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ABSTRACT

Purpose: Oral corticosteroids (OCS) are commonly used in patients with severe asthma, but
they are associated with several adverse events. We estimated the prevalence of patients with
OCS-dependent asthma in a large nationwide registry for severe asthma and delineated their
clinical characteristics.

Methods: This cross-sectional study analyzed enrollment data of the patients recruited in the
Korean Severe Asthma Registry (KoSAR) from 2010 to 2019. The clinical characteristics of
patients were compared according to OCS dependency, which was defined as maintenance
OCS treatment lasting at least 6 months during the 12 months prior to enrollment.

Results: Among the 562 patients with severe asthma, 121 (21.5%) patients were defined

as having OCS-dependent asthma. Compared with the OCS-independent group, the OCS-
dependent group was older at symptom onset and had a higher prevalence of anxiety, worse lung
function, and used more medication than the control group. Despite the higher doses of daily
ICS and 6-month cumulative OCS, the OCS-dependent group reported greater consumption

of relievers and a higher prevalence of unscheduled emergency room visits and repeated OCS
bursts. Although anti-interleukin-5 was more commonly prescribed for patients with OCS-
dependent asthma, only a limited proportion of patients with severe asthma received biologics.
Conclusions: One-fifth of patients with severe asthma had OCS-dependency, which was
associated with a greater disease burden compared to those with OCS-independent asthma.
Active intervention including initiation of biologics and regular assessment of OCS-induced
morbidities is warranted to reduce the use of OCS and its potential adverse effects.
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INTRODUCTION

Severe asthma is defined based on the asthma control status and treatment level. Despite
differences in the existing diagnostic criteria for severe asthma, high-intensity anti-
inflammatory treatment is a common condition required for the diagnosis.! Compared

to those with mild-to-moderate asthma, patients with severe asthma use higher doses of
inhaled corticosteroids (ICS) as a controller, as well as more frequent use of short-term oral
corticosteroids (OCS) due to acute exacerbations.? In some patients with severe asthma,
maintenance of OCS is needed to avoid symptom aggravation. A recent meta-analysis
reported that the proportion of long-term OCS use ranged from 20% to 60% in patients with
severe or uncontrolled asthma.?

Despite the substantial therapeutic effect and widespread use of OCS in respiratory diseases,
OCS carry the potential risk of adverse effects.>* Among asthmatic patients, increases

in the prevalence of OCS-related morbidities, including psychiatric disorders, diabetes,
gastrointestinal disorder, osteoporosis, cardiovascular disorders, and infection along with
increases in the exposed dose of OCS have been reported.>” In addition, analysis of large-
sized claims data of asthmatics shows that chronic use (6 months or more in one year before
index date) of corticosteroids was significantly associated with all-cause mortality.® As such,
OCS-induced complications lead to additional medical and economic burdens on severe
asthma management.’

Asthmatics who need maintenance OCS for symptom control are classified as having “OCS-
dependent asthma.” Recently, biologic agents such as anti-interleukin (IL)-5, anti-IL-5Ra, and
anti-IL-4Ra monoclonal antibodies have become available in clinics. These agents show an
OCS-sparing effect in randomized clinical trials of people with severe asthma.'*® As therapeutic
options other than OCS are now available for patients with severe asthma, especially individuals
with eosinophilic inflammation, an active intervention strategy for reducing OCS use is
needed.*" At the same time, a systemic assessment of OCS-related adverse reactions is
required. In this regard, a precise estimation of the prevalence and disease burden of OCS-
dependent asthma needs to be preceded. Therefore, we aimed to identify and characterize
patients with OCS-dependent asthma compared to those with OCS-independent asthma by
analyzing data from a large-sized nationwide registry for severe asthma.

MATERIALS AND METHODS

Study design and subjects

We used the Korean Severe Asthma Registry (KoSAR) for this study, which is the
representative severe asthma registry in Korea established by the Working Group on Severe
Asthma, the Korean Academy of Asthma, Allergy, and Clinical Immunology (KAAACI) in
2010.'*8 Currently, 25 university hospitals are participating in the KoSAR. The registry is
composed of adult patients (> 18 years) with severe asthma who have been treated by asthma
specialists for at least one year. The goal of the KoSAR is to understand the epidemiology,
clinical characteristics, and management of severe asthma by obtaining real-world data in a
prospective and observational manner.'*"

The diagnosis of severe asthma for enrollment was made when patients either 1) do not
consistently reach a well-controlled state despite Global Initiative for Asthma (GINA) treatment
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step 4 or 5 or 2) have well-controlled asthma after GINA treatment step 4 or 5 but have a
history of more than one unscheduled visit or 3 administrations of systemic corticosteroids

in a given year, have ever had a near-fatal asthma attack, or have worsening symptoms when
the OCS or ICS dose is reduced to 25%. Patients with severe bronchiectasis, a tuberculosis-
destroyed lung, interstitial lung disease, severe congestive heart failure, or a disease other than

asthma requiring the maintenance of OCS were excluded. For the present study, we analyzed
enrollment data of the patients who had registered KoSAR between 2010 and 2019.

Definitions and outcomes

Patients with severe asthma were classified into either “OCS-dependent group” or “OCS-
independent group” based on their medication history. OCS dependency was determined

at enrollment when the maintenance OCS treatment lasted more than 6 months during the
previous year. The demographic data (age, sex, and body mass index [BMI]), family history of
allergic diseases (asthma, allergic rhinitis, and atopic dermatitis), history of asthma (age of
symptom onset, age of diagnosis, duration of treatment), and comorbidities were collected
from the KoSAR database. The analyzed asthma medications included ICS, long-acting
beta-agonists (LABA), leukotriene receptor antagonists (LTRA), long-acting muscarinic
antagonists (LAMA), theophylline, short-acting beta-agonists (SABA), and biologics such

as anti-immunoglobulin E (IgE) and anti-IL-5. We also collected the results of lung function
tests, complete blood count, serum total IgE, fractional exhaled nitric oxide (FeNO), and
induced sputum analysis. Atopy was defined when a skin prick test or serum-specific IgE
showed a positive result for at least one inhalant allergen. The clinicians were asked to assess
whether the participants had asthma/chronic obstructive pulmonary disease (COPD) overlap
(ACO) based on smoking history and presence of fixed airway obstruction. The control

state of asthma was assessed based on the classification of asthma control level by GINA

and the Asthma Control Test (ACT) score. Quality of life (QoL) was evaluated using the QoL
Questionnaire in Adult Korean Asthmatics (QLQAKA).*® The number of OCS bursts and
unscheduled healthcare use during the 12 months before enrollment was also evaluated. An
OCS burst was defined as the short-term use of OCS lasting at least 3 consecutive days. This
study was approved by the Institutional Review Board of each hospital and informed patient
consent was obtained from study participants (IRB number: AMC 2017-1382).

Statistical analysis

All data are presented as counts and percentages for categorical variables and mean with
standard deviation (SD) for continuous variables. The comparisons between groups
according to OCS dependence were conducted using the x> test or Fisher’s exact test for
categorical variables and independent t-test or Mann-Whitney U test for continuous
variables, as appropriate. All statistical analyses were carried out using SPSS 24.0 (IBM Corp.,
Armonk, NY, USA). Two-sided Pvalues < 0.05 were considered statistically significant.

RESULTS

Baseline characteristics and comorbidities according to OCS dependence
A total of 562 patients with severe asthma were included in this study. Among them, 121
(21.5%) patients were defined as having OCS-dependent severe asthma, while 441 (78.5%)
had OCS-independent severe asthma. The baseline characteristics and comorbidities of
the patients are summarized in Table 1. The mean age, proportion of male patients, BMI,
and smoking status were comparable between the OCS-dependent group and the OCS-
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independent group. However, the OCS-dependent group showed a significantly older age at
symptom onset (44.0 +14.7 years vs. 40.2 + 17.2 years, P= 0.042) and a larger proportion of
patients with adult-onset asthma (96.5% [111/115] vs. 89.6% [369/412], P=0.021) compared
to the OCS-independent group. Family history of allergic disease was significantly less
prevalent in the OCS-dependent group (41.3% [50/121] vs. 52.4% [231/441], P=0.031), while
the prevalence of atopy was not significantly different between the 2 groups (43.2% [102/236]
vs. 36.9% [24/65], P=0.362). Approximately one-third of patients were diagnosed with ACO
regardless of OCS dependency.

Among the co-existing diseases, the prevalence of anxiety disorder was significantly higher

in patients with OCS-dependent asthma (5.8% [7/120] vs. 1.1% [5/438], P=0.005) (Table 1).
Allergic diseases including allergic rhinitis, atopic dermatitis, and atopic conjunctivitis were
more prevalent in the OCS-independent group. The proportion of potential OCS complications
(e.g., hypertension, osteoporosis, and diabetes mellitus) was not significantly different between
the 2 groups at enrollment, although osteoporosis was more common in the OCS-dependent
group without statistical significance (15.8% [19/120] vs. 10.0% [44/438], P = 0.076).

Table 1. Baseline characteristics and comorbidities in patients with severe asthma

Characteristics OCS-independent (n = 441) OCS-dependent (n = 121) Pvalue
Age (yr) 54.5+14.5 57.7+12.3 0.077
Male (%) 191 (43.4) 62 (51.2) 0.125
BMI (kg/m?) (n = 556) 24.9 + 4.0 24.6+ 3.6 0.105
History of asthma
Age at symptom onset (yr) (n = 527) 40.1+17.1 44.0 + 14.7 0.042
Adult-onset asthma (n = 527) 369 (89.6) 111 (96.5) 0.021
Age of asthma diagnosis (yr) (n = 521) 43.2+16.6 46.2 + 14.4 0.095
Duration of treatment (yr) (n = 558) 9.8+11.1 10.3+9.0 0.057
Smoking status (n = 552) 0.053
Never smoker 249 (57.5) 56 (47.1)
Ex-smoker 141 (32.6) 53 (44.5)
Current smoker 43 (9.9) 10(8.4)
Family history of allergic diseases 231 (52.4) 50 (41.3) 0.031
Atopy (n = 301) 102 (43.2) 24 (36.9) 0.362
Asthma/COPD overlap (n = 527) 0.129
Asthma only, more likely 293/417 (70.3) 69/110 (62.7)
Asthma/COPD overlap 124/417 (29.7) 41/100 (37.3)
Comorbidities
Allergic rhinitis (n = 561) 288 (65.5) 69 (57.0) 0.080
Chronic sinusitis (n = 396) 105 (32.2) 31 (44.3) 0.054
Hypertension (n = 559) 134 (30.5) 42 (35.0) 0.350
GERD (n = 559) 92 (21.0) 29 (24.9) 0.449
Osteoporosis (n = 558) 44 (10.0) 19 (15.8) 0.076
AERD (n = 515) 42 (10.4) 10(9.0) 0.667
Atopic dermatitis (n = 560) 48 (10.9) 8(6.7) 0.170
Allergic conjunctivitis (n = 558) 47 (10.7) 9(7.6) 0.311
Diabetes mellitus (n = 511) 40 (10.1) 10(8.8) 0.705
Depressive disorder (n = 560) 25 (5.7) 9(7.5) 0.460
Heart failure (n = 559) 12 (2.7) 7 (5.9) 0.148
Arrhythmia (n = 558) 11 (2.5) 2(1.7) 0.744
Sleep apnea (n = 558) 7 (1.6) 5(4.2) 0.144
Anxiety disorder (n = 558) 5(1.1) 7 (5.8) 0.005

Data are presented as mean = standard deviation or counts (%).
OCS, oral corticosteroids; BMI, body mass index; COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; AERD, aspirin-

exacerbated respiratory disease.
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Clinical characteristics of asthma according to OCS dependence

Patients in the OCS-dependent group reported significantly lower values of forced expiratory
volume in 1 second (FEV1; % predicted) (62.2% + 21.8% vs. 67.7% +19.2%, P=0.014) and
forced vital capacity (FVC; % predicted) (75.5% * 16.8% vs. 80.04% * 16.5%, P=0.009)
compared to those in the OCS-independent group, while the FEV1/FVC ratio was similar
between the 2 groups (0.66 + 0.14 vs. 0.67 £ 0.15, P= 0.428) (Table 2). In terms of laboratory
tests, the OCS-dependent group had a notably higher total white blood cell count than the
OCS-independent group (8,860 + 2,590 /uL vs. 8,220 + 2,760 /uL, P=0.004). However, the
levels of T2 inflammatory markers, including blood eosinophils (379.6 + 479.1 /uL vs. 401.3 +
497.4 JuL, P=0.236), total IgE (328.1 + 408.0 IU/L vs. 504.1 + 699.7 IU/L, P= 0.170), sputum
eosinophils (11.9% + 19.5% vs. 13.4% + 19.2%, P= 0.974), and FeNO (47.6 + 32.3 ppb vs. 42.3
+29.7 ppb, P=0.532) were comparable between the 2 groups, regardless of maintenance
OCS use. In line with these findings, the proportion of patients presenting with the T2
phenotype was similar between the groups. Among the participants, 78 had data regarding
blood eosinophils after one year of treatment. Although the mean eosinophil level was lower
in the patients who were OCS-dependent at enrollment, this was not statistically significant
(210.0 £198.8 /uL vs. 330.3 £ 434.1 /uL, P=0.487).

At the enrollment visit, asthma control status was similar between the groups, along with a
comparable ACT score (17.2 £5.7 vs. 18.1 + 5.1, P=0.218). The QoL as evaluated by QLQAKA
was also similar between the 2 groups (59.5 + 15.0 vs. 61.0 + 14.9, P=0.296) (Table 2).

Table 2. Comparison of the clinical characteristics of asthma according to OCS dependence

Characteristics 0OCS-independent (n = 441) 0CS-dependent (n = 121) P value
Lung function
FEV1 (% predicted) (n = 553) 67.7 £19.2 62.2+21.8 0.014
FEV1 (L) (n = 558) 1.8+0.7 1.6+ 0.7 0.008
FVC (% predicted) (n = 553) 80.04 + 16.5 75.5+16.8 0.009
FVC (L) (n = 558) 2.8+0.9 2.5+0.8 0.008
FEV1/FVC ratio (n = 556) 0.67 £ 0.15 0.66 +0.14 0.428
Laboratory tests
WBC (/uL) (n = 521) 8,220 + 2,760 8,860 + 2,590 0.004
Blood eosinophils (/pL) (n = 518) 401.3 + 497.4 379.6 + 479.1 0.236
Total IgE (IU/L) (n = 161) 504.1 + 699.7 328.1 + 408.0 0.170
Sputum neutrophils (%) (n = 148) 50.4 + 31.6 41.0+ 33.2 0.133
Sputum eosinophils (%) (n = 144) 13.4+19.2 11.9+19.5 0.974
FeNO (ppb) (n = 136) 49.3+99.7 47.6+32.3 0.532
Phenotype of asthma
Type 2 inflammation’ 315(71.4) 87 (71.9) 0.919
Blood eosinophils > 150 cells/pL 261 (64.6) 68 (59.6) 0.332
FeNO > 20 ppb 88 (75.2) 16 (84.2) 0.562
Sputum eosinophil > 2% 68 (63.0) 24 (66.7) 0.689
Presence of atopy 102 (43.2) 24 (36.9) 0.362
Level of asthma control (n = 512) 0.090
Uncontrolled 130 (32.4) 36 (32.4)
Partly controlled 169 (42.1) 57 (51.4)
Controlled 102 (25.4) 18 (16.2)
ACT score (n = 550) 18.1+5.1 17.2 5.7 0.218
QLQAKA score (n = 550) 61.1+14.9 59.5+15.0 0.296

Data are presented as mean =+ standard deviation or counts (%).

OCS, oral corticosteroids; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; WBC, white blood cell; FeNO, fractional exhaled nitric oxide;
ACT, Asthma Control Test; QLQAKA, Quality of Life Questionnaire in Adult Korean Asthmatics.

"Type 2 inflammation was defined when the patients were either eosinophilic (blood eosinophils > 150 cells/uL, FeNO > 20 ppb, or sputum eosinophil > 2%) or
allergic (presence of atopy).
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Use of asthma medications according to OCS dependence

Regarding controller medications for asthma, 98.2% of the total patients were using ICS-
LABA (Fig. 1). Additional inhaled LAMA was prescribed in 38.4% as an add-on therapy. The
most common oral controller was LTRA (81.3%), followed by theophylline (44.1%), macrolide
(2.7%), and roflumilast (2.5%). When comparing the use of asthma medications according to
OCS dependence, theophylline (52.9% vs. 41.7%, P=0.028) and macrolides (6.6% vs. 1.6%, P=
0.006) were significantly more commonly used in the OCS-dependent group than in the OCS-
independent group. Among the study patients, only a small portion received anti-IL-5 (6.9%)
and anti-IgE (5.0%). Anti-IL-5 was more commonly prescribed for patients with OCS-dependent
asthma (13.2% vs. 5.1%, P = 0.002), while no significant difference was noted for the prescription
of anti-IgE (6.6% vs. 4.5%, P=0.325). The proportion of patients who had used 2 or more
canisters of SABA as a rescue medication during the previous 6 months was significantly larger in
the OCS-dependent group than in the OCS-independent group (37.7% vs. 17.0%, P < 0.001).

The daily dose of ICS (budesonide equivalent dose) was significantly higher in the OCS-
dependent group compared with the OCS-independent group (1,181 + 664 nug vs. 1,030 +
726 ng, P=0.039) (Fig. 2A). Moreover, the cumulative prednisolone-equivalent dose of OCS

100 -

m OCS independent asthma
W OCS dependent asthma

80
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[0)
an
©
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o 40
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20

0

ICS/LABA LAMA LTRA  Theophylline Roflumilast Macrolide  Anti-IgE Anti-IL-5 SABA
(> 2 canister/
6 months)

Fig. 1. Use of asthma medications according to OCS dependence.

ICS, inhaled corticosteroids; LABA, long-acting beta-agonists; LAMA, long-acting muscarinic antagonists; LTRA,
leukotriene receptor antagonists; OCS, oral corticosteroids; SABA, short-acting beta-agonists.

‘P <0.05, "P<0.01, and "'P < 0.001.

1,200 1,400
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1,050 600 W OCS dependent asthma
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Daily ICS dose (pg) o 6-month cumulative dose
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Fig. 2. A daily dose of ICS (A) and a 6-month cumulative dose of OCS (B).

The budesonide and prednisolone equivalent dose was used for ICS and OCS, respectively.
ICS, inhaled corticosteroids; OCS, oral corticosteroids.

'P<0.05, P <0.001.

https://e-aair.org https://doi.org/10.4168/aair.2022.14.4.412 417



Allergy, Asthma & AA] R
Characteristics of 0CS-dependent Asthma Immunology Research

Table 3. Comparison of asthma exacerbations in the previous year from enrollment according to OCS dependence

Variables OCS-independent (n = 441) OCS-dependent (n = 121) Pvalue
Unscheduled healthcare visit (n = 556)
At least one visit 192 (44.0) 46 (38.3) 0.264
Outpatient clinic visit 126 (29.0) 29 (24.0) 0.278
Emergency room visit 74 (16.9) 30(24.8) 0.049
Hospitalization 97 (22.2) 32(26.4) 0.333
ICU admission 1(0.2) 2(1.7) 0.119
Number of OCS bursts (n = 352) 0.030
Less than three 223 (75.9) 36(62.1)
Three or more 71 (24.1) 292 (37.9)

Data are presented as counts (%).
OCS; oral corticosteroids, ICU; intensive care unit.

during the previous 6 months was notably higher in the OCS-dependent group as well (1,222
+ 839 mgvs. 461 + 460 mg, P < 0.001) (Fig. 2B). The mean daily OCS dose was 6.8 mg in OCS
dependent group. Among 66 OCS-dependent patients who had follow-up data on medication
6 months after enrollment, 32 (48.5%) patients were still on maintenance OCS.

Asthma exacerbations and healthcare use according to OCS dependence

The percentage of patients who had visited healthcare facilities at least once due to asthma
exacerbations in the previous year from enrollment was not significantly different between
the 2 groups (38.3% vs. 44.0%, P=0.264) (Table 3). In terms of unexpected healthcare use,
emergency room visits were significantly more common in the OCS-dependent group than
in the OCS-independent group (24.8% vs. 16.9%, P=0.049). The frequencies of unscheduled
visits to an outpatient clinic (24.0% vs. 29.0%, P= 0.278), hospitalizations (26.4% vs. 22.2%,
P=0.333), and admission to an intensive care unit (1.7% vs. 0.2%, P= 0.119) were not
significantly different between the 2 groups. The proportion of patients who had consumed 3
or more OCS bursts for exacerbated asthma during a given year was significantly higher in the
OCS-dependent group than in the OCS-independent group (37.9% vs. 24.1%, P=0.030).

DISCUSSION

In the present study, we identified and characterized patients with severe asthma with OCS
dependency from the KoSAR registry and compared them to those without OCS dependency.
Patients with OCS-dependent asthma comprised 21% of severe asthmatics and had a higher
proportion of adult-onset asthma and a higher prevalence of anxiety disorders compared to
those with OCS-independent asthma. In addition, the OCS-dependent group had poorer
lung function and used more medication as controllers. Despite the higher doses of daily ICS
and 6-month cumulative OCS, patients in the OCS-dependent group had significantly higher
proportions of those who consumed relievers, made unscheduled emergency room visits,
and had repeated OCS bursts.

We noted that one-fifth of the patients with severe asthma were defined as having OCS-
dependent asthma. Prescription of regular OCS aims to avoid exacerbations in patients
whose symptoms worsen when reducing OCS. The proportion of chronic OCS users among
severe asthmatics varied across studies, ranging from 17% to 63%.%** The wide range

could be attributed to the heterogeneity in the study populations, ethnicities, diagnostic
criteria of OCS-dependence, and different referral systems in each country. The studies
comprehensively assessing characteristics of severe asthma were summarized in Table 4.2
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Table 4. Studies comparing characteristics of severe asthma according to OCS dependence

Study Year Number of Definition of mOCS Daily OCS dose Characteristics of patients with mOCS
severe asthmatics and proportion (vs. non-mOCS-users)
KoSAR 2022 562 OCS treatment 6.8 mg - Demographics: MAdult-onset asthma
(Korea) for more than 6 months (prednisolone . Lung function: VFEV1, FVC
inayear: 21.5% equivalent) . nflammatory markers: Blood eosinophils, sputum
eosinophils, FeNO (-)
- Comorbidities: Manxiety disorder

Sweeny et al.* 2016 770 Requirement of mOCS: 15mg - Demographics: MMale, age at diagnosis of asthma (), MNBMI
(UK) 57.4% (prednisolone . Lung function: VFEV1, FEV1/FVC ratio

equivalent) . comorbidities: MCorticosteroid-induced morbidities
Graff et al.”? 2020 982 Daily use 8mg - Demographics: ™Male, Mate-onset asthma
(Belgium) of OCS: 21.0% (prednisone - Lung function: FEV1, FVC (-)

equivalent) - Inflammatory markers: blood eosinophils, sputum

eosinophils (=), NFeNO
- Comorbidities: MEmphysema, bronchiectasis, GERD, EGPA

OCS, oral corticosteroids; mOCS, maintenance oral corticosteroids; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; BMI, body mass index;
FeNO, fractional exhaled nitric oxide; GERD, gastroesophageal reflux disease; EGPA, Eosinophilic granulomatosis with polyangiitis.

https://e-aair.org

The higher prevalence of adult-onset asthma in the OCS-dependent group is in line with

a previous study from the Belgian Severe Asthma Registry, in which the maintenance use
of OCS was associated with late-onset (> 40 years of age) asthma. In the Belgian registry,
OCS maintenance was also related to a lower prevalence of atopy.?? Considering the lower
prevalence of family history of allergic disease and fewer self-reported allergic diseases,
there may be significantly fewer patients with atopy in the OCS-dependent group. However,
it was difficult to precisely evaluate this issue because only 53.4% (301/562) of participants
underwent a skin prick test or a serum-specific IgE test. The substantial proportion of
OCS-dependent patients and shared phenotypes in this population suggest the presence of
specific pathophysiology leading to OCS reliance.

Despite the well-known adverse effects of chronic OCS use, only anxiety showed a
significantly higher prevalence in the OCS-dependent group compared with the OCS-
independent group. In patients with asthma, the presence of anxiety was related to
worsening asthma symptoms and poor asthma control.>>?* Consequently, patients with

an anxiety disorder could be more prone to using higher doses of OCS to relieve their
symptoms. On the other hand, chronic OCS use might have played a role, at least partly, in
the development of anxiety disorders, as corticosteroids are reportedly associated with a
higher risk of a mood or anxiety disorder.” A recent qualitative study in severe asthmatics
described the psychologic side effects of OCS, such as mood swings and anxiety derived
from OCS reliance.? In our data, the prevalence of hypertension, osteoporosis, and diabetes
mellitus were similar between the OCS-dependent group and the OCS-independent group.

In contrast, a study from the British Thoracic Society (BTS) Difficult Asthma Registry
reported that corticosteroid-dependent severe asthma was associated with higher frequencies
of complications such as diabetes, hypertension, obesity, and sleep disorders. One possible
reason for this discrepancy is differences in the OCS daily dose, which was higher in the
BTS registry than in the KoSAR (15 mgvs. 6.8 mg).* Despite a similar prevalence between
the groups at the time of investigation, a higher incidence of comorbidities is expected in
patients treated with prolonged OCS. These findings also highlight the need for a regular
assessment of potential OCS-induced morbidities, as their risk increases according to

the increase in cumulative OCS dose and duration of exposure.? Unlike anxiety disorder,
asymptomatic metabolomic or cardiovascular disorders are hard for patients to recognize,
especially in the early phase; thus, timely screening before progression is required.*
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In our analysis, the OCS-dependent group had a significantly worse lung function than

the OCS-independent group, while there were no significant differences in the levels and
total scores of symptom control. These findings imply that, in the management of OCS-
dependent severe asthma, OCS is prescribed to maintain symptom control to a level similar
to that in OCS-independent asthma. Nonetheless, the decline of lung function could not be

readily prevented by the chronic use of OCS. Another notable finding was the comparable
levels of eosinophilic markers in severe asthmatics regardless of chronic OCS use. Persistent
eosinophilic inflammation despite OCS maintenance has been reported in the Belgian
severe asthma registry and participants in clinical trials of mepolizumab.?** This warrants
the necessity of highly efficient T2-targeting therapies, including mepolizumab, reslizumab,
dupilumab, and benralizumab, to reduce OCS consumption. At the same time, worse lung
function and less OCS-responsive inflammatory markers suggest the presence of pathologic
mechanisms that could not be attenuated by OCS. These might be the involvement of airway
fibrosis, inherent eosinophil characteristics, or other host factors affecting corticosteroid
metabolism.*

In terms of asthma medication, patients in the OCS-dependent group reported greater ICS
doses and more theophylline, macrolide, and SABA use. Despite the OCS maintenance,

the OCS-dependent group still experienced more frequent unscheduled emergency room
visits and more repeated use of OCS bursts compared with the OCS-independent group. In
addition to the maintenance use of OCS, intermittent use of OCS bursts for exacerbations
was also reported to induce various OCS-related adverse reactions.® Moreover, overuse

of SABA was associated with an increased risk of asthma exacerbation and mortality.
Collectively, these findings suggest the substantial economic and disease burden stemming
from medications and medication-associated adverse effects in OCS-dependent asthma.
Frequent exacerbations also impose an additional burden on these patients.?®** However,
compared with the patients with severe asthma in other countries,* fewer patients were
using biologics (anti-IgE and anti-IL-5) in our study. Although more patients in the OCS-
dependent group received anti-IL-5 compared with the OCS-independent group, the majority
of patients still relied on chronic OCS use. We speculate that the high medication costs

and lack of reimbursement by the National Health Insurance Service in Korea imposed a
significant barrier to the use of biologics in patients with severe asthma.®

When further examining the cumulative dose of corticosteroids, the mean OCS dose
consumed in the OCS-dependent group during 6 months was 1,222 mg, which was more
than twice the dose consumed in the OCS-independent group (461 mg). Considering that

a cumulative yearly dose of 1,000 mg has been suggested as a threshold for referral given

its association with corticosteroid-induced morbidity, special efforts are needed to reduce
OCS use and prevent adverse events.*? The potential risk from corticosteroid-associated
side-effects could be underestimated in clinical practice,’ because it is not reflected in ACT
scores or spirometry results. This is in accordance with our results showing a similar degree
of asthma control status in the OCS-dependent group and the OCS-independent group.
Despite the similar control status at specific times, the potential risks of the 2 groups may
vary greatly. Therefore, identification of high-risk patients and screening for corticosteroid-
induced side effects in clinical practice are required. Initiating biologic agents also needs to
be actively considered for reducing not only acute exacerbations but also OCS use. Moreover,
further study is warranted to assess the impact of chronic OCS use on clinical course and
disease burden of asthma in a longitudinal manner.
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The major strength of this study is that it presents the demographic and clinical characteristics
of patients with OCS-dependent severe asthma using a nationwide representative multicenter
registry, in which all participants with severe asthma were diagnosed and managed by asthma
specialists at dedicated referral centers. However, this study has several limitations that should
be acknowledged. First, as the registry did not include patients with severe asthma managed

at primary or secondary centers without a referral, the findings may not represent the whole
population of patients with OCS-dependent severe asthma. Secondly, the comorbidities
were self-reported and not assessed based on objective diagnostic criteria. The data on
comorbidities were collected once at the enrollment visit without follow-up. Therefore,

we could not tell the causal relationship between OCS use and potential complications.

In addition, we did not include eosinophilic granulomatosis with polyangiitis or allergic
bronchopulmonary aspergillosis as comorbidities in our original case report form which
might have caused long-term OCS use. Thirdly, considering that the definitions of severe
asthma and OCS dependence are heterogeneous among registries and studies, the findings
in this study should be interpreted with caution when compared with OCS-dependent severe
asthma in different study populations.

In conclusion, approximately 20% of patients with severe asthma in the KoSAR had OCS
dependency. Patients with OCS-dependent asthma reported a greater disease burden
compared to those with OCS-independent asthma in terms of worse lung function, more
medication use, and frequent exacerbations. Patients with OCS-dependent asthma remained
eosinophilic despite chronic OCS use. Active intervention is needed for this population,
including initiation of biologic agents and regular assessment of OCS-induced morbidities.
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