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Background: Many severe asthma patients with high oral corticosteroid exposure (HOCS) often do not initiate biologics despite 
being eligible. This study aimed to compare the characteristics of severe asthma patients with HOCS who did and did not initiate 
biologics.
Methods: Baseline characteristics of patients with HOCS (long-term maintenance OCS therapy for at least 1 year, or ≥4 courses of 
steroid bursts in a year) from the International Severe Asthma Registry (ISAR; https://isaregistries.org/), who initiated or did not 
initiate biologics (anti-lgE, anti-IL5/5R or anti-IL4R), were described at the time of biologic initiation or registry enrolment. Statistical 
relationships were tested using Pearson’s chi-squared tests for categorical variables, and t-tests for continuous variables, adjusting for 
potential errors in multiple comparisons.
Results: Between January 2015 and February 2021, we identified 1412 adult patients with severe asthma from 19 countries that met 
our inclusion criteria of HOCS, of whom 996 (70.5%) initiated a biologic and 416 (29.5%) did not. The frequency of biologic 
initiation varied across geographical regions. Those who initiated a biologic were more likely to have higher blood eosinophil count 
(483 vs 399 cells/µL, p=0.003), serious infections (49.0% vs 13.3%, p<0.001), nasal polyps (35.2% vs 23.6%, p<0.001), airflow 
limitation (56.8% vs 51.8%, p=0.013), and uncontrolled asthma (80.8% vs 73.2%, p=0.004) despite greater conventional treatment 
adherence than those who did not start a biologic. Both groups had similar annual asthma exacerbation rates in the previous 12 months 
(5.7 vs 5.3, p=0.147).
Conclusion: Around one third of severe HOCS asthma patients did not receive biologics despite a similar high burden of asthma 
exacerbations as those who initiated a biologic therapy. Other disease characteristics such as eosinophilic phenotype, serious infectious 
events, nasal polyps, airflow limitation and lack of asthma control appear to dictate biologic use.
Keywords: severe asthma, biologics, real-world, treatment pattern, patient characteristics

Introduction
A major burden of severe asthma (SA) is the ongoing risk of severe exacerbations defined (according to the 
American Thoracic Society [ATS]/European Respiratory Society [ERS] Task Force) as a worsening of asthma 
which require use of oral corticosteroid (OCS) for at least 3 days, hospitalization, or emergency department (ED) 
visit.1 The ongoing risk of recurrent severe exacerbations and other chronic daily symptoms lead to substantially 
increased healthcare resource use and costs and impaired quality of life2,3 due to both acute care as well as the 
onset of various OCS-related side-effects and adverse outcomes.4,5 OCS are commonly prescribed to treat or 
reduce the risk of inflammatory flare-ups after an asthma exacerbation (episodic use) or when asthma is still 
uncontrolled despite standard high-dose inhaled therapy (long-term maintenance use).6 In Europe, 14‒44% of all 
asthma patients studied used OCS, 6‒9% were high OCS users (defined as OCS use of at least 450 mg prescribed 
in 3 months) at some point.7 In the United States, the prevalence of OCS use is even higher: 65% of SA patients 
used OCS and 19% were classified as high OCS users, using the same definition.8 In particular, long-term 
(maintenance) OCS is prevalent in approximately 20% to 60% of SA patients.9–11
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In previous studies, the available therapeutic monoclonal antibodies (“biologics”, including omalizumab, 
mepolizumab, reslizumab, benralizumab and dupilumab) were found to reduce exacerbation frequency when 
used as add-on therapies to standard asthma therapies.12 They can also improve asthma control and lung function, 
and some (mepolizumab, reslizumab, benralizumab and dupilumab) have shown OCS-sparing effects.12,13 In 
a preliminary study of a large international SA cohort,11 we have previously detected marked variability in the 
prescription criteria of biologics across country settings, assessed using the biologic accessibility score (BACS), 
a composite score incorporating 10 commonly used biologic eligibility criteria.14 Referenced to European 
Medicines Agency marketing authorization specifications, a higher score reflected easier biologic access. The 
study found that for omalizumab, mepolizumab, benralizumab and dupilumab, only two, one, four and seven 
countries out of a total of 28, had equivalent or easier biologic access than that advocated by the EMA, and in all 
countries reslizumab was more difficult to access when compared to EMA eligibility criteria.14 Biologic prescrip-
tion criteria are informed by the strict inclusion/exclusion criteria in randomized controlled trials (RCTs) that 
show higher efficacy among T2-high patients, as well as differences in national prescribing criteria and reimbur-
sement considerations. However, only about 10% of SA patients are eligible for enrollment in the Phase III trials, 
with a significant number of patients being excluded because of stipulations for airflow limitation, bronchodilator 
reversibility and smoking history.15 For this reason, it is important to characterize SA patients with high oral 
corticosteroid exposure (HOCS) who were stepped up to a biologic therapy in real world settings. Precise 
profiling of these patients versus those who were not initiated on biologics will provide insight into this important 
segment of SA patients, enabling subsequent investigation into the real-world effects and cost-effectiveness of 
biologics in patients with HOCS.

Based on a large international cohort of SA patients with HOCS exposure, this study aims to identify the demographic 
and clinical features, including medication usage and co-morbidities, that are associated with those who were initiated on 
biologic therapy, compared to those who were not.

Materials and Methods
Study Design and Data Source
International Severe Asthma Registry (ISAR; http://isaregistries.org/), the largest adult SA registry in the world, 
and which is continually expanding, comprises de-identified, patient-level, longitudinal, real-life, standardized 
data from existing and newly created SA registries of 29 countries for over 10,000 patients.16–19 For this study in 
particular, ISAR initially collected data for 5379 patients, using a core set of variables, from 19 countries 
(Argentina, Australia, Bulgaria, Canada, Colombia, Denmark, Greece, India, Ireland, Italy, Japan, Kuwait, 
Mexico, Saudi Arabia, South Korea, Spain, Taiwan, United Arab Emirates and the United Kingdom) between 
January 2015 and February 2021.18 The ISAR database has ethical approval from the Anonymised Data Ethics 
Protocols and Transparency (ADEPT) committee (ADEPT0218). This study was designed, implemented, and 
reported in compliance with the European Network Centres for Pharmacoepidemiology and Pharmacovigilance 
Code of Conduct (EMA 2014; EUPAS33582) and with all applicable local and international laws and regulations.

Study Cohort
This study included patients aged 18 years or older at enrolment and who have SA (ie receiving treatment at 
GINA 2018 Step 5 or with uncontrolled asthma at GINA Step 4).20 A summary of how each registry diagnoses 
asthma and categorizes SA is provided in Supplementary Table 1. In addition, patients in the study cohort were 
also required to have a history of HOCS exposure use for at least 12 months prior to the index date, defined as 
either having long-term (maintenance) use of OCS for at least 12 months prior, or using 4 or more courses of 
rescue steroid bursts for a 12-month period at baseline; a more strict definition than used in previous studies.7,8 

Patients who had received bronchial thermoplasty, any prior history of biologic use, or who had inadequate 
background data at the date of initiation, were excluded from the analysis.
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The index date was defined as the date of biologic initiation for the Biologic Initiated group, assigned for those who 
received biologics (hereafter referred to as biologic initiators), and the date of ISAR enrolment for the Biologic not 
Initiated group (hereafter referred to as biologic non-initiators), assigned for those who never received biologics. The 
baseline period covers the 12 months prior to index date.

Study Variables
Variables of interest included demographic variables (eg, age, age of asthma onset, gender, ethnicity, body mass 
index), smoking history, asthma duration, frequency of exacerbation, severity of exacerbation, asthma control 
status, positive testing for allergen tests, co-morbidities (OCS related and un-related), healthcare resource 
utilization (HCRU), biomarker concentrations (fractional exhaled nitric oxide [FeNO], total and specific serum 
IgE, and blood eosinophil count [BEC]), lung function, and treatment regimen. In addition, patients were also 
classified into different grades of eosinophilic phenotype likelihood, following a predefined eosinophilic asthma 
phenotype algorithm, based on highest BEC, long-term maintenance OCS use, elevated FeNO, presence of nasal 
polyps, and adult-onset of asthma.21 A full description of variables collected is provided in Supplementary Table 
2 and Supplementary Table 3. We also calculated the Biologic Accessibility Score (BACS) for different groups of 
biologics associated with each country, which incorporates ten access prescription criteria, reflecting that country’s 
criteria to prescribe a particular biologic, and the “ease” of receiving the various biologics in asthma. A full 
description of the BACS index scores and the prescription criteria components are provided in Supplementary 
Table 4.14 Range of exacerbation counts is provided by counter in Supplementary Table 5.

Statistical Analyses
Descriptive statistics were computed for all demographic and clinical characteristics at baseline, based on whether 
they were continuous variables or categorical measures, as appropriate. These statistics were reported separately 
for those who did and did not initiate biologic therapy. Statistical relationships were tested using Pearson’s chi- 
squared tests for categorical variables, and t-tests for continuous variables. To account for potential errors in 
multiple comparisons, we applied the robust Benjamini-Hochberg (B-H) procedure,22 which calculated the critical 
p-value for significance in multiple testing, accepting up to 10% of false discovery rate. Statistical significance 
was defined as a p-value lower than the B-H critical p-value for multiple comparisons. Stata version 17 (College 
Station, TX, USA) was used to conduct all statistical analyses.

Results
Study Cohorts
Among 5379 prospective adult patients with SA from the 19 ISAR participating countries, 1412 were HOCS 
patients who met the inclusion criteria, as shown in Figure 1. Of these, 996 (70.5%) initiated biologics and 416 
(29.5%) did not. Of the biologic therapies, mepolizumab made up the majority (n=604, 62.7%; first available 
since 2015), followed by omalizumab (n=260; 27.0%; since 2003). A relatively smaller proportion of patients 
initiated benralizumab (n=82; 8.5%; since 2017), reslizumab (n=12, 1.2%; since 2016), or dupilumab (n=6; 0.6%; 
since 2016).

Geographic Distribution
Geographical variation in the initiation of biologics was noted (Figure 2). However, there was no clear relation-
ship between the proportion of patients who initiated biologics and the country-specific BACS scores.

Demographic Characteristics (Table 1)
Mean age and BMI were similar across biologic initiated and non-initiated groups (age, 51.7 vs 53.2 years, 
p=0.08; BMI, 29.3 vs 29.7 kg/m2, p=0.28). However, compared to those who did not initiate biologics, biologic 
initiators were more likely to be Caucasian (77.7% vs 65.1%, p<0.001).
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Figure 1 Flowchart of cohort creation.

Figure 2 Geographic distribution of adult severe asthma patients with high oral corticosteroid exposure enrolled in ISAR according to biologic initiation status. ISAR: 
International Severe Asthma Registry. Data are presented as % not initiated/% initiated. Green: approximately equal proportion of biologic non-initiators to initiators; Blue: 
More likely not to initiate biologics; Yellow: more likely to initiate biologics.
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Clinical Characteristics (Table 2 and Figure 3)
Asthma Status
Biologic initiators were comparable to non-initiators with regard to age of onset of asthma (year, 27.9 vs 29.5, p=0.15), 
duration of asthma (year, 23.7 vs 23.8, p=0.91), and number of asthma exacerbations over the past year (5.7 vs 5.3, 
p=0.15). However, patients who initiated biologics were more likely to have uncontrolled asthma (80.8% vs 73.2%, 
p=0.004) as defined by either GINA criteria, Asthma Control Questionnaire or Asthma Control Test, as well as better 
treatment adherence as defined by a mix of setting-specific methods (88.7% vs 76.2%, p<0.001), compared to those who 
did not initiate biologics.

Table 1 Baseline Demographic Characteristics for ISAR Patients with Severe Asthma and High Oral Corticosteroid Exposure Who 
Were and Were Not Initiated on Biologic (Bx) Therapy

BX Not Initiated BX Initiated P-value B-H Critical P value Threshold 
for Significance in Multiple 

Testing

Age, yrs n = 416 n = 996
Mean (SD) 53.2 (14.5) 51.7 (13.9) 0.075

18–34, n (%) 50 (12.0) 131 (13.2) 0.010 0.028
35–54, n (%) 153 (36.8) 418 (42.0)

55–79, n (%) 203 (48.8) 440 (44.2)
80+, n (%) 10 (2.4) 7 (0.7)

Gender n = 416 n = 996
Female, n (%) 277 (66.6) 609 (61.1) 0.050 0.040

Race/Ethnicity n = 375 n = 887
Caucasian, n (%) 244 (65.1) 689 (77.7) <0.001 0.007
Asian, n (%) 65 (17.3) 62 (7.0)
African, n (%) 10 (2.7) 36 (4.1)

Mixed, n (%) 1 (0.3) 17 (1.9)

Other†, n (%) 55 (14.7) 83 (9.4)

BMI Category, Kg/m2 n = 410 n = 960

Mean (SD) 29.7 (7.7) 29.3 (6.8) 0.280 0.066

Underweight (BMI <18.5), n (%) 11 (2.7) 13 (1.4) 0.310 0.071
Normal (BMI 18.5 to <25), n (%) 106 (25.9) 264 (27.5)
Overweight (BMI 25 to <30), n (%) 126 (30.7) 309 (32.2)

Obese (BMI ≥30), n (%) 167 (40.7) 374 (39.0)

Tobacco smoking status † n = 410 n = 936

Current smoker, n (%) 23 (5.6) 23 (2.5) 0.010 0.029
Ex-smoker, n (%) 106 (25.9) 267 (28.5)

Non-smoker, n (%) 281 (68.5) 646 (69.0)

Tobacco smoking pack-years† n = 117 n = 249

Mean (SD) 15.25 (16.31) 18.97 (17.62) 0.050 0.041

<6, n (%) 41 (35.0) 56 (22.5) 0.011 0.033
≥6, n (%) 76 (65.0) 193 (77.5)

≤10, n (%) 67 (57.3) 105 (42.2) 0.007 0.021

>10, n (%) 50 (42.7) 144 (57.8)

Notes: †does not include hookah smoking. Test statistics: Pearson Chi Square test for categorical variables with > 2 categories, McNemar’s test for categorical variables 
with 2 categories and T-test for continuous variables. 
Abbreviations: B-H, Benjamini-Hochberg Procedure; BMI, body mass index; ISAR, International Severe Asthma Registry; SD, standard deviation.
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Table 2 Baseline Clinical Characteristics for ISAR Patients with Severe Asthma and High Oral Corticosteroid Exposure Who Were 
and Were Not Initiated on Biologic (Bx) Therapy

BX Not Initiated BX Initiated P-value B-H Critical P value Threshold 
for Significance in Multiple 

Testing

Age of asthma onset N=402 N=876 0.150 0.057
Mean (SD) 29.5 (18.7) 27.9 (18.7)

Asthma duration N=394 N=859 0.910 0.098
Mean (SD) 23.8 (16.3) 23.7 (16.7)

Asthma control* N=381 N=777 0.004 0.017
Controlled, n (%) 26 (6.8) 51 (6.6)
Partially controlled, n (%) 76 (20.0) 98 (12.6)

Uncontrolled, n (%) 279 (73.2) 628 (80.8)

No. asthma exacerbations in the 

past year (excluding cases with 0 

exacerbations)

N=334 N=849

Mean (SD) 5.3 (4.0) 5.7 (3.9) 0.147 0.055

1, n (%) 26 (7.8) 75 (8.8) 0.009 0.024
2, n (%) 39 (11.7) 82 (9.7)

3, n (%) 28 (8.4) 61 (7.2)
4, n (%) 85 (25.5) 181 (21.3)

5, n (%) 60 (18.0) 112 (13.2)

≥6, n (%) 96 (28.7) 338 (39.8)

Adherence* N=327 N=873

Adherent, n (%) 249 (76.2) 774 (88.7) <0.001 0.002

Poor: Clinical impression, n (%) 25 (7.7) 12 (1.4)

Poor: Prescription records, n (%) 53 (16.2) 87 (10.0)

Positive allergen test

Serum specific IgE test to allergens N=340 N=926
Positive, n (%) 112 (32.9) 396 (42.8) 0.002 0.012

Skin prick test to allergens N=340 N=926
Positive, n (%) 99 (29.1) 305 (32.9) 0.196 0.060

Healthcare resource utilization

N=416 N=996

Emergency department visit, N (%) 157 (37.7) 321 (32.2) 0.046 0.038
Hospital admission, N (%) 131 (31.5) 286 (28.7) 0.297 0.069

Invasive ventilation (ever), N (%) 27 (6.5) 69 (6.9) 0.766 0.088

Post-bronchodilator (BD) lung function

Post-BD FEV1, % predicted N=296 N=840

Mean (SD) 72.69 (23.29) 73.09 (34.59) 0.854 0.091

Post-BD FEV1/FVC N=282 N=826 0.008 0.022
Mean (SD) 0.71 (0.18) 0.67 (0.22)

Post-BD FEV1/FVC < 0.7, n (%) N=282 

136 (51.8)

N=826 

469 (56.8)

0.013 0.034

(Continued)
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Table 2 (Continued). 

BX Not Initiated BX Initiated P-value B-H Critical P value Threshold 
for Significance in Multiple 

Testing

Biomarkers

Serum total IgE, IU (mL) N=313 N=882
<150, n (%) 165 (52.7) 396 (44.9) 0.055 0.045
150–400, n (%) 67 (21.4) 229 (26.0)
>400, n (%) 81 (25.9) 257 (29.1)

BEC (/µL) N=329 N=919
Highest, Mean (SD) 398.9 (371.4) 482.8 (468.7) 0.003 0.014

150, n (%) 88 (26.8) 220 (23.9) 0.057 0.047
>150 to ≤ 300, n (%) 90 (27.4) 220 (23.9)

>300 to ≤ 450, n (%) 43 (13.1) 99 (10.8)

>450, n (%) 108 (32.8) 380 (41.4)

FeNO, ppb N=218 N=701 0.010 0.031
<25, n (%) 87 (39.9) 205 (29.2)

25–50, n (%) 53 (24.3) 220 (31.4)

>50, n (%) 78 (35.8) 276 (39.4)

Low T2 biomarker, n (%) N=183 N=666

30 (16.4) 58 (8.7) 0.003 0.016

High T2 biomarker, n (%) N=183 N=666

75 (41.0) 282 (42.3) 0.742 0.086

ISAR gradient eosinophilic phenotype N=325 N=911 <0.001 0.003
Grade 0 (unlikely), n (%) 7 (2.2) 2 (0.2)

Grade 1 (least likely), n (%) 35 (10.8) 20 (2.2)

Grade 2 (Likely), n (%) 62 (19.1) 62 (6.8)
Grade 3 (most likely), n (%) 221 (68.0) 827 (90.8)

Co-morbidities

Potential OCS-related co-morbidities

Anxiety, n (%) N=230 
31 (13.5)

N=260 
36 (13.9)

0.906 0.097

Depression, n (%) N=227 

25 (11.0)

N=254 

23 (9.1)

0.474 0.079

Osteoporosis, n (%) N=304 

52 (17.1)

N=611 

67 (11.0)

0.009 0.026

Peptic ulcer, n (%) N=185 
10 (5.4)

N=205 
6 (2.9)

0.218 0.062

Type II diabetes, n (%) N=170 

31 (18.2)

N=210 

29 (13.8)

0.239 0.064

History of Pneumonia, n (%) N=184 

15 (8.2)

N=205 

16 (7.8)

0.900 0.095

Cataract, n (%) N=128 
9 (7.0)

N=108 
5 (4.6)

0.437 0.076

Embolism, n (%) N=126 

2 (1.6)

N=105 

2 (1.9)

0.854 0.093

(Continued)
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Lung Function
Patients who initiated biologics had similar post-bronchodilator FEV1 as a percentage of predicted FEV1 (73.1% vs 
72.7%, p=0.85), and a modestly greater degree of airflow limitation according to the proportion with a FEV1/FVC ratio 
of less than 0.7 (56.8% vs 51.8%, p=0.013), compared to non-initiators.

Eosinophilic Asthma
Patients who initiated biologics also had a higher mean BEC (483/µL vs 399/µL, p=0.003), slightly higher FeNO 
concentrations (25–50 ppb, 31.4% vs 24.3%; >50 ppb, 39.4% vs 35.8%, p=0.010), and were more likely to be of ISAR 
Grade 3 eosinophilic phenotype (90.8% vs 68.0%, p<0.001), compared to non-initiators. Of note, there were fewer 

Table 2 (Continued). 

BX Not Initiated BX Initiated P-value B-H Critical P value Threshold 
for Significance in Multiple 

Testing

Glaucoma, n (%) N=128 

2 (1.6)

N=108 

5 (4.6)

0.166 0.059

Heart failure, n (%) N=128 
3 (2.3)

=104 
1 (1.0)

0.421 0.074

Myocardial infarction, n (%) N=166 

3 (1.8)

N=148 

5 (3.4)

0.378 0.072

Renal failure, n (%) N=185 

2 (1.1)

N=205 

0 (0.0)

0.136 0.053

Sleep apnea, n (%) N=173 
29 (16.8)

N=231 
35 (15.2)

0.661 0.081

Stroke, n (%) N=166 

0 (0.0)

N=146 

1 (0.7)

0.286 0.067

T2 Comorbidities (ever) N=416 N=996

Allergic rhinitis, n (%) 168 (40.4) 313 (31.4) 0.001 0.010
Chronic rhinosinusitis, n (%) 83 (20.0) 246 (24.7) 0.054 0.043

Eczema, n (%) 38 (9.1) 98 (9.8) 0.682 0.084

Nasal polyps, n (%) 98 (23.6) 351 (35.2) <0.001 0.005

Other

Anaphylaxis event, n (%) N=197 

5 (2.5)

N=399 

2 (0.5)

0.030 0.036

Cancer event, n (%) N=199 

13 (6.5)

N=393 

8 (2.0)

0.005 0.019

Serious infection event, n (%) N=196 

26 (13.3)

N=396 

194 (49.0)

<0.001 0.009

Asthma therapy

Add-on treatment to ICS/LABA N=416 N=996
Long term OCS, n (%)† 247 (59.4) 612 (61.5) 0.467 0.078

LTRA, n (%) 181 (43.5) 427 (42.9) 0.825 0.090

Long-term macrolide, n (%) 25 (6.0) 54 (5.4) 0.661 0.083
Steroid-sparing, n (%) 8 (1.9) 8 (0.8) 0.070 0.050

Theophylline, n (%) 64 (15.4) 169 (17.0) 0.465 0.100

LAMA, n(%) 216 (51.9) 463 (46.5) 0.062 0.048

Notes: *Treatment adherence was evaluated through a mix of methods in different countries in ISAR registry. †LTOCS: OCS therapy for at least 3 months. 
Abbreviations: BEC, blood eosinophil count; B-H, Benjamini-Hochberg Procedure; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in one second; 
FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; IgE, Immunoglobulin E; ISAR, International Severe Asthma Registry; LABA, long- 
acting β2-agonist; LAMA, long-acting muscarinic; LTRA, leukotriene receptor antagonist; OCS, oral corticosteroid; SD, standard deviation.
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biologic initiators with low T2 biomarkers compared to non-initiators (8.7% vs 16.4%, p=0.003), defined as BEC <150/ 
µL and FeNO<25ppb. However, the proportion of high T2 biomarkers were similar between biologic initiators and non- 
initiators (42.3% vs 41.0%, p=0.742), defined as BEC ≥300/µL and FeNO≥30 ppb.

Allergic Asthma
Similar proportions of patients tested positive for skin prick allergen tests (32.9% vs 29.1%, p=0.20), but more biologic 
initiators had a positive serum allergen test (42.8% vs 32.9%, p=0.002) compared to non-initiators.

Current Medication and Comorbidities
The distribution of ICS/LABA add-on therapies and most co-morbidities were similar across groups. However, patients 
who initiated biologics were less likely to have osteoporosis (11.0% vs 17.1%, p=0.009), allergic rhinitis (31.4% vs 
40.4%, p=0.001), cancer (2.0% vs 6.5%, p=0.005), and anaphylaxis (0.5% vs 2.5%, p=0.030), compared to non-initiators. 
On the other hand, biologic initiators were more likely to have a serious infection, defined as an infection that required 
hospitalization, invasive or non-invasive ventilation, IV antibiotics, or that resulted in a fatal outcome (49.0% vs 13.3%, 
p<0.001), and were also more likely to have nasal polyps (35.2% vs 23.6%, p<0.001).

Health Services Use in the Past Year
Both biologic initiators and non-initiators had similar proportions of patients with hospital admissions (28.7% vs 31.5%, 
p=0.30) and ICU admissions involving use of invasive ventilations (6.9% vs 6.5%, p=0.77). Although biologic initiators 
tended to have a lower proportion of patients with emergency department visits (32.2% vs 37.7%), the difference did not 
reach significance after the B-H adjustment for multiple comparison errors (p-value of 0.046 > B-H significance 
threshold of 0.038).

Figure 3 Clinical characteristics of adult severe asthma patients with high oral corticosteroid exposure enrolled in ISAR who did and did not initiate biologic therapy. 
Abbreviations: BEC, blood eosinophil count; BD, bronchodilator; Bx, biologic; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; IgE, 
immunoglobulin E; ISAR, International Severe Asthma Registry; OCS, oral corticosteroid.
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Discussion
In the ISAR cohort, the initiation of biologic therapies varied across countries. Nearly one third of SA patients with 
HOCS did not receive biologics, but these patients had similarly high frequencies of asthma exacerbation and HCRU as 
biologic initiators, suggesting that exacerbation history was not driving biologic prescription even though it is an 
important prescription criterion in many countries.14 On the other hand, eosinophilic asthma defined in terms of elevated 
biomarkers for airway inflammation (eg, BEC, nasal polyps), uncontrolled asthma despite treatment adherence, and 
airway limitation, as well as other co-morbidities that often accompany severe disease such as the occurrence of serious 
infection, appeared to be potential decision determinants for biologic initiation. The use of both endotype and phenotype 
biomarkers to direct biologic prescription decisions is in line with a precision medicine-based approach, and the 2021 
GINA strategy recommendations.23

The decision to initiate biologics exhibited a clear geographic pattern. For instance, SA patients with HOCS in UK, 
Denmark, Italy and Kuwait were more likely to initiate biologics than not. This pattern was related to country-income 
level (Eg, East Asia versus Middle East and developed countries versus low-to-middle income countries). Others have 
found that higher income level and better insurance coverage are associated with biologic initiation.24 There was also 
noticeable inconsistency between the initiation of biologics and country-specific biologic accessibility, suggesting that 
prescription criteria, and by extension, biologic accessibility, were not the sole determinants for biologic initiation in 
certain countries. Moreover, as a number of biologics only became available in 2015 and 2016, and our data were 
retrieved from 2015 to 2021, the lack of biologic availability may have hindered biologic initiation in some countries.

Our finding that a considerable portion (29%) of SA patients with HOCS did not receive biologics was in agreement 
with a recent ISAR publication, which showed that 51.1% of patients with SA (but not necessarily HOCS) received 
regular intermittent OCS, whereas only 25.4% were on biologics.11 Although long-term OCS use is associated with 
numerous adverse health outcomes,4,5 greatly increased healthcare costs and impaired quality of life,2,3 biologics such as 
mepolizumab, benralizumab and dupilumab have demonstrated steroid sparing effect in large clinical trials.25–27 

Considering the further benefits of biologics in reducing the burden of asthma exacerbations, our finding highlights 
the need to weigh up the potential harms of long-term OCS use with the benefits of biologics when considering the 
treatment of severe asthma.

Interestingly, exacerbation frequency and HCRU did not appear to increase the likelihood of biologic initiation in our 
cohort of SA patients; a surprising finding when bearing in mind that these patients in both groups were on HOCS but 
still experienced on average more than 5 exacerbations in the prior year, and that a history of exacerbation is 
a prerequisite of biologic use according to both biologic indications and country-specific eligibility criteria.14 A recent 
international study by Porsbjerg and colleagues found that approximately half of the 28 countries included required two 
or more severe exacerbations in the previous year (ie, exacerbations that require treatment with OCS or led to ED visit 
and/or hospitalization) for a biologic prescription.14 Indeed, ‘frequent exacerbators’ are increasingly recognized as an 
important subgroup for targeted therapy, because these patients account for a disproportionately high proportion of the 
total asthma exacerbation burden, with frequent exacerbations associated with greatly increased risk of adverse health 
events and compromised quality of life.13 Recent studies have found that ‘frequent exacerbators’ have the most room for 
improvement28–30 and so should be particularly considered for biologics.13

Over 40% of SA HOCS patients were with high T2 biomarkers regardless of whether a biologic was initiated. 
Nonetheless, our study further showed that the initiation of biologic therapy was more likely in those with greater degree 
of eosinophilic asthma (indicated by higher baseline BEC and greater prevalence of nasal polyps in the biologic initiator 
group), which was in agreement with recent studies from both the US24 and UK.31 Use of BEC as a criterion for biologic 
initiation aligns with country-specific biologic eligibility criteria,14 and is likely informed by the positive correlation 
between higher BEC and better biologic response.32 Similarly, the greater likelihood of biologic initiation in patients with 
nasal polyps is likely due to the greater exacerbation frequency seen in SA patients with nasal polyps, more OCS bursts, 
a greater reduction of exacerbation burden on biologics in these patients,33 and the fact that omalizumab, mepolizumab 
and dupilumab are also indicated for the treatment of nasal polyps.34 In addition, the much higher frequency of severe 
infectious events in biologic initiators might be another trigger for physicians to initiate biologics,35 because viral 
respiratory infections are a major cause of asthma exacerbations.36
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We found no significant difference between biologic initiators and non-initiators with regard to asthma therapy at 
baseline. Although patients who initiated biologics were more likely to be fully adherent to their treatment regimen 
compared to those who did not initiate biologics, they were also more likely to have uncontrolled asthma. A recent ISAR 
study on global biologic accessibility found that between 43% and 60% of countries surveyed did not require or had not 
decided on adherence as a criterion for biologic eligibility.14 However, a large systematic review reported that nearly 
70% of mepolizumab users with SA have good ICS adherence before and on mepolizumab, while good ICS adherence is 
associated with greater reductions in OCS dose and exacerbations.37 On the contrary, low adherence to OCS was reported 
in roughly 40% of SA patients in the U-BIOPRED cohort.38 Of note, treatment adherence was defined by prescription 
records and clinical impressions, which varied by settings of ISAR cohort. Regardless of subjective or objective 
measures, the findings that biologic initiators have more uncontrolled asthma and mostly full treatment adherence to 
ICS was in line with GINA recommendations.23

This study has several limitations. First, given its observational nature, recall bias was almost inevitable Second, other 
factors such as biologic affordability, insurance coverage administrative burdens, and government reimbursement criteria 
(all of which are country specific) likely influenced the decision to initiate biologics. Future research to investigate 
physician reasons to prescribe and not prescribe biologics is warranted. In addition, there was also potential for 
confounding by country (eg, the UK was over-represented in the biologic initiator group which may have skewed 
findings) and, like with other registries, patients may not have been truly representative of the real-life asthma population 
(albeit more representative than RCT populations). Notwithstanding these limitations, we are confident of the representa-
tiveness of the ISAR population as the vast majority of severe asthma patients included in all asthma specialist centres 
elected to participate in ISAR, or else data were collected directly from EMR embedded registries. A major strength of 
this study is its size, including a more heterogenous population than that included in randomized controlled trials, with 
greater generalizability to real life. The global coverage of ISAR, including standardized data from 19 countries, enabled 
us to explore the clinical characteristics driving initiation of biologics in everyday clinical practice. Our study cohort 
possessed an extensive collection of clinical information, social and health determinants, enabling a thorough investiga-
tion of patient characteristics and a longitudinal follow-up for risk prediction modelling and/or comparative effectiveness 
study of biologic initiation.

Conclusions
Eosinophilic phenotype, serious infectious events, nasal polyps, airflow limitation and inadequate asthma control appear 
to encourage physicians to prescribe biologic therapy for SA patients with HOCS in real life. On the other hand, one third 
of severe HOCS asthma patients did not receive biologics despite similar exacerbation frequency and HCRU as those 
who initiated a biologic therapy. These findings suggest the need to consider multiple characteristics to guide the 
initiation of biologics in SA patients, which will optimize efficiency and cost-effectiveness.39–41 Future research should 
include a rigorous method to ensure comparability of the treatment arms, such as propensity scores, to assess the real- 
world effectiveness of biologics over time in SA patients with HOCS. In addition, we need to develop an individualized 
treatment algorithm to guide the initiation of biologics. The ISAR cohort could be suitable for both of these studies.
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