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What is already known about this topic? Oral corticosteroids (OCS) are commonly used in severe asthma (SA)
management, and cumulative exposure leads to numerous adverse effects. Although biologics substantially reduce OCS
intake in clinical trials, real-world evidence remains limited.

What does this article add to our knowledge? Based on robust real-world evidence, patients with SA who initiate
biologics would experience earlier and substantially greater TOCS reduction, with more than twice the likelihood of
reducing OCS daily dose by greater than 75%, or complete cessation, in the first year.

How does this study impact current management guidelines? Our study provides robust real-world evidence for
addressing international consensus on OCS tapering, highlighting the need for rigorous biologic-facilitated, personalized
tapering strategies in real-world settings, and potentially early biologic intervention with rigorous first-year monitoring.
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BACKGROUND: For severe asthma (SA) management, real-
world evidence on the effects of biologic therapies in
reducing the burden of oral corticosteroid (OCS) use is
limited.
OBJECTIVE: To estimate the efficacy of biologic initiation on
total OCS (TOCS) exposure in patients with SA from real-world
specialist and primary care settings.
METHODS: From the International Severe Asthma Registry
(ISAR, specialist care) and the Optimum Patient Care Research
Database (OPCRD, primary care, United Kingdom), adult
biologic initiators were identified and propensity score-
matched with non-initiators (ISAR, 1:1; OPCRD, 1:2). The
impact of biologic initiation on TOCS (including bursts for
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exacerbations) daily dose in the first- and second-year follow-
up period was estimated using multivariable generalized linear
models.
RESULTS: Among 5,663 patients (ISAR 48%, OPCRD 52%),
the odds ratios (ORs) of biologic initiators achieving TOCS
cessation in the first and second years of follow-up were 2.38
(95% CI, 1.87-3.04) and 2.11 (95% CI, 1.65-2.70), whereas the
ORs of low (0- to 5-mg) TOCS intake were 1.62 (95% CI, 1.40-
1.86) and 1.40 (95% CI, 1.21-1.61), respectively. Compared
with non-initiators, biologic initiators had a substantially higher
chance of achieving greater than 75% reduction from baseline
(OR [95% CI] [ 2.35 [2.06-2.68] and 1.53 [1.35-1.73] in first
and second years, respectively). These findings remained
persistent and robust when analyses were repeated with one
country setting removed at a time.
CONCLUSIONS: Biologic initiation in patients with SA led to
substantial reduction in TOCS exposure, particularly in the
first year. Future analyses will explore the impact on OCS-
related adverse health events. � 2025 The Authors. Pub-
lished by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/
by/4.0/). (J Allergy Clin Immunol Pract 2025;13:2033-48)
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INTRODUCTION

Approximately 5% to 10% of patients with asthma experience
severe asthma (SA),1 yet it disproportionately contributes to
asthma-related morbidity, mortality, and comorbidities, and ac-
counts for nearly 60% of asthma-related health care expendi-
ture.2,3 Over half of patients with SA experience frequent severe
exacerbations, defined as asthma attacks requiring oral cortico-
steroid (OCS) (�20 mg prednisolone or its equivalent for �3
days) and/or resulting in emergency department (ED) visits or
hospitalization, by the American Thoracic Society/European
Respiratory Society Task Force criteria.4 SA exacerbations lead to
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lung function decline5 and reduced quality of life,6 hindering
asthma remission and complicating SA management.7,8 Conse-
quently, patients with SA often require OCS as either long-term
daily treatment or short bursts to manage exacerbations.4,9 Over
50% of patients with SA receive repeated OCS courses to relieve
exacerbations,10 whereas 65% to 75% of users of intermittent
OCS transitioned to frequent prescriptions over 10 years11

Moreover, 10% to 15% of patients with SA are prescribed
long-term daily OCS for maintenance.11-13 Before the approval
of biologic treatments for SA,14,15 up to 57% of patients with
refractory SA in the United Kingdom16 and 24% in Belgium17
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relied on long-term OCS. To date, OCS remains widely used in
regions with limited access to biologics owing to cost, infra-
structure, and regulatory barriers.18 Moreover, 40% of patients
with SA have comorbidities associated with type 2 inflammation,
such as nasal polyps, contributing to OCS exposure.19

However, OCS exposure shows a strong, dose-dependent link
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non-SA and tripling that of the non-asthma control cohort.28

Consequently, a 2021 expert consensus recommended tapering
OCS in all patients with asthma, advocating personalizing
tapering to optimize safety and efficacy.32

Targeted biologic therapies have emerged over the past few
decades to manage SA and reduce exacerbations.33-35 Since then,
numerous landmark trials have consistently demonstrated their
superior efficacy in reducing exacerbations and improving
symptom control and lung function while minimizing OCS
use.36-46 However, real-world evidence on the OCS-sparing ef-
fect of biologics is limited because many OCS-tapering studies
either lacked a non-biologic comparator group or focused only
Novartis, Circassia, UCB, and GlaxoSmithKline, outside the submitted work. B.
Bøgvald Aarli has received speaker honoraria and/or consulting fees from AstraZe-
neca, GlaxoSmithKline, Vertex, Chiesi, Orion, and Grifols, outside the submitted
work. S. Lehmann has been an investigator on clinical trials sponsored by Glax-
oSmithKline and AstraZeneca, for which his institution has received funding. P. Kuna
reports personal fees from Adamed, AstraZeneca, Berlin Chemie Menarini, Faes
Farma, Glenmark, Novartis, Polpharma, Boehringer Ingelheim, Teva, Zentiva,
outside the submitted work. J.A. Fonseca reports grants from research agreements
with AstraZeneca, Mundipharma, Sanofi Regeneron, and Novartis; and personal fees
for lectures and attending advisory boards from AstraZeneca, GlaxoSmithKline,
Mundipharma, Novartis, Sanofi Regeneron, and Teva. C. Chaves Loureiro has
received (in the past 3 years) lecture or advisory board fees from AstraZeneca,
GlaxoSmithKline, Menarini, Sanofi, and Teva, outside this work. R. Al-Lehebi has
given lectures at meetings supported by AstraZeneca, Boehringer Ingelheim,
Novartis, GlaxoSmithKline, and Sanofi; and participated in advisory board fees from
GlaxoSmithKline, AstraZeneca, Novartis, and Abbott. A.A. Bulkhi has received
speaker lecture fees from AstraZeneca, GlaxoSmithKline, Sanofi, Novartis, Takeda,
and ALK-Abelló. He also participated in advisory boards with GlaxoSmithKline,
Sanofi, and Novartis. M. Siyue Koh reports grant support from AstraZeneca; and
honoraria for lectures and advisory board meetings paid to her hospital (Singapore
General Hospital) from GlaxoSmithKline, AstraZeneca, Novartis, Sanofi, and
Boehringer Ingelheim, outside the submitted work. C. Kook Rhee received consul-
ting/lecture fees from Merck Sharp & Dohme, AstraZeneca, GlaxoSmithKline,
Novartis, Takeda, Mundipharma, Boehringer-Ingelheim, Teva, Sanofi, Organon,
Roche, and Bayer. L. Perez-de-Llano reports grants, personal fees, and nonfinancial
support from AstraZeneca; personal fees and nonfinancial support from Glax-
oSmithKline; grants, personal fees, and nonfinancial support from Teva; personal fees
and nonfinancial support from Chiesi; grants, personal fees, and nonfinancial support
from Sanofi; personal fees from Merck Sharp & Dohme; personal fees from Techdow
Pharma; grants, personal fees, and nonfinancial support from Faes Farma; personal
fees from Leo-Pharma; grants and personal fees from Gebro; and personal fees from
Gilead, outside the submitted work. D.-W. Perng received a sponsorship to attend or
speak at international meetings; honoraria for lecturing or attending advisory boards;
and research grants from AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline,
Novartis, Daiichi Sankyo, Shionogi, and Orient Pharma. C.-C. Sheu has received
advisory board and speaker fees from AstraZeneca, Boehringer Ingelheim, Glax-
oSmithKline, Novartis, and Pfizer; and has acted as an investigator for trials spon-
sored by AstraZeneca, Novartis, Roche, Sanofi-Regeneron, Galapagos, Shionogi,
Aridis, Bristol Myers Squibb, Insmed, United Therapeutics, Enanta Pharmaceuticals,
Areteia Therapeutics, Meiji, and Horizon Therapeutics. J. Busby has received
research grants from AstraZeneca and personnel fees from NuvoAir, outside the
submitted work. L.G. Heaney has received grant funding, participated in advisory
boards, and given lectures at meetings supported by Amgen, AstraZeneca, Boeh-
ringer Ingelheim, Chiesi, Circassia, Hoffmann la Roche, GlaxoSmithKline, Novartis,
Theravance, Evelo Biosciences, Sanofi, and Teva; he has received grants from
MedImmune, Novartis UK, Roche/Genentech Inc, GlaxoSmithKline, Amgen, Gen-
entech/Hoffman la Roche, AstraZeneca, MedImmune, Aerocrine, and Vitalograph;
he has received sponsorship for attending international scientific meetings from
AstraZeneca, Boehringer Ingelheim, Chiesi, GlaxoSmithKline, and Napp Pharma-
ceuticals; he has also taken part in asthma clinical trials sponsored by AstraZeneca,
Boehringer Ingelheim, Hoffmann la Roche, and GlaxoSmithKline for which his
institution received remuneration; and he is the academic lead for the Medical
Research Council Stratified Medicine UK Consortium in Severe Asthma, which in-
volves industrial partnerships with a number of pharmaceutical companies including
Amgen, AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Hoffmann la Roche,
and Janssen. D.J. Jackson has received speaker fees and consultancy fees from
AstraZeneca, GlaxoSmithKline, Sanofi Regeneron, and Boehringer Ingelheim, and
on maintenance OCS,47 making it difficult to capture the true
impact of biologics on OCS intake. Current real-world evidence
also lacks generalizability owing to small sample sizes.48-51 The
largest to date involved 2,000 patients with SA with high OCS
intake,35 inconsistent OCS tapering protocols, and varying bio-
logic use across health care systems.

To bridge this knowledge gap, our study aimed to estimate
the real-world effectiveness of initiation of the major different
biologic medications on changes in daily total OCS (TOCS)
intake, including both long-term and burst doses, via a pooled
analysis of propensity score-matched (PSM) cohorts of patients
with SA.
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METHODS

Data sources
We pooled individual-level data from two real-world databases for

this study. The International Severe Asthma Registry (ISAR)52

included over 20,000 patients with SA recruited from asthma
specialist clinics across 29 countries as of 2024, with clinical and
health care use data collected both prospectively and retrospectively.
The Optimum Patient Care Research Database (OPCRD)53 was
composed of electronic health records of over 27 million patients
from more than 1,000 general practices across the United Kingdom.
This study included only a subset of practices with a formal
recording of specialist diagnoses and biologic prescribing, excluding
those with a lower than minimum expected proportion of biologic
prescriptions in the United Kingdom to ensure reliable biologic
prescription records. By combining these two databases, the pooled
analysis provided a unique opportunity to evaluate OCS intake in
patients with SA across both primary and secondary care settings,
while assessing the real-world effects of biologic treatment on OCS
weaning.

Study design
This was a pooled analysis of PSM cohorts from ISAR and

OPCRD, which compared changes in TOCS intake over a 2-year
follow-up relative to a 12-month pre-index period between pa-
tients with SA who initiated biologics and those who did not (see
Figure E1 in this article’s Online Repository at www.jaci-inpractice.
org). Non-biologic patients were those who used no biologics during
the entire study period. Treatment decisions and choice of biologics
were determined by treating physicians at each participating center,
following country-specific regulatory guidelines. An intention-to-
treat design was applied for biologic initiators to ensure pragmatic
estimates that account for real-world practices, including non-
adherence, switches, and discontinuation. The index date was
defined as the date of biologic initiation, whereas for non-initiators,
it was the date of study enrollment in the ISAR cohort, and for the
OPCRD cohort, a random primary care visit date between 2018 and
2019. To ensure a sufficient period of observation for meaningful
TOCS changes, all eligible patients were required to have 12 months
or more of pre-index data and 300 days or more of follow-up data on
TOCS intake. Follow-up data were censored at death (n ¼ 0),
withdrawal, loss to follow up, or 730 days from the index date,
whichever came first.

Sample
Patients aged 18 years or greater with SA were included (see

patient selection flowcharts in Figures E2 and E3 in this article’s
Online Repository at www.jaci-inpractice.org). In the ISAR cohort,
SA was defined according to the 2018 Global Initiative for Asthma
(GINA) criteria54 as either receiving GINA Step 5 treatment or
having uncontrolled disease while receiving Step 4 treatment (see
country-specific definitions in Table E1 in this article’s Online Re-
pository at www.jaci-inpractice.org). In OPCRD, SA was defined as
either receiving a biologic (ie, GINA Step 5 treatment) or having
uncontrolled disease while receiving GINA Step 4 treatment (ie,
having two or more exacerbations in the 12-month pre-index period
and four or more lifetime TOCS bursts). Patients with missing index
dates were excluded from the ISAR cohort (n ¼ 276; <2%). To
minimize confounding bias, patients were excluded if they had ever
received bronchial thermoplasty or had comorbidities requiring
regular OCS therapy (see Table E2 in this article’s Online Re-
pository at www.jaci-inpractice.org).
Matching

We applied PSM to balance treatment-related covariates between
the exposed (eg, biologic initiators) and comparison groups to reduce
bias in estimating treatment effects.55 Aligning with randomized
controlled trial (RCT)-based pooled analyses,56-58 we first performed
PSM separately within the ISAR and OPCRD cohorts, followed by a
pooled analysis of all matched pairs. Nearest-neighbor matching
with replacement59 was applied, which paired biologic initiators and
non-initiators by closest propensity score. Matching ratios of 1:1 for
the ISAR cohort and 1:2 for the OPCRD cohort were selected. The
latter scheme was to improve matching efficiency in OPCRD given
fewer biologic initiators and the large population of non-initiators.60

The PSM used propensity (logit) scores to initiate biologics
(caliper �0.1) based on the following covariates, all measured during
the 12-month pre-index period: age, sex, body mass index, common
risk factors for biologic initiation in ISAR61 (ie, levels of asthma
control, blood eosinophil count [BEC], FEV1 % predicted, FEV1/
FVC, number of exacerbations that required rescue OCS, and
presence of nasal polyps), add-on therapies including leukotriene
receptor antagonist and long-acting muscarinic antagonist, as well as
long-term OCS use. In the OPCRD cohort, because the SA defi-
nition already aligned exacerbation frequency between initiators and
non-initiators, we used asthma-related ED visits or acute hospitali-
zation. Additionally, use of antibiotics was included to identify
exacerbation history (see Table E3 in this article’s Online Repository
at www.jaci-inpractice.org). Following usual practice,62-64 we
imputed missing values (inclusive of outliers and abnormal values)
for covariates with less than 50% missingness using a robust,
nonparametric random forest algorithm.65

Outcome measures
The primary outcome was TOCS daily dose, including both

long-term and burst doses, standardized to prednisolone-equivalent
dose. Baseline dose (mg/day) was calculated by dividing the cumu-
lative TOCS dose during the 12-month pre-index period by 365
days, which were specifically recorded in ISAR and naturally
collected through patient enrollment in OPCRD. Follow-up dose
(mg/day) was calculated for the first and second year after the index
date, which divided cumulative TOCS dose during each follow-up
year by the total number of days in that year.

Next, we derived five respective study end points for the first and
second years of follow-up: (1) low TOCS daily dose, defined as 5
mg/day, including zero dose; (2) zero TOCS use; (3) any reduction
(greater than zero) in TOCS daily dose compared with baseline; (4)
optimal reduction (>75% reduction in TOCS daily dose compared
with baseline, defined in accordance to previous ISAR publica-
tions35); and (5) absolute change in TOCS daily dose compared
with baseline (see Table E4 in this article’s Online Repository at
www.jaci-inpractice.org) for additional details).

Statistical analysis
All analyses were conducted using R software (version 4.2.3, R

Foundation for Statistical Computing, Vienna, Austria) and Stata
software (version 17.1, College Station, Tex). Descriptive statistics
for baseline patient characteristics and average TOCS daily dose over
time were provided. To evaluate cohort balance (ie, systematic dif-
ferences in the distribution of covariates), was calculated the absolute
value of standardized mean difference (SMD) (see Figure E4 in this
article’s Online Repository at www.jaci-inpractice.org), with 0.1 or
less indicating balance and 0.1 to 0.25 representing acceptable bias
per guidelines.66
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For regression analysis, we used generalized linear models (GLMs)
with generalized estimation equations to account for clustered time-
series data in matched pairs. The regression model accounted for
frequency weights, adjusting for potential unequal representation
owing to matching with replacement in both cohorts and 1:2
matching in OPCRD. Logistic regression within the GLM frame-
work was applied to four binary end points: any reduction, optimal
reduction, low, and zero TOCS daily dose, whereas a GLM with a
Gaussian distribution modeled absolute changes in TOCS dose. The
exposure variable was biologic initiation, and unbalanced covariates
(SMD >0.1), including BEC, exacerbation history, baseline TOCS
daily dose, and their interactions with biologic initiation, were
further adjusted.67 Additionally, adjustments were made for follow-
up years (first or second), interactions with biologic initiation,
follow-up days, the index calendar year, the COVID-19 follow-up
period (ie, after 2020), and ISAR/OPCRD membership to account
for unmeasured systematic differences between cohorts. Treatment
effects were estimated as covariate-adjusted marginal differences for
continuous end points and odds ratios (ORs) for binary end points
at 365 and 730 days, comparing between biologic initiators versus
non-initiators.

Sensitivity analysis
Because clinical evidence suggested that OCS reduction associ-

ated with anti-IgE is less pronounced compared with other types of
biologics,68 to reduce potential heterogeneity, we conducted a
sensitivity analysis by excluding patients who initiated anti-IgE
therapy. Likewise, in this analysis of international data, ensuring
study findings were robust and not overly influenced by data from
any single country was crucial. Following the principles of jackknife
sensitivity analysis,69 we iteratively excluded each country setting,
refitted regressions on the remaining data, and pooled the five study
end points at 365 and 730 days of follow-up using random-effects
meta-analyses.

RESULTS

Patient characteristics
After excluding patients with missing index dates (ISAR: n ¼

276, <2%; OPCRD: n ¼ 0), the final cohort included 3,323
matched pairs drawn from 5,663 patients with SA. A total of
1,356 biologic initiators were matched to 1,356 non-initiators
from ISAR, and 984 biologic initiators were matched to 1,967
non-initiators from OPCRD (see Figures E2 and E3 in this ar-
ticle’s Online Repository at www.jaci-inpractice.org). Most bio-
logic initiators received anti-IL-5/5Ra treatment (69% in ISAR
and 45% in OPCRD), followed by anti-IgE treatment (23% in
ISAR and 26% in OPCRD), anti-IL-4Ra/13 treatment (8% in
ISAR and 28% in OPCRD), and anti-thymic stromal lympho-
poietin treatment (2% in OPCRD) (see Figure E5 in this article’s
Online Repository at www.jaci-inpractice.org).

Figure E4 presents the pre- and post-PSM SMD of covariates
in ISAR and OPCRD. The PSM successfully addressed sys-
tematic differences in most key factors influencing biologic
prescription in both cohorts. However, some residual differences
remained. Post-PSM, ISAR, and OPCRD patients were com-
parable in the distributions of age, sex, body mass index, un-
controlled asthma, baseline exacerbations, lung function, long-
term OCS use in general, and TOCS use in biologic initiators.
Notably, biologic initiators had similar mean (�SD) frequency
of exacerbations in the past 12 months as non-initiators in ISAR,
whereas the frequency was slightly higher in OPCRD (ISAR: 2.9
� 2.8 vs 2.7 � 2.9, SMD ¼ e0.04; OPCRD: 3.1 � 2.6 vs 2.8
� 2.3, SMD ¼ e0.11) (Table I). In ISAR, non-initiators were
more likely to use long-term OCS (48.2% vs 40.9%; SMD ¼
0.15) and had lower baseline BEC (510.6 vs 586.3/mL; SMD ¼
e0.16). These covariates were adjusted in the regression analyses.
In OPCRD, all other variables were balanced (SMDs < 0.10).
Details on pre- and post-PSM comparisons are provided in
Tables E5 and E6 (in this article’s Online Repository at www.
jaci-inpractice.org).

Crude 3-year trends of TOCS intake
In the matched sample, both in ISAR and OPCRD, biologic

initiators had higher baseline TOCS daily doses compared with
non-initiators (mean [SD]: ISAR, 6.5 [7.0] mg/day vs 5.9 [6.9]
mg/day, SMD ¼ e0.09; OPCRD, 6.0 [7.0] mg/day vs 4.6 [5.1]
mg/day, SMD ¼ e0.23), which was adjusted in regressions
(Figure 1). Over 2 years, substantial reductions in TOCS daily
dose were observed among patients with SA in both initiator and
non-initiator cohorts (ISAR, 3.3 [7.2] mg/day vs 3.7 [6.3] mg/
day; relative reductions, 49.2% vs 37.3%, SMD ¼ 0.07;
OPCRD, 4.0 [6.8] mg/day vs 3.1 [6.3] mg/day, relative re-
ductions, 33.3% vs 25.9%, SMD ¼ e0.16) (Table I).
Figures E6 and E7 show (in this article’s Online Repository at
www.jaci-inpractice.org) show the relationship between baseline
TOCS dose and absolute reductions in ISAR and OPCRD,
respectively. Whereas higher baseline dose correlated with greater
reductions, initiators generally experienced greater reductions at
similar baseline doses, both before and after PSM.

Adjusted effects of biologic initiation on achieving

low TOCS intake
In the pooled analysis, biologic initiators were more likely to

achieve low or zero OCS compared with non-initiators during
the first and second years of follow-up. Biologic initiation
compared with non-use was associated with a 1.62 times (95%
CI, 1.40-1.86; 70% vs 63%) and 1.40 times (95% CI, 1.21-
1.61; 73% vs 71%) higher chance of achieving a low TOCS
daily dose (�5 mg/day) in the first and second years, respectively
(Figure 2, A). In particular, biologic initiation increased the
chance of achieving zero TOCS use, with ORs of 2.38 (95% CI,
1.87-3.04, 28% vs 19%) in the first year and 2.11 (95% CI,
1.65-2.70, 33% vs 25%) in the second year (Figure 2, A).
Excluding Anti-IgE initiators led to similar ORs of achieving low
and zero TOCS (Ps for differences in low-dose OR: .859 and
.841 in the first and second years, respectively; Ps for differences
in zero-dose OR: .981 and .959 in the first and second years,
respectively) (Figure 2, B).

Adjusted effects of biologic initiation on reduction of

TOCS intake
Over 2 years, nearly 80% of both biologic initiators and non-

initiators experienced reductions in TOCS intake. Biologic
initiation relative to non-initiation was associated with a greater
reduction by the first year, estimated at an OR of 1.13 (95% CI,
1.09-1.19) (Figure 3, A). Regarding the absolute scale of change,
biologic initiation, compared with non-initiation, was associated
with a greater and continuous reduction in TOCS daily dose
(Figure 4, A) (respectively first year reductions, e2.44 vs e1.40
mg/day, excess reduction ¼ e1.04 mg/day [95% CI, e1.35 to
e0.74 mg/day]; second year reductions, e3.12 vs e2.64 mg/
day, excess reduction ¼ e0.48 mg/day [95% CI, e0.87 to
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TABLE I. Post-matching patient characteristics* for ISAR and OPCRD cohorts

Demographics and disease characteristics

ISAR cohort OPCRD cohort

Biologic not initiated

(n [ 1,356)

Biologic initiated

(n [ 1,356)

Standardized mean

difference Biologic not initiated (n [ 1,967)

Biologic initiated

(n [ 984)

Standardized mean

difference

Age, y (mean [SD]) 54.1 (15.7) 53.4 (13.8) 0.05 49.4 (16.8) 50.2 (15.4) e0.05

Sex, n (%) 0.04 0.02

Male 533 (39.3%) 561 (41.4%) 767 (39.0%) 392 (39.8%)

Female 823 (60.7%) 795 (58.6%) 1,200 (61.0%) 592 (60.2%)

Body mass index, kg/m2 (mean [SD]) 28.8 (6.3) 28.4 (5.9) 0.08 29.8 (7.9) 29.9 (8.2) e0.01

Symptom control in past 4 wk, n (%) 0.08 0.06

Well controlled 148 (10.9%) 183 (13.5%) 96 (4.9%) 36 (3.7%)

Partially controlled 220 (16.2%) 225 (16.6%) 683 (34.7%) 343 (34.9%)

Uncontrolled 989 (72.9%) 948 (69.9%) 1,188 (60.4%) 605 (61.5%)

Blood eosinophil count (highest), mL (mean [SD]) 510.6 (429.1) 586.3 (494.8) e0.16 838.8 (556.3) 825.7 (518.2) e0.02

FEV1 % predicted (mean [SD]) 73.2 (23.5) 73.3 (22.8) 0.00 74.5 (23.7) 74.7 (22.8) e0.01

FEV1/FVC ratio (mean [SD]) 0.7 (0.1) 0.7 (0.1) 0.04 0.7 (0.2) 0.7 (0.2) 0.04

Nasal polyps, n (%) 508 (37.5%) 551 (40.6%) 0.06 380 (19.3%) 204 (20.7%) 0.04

Use of leukotriene receptor antagonists, n (%) 354 (26.1%) 332 (24.5%) 0.04 53 (2.7%) 24 (2.4%) 0.02

Use of long-acting muscarinic antagonists, n (%) 338 (24.9%) 287 (21.2%) 0.09 867 (44.1%) 464 (47.2%) 0.06

Use of long-term OCS, n (%) 654 (48.2%) 555 (40.9%) 0.15 437 (44.2%) 438 (44.5%) 0.01

Use of antibiotics, n (%) — — — 1,400 (71.2%) 697 (70.8%) 0.01

Exacerbations in past 12 mo (mean [SD]) 2.7 (2.9) 2.9 (2.8) e0.04 2.8 (2.3) 3.1 (2.6) e0.11

Asthma-related emergency department visits
or hospitalizations
in past 12 mo (mean [SD])

0.7 (1.7) 0.6 (1.4) 0.09 0.2 (0.5) 0.2 (0.5) 0.01

Pre-index total daily OCS use (mean [SD]), mg 5.9 (6.9) 6.5 (7.0) e0.09 4.6 (5.1) 6.0 (7.0) e0.23

First year total daily OCS use, mg (mean [SD]) 5.2 (7.5) 4.7 (8.0) 0.07 3.5 (4.9) 4.6 (7.0) e0.18

Second year total daily OCS use, mg (mean [SD]) 3.7 (6.3) 3.3 (7.2) 0.07 3.1 (6.3) 4.0 (6.8) e0.16

ISAR, International Severe Asthma Registry; OCS, oral corticosteroids; OPCRD, Optimum Patient Care Research Database.
*We performed propensity score matching within the ISAR and OPCRD cohorts using baseline long-term oral corticosteroid use (yes/no) and other patient characteristics. The values for pre-index total daily OCS use, first year total daily OCS
use, and second year total daily OCS use are presented as unadjusted data.
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FIGURE 1. Distributions of mean oral corticosteroid daily dose over time for patients with baseline and at least 1 year of follow-up before
and after propensity score matching (PSM). ISAR, International Severe Asthma Registry; OPCRD, Optimum Patient Care Research
Database.
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e0.08 mg/day]). Analyses excluding anti-IgE initiators showed
similar results (Ps for differences in excess reduction: .731 and
.494 in the first and second years, respectively) (Figure 4, B).

Notably, biologic initiators had a significantly higher chance
of achieving optimal TOCS reduction (>75% reduction, with
an OR of 2.35 (95% CI, 2.06-2.68, 37% vs 21%) the first year
and 1.53 (95% CI, 1.35-1.73, 46% vs 37%) in the second year,
compared with non-initiators (Figure 3, A). The corresponding
ORs appeared similar (Ps in comparison: .702 in year 1 and .673
in year 2), yet slightly increased when anti-IgE initiators were
excluded (year 1: 2.44 [95% CI, 2.12-2.81], and year 2: 1.59
[95% CI, 1.40-1.81]) (Figure 3, B).



FIGURE 2. Association of biologic (Bx) initiation on daily total oral corticosteroids in first and second years among patients with severe
asthma for low-dose and zero-dose outcomes.

FIGURE 3. Association of biologic (Bx) initiation on daily total oral corticosteroids in first and second years among patients with severe
asthma for any reduction and optimal reduction result. OR, odds ratio; Pr, probability.

FIGURE 4. Association of biologic (Bx) initiation on daily total oral corticosteroids in first and second years among patients with severe
asthma for absolute change. *Any reduction: any reduction in total oral corticosteroid daily dose from baseline (12 months before index
date) to first or second year of follow-up. ϮOptimal reduction: 75% reduction or greater in total oral corticosteroid daily dose from baseline
(12 months before index date) to first or second year of follow-up. OR, odds ratio; Pr, probability.
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Robustness and consistency of biologic-associated

OCS-weaning effects
As shown in Figure 5 (zero TOCS and optimal reduction) and

Figures E8 to E10 (in this article’s Online Repository at www.
jaci-inpractice.org) (any reduction, low intake, and absolute
change), the leave-one-country-out sensitivity analysis revealed
persistent and robust findings in biologic-associated OCS
reduction, which were not affected by the exclusion of any single
country setting. Notably, the pooled ORs of achieving complete
cessation were respectively 1.65 (95% CI, 1.58-1.71) and 1.48
(95% CI, 1.40-1.56) in the first and second years of follow-up,
whereas pooled ORs of optimal reduction were 2.25 (95% CI,
2.16-2.34) and 1.52 (95% CI, 1.46-1.58), respectively
(Figure 5), all closely aligned with the main analysis.
DISCUSSION

To our knowledge this is the largest real-world study to date
on the impact of biologic initiation on TOCS intake in patients
with SA, pooling data from a registry of over 20,000 patients
with SA across specialist clinics in 20 countries and the United
Kingdom’s national primary care database. Key distinguishing
features of this study include its extended 2-year follow-up and
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FIGURE 5. Jackknife sensitivity for zero oral corticosteroid (OCS) and optimal reduction (>75%) in years 1 and 2. We tested the stability
of outcomes by omitting one country at a time from the analysis. The results show that the outcomes remained stable with the sig-
nificance of all four outcomes preserved, demonstrating the robustness of findings. RR, relative risk.
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detailed analyses of multidimensional measures of TOCS change,
which provided more comprehensive long-term effect estimates
and strengthened the robustness and reliability of the findings.
After rigorous PSM and regressions, we demonstrated that bio-
logic initiation was associated with greater reductions in TOCS
intake, with more pronounced effect in the first year compared
with non-initiators. The effectiveness of biologics was particu-
larly prominent in achieving optimal (>75%) reductions (OR ¼
2.35 in the first year and OR ¼ 1.53 in the second year) and
complete cessation (OR ¼ 2.38 in the first year and OR ¼ 2.11
in the second year). Excluding anti-IgE led to similar results (Ps
for differences: .981 and .959 in the first and second years,
respectively). Additionally, the inclusion of a leave-one-country-
out sensitivity analysis further strengthened the robustness and
reliability of the findings, which showed consistent TOCS re-
ductions with biologic initiation across multiple end points
across country settings. These findings lay a robust basis for the
evidence that biologic initiation effectively reduces OCS
dependence and exposure in real-world settings.

In 2024, Kyriakopoulos et al70 conducted a meta-analysis of
48 RCTs involving 16,350 patients with SA, which reported
pooled ORs of 1.68 for greater than 50% TOCS reduction and
1.74 for low TOCS dose (<5 mg/day), whereas 34.67% ach-
ieved complete cessation, with biologic initiation. The current
first-year findings were similar in achieving a low TOCS dose
(OR of 1.62 vs 1.74), and the effect size for cessation was higher
(2.38 vs 1.63). Notably, Kyriakopoulos et al primarily analyzed
anti-IL-4Ra/5/5Ra/thymic stromal lymphopoietin agents,
whereas 23% of the current biologic initiators received anti-IgE
therapy, which has lower efficacy in achieving OCS discontin-
uation.68 Importantly, patients with SA in RCTs may have been
subjected to more aggressive OCS weaning and measures to
ensure adherence to inhaled corticosteroid regimens compared
with real-world settings. Moreover, the recent largest real-world
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analysis, GLITTER,35 a large real-world analysis, focused only
on patients with SA requiring frequent (�4/year) OCS bursts or
long-term OCS therapy. In comparison, the estimated effect sizes
in the current study were also smaller (eg, low OCS dose OR:
1.62 vs 2.48; optimal reduction OR: 2.38 vs 4.01). In addition
to the regression toward the mean effect observed in GLITTER,
these differences may partially reflect the broader spectrum of
disease in the current SA cohort, which involved patients with
less OCS dependence, despite some overlap with the patients
with severest asthma in GLITTER. GLITTER focused on rela-
tive change in 1 year; therefore, given the broader SA cohort and
multiple OCS measures over 2 years in this analysis, the current
findings are likely more generalizable to the entire SA pop-
ulations across both primary and secondary care. Our findings
were largely consistent with other real-world studies despite their
small sample sizes, confirming their robustness and clinical
relevance.48-51

Although these findings revealed promising OCS-weaning
effects of biologics in real-world settings, the comparative
reduction in absolute doses remains relatively small over 2 years,
and challenges remain in achieving zero use, as indicated by
lower ORs compared with RCTs.70 For instance, only one third
of biologic initiators discontinued OCS by the second year,
whereas the average TOCS dose dropped from 6 to 7 mg/day to
3 to 4 mg/day. Potential barriers to complete cessation among
biologic initiators include long-standing prescribing practices
that over-rely on OCS for SA management and lack of aware-
ness of OCS-related adverse effects. The sensitivity analyses
showed moderate heterogeneity in OCS reduction after biologic
initiation, because excluding certain countries noticeably shifted
point estimates despite consistency in direction, suggesting
variations in tapering practices across settings. The absence of
standardized strategies for weaning long-term OCS in clinical
practice and cautious tapering protocols in clinical trials further
complicate efforts to capture corticosteroid-sparing effects fully
and the consequent avoidance of OCS-related adverse events in
SA.21,71,72 Likewise, the high cost of biologics alongside strict
reimbursement criteria, as well as insufficient knowledge of
biologic therapies outside tertiary care centers, may hamper re-
ferrals and access to biologics.

Notably, biologic-associated OCS reduction has been shown
to decrease corticosteroid-related adverse events in 61% of pa-
tients with SA,73 highlighting the urgent need for more rigorous
tapering approaches in addition to biologics. In the 2021 inter-
national consensus, experts reaffirmed the importance of estab-
lishing tapering strategies for all patients with asthma who were
receiving long-term OCS therapy, preferably using personalized
approaches.32 As such, future studies should evaluate and
implement weaning protocols to achieve biologic-facilitated OCS
weaning or elimination. In 2022, Korn et al74 reviewed OCS-
tapering methods across four RCTs75-78 and one open-label
study, PONENTE (benralizumab), the first OCS-tapering
trial.79 They concluded that stepwise dose reductions every 4
weeks could be achieved while maintaining asthma control. The
PONENTE trial demonstrated the superiority of a personalized
tapering algorithm to ensure rapid and safe OCS reduction,79

highlighting the need for an integrated management approach
that combines the prescription of biologic therapies with stan-
dardized protocols for OCS reduction.80 Thus, real-world
application of these or more aggressive approaches merits
further investigation.
In the absence of standardized OCS tapering, dose reductions
are often guided by physicians based on the perceived likelihood
of success. To assess the stability of tapering success, we extended
the analysis to the second year. Over 2 years of follow-up, all
included patients with SA experienced continuous TOCS re-
ductions, with biologic initiators achieving consistently greater
reductions compared with non-initiators. This difference was
most prominent in the first year but narrowed in the second year.
A possible reason is that responders showed timely improvement
in the first year, whereas non-responders in the first year also
failed to respond in the second year. In this study, optimal
reduction was achieved in 37% of initiators in the first year and
46% in the second year, whereas 22% saw no TOCS reduction.
Another factor could be the concern regarding adrenal suppres-
sion,21 which may be slow to resolve, particularly in high-dose
OCS users. Additionally, the differences in treatment strategies,
such as optimized inhaled therapy, vaccination, and azi-
thromycin, accompanied by more gradual OCS reduction among
non-initiators, could contribute, along with variability in biologic
effectiveness across specific drug types. For instance, anti-IL-5/
5Ra and anti-IL-4Ra/13 agents can lead to more rapid and
pronounced responses in OCS reduction compared with anti-IgE
therapy.21,81 Echoing clinical evidence, excluding anti-IgE in our
analyses led to similar results, yet with trivially increased effect
sizes, likely owing to its lower use. Because of their similar OCS-
waning effects in trials70 and our preliminary data (unpublished),
the differing distributions of anti-IL-5/5Ra and anti-IL-4Ra/13
between ISAR and OPCRD likely had a minimal impact on the
findings.

Future research should investigate OCS reduction patterns
across biologic classes while considering biologic treatment
switching. The two- to three-fold higher chance of achieving
complete cessation or optimal reductions in the first year un-
derscores the potential of biologics in transforming SA manage-
ment and reducing OCS-related burdens. Conversely, non-users
showed slower and less pronounced OCS reductions, particularly
in achieving optimal reduction or cessation over 2 years. This
highlighted the potential benefit of timely biologic initiation in
those likely to benefit, and consistent monitoring within the first
12 months to prevent irreversible adverse effects and improve
reversible ones, such as osteoporosis.73 Future research should
also focus on evaluating responders and non-responders to
asthma biologics, with a clear and standardized definition of non-
responders, to understand treatment efficacy and improve patient
stratification. A precision medicine approach is critical to opti-
mizing biologic treatment, because our post hoc analysis of RCTs
highlights significant heterogeneity in treatment responses. Key
predictors for reduced severe exacerbations (asthma-related ED
visits and/or hospitalizations) with anti-IL-5 treatment included
the exacerbation history, BEC, asthma control, and age, whereas
predictors for symptom control included BEC and nasal
polyps.21,82 However, no analysis has specifically focused on
OCS reduction. Future studies should develop biologic-specific
prediction tools to refine patient selection and maximize treat-
ment efficacy, which should account for cumulative TOCS
exposure and multidimensional benefits, including exacerbation
prevention, OCS reduction, and improvements in asthma con-
trol and lung function.

Our findings convey significant clinical implications. First, as
the ultimate aims of OCS tapering, evidence of zero dose and
optimal reduction demonstrated the real-world effectiveness of
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biologic therapy. Second, as a more sensitive measure to
differentiate responders, predictive models of absolute OCS
reduction, based on asthma phenotype and endotype, will offer
greater discriminative ability for treatment stratification,
particularly for biologics with similar overall efficacy but
benefitting distinct subgroups. Further research is needed to
refine OCS measures and assess their association with long-term
outcomes.

In addition to limitations inherent in real-world registry
data, this study has several other drawbacks. First, the lack of
key criteria for biologic prescription, such as serum IgE and
exhaled nitric oxide in OPCRD affected the effectiveness of
PSM.83 Second, geographic and socioeconomic variability in
biologic initiation were not incorporated into the PSM owing
to differences in prescription criteria and inconsistent mea-
surement of socioeconomic status across country settings.
Third, asthma control measures varied across countries and
tools, and because of data limitations in OPCRD, maintenance
and acute OCS bursts were not differentiated. Although TOCS
was the more relevant outcome, high-dose ICS were not
equated with OCS. Also, phone-only OCS prescriptions may
not be fully captured in the datasets. Fourth, heterogeneity
within the biologic initiator group, including uneven distri-
bution of biologics (<3% with tezepelumab)84 and varying
OCS-sparing effects,85 were not evaluated, but should be
explored in future research. Fifth, potential confounding may
have arisen from the methodologic choices, such as using PSM
with replacement in both ISAR and OPCRD, in which the
number of non-initiators significantly outnumbered biologic
initiators in the OPCRD cohort. Data imputation for high-
level missing variables may also have introduced residual con-
founding. Sixth, despite efforts to harmonize methodologies
between ISAR and OPCRD analyses, differences in data
collection, population characteristics, disease severity, and
health care systems might not have accounted fully for the
available variables and might have affected the comparability of
results. Seventh, data were not specifically collected on the use
of infrequent injectable corticosteroids for asthma exacerbations
during ED visits and inpatient admissions. Eighth, the
physician-driven choice of biologic initiation might have
introduced selection bias, because clinicians may prioritize bi-
ologics based on expected OCS reduction, although initiators’
clinical profiles largely followed guideline recommendations.54

Finally, the study did not assess real-world tapering strategies
or the effects of OCS reduction on asthma control, exacerba-
tions, or other outcomes; this merits further investigation to
confirm tapering success.

Biologic initiation in patients with SA was associated with
pronounced and sustained reductions in TOCS intake over
time across diverse real-world health care settings, with a two to
three times higher chance of achieving optimal reduction and
complete cessation. These results highlight the critical need for
pragmatic trials and updated clinical guidelines to optimize
biologic-facilitated OCS tapering strategies. For patients who
are ineligible for biologics, targeted strategies to expand access
may include revisiting eligibility criteria and new evaluation
methods that account for OCS effects, which can cause corti-
costeroid-masking effects by suppressing inflammation and
related biomarkers to obscure the true disease phenotype, to
differentiate OCS-affected patients from true phenotypically
ineligible patients. Future analyses will examine how biologic-
mediated OCS reductions reduce adverse health events,
further showcasing the benefits of effective OCS-sparing stra-
tegies in SA management.

Acknowledgments
The authors would like to thank Ms Pui Yee Lai (MA) of the

Observational and Pragmatic Research Institute, Singapore, for
editorial and formatting assistance that supported the devel-
opment of this publication. Also, a big thank-you to our In-
ternational Severe Asthma Registry (ISAR) collaborators (see
ISAR I Working Group in this article’s Online Repository at
www.jaci-inpractice.org). The dataset supporting the conclu-
sions of this article was derived from the ISAR. This study was
approved by the Anonymised Data Ethics Protocols and
Transparency committee, the independent scientific advisory
committee for ISAR. The authors do not have permission to
give public access to the study dataset; researchers may request
access to ISAR data for their own purposes. ISAR research
requests and proposals can be made via the ISAR Web site
(https://www.isar.opcglobal.org/contact-ushttps://isaregistries.
org/research-proposal-requests/) or via enquiries by e-mail to
info@isaregistries.org. In line with ISAR governance re-
strictions, sharing individual deidentified participant data are
subject to the consent of the ISAR steering committee in
accordance with patient consent, patient confidentiality, and
ethical considerations. The study documents (protocol, statis-
tical analysis plan, and clinical study report) will be made
available in accordance with the criteria of the European
Network of Centres for Pharmacoepidemiology and Pharma-
covigilance (EUPAS104139). Proposals should be directed to
info@isaregistries.org. To gain access, if approved by the reg-
ulatory boards, data requestors will need to sign a data access
agreement.

REFERENCES

1. Wener RR, Bel EH. Severe refractory asthma: an update. Eur Respir Rev 2013;
22:227-35.

2. Custovic A, Johnston S, Pavord I, Gaga M, Fabbri L, Bel E, et al. EAACI
position statement on asthma exacerbations and severe asthma. Allergy 2013;
68:1520-31.

3. Chen W, Safari A, FitzGerald JM, Sin DD, Tavakoli H, Sadatsafavi M. Eco-
nomic burden of multimorbidity in patients with severe asthma: a 20-year
population-based study. Thorax 2019;74:1113-9.

4. Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, BusseWW, et al.
An official American Thoracic Society/European Respiratory Society statement:
asthma control and exacerbations: standardizing endpoints for clinical asthma
trials and clinical practice. Am J Respir Crit Care Med 2009;180:59-99.

5. Brightling C, Gupta S, Gonem S, Siddiqui S. Lung damage and airway
remodelling in severe asthma. Clin Exp Allergy 2012;42:638-49.

6. McDonald VM, Hiles SA, Jones KA, Clark VL, Yorke J. Health-related quality
of life burden in severe asthma. Med J Aust 2018;209(suppl 2):S28-33.

7. Mailhot-Larouche S, Celis-Preciado C, Heaney LG, Couillard S. Identifying
super-responders: a review of the road to asthma remission. Ann Allergy
Asthma Immunol 2025;134:31-45.

8. Shackleford A, Heaney LG, Redmond C, McDowell PJ, Busby J. Clinical
remission attainment, definitions, and correlates among patients with severe
asthma treated with biologics: a systematic review and meta-analysis. Lancet
Respir Med 2025;13:23-34.

9. Bleecker ER, Menzies-Gow AN, Price DB, Bourdin A, Sweet S, Martin AL,
et al. Systematic literature review of systemic corticosteroid use for asthma
management. Am J Respir Crit Care Med 2020;201:276-93.

10. Wang E, Wechsler ME, Tran TN, Heaney LG, Jones RC, Menzies-Gow AN,
et al. Characterization of severe asthma worldwide: data from the International
Severe Asthma Registry. Chest 2020;157:790-804.

http://www.jaci-inpractice.org
https://www.isar.opcglobal.org/contact-ushttps://isaregistries.org/research-proposal-requests/
https://www.isar.opcglobal.org/contact-ushttps://isaregistries.org/research-proposal-requests/
mailto:info@isaregistries.org
mailto:info@isaregistries.org
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref1
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref1
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref2
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref2
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref2
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref3
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref3
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref3
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref4
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref4
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref4
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref4
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref5
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref5
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref6
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref6
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref7
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref7
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref7
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref8
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref8
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref8
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref8
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref9
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref9
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref9
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref10
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref10
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref10


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 13, NUMBER 8

CHEN ETAL 2047
11. Tran TN, Heatley H, Rowell J, Chan JSK, Bourdin A, Chapaneri J, et al.
Longitudinal patterns of intermittent oral corticosteroid therapy for asthma in the
United Kingdom. J Allergy Clin Immunol Glob 2024;3:100225.

12. Tran TN, King E, Sarkar R, Nan C, Rubino A, O’Leary C, et al. Oral corti-
costeroid prescription patterns for asthma in France, Germany, Italy and the UK.
Eur Respir J 2020;55:1902363.

13. Tran TN, MacLachlan S, Hicks W, Liu J, Chung Y, Zangrilli J, et al. Oral
corticosteroid treatment patterns of patients in the United States with persistent
asthma. J Allergy Clin Immunol Pract 2021;9:338-46.e3.

14. Jaun F, Tröster LM, Giezendanne S, Bridevaux P-O, Charbonnier F,
Clarenbach C, et al. Characteristics of severe asthma patients and predictors of
asthma control in the Swiss Severe Asthma Registry. Respiration 2023;102:
863-78.

15. McDowell PJ, McDowell R, Busby J, Eastwood MC, Patel PH, Jackson DJ,
et al. Clinical remission in severe asthma with biologic therapy: an analysis from
the UK Severe Asthma Registry. Eur Respir J 2023;62:2300819.

16. Sweeney J, Brightling CE, Menzies-Gow A, Niven R, Patterson CC,
Heaney LG, et al. Clinical management and outcome of refractory asthma in the
UK from the British Thoracic Society Difficult Asthma Registry. Thorax 2012;
67:754-6.

17. Schleich F, Brusselle G, Louis R, Vandenplas O, Michils A, Pilette C, et al.
Heterogeneity of phenotypes in severe asthmatics. The Belgian severe asthma
registry (BSAR). Respir Med 2014;108:1723-32.

18. Caminati M, Morais-Almeida M, Bleecker E, et al. Biologics and global burden
of asthma: a worldwide portrait and a call for action. World Allergy Organ J
2021;14:100502.

19. Canonica GW, Malvezzi L, Blasi F, Paggiaro P, Mantero M, Senna G, et al.
Chronic rhinosinusitis with nasal polyps impact in severe asthma patients: ev-
idences from the Severe Asthma Network Italy (SANI) registry. Respir Med
2020;166:105947.

20. Price DB, Trudo F, Voorham J, Xu X, Kerkhof M, Ling Zhi Jie J, et al. Adverse
outcomes from initiation of systemic corticosteroids for asthma: long-term
observational study. J Asthma Allergy 2018;11:193-204.

21. Gurnell M, Heaney LG, Price D, Menzies-Gow A. Long-term corticosteroid
use, adrenal insufficiency and the need for steroid-sparing treatment in adult
severe asthma. J Intern Med 2021;290:240-56.

22. Lee TY, Price D, Yadav CP, Roy R, Lim LHM, Wang E, et al. International
variation in severe exacerbation rates in patients with severe asthma. Chest
2024;166:28-38.

23. Sullivan PW, Ghushchyan VH, Globe G, Schatz M. Oral corticosteroid expo-
sure and adverse effects in asthmatic patients. J Allergy Clin Immunol 2018;
141:110-6.e7.

24. Waljee AK, Rogers MA, Lin P, Singal AG, Stein JD, Marks RM, et al. Short
term use of oral corticosteroids and related harms among adults in the United
States: population based cohort study. BMJ 2017;357:j1415.

25. Pfeffer PE, Brown T, Chaudhuri R, Faruqi S, Gore R, Heaney LG, et al. Impact
of comorbidities on EQ-5D quality-of-life index in severe asthma. J Allergy
Clin Immunol Glob 2024;3:100286.

26. Voorham J, Xu X, Price DB, Golam S, Davis J, Zhi Jie Ling J, et al. Healthcare
resource utilization and costs associated with incremental systemic corticoste-
roid exposure in asthma. Allergy 2019;74:273-83.

27. Stanley B, Chapaneri J, Tran TN, Maslova K, Carter V, Price D. Oral corti-
costeroid (OCS) risk predictor for osteoporosis. Eur Respir J 2021;58(suppl 65):
PA2159.

28. Canonica GW, Colombo GL, Bruno GM, Di Matteo S, Martinotti C, Blasi F,
et al. Shadow cost of oral corticosteroids-related adverse events: a pharma-
coeconomic evaluation applied to real-life data from the Severe Asthma
Network in Italy (SANI) registry. World Allergy Organ J 2019;12:100007.

29. Ramsahai JM, Wark PA. Appropriate use of oral corticosteroids for severe
asthma. Med J Aust 2018;209(suppl 2):S18-21.

30. Bulathsinhala L, Eleangovan N, Heaney LG, Menzies-Gow A, Gibson PG,
Peters M, et al. Development of the international severe asthma registry (ISAR):
a modified Delphi study. J Allergy Clin Immunol Pract 2019;7:578-88.e2.

31. Xu X, Tran TN, Golam S, Carter V, Price DB. Systemic corticosteroid dose-
response effects in asthma: an observational cohort study. ERJ Open Res
2025;11:00172-2024.

32. Suehs CM, Menzies-Gow A, Price D, Bleecker ER, Canonica GW, Gurnell M,
et al. Expert consensus on the tapering of oral corticosteroids for the treatment
of asthma. A Delphi study. Am J Respir Crit Care Med 2021;203:871-81.

33. Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention. NHLBI/WHO Workshop Report. Publication No. 95-3659.
Bethesda: National Institutes of Health National Heart, Lung, and Blood Insti-
tute; 1995.
34. Agache I, Beltran J, Akdis C, Akdis M, Canelo-Aybar C, Canonica GW, et al.
Efficacy and safety of treatment with biologicals (benralizumab, dupilumab,
mepolizumab, omalizumab and reslizumab) for severe eosinophilic asthma. A
systematic review for the EAACI Guidelines-recommendations on the use of
biologicals in severe asthma. Allergy 2020;75:1023-42.

35. Chen W, Tran TN, Sadatsafavi M, Murray R, Wong NCB, Ali N, et al. Impact
of initiating biologics in patients with severe asthma on long-term oral corti-
costeroids or frequent rescue steroids (GLITTER): data from the international
severe asthma registry. J Allergy Clin Immunol Pract 2023;11:2732-47.

36. GriffithsTezepelumab reduces multiple key inflammatory biomarkers in patients
with severe, uncontrolled asthma in the phase 2b PATHWAY study2019B21
Severe Asthma: Clinical and Mechanistic Studies. Am J Respir Crit Care Med
2019;199:A2677.

37. Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al.
Mepolizumab for severe eosinophilic asthma (DREAM): a multicentre, double-
blind, placebo-controlled trial. Lancet 2012;380:651-9.

38. Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al.
Mepolizumab treatment in patients with severe eosinophilic asthma. N Engl J
Med 2014;371:1198-207.

39. Holguin F, Cardet JC, Chung KF, Diver S, Ferreira DS, Fitzpatrick A, et al.
Management of severe asthma: a European Respiratory Society/American
Thoracic Society guideline. Eur Respir J 2020;55:1900588.

40. Holgate S, Chuchalin A, Hebert J, Lötvall J, Persson G, Chung K, et al. Efficacy
and safety of a recombinant anti-immunoglobulin E antibody (omalizumab) in
severe allergic asthma. Clin Exp Allergy 2004;34:632-8.

41. FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, Lommatzsch M, et al.
Benralizumab, an anti-interleukin-5 receptor a monoclonal antibody, as add-on
treatment for patients with severe, uncontrolled, eosinophilic asthma (CAL-
IMA): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet
2016;388:2128-41.

42. Corren J, Parnes JR, Wang L, Mo M, Roseti SL, Griffiths JM, et al. Tezepe-
lumab in adults with uncontrolled asthma. N Engl J Med 2017;377:936-46.

43. Corren J, Menzies-Gow A, Chupp G, Israel E, Korn S, Cook B, et al. Efficacy of
tezepelumab in severe, uncontrolled asthma: pooled analysis of the PATHWAY
and NAVIGATOR clinical trials. Am J Respir Crit Care Med 2023;208:13-24.

44. Busse WW, Bleecker ER, FitzGerald JM, Ferguson GT, Barker P, Sproule S,
et al. Long-term safety and efficacy of benralizumab in patients with severe,
uncontrolled asthma: 1-year results from the BORA phase 3 extension trial.
Lancet Respir Med 2019;7:46-59.

45. Bleecker ER, FitzGerald JM, Chanez P, Papi A, Weinstein SF, Barker P, et al.
Efficacy and safety of benralizumab for patients with severe asthma uncon-
trolled with high-dosage inhaled corticosteroids and long-acting b2-agonists
(SIROCCO): a randomised, multicentre, placebo-controlled phase 3 trial. Lan-
cet 2016;388:2115-27.

46. Agache I, Song Y, Rocha C, Beltran J, Posso M, Steiner C, et al. Efficacy and
safety of treatment with dupilumab for severe asthma: a systematic review of the
EAACI guidelines—recommendations on the use of biologicals in severe
asthma. Allergy 2020;75:1058-68.

47. Tanaka A, Takahashi M, Fukui A, Arita Y, Fujiwara M, Makita N, et al. Oral
corticosteroid reduction between biologics initiated and non-initiated patients
with severe asthma. J Asthma Allergy 2023;16:839-49.

48. Pelaia C, Calabrese C, Barbuto S, Busceti MT, Preianò M, Gallelli L, et al.
Omalizumab lowers asthma exacerbations, oral corticosteroid intake and blood
eosinophils: results of a 5-year single-centre observational study. Pulm Phar-
macol Ther 2019;54:25-30.

49. Harrison T, Canonica GW, Chupp G, Lee J, Schleich F, Welte T, et al. Real-
world mepolizumab in the prospective severe asthma REALITI-A study: initial
analysis. Eur Respir J 2020;56:2000151.

50. Menzella F, Fontana M, Galeone C, Ghidoni G, Capobelli S, Ruggiero P, et al.
Real world effectiveness of benralizumab on respiratory function and asthma
control. Multidiscip Respir Med 2021;16:785.

51. Bjerrum AS, Skjold T, Schmid JM. Oral corticosteroid sparing effects of anti-
IL5/anti-IL5 receptor treatment after 2 years of treatment. Respir Med 2021;
176:106260.

52. The International Severe Asthma Registry. Accessed March 20, 2025. https://
isaregistries.org/

53. Optimum Patient Care Research Database. Accessed March 20, 2025. https://
www.opcrd.optimumpatientcare.org/

54. Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention; 2018. Accessed March 20, 2025. https://ginasthma.org/wp-content/
uploads/2019/01/2018-GINA.pdf

55. Caliendo M, Kopeinig S. Some practical guidance for the implementation of
propensity score matching. J Econ Surveys 2008;22:31-72.

http://refhub.elsevier.com/S2213-2198(25)00390-3/sref11
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref11
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref11
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref12
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref12
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref12
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref13
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref13
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref13
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref14
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref14
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref14
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref14
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref15
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref15
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref15
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref16
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref16
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref16
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref16
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref17
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref17
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref17
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref18
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref18
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref18
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref19
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref19
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref19
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref19
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref20
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref20
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref20
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref21
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref21
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref21
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref22
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref22
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref22
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref23
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref23
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref23
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref24
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref24
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref24
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref25
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref25
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref25
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref26
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref26
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref26
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref27
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref27
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref27
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref28
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref28
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref28
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref28
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref29
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref29
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref30
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref30
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref30
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref31
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref31
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref31
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref32
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref32
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref32
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref33
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref33
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref33
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref33
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref34
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref34
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref34
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref34
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref34
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref35
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref35
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref35
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref35
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref36
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref36
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref36
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref36
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref37
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref37
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref37
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref38
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref38
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref38
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref39
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref39
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref39
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref40
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref40
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref40
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref41
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref41
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref41
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref41
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref41
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref42
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref42
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref43
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref43
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref43
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref44
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref44
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref44
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref44
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref45
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref45
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref45
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref45
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref45
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref46
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref46
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref46
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref46
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref47
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref47
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref47
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref48
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref48
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref48
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref48
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref49
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref49
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref49
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref50
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref50
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref50
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref51
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref51
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref51
https://isaregistries.org/
https://isaregistries.org/
https://www.opcrd.optimumpatientcare.org/
https://www.opcrd.optimumpatientcare.org/
https://ginasthma.org/wp-content/uploads/2019/01/2018-GINA.pdf
https://ginasthma.org/wp-content/uploads/2019/01/2018-GINA.pdf
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref55
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref55


J ALLERGY CLIN IMMUNOL PRACT
AUGUST 2025

2048 CHEN ETAL
56. Rothwell PM, Eliasziw M, Gutnikov S, Fox AJ, Taylor DW, Mayberg M, et al.
Analysis of pooled data from the randomised controlled trials of endarterectomy
for symptomatic carotid stenosis. Lancet 2003;361:107-16.

57. Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George B, Algra A, et al. Early
decompressive surgery in malignant infarction of the middle cerebral artery: a
pooled analysis of three randomised controlled trials. Lancet Neurol 2007;6:
215-22.

58. Chen W, Sadatsafavi M, FitzGerald JM, Lynd LD, Sin DD. Gender modifies the
effect of body mass index on lung function decline in mild-to-moderate COPD
patients: a pooled analysis. Respir Res 2021;22:1-8.

59. Austin PC. A comparison of 12 algorithms for matching on the propensity
score. Stat Med 2014;33:1057-69.

60. Breslow NE. Statistical methods in cancer research. Volume I - The analysis of
case-control studies. IARC Sci Publ 1980;32:5-338.

61. Chen W, Sadatsafavi M, Tran T, Murray RB, Wong CBN, Ali N, et al. Char-
acterization of Patients in the International Severe Asthma Registry with High
Steroid Exposure Who Did or Did Not Initiate Biologic Therapy. J Asthma
Allergy 2022;15:1491-510.

62. Bertsimas D, Pawlowski C, Zhuo YD. From predictive methods to missing data
imputation: an optimization approach. J Machine Learn Res 2018;18:1-39.

63. Zakaria NA, Noor NM. Imputation methods for filling missing data in urban air
pollution data forMalaysia. UrbanismArchitecture Constructions 2018;9:159-66.

64. Alsaber AR, Pan J, Al-Hurban A. Handling complex missing data using random
forest approach for an air quality monitoring dataset: a case study of Kuwait
environmental data (2012 to 2018). Int J EnvironRes PublicHealth 2021;18:1333.

65. Tang F, Ishwaran H. Random forest missing data algorithms. Stat Anal Data
Min 2017;10:363-77.

66. Rubin DB. Using propensity scores to help design observational studies:
application to the tobacco litigation. Health Serv Outcomes Res Methodol 2001;
2:169-88.

67. Hashmi MF, Tariq M, Cataletto ME, Hoover EL. Asthma (Nursing). In: Stat-
Pearls. Treasure Island (FL): StatPearls Publishing; 2024.

68. Pace E, Ferraro M, Bruno A, Chiappara G, Bousquet J, Gjomarkaj M. Clinical
benefits of 7 years of treatment with omalizumab in severe uncontrolled asth-
matics. J Asthma 2011;48:387-92.

69. Efron B. Bootstrap methods: another look at the jackknife. In: Kotz S,
Johnson NL, editors. Breakthroughs in statistics: Methodology and distribution.
New York, NY: Springer; 1992.

70. Kyriakopoulos C, Gogali A, Markozannes G, Kostikas K. Biologic agents
licensed for severe asthma: a systematic review and meta-analysis of rando-
mised controlled trials. Eur Respir Rev 2024;33:230238.

71. Boulet LP, Godbout K. Oral corticosteroids tapering in severe asthma. Am J
Respir Crit Care Med 2021;203:795-6.

72. Chung LP, Upham JW, Bardin PG, Hew M. Rational oral corticosteroid use in
adult severe asthma: a narrative review. Respirology 2020;25:161-72.
73. McDowell PJ, Busby J, Stone JH, Butler CA, Heaney LG. Longitudinal
Assessment of Glucocorticoid Toxicity Reduction in Patients With Severe
Asthma Treated With Biologic Therapies. J Allergy Clin Immunol Pract 2025;
13:298-307.

74. Korn S, Howarth P, Smith SG, Price RG, Yancey SW, Prazma CM, et al.
Development of methodology for assessing steroid-tapering in clinical trials for
biologics in asthma. Respir Res 2022;23:45.

75. Nair P, Pizzichini MM, Kjarsgaard M, Inman MD, Efthimiadis A, Pizzichini E,
et al. Mepolizumab for prednisone-dependent asthma with sputum eosinophilia.
N Engl J Med 2009;360:985-93.

76. Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW, et al.
Oral glucocorticoid-sparing effect of mepolizumab in eosinophilic asthma.
N Engl J Med 2014;371:1189-97.

77. Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, Kuna P, et al. Oral
glucocorticoid-sparing effect of benralizumab in severe asthma. N Engl J Med
2017;376:2448-58.

78. Rabe KF, Nair P, Brusselle G, Maspero JF, Castro M, Sher L, et al. Efficacy and
safety of dupilumab in glucocorticoid-dependent severe asthma. N Engl J Med
2018;378:2475-85.

79. Menzies-Gow A, Gurnell M, Heaney LG, Corren J, Bel EH, Maspero J, et al.
Oral corticosteroid elimination via a personalised reduction algorithm in
adults with severe, eosinophilic asthma treated with benralizumab
(PONENTE): a multicentre, open-label, single-arm study. Lancet Respir Med
2022;10:47-58.

80. Heffler E, Bagnasco D, Canonica GW. Strategies to reduce corticosteroid-
related adverse events in asthma. Curr Opin Allergy Clin Immunol 2019;19:
61-7.

81. Blakey J, Chung LP, McDonald VM, Ruane L, Gornall J, Barton C, et al. Oral
corticosteroids stewardship for asthma in adults and adolescents: a position
paper from the Thoracic Society of Australia and New Zealand. Respirology
2021;26:1112-30.

82. Chen W, Reddel HK, FitzGerald JM, Beasley R, Janson C, Sadatsafavi M. Can
we predict who will benefit most from biologics in severe asthma? A post-hoc
analysis of two phase 3 trials. Respir Res 2023;24:120.

83. Oppenheimer J, Hoyte FCL, Phipatanakul W, Silver J, Howarth P, Lugogo NL.
Allergic and eosinophilic asthma in the era of biomarkers and biologics: simi-
larities, differences and misconceptions. Ann Allergy Asthma Immunol 2022;
129:169-80.

84. Porsbjerg CM, Menzies-Gow AN, Tran TN, Murray RB, Unni B, Audrey
Ang SL, et al. Global variability in administrative approval prescription criteria
for biologic therapy in severe asthma. J Allergy Clin Immunol Pract 2022;10:
1202-6.e23.

85. Phinyo P, Krikeerati T, Vichara-Anont I, Thongngarm T. Efficacy and safety of
biologics for oral corticosteroid-dependent asthma: a systematic review and
network meta-analysis. J Allergy Clin Immunol Pract 2024;12:409-20.

http://refhub.elsevier.com/S2213-2198(25)00390-3/sref56
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref56
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref56
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref57
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref57
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref57
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref57
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref58
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref58
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref58
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref59
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref59
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref60
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref60
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref61
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref61
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref61
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref61
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref62
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref62
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref63
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref63
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref64
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref64
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref64
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref65
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref65
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref66
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref66
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref66
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref67
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref67
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref68
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref68
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref68
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref69
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref69
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref69
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref70
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref70
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref70
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref71
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref71
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref72
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref72
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref73
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref73
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref73
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref73
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref74
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref74
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref74
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref75
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref75
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref75
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref76
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref76
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref76
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref77
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref77
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref77
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref78
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref78
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref78
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref79
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref79
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref79
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref79
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref79
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref80
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref80
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref80
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref81
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref81
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref81
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref81
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref82
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref82
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref82
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref83
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref83
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref83
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref83
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref84
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref84
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref84
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref84
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref85
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref85
http://refhub.elsevier.com/S2213-2198(25)00390-3/sref85

	Impact of Biologics Initiation on Oral Corticosteroid Use in the International Severe Asthma Registry and the Optimum Patie ...
	Introduction
	Methods
	Data sources
	Study design
	Sample
	Matching
	Outcome measures
	Statistical analysis
	Sensitivity analysis

	Results
	Patient characteristics
	Crude 3-year trends of TOCS intake
	Adjusted effects of biologic initiation on achieving low TOCS intake
	Adjusted effects of biologic initiation on reduction of TOCS intake
	Robustness and consistency of biologic-associated OCS-weaning effects

	Discussion
	Acknowledgments
	References


