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Background: Double-blind randomized controlled trials have compared patients with chronic obstructive pulmonary disease (COPD)
taking triple therapy, which can improve lung function, dyspnea, and quality of life and reduce acute exacerbation and mortality, with
those taking long-acting muscarinic antagonist/long-acting B2-agonist; however, the real-word treatment scenario may be different
from that of a strict and well-designed study. The aim of our study was to assess long-term outcomes among patients with COPD who
received triple therapy in real-world practice.

Methods: Data from Taiwan’s National Health Insurance Research Database (NHIRD) from 2005 and 2016 were used to identify
COPD patients who were over 40 years of age with diagnosis codes 490492, 496 (ICD-9-CM) or J41-44 (ICD-10-CM). After
matching for age, sex, and COPD exacerbations, COPD patients who did and did not receive triple therapy were enrolled in this study.
Cox proportional regression was used to estimate the mortality risk between smoking status and COPD patients with and without triple
therapy.

Results: A total of 19,358 patients with COPD who did or did not receive triple therapy were enrolled in this study. The prevalence
rates of some comorbidities were higher among patients with COPD who received triple therapy than among those who did not receive
triple therapy. These comorbidities included lung cancer, thoracic malignancies, bronchiectasis, and heart failure. The risk of mortality
was higher among patients who received triple therapy than among those who did not receive triple therapy after matching for age, sex,
and COPD exacerbations, with a crude hazard ratio, fully adjusted model hazard ratio and stepwise approach reduced hazard ratio of
1.568 (95% CI, 1.500-1.639), 1.675 (95% CI, 1.596—-1.757), and 1.677 (95% CI, 1.599-1.76), respectively.

Conclusion: Over 5 years of observation, patients with COPD who received triple therapy did not show a survival benefit compared
with those who did not receive triple therapy in a real-world scenario.
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Introduction
According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines, patients with COPD who
have already been treated with an inhaled corticosteroid (ICS)/long-acting B2-agonist (LABA) or a long-acting mus-
carinic antagonist/long-acting p2-agonist (LAMA/LABA) and still have significant dyspnea symptoms (COPD assess-
ment test score >10 or Modified Medical Research Council Dyspnea Scale score >2) and a history of exacerbations can
benefit from triple therapy. Triple therapy can improve pulmonary function, breathlessness, dyspnea, and quality of life
and lower the risk of exacerbations compared to LAMA alone, LABA/LAMA and LABA/ICS'®

Triple therapy can be prescribed as an “open triple”, defined as the addition of an ICS to LAMA/LABA or the
addition of a LAMA to ICS/LABA. Single-inhaler triple therapy is also called closed triple therapy or fixed-dose triple
therapy, such as the combination of beclomethasone dipropionate/formoterol fumarate/glycopyrronium, budesonide/
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glycopyrrolate/formoterol fumarate, or fluticasone furoate/umeclidinium/vilanterol. Two large one-year randomized
controlled trials (IMPACT and ETHOS) showed that triple therapy not only reduced acute exacerbations but also
improved dyspnea symptoms, lung function, and quality of life and showed a beneficial effect in reducing mortality
compared with LAMA/LABA."®

In a real-world study of COPD treatment, triple therapy initiation was not more effective than dual bronchodilator use
in reducing mortality.” Another real-world study enrolled a cohort of patients with COPD from 2002 through 2015 from
the UK’s Clinical Practice Research Datalink and showed that triple therapy was generally as effective as dual
bronchodilators, but their study did not mention mortality.'® Suissa et al’ used the United Kingdom’s Clinical Practice
Research Datalink and found that triple therapy for patients with COPD was not more effective than dual bronchodilators
in reducing all-cause mortality. Our study used real-world data from Taiwan.

Patients in double-blind randomized controlled trials tend to have higher treatment adherence than those in clinical
practice, and they agree with some aspect of the treatment; in addition, such patients have fewer comorbidities to limit
the implication of competing risks. The effectiveness of treatment as evaluated in the real world can supplement results
from conventional randomized controlled trials by providing a broad overview of therapy in a usual clinical practice
setting. !

Therefore, the aim of this real-world study was to assess the impact of triple inhaled therapy on mortality compared
with no triple therapy, which means that those patients received LABA/LABA, LABA/ICS, only LAMA, or only LABA.
We also showed the characteristics of patients with COPD who received triple inhaled therapy and analyzed their
mortality risk.

Methods

Data Source

Data from patients with COPD were collected from Taiwan’s National Health Insurance Research Database (NHIRD).
The NHIRD includes more than 99% of Taiwan’s 23 million citizens from Taiwan’s single-payer population insurance
program. The diagnosis codes in the NHIRD are based on the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) before 2015 and the International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) after 2016. Patients’ sex, age, payments for consultations, and prescription details are also
included in this claims database. The NHIRD is managed by the Health and Welfare Data Science Center (HWDC) to
integrate health-related databases. For research purposes, the HWDC releases the databases to the public in a deidentified
and anonymized format. This study was conducted in compliance with the Declaration of Helsinki of 1964 and was
approved by the Ethics Committee of the Institutional Review Board of Chi-Mei Hospital. The requirement for informed
consent was waived by the Research Ethics Committee of Chi Mei Hospital.

Study Population

Patients with new-onset COPD (ICD-9-CM codes 490492 and 496 or ICD-10-CM codes J41-J44) from January 2005 to
December 2016 were enrolled in this study. These diagnosis codes included chronic bronchitis (ICD-9-CM codes 490—
491; ICD-10-CM codes J41-J42), emphysema (ICD-9-CM code 492; ICD-10-CM code J43), and other chronic
obstructive pulmonary disease (ICD-9-CM code 496; ICD-10-CM code J44). To identify patients with COPD in this
study, patients over 40 years of age were included, and those patients without any diagnosis records in inpatient or
outpatient claims before the index date (COPD diagnosis) were excluded. Patients with missing data were excluded to
avoid incomplete information from the claims data. All study subjects were divided into two groups: COPD patients who
received triple therapy (study cohort) and those who did not (comparison cohort). Triple therapy was defined according to
the Anatomical Therapeutic Chemical (ATC) Classification System, in which drugs are divided into different groups
according to the organ or system on which they act and their main therapeutic use and pharmacological and chemical
properties.'? The inception time for the case cohort was defined as the date when COPD patients started receiving triple
therapy in the database. To ensure proper matching and avoid potential bias, the inception date for the controls was
assigned based on the date when matched COPD patients started receiving triple therapy.
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Taiwan’s National Health Insurance
Research Database

Patients with COPD diagnosis between
January 1, 2005 and December 31, 2016
N=1,934,357

Exclusion criteria

1. Patients who younger than Patients 40
years old on the COPD diagnosis date

| 2. Patients with incomplete information

Patients with at least 12 months of
information in their available medical
records prior to index date
N=1,335,247

Matching by age, sex, exacerbation
condition, and the duration from COPD
diagnosis to triple therapy

Patient with receiving Patient without receiving
triple therapy triple therapy
N=19,358 N=19,358

Figure | Flowchart showing the patient selection process for analysis.

The comparison cohort included COPD patients who did not receive triple therapy, which means that they may have
received LABA/LABA, LABA/ICS, only LAMA, or only LABA. All patients were followed up until death or the end of
the study date, 2016/12/31. The median follow-up time was 32.56 months for patients who did not receive triple therapy
and 29.26 months for those who did receive triple therapy.

To reduce potential selection effects between the study cohort and comparison cohort, each patient who received
triple therapy was one-to-one matched according to age, sex, and COPD exacerbations to each patient who did not
receive triple therapy. COPD exacerbations were defined as having one or more COPD diagnosis codes for emergency
visits, outpatient visits or inpatient admission within the 12-month period before the index COPD diagnosis date. The
flowchart of the study subject selection process is illustrated in Figure 1.

Outcome and Measurements

The primary outcome of this study was mortality, which was identified using Taiwan’s cause-of-death database. All
patients were classified into three age groups: 40-59 years, 60—74 years, and >75 years. The comorbidities among these
COPD patients were identified by the ICD-9-CM or ICD-10-CM, and the comorbidities of interest included acute
respiratory failure, pneumonia, lung cancer, thoracic malignancies, bronchiectasis, hypertensive diseases, ischemic heart
disease, heart failure, stroke, myocardial infarction, cancer (except lung and thoracic), diabetes mellitus, renal diseases,
and dementia/Alzheimer’s disease. All ICD-9-CM and ICD-10-CM codes for the listed comorbidities are presented in
Supplementary Table 1.

Statistical Analysis

The differences in continuous variables and categorical variables between the COPD patients who received triple therapy
and those who did not were evaluated using Student’s ¢ test and Pearson’s chi-square test, respectively. The trend in
mortality was plotted by the Kaplan—-Meier method with the Log rank test to compare the difference between COPD
patients who received triple therapy and those who did not. Cox proportional regression was used to estimate the relative
risk of mortality with hazard ratios (HRs) and 95% confidence intervals (Cls) after adjusting for the selected variables.
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SAS statistical software version 9.4 (SAS Institute, Inc., Cary, NC, USA) was used to conduct all analyses. Statistical
significance was set at a p value < 0.05.

Results
Study Subjects

Initially, 1,335,247 COPD patients who were regularly followed up for more than 1 year prior to the index date were
identified from the databases. We excluded patients who used triple therapy before the index date and who were matched
by age, sex, and exacerbations from the index date to the initiation of triple inhaled therapy for COPD. A total of 19,358
COPD patients were included in this study. Figure 1 shows the flowchart of this study.

Among the patients, 5044 (26.06%) were between 40-59 years old, and 9618 (49.68%) and 4696 (24.26%) patients
were between 60—74 years old and = 75 years old, respectively. Males accounted for 84.89%, and patients with a history
of exacerbations accounted for 73.78%. Patients who received triple therapy had higher mortality and incidence rates of
acute respiratory failure and pneumonia than those who did not receive triple therapy, with 24.96% vs 16.89%, 3.16% vs
2.47, and 25.59% vs 23.91%, respectively. The prevalence rates of certain comorbidities were also higher among COPD
patients who received triple therapy than among those who did not receive triple therapy. These comorbidities included
lung cancer, thoracic malignancies, bronchiectasis, and heart failure (Table 1).

Table | Characteristics of Patients with COPD with or Without Triple Therapy

Triple Therapy (n=19,358) | Without Triple Therapy (n=19,358) p value
N % N %

Number of deaths 4832 24.96 3269 16.89 <0.0001

Age
40-59 5044 26.06 5044 26.06 1.0000
60-74 9618 49.68 9618 49.68
275 4696 24.26 4696 24.26

Sex
Male 16433 84.89 16433 84.89 1.0000
Female 2925 I5.11 2925 15.11

Exacerbations
No exacerbations 5076 26.22 5076 26.22 1.0000
Ever had exacerbations 14,282 73.78 14,282 73.78

Comorbidities
Acute respiratory failure 611 3.16 479 2.47 <0.0001
Pneumonia 4953 25.59 4629 2391 0.0001
Lung cancer 458 2.37 293 1.51 <0.0001
Thoracic malignancies 507 2.62 344 1.78 <0.0001
Bronchiectasis 974 5.03 526 2.72 <0.0001
Hypertensive diseases 8734 45.12 10,155 52.46 <0.0001

(Continued)
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Table 1 (Continued).

Triple Therapy (n=19,358) | Without Triple Therapy (n=19,358) p value
N % N %

Ischemic heart disease 4343 22.44 4546 23.48 0.0142
Heart failure 2044 10.56 1425 7.36 <0.0001
Stroke 1120 5.79 1913 9.88 <0.0001
Myocardial infarction 1547 7.99 1572 8.12 0.6406
Cancer (except lung and thoracic) 1127 5.82 1045 5.40 0.0701
Diabetes mellitus 2968 15.33 4174 21.56 <0.0001
Renal diseases 675 3.49 850 4.39 <0.0001
Dementia/Alzheimer’s disease 258 1.33 620 3.20 <0.0001

Mortality Risk Between Patients with and without Triple Therapy

The risk of mortality was higher among COPD patients who received triple therapy than among those who did not
receive triple therapy, with crude hazard ratios, fully adjusted model hazard ratios and stepwise approach reduced hazard
ratios of 1.568 (95% CI, 1.500-1.639), 1.675 (95% CI, 1.596-1.757), and 1.677 (95% CI, 1.599-1.76), respectively.
A history of acute respiratory failure and pneumonia also increased the risk of mortality, and the fully adjusted model
hazard ratios were 1.797 (95% CI, 1.632—-1.978) and 1.275 (95% CI, 1.211-1.342), respectively. In the fully adjusted
model, some comorbidities were associated with a higher risk of mortality among COPD patients who received triple
therapy than among those who did not receive triple therapy. These comorbidities included thoracic malignancies,
hypertension, ischemic heart disease, heart failure, stroke, cancer (except lung and thoracic cancer), diabetes mellitus,
renal diseases, and dementia/Alzheimer’s disease (Table 2).

Mortality Risk Among Patients with Triple Therapy

Among COPD patients who received triple therapy, a history of acute respiratory failure and pneumonia increased the
risk of mortality in the fully adjusted model, and the hazard ratios were 1.48 (95% CI, 1.294-1.693) and 1.275 (95% CI,
1.192-1.363), respectively. In the fully adjusted model, comorbidities, including thoracic malignancies, hypertensive
diseases, heart failure, stroke, cancer (except lung and thoracic cancer), renal diseases, and dementia/Alzheimer’s disease,
were associated with a higher risk of mortality among COPD patients who received triple therapy (Table 3).

Kaplan—Meier Curve

Figure 2 shows the Kaplan—Meier curve and estimated survival function by plotting estimated survival probabilities
against the time trend of mortality between COPD patients who received triple therapy and those who did not receive
triple therapy.

Discussion
This retrospective cohort study evaluated the risk of mortality among patients with COPD who received triple therapy
compared with those who did not receive triple therapy. After matching for age, sex and history of exacerbations, we
found that patients who received triple therapy had an increased risk of mortality compared with those who did not
receive triple therapy during a real-world 5-year observation period. A history of acute respiratory failure and pneumonia
had a significant effect on mortality among patients with COPD who received triple therapy.

A randomized trial (IMPACT)’ involving patients with COPD who used a once-daily combination of triple therapy
showed that all-cause mortality was significantly lower in the groups that received fluticasone furoate. Patients in the
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Table 2 The Mortality Risk Ratio Between COPD Patients Who Received Triple Therapy and Those Who Did Not

Triple vs Nontriple Therapy Crude Fully Adjusted Model Reduced (Stepwise)

Hazard Ratio 95% Confidence P value | Hazard Ratio 95% Confidence P value | Hazard Ratio 95% Confidence P value

Interval Interval Interval
Lower Upper Lower Upper Lower Upper

Triple therapy (Ref=nontriple therapy) 1.568 1.500 1.639 <0.0001 1.675 1.596 1.757 <0.0001 1.677 1.599 1.76 <0.0001
Comorbidities
Acute respiratory failure 2.779 2.536 3.046 <0.0001 1.797 1.632 1.978 <0.0001 1.796 1.632 1.978 <0.0001
Pneumonia 1.471 1.403 1.541 <0.0001 1.275 1.211 1.342 <0.0001 1.283 1.222 1.347 <0.0001
Lung cancer 2.026 1.797 2.284 <0.0001 1.099 0.797 1.516 0.5646 - - - -
Thoracic malignancies 2016 1.802 2.255 <0.0001 1.634 1.209 2.209 0.0014 1.775 1.585 1.987 <0.0001
Bronchiectasis I.19 1.07 1.322 0.0013 1.079 0.97 1.201 0.1594 - - - -
Hypertensive diseases 1.29 1.234 1.347 <0.0001 1.144 1.092 1.198 <0.0001 1.144 1.092 1.198 <0.0001
Ischemic heart disease 1.227 1.168 1.288 <0.0001 1.071 1.009 1.136 0.0243 1.055 1.002 111 0.0414
Heart failure 1.857 1.746 1.976 <0.0001 1.503 1.409 1.603 <0.0001 1.5 1.406 1.6 <0.0001
Stroke 1.716 1.605 1.835 <0.0001 1.474 1.375 1.58 <0.0001 1.473 1.374 1.578 <0.0001
Myocardial infarction 1.177 1.092 1.269 <0.0001 0.959 0.878 1.048 0.3545 - - - -
Cancer* 1.724 1.594 1.864 <0.0001 1.531 1.414 1.657 <0.0001 1.529 1.413 1.655 <0.0001
Diabetes mellitus 1.285 1.219 1.355 <0.0001 1.151 1.089 1.215 <0.0001 I.15 1.089 1.215 <0.0001
Renal diseases 2.266 2.079 247 <0.0001 1.792 1.64 1.958 <0.0001 1.79 1.639 1.956 <0.0001
Dementia/Alzheimer’s disease 2.782 2518 3.074 <0.0001 2.298 2.074 2.546 <0.0001 2.303 2.078 2.551 <0.0001

Note: *Except lung and thoracic.
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Table 3 COPD Patients Who Received Triple Therapy Only

Crude Fully Adjusted Model Reduced (Stepwise)
Hazard Ratio 95% Confidence P value | Hazard Ratio 95% Confidence P value | Hazard Ratio 95% Confidence P value
Interval Interval Interval
Lower Upper Lower Upper Lower Upper

History
Acute respiratory failure 1.883 1.654 2.143 <0.0001 1.48 1.294 1.693 <0.0001 1.48 1.294 1.691 <0.0001
Pneumonia 1.340 1.260 1.425 <0.0001 1.275 1.192 1.363 <0.0001 1.264 1.187 1.346 <0.0001
Comorbidities
Lung cancer 2.095 1.816 2416 <0.0001 1.195 0.804 1.776 0.3788 - - - -
Thoracic malignancies 2.077 1.816 2.374 <0.0001 1.586 1.091 2.306 0.0157 1.854 1.618 2.124 <0.0001
Bronchiectasis 1.102 0.974 1.246 0.1219 1.074 0.95 1.216 0.2546 - - - -
Hypertensive diseases 1.205 1.139 1.275 <0.0001 1.093 1.029 I.16 0.0037 1.106 1.044 1.172 0.0006
Ischemic heart disease I.161 1.088 1.239 <0.0001 1.031 0.952 .17 0.4503 - - - -
Heart failure 1.563 1.444 1.692 <0.0001 1.434 1.32 1.558 <0.0001 1.446 1.334 1.568 <0.0001
Stroke 1.296 1.161 1.447 <0.0001 1.165 1.041 1.303 0.0076 1.167 1.043 1.305 0.0069
Myocardial infarction 1.166 1.056 1.287 0.0024 0.999 0.888 1.125 0.9929 - - - -
Cancer 1.636 1.477 1.813 <0.0001 1.436 1.294 1.595 <0.0001 1.437 1.295 1.596 <0.0001
Diabetes mellitus 1.190 1.103 1.283 <0.0001 1.059 0.979 1.145 0.1537 - - - -
Renal diseases 1.939 1.707 2.203 <0.0001 1.605 1.408 1.828 <0.0001 1.611 1.415 1.835 <0.0001
Dementia/Alzheimer’s disease 1.799 1.474 2.195 <0.0001 1.487 1.216 1.819 0.0001 1.499 1.226 1.833 <0.0001
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Figure 2 The trend in mortality between COPD patients who received triple therapy and patients who did not receive triple therapy.

triple therapy group had a lower mortality rate than those in the umeclidinium/vilanterol group, with a hazard ratio of
0.58 (95% CI, 0.38 to 0.88; P=0.01).” However, the Study to Understand Mortality and Morbidity in COPD
(SUMMIT)"® enrolled moderate COPD patients with heightened cardiovascular risk and did not show a significant
difference in the reduction in mortality among patients who received fluticasone furoate/vilanterol. Why did the IMPACT
study show improved survival among patients with COPD? It is possible that the IMPACT study enrolled patients with
more severe lung function and a higher risk of exacerbations than did the SUMMIT study. Patients in the IMPACT study
had a forced expiratory volume in 1 second (FEV1) < 50% of the predicted normal value and a history of at least one
moderate or severe exacerbation or an FEV1 of 50 to 80% of the predicted normal value and at least two moderate
exacerbations or one severe exacerbation during the previous year. Inhaled corticosteroids were beneficial in the
population with severe airway obstruction and frequent exacerbations. In addition, the peripheral blood eosinophil
count was an important guide for prescribing ICSs for COPD patients.'* The significantly better efficacy of regimens
containing ICSs in lowering rates of moderate and severe exacerbations than that of a LAMA/LABA bronchodilator was
directly proportional to blood eosinophil count.'”

Another study, ETHOS (Efficacy and Safety of Triple Therapy in Obstructive Lung Disease), showed that all-cause
mortality in the 320-pg budesonide triple therapy group was significantly lower than that in the glycopyrrolate—
formoterol group, but there was no statistically significant difference between the 320-pg budesonide triple therapy
group and the budesonide—formoterol group.® The study showed reduced mortality among COPD patients on triple
therapy, but the results were somewhat questionable, as the sample sizes were insufficient for detecting a statistically
significant difference between the triple therapy and LAMA/LABA groups, indicating that the evidence for mortality was
relatively weak.'® The low mortality rate among COPD patients who received triple therapy should be interpreted with
caution, and it is possible that these findings were weak. Further studies are needed to investigate the reasons for this
finding.

There are some possible reasons to explain why patients with COPD who received triple therapy had higher mortality
rates than those who did not receive triple therapy. First, patients with COPD who receive triple therapy may have severe
or very severe airflow obstruction. FEV1 can be used to quantify COPD severity and has been reported in previous
COPD guidelines.'” A decreased FEV1 is related to mortality in the general population'® and among patients with
COPD."® Lung function can be used not only to measure COPD staging but also to predict mortality among patients with
COPD.?*?! Second, patients who received triple therapy in our study had higher prevalence rates of lung cancer, thoracic
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malignancy and heart failure than those who did not receive triple therapy. These comorbidities may have contributed to
the high mortality rates. Previous studies showed that only 58% of patients with COPD had COPD listed on their death
certificates,”” and the cause of death may have been related to underlying patient comorbidities. COPD is a systemic
inflammatory disease, and patients are likely to have multiple comorbidities, particularly cancer and coronary artery
disease, which may lead to death. In the TORCH trial of 6184 patients with moderate-to-severe COPD, there were 911
deaths during the study period, with respiratory disease (35%), cardiovascular disease (26%) and cancer (21%, most
commonly lung cancer) accounting for the three most common causes of death.”® In our study, lung cancer, thoracic
cancer and heart failure may have contributed to the high mortality rate among patients with COPD who received triple
therapy.

The strength of this study was the inclusion of a large real-world COPD population, which provided data from
different people on a very important and hot topic: mortality among patients with COPD.

There are also some limitations of our study. First, in the NHIRD, pulmonary function, mMRC (Modified Medical
Research Council) Dyspnea Scale and eosinophil data were lacking and could not be used to further analyze the
relationship between pulmonary function, the mMRC Dyspnea Scale, blood eosinophils and mortality.

Second, this was an observational study, which could establish only that associations were present between COPD
treated with triple therapy and mortality but could not prove that the associations represented cause-and-effect relation-
ships. Confounding factors that are present in health care databases and observational studies are not always evident, and
statistics cannot be adjusted for these variables. Confounding by indication may have occurred in this study when
a patient’s condition was an indication for the use of triple therapy. Patients with more severe COPD are likely to receive
triple therapy, and compared with other treatments, COPD treated with triple therapy appears to result in poorer
outcomes. To avoid this bias, we adjusted for age, sex, and exacerbations among patients with COPD. Third, some of
the COPD patients may have been misclassified as having no COPD. The addition of ICSs to bronchodilators improved
cardiovascular mortality in randomized controlled trials. In this study, the triple therapy group had more cardiovascular
comorbidities. Nevertheless, even after adjusting for comorbidities, triple therapy was associated with increased
mortality. This suggests that the potential benefits of triple therapy observed in previous RCTs may not necessarily
translate to real-world settings, and further research is needed to better understand the underlying mechanisms and
potential factors that contributed to the observed associations. Finally, although we employed matching techniques to
reduce the potential impact of confounding factors, such as differences in baseline characteristics between the triple
therapy group and the control group, it is still possible that some unmeasured confounding variables may exist. For
instance, the triple therapy group may have had a higher proportion of symptomatic patients with poor exercise capacity,
which could have potentially affected the study outcomes. In future research, additional variables can be included in the
analysis to more comprehensively evaluate the differences between these two groups.

In conclusion, our study provided real-world data regarding COPD patient characteristics in triple therapy usage and
their mortality risk derived from large administrative databases over a 5-year period; this study showed an association of
triple therapy with increased mortality.
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