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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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Abbreviations used
BEC- Blood eosinophil count
ED- Emergency department
GINA- Global Initiative for Asthma
GLM- Generalized linear model
ISAR- International Severe Asthma Registry
OCS- Oral corticosteroid
OPCRD- Optimum Patient Care Research Database
PSM- Propensity score matching/matching
SA- Severe asthma
SMD- Standardized mean difference
TOCS- Total oral corticosteroids

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)

Key words: Severe asthma; Difficult-to-treat asthma; Oral corti-
costeroids; Corticosteroids; Biologics; Monoclonal antibody;
Real-world evidence; Anti-IL-5; Anti-1L-4/13; Anti-IgE
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INTRODUCTION

Approximately 5% to 10% of patients with asthma experience
severe asthma (SA),' yet it disproportionately contributes to
asthma-related morbidity, mortality, and comorbidities, and ac-
counts for nearly 60% of asthma-related health care expendi-
ture.”” 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.” SA exacerbations lead to

"School of Medicine, National Yang Ming Chiao Tung University, Taipei,
Taiwan

V“WDepartment of Chest Medicine, Taipei Veterans General Hospital, Taipei,
Taiwan

“WWWDivision of Pulmonary and Critical Care Medicine, Department of Internal
Medicine, Kaohsiung Medical University Hospital, Kaohsiung Medical Univer-
sity, Kaohsiung, Taiwan

*Department of Internal Medicine, School of Medicine, College of Medicine,
Kaohsiung Medical University, Kaohsiung, Taiwan

¥Y¥YDepartment of Medicine, Cancer Center, National Taiwan University, Taipei,
Taiwan

“**Rashid Hospital, Dubai Health, Dubai, United Arab Emirates

833College of Medicine, University of Sharjah, Sharjah, United Arab Emirates

bbbbb)fedical Education and Research Department, Dubai Health, Dubai, United
Arab Emirates

€¢“““Centre for Public Health, School of Medicine, Dentistry, and Biomedical Sci-
ences, Queen’s University Belfast, Belfast, United Kingdom

dddddyye]lcome-Wolfson Institute for Experimental Medicine, Queen’s University
Belfast, Belfast, United Kingdom

€**“Guy’s Severe Asthma Centre, School of Immunology and Microbial Sciences,
King’s College London, London, United Kingdom

fMiffR espiratory Medicine, Royal Brompton Hospital, London, United Kingdom

&888Department of Respiratory Medicine, Barts Health National Health Services
Trust, London, United Kingdom

hhhbhBarts and London School of Medicine and Dentistry, Queen Mary University of
London, London, United Kingdom

iliDjvision of Allergy and Clinical Inmunology, Department of Medicine, National
Jewish Health, Denver, Colo

jjjijepartment of Medicine, Division of Pulmonary and Critical Care Medicine,
University of Michigan, Ann Arbor, Mich

kkkkkhfarsico Lung Institute, University of North Carolina, Chapel Hill, NC

"Division of Pulmonary and Critical Care Medicine, University of Michigan, Ann
Arbor, Mich

mmmmMDivision of Allergy and Clinical Immunology, Department of Medicine,
University of Colorado School of Medicine, Aurora, Colo

"MM""National Jewish Health Cohen Family Asthma Institute, Department of Medi-
cine, National Jewish Health, Denver, Colo

099%Centre of Academic Primary Care, Division of Applied Health Sciences, Uni-
versity of Aberdeen, Aberdeen, United Kingdom

This study was conducted by Observational and Pragmatic Research Institute Pte Ltd
and was partially funded by Optimum Patient Care Global (OPCG) and Astra-
Zeneca Ltd. The International Severe Asthma Registry is operated by OPCG and
co-funded by OPCG and AstraZeneca.

Conflicts of interest: T.N. Tran is an employee of AstraZeneca and may own stocks or
stock options in AstraZeneca. AstraZeneca is a co-funder of the International Se-
vere Asthma Registry. J. Townend is an employee of the Observational and
Pragmatic Research Institute (OPRI). OPRI conducted this study in collaboration
with Optimum Patient Care, a co-funder of the International Severe Asthma
Registry. G.C. Christoff declares relevant research support from AstraZeneca and
Sanofi. M.-J. Tsai has received sponsorship to attend or speak at conferences,
honoraria for lecturing or attending advisory boards, and research grants from
AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Novartis, Pfizer, Shionogi,
and Orient EuroPharma. A. Altraja has received lecture fees from AstraZeneca,
Berlin-Chemie Menarini, Boehringer Ingelheim, CSL Behring, GlaxoSmithKline,
Merck Sharp & Dohme, Norameda, Novartis, Orion, Sanofi, Takeda, Teva, and
Zentiva; sponsorships from AstraZeneca, Berlin-Chemie Menarini, Boehringer
Ingelheim, CSL Behring, GlaxoSmithKline, Merck Sharp & Dohme, Norameda,
Novartis, Takeda, Teva, and Sanofi; and has participated in advisory boards for

J ALLERGY CLIN IMMUNOL PRACT
AUGUST 2025

lung function decline’ and reduced quality of life,” hindering
asthma remission and complicating SA management.”* Conse-
quently, patients with SA often require OCS as either long-term
daily treatment or short bursts to manage exacerbations.”” Over
50% of patients with SA receive repeated OCS courses to relieve
exacerbations,'® whereas 65% to 75% of users of intermittent
OCS transitioned to frequent prescriptions over 10 years''
Moreover, 10% to 15% of patients with SA are prescribed
long-term daily OCS for maintenance.'' ' Before the approval
of biologic treatments for SA,'*"> up to 57% of patients with
refractory SA in the United Kingdom'® and 24% in Belgium'’
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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."® Moreover, 40% of patients
with SA have comorbidities associated with type 2 inflammation,
such as nasal polyps, contributing to OCS exposure.'”
However, OCS exposure shows a strong, dose-dependent link
to adverse health events including osteoporosis, diabetes, and
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psychiatric disorders.””** In fact, even low cumulative OCS
doses (eg, four lifetime courses™) increase risks of sepsis and
thromboembolism.”* As such, OCS burden contributes to
higher morbidity, mortality, reduced quality of life, and higher
health care costs for patients with asthma.””””" In the Severe
Asthma Network in Italy registry, OCS-related adverse events
cost €242.7 million annually, doubling that of patients with
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non-SA and tripling that of the non-asthma control cohort.”
Consequently, a 2021 expert consensus recommended tapering
OCS in all patients with asthma, advocating personalizing
tapering to optimize safety and efficacy.’

Targeted biologic therapies have emerged over the past few

decades to manage SA and reduce exacerbations.”®> 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.”**® 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
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on maintenance OCS,”” 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."*>" The
largest to date involved 2,000 patients with SA with high OCS
intake,”” 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)™
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)”® 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 = 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) criteria’? 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 = 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).
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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.”” Aligning with randomized
controlled trial (RCT)-based pooled analyses,”®* we first performed
PSM separately within the ISAR and OPCRD cohorts, followed by a
pooled analysis of all matched pairs. Nearest-neighbor matching
with replacement®” 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.®’

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 ISAR®! (ie, levels of asthma
control, blood eosinophil count [BEC], FEV; % predicted, FEV,/
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,*” "
imputed missing values (inclusive of outliers and abnormal values)
for covariates with less than 50% missingness using a robust,

. . 65
nonparametric random forest algorithm.””

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-
tions””); 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.*®
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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.(‘7 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,”® 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,’” 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 =
276, <2%; OPCRD: n = 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-4Rat/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
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+ 2.8 vs 2.7 £ 2.9, SMD = —0.04; OPCRD: 3.1 & 2.6 vs 2.8
+ 2.3, SMD = —0.11) (Table I). In ISAR, non-initiators were
more likely to use long-term OCS (48.2% vs 40.9%; SMD =
0.15) and had lower baseline BEC (510.6 vs 586.3/uL; SMD =
—0.16). 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 EG6 (in this article’s Online Repository at www.

jaci-inpractice.o rg).

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 = —0.09; OPCRD, 6.0 [7.0] mg/day vs 4.6 [5.1]
mg/day, SMD = —0.23), 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 = 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 = —0.16) (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, —2.44 vs —1.40
mg/day, excess reduction = —1.04 mg/day [95% CI, —1.35 to
—0.74 mg/day]; second year reductions, —3.12 vs —2.64 mg/
day, excess reduction = —0.48 mg/day [95% CI, —0.87 to
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TABLE I. Post-matching patient characteristics* for ISAR and OPCRD cohorts

ISAR cohort OPCRD cohort
Biologic not initiated Biologic initiated Standardized mean Biologic initiated Standardized mean

Demographics and disease characteristics (n = 1,356) (n = 1,356) difference Biologic not initiated (n = 1,967) (n = 984) difference
Age, y (mean [SD]) 54.1 (15.7) 53.4 (13.8) 0.05 49.4 (16.8) 50.2 (15.4) —0.05
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) —0.01
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) —0.16 838.8 (556.3) 825.7 (518.2) —0.02
FEV; % predicted (mean [SD]) 73.2 (23.5) 73.3 (22.8) 0.00 74.5 (23.7) 74.7 (22.8) —0.01
FEV,/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) —0.04 2.8 (2.3) 3.1 (2.6) —0.11
Asthma-related emergency department visits 0.7 (1.7) 0.6 (1.4) 0.09 0.2 (0.5) 0.2 (0.5) 0.01

or hospitalizations
in past 12 mo (mean [SD])

Pre-index total daily OCS use (mean [SD]), mg 5.9 (6.9) 6.5 (7.0) —0.09 4.6 (5.1) 6.0 (7.0) —0.23
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) —0.18
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) —0.16
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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). /SAR, International Severe Asthma Registry; OPCRD, Optimum Patient Care Research

Database.

—0.08 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-inidators (Figure 3, A). The corresponding
ORs appeared similar (Ps in comparison: .702 in year 1 and .673
in year 2), yet slightly increased when ant-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).
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Original Result

No Bx, mg/d [95%Cl]
-1.40 [-1.57,-1.22]
-2.64 [-2.95,-2.33]

Bx, mg/d [95%ClI]
-2.44 [-2.70,-2.18]
-3.12 [-3.40,-2.84]

Absolute Change 1styear
2nd year

A 1.6 1.4

Result after removing Anti-IgE

No Bx, mg/d [95%CI]
-1.46 [-1.63,-1.29]
-2.67 [-2.99,-2.36]

Bx, mg/d [95%CI]
-2.58 [-2.87,-2.29]
-3.35 [-3.66,-3.04]

Absolute Change 1styear
2nd year

B -1.6 -1.4
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Marginal Difference of Biologic Initiator vs Non-initiator ~ MD (Bx vs Non-Bx) [95% Cl] P-value
_ -1.04 [-1.35,-0.74] <0.001

-0.48 [-0.87,-0.08] 0.017

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

Marginal Difference of Biologic Initiator vs Non-initiator MD (Bx vs Non-Bx) [95% CI] P-value
Lo e A — -1.12 [-1.46,-0.78] <0.001
-0.68 [-1.09,-0.26] 0.002

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.

Original Result

No Bx, Pr [95%CI] Bx, Pr [95%CIl] Odds Ratio of Biologic Initiator vs Non-initiator OR (Bx vs Non-Bx) [95% CI] P-value

Low Dose (0-5mg) 1styear 0.63[0.62,0.65] 0.70[0.68,0.72] —— 1.62 [1.40,1.86] <0.001
2nd year 0.71[0.69,0.73]  0.73[0.71,0.75] —— 1.40 [1.21,1.61] <0.001

Zero Dose (Omg)  1styear 0.19[0.17,0.21]  0.28[0.26,0.30] | 2.38 [1.87,3.04] <0.001
2nd year 0.25[0.23,0.27]  0.33[0.31,0.35] — e — 2.11[1.65,2.70] <0.001

A 0 1 2 3 4
Result after removing Anti-IgE

No Bx, Pr [95%CI] Bx, Pr [95%ClI] Odds Ratijo of Biologic Initiator vs Non-initiator OR (Bx vs Non-Bx) [95% ClI] P-value

Low Dose (0-5mg) 1styear 0.63[0.61,0.65] 0.70[0.67,0.72] ot 1.65 [1.43,1.91] <0.001
2nd year 0.70[0.68,0.72] 0.73[0.71,0.76] —— 1.43 [1.23,1.66] <0.001

Zero Dose (Omg)  1styear 0.19[0.17,0.20]  0.29[0.27,0.31] —_ 2.39 [1.84,3.09] <0.001
2nd year 0.24[0.22,0.26]  0.34[0.31,0.37] LB e S— 2.13[1.64,2.76] <0.001

B 0 1

2 3 4

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.

Original Result

No Bx, Pr [95%CI] Bx, Pr [95%Cl] Odds Ratio of Biologic Initiator vs Non-initiator OR (Bx v Non-Bx) [95% CI] P-value
Any Reduction” 1st year 0.68[0.66,0.70]  0.76 [0.73,0.78] Ll 1.13 [1.09,1.19] <0.001
2ndyear  0.79[0.76,0.81]  0.78[0.76,0.80] 1.00 [0.96,1.05] 0.896
Optimal Reduction*1st year 0.21[0.19,0.23]  0.37 [0.35,0.40] —_—— 2.35[2.06,2.68] <0.001
2nd year 0.37[0.34,0.40] 0.46 [0.44,0.49] ——t 1.53 [1.35,1.73] <0.001
A 0 1 2 3
Result after removing Anti-IgE
No Bx, Pr [95%CI] Bx, Pr [95%CI] 0Odds Ratio of Biologic Initiator vs Non-initiator OR (Bx v Non-Bx) [95% CI] P-value
Any Reduction” 1st year 0.69[0.67,0.71]  0.78[0.76,0.80] o4 1.16 [1.11,1.21] <0.001
2ndyear  0.79[0.76,0.81]  0.80[0.78,0.82] 1.02[0.98,1.07] 0.304
Optimal Reduction™1st year 0.21[0.19,0.22]  0.38[0.35,0.41] ——— 2.44[2.12,2.81] <0.001
B 2ndyear  0.37[0.34,0.40] 0.48[0.44,0.51] ——t 1.59 [1.40,1.81] <0.001
0 1 2 3

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. TOptimaI 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.

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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RR(Optimal OCS reduction in year 1)

Effect %
omit_country (95% CI) Weight

ISAR-Argentina 2.25(1.96,2.55) 4.51

ISAR-Australia 1.87(1.65,209) 570
ISAR-Belgium 223(1.94,253) 448
ISAR-Bulgaria 223(1.94,253) 454
ISAR-Canada 2.25(1.95,2.55) 4.48
ISAR-Colombia 224(193,254) 436
ISAR-Denmark 213(1.84,242) 453
ISAR-Greece 233(202,264) 434
ISAR-India 225(1.95,254) 451
ISAR-Italy 207 (1.81,2.34) 498
ISAR-Japan 2.13(1.86,2.40) 4.89
ISAR-Korea 240(208,272) 413
ISAR-Kuwait 239(206,271) 4.1
ISAR-Mexico 2.25(1.96,255) 4.50
ISAR-Poland 225(1.96,255) 451

ISAR-Saudi Arabia
ISAR-Singapore

2.25(1.95,2.55) 4.51
225(1.96,2.55) 451

ISAR-Spain 226(1.96,2.56) 4.47
ISAR-Taiwan 2.25(1.96,2.55) 447
ISAR-UAE 277(241,3.13) 368
ISAR-UK 195(1.71,218) 548
ISAR-USA 253(212,2.95) 3.05
OPCRD-UK —_—— 360(2.87,434) 128

Overall, DL (I° = 50.7%, p = 0.003)
T T T

2.25(2.16, 2.34) 100.00

M Ariasnt it Tans it #rty

-5 0 5
RR(Zero OCS dose in year 1)
Effect %
omit_country (95% Cl) Weight

ISAR-Argentina 1.66(1.41,1.91) 447

ISAR-Australia 1.36(1.21,152) 7.19
ISAR-Belgium 1.61(1.36,1.86) 4.46
ISAR-Bulgaria 1.64(1.39,1.88) 454
ISAR-Canada 1.65(1.40,1.89) 4.50
ISAR-Colombia 1.61(1.37,1.85) 465
ISAR-Denmark 1.561(1.25,1.76) 4.38
ISAR-Greece 167(142,192) 441
ISAR-India 1.66(1.41,1.90) 4.49
ISAR-Italy 1.64(1.40,1.89) 458
ISAR-Japan 1.55(1.32,1.78) 4.88
ISAR-Korea 1.69(1.43,1.94) 433
ISAR-Kuwait 1.81(1.52,2.09) 3.71
ISAR-Mexico 166 (1.41,191) 447
ISAR-Poland 167(1.42,191) 446

ISAR-Saudi Arabia
ISAR-Singapore

166 (1.41,1.91) 4.47
166(1.41,191) 447

ISAR-Spain 168(1.43,1.94) 4.33
ISAR-Taiwan 1,64 (1.40,1.89) 4.48
ISAR-UAE 234(1.98,271) 260
ISAR-UK 151(1.31,1.72) 5656
ISAR-USA 1.90 (1.67,2.22) 3.09
OPCRD-UK 1.90(1.40,2.40) 153

Overall, DL (I° = 37.2%, p = 0.038)

T T
-2 0

NOTE: Weights are from random-effects model

1.65(1.58, 1.71) 100.00

o T
f
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RR(Optimal OCS reduction in year 2)

Effect %
omit_country (95% CI) Weight

ISAR-Argentina 1.53(1.33,1.72) 4.47

ISAR-Australia nad 1.10(0.97,1.23) 592
ISAR-Belgium 151(1.31,1.71) 447
ISAR-Bulgaria 1.53(1.33,1.73) 4.44
ISAR-Canada 1.52(1.32,1.72) 4.45
ISAR-Colombia 163(1.41,1.86) 4.01
ISAR-Denmark 1.46(1.26,1.66) 4.42
ISAR-Greece 157(1.36,1.78) 427
ISAR-India 1.53(1.33,1.73) 4.46
ISAR-Italy 1.43(1.25,1.61) 488
ISAR-Japan 164 (1.41,1.86) 4.01
ISAR-Korea 163(1.41,1.85) 4.05
ISAR-Kuwait 1.562(1.33,1.72) 4.52
ISAR-Mexico 1.53(1.33,1.73) 4.46
ISAR-Poland 153(1.33,1.73) 446

ISAR-Saudi Arabia
ISAR-Singapore

1.53(1.33,1.73) 4.46
153(1.33,1.73) 4.46

ISAR-Spain 152(1.32,1.71) 451
ISAR-Taiwan 1.52(1.32,1.72) 4.44
ISAR-UAE 154 (1.34,1.73) 456
ISAR-UK 144(127,162) 490
ISAR-USA 1.83(1.85,2.11) 3.14
OPCRD-UK 1.80(1.44,2.16) 227

Overall, DL (I’ = 56.4%, p < 0.000)
T T

1.52 (1.46, 1.58) 100.00

AR A A

-2 0
RR(Zero OCS dose in year 2)
Effect %
omit_country (95% Cl) Weight

ISAR-Argentina 156 (1.17,1.95) 3.95

ISAR-Australia 1.15(0.97,1.33) 18.25
ISAR-Belgium 151(1.14,189) 419
ISAR-Bulgaria 1.56(1.18,1.94) 4.08
ISAR-Canada 1.54(1.16,1.92) 4.09
ISAR-Colombia 1.52(1.16,1.89) 4.42
ISAR-Denmark 1.42(1.06,1.77) 464
ISAR-Greece 1.58(1.18,1.97) 378
ISAR-India 1.56(1.17,1.95) 3.97
ISAR-Italy 1.56(1.18,1.94) 412
ISAR-Japan 1.79(1.38,2.21) 3.46
ISAR-Korea 162(1.21,2.04) 347
ISAR-Kuwait 159(1.13,2.04) 288
ISAR-Mexico 1.56 (1.17,1.95) 3.96
ISAR-Poland 1.56 (1.18,1.95) 3.93

ISAR-Saudi Arabia
ISAR-Singapore

1.56 (1.17,1.95) 3.95
1.56 (1.17,1.95) 3.95

ISAR-Spain 1.56 (1.16,1.96) 3.76
ISAR-Taiwan 1.55(1.17,1.94)  4.00
ISAR-UAE 1.73(1.10,2.36) 1.50
ISAR-UK 1.39(1.10,1.67) 7.4
ISAR-USA 170(1.15,2.24)  1.96
OPCRD-UK 221(1.11,332) 048

Overall, DL (I’ = 0.0%, p = 0.512)
T T
-2 0

NOTE: Weights are from random-effects model

1.48 (1.40, 1.56) 100.00
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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.

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 =
2.35 in the first year and OR = 1.53 in the second year) and
complete cessation (OR = 2.38 in the first year and OR = 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 al’’ 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-4Rot/5/5Ra/thymic lymphopoietin  agents,
whereas 23% of the current biologic initiators received anti-IgE
therapy, which has lower efficacy in achieving OCS discontin-
uation.”® 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

stromal
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analysis, GLITTER,” 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. ™!

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.”” 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.”"""7% 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,”” 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.”” As such, future studies should evaluate and
implement weaning protocols to achieve biologic-facilitated OCS
weaning or elimination. In 2022, Korn et al’* reviewed OCS-
tapering methods across four RCTs””® and one open-label
study, PONENTE (benralizumab), the first OCS-tapering
trial.”” 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,””
highlighting the need for an integrated management approach
that combines the prescription of biologic therapies with stan-
dardized protocols for OCS reduction.’” Thus, real-world
application of these or more aggressive approaches merits
further investigation.
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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,”! 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-4R0//13 agents can lead to more rapid and
pronounced responses in OCS reduction compared with anti-IgE
therapy.”"*" 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 trials’’ 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.”” 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 RCT's
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.”** 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.%? 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)®® and varying
OCS-sparing effects,®” 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.”
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
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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.
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