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ABSTRACT

Introduction: Consensus definitions for clini-
cal remission and super-response were recently
established for severe asthma. Benralizumab is
an interleukin-5 (IL-5) receptor a-directed
monoclonal antibody for severe, uncontrolled
asthma; efficacy and safety were demonstrated
in previous pivotal phase 3 trials (SIROCCO,
CALIMA, ZONDA). This analysis applied a
composite remission definition to characterize

individual responses to benralizumab after 6
and 12 months.
Methods: In previous phase 3 studies, eligible
patients were those with severe, uncontrolled
asthma receiving medium- or high-dosage
inhaled corticosteroids plus long-acting b2-ago-
nists. This post hoc analysis included patients
randomized to the approved benralizumab dose
and not receiving oral corticosteroids (OCS) at
baseline (SIROCCO/CALIMA) or
OCS B 12.5 mg per day (ZONDA). Individual
remission components were zero exacerbations;
zero OCS use; Asthma Control Questionnaire-6
(ACQ-6) score\1.5 or B 0.75; and pre-bron-
chodilator forced expiratory volume in 1 s

Supplementary Information The online version
contains supplementary material available at https://doi.
org/10.1007/s12325-022-02098-1.

A. Menzies-Gow (&)
Department of Respiratory Medicine, Royal
Brompton Hospital, Sydney St, London SW3 6NP,
UK
e-mail: a.menzies-gow@rbht.nhs.uk

F. L. Hoyte
Division of Allergy and Clinical Immunology,
Department of Medicine, National Jewish Health,
Denver, CO, USA

D. B. Price
Observational and Pragmatic Research Institute,
Midview City, Singapore

D. B. Price
Centre of Academic Primary Care, Division of
Applied Health Sciences, University of Aberdeen,
Aberdeen, UK

D. Cohen � P. Barker � J. Kreindler � M. Jison �
R. Katial
BioPharmaceuticals Medical, AstraZeneca,
Gaithersburg, MD, USA

C. L. Brooks
BioPharmaceuticals Medical, AstraZeneca,
Cambridge, UK

P. Papeleu
AstraZeneca, Groot-Bijgaarden, Belgium

A. Menzies-Gow
Harefield Hospital, Harefield, Uxbridge, UK

Adv Ther (2022) 39:2065–2084

https://doi.org/10.1007/s12325-022-02098-1

https://doi.org/10.1007/s12325-022-02098-1
https://doi.org/10.1007/s12325-022-02098-1
https://doi.org/10.1007/s12325-022-02098-1
https://doi.org/10.1007/s12325-022-02098-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-022-02098-1&amp;domain=pdf
https://doi.org/10.1007/s12325-022-02098-1


(FEV1) increase C 100 mL; clinical remission
incorporated zero exacerbations, zero OCS use,
ACQ-6 score B 0.75, and pre-bronchodilator
FEV1 increase C 100 mL after 6 or 12 months.
Results: Overall, 609 patients (N = 301 and
N = 308) and 586 patients (N = 293 and
N = 293) receiving benralizumab in SIROCCO
and CALIMA were included at 6 and 12 months,
respectively; 40 ZONDA patients were included
after 6 months. In SIROCCO/CALIMA, similar
to 6-month findings, approx. 83% and approx.
49% receiving benralizumab, and 77% and 37%
on placebo achieved C 2 and C 3 remission
components after 12 months; 14.5% (85/586)
on benralizumab and 7.7% (48/620) on placebo
achieved clinical remission at 12 months.
Among ZONDA patients, 75% and approx. 48%
on benralizumab and 35% and 20% on placebo
achieved C 2 and C 3 remission components at
6 months, respectively; 22.5% (9/40) on ben-
ralizumab and 7.5% on placebo achieved clini-
cal remission.
Conclusions: This analysis demonstrates clini-
cal remission is achievable by targeting the
underlying drivers of inflammation. Precision
medicines can help shift treatment paradigms
toward treat-to-target, with clinical remission as
the ultimate therapeutic goal in severe asthma.
Clinical trial registration: SIROCCO
(NCT01928771); CALIMA (NCT01914757);
ZONDA (NCT02075255).

PLAIN LANGUAGE SUMMARY

Widely accepted definitions for disease remis-
sion are already established for the treatment of
rheumatoid arthritis, ulcerative colitis, and
cancer, among others. Two separate expert
groups recently collaborated to discuss clinical
remission/super-response to treatment in
patients with severe asthma. Both groups
developed separate, yet similar ways to deter-
mine whether a patient should be considered
‘‘in remission.’’ In this study, we used the results
from three previous trials (SIROCCO, CALIMA,
and ZONDA) that were conducted to assess a
therapy called benralizumab in patients with
severe asthma to identify patients who met
some or all of the criteria for disease remission
in severe asthma. These criteria included zero
asthma exacerbations; zero oral steroid (OCS)
use; asthma control score; and improvement in
lung function. Across all three trials, about
three quarters of the patients achieved two or
more remission components and about half
achieved three or more remission components
after 6 months of treatment; furthermore, these
rates were generally similar to the numbers of
patients who achieved two or more compo-
nents and three or more components of remis-
sion after 12 months of treatment. Overall,
15–23% of patients achieved clinical remission
in 6 months, and approximately 15% achieved
remission within 12 months. The results show
that biologic therapies like benralizumab help
improve the symptoms of severe asthma and
allow patients to achieve disease remission.

Keywords: Benralizumab; Biologic therapies;
Oral corticosteroids (OCS); Precision medicine;
Remission; Severe eosinophilic asthma; Super-
response; Treat-to-target
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Key Summary Points

Expert consensus definitions for clinical
remission and super-response to
treatment have recently been established
for patients with severe asthma.

A large percentage of patients with severe
asthma continue to receive treatment
with oral corticosteroids (OCS) despite
updated treatment recommendations to
avoid OCS whenever possible and despite
the substantial morbidity and mortality
associated with OCS; this continued
overreliance on OCS may be due to the
current clinical approach to asthma
management, which has been likened to
treat-to-failure, whereby therapy is
sequentially increased to the maximum
recommended dose when patients fail to
show measurable improvements or
efficacy of combination therapy.

Subgroups of patients randomized to the
approved 30 mg benralizumab Q8W dose
in previous randomized, phase 3 trials
(SIROCCO, CALIMA, and ZONDA) were
assessed to identify patients who achieved
one or more composite criteria of clinical
remission at 6 or 12 months: zero
exacerbations; zero OCS use; Asthma
Control Questionnaire-6 (ACQ-6) score
\1.5 or B 0.75; and pre-bronchodilator
forced expiratory volume in 1 s (FEV1)
increase C 100 mL.

Among those in SIROCCO and CALIMA,
14.8% (90/609) and 14.5% (85/586) met
the criteria for clinical remission at 6 and
12 months, respectively, whereas 22.5%
(9/40) of patients in ZONDA met the
criteria for clinical remission at 6 months;
across all three trials,[86% achieved C 2
components and[54% achieved C 3
remission components, demonstrating
that clinically meaningful improvements
were often achieved regardless of whether
patients ultimately achieved the stringent,
full definition of clinical remission.

Clinical remission in severe asthma can be
achieved by using targeted treatments,
such as benralizumab, to address
eosinophils as the underlying driver of
inflammation; these precision approaches
represent a promising way to end the age
of treat-to-failure and usher in a new era
of treat-to-target, with expert consensus
definitions as a benchmark for treatment
success.

INTRODUCTION

Asthma is a heterogeneous respiratory disease
usually associated with chronic airway inflam-
mation and airway smooth muscle hyper-re-
sponsiveness, with symptoms that vary in
intensity and over time [1]. It is the most com-
mon noncommunicable respiratory disease
globally, with an estimated 339 million people
affected worldwide [1, 2]. Among all patients
with asthma, approximately 3–10% have severe
asthma, which is defined by the European Res-
piratory Society/American Thoracic Society as
asthma that requires a high-dosage inhaled
corticosteroid (ICS) plus a second controller
(and/or systemic corticosteroids) to remain
controlled or asthma that remains uncontrolled
despite this level of treatment [3]. Greater than
50% of patients with severe asthma also have
poor disease control, which carries an increased
risk for asthma exacerbations [4, 5].

Recent estimates indicate that eosinophilic
asthma is the most common asthma phenotype
(approx. 84% in a cohort from the International
Severe Asthma Registry); primary biomarkers of
eosinophilic asthma include elevated sputum
eosinophils and higher blood eosinophil (bEOS)
levels, which may be supplemented by mea-
suring fractional exhaled nitric oxide (FeNO)
levels or atopic status/IgE [1, 4, 6–8]. As a result
of the heterogeneous nature of the disease,
severe asthma can have many different clinical
presentations and can be associated with a
substantial burden of disease [8, 9]. Common
sources of morbidity, which vary with individ-
ual clinical presentation, include exacerbations,
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reduced lung function and fixed airway
obstruction (e.g. forced expiratory volume in 1 s
[FEV1]), daily symptoms (e.g. as assessed by
patient-reported outcomes [PROs], like the
Asthma Control Questionnaire-6 [ACQ-6]), and
adverse effects of treatment, most notably those
from oral corticosteroids (OCS) [5, 10–13].

Severe asthma and asthma exacerbations are
frequently treated with OCS, despite their
associated acute and long-term morbidity and
mortality [14–18]. The 2021 recommendations
from the Global Initiative for Asthma (GINA)
note that maintenance (i.e. long-term) OCS
should be avoided whenever possible, and
instead, biologics and other add-on therapies
should be the preferred options [1]. Despite
these recommendations, results from two
recent patient cohort studies show that
approximately 50% of patients with severe
asthma were receiving regular treatment with
either intermittent or long-term OCS [4, 5]. This
degree of OCS use may be reflective of the cur-
rent clinical approach to managing asthma:
inhaler-based medications and add-on treat-
ments are sequentially increased to the maxi-
mum doses when patients fail to show
improvements (treat-to-failure), despite a lack-
ing dose–response or efficacy of combination
therapy (e.g. as seen in a TENOR cohort);
indeed, only then are the underlying drivers of
inflammation addressed with targeted therapy
[19].

The advent of biologic therapies in severe
asthma has shed light on the utility of pheno-
typing as a precision approach to treatment
targeting key drivers of the disease pathophysi-
ology. Benralizumab is an interleukin-5 recep-
tor a-directed monoclonal antibody that leads
to rapid, nearly complete depletion of eosino-
phils [20–23]. Given that eosinophilic asthma is
the most common asthma phenotype, biologic
therapies such as benralizumab, which target
the underlying cause of inflammation, provide
an opportunity to develop clinical remission as
a treatment goal in severe asthma [6, 22, 24, 25].
Disease remission is an important concept in
medicine, and noteworthy definitions can be
found in diseases like rheumatoid arthritis (RA)
[26–28]. For some conditions, the potential to
achieve remission has been a more recent

development, as therapies have improved over
time (e.g. RA) [29], while in other diseases,
remission has long been the stated goal for
treatment (e.g. oncology).

Among diseases in which remission is
defined by consensus as an achievable treat-
ment outcome, the indices are often defined by
one or more of a range of different disease-
specific parameters, including clinical-, histo-
logical-/endoscopic-, PRO-, serological, and
medication-based measures [27, 28, 30, 31].
Historically, the concept of remission in asthma
has focused largely on spontaneous disease
remission, which is probably more akin to dis-
ease resolution [32]. Recent work by Menzies-
Gow et al. used a modified Delphi survey
approach to achieve expert consensus on the
key components for a definition of clinical
remission in asthma [24]. This novel framework
comprised at least 12 months with the absence
of significant symptoms by a validated instru-
ment, no OCS use for asthma, optimisation/
stabilisation of lung function, and health care
professional (HCP)/patient agreement about
disease remission [24]. Upham et al. also used a
Delphi process to develop a consensus defini-
tion for what they dubbed super-response to
therapy in severe asthma [33]. The super-re-
sponse definition comprised improvements in
three domains assessed over 12 months,
including improvement in at least two of the
following major criteria: exacerbation elimina-
tion, C 2 9 minimal clinically important dif-
ference (MCID) improvements in asthma
control, or cessation of long-term OCS; and
improvement in one of the following minor
criteria: C 75% exacerbation reduction,
C 500 mL improvement FEV1, or achievement
of well-controlled asthma [33]. Indeed, the cri-
teria for clinical remission are broadly consis-
tent with those for super-response; however,
patients with less active disease could be con-
sidered super-responders and experience mean-
ingful responses to therapy, while not meeting
the stricter definition of clinical remission
[24, 33].

Although asthma remission/super-response
definitions may be revised, and or newly
developed over time, the aforementioned defi-
nitions demonstrate that composite measures
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are necessary and achievable in the era of pre-
cision biologics. They also make it possible to
address important questions regarding treat-
ment, such as how many patients on biologics
partially or completely meet the remission
framework and which specific criteria are being
met [34]. The efficacy and safety of benral-
izumab were establish through three previous
phase 3 pivotal trials: SIROCCO, CALIMA, and
ZONDA [35–37]. A recent post hoc analysis
from SIROCCO and CALIMA evaluated the
percentages of patients with improvements in
six outcomes (exacerbations, ACQ-6 score,
FEV1, total asthma symptom score [composite
of daytime and nighttime symptoms], Asthma
Quality of Life Questionnaire [AQLQ], and
nights with awakenings that required asthma
rescue medication). Of 504 patients with severe
asthma treated with benralizumab every
8 weeks (Q8W, first three doses 4 weeks apart),
89.7% (454/504) evidenced a response in one or
more outcome measures; however, the analysis
did not formally apply either consensus defini-
tion [24, 33, 38].

The objective of this pooled post hoc analy-
sis was to apply a composite remission defini-
tion—described below, and derived from two
previously published frameworks (i.e. frame-
work for asthma remission and severe asthma
super-responders)—to a pooled population of
patients treated with benralizumab in three
prior phase 3 pivotal studies to (1) understand
individual responses to benralizumab at 6 and
12 months from baseline according to compos-
ite remission criteria and (2) determine how
many patients may have achieved clinical
remission in severe asthma [24, 33]. This anal-
ysis focused on patients treated with the
approved benralizumab regimen to emphasize
the importance of considering clinical remis-
sion among individuals rather than as a com-
parison between treatment groups in a clinical
trial.

METHODS

Study Design, Patient Population,
and Outcomes

This post hoc analysis included patients pooled
from three predecessor, phase 3 randomized,
double-blind, placebo-controlled trials of ben-
ralizumab 30 mg: SIROCCO (NCT01928771),
CALIMA (NCT01914757), or ZONDA
(NCT02075255). Trial designs, eligibility crite-
ria, and primary results for all three studies have
previously been described in detail elsewhere
[35–37]. Briefly, eligible patients included those
with severe, uncontrolled asthma receiving
treatment with medium- or high-dosage
inhaled corticosteroids (ICS) plus long-acting
b2-agonists (ICS/LABA) at baseline. Patients in
ZONDA were also required to be on stable long-
term OCS therapy (equivalent to a prednisone
dose of 7.5–40 mg/day) for 6 months prior to
enrolment [37]. Following enrolment in their
initial phase 3 trials, patients were randomized
to placebo or benralizumab 30 mg by subcuta-
neous injection every 4 weeks or Q8W (first
three doses 4 weeks apart) [35–37].

In the SIROCCO and CALIMA clinical trials,
benralizumab efficacy, assessed by exacerbation
rate reduction, and safety were evaluated in
patients 12–75 years of age for 48 and 56 weeks,
respectively [35, 36]. In the ZONDA trial, ben-
ralizumab safety and efficacy, assessed by OCS
dose and exacerbation reductions, were evalu-
ated over 28 weeks in patients 18–75 years of
age [37]. Across all three trials, patients were
required to remain on the same stable dose of
background medication, with the exception of
OCS doses in ZONDA. Background medication
changes were only allowed if they were judged
to be necessary by the site investigator [35–37].

This post hoc analysis only included patients
from SIROCCO and CALIMA not receiving OCS
at the baseline visit; patients who were receiving
OCS at baseline were excluded because the trial
protocols did not explicitly allow for OCS dose
reductions, and therefore would not have
allowed these patients to meet the composite
criteria in this analysis. This analysis also
included patients from ZONDA receiving OCS
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dosages B 12.5 mg prednisone/prednisolone
equivalents per day at the baseline visit;
patients receiving OCS dosages[12.5 mg
prednisone/prednisolone equivalents per day at
baseline in ZONDA were excluded from this
analysis because the trial design did not allow
them to achieve 100% OCS reductions by the
end of the 28-week treatment period. For this
analysis, patients from all three trials were
included in this analysis for the entire duration
of their study participation (i.e. from enrolment
through study discontinuation) regardless of
their treatment status or final trial disposition
(i.e. regardless of whether they were on treat-
ment or ultimately completed SIROCCO,
CALIMA, or ZONDA).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Remission Definitions

In keeping with criteria from the consensus
asthma clinical remission framework, this post
hoc analysis evaluated four components of
asthma remission among patients treated with
benralizumab Q8W in SIROCCO, CALIMA, or
ZONDA: exacerbations, OCS use, patient-re-
ported asthma control (ACQ-6), and lung
function (FEV1) [24]. Responses to each of these
criteria were defined as follows: zero exacerba-
tions, zero OCS use, ACQ-6 score\1.5 or
B 0.75 (more stringent), and pre-bronchodila-
tor (BD) FEV1 increase C 100 mL from baseline
(Fig. 1). Furthermore, these components were
measured after both 6 months and 12 months
of treatment in patients from SIROCCO and
CALIMA but were only measured after
6 months of treatment in patients from ZONDA
because of the length of the trial. Consistent
with previous definitions from the phase 3 tri-
als, an exacerbation was defined as a worsening
of asthma that resulted in one of the following:
use of systemic corticosteroids, a temporary
increase in OCS dosage (by any amount) for at
least 3 days, or a dose of injectable corticos-
teroids; a visit to the emergency department or
an urgent care centre; or an inpatient hospital
stay. The C 100 mL threshold for improvement
in pre-BD FEV1 was selected as a clinically rele-
vant change, although it is noteworthy that a
consensus definition of FEV1 improvement has
not been established, nor has the optimal way
to assess lung function changes over time [39].
Patient-reported asthma control was measured
using the ACQ-6, and thresholds of \1.5 and
B 0.75, previously validated in patients with
asthma, were used here [40, 41]. Finally,
responses were also assessed for eligible patient
subgroups with blood eosinophil counts of
C 150 eosinophils/lL or C 300 eosinophils/lL
at baseline. Given that meaningful responses to
treatment may comprise many different com-
binations of composite criteria, we evaluated
the percentages of patients who achieved at
least one (C 1), at least two (C 2), at least three
(C 3), or all four of the following components:
zero exacerbations, zero OCS use, ACQ-6
score\1.5 or B 0.75 (more stringent), and pre-
BD FEV1 increase C 100 mL. Clinical remission

Fig. 1 Composite definition of severe asthma clinical
remission used in this post hoc analysis. This four-item
composite definition was derived using criteria from two
recently published expert consensus statements, which
were both developed through separate, modified Delphi
studies [24, 33]. ACQ-6 Asthma Control Questionnaire,
6-item, BD bronchodilator, FEV1 forced expiratory
volume in 1 s, OCS oral corticosteroids

2070 Adv Ther (2022) 39:2065–2084



in severe asthma was defined as achieving zero
exacerbations, zero OCS use, ACQ-6 B 0.75,
and pre-BD FEV1 increase C 100 mL (Fig. 1).

Statistical Analysis

The numbers and percentages of patients who
achieved each composite component were cal-
culated from baseline through 6 and
12 months. For visit-based components (OCS
use, ACQ-6 score, and improvements in FEV1),
the status was determined for individual
patients at the observation period closest to the
given 6- or 12-month timepoint: week 24 in
SIROCCO and CALIMA and week 28 in ZONDA
were used for the 6-month timepoint while
week 48 in SIROCCO and week 56 in CALIMA
were used for the 12-month timepoint. Exacer-
bations were counted from the start of treat-
ment through each 6- or 12- month timepoint.
For permutations of response to composite
components, the number and percentages of
patients who achieved cumulative levels of
remission (e.g. C 1, C 2, C 3, or 4 components)
were calculated at each timepoint. For patients
with missing values for ACQ-6 score and/or
FEV1 at the aforementioned 6- and 12-month
timepoints, ACQ-6 and FEV1 measurements
from within ± 4 weeks of that visit were used, if
available. Otherwise, if a patient had a missing
measurement, the patient’s data were not
included in univariate descriptions for that
component; however, that patient was included
in the full response score analysis, wherein
missing values (except FEV1 and ACQ-6 mea-
sured from within ± 4 weeks) were counted as
not achieving that remission component. This
was a retrospective analysis and no hypothesis
tests were planned. Unless otherwise indicated,
‘‘baseline’’ was defined as the baseline visit in
SIROCCO, CALIMA, or ZONDA [35–37].

Ethics

For the SIROCCO, CALIMA, and ZONDA trials,
ethics and compliance details have been repor-
ted elsewhere previously [35–37]. Prior to
patient enrolment, institutional review boards
or independent ethics committees approved the

clinical study protocols, and all patients pro-
vided written informed consent at enrolment.
Each study was conducted in accordance with
the ethical principles set forth in the Declara-
tion of Helsinki and consistent with the Inter-
national Council for Harmonisation/Good
Clinical Practice guidelines, applicable regula-
tory requirements, and the AstraZeneca policy
on bioethics.

RESULTS

Patient Disposition and Baseline
Characteristics

Overall, 609 patients (SIROCCO N = 301;
CALIMA N = 308) treated with benralizumab
Q8W were included in this analysis for the
6-month timepoint, and 586 (SIROCCO
N = 293; CALIMA N = 293) were included for
the 12-month timepoint (Supplementary
Fig. 1). A total of 40 patients from ZONDA were
included in this analysis for the 6-month time-
point. Baseline demographics and clinical
characteristics for patients in SIROCCO,
CALIMA, and ZONDA are presented in Table 1.

Response to Separate Remission Criteria

For SIROCCO/CALIMA patients treated with
benralizumab, 73.7% (449/609) had no exacer-
bations, 48.4% (295/609) had an ACQ-6 score of
\1.5, 26.6% (159/609) had an ACQ-6 score
B 0.75, and 58% (353/609) had a pre-BD FEV1

increase C 100 mL at the 6-month timepoint
(Fig. 2a). At the 12-month timepoint, 61.3%
(359/586) had no exacerbations, 50.3% (295/
586) had an ACQ-6 score of\1.5, 27.5% (161/
586) had an ACQ-6 score B 0.75, and 58.2%
(341/586) had a pre-BD FEV1 increase C 100 mL.
At both the 6-month (65.8% [423/643], 43.2%
[278/643], 22.1% [142/643], and 51.5% [331/
643], respectively) and 12-month (49.8% [309/
620], 44.2% [274/620], 23.4% [145/620], and
48.9% [303/620], respectively) timepoints,
fewer SIROCCO/CALIMA patients receiving
placebo met these criteria. In ZONDA patients
treated with benralizumab, 82.5% (33/40) had
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Table 1 Demographic and clinical characteristics of patients in the post hoc analysis at baselinea

Parameter SIROCCO CALIMA ZONDA

Benra Q8W
(N = 327)

Placebo
(N = 339)

Benra Q8W
(N = 325)

Placebo
(N = 329)

Benra Q8W
(N = 42)

Placebo
(N = 42)

Demographics

Age, mean (SD), years 47.2 (14.8) 48.0 (15.3) 50.1 (13.6) 49.5 (14.6) 55.0 (9.6) 50.9 (11.5)

Female, n (%) 210 (64.2) 229 (67.6) 199 (61.2) 194 (59.0) 25 (59.5) 28 (66.7)

BMI, mean (SD), kg/m2 28.3 (6.3) 28.9 (7.) 28.9 (6.4) 29.3 (6.5) 29.2 (5.4) 27.6 (4.5)

Time since asthma diagnosis,

median (range), years

14.5 (1.2,

63.1)

13.2 (1.1,

72.4)

16.1 (1.1,

64.6)

16.4 (1.2,

69.9)

14.5 (1.6,

50.5)

8.9 (1.2,

37.6)

Age at asthma onset, mean

(SD), years

29.1 (19.2) 30.2 (19.2) 30.8 (18.9) 29.8 (19.7) 38.8 (17.9) 38.1 (14.8)

Clinical characteristics

ACQ-6 score, mean (SD) 2.8 (0.8) 2.9 (0.9) 2.8 (1.0) 2.7 (0.9) 2.3 (1.3) 2.5 (0.9)

Not well controlled (C 1.5),

n (%)

312 (95.4) 323 (95.3) 302 (92.9) 307 (93.3) 31 (73.8) 37 (88.1)

Partly/well controlled

(\ 1.5), n (%)

15 (4.6) 16 (4.7) 23 (7.1) 22 (6.7) 11 (26.2) 5 (11.9)

bEOS, median (range), cells/

lL

350 (0, 3100) 380 (0,

2690)

400 (0, 2600) 370 (0,

3640)

455 (170,

1630)

510 (200,

1800)

Pre-bronchodilator FEV1,

mean (SD), % predicted

57.0 (14.4) 57.7 (15.1) 57.1 (14.3) 58.4 (14.6) 58.8 (17.1) 66.0 (15.5)

Reversibility, mean (SD), % 27.6 (24.6) 24.7 (22.3) 25.374 (22.6) 27.7 (49.3) 23.5 (18.6) 19.3 (14.5)

Exacerbations in past

12 months, mean (SD)

2.6 (1.3) 2.8 (1.5) 2.6 (1.2) 2.6 (1.1) 3.0 (2.9) 2.8 (1.8)

1, n (%) 0 0 1 (0.3) 0 11 (26.2) 10 (23.8)

2, n (%) 220 (67.3) 215 (63.4) 215 (66.2) 225 (68.4) 15 (35.7) 12 (28.6)

C 3, n (%) 107 (32.7) 124 (36.6) 109 (33.5) 104 (31.6) 16 (38.1) 20 (47.6)

Medication use

ICS, n (%)b 327 (100) 339 (100) 324 (99.7) 329 (100) 42 (100) 42 (100)

LABA, n (%) 327 (100) 339 (100) 321 (98.8) 329 (100) 42 (100) 42 (100)

ICS/LABA, n (%) 0 0 0 0 0 0

LAMA, n (%) 17 (5.2) 25 (7.4) 29 (8.9) 23 (7.0) 15 (35.7) 10 (23.8)
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no exacerbations, 57.5% (23/40) had no OCS,
67.5% (27/40) had an ACQ-6 score of \ 1.5,
42.5% (17/40) had an ACQ-6 score B 0.75, and
47.5% (19/40) had a pre-BD FEV1 increase
C 100 mL after 6 months (Fig. 2b); smaller per-
centages of patients treated with placebo met
these criteria (47.5% [19/40], 20% [8/40], 37.5%
[15/40], 15% [6/40], and 52.5% [21/40],
respectively).

Response to Multiple Components
of Remission

In SIROCCO/CALIMA patients treated with
benralizumab, 87.2% (531/609) achieved C 2
components of clinical remission, while 54.8%
(334/609) and 14.8% (90/609) achieved C 3 and
4 components at the 6-month timepoint,
respectively (Fig. 3a). At the 12-month time-
point, 83.1% (487/586) of patients achieved C 2
components of clinical remission, while 48.5%
(284/586) and 14.5% (85/586) achieved C 3 and
4 components, respectively. Fewer SIROCCO/
CALIMA patients treated with placebo achieved
C 2, C 3, or 4 components of remission by the
6-month (82.6% [531/643], 43.1% [277/643],
and 11% [71/643]) and 12-month (76.5% [474/
643], 36.6% [227/620], and 7.7% [48/620])
timepoints. In ZONDA patients treated with
benralizumab, 85.0% (34/40) achieved C 1
component of clinical remission, while 75.0%
(30/40), 47.5% (19/40), and 22.5% (9/40)
achieved C 2, C 3, and 4 components, respec-
tively, at the 6-month timepoint (Fig. 3b). Fewer

ZONDA patients treated with placebo achieved,
C 2, C 3, or 4 components of remission by the
6-month timepoint (35.0% [14/40], 20% [8/40],
and 7.5% [3/40]).

Response Outcomes Leading to Remission

In SIROCCO/CALIMA patients treated with
benralizumab, 45.2% (275/609) had a combi-
nation of no exacerbations, no OCS use, and a
pre-BD FEV1 increase C 100 mL after 6 months,
whereas 37.5% (220/586) met those three cri-
teria after 12 months (Fig. 4a, b). At the
6-month timepoint, 26.3% (160/609) of SIR-
OCCO/CALIMA patients had no exacerbations,
no OCS use, a pre-BD FEV1 increase C 100 mL,
and an ACQ-6 score of \ 1.5; furthermore,
23.9% (140/586) met those four criteria after
12 months (Fig. 4a, b). Overall, among SIR-
OCCO/CALIMA patients, 14.8% (90/609) of
patients on benralizumab met all four criteria
for clinical remission—no exacerbations, no
OCS use, an ACQ-6 score B 0.75, and a pre-BD
FEV1 increase C 100 mL—at the 6-month time-
point, and 14.5% (85/586) met all four criteria
at the 12-month timepoint; in total, 11% [71/
643] and 7.7% [48/620] of patients treated with
placebo achieved remission at these same
timepoints (Fig. 4a, b). Finally, responses to
components of the remission definition were
similar in patients from SIROCCO and CALIMA
when patients were stratified according to
baseline bEOS counts (C 150 bEOS/lL or C 300
eosinophils/lL; Supplementary Tables 1 and 2).

Table 1 continued

Parameter SIROCCO CALIMA ZONDA

Benra Q8W
(N = 327)

Placebo
(N = 339)

Benra Q8W
(N = 325)

Placebo
(N = 329)

Benra Q8W
(N = 42)

Placebo
(N = 42)

LTRA, n (%) 111 (33.9) 123 (36.3) 89 (27.4) 80 (24.3) 13 (31.0) 13 (31.0)

ACQ-6 Asthma Control Questionnaire, 6-item, benra benralizumab, bEOS blood eosinophils, BMI body mass index, FEV1

forced expiratory volume in 1 s, ICS inhaled corticosteroids, LABA long-acting b2-agonist, LAMA long-acting muscarinic
antagonist, LTRA leukotriene receptor antagonist, OCS oral corticosteroids, Q8W every 8 weeks, SD standard deviation
aBaseline N values include all patients who qualified for this analysis; some of these baseline patients left the trials before 6 or
12 months and thus were not included at those timepoints
bICS may have been taken in a separate inhaler or as part of a fixed-dose ICS/LABA combination device
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In ZONDA patients treated with benral-
izumab, 57.5% (23/40) had no exacerbations
and no OCS use, while 35.0% (14/40) had no
exacerbations, no OCS use, and a pre-BD FEV1

increase C 100 mL at the 6-month timepoint
(Fig. 4c). Furthermore, 32.5% (13/40) of patients
had no exacerbations, no OCS use, a pre-BD
FEV1 increase C 100 mL, and an ACQ-6 score of
\1.5. Among ZONDA patients, 22.5% (9/40) of
those on benralizumab met all four criteria for
clinical remission—no exacerbations, no OCS
use, an ACQ-6 score B 0.75, and a pre-BD FEV1

increase C 100 mL—after 6 months; in total,
7.5% [3/40] of ZONDA patients treated with
placebo achieved remission after 6 months.

Responses to components of the remission def-
inition were similar in ZONDA patients when
stratified according to baseline bEOS counts
(C 150 bEOS/lL or C 300 eosinophils/lL; Sup-
plementary Table 3).

DISCUSSION

This analysis was conducted to evaluate levels of
response leading to clinical remission, based on
a novel asthma clinical remission framework,
through a post hoc analysis of patients from
prior pivotal phase 3 trials with benralizumab
[24]. In patients from SIROCCO and CALIMA,

A

B

Fig. 2 Patients achieving no exacerbations, no OCS,
ACQ-6, or FEV1 C 100 mL improvements a in SIR-
OCCO/CALIMA after 6 months and 12 months or b in
ZONDA after 6 monthsa. ACQ-6 Asthma Control Ques-
tionnaire, 6-item, FEV1 forced expiratory volume in 1 s,

OCS oral corticosteroids, Q8W every 8 weeks. aN includes
all patients still in the study at visit closest to timepoint.
6 months = week 24 (SIROCCO, CALIMA) or week 28
(ZONDA); 12 months = week 48 (SIROCCO) or
week 56 (CALIMA)
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more than 87% achieved C 2 components of
clinical remission, more than half achieved C 3
components within 6 months of initiating
treatment with benralizumab, and these
response rates were generally similar after
12 months of treatment. Indeed, more than
26% of these patients had achieved no exacer-
bations, no OCS, pre-BD FEV1 increase
C 100 mL, and ACQ-6\ 1.5 by 12 months,
with almost 15% achieving clinical remission in
severe asthma after 1 year of treatment with
benralizumab. These findings suggest a gradient

of responses to benralizumab among patients
with severe asthma on high-dose ICS/LABA.

Consistent with the heterogeneous clinical
presentation of severe asthma, meaningful
responses to benralizumab from the patient
perspective also likely vary, and it is noteworthy
that significant improvement in at least one
component can be meaningful to the patient
[34]. For example, a patient with frequent
exacerbations and poor lung function might
derive greater benefits from achieving the FEV1

component and no exacerbations than from
achieving the ACQ-6 or OCS components. In

B

A

Fig. 3 Percentages of patients achieving at least 1, 2, 3, or
4 composite remission componentsa a in SIROCCO/
CALIMA after 6 months and 12 months or b in ZONDA
after 6 monthsb. ACQ-6 Asthma Control Questionnaire,
6-item, FEV1 forced expiratory volume in 1 s, Q8W every
8 weeks. aComponents of response include no

exacerbations, no oral corticosteroid use, ACQ-6 score
B 0.75, and pre-BD FEV1 increase C 100 mL. bN includes
all patients still in the study at visit closest to timepoint.
6 months = week 24 (SIROCCO, CALIMA) or week 28
(ZONDA); 12 months = week 48 (SIROCCO) or
week 56 (CALIMA)
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patients from ZONDA, 85% achieved at least
one component of clinical remission, while
75% achieved C 2 components, nearly half
(47.5%) achieved C 3 components, and nearly
one quarter (23%) achieved clinical remission
in severe asthma after 6 months of treatment
with benralizumab. Across all three trials, zero
exacerbations were the most frequently
achieved of all the individual composite remis-
sion criteria. Contrary to the patient with fre-
quent exacerbations and poor lung function in
the aforementioned example, a patient with a
high steroid burden and frequent exacerbations
may derive substantially more benefit from
achieving no OCS use and no exacerbations
than they would from achieving the ACQ-6 and
FEV1 components.

A high percentage of patients across all three
trials ([ 86%; 561/649) had enough improve-
ment to achieve C 2 components (no exacer-
bations, no OCS use, FEV1 improvement, and
ACQ-6 B 0.75) of clinical remission within
6 months of treatment. Higher percentages of
patients on benralizumab achieved either clin-
ical remission or C 2 or C 3 components of
remission compared to placebo. Since patients
in the SIROCCO, CALIMA, and ZONDA trials
were on high levels of maintenance medication,
the high percentages of patients achieving
multiple components of response in this study
reinforce the notion that the traditional ‘‘treat-
to-failure’’ approach represents a less effective
way to manage asthma. Indeed, given that after
initiating a precision treatment that directly
targets the inflammatory driver (i.e. treat-to-

target) of their asthma, the eosinophil, these
patients were more likely to achieve meaningful
responses [19, 42]. This observation may suggest
that some patients could begin precision treat-
ments sooner. Indeed, the notion is also con-
sistent with recent findings from the ANDHI In
Practice substudy, which show that 53% of non-
OCS-dependent patients treated with benral-
izumab successfully reduced at least one back-
ground medication over the course of the study,
while 51% of OCS-dependent patients treated
with benralizumab eliminated OCS use by the
end of treatment [43]. Moreover, results from
the recent open-label PONENTE trial also
underscore the advantages of precision treat-
ments, as 63% of patients treated with benral-
izumab successfully eliminated OCS use while
82% eliminated OCS or achieved the maximum
possible OCS reduction over the course of the
study [44].

Consistent with evidence that eosinophilic
asthma is the most common asthma pheno-
type, the high percentages of patients who
achieved C 2 composite remission criteria also
reflects that many patients enrolled in benral-
izumab trials have an eosinophilic component
underlying their asthma; indeed, in these
patients, using benralizumab as a precision
approach to directly target, and almost entirely
deplete, eosinophils led to clinically meaningful
improvements. Patients with eosinophilic
asthma or a history of elevated bEOS levels are
more likely to experience asthma exacerbations
or have worse lung function [6, 9, 45]. Exacer-
bations represent a substantial source of mor-
bidity and mortality for patients with severe
asthma, and they are also associated with con-
siderable economic burden as well as a pro-
gressive decline in lung function
[12, 13, 46–48]. Indeed, exacerbations, and in
particular severe exacerbations, represent a
major risk factor for future adverse outcomes
[49]. Furthermore, exacerbations are often trea-
ted with OCS, which also carry substantial risk
for acute and chronic morbidity and mortality,
which further underscores the importance of
the treat-to-target approach and the importance
of clinical remission in severe asthma
[14, 16, 17, 50].

bFig. 4 Percentages of patients achieving permutations of
composite remission componentsa a in SIROCCO/
CALIMA after 6 months; b in SIROCCO/CALIMA
after 12 months; or c in ZONDA after 6 monthsb. ACQ-6
Asthma Control Questionnaire, 6-item, exac exacerbation,
FEV1 forced expiratory volume in 1 s, OCS oral corticos-
teroids, Q8W every 8 weeks. aComponents of response
include no exacerbations, no OCS use, ACQ-6 score\ 1.5
or B 0.75, and pre-BD FEV1 increase C 100 mL. bN in-
cludes all patients still in the study at visit closest to
timepoint. 6 months = week 24 (SIROCCO, CALIMA)
or week 28 (ZONDA); 12 months = week 48 (SIR-
OCCO) or week 56 (CALIMA)
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Since the Delphi-derived asthma clinical
remission and super-responder frameworks are
expert consensus-based definitions, the com-
ponents of these frameworks will likely evolve
and change with time. For example, both tem-
poral and HCP/patient agreement components
were included in the recent clinical remission
consensus. Although HCP/patient agreement
could not be assessed in this study because of
the post hoc nature of this analysis, it is never-
theless a key aspect of identifying patients in
asthma remission in the clinical setting. Indeed,
the remission framework also defines asthma
remission through at least 12 months [24],
whereas in some diseases, such as autoimmune
conditions, the state of remission is a state of
being and thus can change over both short and
long periods of time (e.g. relapse and remit) in a
given patient [24, 26–28].

The ACQ-6 as a measure of control, and pre-
BD FEV1 as a measure of lung function, are
other components that may evolve with future
definitions of asthma remission, because both
measures have several limitations. For example,
some established PROs like the ACQ-6 or the
Asthma Control Test (ACT) only evaluate a
subset of asthma control (i.e. impairment but
not risk) and thus fail to measure important
aspects of the disease (e.g. OCS use) [51]. Addi-
tionally, the ACQ was initially developed to
assess clinically important differences in asthma
control at the individual level (e.g. MCID)
whereas cut-points for levels of control were not
determined until later [10, 40, 41]. Moreover,
caution should be applied when extrapolating
results for subjective measures like patient-re-
ported outcomes from double-blind trials to
what a patient may experience in clinical prac-
tice or an open-label setting. The ACQ-6
thresholds used in this study align with vali-
dated cut-points for well-controlled and par-
tially controlled asthma, despite the fact that
they may not be clinically relevant in patients
with severe asthma, airway limitations, or even
lung damage [10, 52]. For example, the per-
centages of patients who achieved ACQ-6
scores B 0.75 in this analysis were substantially
lower than the degrees of response to other
components (e.g. ACQ-6\ 1.5, exacerbations,
etc.) of remission (i.e. 27% vs. 48–74%; and 28%

versus 50–61% in SIROCCO/CALIMA at 6 and
12 months, respectively). These low rates of
ACQ-6 response at the B 0.75 score threshold
relative to the other objective measures, such as
exacerbations and lung function, suggest there
may be other drivers of symptom perception
beyond asthma.

In addition to variability in how ACQ-6
scores may be interpreted, the ACQ-6 is also
limited by virtue of having been developed in a
small, homogeneous population of patients
with asthma [10]. ACQ-6 cut-points have not
been established for patients with severe asthma
and thus may be too limited for these patients
given the high rates of fixed airway obstructions
in severe asthma. Furthermore, it is unclear how
differences in asthma phenotypes might affect
the accuracy of ACQ-6 measurements in certain
patients and therefore validated cut-points
would be necessary to accurately deploy the
instrument across a range of phenotypes/endo-
types [10]. Finally, the ACQ-6 was not devel-
oped to assess composite criteria such as clinical
remission. Indeed, as noted above, the higher
rates of response to the other remission criteria
could suggest there may be other drivers of
symptom perception, including patient specific
attributes other than asthma, such as decondi-
tioning or subjective drivers that are not
underpinned by airway inflammation.

Ultimately, future ideations of consensus
definitions for clinical remission in severe
asthma could incorporate a different or more
comprehensive PRO assessment of asthma
control, such as the Asthma Impairment and
Risk Questionnaire (AIRQ) or the Predominant
Symptom and Impairment Assessment (PSIA)
[51, 53]. Furthermore, regardless of clinical
improvements, patients with a long history of
asthma may not score as ‘‘normal’’ on the ACQ
because of the presence of chronic symptoms,
side effects from long-term OCS use, or other
comorbidities. In such cases, the ACQ does not
provide insights into the reasons for such below
‘‘normal’’ scores; as an example, in a case where
physical deconditioning, rather than the
underlying inflammatory airway disease, is
driving perceptions of certain symptoms, this
can limit the potential to reach ACQ-6 scores
B 0.75 or even\ 1.5 [54].
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Likewise, FEV1 measurements may be
refractory to increases in some patients because
of the presence of airway remodelling [55, 56].
Ultimately, as a wider range of methods become
available to measure different individual treat-
ment response types, precision medicine
approaches like treat-to-target will be used more
widely to manage asthma. For example, the
ANDHI trial employed the novel outcome
measure PSIA that asked individual patients to
identify their most bothersome symptoms at
the outset of the study and then measured
response of these symptoms over the course of
therapy [53]. In fact, this approach could prove
to be a more accurate way to measure clinically
meaningful improvements in patients, versus a
composite PRO, given the heterogeneous clini-
cal presentation of severe asthma.

Clinical remission in severe asthma should
be considered distinct from the concept of
reversal of airway remodelling or the loose ver-
nacular of disease modification, as these are
long-term outcomes that currently lack a con-
sensus assessment method in severe asthma.
Nevertheless, there are suggestions that treat-
ment with benralizumab may lead to beneficial
structural changes in the lungs. In a study of
patients with severe eosinophilic asthma, ven-
tilation heterogeneity, as measured by
129Xe MRI and oscillometry, significantly
improved 28 days after treatment with benral-
izumab [57]. A separate study of bronchial
biopsies from patients with severe eosinophilic
asthma showed a decrease in airway smooth
muscle mass following treatment with benral-
izumab [58]. Those findings are also consistent
with a recent report, which showed pre-BD FEV1

improved for patients on benralizumab, despite
consistent bronchodilator responses over the
course of treatment, suggesting that benral-
izumab-induced lung function changes may
result from airway structural improvements
rather than changes in airway hyperreactivity
[59]. Whatever the case may be, results from the
ongoing phase 4 CHINOOK trial, which is
evaluating the effects of benralizumab on
structural and lung function changes in patients
with severe eosinophilic asthma, are expected
to clarify the impact of benralizumab on airway
remodelling [60].

Indeed, as a post hoc analysis, this study is
limited by the eligibility criteria and outcomes
of the original three pivotal, phase 3 trials:
SIROCCO, CALIMA, and ZONDA. The study
designs for SIROCCO and CALIMA prevented
patients from reducing OCS dosages during the
trial and therefore only SIROCCO and CALIMA
patients who were not using OCS at the baseline
visit could be included in this analysis. Simi-
larly, as a result of the design of the ZONDA
trial, this post hoc analysis could only include
patients who had OCS dosages of B 12.5 mg
prednisone/prednisolone equivalents per day at
the baseline visit. Likewise, as discussed earlier,
although other PRO tools (e.g. AIRQ or PSIA)
may ultimately provide additional, and possibly
more accurate, insights into levels of symptom
control among patients with severe asthma,
only ACQ-6 absolute scores were available from
the benralizumab pivotal trials, which is why
they were used for this post hoc analysis
[51, 53]. Finally, despite our efforts to identify
similar patient populations between all three
studies, differences between the trial designs
(e.g. 48 weeks in SIROCCO vs. 56 weeks in
CALIMA) and patient populations (e.g. no OCS
at baseline in SIROCCO and CALIMA vs.
B 12.5 mg/day in ZONDA) make it difficult to
extrapolate the results to longer periods of time
on treatment. Future studies should apply the
consensus clinical remission framework and
super-responder definitions to patients in real-
world evidence settings (i.e. outside the clinical
trial setting) as well as in patient populations
from other completed trials. Furthermore,
additional studies are also necessary to under-
stand how achieving the clinical remission and/
or super-responder criteria correlates clinically
to underlying disease pathology or progression.
Finally, a comparison of remission rates across
the available biologics could be useful for
clinicians.

CONCLUSIONS

Among patients in the SIROCCO/CALIMA and
ZONDA trials, 87% and 75%, respectively,
achieved C 2 composite remission components
and roughly half (54.8% and 48.5%,
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respectively) achieved C 3 remission compo-
nents within 6 months of beginning treatment
with benralizumab; the response rates were
generally similar after 12 months of treatment.
Results from this post hoc analysis show that
clinical remission in severe asthma is achievable
with benralizumab, which is targeted to treat
the underlying drivers of inflammation. Fur-
thermore, precision medicine represents a
promising way to end the age of treat-to-failure
and usher in a new era of treat-to-target, with
clinical remission as the ultimate therapeutic
goal for patients with severe asthma.
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