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Background: Long-term use of oral corticosteroids (OCS) is associated with a risk of adverse events and comorbidi-
ties. As such, a goal in assessing the efficacy of biologics in severe asthma is often to monitor reduction in OCS usage.
Importantly, however, OCS dose reductions must be conducted without loss of disease control.

Main body: Herein, we describe the development of OCS-sparing study methodologies for biologic therapies in
patients with asthma. In particular, we focus on four randomized, placebo-controlled, parallel-group studies of vary-
ing sizes (key single-center study [n=20], SIRIUS [n =135], ZONDA [n=220], VENTURE [n=210]) and one open-

label study (PONENTE [n =598]), which assessed the effect of asthma biologics (mepolizumab, benralizumab or
dupilumab) on OCS use using predefined OCS-tapering schedules. In particular, we discuss the evolution of study
design elements in these studies, including patient eligibility criteria, the use of tailored OCS dose reduction sched-
ules, monitoring of outcomes, the use of biomarkers and use of repetitive assessments of adrenal function during OCS

Conclusion: Taken together, these developments have improved OCS-sparing asthma studies in recent years and
the lessons learned may help with optimization of further OCS-sparing studies, and potentially clinical practice in the
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Background

Patients with severe asthma often require regular oral
corticosteroids (OCS) to maintain asthma control [1,
2]. For patients with severe allergic or severe eosino-
philic asthma who experience poor symptom control
and/or frequent asthma exacerbations, despite the use
of high-dose inhaled corticosteroids (ICS), long-acting
B,-agonists (LABA) and/or maintenance OCS, the use
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of biologic treatments as add-on therapy is becoming
the new standard of care [2]. Five biologics are now
approved for the treatment of severe asthma. Omali-
zumab is an anti-immunoglobulin E antibody approved
for the treatment of moderate-to-severe persistent
allergic asthma [3, 4]. Mepolizumab, reslizumab and
benralizumab are anti—interleukin-5/anti—interleukin-5
receptor humanized monoclonal antibodies approved
in the USA and Europe for the treatment of severe
eosinophilic asthma [5-10]. Most recently, dupilumab,
an anti—interleukin-4 receptor alpha monoclonal anti-
body was approved in the USA for the treatment of
moderate-to-severe eosinophilic or OCS-dependent
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asthma and in Europe for the treatment of severe
asthma with type 2 inflammation [11, 12].

Studies assessing the efficacy of biologics for the
treatment of asthma often aim to reduce the use of
OCS, in turn, reducing the risk of adverse events
(AEs) and comorbidities associated with chronic OCS
use [13-15]. However, this must be done without loss
of disease control; current guidance and data from
less recent publications on the strategy for reducing
maintenance OCS use in patients initiating biologic
treatment are insufficient [2, 16, 17]. In a clinical trial
setting, suitable patient selection criteria and effective
OCS dose tapering strategies are key when assessing
biologic asthma therapies, to ensure trial outcomes are
clinically informative [18].

Here, we describe the development of OCS-sparing
study methodologies for biologic therapies in patients
with asthma. In particular, we focus on lessons learned
from four randomized, placebo-controlled, parallel-group
studies: a key single-center study (mepolizumab) [19],
SIRIUS (mepolizumab) [20], ZONDA (benralizumab)
[21], VENTURE (dupilumab) [22] and one open-label
study (PONENTE [benralizumab]) [23, 24]. All these
studies assessed the effect of asthma biologics on OCS
use using predefined OCS-tapering schedules (Table 1).

Patient selection
Across the OCS-tapering studies, patients had simi-
lar asthma disease phenotypes (Table 2); all studies
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targeted patients with severe asthma who were on regu-
lar maintenance OCS [19-24]. Continuous OCS use was
required for all studies but the amount of time patients
were required to have been receiving maintenance OCS
differed (Table 2) [19-24]. There were also differences
in the prednisone equivalent OCS dose required for
eligibility for the five studies (Table 2) [19-24]. Addi-
tionally, patients in SIRIUS were stratified at randomi-
zation by history of maintenance OCS use (<5 years
versus>5 years) based on an assumption that OCS
tapering would be more difficult in patients who had
been receiving maintenance OCS for a long period [20].
Further differences in eligibility criteria included varying
exacerbation history and blood eosinophil count require-
ments (Table 2).

The evolution of eligibility criteria since the key sin-
gle-center study has led over time to study populations
in the larger multicenter studies that more precisely
reflect patients for whom biologic therapy is appropri-
ate in real-world clinical practice. The inclusion crite-
ria for the most recent studies ensured that patients
have severe asthma with active eosinophilic inflamma-
tion. In addition, the need for stable OCS use prior to
initiation of a biologic has been introduced, with three
of the four most recent studies (SIRIUS, VENTURE
and PONENTE) requiring a stable OCS dose prior to
enrollment/screening.

Table 1 Asthma biologic studies with pre-defined OCS-tapering schedules

Study Study initiation Trial type Treatment Dosing frequency Patients (ITT)
Key single-center study [19] 2005 Phase 2 Mepolizumab 750 mg  Every 4 weeks for 16 weeks 20
(NCT00292877) RCT IV or placebo
Double-blind
Parallel-group
SIRIUS [20] (NCT01691508) 2012 Phase 3 Multicenter  Mepolizumab Every 4 weeks for 24 weeks 135
RCT 100 mg SC or placebo
Double-blind
Parallel-group
ZONDA [21] (NCT02075255) 2014 Phase 3 Benralizumab Every 4 weeks for 12 weeks fol- 220
Multicenter 30mg SCor placebo  lowed by every 4 weeks or every
RCT 8 weeks for 16 weeks (total dura-
Double-blind tion: 28 weeks)
Parallel-group
VENTURE [22] (NCT02528214) 2015 Phase 3 Dupilumab Every 2 weeks for 24 weeks 210
Multicenter 300 mg SC or placebo
RCT
Double-blind
Parallel-group
PONENTE [23, 24] (NCT03557307) 2018 Phase 3b Benralizumab Every 4 weeks for 8 weeks (first3 598
Multicenter 30mg SC doses) followed by every 8 weeks
Open-label until end of treatment*
Single-arm

ITT intent-to-treat population, IV intravenous, OCS oral corticosteroid, RCT randomized controlled trial, SC subcutaneous

*The open-label benralizumab treatment period consists of a 4-week induction phase, a variable OCS tapering phase and a 24-32-week maintenance phase
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Table 2 Eligibility criteria for OCS-sparing studies

Study reference Patient  Asthma phenotype Receiving

age OCS at

Duration of OCS dose*range  Asthma diagnosis
continuous OCS use  at baseline (mg/ criteriat

(years)

enrollment

day)

Key single- 18-70
center study [19]
(NCT00292877)

SIRIUS [20] >12
(NCT01691508)

ZONDA [21] 18-75
(NCT02075255)

VENTURE [22] >12
(NCT02528214)

PONENTE [23, 24] >18
(NCT03557307)

Asthma with persis-
tent sputum eosino-
philia despite OCS

Severe eosinophilic
asthma

Severe eosinophilic
asthma

OCS dependent
severe asthma l |

Severe eosinophilic
asthma

Yes

Yes

Yes

Yes

Yes

> 4 weeks 5-25

> 6 months 5-35
Stable: for>1 month

> 6 months 7.5-40

> 6 months 5-35
Stable: for> 1 month

>3 months >5
Stable: for > 4 weeks

«Variable airway
obstruction® in the
previous 8 years

+ Sputum eosino-
phil> 3%

- Peripheral blood eosin-
ophil count > 300 cells/
pL in the 12 months
prior to screening
or>150 cells/uL during
OCS dose optimization
period

- Airway obstruction®,
reversibility I, hyper-
responsiveness** within
12 months or variability
during OCS dose optimi-
zation period'"

- Very high-dose ICS*
plus > 1 controller
for>3 months

« Peripheral blood
eosinophil count > 150
cells/uL at enrollment

« > 1 exacerbation in the
prior 12 months

+ Medium-to-high dose
ICS®S for > 12 months

- LABA for>12 months

+ No eosinophil count
requirement

- High-dose 1CS™
(stable: for > 1 month)
plus > 1 controller
for>3 months

- Airway obstruction®,
reversibility I or hyper-
responsiveness** within
12 months

« Peripheral blood
eosinophil count > 150
cells/uL at enrollment
or> 300 cells/pL in

the 12 months prior to
enrollment

- High-dose ICS™ plus
LABA for > 6 months

FEV, forced expiratory volume in 1's, FVC forced vital capacity, /ICS inhaled corticosteroid, LABA long-acting B,-agonist, OCS oral corticosteroid, PC20 provocative
concentration of methacholine resulting in a 20% decrease in FEV;, PD20 provocative dose of methacholine resulting in a 20% decrease in FEV,

*Prednisone or equivalent; Tprior to enrollment, unless otherwise stated; *at least a 25% reduction in FEV, at the time of exacerbation; §pre—bronchodilator FEV, <80%
predicted in patients > 18 years of age (in SIRIUS, patients 12-17 years of age had to have pre-bronchodilator FEV, <90% predicted or FEV,/FVC ratio <0.8; In
VENTURE, adolescents had to have pre-bronchodilator FEV, <90% predicted); | FEV, > 12% and 200 mL; Yor FEV, >20% between two consecutive clinical visits
(excluding exacerbations); **PC20 <8 mg/mL or PD20 < 7.8 pumol; "> 20% diurnal variability in peak flow for > 3 days during OCS dose optimization; ¥ > 880 ug/

day fluticasone propionate (12-17 years of age > 440 pg/day,

); 8§

> 250 pg fluticasone dry powder formulation equivalents total daily dose;

I based on the Global

Initiative for Asthma (GINA) 2014 guidelines (a history of respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that vary over time
and in intensity, together with variable expiratory airflow limitation); "fluticasone propionate at a total daily dose of > 500 ug or equipotent equivalent

Trial design and OCS-tapering schedule
In the key single-center study, the OCS dose was reduced
providing the patient had not experienced a defined

exacerbation and target doses were 0, 2.5 and 5 mg/day
in patients requiring daily OCS doses of<10, 10—<15
and > 15 mg/day at baseline, respectively [19]. Additional
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information detailing the criteria for not further reduc-
ing OCS dose during the OCS reduction period for each
study can be found in the Additional file 1.

Building upon the OCS-tapering methodology used
in the single-center study, the subsequent trials were
able to use a more tailored approach (Fig. 1a and b).
SIRIUS was the first study to include an OCS dose opti-
mization phase, which aimed to reduce a patient’s OCS
dose to the lowest possible effective dose while main-
taining asthma control prior to randomization to bio-
logic treatment [20]. During the 3—-8-week OCS dose
optimization phase in SIRIUS, OCS dose was reduced
weekly until asthma worsening was observed, defined as
worsening of asthma symptoms (a > 0.5-point increase
in Asthma Control Questionnaire [ACQ]-5 score) or
an exacerbation. The optimized OCS dose was the dose
that was one titration step higher than the OCS dose
received when the patient saw an onset of asthma wors-
ening; the patient then maintained this optimized dose
for 2 weeks. Subsequently, patients entered the induc-
tion phase (4 weeks) where they were randomized to
biologic or placebo treatment, stratified by previous
duration of OCS use (<5 years versus > 5 years) as pre-
viously noted and received the optimized dose of OCS
[20]. Following the induction phase, patients entered a
16-week dose reduction phase in which the OCS dose
was reduced in a stepwise manner based on asthma
control and symptoms of adrenal insufficiency, with a
target of 0 mg/day only for those who had reached an
optimized dose of <25 mg/day prior to randomization
(Fig. 1a) [20]. For those on an optimized dose > 25 mg/
day, a target of 0 mg/day was not possible within the
24-week study in order to protect the patient from the
risk of adrenal crisis. It is unclear whether the inclu-
sion of multiple sites in multiple countries impacted
the optimization of OCS dose, given the likelihood that
OCS management practices varied across these sites/
countries, and this may also be applicable to the other
multicenter studies reported in this article.
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The subsequent ZONDA and VENTURE studies also
included OCS dose optimization phases (8 weeks and
3-10 weeks, respectively, Fig. 1b) [21, 22]. The ZONDA
study did not require a stable OCS dose at screening/
enrollment; however, the run-in (OCS dose optimiza-
tion) period included stabilization of OCS dose. Only
patients who were receiving a dose of <12.5 mg/day
at the end of the OCS dose optimization/run-in phase
were eligible for a 100% dose reduction to 0 mg/day
during the 20-week dose reduction phase (Fig. 1a) [21].
Patients in ZONDA with documented failures of OCS
dose reduction within 6 months prior to enrollment
were not required to proceed through the OCS dose
optimization phase (Additional file 1). In VENTURE,
the 16-week OCS dose reduction phase had a target
dose of 2.5 mg/day and 0 mg/day for patients with an
optimized OCS dose of > 35 mg/day and <35 mg/day,
respectively (Fig. 1a) [22]. The lowest effective OCS
dose was defined by the emergence of asthma symp-
toms (a>0.5-point increase in ACQ-5 score), the
occurrence of an exacerbation or any clinically signifi-
cant event leading to an increase in dose.

In the PONENTE study, no OCS dose optimization
phase was included, likely due to the open-label design;
however, the OCS dose reduction phase had an ini-
tial target of 5 mg/day, with further dose reductions
of 2.5 mg/day permitted for patients with no adrenal
insufficiency, assessed by adrenocorticotropic hormone
stimulation testing (Fig. la) [24]. This was the first
study to formally introduce adrenal function testing as
part of the OCS reduction protocol. For patients with
partial adrenal insufficiency or symptoms suggestive of
adrenal insufficiency (in the absence of abnormal adre-
nal insufficiency tests), OCS dose was only reduced by
1 mg/day every 4 weeks once a dose of 5 mg/day was
reached. However, in case of complete adrenal insuf-
ficiency, no further tapering in the OCS dosage was
allowed.

(See figure on next page.)

Fig. 1 OCS-sparing schedules during the OCS dosing reduction period (A) and overall trial design (B). In the key single-center study, patients with
a baseline OCS dose > 15 mg/day were not permitted to reduce their dose below 5 mg/day and patients with baseline 10-< 15 mg/day were not
permitted to reduce their dose below 2.5 mg/day; only patients with a baseline dose < 10 mg/day were permitted to reduce to 0 mg/day. In SIRIUS,
patients with an optimized OCS dose of > 25 mg/day were not permitted to reduce their dose to 0 mg/day (not permitted below 2.5 mg/day). In
ZONDA, patients with an optimized dose of between 20 and 30 mg/day were not permitted to reduce their dose below 5 mg/day and patients
with an optimized dose of 17.5 or 15 mg/day were held temporarily at 5 mg/day for at least 8 weeks before continuing OCS dose reductions; only
patients who were receiving an optimized dose of < 12.5 mg/day could reduce their dose to 0 mg/day. In VENTURE, patients with an optimized
OCS dose of > 35 mg/day were not permitted to reduce their dose below 2.5 mg/day; only patients receiving an optimized dose < 35 mg/day could
reduce their dose to 0 mg/day. Further information detailing the criteria for not reducing OCS dose for each study can be found in the Additional
file 1. Patients in ZONDA with documented failures of OCS dose reduction within 6 months prior to enrollment were not required to proceed
through the OCS dose optimization phase (Additional file 1). *Starting doses of 12.5 mg/day had an initial reduction of 2.5 mg/day (to 10 mg/day)
followed by a reduction of 5 mg/day (to 5 mg/day); "variable duration with no minimum or maximum limits, depending on individual baseline OCS
dose; “no further changes in OCS dose were permitted during this period. OCS oral corticosteroid
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Time schedule

A OCS dose reduction (mg/day) > 4-weekly
OCS dose reached (mg/day) —— 2-weekly
—> 1-weekly
Baseline OCS dose: >10 mg/day =) 51
<+ --- >+1 0/7.5
i o 25 “«--. 5025
Key single-center study Baseline OCS dose: <10 mg/day ) ——-92 o4 -
(mepolizumab) P =20

Optimized OCS dose: 35, 30, 25 and 20 mg/day  mmp 10l
* - - 15/10
__.%

Optimized OCS dose: 15, 12.5* and 10 mg/day ~ ==p 5l “-- 5

v 4--_.25
SIRIUS -~ . ) 2.5 >
(mepolizumab) Optimized OCS dose: 7.5 and 5 mg/day 1.25 s “--. 0
Optimized OCS dose: 40, 37.5, 35, 32.5, 30, 51
27.5, 25, 22.5, 20, 17.5, 15, 12.5 mg/day - “€-=s 1075
ZONDA < --,-. 25

- . 25
(benralizumab) Optimized OCS dose: 10 and 7.5 mg/day )

1.25 M 4'__.%“~ 0

Optimized OCS dose: 35, 30, 25 and 20 mg/day =) 101

o= 51510
Optimized OCS dose: 15, 12.5* and 10 mg/day ~ mmp 15 - 5
——>35
Optimized OCS dose: 7.5 and 5 mg/da S PN .
VENTURE plmiz M M “-- 0
(dupilumab) 25 —m=>
Baseline OCS dose: >20 mg/day ~ mmp 5l
20
Baseline OCS dose: >10-<20 mg/day mmp 5
l <-_10
Baseline OCS dose: >7.5-<10 mg/day =) 2.5 *_*;.9 75
5

PONENTE 25¥ 4 --.
(benralizumab) Baseline OCS dose: 25-<7.5 mg/day ‘ 2.5 v € --- > 0

B . § Fixed time schedule;
Key single-center study 6 weeks variable OCS reduction 8 weeks
t t t t t
SIRIUS EAVELTEM Fixed time schedule; variable OCS reduction
t 1 1t 1 1t
ZONDA 4 weeks Fixed time schedule; variable OCS reduction
i t t 1 1t t 1
VENTURE 3-10 weeks ERVEITERM Fixed time schedule; variable OCS reduction| | 12 weeks

t + + ¢+ ¢t t t t t t t ¢t
-0 8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Weeks

PONENTE 4 weeks Variable OCS reduction®

Biologic administered every 4 weeks for the first 3 doses,
then every 8 weeks until end of trea

Optimization/run-in Induction OCS dosing reduction Follow-up

4 Indicates administration of biologic/placebo

Fig. 1 (See legend on previous page.)
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The modifications in study design since the key single-
center study (n=20) was published in 2009 [19], have
focused on refinement of the OCS dose optimization
strategy, which has implications for the study outcomes.
An insufficient optimization period may result in a
greater reduction in OCS dose while on study treatment,
which has the potential to overemphasize the active treat-
ment effect when taken in isolation of placebo response.
Furthermore, the longer the tapering period, the greater
the potential to demonstrate a larger reduction in dose,
so this aspect of study design may affect outcomes
reported during the study. It is also worth noting that the
use of tailored OCS dose reductions based on baseline
optimal OCS dose ensures a balance between minimizing
OCS dose, maintaining asthma control and minimizing
any impact of adrenal insufficiency on patients.

Assessing asthma control during OCS-tapering

During tapering, OCS dose is reduced based on the
level of asthma control, as well as symptoms of adrenal
sufficiency (as monitored in SIRIUS, VENTURE and
PONENTE). ACQ score, forced expiratory volume in
1 s (FEV;) measurements, morning peak expiratory flow
(PEF) measurements, occurrence/history of exacerba-
tions, in addition to blood eosinophil counts, feature as
indicators of asthma control across the five OCS taper-
ing studies (see also Additional file 1) [19-24]. Addition-
ally, patients in SIRIUS used eDiaries to report their daily
symptoms allowing close monitoring of asthma control
by study investigators [20]. The use of eDiaries has now
become commonplace in subsequent studies [21-23]. As
such, methods to monitor asthma symptom control have
broadened, from the sole reliance on clinical monitor-
ing to a combination of clinical monitoring and patient-
reported monitoring using standardized questionnaires
[19-23]. Such monitoring tools provide a much more
holistic picture of asthma control throughout clinical
studies.

Biomarkers for effective OCS dose reduction
The use of biomarkers to monitor both the efficacy and
safety of reducing OCS dose in these trials can support
an individualized patient-focused approach. The OCS-
sparing studies described here did not formally identify
biomarkers to guide tapering, although serum cortisol
concentration was used in the PONENTE study [23, 24].
Blood eosinophil counts may also serve as useful indi-
cators for effective OCS-tapering in patients with eosino-
philic inflammation, as patients with OCS-dependent
asthma may present with elevated levels of type 2 inflam-
matory markers [25]. OCS-sparing studies have cor-
related elevated blood eosinophil counts to a loss of
asthma disease control [19-22]. Furthermore, an inverse
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association between OCS dose and blood eosinophil
count has been demonstrated in patients with severe
eosinophilic asthma not treated with an asthma biologic,
with reduced OCS dose being associated with increased
eosinophil count [26, 27]. Moreover, a post hoc analysis
of data from SIRIUS showed that patients with the lowest
blood eosinophil counts at baseline (<150 cells/pL) had
the highest mean OCS dose at the end of the optimiza-
tion phase [28]. As such, timely blood eosinophil count
might be useful as a potential biomarker for effective
OCS dose reduction prior to biologic treatment initia-
tion, either during OCS dose optimization in a trial set-
ting or in real-world clinical practice.

It is clear that long-term OCS use is associated with
adrenal insufficiency [29]; therefore, symptomatic meas-
urements for adrenal insufficiency (fatigue, lassitude,
weakness, nausea and vomiting, and hypotension) were
used during OCS-tapering in SIRIUS to determine the
appropriateness of reducing OCS dose. This methodol-
ogy has been developed further in the PONENTE study
by evaluating hypothalamic—pituitary—adrenal (HPA)
axis integrity for adrenal insufficiency as part of the OCS
tapering protocol. Serum cortisol concentration was
used as a biomarker for adrenal insufficiency, and an
adrenocorticotropic hormone stimulation test was per-
formed when morning cortisol concentrations were less
than the normal range but higher than that anticipated
for those with complete adrenal insufficiency [23, 24]. In
a recent Delphi consensus statement on OCS tapering
in asthma, consensus was reached on the need for phy-
sicians to assess for adrenal insufficiency, which should
involve an endocrinologist or multidisciplinary approach
[30]. Experts agreed that adrenal insufficiency should be
assessed using fasting morning cortisol, with the use of a
(short) tetracosactide/cosyntropin (e.g., Synacthen®) test
in patients with intermediate results.

Study outcomes

The need for OCS dose optimization and dose reduc-
tion phases of an appropriate length and design may
be demonstrated by comparison of outcome results
from OCS tapering studies. In VENTURE, the OCS
dose was reduced by a median of 50% in the placebo-
treated group, which is greater than that seen in the
ZONDA and SIRIUS studies, (25% and 0% reduction
with placebo, respectively)., This high placebo response
in VENTURE is suggestive of potentially inadequate
OCS optimization before randomization. When com-
paring treatment effects versus placebo, the proportion
of patients with a>90% reduction in OCS dose was
greater with biologic therapy versus placebo in each of
the VENTURE, ZONDA and SIRIUS studies (24% dif-
ference between placebo and dupilumab in VENTURE,
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a 21-25% difference between placebo and benrali-
zumab in ZONDA, and 12% difference between pla-
cebo and mepolizumab in SIRIUS). In the PONENTE
study, most patients (63%) eliminated the use of OCS
following treatment with benralizumab [24]. These
study outcomes are not, however, comparable as there
were differences between the studies in the length of
the OCS dose optimization and OCS reduction phases.
It is likely that differing study populations and varying
OCS management practices also influenced study out-
comes, particularly the differences in eosinophil count
requirement prior to the study, severity of disease and
duration of OCS therapy, given that the use of OCS in
patients with asthma has become more judicious over
time.

Ofinterest, although patients from SIRIUS, VENTURE,
ZONDA and PONENTE all had uncontrolled asthma
according to mean ACQ-5/6 scores, those in SIR-
IUS appeared to have the most severe asthma, dem-
onstrated by the highest daily OCS dose prior to
optimization (12.5-15 mg/day median dose for SIR-
IUS compared with 10.0 mg/day median dose in
ZONDA and PONENTE and 11.8 mg/day mean dose in
VENTURE). Moreover, 48% of patients in SIRIUS had
been receiving OCS for>5 years, whereas the mean
time since first OCS prescription in VENTURE was
1.7 years and 23% of patients in PONENTE had been
taking OCS for <1 year. Higher disease severity in SIR-
IUS was also indicated by the mean number of exacer-
bations experienced by each patient in the 12 months
prior to the study; in SIRIUS, patients had experienced
a mean of 2.9-3.3 severe exacerbations each in the
12 months prior to enrollment, compared with a mean
of 2.0-2.2 per patient in VENTURE, while patients in
ZONDA had experienced a mean of 2.5-3.1 exacerba-
tions and those in PONENTE had experienced a mean
of 3.0 exacerbations. These differences in baseline
disease severity are reflected in the annualized exac-
erbation rate in the placebo group, which was high-
est in SIRIUS (2.1) compared with ZONDA (1.8) and
VENTURE (1.6). Notably, the exacerbation definitions
differed slightly between these studies in that exacerba-
tions defined by OCS use required an increase of>2
times the current dose in SIRIUS and VENTURE,
whereas any temporary increase in OCS dose during
ZONDA and PONENTE was defined as an exacerba-
tion. Nonetheless, a 32% reduction in exacerbations
was seen in SIRIUS, compared with a 55-70% reduc-
tion in ZONDA and a 59% reduction in VENTURE
with each respective biologic relative to placebo.
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Conclusions

Designs for OCS tapering studies have evolved over
time. The design of the key single-center study [19] laid
the foundations for improvements in study design that
allowed OCS tapering methodologies to be successfully
applied during larger, international, multicenter stud-
ies. Building upon the first steps taken by the key single-
center study and SIRIUS, the duration and specificity of
OCS tapering, as well as the monitoring of both disease
control and safety during OCS tapering, have informed
OCS-sparing asthma studies in recent years [19-24].
The studies to date show that stepwise OCS dose reduc-
tion under biologic therapy is possible while maintaining
asthma control. While the protocols used during clinical
trials are often complex, they provide important informa-
tion on the effects of OCS-tapering methodologies that
may be useful in clinical practice. Common features of
these methodologies include a sufficient OCS dose opti-
mization phase prior to initiation of biologic treatment,
an end-target OCS dose tailored based on the OCS dose
achieved during dose optimization, and careful monitor-
ing for loss of asthma control and symptoms of adrenal
insufficiency during tapering. Though adrenal insuffi-
ciency during OCS tapering remains a concern, the steps
needed to reduce the risks are becoming clearer and bet-
ter understood. Additionally, most schedules consisted
of OCS dose reductions every 4 weeks, beginning with
reductions of either 10 mg/day or 5 mg/day for patients
with the highest baseline OCS doses and finishing with
smaller reductions of 2.5 mg/day or 1.25 mg/day until the
target dose was achieved. This general approach may be
useful in real-world settings.

Future studies may identify genes that are up- or down-
regulated during OCS tapering and these genetic mark-
ers as well as other biomarkers could help to provide a
more patient-centered approach to OCS tapering, either
prior to or during biologic therapy. Lessons learned in
the development of effective OCS-tapering trial meth-
odologies in asthma may be useful in the development of
future trials in this area and will likely help guide OCS
reduction in real-world patient care.
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