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ABSTRACT

Background: Asthma characterization using blood eosinophil count (BEC) (among other bio-
markers and clinical indices) is recommended in severe asthma (SA), but the masking effect of oral
corticosteroids (OCS), makes this challenging.

Aim: Our aim was to explore the effect of OCS use (both intermittent [iOCS] and long-term
[LTOCS]) prior to biologic initiation on SA phenotype and biomarker profile in real-life and to
characterize the burden of SA among patients prescribed LTOCS by biomarker profile.

Methods: This was a registry-based cohort study, including data from 23 countries collected
between 2003 and 2023 and shared with the Internatonal Severe Asthma Registry (ISAR). Patients
with SA were categorized into 3 cohorts, those with: (i) no prescription for OCS, (ii) prescription(s)
for iOCS (ie, �90 days in previous 12-months, usually short courses for exacerbations), and (iii)
prescriptions for LTOCS (ie, >90 days in previous 12-months). Biomarker distribution (ie, BEC,
fractional exhaled nitric oxide [FeNO], and total Immunoglobulin E [IgE]) were quantified in the
year prior to biologic initiation in patients with SA according to OCS prescription pattern. Phe-
notypes were characterized for those prescribed LTOCS according to BEC cut-off (<150
and � 150 cells/mL).

Results: Of 4305 patients included, 5.0% (n ¼ 215), 54.1% (n ¼ 2330) and 40.9% (n ¼ 1760) were
prescribed no OCS, iOCS, and LTOCS, respectively. The BEC distribution varied by prescription
pattern and LTOCS dose (<5 mg to �20 mg/day); BEC was <150 cells/mL in 28.6% (n ¼ 369/1288)
of LTOCS patients, compared to 19.5% (n ¼ 284/1460) of iOCS patients and 14.0% (n ¼ 21/150) of
those in the no OCS group. Median BEC was also significantly lower in the LTOCS versus the iOCS
group (310 vs 400 cells/mL; p < 0.001). A similar pattern was noted for IgE, but not FeNO. Among
LTOCS patients with BEC <150 cells/mL, 39.9% experienced �4 exacerbations, 75.1% had un-
controlled asthma symptoms and 55.9% had evidence of persistent airflow obstruction (compared
with 40.9%, 76.2% and 59.5% of those with BEC �150 cells/mL, respectively).

Conclusions: OCS, whether prescribed intermittently or long term, affect BEC distribution
potentially leading to heightened risk of phenotype misclassification and influencing subsequent
treatment decisions. FeNO appears to be less susceptible to OCS-induced suppression. Disease
burden was high for those in the LTOCS group and was high independent of dose and BEC. Our
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findings highlight the importance of considering OCS use, even intermittent use, when charac-
terizing SA, and suggests the need for earlier phenotyping and alternative treatment strategies for
LTOCS patients with low BEC.

Keywords: BEC, Blood eosinophil count, Fractional exhaled nitric oxide, FeNO, IgE, Immuno-

globulin E, Intermittent, Long-term
INTRODUCTION issues such as cataract or glaucoma, and psycho-
Asthma is a heterogenous condition, with
diverse phenotypes and endotypes.1–3 The type 2
(T2)-inflammatory endotype is associated with
elevated fractional exhaled nitric oxide (FeNO)
concentrations and increased blood eosinophil
count (BEC), and categorized along a continuum
of T2 involvement from T2-high to T2-low.3 The
T2-high endotype is the most common in pa-
tients with severe asthma (SA), accounting for over
80% of adults by recent estimates.3,4 Higher BEC
and/or FeNO predict exacerbation risk,5,6

healthcare resource utilisation (HCRU),7

accelerated lung function decline,8 as well as
response to biologics and inhaled corticosteroids
(ICS),9,10 and are thus important clinical metrics
to inform treatment decisions and facilitate
precision medicine in SA management. The
Global Initiative for Asthma (GINA) recommends
phenotyping at Step 5 and characterizes T2-
disease as BEC �150 cells/mL and/or FeNO
�20 ppb, and/or evidence, which is clinically
allergen-driven.3

First reported by Morrow-Brown back in 1958,11

it is now well-established that oral corticosteroids
(OCS) have limited utility in the absence of T2/
eosinophilic inflammation.3,12,13 However, in the
absence of alternatives, GINA still recommends
consideration of long-term oral corticosteroids
(LTOCS) at Step 5 as a last resort for those with
poor symptom control and/or frequent exacerba-
tions despite good inhaler technique, adherence
to treatment, and after exclusion of contributory
factors and a trial of other add-on treatments,
including biologics (where available and afford-
able).3 This GINA recommendation may explain
the high prevalence of LTOCS use in those with
SA,14 despite their well-documented cumulative
side effects, including obesity, diabetes, osteopo-
rosis, adrenal suppression, hypertension, eye
logic side effects such as depression and anxiety
and psychiatric disorders.12,13,15,16 Even short-
term OCS use, as few as 4 lifetime courses, is
associated with adverse effects.17–19 Patient and
health-care provider education on the potential
risks of both short- and long-term OCS use is ur-
gently needed. Indeed, a call to action endorsed
by both the World Allergy Organization and the
Respiratory Effectiveness Group advocates for the
implementation of OCS-sparing strategies and
development of OCS stewardship initiatives, with
the literature supporting an OCS cumulative dose
threshold of 0.5–1 g/year (prednisolone
equivalent).12

An inverse relationship exists between current
OCS dose and BEC in patients with severe eosin-
ophilic asthma,20–22 leading to the potential for
mis-classification as T2-low asthma in the pres-
ence of OCS (and also high dose ICS).23,24 This
issue is recognized by GINA which recommends
repeat biomarker profiling (up to 3 times) and at
least 1–2 weeks after OCS use or on the lowest
possible OCS dose,3 although others have
cautioned that levels may take longer to rebound
after OCS discontinuation.25 The impact of
LTOCS use on BEC is also considered when
grading likelihood of eosinophilic phenotype in
the gradient algorithm proposed by Heaney
et al.4 However, the extent and variability of BEC
suppression in response to OCS is unknown and
might vary amongst individuals. The potential
masking effect of OCS on BEC is particularly
pertinent in SA, where OCS use is prevalent14

and where their use is often stipulated as a pre-
requisite for biologic prescription in many coun-
tries.26 Some countries and individual payers
preclude biologic use in those with lower BEC,
even when receiving LTOCS.26 Whether
intermittent OCS (iOCS) versus LTOCS use have
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similar or different differential effects on BEC (and
other biomarkers) merits further study, since iOCS
use is often considered by physicians as less
harmful.19 Approximately 50% of patients with
SA treated at GINA Step 5 use OCS
intermittently.14

A low BEC does not necessarily rule out the
presence of eosinophilia,27 and if used in isolation
as an indicator of airway eosinophilia it may lead to
a substantial number of false negatives.21,28

Unfortunately, a low BEC also does not rule out
the presence of significant morbidity. Previous
research has shown a high burden of SA both
with and without elevated T2-inflammatory bio-
markers.29–31 These patients have fewer treatment
options available to them and may actually benefit
from reduction in some medication classes — T2-
low disease is often over-treated with corticoste-
roids.32 However, the relative disease burden
among LTOCS users with high BEC cut-off (who
may qualify for biologic treatment) versus those
with low BEC cut-off (who may not qualify for
biologic treatment) is under-studied. Our aim was
to explore the effect of OCS prescription (both
intermittent and long-term) prior to biologic initi-
ation on SA phenotype and biomarker profile in
real-life and to characterize the burden of disease
among LTOCS patients by biomarker profile.
METHODS

Study design and data source

This was an historical cohort study using data
from the International Severe Asthma Registry
(ISAR; https://www.isar.opcglobal.org/), the largest
adult SA registry in the world, currently holding
data on >20,000 patients from 29 countries. Pa-
tients with SA included in ISAR have been well
characterized,14 phenotyped,4 and
endotyped.33,34 The details of this registry have
been described elsewhere (and also in the online
supplement).35 Here, we have included data
from 23 countries (Argentina (n ¼ 12), Australia
(n ¼ 130), Belgium (n ¼ 180), Bulgaria (n ¼ 29),
Canada (n ¼ 163), Colombia (n ¼ 30), Denmark
(n ¼ 611), Greece (n ¼ 66), India (n ¼ 3), Italy
(n ¼ 704), Japan (n ¼ 32), Korea (n ¼ 25), Kuwait
(n ¼ 146), Mexico (n ¼ 45), Poland (n ¼ 121),
Portugal (n ¼ 9), Saudi Arabia (n ¼ 39),
Singapore (n ¼ 7), Spain (n ¼ 195), Taiwan
(n ¼ 40), United Arab Emirates (UAE; n ¼ 36),
United Kingdom (UK; n ¼ 758), and United
States of America (USA; n ¼ 924)) which shared
data with ISAR. The Index date corresponded to
date of biologic initiation. SA patients were
characterized by OCS use (none, intermittent,
and long-term), and LTOCS users subsequently
characterized according to BEC cut-off (i.e. < or
�150 cells/mL). All data were pre-biologic
initiation.
Ethics and registration

This study fulfilled requirements outlined in the
REal Life Evidence AssessmeNt Tool recommen-
dations for comparative effectiveness research
studies including a priori development of both
protocol and statistical analysis plan,36 and
complied with appropriate registration and ethics
requirements. The study was registered with the
European Network Centres for
Pharmacoepidemiology and Pharmacovigilance
(ENCePP; EUPAS 49201), and designed,
implemented, and reported in compliance with
the ENCePP and with all applicable local and
international laws and regulations. Ethics
approval was obtained from the Anonymized
Data Ethics Protocols and Transparency
Committee (ADEPT1022).
Patients

All patients were enrolled into ISAR and were
required to be � 18 years of age at date of bio-
logic initiation, have SA (consistently defined as
receiving treatment at GINA 2018 Step 5 or with
uncontrolled asthma at GINA Step 4),37 to have
initiated biologic therapy, and have registry data
for �1 year prior to subsequent biologic initiation.

Patients were categorized into 3 cohorts, those
with (i) no prescriptions for OCS, (ii) prescription(s)
for iOCS (ie, �90 days, usually short courses of
rescue steroids for the treatment of exacerbations),
and (iii) prescriptions for LTOCS (ie, >90 days) in
the 12 months prior to biologic initiation. Those in
the LTOCS group included in the characterization
by BEC cut-off analysis were also required to have
a BEC reading (most recent at or prior to biologic
initiation; S-Table 1). Those, who had received
bronchial thermoplasty, had missing biologic
initiation date, those with no pre-biologic
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assessment or those with a co-morbidity, whose
treatment guidelines conventionally include
LTOCS (eg, allergic bronchopulmonary aspergil-
losis, vasculitis, inflammatory bowel disease, im-
mune deficiency disorder), were excluded.
Variables

Demographic, biomarker, and disease charac-
teristic variables were collected (S-Table 2). BEC,
FeNO and total serum Immunoglobulin E (IgE)
concentrations were the most recent values
recorded in the 1-year period prior to biologic
initiation, a median of 0–24 days, 0–5 days and 5–
18 days for BEC, FeNO, and IgE, prior to biologic
initiation, respectively (S-Table 1). Recorded
disease characteristics were asthma onset and
duration, eosinophilic phenotype4 (S-Table 3),
exacerbations, asthma control, lung function,
asthma treatment pattern, and healthcare
resource utilization (HCRU) – ie, asthma-related
emergency department (ED) visit or hospitaliza-
tion. An exacerbation was defined as an asthma-
related hospital attendance/admission and/or an
asthma related emergency room attendance, and/
or an acute OCS course of �3 days. Asthma con-
trol was categorized as well controlled, partly
controlled, or uncontrolled according to GINA
2022 criteria,38 Asthma Control Test (ACT), or
Asthma Control Questionnaire (ACQ). Lung
function was assessed using percent predicted
forced expiratory volume in 1 s (ppFEV1) and
FEV1/forced vital capacity (FVC) and eosinophilic
gradient phenotype defined as per Heaney et al
(see online supplement).4
Statistics

Descriptive statistical analyses were pre-defined
and STATA version 18 and R 4.2.0 (Tx, USA) were
used to conduct all statistical analyses. Continuous
variables were summarized using means, standard
deviations (SD), medians, and interquartile ranges.
Categorical variables were summarized as n (%).
Comparisons between groups were carried out
using t-tests (for normally distributed variables),
Mann-Whitney tests (for non-normally distributed
continuous variables), Poisson regression for ex-
acerbations, or chi-square tests (for categorical
variables), as appropriate. Patients were included
in all analyses for which relevant data were
available. Numbers of patients with non-missing
data for each of the variables are reported in the
tables. All statistical analyses were exploratory with
P-values �0.05 considered to be statistically
significant.
RESULTS

Patient disposition

As of October 2023, ISAR included data on
17,553 adult patients with SA, of whom 9014
(51.4%) received biologics (S-Fig. 1). The
remaining exclusions were predominantly due to
insufficient data to determine their pre-biologic
OCS use (n ¼ 3737; 21.3%). In total, 4,305 pa-
tients from 23 countries were eligible for inclusion
in the present study.

Overall phenotypic characterization

The majority of patients in the final cohort were
female (61% (n ¼ 2624/4304)), aged >50 years
upon subsequent biologic initiation, overweight/
obese (69.9%; n ¼ 2688/3846), never smokers
(66.3%; n ¼ 2406/3627), had an eosinophilic
phenotype4 (88.8%; n ¼ 3285/3698) and adult-
onset disease (69.5%; n ¼ 1917/2759) (Table 1).
The majority had �2 exacerbations in the
previous year (63.6%; n ¼ 2561/4030),
uncontrolled disease (71.9%; n ¼ 2022/2813),
and evidence of persistent airflow obstruction
(53.4%; n ¼ 1700/3184) (Table 1). OCS burden
was also high, and anti-IL5/5R was the most com-
mon subsequently prescribed biologic (61.5%).
Omalizumab was the most commonly prescribed
biologic pre-2017 – see S-Table 4.

Phenotypic characterization by OCS treatment
pattern

Overall, 5.0% (n ¼ 215), 54.1% (n ¼ 2330) and
40.9% (n ¼ 1760) of patients had no prescription
for OCS, iOCS, and LTOCS, respectively (Table 1).
OCS burden was high, with a cumulative OCS
dose (prednisolone equivalent) in the last 90
days of 361 (SD 864) mg and 1523 (SD 1965) mg
in the iOCS and LTOCS groups, respectively
(p < 0.001). 36.4% of patients in the LTOCS
group were prescribed a daily dose >10 mg and
46.9% of the iOCS group had a prescription for 3
or more courses/year.



No OCS
N ¼ 215

iOCSa
N ¼ 2330

LTOCSa
N ¼ 1760

Total
N ¼ 4305

iOCS vs LTOCS
P-value

Demographic characteristics

Sex N ¼ 2329 N ¼ 4304

Female, n (%) 130 (60.5) 1424 (61.1) 1070 (60.8) 2624 (61.0) 0.822

Age at biologic initiation

Mean (SD) 52.5 (14.2) 51.9 (14.5) 53.0 (14.1) 52.4 (14.3) 0.011

Age at biologic initiation, yrs

18-34, n (%) 26 (12.1) 323 (13.9) 212 (12.0) 561 (13.0)

35-54, n (%) 83 (38.6) 936 (40.2) 668 (38.0) 1687 (39.2) 0.043

55-79, n (%) 104 (48.4) 1050 (45.1) 857 (48.7) 2011 (46.7)

�80, n (%) 2 (0.9) 21 (0.9) 23 (1.3) 46 (1.1)

BMI, kg/m2 N ¼ 186 N ¼ 2102 N ¼ 1558 N ¼ 3846
Median (IQR) 27 (24–31) 28 (24–32) 28 (24–33) 28 (24–32) 0.732
Underweight, n (%) 3 (1.6) 33 (1.6) 35 (2.2) 71 (1.8) 0.106
Normal, n (%) 61 (32.8) 581 (27.6) 445 (28.6) 1087 (28.3)
Overweight, n (%) 71 (38.2) 714 (34.0) 478 (30.7) 1263 (32.8)
Obese (�30), n (%) 51 (27.4) 774 (36.8) 600 (38.5) 1425 (37.1)

Smoking status N ¼ 183 N ¼ 1976 N ¼ 1468 N ¼ 3627
Current smoker, n (%) 7 (3.8) 62 (3.1) 41 (2.8) 110 (3.0) 0.523
Ex-smoker, n (%) 48 (26.2) 596 (30.2) 467 (31.8) 1111 (30.6)
Never smoked, n (%) 128 (69.9) 1318 (66.7) 960 (65.4) 2406 (66.3)

Biomarkers

BEC cells/mL N ¼ 150 N ¼ 1460 N ¼ 1288 N ¼ 2898
Mean (SD) 569.9 (615.3) 531.5 (525.7) 490.4 (547.0) 515.2 (540.5)
Median (IQR) 460 (210–700) 400 (200–700) 310 (100–695) 400 (180–700) <0.001

FeNO (ppb) N ¼ 126 N ¼ 1044 N ¼ 939 N ¼ 2109
Mean (SD) 45.3 (42.9) 49.3 (47.1) 58.0 (54.5) 53.0 (50.5)
Median (IQR) 36 (17–61) 34 (17–65) 40 (20–77) 36 (18–70) <0.001

IgE, IU/ml N ¼ 145 N ¼ 1272 N ¼ 778 N ¼ 2195
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Mean (SD) 530.8 (796.5) 494.7 (1747.6) 397.2 (818.9) 462.5 (1432.1)
Median (IQR) 295 (121–608) 206 (83–486) 154 (53–389) 190 (74–463) <0.001

Disease characteristics

Asthma onset age, yrs N ¼ 160 N ¼ 1494 N ¼ 1105 N ¼ 2759
Mean (SD) 30.8 (18.3) 30.0 (19.0) 29.4 (19.1) 29.8 (19.0) 0.418
<18 yrs, n (%) 43 (26.9) 454 (30.4) 345 (31.2) 842 (30.5) 0.649
�18 yrs, n (%) 117 (73.1) 1040 (69.6) 760 (68.8) 1917 (69.5)

Asthma duration, yrs N ¼ 160 N ¼ 1470 N ¼ 1081 N ¼ 2711
Mean (SD) 21.1 (15.2) 22.2 (16.4) 23.9 (16.9) 22.8 (16.5) 0.010

Eosinophil phenotypeb N ¼ 176 N ¼ 1936 N ¼ 1586 N ¼ 3698
Non eosinophilic, n (%) 5 (2.8) 77 (4.0) 0 (0.0) 82 (2.2) <0.001
Least likely, n (%) 12 (6.8) 117 (6.0) 0 (0.0) 129 (3.5)
Likely, n (%) 7 (4.0) 69 (3.6) 126 (7.9) 202 (5.5)
Most likely, n (%) 152 (86.4) 1673 (86.4) 1460 (92.1) 3285 (88.8)

Allergen tests þ ve SPT and/or þ ve SAT, n (%) N ¼ 171
98 (57.3)

N ¼ 1164
743 (63.8)

N ¼ 561
301 (53.7)

N ¼ 1896
1142 (60.2) <0.001

Exacerbations N ¼ 215 N ¼ 2327 N ¼ 1488 N ¼ 4030
Mean (SD) 0 (0) 3.5 (4.1) 3.9 (4.8) 3.5 (4.4) <0.001
0, n (%) 215 (100.0) 0 (0) 179 (12.0) 394 (9.8) <0.001
1, n (%) 0 (0) 737 (31.7) 338 (22.7) 1075 (26.7)
2, n (%) 0 (0) 498 (21.4) 235 (15.8) 733 (18.2)
3, n (%) 0 (0) 317 (13.6) 161 (10.8) 478 (11.9)
�4, n (%) 0 (0) 775 (33.3) 575 (38.6) 1350 (33.5)

Asthma controlc N ¼ 175 N ¼ 1521 N ¼ 1117 N ¼ 2813
Well controlled, n (%) 48 (27.4) 147 (9.7) 106 (9.5) 301 (10.7) 0.849
Partly controlled, n (%) 58 (33.1) 254 (16.7) 178 (15.9) 490 (17.4)
Un-controlled, n (%) 69 (39.4) 1120 (73.6) 833 (74.6) 2022 (71.9)

Lung functiond N ¼ 170 N ¼ 1616 N ¼ 917 N ¼ 2703
74.8 (22.6)
1599 (59.2)

ppFEV1, mean (SD) 80.9 (19.9) 75.2 (22.0) 72.8 (23.9) 0.011
ppFEV1 <80%, n (%) 87 (51.2) 942 (58.3) 570 (62.2) 0.057

N ¼ 168 N ¼ 1627 N ¼ 1389 N ¼ 3184

FEV1/FVC, median (IQR) 0.70 (0.61–0.78) 0.70 (0.61–0.77) 0.66 (0.56–0.75) 0.69 (0.59–0.76) <0.001
(continued)
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No OCS
N ¼ 215

iOCSa
N ¼ 2330

LTOCSa
N ¼ 1760

Total
N ¼ 4305

iOCS vs LTOCS
P-value

FEV1/FVC <0.7, n (%) 83 (49.4) 805 (49.5) 812 (58.5) 1700 (53.4) <0.001

Asthma treatment

Daily ICS dose,e mg N ¼ 68 N ¼ 972 N ¼ 605 N ¼ 1645

Mean (SD) 540 (565) 578 (768) 511 (710) 552 (740)

Median (IQR) 400 (52–1000) 370 (160–750) 320 (100–585) 360 (142–690) 0.004

>0–125 mg, n (%) 23 (33.8) 207 (21.3) 164 (27.1) 394 (23.9) 0.102

>125–250 mg, n (%) 7 (10.3) 179 (18.4) 110 (18.2) 296 (18.0)

>250–500 mg, n (%) 12 (17.6) 241 (24.8) 143 (23.6) 396 (24.1)

>500–1000 mg, n (%) 16 (23.5) 250 (25.7) 137 (22.6) 403 (24.5)

>1000 mg, n (%) 10 (14.7) 95 (9.8) 51 (8.4) 156 (9.5)

LTOCS daily dose,f mg N ¼ 1687
Mean (SD) – – 12.2 (9.6) –
�5 mg – – 463 (27.4) –
>5 mg to �10 mg – – 610 (36.2) –
>10 to �20 mg – – 395 (23.4) –
>20 mg – – 219 (13.0) –

Add on to ICS/LABA

LAMA, n (%) 24 (11.2) 562 (24.1) 551 (31.3) 1137 (26.4) <0.001

LTRA, n (%) 45 (20.9) 669 (28.7) 564 (32.0) 1278 (29.7) 0.021

Theophylline, n (%) 5 (2.3) 84 (3.6) 191 (10.9) 280 (6.5) <0.001

Macrolide, n (%) 3 (1.4) 94 (4.0) 122 (6.9) 219 (5.1) <0.001

Total OCS dosage, mgf N ¼ 2330 N ¼ 1687 N ¼ 4232

Cumulative OCS dose last 90 days, mean (SD) – 361.3 (864.2) 1522.6 (1964.6) 805.9 (1515.2) <0.001

N ¼ 2294 N ¼ 1687 N ¼ 3981

Total OCS last yr, mean (SD) – 952.2 (2822.3) 5453.4 (7569.5) 2859.7 (5814.7) <0.001
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Subsequent biologic

Anti-IgE, n (%) 83 (38.6) 766 (32.9) 426 (24.2) 1275 (29.6)

Anti-IL5/5R, n (%) 110 (51.2) 1321 (56.7) 1215 (69.0) 2646 (61.5) <0.001

Anti-IL4Ra, n (%) 22 (10.2) 240 (10.3) 116 (6.6) 378 (8.8)

Anti-TSLP, n (%) 0 (0.0) 3 (0.1) 3 (0.2) 6 (0.1)

Healthcare resource utilisation

Asthma related ED visits N ¼ 186 N ¼ 1860 N ¼ 1475 N ¼ 3521
Mean (SD) 0 (0) 1 (3.1) 0.6 (2.4) 0.8 (2.8) <0.001
0, n (%) 186 (100.0) 1338 (71.9) 1175 (79.7) 2699 (76.6) <0.001
1, n (%) 0 (0.0) 203 (10.9) 116 (7.9) 319 (9.1)
2þ, n (%) 0 (0.0) 319 (17.2) 184 (12.5) 503 (14.3)

Asthma-related hospitalizations N ¼ 186 N ¼ 1886 N ¼ 1476 N ¼ 3548
Mean (SD) 0 (0) 0.4 (1.0) 0.6 (1.7) 0.4 (1.3) 0.204
0, n (%) 186 (100.0) 1510 (80.1) 1164 (78.9) 2860 (80.6)
1, n (%) 0 (0.0) 218 (11.6) 147 (10.0) 365 (10.3) 0.012
2þ, n (%) 0 (0.0) 158 (8.4) 165 (11.2) 323 (9.1)

Table 1. (Continued) Demographic and clinical characteristics plus HCRU of severe asthma patients pre-biologic initiation by OCS treatment pattern. BMI: body mass index; Cum: cumulative; ED:
emergency department; ICS: inhaled corticosteroids; Ig: immunoglobulin; IL: interleukin; iOCS: intermittent oral corticosteroids; IQR: interquartile range; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity;
LABA: long-acting b2-agonist; LAMA: long-acting muscarinic antagonist; LTRA: leukotriene receptor antagonist; LTOCS: long-term corticosteroids; ppFEV1: percent predicted forced expiratory volume in 1 s; SD:
standard deviation; TSLP: thymic stromal lymphopoietin; SPT: skin prick test; SAT: serum allergen test. aiOCS: �90 days in last 12 months; LTOCS >90 days in last 12 months. bAccording to the expert consensus
framework of Heaney et al., 20214. cDefined by GINA 2020 control test, asthma control questionnaire (ACQ) or asthma control test (ACT) (country specific). Conversion of ACT and ACQ to GINA control criteria as
follows: ACQ - Mean ACQ �0.75 ¼ Well controlled; 0.75 < Mean ACQ <1.5 ¼ Partly controlled; Mean ACQ �1.5 ¼ UncontrolledACT - Total ACT >19 ¼ Well controlled; 15< Total ACT �19 ¼ Partly controlled; Total
ACT �15 ¼ Uncontrolled. dFor FEV1, post-bronchodilator measures were used if available, and pre-bronchodilator measures otherwise, while ensuring that pre- and post-biologic measures were both either pre- or
post-bronchodilator. In the sub-population of patients included in the lung function analysis (N ¼ 3184), post-bronchodilator measurements were used for 68.8% patients. eBeclomethasone equivalent. fPrednisone
equivalent
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Fig. 1 Pre-biologic (A) BEC, (B) FeNO, and (C) IgE distribution
according to OCS use for patients with severe asthma. A leftward
shift in the BEC distribution was observed in the intermittent and,
especially, in the long-term OCS groups compared to no OCS
users (A). The impact of OCS prescription was less apparent for
FeNO (B). The IgE concentration was significantly lower in patients
long-term OCS compared to those, who were prescribed
intermittent OCS (p < 0.001) (C). BEC: blood eosinophil count;
FeNO: fractional exhaled nitric oxide; IgE: Immunoglobulin E;
OCS: oral corticosteroid; Intermittent use: �90 days; Long-term
use: >90 days; Index date: date of biologic initiation

10 Schleich et al. World Allergy Organization Journal (2025) 18:101066
http://doi.org/10.1016/j.waojou.2025.101066
Biomarker distribution by OCS treatment pattern

OCS prescription was associated with variable
changes in biomarker distribution, for both
intermittent and long-term OCS groups (Fig. 1A-
C). A leftward shift in BEC distribution, towards
lower BEC, was observed in both iOCS and
LTOCS groups relative to no OCS, but was
more apparent in the LTOCS group,
(standardized mean differences compared with
no OCS were 0.07 and 0.14, respectively)
suggesting a general reduction in BEC level
(Fig. 1A). In total, 28.6% (n ¼ 369/1288) of
LTOCS patients had a BEC <150 cells/mL
compared to 19.5% (n ¼ 284/1460) of iOCS
patients and 14.0% (n ¼ 21/150) of those not
treated with OCS. The median BEC was also
significantly lower in the LTOCS group relative
to the iOCS group (310 cells/mL vs. 400;
p < 0.001) (Table 1). This BEC distribution
leftward shift occurred even at a LTOCS daily
dose of �5 mg but was more apparent at
higher doses (S-Fig. 2). However, some patients
(59%) still had a high BEC (�300 cell/mL)
despite LTOCS prescription; >90% of these
patients had an LTOCS prescription at the time
of latest BEC measurement. A similar trend was
noted for total serum IgE: 30.4% (n ¼ 237/778)
of LTOCS patients had an IgE <75 IU/mL
compared to 22.9% (n ¼ 291/1272) of iOCS
patients and 15.9% (n ¼ 23/145) of non-OCS
patients (Fig. 1C). Notably, a similar trend was
noted when excluding those patients with a
positive skin prick test or serum specific
allergen test, thereby accounting for differences
in atopy between groups (S-Table 5). The
median IgE concentration was significantly
lower in those prescribed LTOCS (154 IU)
compared to those prescribed iOCS (206 IU;
p < 0.001) (Table 1). The impact of OCS was
less apparent for FeNO, where a similar
proportion of patients had an FeNO <25 ppb–
38.9%, 37.5%, and 31.9% in the no OCS, iOCS,
and LTOCS groups, respectively (Fig. 1B).
However, the median FeNO level was
significantly higher in LTOCS vs. iOCS group
(40 vs 34 ppb; p < 0.001) (Table 1), and a
greater proportion of LTOCS than iOCS patients
retained a high FeNO (�25 ppb) in the
presence of low BEC (<300 cells/mL; 27.0 vs
16.7%; S-Table 6).

https://doi.org/10.1016/j.waojou.2025.101066
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Clinical characteristics and healthcare resource
utilisation by OCS prescription pattern

Unadjusted comparisons showed that patients
receiving OCS, either long-term or intermittently,
were also more likely to be obese, have uncon-
trolled asthma and impaired FEV1, have experi-
enced �4 exacerbations, have received long-
acting muscarinic antagonist (LAMA) add-on ther-
apy, and have been hospitalized or visited the ED
for their asthma in the last year, than their non-OCS
counterparts (Table 1; Fig. 2). A greater
proportion of LTOCS than iOCS patients had
irreversible airflow obstruction (58.5 vs 49.5%;
p < 0.001), �4 exacerbations (38.6 vs 33.3%;
p < 0.001), and add-on therapies to ICS/LABA,
(Table 1; Fig. 2). Conversely, a greater proportion
of iOCS than LTOCS patients had a positive skin
prick and/or serum allergen test (63.8 vs 53.7%;
p < 0.001). Phenotypic characteristics were
broadly similar across LTOCS doses (S-Table 7),
with the exception of exacerbation frequency and
HCRU which was slightly higher in those in the
highest LTOCS daily dose category (>20 mg) vs.
0

20

40

60

80
Uncontrolled

FEV1/FVC<0.7

4+ exac

LAMA

IgE <75BEC <150

1+ Hosp

2+ ED visits

Obese

No OCS iOCS LTOCS

FEV1/FVC<0.7

Fig. 2 Severe asthma phenotypes by pattern of OCS use BEC:
blood eosinophil count; ED: emergency department; exac:
exacerbation; FEV1: forced expiratory volume in 1 s; FVC: forced
vital capacity; IgE: immunoglobulin E; Hosp: asthma-related
hospitalization; iOCS: intermittent oral corticosteroid; LAMA: long-
acting muscarinic antagonist; LTOCS: long-term oral
corticosteroid; OCS: oral corticosteroid; Intermittent: OCS use for
�90 days; Long-term: OCS use for >90 days; Exacerbation: an
asthma-related hospital attendance/admission and/or an asthma
related emergency room attendance, and/or an acute OCS course
of �3 days; Uncontrolled: assessed by GINA control criteria, ACT
or ACQ (country specific) ACT and ACQ converted to GINA control
criteria as outlined in Table 1 footer; Obese: BMI �30 kg/m2
the other dose categories (i.e. �5 mg, >5 to
�10 mg, and >10 to �20 mg).
Disease characterization of LTOCS users by BEC
cut-off

A total of 1288 LTOCS patients had pre-biologic
BEC data; 28.6% (n ¼ 369) had a BEC <150 cells/
mL and 71.4% (n ¼ 919) had a BEC �150 cells/mL
(Table 2). Demographic characteristics were
similar between groups (Table 2; Fig. 3). Broadly
similar IgE profiles were noted for both BEC
cohorts, but more patients with FeNO <25 ppb
were noted in the low BEC cohort (36.4% vs
28.5%; p ¼ 0.028) (Table 2; Fig. 3). Those in the
low BEC group tended to be younger at asthma
onset (26.5 vs 29.9 yrs; p ¼ 0.021) and have a
longer asthma duration (26.0 vs 23.2 yrs;
p ¼ 0.036) (Table 2).

LTOCS users with low BEC (<150 cells/mL) had a
similar burden of disease compared to those with
higher BEC (�150 cells/mL) (Table 2; Fig. 3).
Approximately 40% and 75% of patients
experienced �4 exacerbations in the last year
and had uncontrolled asthma symptoms
respectively, irrespective of their BEC, although
those with BEC <150 cells/mL were slightly more
likely to have a ppFEV1 <80% (69.0% vs 60.9%).
HCRU of LTOCS patients was largely
independent of BEC, with a tendency for more
asthma-related ED visits in the last year in the
high vs. low BEC cohort (0.9 vs 0.3) (Table 2;
Fig. 3).

Daily ICS dose, LTOCS daily dose, and add-on
treatment to ICS/LABA was largely similar be-
tween groups, although cumulative and total OCS
dose was slightly higher in the low BEC cohort
(Table 2).
DISCUSSION

Our results are important as they describe the
disease burden and biomarker distribution asso-
ciated with OCS prescription in a large SA cohort
in real-life by OCS prescription pattern. Categori-
zation by LTOCS dose provided additional insight
into the effect of OCS on biomarker distributions,
and the OCS-sensitivity of biomarker levels. A
leftward shift in BEC distribution was noted for
patients prescribed LTOCS at a dose as low as



LTOCSa þ BEC <150
cells/mL (N ¼ 369)

LTOCSa þ BEC �150
cells/mL (N ¼ 919) P-value

Demographic characteristics

Sex
Female, n (%) 225 (61.0) 555 (60.4) 0.846

Age at biologic initiation, yrs
Mean (SD) 52.6 (13.8) 52.9 (14.2) 0.710
18-34, n (%) 43 (11.7) 124 (13.5) 0.689
35-54, n (%) 143 (38.8) 340 (37.0)
55-79, n (%) 180 (48.8) 443 (48.2)
�80, n (%) 3 (0.8) 12 (1.3)

BMI, Kg/m2 N ¼ 331 N ¼ 810
Underweight, n (%) 8 (2.4) 21 (2.6) 0.996
Normal, n (%) 93 (28.1) 231 (28.5)
Overweight, n (%) 99 (29.9) 238 (29.4)
Obese (�30), n (%) 131 (39.6) 320 (39.5)

Smoking status N ¼ 306 N ¼ 778

Current smoker, n (%) 9 (2.9) 14 (1.8) 0.052

Ex-smoker, n (%) 83 (27.1) 266 (34.2)

Never smoked, n (%) 214 (69.9) 498 (64.0)

Biomarkers

FeNO (ppb) N ¼ 236 N ¼ 520

Mean (SD) 57.0 (54.3) 59.9 (54.6)

Median (IQR) 38 (19–74) 41 (22–78) 0.241

<25 ppb, n (%) 86 (36.4) 148 (28.5) 0.028

�25 ppb, n (%) 150 (63.6) 372 (71.5)

IgE, IU/mL N ¼ 173 N ¼ 443

Mean (SD) 471.2 (1209.5) 353.9 (646.3)

Median (IQR) 129 (42–370) 158 (56–389) 0.409
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<75 IU/mL, n (%) 59 (34.1) 132 (29.8) 0.299

�75 IU/mL, n (%) 114 (65.9) 311 (70.2)

Disease characteristics

Asthma onset age, yrs N ¼ 218 N ¼ 632

Mean (SD) 26.5 (20.0) 29.9 (18.6) 0.021

<18 yrs, n (%) 87 (39.9) 185 (29.3) 0.004

�18 yrs, n (%) 131 (60.1) 447 (70.7)

Asthma duration, yrs N ¼ 213 N ¼ 615

Mean (SD) 26.0 (17.6) 23.2 (16.2) 0.036

Eosinophil phenotypeb 0 (0.0) 0 (0.0)

Non eosinophilic, n (%) 0 (0.0) 0 (0.0) <0.001

Least likely, n (%) 126 (34.1) 0 (0.0)

Likely, n (%) 243 (65.9) 919 (100.0)

Most likely, n (%)

Allergen tests
þve SPT, n(%) N ¼ 46 N ¼ 231

30 (65.2) 109 (47.2) 0.026
þve SAT, n(%) N ¼ 24 N ¼ 81

14 (58.3) 50 (61.7) 0.765
þve SPT and/or þ ve SAT, n (%) N ¼ 64 N ¼ 275

39 (60.9%) 137 (49.8%) 0.109

Exacerbations N ¼ 298 N ¼ 822

Mean (SD) 4.0 (5.5) 4.2 (4.5) 0.135

0, n (%) 33 (11.1) 78 (9.5) 0.834

1, n (%) 66 (22.1) 179 (21.8)

2, n (%) 43 (14.4) 136 (16.5)
(continued)
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LTOCSa þ BEC <150
cells/mL (N ¼ 369)

LTOCSa þ BEC �150
cells/mL (N ¼ 919) P-value

3, n (%) 37 (12.4) 93 (11.3)

�4, n (%) 119 (39.9) 336 (40.9)

Asthma controlc N ¼ 221 N ¼ 604

Well controlled, n (%) 29 (13.1) 44 (7.3) 0.013

Partly controlled, n (%) 26 (11.8) 100 (16.6)

Uncontrolled, n (%) 166 (75.1) 460 (76.2)

Lung functiond N ¼ 158 N ¼ 445

ppFEV1, mean (SD) 71.4 (23.5) 72.8 (24.2) 0.519

ppFEV1 <80%, n (%) 109 (69.0) 271 (60.9) 0.070

N ¼ 306 N ¼ 776

FEV1/FVC, median (IQR) 0.67 (0.57–0.76) 0.66 (0.56–0.74) 0.221

FEV1/FVC <0.7, n (%) 171 (55.9) 462 (59.5) 0.272

Asthma treatment

Daily ICS dose,e mg N ¼ 139 N ¼ 299

Mean (SD) 608 (925) 518 (689)

Median (IQR) 400 (160–610) 320 (100–640) 0.192

>0–125 mg, n (%) 31 (22.3) 84 (28.1) 0.234

>125–250 mg, n (%) 19 (13.7) 55 (18.4)

>250–500 mg, n (%) 41 (29.5) 63 (21.1)

>500–1000 mg, n (%) 36 (25.9) 70 (23.4)

>1000 mg, n (%) 12 (8.6) 27 (9.0)

LTOCS daily dose,f mg N ¼ 353 N ¼ 883

Mean (SD) 12.3 (9.1) 12.4 (9.7) 0.308
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�5 mg 76 (21.5) 250 (28.3) 0.001

>5 mg to �10 mg 136 (38.5) 313 (35.4)

>10 to �20 mg 108 (30.6) 19 .5)

>20 mg 33 (9.3) 12 .7)

Add on to ICS/LABA

LAMA, n (%) 143 (38.8) 32 .8) 0.184

LTRA, n (%) 142 (38.5) 29 .3) 0.035

Theophylline, n (%) 58 (15.7) 10 .2) 0.027

Macrolide, n (%) (SD) 34 (9.2) 6 ) 0.127

Total OCS dosagef

Cumulative OCS dose last 90 days (mg), mean (SD) 1805.7 (2286.6) 1517 65.6) 0.005

Total OCS last yr (mg), mean (SD) 6421.7 (8889.8) 5300 96.9) 0.006

Subsequent biologic

Anti-IgE, n (%) 122 (33.1) 17 .9) <0.001

Anti-IL5/5R, n (%) 226 (61.2) 69 .2)

Anti-IL4Ra, n (%) 18 (4.9) 5 )

Anti-TSLP, n (%) 3 (0.8) 0 )

Healthcare resource utilisation

Asthma-related ED visits N ¼ 309 N 7 <0.001

Mean (SD) 0.3 (1.0) 0 1)

0, n (%) 261 (84.5) 58 .9) 0.002

1, n (%) 23 (7.4) 7 )

2þ, n (%) 25 (8.1) 12 .6)
(continued)
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LTOCSa þ BEC <150
cells/mL (N ¼ 369)

LTOCSa þ BEC �150
cells/mL (N ¼ 919) P-value

Asthma-related hospitalizations N ¼ 309 N ¼ 773

Mean (SD) 0.5 (1.2) 0.7 (1.8) 0.497

0, n (%) 242 (78.3) 597 (77.2) 0.110

1, n (%) 37 (12.0) 71 (9.2)

2þ, n (%) 30 (9.7) 105 (13.6)

Table 2. (Continued) Demographic and clinical characteristics plus HC U pre-biologic initiation for severe asthma patients treated with LTOCS, stratified by BEC cut-off. BMI: body mass
index; ED: emergency department; ICS: inhaled corticosteroids; Ig: immunoglo lin; IL: interleukin; iOCS: intermittent oral corticosteroids; IQR: interquartile range; FEV1: forced expiratory volume in 1 s; FVC:
forced vital capacity; LABA: long-acting b2-agonist; LAMA: long-acting muscari c antagonist; LTRA: leukotriene receptor antagonist; LTOCS: long-term corticosteroids; ppFEV1: percent predicted forced
expiratory volume in 1 s; SD: standard deviation; TSLP: thymic stromal lymphop ietin; SPT: skin prick test; SAT: serum allergen test. aLTOCS >90 days in last 12 months. bAccording to the expert consensus
framework of Heaney et al., 20214. cDefined by GINA 2020 control test, asthma c trol questionnaire (ACQ) or asthma control test (ACT) (country specific). Conversion of ACT and ACQ to GINA control criteria as
follows:ACQ - Mean ACQ �0.75 ¼ Well controlled; 0.75 < Mean ACQ <1.5 ¼ P tly controlled; Mean ACQ �1.5 ¼ UncontrolledACT - Total ACT >19 ¼ Well controlled; 15< Total ACT �19 ¼ Partly controlled;
Total ACT �15 ¼ Uncontrolled. dFor FEV1, post-bronchodilator measures were us d if available, and pre-bronchodilator measures otherwise, while ensuring that pre- and post-biologic measures were both either
pre- or post-bronchodilator. In the sub-population of patients included in the lu function analysis (N ¼ 1082), post-bronchodilator measurements were used for 70.9% patients. eBeclomethasone equivalent.
fPrednisone equivalent
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asthma management journey or use of alternate
methodology to phenotype more precisely (e.g.
induced sputum, omics, etc.) and/or (iii) use alter-
native biologic eligibility BEC cut-offs for those
prescribed OCS, either intermittently or long-term
(as already applied in some countries).

Despite GINA’s recommendation of using
LTOCS as a last resort,3 approximately half of
patients with SA included in our study were
prescribed iOCS in the last year, and just over
40% of patients were prescribed LTOCS. Only 5%
of patients had not received an OCS in the
previous year, although this is perhaps
unsurprising since OCS use is a requirement for
biologic prescription in many countries.26 This is
in keeping with data from a systematic review of
studies from Europe, North America, and Asia
which reported annual systemic or OCS
prescription in approximately 50% of patients,
with short-term use reported in up to 36% of pa-
tients.12 Dose and frequency of OCS use in our
cohort were also high. This is clilnically relevant
considering that the risk of OCS-reatled adverse
events increases with higher daily systemic corti-
costeroid exposure and frequency of use,15,39 that
this association is relative consistent across age
categories, GINA treatment steps and prior
medication use,18 and the HCRU implications
assoicated with managing OCS-related adverse
events. Disease burden was also greater in those
prescribed OCS, with these patients shown to
have uncontrolled disease and irreversible airflow
obstruction, irrespective of OCS prescription
pattern and dose. Our findings, thus reaffirm
GINA’s position on sparing use of OCS and the
need to carefully consider the risk to benefit ratio
of OCS prescription, even for intermittent use.
Whether earlier intervention with steroid-sparing
treatments (e.g. biologics) in those with less se-
vere disease, prior to significant lung function
deterioration and OCS prescription, could be used
as an alternative treatment strategy is the topic of
several prospective trials currently underway.

OCS dose and frequency are also important to
consider when conducting biomarker profiling.We
found that OCS prescription was associated with a
change in biomarker distribution pattern, relative to
those with zero prescriptions, with a leftward shift
noted for both BEC and IgE, irrespective of OCS
prescriptionpattern, and at both high (>20mg/day)
and low (<5 mg/day) LTOCS dose, suggestive of a
relatively flat dose-response relationship. In the
absence of pre- and post-OCS data, the low BEC
levels noted in those prescribed OCS in the current
study could also be that these patients have innately
lowBEC, are steroid unresponsive, but receiveOCS
in ever increasing amounts by clinicians, whodonot
recognize the steroid non-responsiveness. Howev-
er, others have reported a similar BEC lowering ef-
fect of OCS.20–22 For example, a meta-analysis
including 61 studies found that OCS use reduced
BEC by 76%, with an even greater reduction noted
in corticosteroid-naïve patients (93%).22 From the
opposite perspective, a post-hoc analysis of the
SIRIUS study estimated that reduction of daily OCS
dose by 5 mg/day led to a 41% increase in BEC.40

Importantly, BEC suppression has been shown to
last for >24 h after a single OCS dose, and has
also been reported with ICS (albeit to a lesser
degree),21 not in itself surprising as the main
action of steroids is against eosinophils. More
surprisingly, however, not all patients with SA who
were prescribed OCS in the current study,
exhibited a low BEC. In fact, 58.6% and 66.3% of
patients retained a high BEC (�300 cells/mL)
despite long-term and intermittent OCS prescrip-
tion, respectively. This finding could be due to
corticosteroid insensitivity,41 poor compliance with
OCS,42 or a consequence of the high proportion of
patients in our study with adult-onset disease
(approx. 70%). Data from a Belgian SA cohort found
a significant association between persistently high
BEC and late-onset asthma in OCS-treated pa-
tients.43 Leftward shift changes in IgE concentration
distribution in both OCS cohorts in the current
study, with significantly lower concentrations
observed in the LTOCS relative to the iOCS group,
was a novel finding since previous research has
suggested that corticosteroids slightly increase IgE
concentrations, at least in the short term.44

However, the absence of pre-OCS data precludes
an assessment of the magnitude of change. Future
study assessing the impact (if any) of OCS on spe-
cific IgE concentrations is warranted.

We found less evidence of an OCS-masking ef-
fect for FeNO, suggesting that FeNO may be a
more reliable biomarker to detect pulmonary T2-
inflammation among OCS users. This finding may
be due to differences in OCS sensitivity for sys-
temic (ie, BEC) vs locally-produced (ie, FeNO)
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biomarkers. Indeed, FeNO has been reported to
increase after systemic OCS treatment in some
studies, likely due to its release following OCS-
induced reduction in distal airway obstruction.
However, others have reported a reduction in
FeNO with OCS, with the vast majority of studies
showing a FeNO reduction in the range 28–48%.22

FeNO non-suppression under high-dose treatment
could, therefore, be useful in identifying cortico-
steroid non-responsiveness and in prompting
consideration of biologic initiation.45 However, it is
worth noting though that mean FeNO levels
remained elevated (>30 ppb) post-OCS in 3
studies with high baseline FeNO (>50 ppb).22 The
picture is further complicated by the fact that
FeNO is affected both positively and negatively
by non-asthma factors with elevation noted in pa-
tients with allergic rhinitis, but decreased in
smokers with asthma or chronic obstructive pul-
monary disease and in patients treated with high-
dose ICS.46,47 However, we did find significantly
higher FeNO in those prescribed OCS long-term
rather than intermittently, which may represent
residual T2-inflammation in the former group, or a
consequence of higher ICS daily dose in the latter
group.

Our results, and those of others, emphasize that
biomarker profiling should not be conducted in
isolation, as well as the importance of longitudinal
biomarker assessment.48 For example, using a
data-driven approach to cluster patients accord-
ing to their BEC, FeNO and IgE concentrations
along a gradient of T2-inflammatory bio-
markers,16% of patients with SA had triple
biomarker-low asthma.34 However, the proportion
was much lower (1.6%), when considering BEC
and FeNO cut-offs (highest ever value) in the
context of LTOCS use, in addition to other clinical
indices, including onset of asthma and presence of
nasal polyps in an eosinophilic phenotype
gradient algorithm, agreed by expert consensus.4

Specifically, among LTOCS users, an eosinophilic
phenotype was graded as "most likely" (Grade 3)
for those with BEC �150 to <300 cells/mL, and
still considered "likely" (Grade 2) for those with
BEC <150 cells/mL.4 Perhaps these, and other
algorithms, should be updated to include iOCS
use, frequency of use and biomarker cut-offs
stratified by OCS dose, since mis-classification of
endotype as T2-low has important implications for
subsequent management. The practical challenge
is to distinguish "pseudo-T2 low" patients due to
LTOCS suppression of biomarkers from those with
"true" T2-low disease.

Although treatment options in patients with low
BEC in the presence of OCS may be limited, dis-
ease burden remains high and represents a sig-
nificant unmet need in SA management. Patients in
the LTOCS group with low BEC in the current study
were just as likely as those with higher BEC to have
uncontrolled disease, evidence of irreversible
airflow obstruction and experience multiple exac-
erbations. This finding has been reported by
others.29–31,49 Post-hoc analysis of the NOVELTY
study, for example, found that 73% of patients with
severe uncontrolled asthma had low BEC.29

Another US claims database study found that
nearly 20% of patients with SA and low BEC, who
had not been treated with biologics, also
experienced exacerbations and had less than
optimal asthma control in the 12 months
following their most recent BEC measurement.
Notably, maintenance systemic corticosteroid was
observed in 22% of patients with a BEC of less
than 300 cells/mL and 27% of patients with a BEC
of less than 150 cells/mL.49 Data from Japan has
yielded similar results.31 Patients receiving high-
dose ICS and additional controller medications
or OCS with evidence of T2-low disease (i.e. low
BEC and low IgE) exhibited similar exacerbation
rates and annual drug costs as those with T2-high
disease.31

Limitations of our study include those common
to all observational studies including referral bias
and missing data; 33% and 51% of patients had
missing BEC and FeNO data, respectively, reflec-
tive of inter-country differences in biomarker data
collection practices. Only patients who subse-
quently received biologics were included and
biomarker data were not collected pre-OCS and
so we were unable to determine magnitude of
change. Multiple biomarker measurements (rather
than latest pre-biologic) and longitudinal assess-
ment of biomarker concentrations would have
provided a more granular look at the relationship
between OCS use and biomarker distribution.
Additionally, our definition of iOCS was broad (i.e.
<90 days in last 12 months), incorporating a wide
variation of OCS use and could have led to
misclassification of OCS prescription pattern. The
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exact temporal relationship between OCS use and
the testing of BEC was not available. However, in
the current study OCS were prescribed intermit-
tently as short courses of rescue steroids (�3 days/
course) for the treatment of exacerbations in the
majority of cases; 46.9% of the iOCS group had a
prescription for 3 or more courses/year. OCS use
did not include intravenous or intramuscular
administration. Strengths include inclusion of a
large heterogenous, real-life, SA population,
encompassing patients from 23 countries and
multiple centres, and representative of the general
SA population. Assessment of the impact of OCS
use on 3 commonly used biomarkers in severe
asthma, namely BEC, FeNO, and IgE, is critical for
understanding asthma phenotypes and tailoring
treatment strategies, especially in the context of
biologic therapy. Furthermore, collection of a wide
range of demographic and clinical variables also
facilitated comprehensive phenotypic character-
ization, allowing for a nuanced analysis of how
different patterns of corticosteroid use affect
asthma characteristics and treatment outcomes.
The use of robust statistical analyses to compare
cohorts adds credibility to our findings. Further
work is needed to investigate the temporal rela-
tionship of OCS use and biomarker concentrations
(eg, different seasons and time of day), in alternate
populations (eg, paediatrics) and assessed by
country, to assess the impact (if any) of OCS
adherence on biomarker distribution, and to
describe phenotypes of LTOCS patients using
alternative biomarkers (eg, FeNO, specific IgE),
cut-offs and combinations.

In conclusion, OCS, whether prescribed inter-
mittently or long-term, affects BEC distribution,
which may compromise T2-stratification and sub-
sequent treatment decisions, but disease burden
remains high among LTOCS users irrespective of
BEC. FeNO concentrations were relatively pre-
served suggesting its utility for endotyping in an
environment of LTOCSuse, and its potential tomore
reliability identify those, whomay benefit from a T2-
targeted biologic. Our findings emphasize the
importance of taking into account OCS use, even
intermittent use, when endotyping SA, and suggest
the need for endotyping and identification of
pertinent biomarkers earlier in the asthma man-
agement pathway, prior to initiation of LTOCS (early
disease phenotyping). Moreover, there is a need to
findalternative treatment strategies for LTOCSusers
with low BEC, who represent about 1/4 of SA pa-
tients. Importantly, there is a significant unmet need
among patients with SA treated with OCS (either
intermittently or long-term) with low BEC, who may
not qualify for most biologic therapies.
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