heterogeneous primary or second-
ary outcomes are included, will allow comparability
between studies. This, in fact, would be the only feas-
ible manner in which various therapeutic modalities
may be compared, given the current practices in
industry intervention trials (9–11). Using other dis-
eases with rapid development of novel therapies as a
model (e.g. hemophilia (31)), establishment of a
multi-stakeholder consensus-based COS for pivotal
clinical trials – will allow more meaningful compari-
sons in clinical trials of the effect of asthma therapies
on symptoms, lung function, costs, and the daily lives
of patients.
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