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Purpose: There is currently limited evidence for the optimal timing of triple therapy initiation in Japan, which is crucial for
optimizing strategies for the effective treatment of chronic obstructive pulmonary disease (COPD). This study assessed the impact
of prompt vs delayed initiation of triple therapy following a COPD exacerbation on clinical and economic outcomes in patients in
Japan.

Patients and Methods: Retrospective cohort study of patients in the Medical Data Vision Co., Ltd. database initiating triple therapy
as single-inhaler triple therapy (fluticasone furoate/umeclidinium/vilanterol or budesonide/glycopyrronium/formoterol) or multiple-
inhaler triple therapy within 180 days of a moderate-to-severe exacerbation (index). For the main analysis, patients were categorized as
prompt or delayed initiators, initiating triple therapy within 0-30 days or 31-180 days of index, respectively. Inverse probability of
treatment weighting based on propensity scores was used to adjust for measured confounders between prompt and delayed cohorts.

Results: For the main analysis, 610 (60.3%) and 402 (39.7%) patients were prompt and delayed initiators, respectively. The rate of
subsequent moderate-to-severe exacerbations following index exacerbation was numerically lower in prompt vs delayed initiators
(weighted rate ratio 0.95, 95% confidence interval [CI]: 0.74-1.21; P = 0.6603). Time-to-first subsequent moderate-to-severe
exacerbation increased significantly in prompt vs delayed initiators (weighted hazard ratio 0.77, 95% CI: 0.64-0.93; P = 0.0053).
In patients indexed on a severe exacerbation, delayed initiation resulted in significantly higher 90-day all-cause readmissions vs
prompt initiation (42.1% vs 30.6%; P = 0.0329 [weighted estimates]). Weighted healthcare resource utilization rates were numerically
lower in prompt vs delayed initiators, and weighted direct costs (all cause and COPD-related) were significantly lower in prompt
initiators.

Conclusion: This real-world study demonstrated that earlier initiation of triple therapy resulted in several benefits in clinical
outcomes for COPD and may also reduce the economic burden of COPD management in Japan.

Plain Language Summary: Patients with chronic obstructive pulmonary disease (COPD) can experience flare-ups in their
symptoms, known as exacerbations. If exacerbations continue despite patients taking either one or a combination of two respiratory
medications, guidelines suggest that they should take a combination of three treatments, known as triple therapy. In Japan, the best
timing for patients to start triple therapy following an exacerbation is currently unknown, therefore this study compared the impact on
clinical and economic outcomes of patients starting triple therapy 0-30 days (prompt initiators) or 31-180 days (delayed initiators)
after their first exacerbation. When looking at clinical outcomes for COPD, we found that prompt initiators had a significantly longer
time period from starting triple therapy to experiencing their next moderate-to-severe exacerbation, and those who had an initial severe
exacerbation had significantly fewer hospital readmissions during the 90 days that followed their initial exacerbation than delayed
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initiators. When looking at economic outcomes for COPD, we found that medical costs were significantly lower in prompt versus
delayed initiators. Findings of this study suggest that starting triple therapy earlier following an exacerbation may lead to improved
clinical outcomes for patients with COPD in Japan and can reduce the cost of managing this disease.

Keywords: healthcare resource utilization, hospital readmissions, direct medical costs, inverse probability of treatment weighting,
single inhaler triple therapy, multiple inhaler triple therapy

Introduction

The high prevalence, morbidity, and mortality associated with chronic obstructive pulmonary disease (COPD) presents
a significant burden to healthcare systems worldwide." In Japan, the prevalence of COPD is estimated to be at least 8.6%
in individuals aged >40 years, and up to 10.3% in patients aged >60 years.” In patients with a history of smoking or
respiratory symptoms in Japan, the prevalence of COPD is 22%.>* One study estimated the average annual cost per
COPD patient aged <65 years to be 438,975 Japanese Yen (¥); 4389 United States [US] dollars (8$), increasing to
¥467,871 ($4678) for patients aged >65 years.?

COPD exacerbations are a key driver of the clinical and economic burden of the disease.’” Effective treatment,
including early intervention, is vital to mitigate the impact of COPD on global healthcare resource utilization (HCRU),
costs, and patient quality of life."®*'° The Global Initiative for Chronic Obstructive Lung Disease'' guidelines
recommend a stepwise approach to treatment from monotherapy with a long-acting B,-agonist (LABA) or a long-
acting muscarinic antagonist (LAMA), to dual therapy with LABA/LAMA or an inhaled corticosteroid (ICS)/LABA),
then further escalation to triple therapy with ICS/LAMA/LABA if patients continue to experience exacerbations.''
Notably, the latest Japanese Respiratory Society guidelines recommend the addition of ICS only for patients with COPD
with concomitant asthmatic features and/or with frequent exacerbations as well as blood eosinophilia.'?

Triple therapy can be administered as multiple-inhaler triple therapy (MITT), using two (ICS/LABA + LAMA or LABA/
LAMA +ICS) or three (ICS + LAMA + LABA) different inhaled devices, or single-inhaler triple therapy (SITT) with all three
components in one device.'*"'* Currently, there are several single and dual therapy drugs available in Japan for the treatment of
COPD which can be combined to form MITT,">'® as well as two SITT devices.!”?® SITT with fluticasone furoate,
umeclidinium, and vilanterol (FF/UMEC/VI) was approved in Japan in March 2019 for the long-term, once-daily, main-
tenance treatment of patients with COPD." SITT with budesonide, glycopyrronium, and formoterol (BUD/GLY/FOR) was
approved for use in Japan in June 2019.%°

Evidence on the timing of triple therapy initiation is vital to optimizing future treatment strategies for effective
management of symptoms and mitigation of disease progression in COPD patient populations. Previous studies in the US
and United Kingdom (UK) have shown that prompt initiation (<30 days) of SITT® or MITT®*! following an index

2! or index COPD-related hospitalization/emergency department visit,’ is associated with reduced COPD

exacerbation,®
exacerbations and medical costs compared with delayed initiation (31-180 days post-index). A similar study was
conducted in Japan, but findings were limited by low MITT use at the time of the study.?* There is therefore currently
limited evidence to inform the optimal timing of triple therapy initiation in Japan.®'!-*?

This real-world study was performed to evaluate the impact of prompt vs delayed initiation of triple therapy following
a moderate-to-severe exacerbation (index exacerbation) on clinical and economic outcomes for patients with COPD in

Japan.

Materials and Methods
Study Design and Data Source

This retrospective, weighted, cohort study was based on health insurance claims (outpatient and inpatient) data provided
by Medical Data Vision Co., Ltd. (MDV; Tokyo, Japan). The MDYV data cover a broad range of health data in Japan,
including around 26% of acute care hospitals nationally (over 460 facilities), representing approximately 40 million
patients, making it one of the largest Japanese healthcare datasets.”*** Data are available on administrative claims, while
Diagnosis Procedures Combination (DPC) data from hospitals participating in the DPC system (approximately 374) are
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also available for inpatient data. DPC hospitals in Japan provide a range of medical care, including acute-phase inpatient
care.**

The index date was defined as the first and/or earliest date of exacerbation (moderate or severe) occurring within the
indexing period of April 1, 2010 and March 31, 2020 (Figure 1). The baseline period was defined as the 12 months prior
to the index date. The follow-up period spanned from the index date until the earlier of the study period end (March 31,
2021) or end of data availability per-patient (ie, last/most recently recorded diagnosis or medical claim). The minimum
follow-up (from and including the index date) was 12 months.

An intention-to-treat approach was adopted, whereby patients who discontinued triple therapy treatment within the follow-
up period were observed and outcomes continued to be assessed until end of follow-up. Triple therapy was defined as either
MITT or SITT use. A MITT regimen was defined as the concomitant use of two different inhalers that form a triple therapy,
namely: ICS/LABA + LAMA or LABA/LAMA + ICS or three different inhalers in the form of ICS + LAMA + LABA. SITT
use was defined as a prescription for a single device inhaler of either FF/UMEC/VI or BUD/GLY/FOR.

Study Population
Patients with COPD recorded in the MDV database initiating triple therapy within 180 days of an index exacerbation
were included in the study.

Eligible patients were required to have >1 inpatient and/or >2 outpatient diagnoses of COPD (International
Classification of Diseases version 10 code of J42, J43, or J44) at >40 years of age at any timepoint in their medical
history; >1 moderate-to-severe COPD exacerbation within the indexing period; >1 pharmacy claim for SITT, or >1 day
overlapping pharmacy claims for MITT on, or within, 180 days of the index date; >1 diagnosis or medical claim record in
the 12 months prior to the index date, in addition to >1 diagnosis or medical claim record in the 12—18 months prior to
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| 1
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15t April 2010 31t March 2020
' INDEX DATE

Moderate-to-severe exacerbation
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' \
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. - -
PATIENT No prior modergtt_a to severe exacerbations —_—
EXAMPLE: * No prior prescriptions of triple therapy
) Day0  Day 30 Day 180 N
Triple therapy
initiation

|
| Exacerbations and HCRU/
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Figure | Study Design.
Abbreviation: HCRU, healthcare resource utilization.
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the index date; >12 months of data availability following, and including, the index date up to the earlier of: last/most
recent diagnosis or medical claim record, or March 31, 2021 (ie, end of study period). Patients were excluded if they
experienced >1 moderate-to-severe exacerbation during the baseline period, or >1 diagnostic code of any medical
condition incompatible with a COPD diagnosis at any point in their medical history prior to, or including, the month
of index. Conditions that were incompatible with a COPD diagnosis included any condition related to lung or bronchial
developmental abnormalities, degenerative processes (cystic fibrosis, pulmonary fibrosis), pulmonary resection, or any
other significant respiratory disorders other than COPD that can interfere with a clinical COPD diagnosis or substantially
change the natural history of the disease.

For the main analysis, patients were categorized as prompt initiators if triple therapy was initiated within 0-30 days of
the index date, and as delayed initiators if triple therapy was initiated 31-180 days following the index date. The
definition of prompt initiation is consistent with other previously published or ongoing GSK studies with similar research
objectives.® Throughout the manuscript, data are reported according to these definitions of prompt and delayed initiators,
unless otherwise specified. For the sensitivity analysis, however, triple therapy initiation within 0—14 days was
considered prompt, and initiation within 15-180 days was considered delayed.

Study Outcomes
The primary objective of this study was to compare the rate of subsequent moderate-to-severe exacerbations among
Japanese patients with COPD receiving prompt (0-30 days) vs delayed (31-180 days) initiation of triple therapy
following an initial moderate-to-severe exacerbation in patients with no prior exacerbations in the 12 months prior to
the index exacerbation.

The secondary objectives were to compare patients with COPD receiving prompt (0-30 days) vs delayed (31-180 days)
initiation of triple therapy in relation to: time-to-first subsequent moderate-to-severe exacerbation; 30-day, 60-day, and 90-day
all-cause and COPD-related hospital readmissions (following an initial severe exacerbation); time-to-first hospital read-
mission (following an initial severe exacerbation); all-cause and COPD-related HCRU; and direct medical costs.

Exacerbations, hospital readmissions, HCRU, and associated direct medical costs were evaluated during the follow-
up period. Each endpoint was assessed after initiation of triple therapy onwards (so as not to introduce immortal time
bias), with the exception of hospital readmissions, which were assessed from the index date (for only those patients
indexed on a severe exacerbation, ie, hospital admission) to ensure readmissions were assessed at fixed time points
following discharge from the index admission.

Data Analysis

Inverse probability of treatment weighting (IPTW) based on propensity scores was used to adjust for measured
confounders between prompt and delayed cohorts. Covariates considered for inclusion in the propensity score model
included demographic variables such as age at index, clinical characteristics such as most recent body mass index
(BMI) measurement prior to index, medication use during baseline, COPD-related HCRU and medical costs during
baseline, and exacerbations during baseline (Supplemental Table 1). Selection of covariates for inclusion in the model

was mainly based on background knowledge of the association of pre-treatment variables with the outcomes of
interest.

Patient Characteristics at Baseline

Baseline patient demographics and clinical characteristics were described for both prompt and delayed initiators.
Baseline characteristics considered as covariates for the comparison of endpoints between prompt and delayed initiators
were assessed pre- and post-weighting using standardized mean differences (SMDs), with values between —10% and
10% indicative of an adequately balanced covariate.

Exacerbations
Exacerbations were compared between prompt and delayed cohorts using unweighted and weighted (post-IPTW) rate
ratios (RRs) obtained from negative binomial regression. All analyses were conducted for moderate-to-severe
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exacerbations and for moderate and severe exacerbations separately. Moderate exacerbations were defined as an out-
patient diagnosis record for either COPD (International statistical Classification of Diseases, 10th revision [ICD]-10 of
J42, J43, and J44), COPD exacerbation (J44.1), acute lower respiratory tract infection (J44.0), or chronic respiratory
failure (J96.1), combined with at least one outpatient pharmacy claim of a systemic corticosteroid (SCS; including oral
corticosteroids) and at least one outpatient pharmacy claim for an antibiotic within the same calendar month as the
outpatient diagnosis. Severe exacerbations were defined as an inpatient diagnosis record for either COPD, COPD
exacerbation, acute lower respiratory tract infection, or chronic respiratory failure, combined with an inpatient pharmacy
claim of SCS and an inpatient pharmacy claim for antibiotic. Pharmacy claims for SCS and antibiotics should be no
greater than one day apart or observed on the same day and should occur within one day of the hospital admission (in the
case of severe exacerbations).

Rates of exacerbations (frequency of exacerbations per person-year) were calculated as the number of episodes
divided by person-years of observation. Time-to-first subsequent moderate-to-severe exacerbations were assessed with
Kaplan—Meier (KM) survival analysis, and compared between prompt and delayed cohorts using unweighted and
weighted (post-IPTW) Cox proportional hazards regression.

Hospital Readmissions

The proportion of patients with 30-day, 60-day, and 90-day all-cause and COPD-related hospital readmissions were
reported unweighted and weighted (post-IPTW), and all-cause and COPD-related hospital readmissions were compared
between prompt and delayed cohorts using odds ratios and the P-value obtained from an unweighted and weighted (post-
IPTW) logistic regression. Time-to-first hospital readmission (all-cause and COPD-related) was assessed with KM
survival analysis, and compared between prompt and delayed cohorts using unweighted and weighted (post-IPTW)
Cox proportional hazards regression.

HCRU and Direct Medical Costs

All-cause and COPD-related HCRU (limited to hospitalizations and outpatient visits only) were calculated as the number
of events divided by person-years of observation. HCRU was compared between prompt and delayed cohorts using
unweighted and weighted (post-IPTW) RRs obtained from negative binomial regression.

All-cause and COPD-related direct medical costs (total medical costs, hospitalization costs, and outpatient costs) were
calculated and reported per person per year, by dividing the costs incurred over the follow-up period by the person-years
of observation. All costs were inflated to March 2021 Japanese Yen using the consumer price index of medical care in
Japan on a month-by-month basis.>> Costs were reported using mean, SD, median, 25th and 75th percentiles, and
minimum and maximum values, and compared between prompt and delayed cohorts using estimates from an unweighted

and weighted (post-IPTW) generalized linear model with log link and gamma distribution.

Results
Patient Attrition
A total of 1012 patients met the eligibility criteria and were included in the analysis (Figure 2). Of these, 975 (96.3%)
initiated MITT and 37 (3.7%) initiated SITT (majority FF/UMEC/VI 34 [3.4%]) (Supplemental Table 2).

For the main analysis, initiation of triple therapy was prompt (0—30 days) in 610 (60.3%) patients and delayed (31-180 days)
in 402 (39.7%) patients. A total of 190 (57.8%) prompt initiators and 139 (42.2%) delayed initiators were indexed on a severe
exacerbation. For the sensitivity analysis, initiation of triple therapy was prompt (0—14 days) in 495 (48.9%) patients and delayed

(15-180 days) in 517 (51.1%) patients. The distribution of time to initiation of triple therapy is shown in Supplemental Figure 1.

The total number of patients who initiated triple therapy on day 0 was 273 (27.0%); 178 (65.2%) were indexed on a moderate
exacerbation and 95 (34.8%) were indexed on a severe exacerbation.
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patient’s medical history ’
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diagnoses of COPD at age 40 years or above at any point in the - 284,052 603,949

patient’s medical history

3. At least one moderate or severe exacerbation between 1%t April 2009

and 31 March 2009 I 61963 L)
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to the index date, and in the 12—18 months prior to the index date ’ ’

5. At least one pharmacy claim of triple therapy (SITT or MITT) in the 5868 7780
patient’s medical history

6. At least 12 months of data availability following, and including, the 4543 1325
index date (based on diagnosis and claims records)

7. No moderate or severe exacerbations in the 12 months prior to the

. 4533 10
index date

8. No diagnostic/claim codes of any medical conditions incompatible 3388 1145
with a COPD diagnosis at any time prior to the index date

9. No MITT or SITT immediately prior to index 1012 2376

Figure 2 Patient Attrition.
Abbreviations: COPD, chronic obstructive pulmonary disease; MITT, multiple-inhaler triple therapy; SITT, single-inhaler triple therapy.

Patient Characteristics at Baseline

Demographics and Clinical Characteristics

Baseline demographics and clinical characteristics for all triple therapy initiators are shown in Table 1. The overall cohort
had a mean age (SD) of 71.04 (11) and 70% were male. For most baseline characteristics, values and/or proportions were
similar regardless of timing of triple therapy initiation.

Comorbidities

Baseline comorbidities (including suspected cases in addition to confirmed diagnoses) for all triple therapy initiators are
shown in Table 2. Patients had a mean (SD) of 6.46 (3.12) baseline comorbidities, and the most frequent comorbidities
included cancer (64%), diabetes (61%), and hypertension (57%). Slight differences were observed between prompt and
delayed initiators in relation to current asthma diagnosis (92% prompt; 82% delayed; Table 2).

Treatment History

Treatment patterns at baseline for all triple therapy initiators are shown in Table 3. A mean (SD) of 2.28 (1.66)
medication classes/treatment strategies were received within the 12-month baseline period. During this period, the
most common treatments were SCS (59%), short-acting ,-agonist (SABA; 49%), leukotriene receptor agonist (33%),
and methylxanthines (30%). Means and percentages were similar regardless of timing of triple therapy initiation, with
numerically higher numbers of patients prescribed SABA, and ICS/LABA/LAMA among prompt initiators, compared to
delayed initiators. A slightly higher number of delayed patients received SCS compared to prompt. Immediately prior to
index, the most common treatments were ICS/LABA (42%), LAMA (21%), and LABA/LAMA (15%), and no treat-
ment (18%).
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Table 1 Demographics and Clinical Characteristics at Baseline Across the Main and Sensitivity Analyses
Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)
(N =1012) (n = 610) (n = 402) (n = 495) (n=517)
Age at index (years)
Mean 71.04 71.14 70.9 71.02 71.07
SD I 1.1 10.85 11.23 10.79
Patient’s sex, n (%)
Male 713 (70.45) 425 (69.67) 288 (71.64) 346 (69.90) 367 (70.99)
Female 299 (29.55) 185 (30.33) 114 (28.36) 149 (30.10) 150 (29.01)
Hospital size (number of beds), n (%)
<200 115 (11.36) 65 (10.66) 50 (12.44) 51 (10.30) 64 (12.38)
200-499 583 (57.61) 356 (58.36) 227 (56.47) 285 (57.58) 298 (57.64)
500+ 314 (31.03) 189 (30.98) 125 (31.09) 159 (32.12) 155 (29.98)
BMI (kg/m?)
Number of patients (N =561) (n = 330) (n =231) (n = 260) (n = 301)
Mean 2238 2233 22.44 22.38 2237
SD 4.1 4.03 421 4.13 4.08
BMI (kg/m?) [grouped], n (%)
Underweight (<18.5) 98 (9.68) 58 (9.51) 40 (9.95) 45 (9.09) 53 (10.25)
Normal weight (18.5-24.9) 332 (32.81) 194 (31.80) 138 (34.33) 150 (30.30) 182 (35.20)
Overweight (25.0-29.9) 105 (10.38) 67 (10.98) 38 (9.45) 56 (11.31) 49 (9.48)
Obese (30.0+) 26 (2.57) 11 (1.80) 15 (3.73) 9 (1.82) 17 (3.29)
Unknown 451 (44.57) 280 (45.90) 171 (42.54) 235 (47.47) 216 (41.78)
Smoking status, n (%)
No history of smoking 170 (16.80) 104 (17.05) 66 (16.42) 83 (16.77) 87 (16.83)
History of smoking 418 (41.30) 250 (40.98) 168 (41.79) 196 (39.60) 222 (42.94)
Unknown 424 (41.90) 256 (41.97) 168 (41.79) 216 (43.64) 208 (40.23)
Baseline Quan-Charlson Comorbidity Index,* n (%)
Mean 42 429 4.06 4.25 4.15
SD 2.7 2.69 271 2.63 2.77
Baseline Quan-Charlson Comorbidity Index [grouped], n (%)
0 12 (1.19) 3 (0.49) 9 (2.24) I (0.20) 1 (2.13)
I 159 (15.71) 94 (15.41) 65 (16.17) 75 (15.15) 84 (16.25)
2+ 841 (83.10) 513 (84.10) 328 (81.59) 419 (84.65) 422 (81.62)
(Continued)
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Table 1 (Continued).

Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)
(N=1012) (n=610) (n = 402) (n = 495) (n=517)
Baseline Activities of Daily Living (Barthel Index),® n (%)
Number of patients (N =413) (n = 250) (n=163) (n = 196) (n=217)
Mean 94.88 94.04 96.17 94.13 95.55
SD 15.34 17.39 11.43 17.8 12.72
Baseline Activities of Daily Living (Barthel Index), [grouped], n (%)
Independent (80-100) 376 (37.15) 225 (36.89) 151 (37.56) 178 (35.96) 198 (38.30)
Minimally dependent (60-79) 19 (1.88) 12 (1.97) 7 (1.74) 7 (1.41) 12 (2.32)
Partially dependent (40-59) 9 (0.89) 5(0.82) 4 (1.00) 4 (0.81) 5(0.97)
Very dependent (20-39) 5 (0.49) 4 (0.66) 1 (0.25) 4 (0.81) 1 (0.19)
Totally dependent <20) 4 (0.40) 4 (0.66) 0 (0.00) 3 (0.61) 1 (0.19)
Unknown 599 (59.19) 360 (59.02) 239 (59.45) 299 (60.40) 300 (58.03)
Baseline absolute eosinophil count (cells/microliter)
Number of patients 60 37 23 27 33
Mean 562.07 658.47 407 657.31 484.15
SD 808.09 905.19 608.02 917.22 7117

Notes: “The Quan-Charlson Comorbidity Index prior to the index date was calculated based on the presence of specific diagnosis (ICD-10) codes, and scored using
published weights for each condition included;* b The Barthel Index for Activities of Daily Living (ADL) is an ordinal scale providing a quantitative measure of performance
in ADL comprising a maximum of 20 points across 10 items. Total score was derived and reported by summing all 10 individual scores.?” The most recent measurement in
the 24 months prior to index was reported. Note that the ADL was only available via discharge data and so was not available for all patients.
Abbreviations: ADL, Activities of Daily Living; BMI, body mass index; ICD-10, International statistical Classification of Diseases, 10th revision; SD, standard deviation.

Table 2 Comorbidities at Baseline Across the Main and Sensitivity Analyses

Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)
(N=1012) (n=610) (n = 402) (n = 495) (n=517)
Comorbidities,* n (%)
Cancer® 652 (64.43) 400 (65.57) 252 (62.69) 327 (66.06) 325 (62.86)
Diabetes 613 (60.57) 376 (61.64) 237 (58.96) 303 (61.21) 310 (59.96)
Hypertension 572 (56.52) 345 (56.56) 227 (56.47) 283 (57.17) 289 (55.90)
Heart failure 533 (52.67) 332 (54.43) 201 (50.00) 266 (53.74) 267 (51.64)
GERD 524 (51.78) 316 (51.80) 208 (51.74) 262 (52.93) 262 (50.68)
Peptic ulcer 434 (42.89) 268 (43.93) 166 (41.29) 216 (43.64) 218 (42.17)
Outpatient pneumonia 418 (41.30) 252 (41.31) 166 (41.29) 208 (42.02) 210 (40.62)
Chronic bronchitis 412 (40.71) 253 (41.48) 159 (39.55) 211 (42.63) 201 (38.88)
(Continued)
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Table 2 (Continued).

Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)

(N=1012) (n=4610) (n = 402) (n = 495) (n=517)
Lung cancer 352 (34.78) 213 (34.92) 139 (34.58) 173 (34.95) 179 (34.62)
Cerebrovascular disease 301 (29.74) 181 (29.67) 120 (29.85) 157 31.72) 144 (27.85)
Rheumatoid/osteoarthritis 290 (28.66) 174 (28.52) 116 (28.86) 142 (28.69) 148 (28.63)
Inpatient pneumonia 269 (26.58) 169 (27.70) 100 (24.88) 142 (28.69) 127 (24.56)
Myocardial infarction 232 (22.92) 137 (22.46) 95 (23.63) 116 (23.43) 116 (22.44)
Stroke 224 (22.13) 136 (22.30) 88 (21.89) 118 (23.84) 106 (20.50)
Connective tissue disease 215 (21.25) 131 (21.48) 84 (20.90) 104 (21.01) 111 (21.47)
Peripheral vascular disease 205 (20.26) 119 (19.51) 86 (21.39) 98 (19.80) 107 (20.70)
Osteoporosis 143 (14.13) 85 (13.93) 58 (14.43) 74 (14.95) 69 (13.35)
Depression 81 (8.00) 51 (8.36) 30 (7.46) 41 (8.28) 40 (7.74)
Dementia/Cl 32 (3.1¢) 22 (3.61) 10 (2.49) 15 (3.03) 17 (3.29)
Bronchiectasis 28 (2.77) 18 (2.95) 10 (2.49) 14 (2.83) 14 (2.71)
Anxiety 3 (0.30) 3 (0.49) 0 (0.00) 2 (0.40) I (0.19)

Number of comorbidities

Mean 6.46 6.53 6.35 6.61 6.31

SD 3.2 3.09 3.17 3.06 3.18

Asthma status in prior 24 months, n (%)

No current asthma 72 (7.11) 32 (5.25) 40 (9.95) 26 (5.25) 46 (8.90)
Current asthma 892 (88.14) 563 (92.30) 329 (81.84) 459 (92.73) 433 (83.75)
Unknown 48 (4.74) 15 (2.46) 33 (821) 10 (2.02) 38 (7.35)

Asthma status in 224 months prior, n (%)

No historical asthma 253 (25.00) 166 (27.21) 87 (21.64) 143 (28.89) 110 (21.28)
Historical asthma 372 (36.76) 215 (35.25) 157 (39.05) 167 (33.74) 205 (39.65)
Unknown 387 (38.24) 229 (37.54) 158 (39.30) 185 (37.37) 202 (39.07)

Notes: “The presence of specific comorbidities prior to the index date (ie, not constrained by the study period) have been reported for all patients based on the presence
of diagnosis codes (ICD-10). Baseline comorbidities included suspected cases in addition to confirmed diagnoses; “The MDV database includes a large number of cancer
therapeutic facilities (187 as of December 2017), which may account for the high prevalence of cancer observed®®; Current asthma was defined as an asthma medical
diagnosis (as per relevant ICD-10 codes) recorded in the 24 months prior to the index date; “Historical asthma was defined as an asthma medical diagnosis (as per relevant
ICD-10 codes) recorded greater than 24 months prior to the index date.

Abbreviations: Cl, cognitive impairment; GERD, gastro-esophageal reflux disease; ICD-10, International statistical Classification of Diseases, 10th revision; MDV, Medical
Data Vision Co., Ltd,; SD, standard deviation.

HCRU and Direct Medical Costs

HCRU and direct costs at baseline for all triple therapy initiators are shown in Table 4. Though standardized mean
differences of >10% were observed for a number of variables for unweighted data (data not shown), for HCRU and
length of stay data, weighted data were adequately balanced. For cost data, weighted data were adequately balanced,
except for “year of indexing 2020 where there were fewer patients in the prompt cohorts across total COPD-related
costs and COPD-related follow-up medications.
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Table 3 Treatment Patterns at Baseline Across the Main and Sensitivity Analyses

Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)
(N=1012) (n=610) (n = 402) (n = 495) (n=517)
Number of different respiratory therapy classes at baseline
Mean 228 23 224 235 221
SD 1.66 1.75 1.52 1.8 1.51
Class of respiratory therapy at baseline,® n (%)
ICS/LABA 1 (0.10) 1 (0.16) 0 (0.00) 1 (0.20) 0 (0.00)
LABA/LAMA 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
SABA 494 (48.81) 306 (50.16) 188 (46.77) 246 (49.70) 248 (47.97)
SAMA 4 (0.40) 2 (0.33) 2 (0.50) 2 (0.40) 2 (0.39)
SABA + SAMA 6 (0.59) 3 (0.49) 3 (0.75) 3(0.61) 3 (0.58)
ICS + SABA 59 (5.83) 42 (6.89) 17 (4.23) 35 (7.07) 24 (4.64)
ICS/LABA/LAMA 255 (25.20) 174 (28.52) 81 (20.15) 149 (30.10) 106 (20.50)
SCs 599 (59.19) 347 (56.89) 252 (62.69) 283 (57.17) 316 (61.12)
Biologics 10 (0.99) 5 (0.82) 5(1.24) 4 (0.81) 6 (1.16)
LTRA 337 (33.30) 199 (32.62) 138 (34.33) 166 (33.54) 171 (33.08)
Transdermal LABA 147 (14.53) 92 (15.08) 55 (13.68) 79 (15.96) 68 (13.15)
Methylxanthines 302 (29.84) 183 (30.00) 119 (29.60) 149 (30.10) 153 (29.59)
Home oxygen/mechanical ventilation 90 (8.89) 51 (8.36) 39 (9.70) 45 (9.09) 45 (8.70)
None of the above 90 (8.89) 65 (10.66) 25 (6.22) 57 (11.52) 33 (6.38)
Inhaled therapy regimen immediately prior to indexing,® n (%)
ICS/LABA (fixed and open) 429 (42.39) 250 (40.98) 179 (44.53) 200 (40.40) 229 (44.29)
LABA/LAMA (fixed and open) 149 (14.72) 77 (12.62) 72 (17.91) 52 (10.51) 97 (18.76)
LABA 10 (0.99) 6 (0.98) 4 (1.00) 6 (1.21) 4(0.77)
LAMA 217 (21.44) 139 (22.79) 78 (19.40) 121 (24.44) 96 (18.57)
ICS 28 (2.77) 19 3.11) 9 (224 16 (3.23) 12 (2.32)
None 179 (17.69) 119 (19.51) 60 (14.93) 100 (20.20) 79 (15.28)

Notes: *In the 12 months prior to index; °Last therapy prior to index.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor
agonist; SABA, short-acting ,-agonist; SAMA, short-acting muscarinic antagonist; SCS, systemic corticosteroids; SD, standard deviation.

Rate of Subsequent Exacerbation Following Triple Therapy
For the main analysis, although absolute SMDs of >10% were observed for several baseline covariates included in the
propensity model for unweighted data, weighted data were adequately balanced with the exception of “year of indexing
20207, where there were fewer patients in the delayed cohort. Weighted baseline covariates were adequately balanced for
the sensitivity analysis.

The rate of subsequent exacerbations following an index exacerbation was generally similar or numerically lower in
prompt initiators of triple therapy vs those with delayed initiation (Figure 3A). No significant differences were observed
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Table 4 HCRU and Direct Costs at Baseline Across the Main and Sensitivity Analyses

Variable Main analysis Sensitivity analysis
Overall Prompt Delayed Prompt Delayed
(0-30 days) (31-180 days) (0-14 days) (15-180 days)
(N=1012) (n=610) (n = 402) (n = 495) (n=517)

Hospitalizations at baseline (COPD)

Mean 0.51 0.5 0.52 0.49 0.52

SD 0.73 0.74 0.72 0.74 0.72

Outpatient stays at baseline (COPD)

Mean 9.09 8.66 9.73 9.05 9.12

SD 12.99 14.2 10.9 15.3 10.32

Total direct healthcare costs at baseline, ¥

Mean 682,955.86 670,614.93 701,682.15 690,113.67 676,102.65

SD 972,064.23 1,029,456.15 878,764.44 1,074,100.63 864,154.04

Hospitalization costs at baseline, ¥

Mean 354,816.71 357,285.07 351,071.2 361,173.83 348,730.11

SD 691,306.9 712,577.43 658,576.61 732,077.21 650,536.65

Cost of medications at baseline, ¥

Mean 102,849.46 100,183.68 106,894.55 102,478.3 103,204.83

SD 142,018.82 154,182.08 121,329.69 158,290.89 124,618.86

Outpatient costs at baseline (COPD), ¥

Mean 328,139.15 313,329.86 350,610.96 328,939.84 327,372.53

SD 592,660.74 641,842.95 508,992.92 687,492.37 485,492.72

Abbreviations: ¥, Japanese Yen; COPD, chronic obstructive pulmonary disease; HCRU, healthcare resource utilization; SD, standard deviation.

in rate of exacerbations between prompt and delayed initiators in the main analysis. Unweighted RRs were 0.93,
95% confidence interval (CI): 0.73—1.17; P = 0.5424 for moderate-to-severe exacerbations; 0.98, 95% CI: 0.73-1.31;
P = 0.9026 for moderate exacerbations, and 0.77, 95% CI: 0.57-1.04; P = 0.093 for severe exacerbations. After
weighting, RRs were broadly similar to unweighted estimates; 0.95, 95% CI: 0.74-1.21; P = 0.6603 for moderate-to-
severe exacerbations; 1.01, 95% CI: 0.76-1.34; P = 0.9719 for moderate exacerbations, and 0.72, 95% CI: 0.52-1.01;
P =0.0545 for severe exacerbations. Incidence rates of moderate exacerbations were similar between prompt and delayed
subgroups (Supplemental Table 3).

In the sensitivity analysis, moderate-to-severe and moderate exacerbation rates before and after weighting in patients who
initiated therapy promptly were numerically higher, while severe exacerbation rates were numerically lower vs those with
delayed initiation (Figure 3B). No significant differences were observed in rate of exacerbations between prompt and delayed
initiators in the sensitivity analysis. Unweighted RRs were 1.06, 95% CI: 0.84-1.35; P = 0.617 for moderate-to-severe
exacerbations; 1.12, 95% CI: 0.83—1.50; P = 0.4613 for moderate exacerbations, and 0.89, 95% CI: 0.66—-1.20; P=0.4395 for
severe exacerbations. After weighting, RRs were 1.06, 95% CI: 0.83—1.36; P = 0.6535 for moderate-to-severe exacerbations;
1.13, 95% CI: 0.84-1.53; P = 0.4162 for moderate exacerbations, and 0.89, 95% CI: 0.64—1.23; P = 0.4991 for severe

exacerbations.
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Figure 3 Rate of Subsequent Exacerbations Following Prompt and Delayed Initiation of Triple Therapy Across the Main (A) and Sensitivity (B) Analysis.
Notes: Inverse probability of treatment weighting based on propensity scores was used to adjust for measured confounders between cohorts.
Abbreviations: Cl, confidence interval; RR, rate ratio.
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Time-to-First Subsequent Exacerbation Following Triple Therapy

Absolute SMDs of >10% were observed for a number of baseline covariates included in the propensity model for
unweighted data. For the severe exacerbation analysis, weighted baseline covariates were adequately balanced. For the
moderate-to-severe and moderate exacerbation analyses, however, an SMD of >10% was observed for “year of indexing
20207, where there were fewer patients in the prompt cohort.

Time-to-first subsequent moderate-to-severe exacerbation increased significantly among prompt initiators vs
delayed initiators. The unweighted hazard ratio'' was 0.78, 95% CI: 0.66-0.93; P = 0.0064 and the weighted HR
was 0.77, 95% CI: 0.64-0.93; P = 0.0053 (Figure 4). The unweighted median time-to-first subsequent moderate-to-
severe exacerbation was 47.2 months for prompt initiators and 29.4 months for delayed initiators; the weighted
median was 45.7 months for prompt initiators and 27.7 months for delayed initiators (Supplemental Table 4). KM

plots are shown in Supplemental Figure 2. Results were also significant for those who experienced a moderate
exacerbation (unweighted HR 0.73, 95% CI: 0.59-0.90; P = 0.0032; weighted HR 0.77, 95% CI: 0.62-0.97; P =
0.0235). The unweighted median time-to-first subsequent moderate exacerbation was 83.2 months for prompt

initiators and 53.4 months for delayed initiators; the weighted median was 83.2 months for prompt initiators and
56.4 months for delayed initiators (Figure 4, Supplemental Table 4). Median time-to-first subsequent exacerbation

was not reached for severe exacerbations.

All-Cause and COPD-Related Hospital Readmission Following Triple Therapy
For these analyses, although absolute SMDs of >10% were observed for a number of baseline covariates included in the
propensity model for unweighted data, weighted data were adequately balanced.

Among patients indexed on a severe exacerbation, delayed triple therapy initiation resulted in numerically higher 90-day
all-cause readmissions in the delayed cohort compared with prompt initiation prior to weighting, but statistical significance
was not achieved (40.3% vs 31.6%; P =0.1036). After weighting, delayed initiators had significantly higher 90-day all-cause
readmissions compared with prompt initiators (42.1% vs 30.6%; P = 0.0329; Figure 5A).

Readmissions were also numerically increased in the delayed cohort for 60-day all-cause (unweighted 31.7% vs 26.3%
[P = 0.2909]; weighted 32.6% vs 26.0% [P = 0.1994]), 60-day COPD-related (unweighted 25.2% vs 24.7% [P = 0.927];
weighted 26.4% vs 25.0% [P = 0.7707]), and 90-day COPD-related (unweighted 32.4% vs 28.4% [P = 0.4409]; weighted
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Figure 4 Hazard Ratio of Time-to-First Subsequent Exacerbation Following Prompt (0—30 Days) and Delayed (3 1-180 Days) Initiation of Triple Therapy Across the Main Analysis.
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Figure 5 All-Cause (A) and COPD-Related Hospital Readmissions (B) and All-Cause and COPD-Related HR of Time-to-First Hospital Readmission (C) Between Prompt
(0-30 Days) and Delayed (31-180 Days) Initiators of Triple Therapy Following an Initial Severe Exacerbation.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio.
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32.8% vs 27.6% [P = 0.3173]), compared with prompt initiation, but statistical significance was not achieved (Figure SA
and B). For 30-day readmissions, delayed initiators experienced slightly reduced readmissions compared to prompt
initiators both before and after weighting; statistical significance was not achieved (Figures SA and B).

Time-to-first hospital readmission was numerically longer with prompt vs delayed treatment initiation after an initial
severe exacerbation, but no HRs (unweighted or weighted) were significant (Figure 5C). KM plots are shown in
Supplemental Figure 3. The weighted median time-to-readmission was 4.2 months in delayed initiators vs 10.3 months

in prompt initiators for all-cause readmissions (unweighted 5.0 vs 10.1 months), and 7.3 vs 14.1 months in prompt
initiators for COPD-related readmissions (unweighted 8.4 vs 14.1 months).

All-Cause and COPD-Related HCRU and Direct Medical Costs Following Triple
Therapy

For these analyses, although absolute SMDs of >10% were observed for a number of baseline covariates included in the
propensity model for unweighted data, for HCRU and length of stay data, weighted data were adequately balanced. For
cost data, weighted data were adequately balanced with the exception of “year of indexing 2020, where there were fewer
patients in the prompt cohorts across total COPD-related costs and COPD-related follow-up medications.

Among patients who initiated therapy promptly, unweighted and weighted HCRU rates were numerically lower
compared with those with delayed initiation for all-cause and COPD-related hospitalizations; however, statistical
significance was not reached (Figure 6A). Prompt initiators had a lower rate of hospital stay days than delayed initiators
(weighted RR 0.67, 95% CI: 0.46-0.98; P = 0.0395 [unweighted RR 0.72, 95% CI: 0.50-1.03; P = 0.0731, not
significant] for all cause hospital stays, and weighted RR 0.54, 95% CI: 0.35-0.86; P = 0.0088 [unweighted RR 0.57,
95% CI: 0.38-0.87; P = 0.0088] for COPD-related hospital stays; Figure 6B).

All-cause costs per person-year were significantly lower in prompt initiators compared with delayed initiators for
medication (unweighted P = 0.0044; weighted P = 0.0032); outpatient stays (unweighted P = 0.0044; weighted P = 0.0324)
and total costs (unweighted P = 0.0086; weighted P = 0.0203) (Figure 7A). For COPD-related costs per person-year among
prompt initiators, significantly lower total costs (weighted P = 0.0356; unweighted P = 0.0038) and medication costs
(weighted P = 0.0338; unweighted P = 0.0336) were observed compared with those with delayed initiation (Figure 7B);
unweighted outpatient costs were also significantly lower (P = 0.011) but the difference between prompt and delayed
initiators became non-significant after weighting (P = 0.0638).

Discussion

In this real-world study from Japan, prompt initiation (<30 days) of triple therapy following a first exacerbation was
associated with numerically lower subsequent moderate-to-severe and severe exacerbations compared with delayed
initiation, though statistical significance was not reached; the rates of moderate exacerbations were similar between
patient subgroups. These findings align with previous similar studies conducted in the US (prompt vs delayed MITT
initiation), which found no significance in moderate exacerbations,® and the UK (prompt vs delayed MITT initiation),
which found that frequencies of exacerbations after treatment initiation were comparable.”' Due to the timing of the
study, the majority of patients were initiated on MITT as opposed to SITT, due to the recent introduction of SITT in
Japan at the time of the study.'”?® A previous study in the US with prompt vs delayed SITT initiation showed that
prompt initiators had significantly reduced overall, moderate, and severe exacerbations compared to delayed initiators.
Although the results of the current study may indicate a lack of differentiation between prompt and delayed initiators
for this particular endpoint, it is also important to consider factors such as low sample size, or any unknown and/or
unmeasured variables not included in the models. For example, almost half of prompt initiators initiated triple therapy
on the same date as the index exacerbation (ie, day 0), whilst timing of delayed therapy was more evenly distributed
across the 31-180 days. Further studies would be required to (a) determine the impact of immediate (day 0) initiation
of triple therapy vs prompt or delayed initiation on exacerbations and (b) determine the optimal timing of SITT given
the current lack of available data.
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Figure 6 RR of All-Cause and COPD-Related HCRU Incidence Rates (A) and Days in Hospital During Follow-Up (Days Per Month), (B) Following Prompt (0-30 Days), and
Delayed (31-180 Days) Initiation of Triple Therapy.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HCRU, healthcare resource utilization; RR, rate ratio.
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Figure 7 All-Cause Medical Costs (A) and COPD-Related Medical Costs (B) Following Prompt (0-30 Days) and Delayed (31-180 Days) Initiation of Triple Therapy.
Abbreviations: ¥/|PY, Japanese Yen; COPD, chronic obstructive pulmonary disease; FU, follow up.
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For the sensitivity analysis, for which the alternative definition of <14 days was used for prompt initiation, no
significant differences in the rate of subsequent exacerbations between prompt and delayed initiators were observed,;
prompt initiators experienced a numerically lower rate of severe exacerbations, but a numerically higher rate of
moderate-to-severe and moderate exacerbations compared with delayed initiators. This contrast in findings may be
because the number of moderate exacerbations ranged from 0—41 and 0-10 in patients initiating triple therapy within
0-14 and 15-30 days of index, respectively, possibly skewing the analysis.

Prompt initiation of triple therapy following a first exacerbation was associated with significantly reduced all-cause
(total, medication, and outpatient) and COPD-related (medication and total) costs; all-cause hospitalization costs, and
COPD-related outpatient and hospitalization costs, were numerically (if not statistically significantly) lower. There were
also significantly fewer days spent in hospital per month (all-cause and COPD-related) for prompt initiators compared
with delayed. These findings, despite the differences in global healthcare systems, align with similar studies conducted in
the US and UK, which found all-cause and COPD-related medical costs to be lower in those who promptly initiated
MITT treatment compared with those who had a delayed initiation to MITT,*?! and highlight the potential cost benefit to
the healthcare system in Japan of initiating triple therapy promptly. This evidence would also be of value to healthcare
decision makers; GOLD guidelines cite “there is no high-quality evidence to support initial pharmacological treatment
strategies in newly-diagnosed patients with COPD”."!

It should be noted that the study period of the current analysis spans the COVID-19 pandemic period; however,
feasibility assessments for both the current study and other ongoing GSK studies involving the MDV database found that
the number of patients with COPD in Japan with disease codes for COVID-19 between January and October 2020 was
small. The results of the current study are therefore not expected to have been impacted by COVID-19.

The following limitations may impact the generalizability of the study results to the wider Japanese population: the
MDYV database is composed of information from only contracted diagnosis procedures combination hospitals, thus
information from other medical sites is unknown; the prevalence of comorbidities in this study was also higher than what
has been presented in previous studies. For example, almost 90% of patients in this study also had an asthma diagnosis in
addition to their COPD diagnosis, which is much higher compared to previous studies.”' Additionally, in this study,
asthma was defined based on ICD-10 codes only, regardless of treatment use. Patients who had only one asthma
diagnosis code during the 24 months prior to index date were also included in this study. This could have potentially
overestimated the number of patients with comorbid asthma. However, patients with comorbid asthma were not excluded
from this study in order to reflect the real-world population and to keep a sufficient sample size of patients. The MDV
database includes a large number of cancer therapeutic facilities, which may account for the high prevalence of cancer
observed.?® Additionally, the inclusion of suspected cases as well as confirmed diagnoses for comorbidities may have led
to the over-estimation of comorbidities such as cancer. In this study, exacerbations were partly based on claims of
antibiotics and systemic corticosteroids within the same calendar month as the patient’s outpatient COPD diagnosis.
Although the patient population had multiple comorbidities, and these antibiotics and systemic corticosteroids may have
been claimed for other comorbidities rather than COPD, this is unlikely to have had a major impact on misclassification
as the algorithm also required an ICD-10 code for COPD exacerbation in addition to the prescription of OCS or
antibiotics. Furthermore, overlapping prescriptions forming open combinations were considered for the baseline treat-
ment strategies; subsequently, patients who received LABA/LAMA at baseline as well as an overlapping ICS-containing
therapy would have been presumed to be receiving triple therapy. This likely explains why no patients were reported to
be receiving LABA/LAMA at baseline, whilst 149 (14.7%) patients received LABA/LAMA immediately prior to index,
where overlapping therapies were not considered. Due to data privacy laws in Japan, if a patient is transferred to another
hospital within the MDV database, their data can no longer be tracked continuously as they will have a unique, un-
linkable patient record for each hospital. This may cause calculations for readmission-based study objectives and
patients’ follow-up to be underestimated due to this limitation, impacting the power of the study (the extent to which
patients attend multiple hospitals in Japan is unknown); information on clinical measures (eg, lung function) and some
patient characteristics (eg, geographic region) are unavailable from the MDV database, and some patient characteristics
(eg, BMI) are only partially available among patients who were hospitalized; the health insurance reimbursement system
in Japan has challenges with linking disease diagnoses to specific events or treatment, and this may result in some events
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being mis-classified as COPD-related (these mis-classifications should be non-differential and we anticipate that this
would bias results towards the null (ie, underestimate any benefit of prompt initiation).

Conclusion

In this real-world study from Japan, rates of moderate-to-severe and severe exacerbations following a first exacerbation,
were numerically lower among prompt initiators of triple therapy compared with delayed initiators of triple therapy.
Additionally, all-cause (total, medication, and outpatient) and COPD-related (medication and total) costs were signifi-
cantly lower among patients who initiated triple therapy treatment promptly, compared with those who experienced
a delay. There were also significantly fewer days in hospital (all-case and COPD-related) for patients initiated promptly.
These data suggest that earlier initiation of triple therapy may reduce the overall costs of COPD management in Japan.
Further studies focusing on the benefits of prompt vs delayed initiation of SITT in this population are warranted.
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