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Purpose: The oral corticosteroid (OCS)-sparing effect of several biologics (BIOs) has been shown in clinical trials. To date, no study 
has evaluated differences in OCS dose reduction between BIO-initiated and BIO-non-initiated patients in real-world clinical practice. 
We compared dose reductions in maintenance OCS between BIO-initiated and BIO-non-initiated severe asthma patients in a real- 
world setting.
Patients and Methods: This retrospective cohort study used the data from the Diagnosis Procedure Combination database of 
Medical Data Vision in Japan. Severe asthma patients with continuous use of OCS were selected from December 2015 to 
February 2020. The primary endpoint was the proportion reduction in daily maintenance OCS dose from Week 0 to Week 24. 
Analyses were performed using inverse probability treatment weighting.
Results: In total, 2927 patients were included (BIO-initiated: 239 patients, BIO-non-initiated: 2688 patients). Adjusted median 
(quartile [Q] 1–Q3) proportion reduction in daily maintenance OCS dose at Week 24 from the index date was 25.0% (0.0–100.0%) and 
0.0% (0.0–83.3%) in the BIO-initiated and BIO-non-initiated groups, respectively (Hodges–Lehmann estimate [95% confidence 
interval], 0.0000% [0.0000–0.3365%]). Respective proportions of patients in the BIO-initiated and BIO-non-initiated groups achieving 
dose reductions from the index date in the daily maintenance OCS dose at Week 24 were >0% reduction, 56.6% and 44.1% (odds ratio 
[OR] 1.6554); ≥25% reduction, 50.5% and 40.6% (OR 1.4888); ≥50% reduction, 42.8% and 33.7% (OR 1.4714); and 100% reduction, 
26.2% and 24.4% (OR 1.1005).
Conclusion: Among severe asthma patients, the daily dose of maintenance OCS was reduced with BIO treatment. Although a higher 
percentage of patients in the BIO-initiated group had an OCS reduction of ≤75% than the BIO-non-initiated group, we found no clear 
difference in OCS reduction. Our findings will be justified by further research that incorporates a longer observation period and 
variables excluded from this study.
Trial Registration: ClinicalTrials.gov (NCT05136547).
Keywords: severe asthma, asthma exacerbation, oral corticosteroid, biologics, retrospective cohort study

Plain Language Summary
Patients with severe uncontrolled asthma receive maintenance therapy with oral corticosteroids to control their symptoms and prevent 
exacerbations. However, long-term use of oral corticosteroids causes many side effects. Biologics are drugs used to treat severe asthma 
that have been found to improve lung function, reduce asthma exacerbations, and reduce the amount of oral corticosteroids needed. 
However, to date, no studies have investigated the differences in oral corticosteroid dose reduction between severe asthma patients 
treated and not treated with biologics in real-world clinical practice.

This study investigated the reduction in oral corticosteroid use after 24 weeks in severe asthma patients who were either initiated or 
not initiated with biologics by using data from a health insurance claim database. The daily dose of maintenance oral corticosteroid 
was reduced with the use of biologics. However, no clear difference was observed in the oral corticosteroid dose reduction between 
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patients initiated and not initiated with biologics. Several study limitations may have contributed to our study results, and therefore, 
further research is warranted to validate our findings.

Introduction
Symptoms of asthma are generally controlled with inhaled corticosteroids (ICS) and long-acting β2-agonists (LABA).1,2 

Approximately 5–10% of asthma patients in the general population have severe asthma,3 which is defined as asthma for 
which high-dose ICS therapy and an additional controller medication are necessary to achieve control or asthma that 
remains uncontrolled despite this treatment.4 In Japan, a recent study estimated that the prevalence of severe asthma 
was 7.8%.5

Currently, patients with severe uncontrolled asthma receive maintenance therapy with oral corticosteroids (OCS) to 
control symptoms and prevent the recurrence of exacerbations. However, the risk of adverse drug reactions such as 
diabetes mellitus, osteoporosis, and psychiatric disorders increases with prolonged OCS administration; therefore, 
reducing the dose is considered an important treatment modality in patients with severe asthma.1,2 Additionally, 
prolonged OCS administration is no longer the preferred option in the latest Global Initiative for Asthma guidelines.4

In recent years, several biologics (BIOs), including anti-immunoglobulin E antibodies (omalizumab), anti-interleukin 
(IL)-5 antibodies (mepolizumab), anti-IL-5 receptor α antibodies (benralizumab), and anti-IL-4 receptor α antibodies 
(dupilumab), have been licensed for the treatment of severe asthma. The benefits of these BIOs are dependent on 
phenotypic testing and correct BIO selection;4 nevertheless, BIOs have been reported to have an OCS-sparing effect, as 
well as lowering the frequency of exacerbations and improving quality of life in placebo-controlled clinical trials.2,6–8 

However, unlike clinical trials with strict OCS dose reduction criteria stipulated in their protocols, OCS dose reduction in 
real-world clinical practice is at the physician’s clinical discretion and is based on subjective measures of a patient’s 
symptoms and exacerbation status. Other factors such as current OCS dose, pulmonary function, and the physician’s 
experience with OCS sparing may also play a role.

We hypothesized that the maintenance OCS dose at 24 weeks would be lower in BIO-initiated patients than in BIO- 
non-initiated patients in real-world clinical practice in Japan. The objective of this study was to compare the dose 
reduction in maintenance OCS at Week 24 between BIO-initiated and BIO-non-initiated severe asthma patients in a real- 
world setting.

Materials and Methods
Study Design
This was a retrospective cohort study of patients diagnosed with severe asthma conducted using data from 22 December 2015 
to 29 February 2020. De-identified data were extracted from the Diagnosis Procedure Combination (DPC) database 
(Supplementary Figure 1). The data source was the Medical Data Vision (MDV) database, which collects claims and DPC 
data and has a coverage of approximately 22% of 1727 DPC hospitals in Japan. DPC hospitals are large medical institutions 
that provide comprehensive medical services to patients in Japan. The MDV database includes data on the treatments 
prescribed in hospitals, regardless of insurance coverage, and BIOs administered at medical facilities in Japan.

This study aimed to determine the OCS-sparing effect of BIOs for OCS prescribed during the observation period. 
Based on real-world clinical practice, maintenance therapy was reached when the number of OCS prescription days was 
≥8 days to distinguish from short-term OCS use.

Patients in the BIO-initiated group and the BIO-non-initiated group were defined as follows: the BIO-initiated group 
included patients with a record of one or more BIO prescriptions between 7 June 2016 and 14 September 2019 and the 
BIO-non-initiated group included patients without a record of a BIO prescription, which were omalizumab, mepolizu-
mab, benralizumab and dupilumab during the entire study period. The index date of the BIO-initiated group was defined 
as the date when the BIO treatment was prescribed for the first time after 7 June 2016, when mepolizumab was launched 
in Japan. The index date of the BIO-non-initiated group was defined as the date when maintenance OCS was prescribed 
after 7 June 2016. If multiple dates were identified for a patient, the index date was selected randomly to avoid biased 
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selection of the index date in terms of OCS prescription duration. In addition, OCS prescription duration was included as 
a covariate in propensity score estimation to minimize the impact of bias.

This study was conducted as per the Declaration of Helsinki and the Ethical Guidelines for Medical and Health 
Research Involving Human Subjects. The data for this study were extracted from a commercially available de-identified 
database. According to the ethical guidelines above, informed consent is not required for de-identified data. This study 
was registered at ClinicalTrials.gov under the identifier number NCT05136547.

Patients
The groups included patients with severe asthma who satisfied the inclusion criteria. The inclusion criteria were as 
follows: Patients ≥16 years old at the start of observation who were prescribed a high-dose ICS or ICS/LABA during the 
baseline period of 24 weeks before the index date and with a diagnosis of asthma (International Statistical Classification 
of Diseases and Related Health Problems [ICD]-10: J45 [asthma] or J46 [status asthmaticus]); a record of at least one 
hospital visit during the baseline period, at least two hospital visits during the observation period, and at least one 
hospital visit after the observation period; and a total maintenance OCS prescription duration ≥12 weeks during the 
baseline period (including the observation start date).

Patients with autoimmune diseases as per the following ICD-10 codes were excluded from this study as these diseases 
may require OCS for treatment: M05 (rheumatoid arthritis with rheumatoid factor), M06 (other rheumatoid arthritis), 
M30 (polyarteritis nodosa and related conditions), L93 (lupus erythematosus), M32 (systemic lupus erythematosus), K50 
(Crohn disease [regional enteritis]), K51 (ulcerative colitis), K52 (other noninfective gastroenteritis and colitis), and N04 
(nephrotic syndrome with minor glomerular abnormality).

Study Endpoints
The primary endpoint was the proportion reduction in the daily maintenance OCS dose from Week 0 to Week 24 in the full 
analysis set (FAS). The secondary endpoint was the proportions of patients in the FAS who achieved a >0%, ≥25%, ≥50%, or 
100% reduction in their daily maintenance OCS dose from Week 0 to Week 24. Exploratory endpoints included: proportion 
reductions in the daily maintenance OCS dose from Week 0 to Week 24 in different patient subgroups; proportions of patients 
who achieved a >0%, ≥25%, ≥50%, or 100% reduction in the daily maintenance OCS dose from Week 0 to Week 24 in different 
patient subgroups; reductions in the daily maintenance OCS dose from Week 0 to Weeks 8 and 16 in the FAS; and reductions in 
the daily maintenance OCS dose at Week 24 for benralizumab- or mepolizumab-initiated and BIO-non-initiated groups.

Statistical Analysis
Regarding the sample size calculation and rationale, 188 BIO-initiated severe asthma patients and approximately 3500 
BIO-non-initiated severe asthma patients were identified in this database through a feasibility assessment. If the mean 
difference between the groups and a common standard deviation (SD) for proportion reduction of OCS dose were 30% 
and 50%, respectively, based on benralizumab and dupilumab OCS-sparing studies,2,6,7 the expected sample size based 
on the feasibility assessment provides a power >90%, with a two-sided significance level of 0.05.

The inverse probability treatment weighting (IPTW) method using propensity scores was used to minimize bias. The 
following covariates were included in the propensity score estimation: index date, age, sex, cumulative maintenance OCS 
prescription days, OCS dose, short-acting β2-agonist prescription, asthma exacerbation with OCS, asthma exacerbation 
with hospitalization, allergic rhinitis, chronic rhinosinusitis, and atopic dermatitis.

The analytical study population was the FAS, defined as all individuals who met the inclusion/exclusion criteria in the 
MDV database during the study period.

For the primary endpoint analysis, the proportion reduction of OCS dose from Week 0 to Week 24 was evaluated 
using a functional response model-based causal Wilcoxon rank-sum test9 with IPTW weights. Median differences 
between groups were estimated using the Hodges–Lehmann estimator, weighted by IPTW, and a two-sided confidence 
interval (CI). A sensitivity analysis was based on a stratified Wilcoxon rank-sum test, stratified by covariates included in 
the propensity score model.
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In Phase 1, a propensity score estimation was performed. Spearman correlations were calculated for all pairs of 
covariates. If covariates were highly correlated (eg, Spearman correlation >0.7), then exclusion or merging of covariates 
were considered. The propensity scores for initiating BIOs were estimated based on two versions of logistic models: the 
continuous version, which included continuous covariates as is, and the categorical version, which included continuous 
covariates categorized. Once propensity scores were estimated, the mean (SD) and the minimum and maximum weight of 
the IPTW were calculated. If there were no extreme values, it was assumed that the positivity was satisfied, and there were 
no clear misspecifications of the propensity score model. If the condition was not satisfied, propensity score estimation 
might have been repeated using a different set of covariates. After estimating the propensity score, balance diagnostics were 
performed along with the standardized difference between groups in the original sample. Similarly, a descriptive summary 
of covariates was calculated in the weighted sample for both continuous and categorical versions (based on the weight of 
IPTW estimated). If the absolute mean standardized difference was ≤0.10, it was considered sufficiently balanced.

If all of the following conditions were met in either continuous or categorical versions of the model, then Phase 2 
analysis was conducted as planned using the IPTW approach: (a) no extreme weights and (b) standardized differences in 
the weighted sample are ≤0.10 for all covariates included in the propensity score model. If both models satisfied these 
conditions and there was no clear advantage in standardized differences, then the continuous version of the model was 
used for the Phase 2 analysis. If the maximum standardized difference was lower in one model version, then the version 
with the lower maximum standardized difference was used in the Phase 2 analyses. If some of these conditions were not 
satisfied for any models considered, then the propensity score estimation was repeated with a different set of covariates. 
In this case, no statistical tests were conducted in the Phase 2 analysis. The software used for statistical analysis was 
SAS® Viya® V.03.05 (SAS Institute Inc., Cary, NC, USA).

Results
Patient Disposition
Of the 3,081,923 patients diagnosed with asthma (ICD-10 code: J45 or J46) during the study period recorded in the MDV 
database, 3,077,778 did not meet the inclusion criteria, and 1218 had a prespecified autoimmune disease. Thus, 2927 
patients were included in the FAS. The BIO-initiated group included 239 patients, and the BIO-non-initiated group 
included 2688 patients (Figure 1). Supplementary Table 1 shows that the total enrolled population was adequately 
powered for evaluating the primary outcome.

Patient Characteristics
The mean ± SD ages of patients in the BIO-initiated and BIO-non-initiated groups were 63.9 ± 14.04 and 67.8 ± 14.36 years, 
of which 61.1% and 51.9% were female, respectively. In the BIO-initiated and BIO-non-initiated groups, respectively, the 
most common upper or lower airway-related comorbidities during the baseline period were chronic obstructive pulmonary 
disease (58.6% and 52.2%), allergic rhinitis (57.7% and 44.0%), respiratory infection (29.3% and 27.7%), pneumonia 
(26.4% and 25.8%), and chronic paranasal sinusitis (24.7% and 12.8%). The most common steroid-related comorbidities 
during the baseline period were osteoporosis (62.8% and 50.4%), diabetes mellitus (41.0% and 42.7%), and psychiatric 
disorders (18.8% and 18.5%). Asthma exacerbation-related events included hospitalization due to asthma exacerbation 
during the baseline period (26.8% and 31.6%), intravenous steroid use (46.9% and 29.0%), and OCS burst (63.2% and 
40.7%) (Table 1). The mean ± SD maintenance OCS dose during the baseline period (adjusted by weight of IPTW) was 7.02 
± 5.574 and 6.87 ± 5.964 mg/day in the BIO-initiated and BIO-non-initiated groups, respectively.

Analysis of Propensity Score Estimation
In the first step, which involved propensity score estimating, analyses were made to match the patient background 
characteristics of the two groups. Spearman correlation coefficients between covariates were calculated. The highest 
correlation coefficient reported was 0.35 (Supplementary Table 2). The logistic regression analysis for the propensity 
score model was valid, given that the C-statistic was >0.70 (Supplementary Table 3). When estimating the propensity 
score, no bias towards any patient characteristic was observed (Supplementary Figure 2).
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Balance diagnostics after propensity score estimation investigated whether the adjusted patient characteristics were 
consistent between the two groups. The results of the weighting of patient characteristics in the two groups are shown in 
Supplementary Figure 3.

Because the mean standardized differences of some covariates exceeded 0.10 (Supplementary Table 4), and the 
number of covariates showing a difference >0.10 was smaller in the continuous version, it was decided that a Phase 2 
analysis should be conducted to investigate the OCS-sparing effect using the continuous version of the model. The 
IPTW-adjusted mean standardized difference was 0.15 for asthma exacerbations with hospitalization but <0.1 for other 
covariates. Therefore, no statistical tests were conducted based on prespecified criteria.

Study Endpoints
Proportion Reduction in the Daily OCS Maintenance Dose from Week 0 to Week 24
Table 2 shows the reduction in the daily maintenance OCS dose at Week 24. The adjusted median (quartile [Q] 1–Q3) 
proportion reduction in the daily maintenance OCS dose at Week 24 from the index date was 25.0% (0.0–100.0%) in the 
BIO-initiated group and 0.0% (0.0–83.3%) in the BIO-non-initiated group. The adjusted mean proportion reductions 
were 22.7% and 20.3% in the BIO-initiated and BIO-non-initiated groups, respectively. The Hodges–Lehmann estimate 
(95% CI) of the proportion reduction of the daily maintenance OCS dose at Week 24 from the index date in the BIO- 
initiated group compared with the BIO-non-initiated group after IPTW adjustment was 0.0000% (0.0000%, 0.3365%).

BIO-non-initiated group: n = 2,688BIO-initiated group: n = 239

Patients diagnosed with asthma (ICD-10
code: J45 or J46) between 22 Dec 2015 and 
29 Feb 2020 recorded in the MDV database

N = 3,081,923

Did not meet the inclusion criteria
Patients who did not meet any of 
the four inclusion criteriaa: n = 3,077,778 

Met the exclusion criteria
Patients diagnosed with selected 
autoimmune diseaseb: n = 1,218

Full analysis set
N = 2,927

Figure 1 Patient disposition. aThe four inclusion criteria were prescription of high-dose inhaled corticosteroids or inhaled corticosteroids/long-acting β2-agonists during the 
baseline period of 24 weeks before the index date; a record of ≥1 hospital visit during the baseline period, ≥2 hospital visits during the observation period, and ≥1 hospital 
visit after the observation period; and a total maintenance oral corticosteroid prescription duration ≥12 weeks during the baseline period (including the observation start 
date); and age ≥16 years at the start of the observation period. bPatients with the following selected autoimmune diseases were excluded: rheumatoid arthritis with 
rheumatoid factor (ICD-10 code: M05), other rheumatoid arthritis (M06), polyarteritis nodosa and related conditions (M30), lupus erythematosus (L93), systemic lupus 
erythematosus (M32), Crohn disease (regional enteritis) (K50), ulcerative colitis (K51), other noninfective gastroenteritis and colitis (K52), and nephrotic syndrome with 
minor glomerular abnormality (N04). 
Abbreviations: BIO, biologics; ICD, International Statistical Classification of Diseases and Related Health Problems; MDV, Medical Data Vision.
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Proportions of Patients Who Achieved the Daily Maintenance OCS Dose Reduction from Week 0 to Week 24
Table 3 shows the proportions of patients who achieved a >0%, ≥25%, ≥50%, and 100% reduction in their daily 
maintenance OCS dose at Week 24. The proportions of patients in the BIO-initiated and BIO-non-initiated groups who 
achieved dose reductions in the daily maintenance OCS dose at Week 24 from the index date were: >0% reduction in 
56.6% and 44.1% (odds ratio [OR] 1.66 [95% CI 1.49, 1.84]), ≥25% reduction in 50.5% and 40.6% (OR 1.49 [95% CI 

Table 1 Background Characteristics of Patients

BIO-Initiated Group  
(n = 239)

BIO-Non-Initiated Group  
(n = 2688)

Age, mean ± SD, years 63.9 ± 14.04 67.8 ± 14.36

Sex, female, n (%) 146 (61.1) 1396 (51.9)

Comorbidity, n (%)
Charlson comorbidity index, mean ± SD 2.2 ± 1.77 2.6 ± 2.20

Gastroesophageal reflux disease 175 (73.2) 1908 (71.0)

Osteoporosis 150 (62.8) 1356 (50.4)
Chronic obstructive pulmonary disease 140 (58.6) 1402 (52.2)

Allergic rhinitis 138 (57.7) 1183 (44.0)
Diabetes mellitus 98 (41.0) 1147 (42.7)

Sleep apnea 79 (33.1) 961 (35.8)

Respiratory infection 70 (29.3) 745 (27.7)
Pneumonia 63 (26.4) 693 (25.8)

Chronic paranasal sinusitis 59 (24.7) 343 (12.8)

Cardiovascular disease 50 (20.9) 786 (29.2)
Psychiatric disorder (depression, anxiety) 45 (18.8) 498 (18.5)

Atopic dermatitis 17 (7.1) 100 (3.7)

Hyperglycemia 11 (4.6) 69 (2.6)
Number of asthma-related laboratory tests

Spirometry tests, mean ± SD 0.9 ± 1.81 0.4 ± 0.91

Eosinophil count tests, mean ± SD 4.4 ± 4.29 4.6 ± 5.40
Fractional exhaled nitric oxide tests, mean ± SD 0.4 ± 0.96 0.2 ± 0.68

IgE tests, mean ± SD 0.6 ± 1.25 0.2 ± 0.80

Asthma-related prescription, n (%)
ICS 39 (16.3) 327 (12.2)

ICS/LABA 224 (93.7) 2461 (91.6)

ICS/LABA/LAMA 14 (5.9) 68 (2.5)
LAMA 111 (46.4) 685 (25.5)

LTRA 186 (77.8) 1424 (53.0)

Theophylline 114 (47.7) 929 (34.6)
SABA 139 (58.2) 1021 (38.0)

OCS 239 (100.0) 2688 (100.0)

Injectable steroid 114 (47.7) 832 (31.0)
Medical history, n (%)

Asthma exacerbation with hospitalization 64 (26.8) 850 (31.6)

Injectable corticosteroid use 112 (46.9) 780 (29.0)
OCS burst 151 (63.2) 1093 (40.7)

Asthma exacerbation with OCS 172 (72.0) 1356 (50.4)

Notes: Comorbidities were defined by the following International Statistical Classification of Diseases and Related Health 
Problems codes: gastroesophageal reflux disease (K21); osteoporosis (M80–M82); chronic obstructive pulmonary disease (J41– 
J44); allergic rhinitis (J30); diabetes mellitus (E10–E14); sleep apnea (G47); respiratory infection (J09–J18); pneumonia (J12–J18); 
chronic paranasal sinusitis (J32); cardiovascular disease (I21–I23, I50, I60–I63); psychiatric disorder (depression, anxiety) (F32, F33, 
F40–F48); atopic dermatitis (L20); and hyperglycemia (R73). 
Abbreviations: BIO, biologics; ICS, inhaled corticosteroid; IgE, immunoglobulin E; LABA, long-acting β2-agonist; LAMA, long- 
acting muscarinic antagonist; LTRA, leukotriene receptor antagonist; OCS, oral corticosteroid; SABA, short-acting β2-agonist; SD, 
standard deviation.
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1.34, 1.65]), ≥50% reduction in 42.8% and 33.7% (OR 1.47 [95% CI 1.32, 1.64]), and 100% reduction in 26.2% and 
24.4% (OR 1.10 [95% CI 0.98, 1.24]), respectively.

Subgroup Analysis of OCS Reduction Stratified by Asthma Exacerbation, the Daily Maintenance OCS Dose, 
and Type of BIO
When stratified by asthma exacerbation at baseline, OCS reduction tended to be higher in the BIO-initiated group than in 
the BIO-non-initiated group in patients without exacerbation versus patients with exacerbation (Supplementary Table 5). 
This trend was not seen in patients without exacerbation (Supplementary Table 5).

As in the full population, the Hodges–Lehmann estimate of the proportion reduction in the daily maintenance OCS 
dose in the BIO-initiated and BIO-non-initiated groups in patients with a baseline maintenance OCS dose at Week 24 of 
≤5 mg/day, >5 mg/day, or ≤10 mg/day was 0.0000%, while that in patients with a baseline maintenance OCS dose of 
>10 mg/day was 9.3964% (95% CI 0.0000%, 28.0000%) (Supplementary Table 6). The proportions of patients who 
achieved dose reduction in the daily maintenance OCS dose tended to be higher in the BIO-initiated group than in the 
BIO-non-initiated group in patients with a dose of >5 mg/day versus patients with a dose of ≤5 mg/day and in the group 
of patients with a dose of >10 mg/day versus patients with a dose of ≤10 mg/day (Supplementary Table 6). The median 
(interquartile range [IQR]) proportion reductions in the daily maintenance OCS dose at Week 24 from the index date 
were 33.3% (0.0%, 85.7%) in the benralizumab/mepolizumab group and 0.0% (0.0%, 90.8%) in the BIO-non-initiated 
group; the Hodges–Lehmann estimate was 0.0000% (Supplementary Table 7).

Table 2 Reduction in Daily Maintenance OCS Dose at Week 24

Non-Adjusted Adjusted by IPTW

BIO-Initiated 
Group

BIO-Non- 
Initiated Group

BIO-Initiated 
Group

BIO-Non- 
Initiated Group

n = 239 n = 2688 n = 2752 n = 2934

Reduction in daily maintenance OCS dose

n (%) 239 (100.0) 2688 (100.0) 2752 (100.0) 2934 (100.0)

Mean ± SD 21.1 ± 123.74 20.4 ± 94.29 22.7 ± 120.64 20.3 ± 92.85
Median 25.0 0.0 25.0 0.0

Median difference 25.0 – 25.0 –

(interquartile range) (0.0, 80.0) (0.0, 90.8) (0.0, 100.0) (0.0, 83.3)

Hodges–Lehmann estimate 0.0000 – 0.0000 –

(95% confidence interval) (0.0000, 0.0000) – (0.0000, 0.3365) –

Abbreviations: BIO, biologics; IPTW, inverse probability treatment weighting; OCS, oral corticosteroid; SD, standard deviation.

Table 3 Proportion of Patients Who Achieved a >0%, ≥25%, ≥50%, and 100% Reduction in Their Daily Oral Corticosteroid 
Maintenance Dose at Week 24

Non-Adjusted Adjusted by IPTW OR Estimate 
(95% CI)

BIO-Initiated 
Group

BIO-Non- 
Initiated Group

BIO-Initiated 
Group

BIO-non- 
Initiated Group

n = 239 n = 2688 n = 2752 n = 2934

Number of patients that achieved 
a reduction, n (%)

>0% 137 (57.3) 1199 (44.6) 1558 (56.6) 1293 (44.1) 1.66 (1.49, 1.84)

≥25% 123 (51.5) 1105 (41.1) 1388 (50.5) 1192 (40.6) 1.49 (1.34, 1.65)
≥50% 98 (41.0) 918 (34.2) 1177 (42.8) 989 (33.7) 1.47 (1.32, 1.64)

100% 48 (20.1) 669 (24.9) 721 (26.2) 715 (24.4) 1.10 (0.98, 1.24)

Abbreviations: BIO, biologics; CI, confidence interval; IPTW, inverse probability treatment weighting; OR, odds ratio.
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Proportion Reduction in the Daily OCS Maintenance Dose from Week 0 to Week 8 and Week 16
The median reduction in maintenance OCS dose from Week 0 to Week 8 from the index date was 0.0% in both groups. The 
mean ± SD percentages of reduction in maintenance OCS dose in the BIO-initiated and BIO-non-initiated groups were 9.7% ± 
105.26% and 17.2% ± 62.97%, respectively, with a median difference of 0.0%. At Week 16, the proportion reduction in the 
daily maintenance OCS dose tended to be higher in the BIO-initiated group. The median (IQR) proportion reduction was 
22.2% (0.0%, 75.0%) in the BIO-initiated group and 0.0% (0.0%, 60.0%) in the BIO-non-initiated group. The Hodges– 
Lehmann estimate (95% CI) was 0.0225% (0.0000%, 1.1845%) (Supplementary Table 8).

Proportion of Patients with Asthma Exacerbation
The proportions of patients who experienced asthma exacerbation during the 24 weeks from the index date were 53.1% 
(n = 127) in the BIO-initiated group and 41.2% (n = 1108) in the BIO-non-initiated group. The proportions of patients 
with asthma exacerbation requiring OCS at baseline were 72.0% (n = 172) in the BIO-initiated group and 57.2% (n = 
1537) in the BIO-non-initiated group (Supplementary Table 9).

Discussion
This retrospective cohort study of patients with severe asthma extracted from the DPC database explored whether the 
maintenance OCS dose would be lower in BIO-initiated patients than in BIO-non-initiated patients in real-world clinical 
practice in Japan. To the best of our knowledge, no reports in the literature thus far have evaluated OCS dose reduction 
between patients who have been initiated with BIO treatment and those who have not in real-world clinical practice. Our 
results show that the OCS dose was reduced by 25.0% after BIO administration. However, the Hodges–Lehmann 
estimate of the proportion reduction of the daily maintenance OCS dose at Week 24 from the index date in the BIO- 
initiated group compared with the BIO-non-initiated group after IPTW adjustment was 0.0000%. There was a complete 
reduction of the OCS dose in 26.2% of the BIO-initiated patients.

It was considered that the sample extracted is representative of a patient population with severe asthma who is 
receiving maintenance OCS based on the following: the proportion of female patients in the present study (52.79%) was 
consistent with that in the previous cohort studies of severe asthma patients in Japan (50.6–69.3%), including two studies 
using the MDV database and the Japanese Medical Data Center Claims database.5,10–12 Regarding respiratory-related 
comorbidities, many patients in the present study had comorbidities related to the upper and lower respiratory tract, 
including chronic obstructive pulmonary disease (52.7%), allergic rhinitis (45.1%), pneumonia (25.8%), and chronic 
paranasal sinusitis (13.7%). These comorbidities were generally consistent with common comorbidities reported in the 
previous cohort studies using health insurance claim databases.5,12 The high proportion of patients with comorbid chronic 
obstructive pulmonary disease in this study may reflect both the higher age of patients who visit DPC hospitals in Japan 
and the broad definition used (including patients with simple chronic bronchitis, unspecified chronic bronchitis, 
emphysema, and other chronic obstructive pulmonary disease). For the inclusion criteria of maintenance OCS treatment 
in this study, several patients had comorbidities that can be related to steroid use, including osteoporosis (51.5%), 
diabetes mellitus (42.5%), psychiatric disorder (depression, anxiety) (18.6%), which is consistent with the findings from 
previous cohort studies.10–12 In addition, several patients also experienced asthma-related exacerbation events during the 
baseline period, including OCS burst (42.5%), hospitalization (31.2%), and injectable corticosteroid use (30.5%). Taken 
together, it can be considered that the patient population in this study was representative of the severe asthma patient 
population on maintenance OCS treatment.

In this study, the reduction in maintenance OCS doses among BIO-initiated patients tended to be higher in patients 
without exacerbation during the baseline period. In the BIO-non-initiated group, the proportion of patients who achieved 
a dose reduction was higher among those with exacerbation than those without during the baseline period. The reduction 
in maintenance OCS doses also tended to be higher in patients with a baseline dose of >5 mg/day in the BIO-initiated 
group. In patients with a baseline maintenance OCS dose of >10 mg/day, the median difference in the proportion 
reduction in maintenance OCS dose was 9.4%, which differed from the 0.0% in the whole population. The proportion 
reduction in OCS dose tended to be greater in those with a larger baseline OCS dose in the BIO-initiated group. In terms 
of the proportion of patients who achieved a dose reduction, this tended to be higher in the BIO-initiated group than in 
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the BIO-non-initiated group in patients with an OCS dose >10 mg/day during the baseline period. This study found that 
higher OCS doses during the baseline period had a greater effect in reducing the OCS dose with BIO, which may have 
contributed to the reduction of OCS dose with BIO among patients with more severe disease.

At Week 8, no reduction was observed in OCS dose relative to baseline. It is thought that the effect of the BIO was 
still being ascertained at 8 weeks, and it was too early to see an OCS dose reduction. At Week 16, a difference in the 
estimated OCS dose reduction between the BIO-initiated group and the BIO-non-initiated group was observed, but the 
difference was not marked. The same was true for the proportion reduction in dose at Week 24.

At baseline, the proportions of patients who experienced an asthma exacerbation were 72.0% and 57.2% in the BIO- 
initiated and BIO-non-initiated groups, respectively. During the 24 weeks from the index date, the proportion of patients 
who experienced an asthma exacerbation was 53.1% in the BIO-initiated group, which is higher than in the BIO-non- 
initiated group (41.2%). It is likely that the proportion of patients with exacerbations was higher in the BIO-initiated than 
the BIO-non-initiated group at Week 24 because the proportion of patients with exacerbation at baseline was higher in the 
BIO-initiated than the BIO-non-initiated group. A similar tendency was also observed for other covariates. In clinical 
practice, BIOs are likely to be selected for patients with more severe disease. Although this study did not identify 
whether patients were receiving treatment from specialists, the BIO-initiated group had a higher percentage of patients 
who had undergone fractional exhaled nitric oxide testing than the BIO-non-initiated group (25.5% vs 10.6%), which 
suggests that more patients in the BIO-initiated group had received specialist care.

A systematic review of the efficacy and safety of treatment with BIOs concluded that benralizumab, dupilumab, and 
mepolizumab clearly reduced the daily dose of OCS with a high level of certainty13 based on three randomized studies 
evaluating the OCS-sparing effect of these BIOs2,6,7 compared with placebo. It has previously been reported that the 
median reduction in OCS dose with benralizumab at Week 24 in real-world clinical practice in the UK was >50%.14 The 
maintenance OCS dose with mepolizumab in a Japanese Medical Data Center Claims Database study was decreased 
from 26% in the 3 months prior to the index date to 16% at the 12-month follow-up,15 indicating that BIOs do contribute 
to OCS dose reductions.16 Furthermore, mepolizumab led to OCS use reduction among real-world OCS users with severe 
asthma in the USA (14.7% reduction in the proportion of patients with ≥1 OCS claim from baseline to 12-month follow- 
up).17 An analysis of the KEIFU study reported that the mean OCS dose was the same 1 year before and after the index 
date in the BIO-non-initiated group.18

This study has several potential limitations. It should be noted that the study was not randomized. Likely confounding 
factors were adjusted by using IPTW, but other confounding factors, such as eosinophil counts and fractional exhaled 
nitric oxide levels, were not included in the database and could not be assessed. The DPC data were collected from 
hospitals that provide acute care, so further investigation of the study result generalizability is necessary. There was no 
traceability across medical institutions, and multiple institutions could prescribe OCS, so the prescribed dose of OCS 
could have been underestimated. It is possible that in some cases, OCSs were administered for diseases other than 
asthma. There is also a possibility of misclassification due to data definitions within the study. In the case of the definition 
of OCS prescriptions, in particular, OCS could be used as maintenance therapy (taken continuously) or as needed during 
asthma exacerbations. However, the database does not contain information that allows us to ascertain the intent behind 
a prescription. In this study, formal verification of OCS prescriptions was not performed.

The reason for not identifying differences between the BIO-initiated and BIO-non-initiated groups may be that it was 
difficult to compare these groups due to study limitations. These may include: the 24-week observation period, which 
may have been too short to assess the effects; non-inclusion of data for variables that may have caused bias as 
confounding factors (eg, eosinophil counts, lung function, asthma symptoms, non-anti-inflammatory drugs such as long- 
acting muscarinic antagonists and leukotriene receptor antagonists, as well as other unknown confounders) in the 
database; and differences in diagnosis distribution due to the lack of randomization. Furthermore, over half of the 
patients in both groups had comorbid chronic obstructive pulmonary disease, which may have contributed to the results 
observed. Other possible reasons were that perhaps the OCS dose was not reduced in BIO-initiated patients despite 
symptoms improving, which may be because clinicians were wary of a patient’s exacerbation history as well as fears 
associated with OCS withdrawal symptoms, such as steroid-induced adrenal insufficiency. Similarly, physicians might 
have decided not to initiate BIO because of patient status, such as few symptoms and exacerbation history. As such, the 
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physician may have determined that it was possible to reduce the OCS dose even if the patient did not initiate BIO 
treatment.

Conclusion
This retrospective database study found that the daily dose of maintenance OCS was reduced with BIO treatment among 
severe asthma patients. However, no clear difference was observed in OCS dose reduction between the BIO-initiated and 
BIO-non-initiated groups. The result is partly explained by the finding that the percentage of patients achieving a 100% 
reduction was similar between the BIO-initiated and BIO-non-initiated groups even though a higher percentage of 
patients achieved a reduction of ≤75% in the BIO-initiated group compared with the BIO-non-initiated group. Further 
research with a longer observation period and assessment of variables excluded from consideration in the current study is 
required.
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