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ABSTRACT

Background

Maintenance of inhaled corticosteroids (ICS) ioramended in adult asthmatics. However,
adherence rates in patients with mild asthma ateleffects of long-term ICS use can lead to
withdrawal.

Objective

We analyzed the real-world outcomes of ICS withatdvy analyzing data from the Korean
National Health Insurance (NHI) database.

Methods

Based on claims data from the NHI of Korea betw2@hl and 2014, we identified patients
diagnosed with asthma without chronic obstructivenary disorder (COPD) or long-term
systemic steroid use who had an ICS medicationgssg rate of > 50% in a year. We
compared patients who received ICS consistentlynt@aance group) with patients who had
no ICS prescription for more than 6 months (witlkelthgroup). We evaluated exacerbation
leading to prescription of systemic steroid and iyaecy department (ED) visit or
hospitalization.

Results

Excluding COPD patients and long-term systemicogensers, we identified 145,511
patients for the asthma cohort (Mean age 60.0, ®@weker 63.5%): 132,175 maintained ICS
and 13,336 withdrew ICS for more than 6 monthsyQul patients (0.5%) experienced
exacerbation leading to an ED visit or hospitai@ain the withdrawal group. ICS was
restarted within one year for 33.6% of the withda&group, and 90% of those patients
restarted ICS within 158 days.

Conclusions
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This nationwide study of asthmatics, characterizgd high proportion of elderly and
smokers, showed that ICS withdrawal in about 10%atients appeared to confer relatively
minimal harm and exacerbation leading to hospaéilin was not common. Further
prospective studies are warranted to carefully@epihe safety of ICS withdrawal in

younger, non-smoking and well controlled asthmpéitients.

Highlights box

What is already known about this topic?

Maintenance of inhaled corticosteroids (ICS) ioramended in most adult asthmatics and
GINA revised their recommendation to avoid compietindrawal of ICS in adults.

What does this article add to our knowledge?

In a group of older asthma patients with a highvakence of smoking, most patients did not
experience exacerbation events leading to hospatadn even after ICS withdrawal in real-
life practice.

How does this study impact current management guidees?

ICS cessation could be considered cautiously irepist who are well-controlled.

Keywords: Asthma, inhaled corticosteroid, acute exacerbation
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Abbreviations: Cls- confidence intervals; COPD- Chronic obstruefpulmonary disorder;
GINA- Global Initiative for Asthma guidelines; HRBlazard ratios; ICD- International
Classification of Diseases; ICS- inhaled corticaste MPR- medication possession ratio;

NHI- Korean National Health Insurance;
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Introduction
Asthma is a global health problem, affecting 238iam people worldwidé. Inhaled
corticosteroids (ICS) have been emphasized as #jer wontroller to relieve symptoms;
improve lung function; and reduce risk of exacddrgtasthma related mortality, and
hospitalizatiorf> Other asthma therapies without ICS have highetrrent failure rate$so
ICS continues to be recommended as the main trea@mevery step for asthma.
Previously, the Global Initiative for Asthma guighgs (GINA) in 2011 suggested that
withdrawal of asthma controller therapy could kderapted if asthma is stable for one year of
low-dose ICS treatment. However, a recent metayaisashowed that ICS discontinuation
led to higher risk of exacerbation and worse lumcfion and symptom contrdBased on
these findings, the GINA revised their recommeraato avoid complete withdrawal of ICS
in adults.
Although maintenance of ICS without discontinuatamoids risks associated with
withdrawal, there are some concerns about thisatilife practice. As a steroid, long-term
use of ICS has side effects such as adrenal sigipnessteoporosis, cataracts, glaucoma,
and skin bruising’® There are also realistic challenges with respentdintaining adherence
to inhaler use among patients with well controbgdhptoms. In one study, among patients
hospitalized for asthma exacerbation, adherent&Salropped to almost half within seven
days of discharg&The economic burden of the medication should be ebnsidered as
more than half of total medical costs for asthmaedrom medication’ However, the
natural course of asthmatics after ICS withdravea hot been well studied in real-world
practice. Therefore, there is a need for the ewidéa evaluate the impacts ICS withdrawal
and maintenance.
Registration in the National Health Insurance (N$ii3tem is mandatory in Korea, and data

of all prescriptions by clinicians can be collectesim this system. This database provides
7



126  real-world large-scale epidemiological data that lsa used to investigate outcomes

127  associated with changes in ICS prescription. Is stuidy, we investigated the impact of ICS
128  withdrawal in asthma patients by reviewing the oratiide ICS prescriptions for asthma and
129  analyzing exacerbation events following ICS withvadzha

130

131 Materials and Methods

132 NHI claims database

133 We retrospectively reviewed the complete NHI claiatabase of patients with asthma

134  between January 1, 2010 and December 31, 2014 wiand provided by the Korean Health
135  Insurance Review and Assessment Service and agbhgvihe Ethics Committee of the

136  National Evidence-Based Healthcare Collaboratingfy. As registration in the NHI is

137 mandatory, the NHI claim database contains the afaapproximately 96- 7% of all residents
138 in Korea, excluding patients receiving social @asise from the Medical Aid Prograth.

139  This database contains not only information of dasgs, prescribed drugs, and medical
140  procedures but also information about the healthpeovider, medical costs, and patient
141 income level and medical check-up information idahg smoking history. Healthcare

142 providers were grouped into primary (clinic, heaedéimter, health center branch, Chinese
143  medicine hospital, medical center), secondary (i@smpursing hospital), and tertiary

144  (advanced general hospital, general hospital)ifes! This study was approved by the

145  institutional review board of Asan Medical Cent2018-0352) and was performed in

146  accordance with the principles of the DeclaratibHelsinki.

147

148  Patients and study design

149  We identified patients older than 20 years of ag# @diagnosed with asthma according to the

150  10th Revision of the International ClassificatidrDeseases (ICD-10) codes J45.x—J46.x who
8



151 had been prescribed an ICS (i.e. ICS or ICS in égoation with a long-acting beta agonist
152 [LABA]). From these patients, we included patiewtso used ICS medications for more than
153 one year with medication possession ratio (MPR)%5If patients had several episodes of
154  having an MPR of more than 50%, only the most repeniod was used in the study.

155  Patients diagnosed with chronic obstructive pulmpuizsease (COPD) by (ICD-10 codes
156  J42.x—J44.X) or patients who used systemic coticogls for more than two months with a
157  MPR > 50% were excluded. In order to have sufficfehow-up periods, patients who died
158  after June 31, 2013 were also excluded.

159

160  Designation of Groups

161 The enrolled patients were divided into two groups: maintenance group and withdrawal
162  group. The maintenance group was defined as patredmd had been prescribed ICS

163  medications at least once during the six monthopesiter their MPR for ICS went below
164  50%.The withdrawal group included patients who hatlbeen prescribed ICS medications
165  for more than 6 months after their MPR for ICS weslow 50%. Within the withdrawal

166  group patients, the reinitiation group was classdifas the patients who reuse ICS medications
167  within one year after of the end of the six morn®S withdrawal period. Doses of ICS were
168 divided into low, medium, and high according to GkNA guideline.*?

169

170  Definition of Exacerbation and Hospitalization

171 Moderate exacerbations were defined as patientsred®ved a prescription for systemic
172 steroids of more than the equivalent dose of pssdoine 20 mg for three days associated
173 with an asthma disease code but were not hosgthlidospitalization was defined as ‘ICU
174  or ward admission’ or ‘emergency room visit’ assped with an asthma disease code.

175  Hospitalization with steroid was defined as pasemho received systemic steroids
9
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regardless of dose and duration during hospitadimaSevere exacerbations were defined
when patients were hospitalized with moderate exat®n. All events of interest including
reinitiation of ICS, exacerbation, and hospitaizatwvere analyzed for one year, after six
months of the ICS cessation period in the ICS waha@l group (Figure 1). For the
adjustment of hazard ratios multivariate analysitls @xacerbation events, age, sex, income,
type of healthcare provider, smoking status, amtiahMPR, we monitored exacerbation and

hospitalization, previous moderate exacerbatiohiwibne year, and date of study inclusion.

Statistical Analyses

Differences in categorical variables were compargidg the chi-square test, and continuous
variables were analyzed using the Student’s t-fdst, the significance of the differences of
baseline characteristics between groups were alatuaed with standardized difference
because of large sample size and assume thatvilasrao difference between groups if they
standardized difference was less than 0.1. Coxoptiomal hazard regression analyses were
used to evaluate factors’ associations with exaten outcomes and hazard ratios (HRS)
with 95% confidence intervals (Cls) were report@dditionally, we set noninferiority tests
with the use of noninferiority limits of 1.2 (oneded 95% CI). Reinitiation of ICS was
shown by Kaplan-Meir analyses using IBM SPSS vers6.0 (IBM, New York, United
States). All other statistical analyses were doitk $tatistical Analysis System ver 9.4 (SAS,

North Carolina, United States). We set the sigarite level aP = 0.05.

Sensitivity Analyses
Sensitivity analyses were done with the propersityre matching method. Propensity score

matching was done to compare the likelihood of ea@terbation or hospitalization events.

10



200 Baseline sex, age, income which is divided by éapbrcentile, smoking history, healthcare
201  provider, annual MPR, and exacerbation events wsed to compute the propensity scores.
202

203  Results

204  Patient Characteristics

205  The flowchart of the patient selection proceshi®m in Figure 2. There were 5,762,709
206  patients who had ICD-10 disease codes for asthrifeifHI claim database between

207 January 1, 2011 and December 31, 2014. ExcludingZ@atients, ICS were prescribed to
208 1,472,838 patients, of whom 187,804 (12-8%) patibatd a MPR of more than 50% over a
209  one year period. Of all 145,511 remaining patiexisept long-term steroid user and patients
210  who died or met end of study period within 18 mardlffter the last period of ICS MPR of
211 more than 50%, 132,175 (90-8%) patients were maanize group, and 13,343 (9.2%)

212 patients were withdrawal group.

213 Baseline characteristics of patients are showraild'1. The mean age was 57-6 + 17-9
214 and 60-2 £ 16-9, and 51% and 53% of patients wate, mespectively in the withdrawal and
215 the maintenance group. Income data were availabl&Z8,701 patients and each five 5

216 percentiles are combined to quartile, and 40- 7% efvithdrawal group and 40-2% of the
217 maintenance group were in th8 ihcome quartile. In the withdrawal group 61-3%pafients
218  received their first prescription of ICS from arpary healthcare provider, 6-1% received
219  their prescription from a secondary healthcare igiery and 32-6% received their

220  prescription from a tertiary healthcare providercontrast, 79-9% of patients in the

221 withdrawal group received their first prescriptiohlCS in a primary provider, 4-9% from a
222  secondary provider, and 15-3% from a tertiary heale provider. Smoking history data

223 were available for 67,011 patients: 59- 7% of théaeviawal group were ever smokers, and

11
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63-9% were ever smokers in the maintenance grdwpmnmiean MPR was 79-7% in the
withdrawal group and 60-3% in the maintenance group

After propensity score matching, 12,591 pairs weatched in each group. Even though
there were significant differences on standarddiéfidrence between withdrawal group and
maintenance group on age, income, healthcare pgwadd MPR, no significance was seen
after propensity score matching in standardizeiédihce except minimal difference of

healthcare provider (standardized difference =4, T@ble E1).

Prescription of ICS

Figure 3 shows the monthly and annual prescrigitals of ICS medications. Sum of
monthly prescriptions showed the highest numb&aeanember, 164,150 cases and the lowest
in August, 145,336 cases. The annual prescripatsaf ICS increased with time from
344,855 prescriptions in 2010 to 379,612 presamiin 2013 before decreasing in 2014 to
378,620 prescriptions per year (Figure 3). Low-d@® were more frequently prescribed in
the withdrawal group (ICS alone agents and ICS/LABAd higher doses of medium-, and

high-dose were more frequent in maintenance groaplé 2).

Exacerbations and hospitalizations

After ICS withdrawal, 3,901 (29-25%) patients exg@meced moderate exacerbation and 3,461
(25-95%) were hospitalized with the diagnosis thas (Table 3).Critical events due to
asthma including hospitalizations with steroid agistration and severe exacerbations were
rare; the proportion of ICS withdrawal patients véxperienced hospitalization with steroid
administration in one year was 1-99% and who egpeed severe exacerbation was only
0-53%. Kaplan-Meier curves showing these eventpragented in Figure 4. Similar trends

were seen after propensity score matching (Figi)e Exacerbation and hospitalization
12
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events were significantly higher in the maintenagiceip than in the withdrawal group
(p<0-001, Table 3). Therefore, the withdrawal gra@s noninferior to the maintenance
group and these findings were consistent in muiti@ analyses and after propensity score
matching (Table 4, Tables E2 and E3). To confirat these results are not affected by
asthma and COPD overlap (ACO), subgroup analyssspgegormed for never-smoker
younger than 50 years old. The withdrawal groupritihave more exacerbation events than
the maintenance group in this subgroup analysibl€Ta4, ES).

In addition, we analyzed main diagnostic codesasiiitalization events. Excluding the codes
for asthma (J45 and J46), the J code, except 13 46, for diseases of the respiratory
system (20.8%), | code for diseases of the cirotyatystem (9.5%), and M code for diseases
of the musculoskeletal system and connective ti§31186) were also frequent main

diagnostic codes.

Restart of ICS in withdrawal group

Among the withdrawal group, 4480 patients (33- 68s}arted ICS within one year after the
six months of ICS withdrawal period. Monthly number restarting ICS between 2011 and
2014 is shown in Figure 5A, and ICS re-initiatioasamore frequent from October to
December (598, 553, and 560 instances of ICS tiatioin in October November and
December, respectively). A Kaplan-Meier curve eimiéation is shown in Figure 5B and
inflection point was 320 days. Of patients whoagsd ICS within one year, 4,032 patients
(90%) restarted within 158 days after the end 6timoof ICS withdrawal period (358 days

from the beginning of ICS withdrawal).

Discussion

13
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In this real-practice study, about 10% of patiemts asthma stopped ICS for more than six
months after maintaining ICS for more than one y®&dthe patients who stopped ICS, more
than 30% of them restarted ICS. Notably, re-inatof ICS became less common about one
year after ICS withdrawal. Another 29-3% of patsemhd been hospitalized, while less than 1%
of hospitalized patients also received a meaningiise of systemic steroids (20 @

days). The withdrawal group did not have more eszateon events when compared to the
maintenance group, even after propensity scorehimaic

The target population of this study was patients wbked ICS continuously for at least one
year to treat asthma. ICS can be used as a diagtmsitof asthma to assess variable airflow
limitation, or as the therapeutic trial of coughigat asthma. Therefore, short-term transient
prescription of ICS may not indicate asthma. Coarsigy this, at least one year of ICS usage
with a MPR> 50% was set to ensure that patients with asthmea wveluded in the study.
Compliance as indicated by inhaler possessiéA% within a year is not easy to achieve in
real-world practicé.Many patients maintain long term ICS adherencatmse they felt its
benefit and patients with asthma who seek ICS rdoreo because it relieves their
symptoms: In this context, ICS withdrawal for six monthseaftong-term maintenance of
ICS is not very commotf, but patients who do so might be able to contirargrolling their
symptoms without ICS.

Seasonal conditions may affect asthma symptomsuandosely associated with ICS
prescription. Interestingly, ICS prescriptions warere frequent in April and December.
Along with the yellow dust blowing from China, thencentration of particulate matter in
Korea reaches its peak in ApfilParticulate matter is associated with higher iecie and
prevalence of asthma and asthma-related hospéigs i The diagnosis of asthma is more
definitive when symptoms are triggered by coldaaid when respiratory symptoms of

asthma worsen in cold weatHéiThe trends of ICS prescriptions indicate when heutd be
14
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321

cautious about risk of clinical deterioration. Tantrol symptoms and prevent exacerbation
effectively, a shortened follow-up interval or preption of to be taken as needed may be
considered in those seasons. This information neayskeful for those with limited access to
medical care.

Systemic corticosteroids are the main treatmenadoite exacerbation of asthma. If
administered within-35 days'® they have been found to speed resolution of symgto
improve lung functiort®*°and decrease rates of admission and refdpgeerefore, systemic
corticosteroids should be given promptly if pateehave already increased their reliever and
controller’? In our study, 32-4% of all patients had been habpéed or had visited the
emergency room within a year, but less than 1% ade patients received a meaningful dose
of systemic corticosteroid during that admissiorigee This suggests that hospitalization
was fairly common in the study population, but htajzation due to asthma exacerbation
was not very common. Patients with asthma coule maany comorbidities leading to
hospital admission, especially among elderly p&i&nn those cases, asthma medications
should be continued irrespective of admission caumed the registration of asthma
diagnosis is necessary for the insurance claimsidening that patients with relatively mild
asthma may not use ICS for periods longer thamsirths, some of these patients may have
been included in the withdrawal group of this studyaddition, patients who did not need
ICS may be included in a group who didn’t actusiyve asthma due to the complexity of
asthma diagnosfS.Relatively high proportion of low-dose ICS pregtion in the

withdrawal group indicates relatively mild symptoatsvithdrawal. Hence, there was no
increase in exacerbation or hospitalization eventse withdrawal group in this population,
even after propensity score matching. Exacerbai@mts leading to hospitalization were

also relatively rare in other studies on mild asthosually less than 1842°
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About 33.6% of withdrawal group reinitiated ICSdamost of them (90.0%) restarted ICS
within 338 days after withdrawal. This suggesteat thconsiderable number of patients who
withdraw ICS eventually restart ICS. This restditGS also shows the importance of
maintaining ICS in the general population of asthpatients. And, most of the ICS users
seek it again within 1 year after withdrawal. Seedsymptoms may affect influence the re-
initiation of ICS. However, some patients can bthaut ICS for a substantial period after
withdrawal. There are several possible explanationthis ‘long-term’ withdrawal of ICS,
such as overdiagnosis of asthma at baseline, noeraigice to inhaler use, and overestimation
of asthma control or seasonal asthma. ‘Stable ezkation-free’ asthma patients may have
an asthma phenotype that is distinct from patiesits experience exacerbation evefits.
Therefore, some asthma patients can continue witlk&ifor a quite long time after their
airway inflammation has resolved. Further studresrecessary to identify patients who can
be withdrawn from ICS safely.

How can we apply these data to our clinical pra&iche benefit of ICS therapy for treating
asthma is enormous. It is the only treatment whithuces asthma mortalit§and it can also
reduce exacerbatiBand hospitalizatiof’ Furthermore, without concomitant ICS,
bronchodilation therapy can increase mortafitBased on the findings of these studies, it is
now recommended that adult asthma patients mait@8ruse indefinitely? However, in
real-world practice maintaining ICS adherence itigods, particularly those with mild
asthma, can be difficult. Additionally, the econorburden and side effects of ICS are not
negligible. Asthma is a heterogeneous diseasesame mild patients can be free from
symptoms for quite a long time without treatmergthAna mortality is usually associated
with exacerbation or hospitalizatihso it is not certain that ICS can reduce mortafity

mild asthma as it can in severe asthma. Recentlggtét al reported leukotriene receptor

antagonist treatment was not inferior to ICS falugng exacerbation events in elderly
16



347  patients® In this context, rather than arguing that ICS $thdme maintained in all adult

348  asthma patients, further research is needed tdifgl@sthma phenotypes that are amenable to
349  temporary or permanent ICS withdrawal in termsigk and benefit. In real-world practice,
350 asthma exacerbation leading to hospitalization n@ybe common in mild asthma patients,
351  which assume temporary withdrawal of ICS to fintiggats who can withdraw ICS for long
352 time might be not that harmful for patients. Thare some protocols for as-needed therapy
353 that have been reported to be comparable to maintentherapy in terms of exacerbatfon.
354  Our study has its strengths. First, the NHI datalveas analyzed, which contains information
355 regarding demographics, healthcare utilizationsgniptions, and hospitalization for

356 approximately 96-7% of all residents in Kofé&his data source and study design could
357  help eliminate follow-up loss and minimize seleotlmas. Also, a fairly large number of

358  pairs were analyzed by propensity score matchiago&d, the study population consisted of
359  patients who used ICS with a MPR over 50% in ora,y@hich excluded uncertain asthma
360  patients or ICS prescription as therapeutic tiiae effect of ICS withdrawal in asthma can
361  be evaluated more clearly in this population ofgrds with more sustained ICS use.

362  However, this study has limitations due to the destad. First, patients in our database were
363 only Koreans, therefore we need to aware of glabagjithe data. In fact, the smoking rate
364 and mean age of asthmatics in South Korea are fmigbler than that in Europe Further

365  prospective studies are warranted to carefully@epthe safety of ICS step down strategy in
366  other global populations. Also, the NHI databasesdwot have the complete medical record
367  of patients; hence, details regarding pulmonargtion, blood test, or the exact situation of
368  hospitalization could not be confirmed. To additbss limitation, the prescription usage

369  patterns and healthcare utilization were combinedifine target patients and exacerbation

370 events.
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In conclusion, more than one third of patients whthdrew ICS eventually reinitiated ICS,

which emphasizes maintenance of ICS. However, sgragents continued without

reinitiating ICS use for substantial periods aftethdrawal in our study group characterized
by a high proportion of elderly and ever-smokersosMpatients with asthma did not
experience exacerbation events leading to hosgatadn even after ICS withdrawal in real-
life practice, although the rates of admission aystemic steroid medication were not rare,
therefore temporary withdrawal of ICS for trial withdrawal may not be harmful for some
patients. Our findings provide evidence that ICSsa&on could be considered cautiously in
patients who are well-controlled and have diffimdtin maintaining ICS. Further studies are

needed in patients who can tolerate ICS cessatitarins of risk and benefit.
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Figure Legends

Figure 1. Study design. Among patients with asthma withdwé tiagnosis of chronic
obstructive pulmonary disease, those who usededhabrticosteroids (ICS) for more than 1
year with a medication possession ratio (MPR) > 5@8e enrolled.

Figure 2. Flow diagram of the study population.

Figure 3. The number of ICS prescriptions in study periode per-month prescriptions of
ICS were greatest in December, followed by March e annual prescription rate for ICS
increased from 2010 to 2013 (B).

Figure 4. The proportion of patients remaining exacerbatoradmission event-free over
one year after six months of withdrawal from inlgat®rticosteroids. Moderate exacerbation
(A) and hospitalization (B) occurred in 29-25% a2l 95% of the withdrawal group,
respectively. Meanwhile, hospitalization with sidroadministration (C) and severe
exacerbation (D) were relatively rare in all groups

Figure 5. The characteristics of inhaled corticosteroidsS)iCeinitiation after withdrawal.
ICS restart was most frequent from October to Ddxmanm(A). After 6 months of ICS

withdrawal, 90% of patients restarted ICS withir8 Hays (B).
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482  Table 1. Patient characteristics

Withdrawal group  Maintenance group Standardized

(n=13,336) (n=132,175) difference
Age 57:6+17-9 60-2 +16-9 -0-151
Male sex 6839 (51) 70349 (53) -0-039
Income 0-131
1st quartile 1806 (14-9) 20594 (17-7)
2nd quartile 1998 (16-5) 20679 (17-7)
3rd quartile 2797 (23-1) 28422 (24-4)
4th quartile 5529 (45-6) 46876 (40-2)
Healthcare provider 0-104
Primary 10649 (61-3) 81053 (79-9)
Secondary 648 (6-1) 8025 (4-9)
Tertiary 2039 (32-6) 43097 (15-3)
Acute exacerbation within last year 4231 (31:7) 863683 2) -0.032
Smoking 0.089
Ever-smoker 3529 (59-7) 39041 (63-9)
Never smoker 2379 (40-3) 22062 (36-1)
Medication possession ratio 7%B0-5 60-312-8 0.442

483  Continuous variables are expressed as mean * sthddaiation. Categorical variables are

484  expressed as n (%)

485
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486  Table 2. The ICS dosage initially prescribed duringstudy period

Withdrawal group Maintenance group P valge
ICS ICSILABA  Total ICS ICS/ILABA Total 488
Low 1,081 (62.8) 7,378 (62.3) 8,459 (62.4) 5,165 (42.2) 46,795 (38.3) 51,960 (38.7)< 0'0014’;9
Medium 216 (12.6) 4,023 (34.0) 4,239 (31.3) 2,864 (23.4) 66,436 (54.4) 69,300 (51.6)
High 424 (24.6) 435 (3.7) 859 (6.3) 4,204 (34.4) 8,809 (7.2) 13,013 (9.7) 0
Total 1,721 (12.7) 11,836 (87.3) 13,557 12,233 (9.3) 122,040 (92.3) 134,273  <0-0019

492 ICS, inhaled corticosteroid; ICS/LABA, inhaled dodsteroid / long actin§2 agonist
493  *Comparison of ICS dose between withdrawal and teagnce groups.

494  **Comparison of ICS or ICS/LABA between withdrawahd maintenance groups
495  Numbers of events are expressed as n (%)
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496

497

498

499

500

Table 3 Comparison of events

Withdrawal group Maintenance group  p value

(n =13,336) (n =132,175)
Hospitalization 3901 (29-25%) 43266 (32-73%) <@-00
Hospitalization with steroid 265 (1-99%) 4084 (349 <0-001
Moderate exacerbation 3461 (25-95%) 42604 (32.23%k 0-001
Severe exacerbation 71 (0-53%) 1085 (0-82%) <0-001

Numbers of events are expressed as n (%)
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501  Table 4 Cox proportional hazard regression analysesf events in the withdrawal group

Crude HR Adjusted HR1 Adjusted HR2

Hospitalization 0-87 (0-84-0-90) 0-92 (0-89-0-95) -87(0-85-0-90)
Hospitalization with steroid  0-64 (0-57-0-72) 0(@®&8-0-74) 0-66 (0-58-0-75)
Moderate exacerbation 0-77 (0-74-0-79) 0-78{0-86) 0-80 (0-77-0-83)

Severe exacerbation 0-65 (0-51-0-82) 0-68 (0-54-0-80-65 (0-51-0-83)

502 HR, hazard ratio. HRs are presented as HR (95%dmnde interval).

503 Adjusted HR1 hazard ratios were calculated usindtivamiate analyses adjusting for

504 exacerbation events, age, and sex. Adjusted HRZrthamtios were calculated using

505 multivariate analyses adjusting exacerbation eyeads, sex, income, healthcare provider,
506 smoking, medication possession ratio, previous erketion within one year, and date of
507 study inclusion. The reference group of analyses tva maintenance group.

508

26



Last episode of ICS medication MPR >50% (1 year)

.

LA 1 | | |
* L L | |
ICS prescription f
Period of observing exacerbation
(1 year)

Period of deciding whether withdrawal
group or maintenance group (6 months)



Patient with ICD-10 code of asthma
(n=5,762,709)

Patient withICD-10 code of COPD
(n=1,530,995)

Asthmatics without COPD
(n=4,231,714)

(n=1,472,838)

l

Patient who received ICS more than
50% in one year

‘ Patient who received ICS ‘

(n=187,804)
Patients who received long-term systemic steroid
(n=41,923)
Patients without enough follow-up period
(n=370)
Target patient
(n=145,511)
Maintenance group Withdrawal group
(n=132,175) (n=13,336)
1:1 matched by
Propensity Scoring
Maintenance group

(n=12,591) (n=12,591)

‘ Withdrawal group |




ICS prescription (10%)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

w

ICS prescription (10%)

380000

360000

340000

2010

2011

2012

Year (s)

2013

2014



T T
80 L0

[EAIAINS

90

S0

[BAIAINS

90

S0

12

10

12

10

Months

(@]

Months

o

0L S/60 S60  S260 60
I I T T T
oL 60 80 L0 90 G0
[BAIAINS
5260

oL

S.610 S6°0 5260 60

oL

T
60

T T T T
80 L0 90 S0

[BAIAINS

12

10

12

10

Months

Months



>

Proportion of restart (%)

40

ICS restart

8004

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month



Survival

Survival

@
2
e
3
w
o | o |
o o
o | v |
o o
T T T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Months D Months
o o
< R P EEEE——— PP P A =t
______ + t
—F
o | o |
o o
@ @
o 7 s ©
2
I3
3
~ oo~
o o
©o | ©
o o
v | 0 4
o o
T T T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Months Months



