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Purpose: Triple therapy of chronic obstructive pulmonary disease (COPD), consisting of inhaled corticosteroid (ICS), long-acting
B2-agonist (LABA) and long-acting muscarinic antagonist (LAMA) has shown benefits in patients with COPD. However, little is
known about the use of triple therapy in Chinese patients. This study aims to describe the treatment patterns and the utilization of triple
therapy in COPD patients based on real-world data from China.

Patients and Methods: This retrospective study included patients with COPD from the Yinzhou database. Patients aged > 40 years
with a diagnosis of COPD were included. Different combinations of ICS, LAMA and LABA prescribed during follow-up were
categorized as single, dual, or triple therapies. Descriptive analysis was performed to depict the treatment patterns of each therapy.
Results: A total of 7888 patients were prescribed at least one COPD therapy during the follow-up. Among them, 29.1% were
prescribed triple therapy (ICS+LABA+LAMA) with a median (IQR) treatment duration of 3.27 (7.17) months. The majority (68.6%)
of patients were prescribed dual therapy with ICS+LABA, while 27.3% and 23.3% of patients were prescribed single therapy with ICS
or LAMA, respectively. Regarding treatment sequences during follow-up, 30.1% of patients received dual therapy with ICS+LABA,
followed by 11.4% receiving only triple therapy and 10.4% receiving single therapy with ICS alone.

Conclusion: Our study assessed treatment patterns and triple therapy utilization among patients with COPD in China. The majority of patients
were treated with ICS+LABA dual therapy. Triple therapy was also widely used, with most patients transitioning from other treatment modalities.
Keywords: COPD, ICS, LABA, LAMA

Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condition characterized by chronic respiratory
symptoms due to abnormalities of the airways and/or alveoli, leading to persistent and usually progressive airflow
obstruction.” As the third leading cause of mortality worldwide, COPD constitutes a significant global health concern.*”
According to World Health Organization (WHO), China has approximately 100 million people living with COPD and
accounts for almost one quarter of all COPD cases globally.*> As the population continues to age rapidly in China, the

burden of COPD is expected to escalate in the future.®
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According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 report,” the pharmacologic
treatment was recommended based on the severity of the disease. In the intervening years, the GOLD reports, have been
further refined to a stepwise approach where triple therapy (ICSTLAMA+LABA) remained a treatment option when patient
symptoms and exacerbations persist and where other clinical indicators (e.g., eosinophil values) may indicate additional
benefits.®** In China, the Guidelines for the diagnosis and management of chronic obstructive pulmonary disease (revised
version 2021) largely aligned with the GOLD recommendations for the initiation and use of triple therapy.'® Fixed-dose
inhaled corticosteroid (ICS)/ long-acting B2 agonist (LABA)/ long-acting muscarinic antagonist (LAMA) triple therapies
including BREZTRI®, TRELEGY ELLIPTA®, and TRIMBOW® were approved in China in 2019, 2020, and 2022,
respectively. Triple therapy has gained wide recognition as an intensive treatment option in COPD management.'' As
demonstrated in the IMPACT, KRONOS, and ETHOS trials, triple therapies for COPD significantly reduce the rate of
moderate or severe exacerbations, hospitalizations, and all-cause mortality compared to dual therapies.'* '

Despite the robust evidence supporting the effectiveness of triple therapy, medications may not always be prescribed
optimally, leading to potential undertreatment or inappropriately prescribed medication in routine clinical practice.
Previous studies have revealed discrepancies in the treatment of patients with COPD, between the GOLD report
recommendations and actual clinical practice in the United States.'” Evidence in China has also indicated that treatment
patterns in clinical practice may not fully align with the GOLD reports or other national guidelines in China.'®'? It was
shown that approximately one-third of the patients with COPD are never diagnosed nor treated.?’ Poor adherence to
respiratory medications has also been documented in patients with COPD on multiple inhalers or complex regimens,
compared to patients on single inhalers.>'** Moreover, given the rise of triple therapy options in China, there is a lack of
research focusing on triple therapy utilization in Chinese patients in recent years with COPD. This study aims to address
this gap by investigating the treatment patterns of ICS, LABA, or LAMA, as well as the utilization of triple therapy in
COPD patients using real-world data from the Yinzhou region of China.

Materials and Methods
Study Design and Data Source

This was an observational retrospective longitudinal cohort study among Chinese patients with COPD, using the Yinzhou
regional electronic health records database (Yinzhou database).

Yinzhou is a district of Ningbo, a sub-provincial city in northeast Zhejiang province, located 230 km south of Shanghai. It
covers an area of 1346 km® and has a total population of 1.66 million in 2022, among which 928,000 are permanent
residents.?* Since 2009, the Yinzhou database has covered almost all health-related activities of residents, from birth to death,
across all age groups. As of 2017, 98% of all permanent residents in Yinzhou are registered in with a valid healthcare identifier

into a health information system.?> Further details on the Yinzhou database are provided in previous publications.**

Study Population

Screening for patient eligibility was conducted from 1% Jan 2014 to 1% Mar 2022. To be eligible, patients needed to meet specific
criteria: a) had > 2 primary diagnosis items/codes for COPD in the outpatient setting or > 1 primary or secondary diagnosis item/
code for COPD in the inpatient setting during the screening period; b) were 40 years of age or older at the time of the first COPD
diagnosis item/code identification; c) had baseline data available for at least 24 consecutive months before the first COPD
diagnosis item/code identification. In addition, patients were excluded if they had a record of Alpha-1 antitrypsin deficiency
during the baseline period. The index date was defined as the date of the first identified COPD diagnosis within the screening
period. Baseline data was collected from a 24-month lookback period preceding index date. Patients were followed up from the
index date until (1) 1** March 2023 (administrative right censoring); (2) loss to follow-up (the last clinical event date recorded in
the database); (3) all-cause death (death data was available until 30 Jun 2022), whichever came first (see Figure 1).
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Figure | Study design scheme.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; ICS, Inhaled Corticosteroids; LAMA, Long-Acting Muscarinic Antagonists; LABA, Long-Acting 2 Agonists.

Treatment Patterns

The treatment patterns of ICS, LAMA and/or LABA prescribed during the follow-up period were described by grouping
different combinations of these medications including single/dual/or triple therapies. Dual and triple therapies involved
both fixed-dose combinations and individual medications that were prescribed concurrently.

Single therapy comprised three categories: 1) single therapy with ICS; 2) single therapy with LAMA; and 3) single
therapy with LABA. The start date of single therapy regimens was defined as the start date of the first prescription, and
the end date was the first of: (a) the end date of the first prescription; (b) the start date of the prescription for another
medication if the patient switched to or added any of the other two medications; (c) loss to follow-up; or (d) death. If the
gap between two consecutive prescriptions of the same drug class was < 60 days, the prescriptions were combined and
counted as one prescription. A valid single therapy should last for at least 30 days.

Dual therapy consisted of combinations including: 1) ICS + LAMA; 2) ICS + LABA; and 3) LAMA + LABA. The
start date of dual therapy was the prescription for dual therapy or the addition of a second medication. The end date was
the first of: (a) the end date of the first prescription for any of the two medications; (b) the start date of the prescription for
a third medication if the patient switched to triple therapy; (c) loss to follow-up; or (d) death. A valid dual therapy
consisted of two classes of medications with at least 30 days’ overlap.

Triple therapy was defined as concomitant use of ICS, LAMA, and LABA. The start date of triple therapy was the
prescription date when the third medication was added, and the end date was the first of: (a) the end date of the first prescription
for any of the three medications; (b) loss to follow-up; or (c) all cause of mortality. A valid triple therapy should have the three
classes of medications with at least 30 overlapping days (see Figure 2 for examples of valid single/dual/triple therapies).

The treatment duration for single, dual and triple therapies was the complete duration for respective therapy types
from the index date until the end of follow-up.

Statistical Analysis

Descriptive analyses were performed on demographic and clinical characteristics of the entire COPD cohort during the
baseline period. Continuous variables were summarized by indicating the mean (standard deviation [SD]), median
(interquartile range [IQR]), minimum, and maximum values. For dichotomous or categorical variables, the distribution
was expressed as n (%) for each category.

Treatment patterns and treatment duration for each valid therapy type were described throughout the follow-up
period. The number (%) of patients with different valid single/dual/triple therapies was reported. The distribution (mean,
SD, median, IQR, minimum and maximum) of the treatment duration for each single/dual/triple therapy was summarized
and expressed in months.
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Figure 2 Patient attrition flow chart.
Notes: *8,214,735 is the number of patients that had at least one clinical record in the database during the screening period, including 1,807,835 registered residents of
Yinzhou, who had continual contact with the hospital system.

The treatment sequences of all valid single/dual/triple therapies from the index date until the first instance of triple
therapy or the end of follow-up (whichever came first) were described. In addition, repeated therapies given in
consecutive sequence were collapsed during treatment sequence analysis if the gap in-between was less than 365 days
(see Supplementary Figure S1 for examples of treatment sequences).

The statistical program SQL and R Project for Statistical Computing, version 4.2.2 or higher were used.

Results

Study Participants and Baseline Characteristics

A total of 14,713 patients with COPD were included in the study during the screening period (from 1% Jan 2014 to 1%
Mar 2022) (Figure 2). Of these patients, 43.5% (6,401/14,713) were included between 2014 and 2016, while 56.5%
(8,312/14,713) were included later from 2017 to 2022. The mean (SD) age at the index date was 72.0 (11.5) years, and
67.0% (9,862/14,713) of the patients were male. The median (IQR) follow-up period was 41.3 (47.4) months. The
majority of patients (71.9%) reported hypertension as a comorbidity at baseline, followed by ischaemic heart diseases
(42.8%). Additional cardiovascular-related comorbidities were also noted (Table 1). As for concomitant medications,
34.2% (5,029/14,713) of patients received long-acting COPD treatments at baseline. Among these patients, over half
(54.0%, 2,717/5,029) received fixed-dose prescription of ICS+LABA, and 39.2% (1,973/5,029) and 27.1% (1,364/5,029)
received prescriptions of ICS and LAMA, respectively. In addition, 24.9% (3,657/14,713) of patients received short-
acting COPD treatments at baseline, and 12.8% (1,890/14,713) received oral theophylline. Further details of the baseline
characteristics were presented in Table 1.
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Table | Baseline Characteristics of the Full COPD Cohort

Baseline Characteristics

All Patients

N=14,713

n (%)

Year of cohort entry

2014 2,891 (19.6%)
2015 1,749 (11.9%)
2016 1,761 (12.0%)
2017 1,536 (10.4%)
2018 1,424 (9.7%)
2019 1,485 (10.1%)
2020 1,879 (12.8%)
2021 1,822 (12.4%)
2022 166 (1.1%)
Age in years
Mean [SD] 72.0 [11.5]
Median [IQR] 73.0 [17.0]
Min, max 40.0, 101.0
Gender
Male 9,862 (67.0%)
Female 4,804 (32.7%)
Missing 47 (0.3%)
BMI (recorded or height / weight derived) at baseline, kg/m?
Mean [SD] 23.1 [3.6]
Median [IQR] 22.9 [4.8]
Min, max 9.0, 53.0
Missing 7,129 (48.5%)

Smoking status

Smoker

3,350 (22.8%)

Non-smoker or unknown

11,363 (77.2%)

Education level

Unknown

1,736 (11.8%)

llliteracy

1,832 (12.5%)

Elementary school

5,154 (35.0%)

Secondary school and above

5,991 (40.7%)

(Continued)
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Table | (Continued).

Baseline Characteristics

All Patients

N=14,713

n (%)

Comorbidities

Hypertension

10,572 (71.9%)

Ischemic heart diseases

6,293 (42.8%)

Current asthma

6,142 (41.7%)

Any disorders of lipoprotein metabolism and other lipidaemias

5,902 (40.1%)

Cerebrovascular disease

5,748 (39.1%)

Arrythmia

4,096 (27.8%)

Anxiety disorder

3,437 (23.4%)

Heart failure

3,265 (22.2%)

Diabetes mellitus type-| or —2

1,939 (13.2%)

Concomitant medications® at baseline

COPD drug — ICS

1,973 (13.4%)

COPD drug — LAMA

1,364 (9.3%)

COPD drug — LABA

0 (0.0%)

COPD drug — SABA

2,987 (20.3%)

COPD drug — SAMA

1,766 (12.0%)

COPD drug - ICS, LABA

2,717 (18.5%)

COPD drug — LAMA, LABA

108 (0.7%)

COPD drug — ICS, LAMA, LABA

37 (0.3%)

COPD drug — Long-acting treatments®

5,029 (34.2%)

COPD drug — Short-acting treatments®

3,657 (24.9%)

Theophylline

1,890 (12.8%)

Cardiac drugs®

12,409 (84.3%)

Notes: * All COPD drugs presented in the table only contain fixed-dose products. ® Long-acting
COPD treatments: ICS (Inhaled Corticosteroids), LAMA (Long-Acting Muscarinic Antagonists),
LABA (Long-Acting 2 Agonists), ICS+LABA, LAMA+LABA, ICS+LAMA+LABA. © Short acting
COPD treatments: SABA (Short-Acting B2 Agonists), SAMA (Short-Acting Muscarinic Antagonist).
4 Cardiac drugs: Patients had at least one prescription for any of the following categories: antith-
rombotic and anticoagulants, cardiac therapy, antihypertensives, diuretics, beta blocking agents,

calcium channel blockers, statins.

Treatment Patterns and Treatment Duration

As for treatment patterns of COPD during the follow-up period, 7,888 out of the 14,713 patients were prescribed at least

one valid COPD treatment therapy (lasted for > 30 days) during follow-up.

Among these patients, 29.1% (2,293/7,888) were prescribed triple therapy (ICS+LABA+LAMA) with a median (IQR)
treatment duration of 3.27 (7.17) months. The majority (68.6%, 5,409/7,888) of patients were prescribed dual therapy with
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ICS+LABA during follow-up, with a median (IQR) treatment duration of 4.10 (12.70) months, while 27.3% (2,157/7,888) and
23.3% (1,835/7,888) of patients were prescribed single therapy with ICS or LAMA, respectively. Dual therapy with LAMA
+LABA or ICS+LAMA was less common, with only 8.0% (634/7,888) and 1.6% (128/7,888) of patients receiving these
treatments, respectively. The treatment duration of each COPD treatment therapy was summarized in Table 2.

Treatment Sequence

Table 3 summarized the distribution of the top 10 most common treatment sequences of all valid single/dual/triple
therapies among the 7,888 patients, including treatments prescribed from the index date until the first instance of triple
therapy or the end of follow-up, whichever came first. The most common treatment sequence was “ICS+LABA” alone,
accounting for 30.1% (2,371/7,888) of patients. The second most prevalent treatment sequence was “ICS+LAMA
+LABA”, with 11.4% (902/7,888) of patients receiving only triple therapy during follow-up. Single therapy with ICS
was the third most common treatment sequence, reported in 10.4% (823/7,888) of patients. Other treatment sequences

Table 2 Treatment Duration of COPD Treatment Therapy

COPD Treatment Therapy Overall
N = 7,888%
NP (%) Treatment Duration in Months®
ICS 2,157 (27.3%) Mean [SD] 3.53 [4.53]
Median [IQR] 2.00 [3.00]
Min, Max 1.00, 74.07
LAMA 1,835 (23.3%) Mean [SD] 8.08 [10.10]
Median [IQR] 4.37 [7.50]
Min, Max 1.00, 77.80
ICS+LAMA 128 (1.6%) Mean [SD] 3.25 [4.97]
Median [IQR] 1.72 [2.14]
Min, Max 1.00, 33.83
ICS+LABA 5,409 (68.6%) Mean [SD] 10.52 [14.09]

Median [IQR] 4.10 [12.70]

Min, Max 1.00, 98.67

LAMA+LABA 634 (8.0%) Mean [SD] 3.88 [4.21]
Median [IQR] 2.00 [3.95]

Min, Max 1.00, 31.03

ICS+LAMA+LABA 2,293 (29.1%) Mean [SD] 6.87 [9.33]
Median [IQR] 3.27 [7.17]

Min, Max 1.00, 80.13

Notes: * 7,888 (53.6%) patients in the study cohort had at least one valid COPD treatment therapy
recorded in the database during follow-up (on or after the index date). ® The percentage of each COPD
treatment therapy is the proportion of patients who ever received that treatment therapy at any point
during the study. Therefore, one patient may have received more than one COPD treatment therapy
during the follow-up period. © Valid treatment duration (lasted for at least 30 days) of the same therapy
for a patient during follow-up were summed up.

Abbreviations: ICS, Inhaled Corticosteroids; LAMA, Long-Acting Muscarinic Antagonists; LABA, Long-
Acting B2 Agonists.
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Table 3 Distribution of the Top 10 Common
Treatment Sequences of All Valid Single/Dual/
Triple Therapies

Treatment Sequence® n (%)

N = 7,888
ICS+LABA 2,371 (30.1%)
ICS+LAMA+LABA 902 (11.4%)
ICS 823 (10.4%)

ICS+LABA -> ICS+LAMA+LABA 598 (7.6%)

ICS+LABA -> ICS+LABA 444 (5.6%)
LAMA 434 (5.5%)
LAMA+LABA 210 (2.7%)
LAMA -> ICS+LAMA+LABA 189 (2.4%)
ICS+LABA -> ICS 181 (2.3%)
ICS -> ICS+LABA 122 (1.5%)

Notes: * Treatment sequence included valid single/dual/triple
therapies from the index date until the first instance of triple
therapy or the end of follow-up, whichever came first.
Repeated therapies given in consecutive sequence were col-
lapsed if the gap in-between was less than 365 days.

Abbreviations: ICS, Inhaled Corticosteroids; LAMA, Long-
Acting Muscarinic Antagonists; LABA, Long-Acting 2 Agonists.

were reported in fewer patients, specifically, the treatment sequences of “ICS+LABA to ICS+LAMA+LABA”, “ICS
+LABA to ICS+LABA”, “LAMA”, “LAMA+LABA”, “LAMA to ICS+tLAMA+LABA”, “ICS+LABA to ICS”, and
“ICS to ICS+LABA” accounted for 5.6% (444/7,888), 5.5% (434/7,888), 2.7% (210/7,888), 2.4% (189/7,888), 2.3%
(181/7,888), and 1.5% (122/7,888) of patients, respectively. See Supplementary Table 1 for the distribution of the other
treatment sequences that were less commonly reported in patients.

Discussion

This retrospective longitudinal cohort study described treatment patterns, especially triple therapy use in Chinese patients
with COPD. Among the COPD patients who were on respiratory treatment, the most common therapy prescribed was
dual therapy with ICS+LABA (68.6%), followed by triple therapy with ICS+tLABA+LAMA (29.1%).

It was found that ICS was mainly prescribed as dual (ICS+LABA) or triple (ICS+LABA+LAMA) therapy, which was
consistent with results in previous studies and guidelines that do not recommend ICS monotherapy.®'*'%*® An
observational study in China, which included 4001 patients, suggested that LAMA (39.1%), ICS+LABA+LAMA
(39.0%), and ICS+LABA (14.4%) were the top three inhaler dispensed drugs used in COPD.'® As per the Guidelines
for the diagnosis and management of chronic obstructive pulmonary disease (revised version 2021) in China,'® ICS
could replace or partially replace systemic corticosteroid due to the related less severe adverse effects of ICS. ICS
+LABA dual therapy is associated with more positive outcomes compared with either ICS monotherapy or LABA
monotherapy in terms of improved lung function, clinical symptoms and health status, and reduced risk of
exacerbations.””?° The observed high usage of ICS might also be related to the co-existence of asthma in 41.7% of
the study population. Among patients who switched treatment regimen during the follow-up period, the most common
treatment sequence was ICS+LABA to ICS+LAMA-+LABA noted in 598 (7.6%) patients. This sequence aligns with the
international and national guidelines as one of the common combinations of initial and follow-up pharmacological
treatments.”®'? It is also worth noting that in addition to approximately 11% of patients started directly on triple therapy,
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another almost 60% (17.7%/29.1%) switched to triple therapy treatment from other therapies. This finding was generally
consistent with the stepwise treatment approach that recommends triple therapy as the treatment of choice post-
exacerbation or when patients experience persistent symptoms.”*'°

Existing evidence showed that triple therapy was associated with a significantly reduced rate of moderate or severe
exacerbations compared with dual or single therapy regimens.'*'** Triple therapy has also been found to reduce future
hospitalizations following both moderate and severe exacerbations.'*'**! Therefore, it is advisable that clinicians
consider triple therapy for high-risk COPD patients (e.g., those with an exacerbation history).32 The use of triple therapy
across different countries and in a real-world setting may vary greatly in relation to patient characteristics and health care
settings. Results from a Canadian observational study found that over 71% of the 11,318 newly diagnosed COPD patients
(50% were classified as GOLD C/D at diagnosis), initiated triple therapy over a mean follow-up period of 55 months.*
In comparison, a real-world study in Spain, identified 69,668 newly diagnosed COPD patients where the majority were
classified as GOLD A/B (72.3%) and where 16.5% initiated triple therapy during the study period.>* Moreover, a US
study found that triple therapy was used in 9.6% of the incident COPD patient population in their study (n=57,141), and
34.3% of these incident COPD patients were treated with other GOLD recommended therapies including LAMA, LABA
+LAMA, and ICS+LABA in the year before triple therapy initiation.'” While prescription data is easier to track in the
real-world, patient adherence and compliance to prescribed medication is much more difficult to capture and follow up.
One possible reason why there may be reduced adherence and low compliance to triple therapy treatment may be due to
the complexity of the dosing regimen, including the use of multiple inhalers with varying daily frequencies or diverse
inhalation techniques.®® In our study, there were only 37 (0.3%) patients at baseline treated with fixed-dose ICS+LABA
+LAMA combination therapy, and the number increased to 2,293 (29.1%) during the follow-up period of this study, it is
probable that this trend was impacted by the launch of fixed-dose triple therapies in China during this time.*® It is also
believed that the uptake of triple therapy, in combination with the adoption of a single-inhaler device (for delivery of ICS
+LABA+LAMA) will increase and potentially expand to a broader population of COPD patients in need.>’ Fixed-dose
triple therapy may also improve a patient’s health status by facilitating the adherence and persistence of this treatment
modality over longer periods of time.

There are limitations to this observational study related to patient mobility and missing data. These limitations are
often noted in real-world studies due to where data are collected for reasons other than medical research. Firstly, the data
collected for this study were based on the cumulative counts of patients identified during the screening and follow-up
periods. These patients may include permanent residents of the region, as well as temporary visitors who may have
qualified for entry into our study cohort and who subsequently left during the study period. As a result, it is possible that
certain treatment pathways in the long term may not have been fully captured among these temporary visitors.
Furthermore, more than 60% of the patients entered the study cohort before the approvals of the fixed-dose triple
therapy. Therefore, the treatment patterns were limited by the market access and drug availability. These results may
change over time as new products get approved with increased accessibility. Additionally, subgroup treatment pattern
assessments were not performed by disease severity, for prevalent and new users of triple therapy. And the effectiveness
and safety of these treatments were not assessed in this study. Moreover, there was high missingness in FEV1 and
smoking status capture, two factors that are essential in defining the GOLD classification and assessing COPD
prognosis.*®*’ Previous literature has demonstrated that the never smokers with COPD are at lower risk of both moderate
and severe exacerbations and death than former or current smokers,*’ leading to the occurrence and progression of
COPD.*' Finally, the Yinzhou database contains almost all health-related activities of its permanent residents therefore
we believe the findings from this study are strongly representative of the population in Yinzhou. However, differences in
clinical practices among physicians across regions could impact the generalizability of the study findings nationwide.

Our study provided valuable insights into the usage of COPD medications, especially triple therapy, in China. Future
research may explore the treatment patterns, effectiveness, and safety in different patient groups to refine the identification
of high-risk patients who might benefit most from triple therapy. Additionally, adherence and persistence of triple therapy
may also be investigated to gain more insights and thus enhance the COPD patient care and improve clinical outcomes.
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Conclusion

Our study assessed treatment patterns and triple therapy utilization among patients with COPD in China using a database
consisting of regional electronic health records. Among the patients with valid COPD treatment records during follow-
up, the majority (68%) were treated with ICS+LABA dual therapy. Triple therapy was widely used in Chinese patients
with COPD, most patients in this study switched to triple therapy from varied other treatment modalities. These findings
provide valuable insights into clinical decision-making and evidence-based practice in Chinese COPD patients.
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