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ABSTRACT

Title of dissertation: The Economic Burden of Chronic Obstructive Pulmonary Disease

and Comparative Effectiveness of Maintenance Inhaler Medications in the United States

Chintal H. Shah, Doctor of Philosophy, 2023

Dissertation directed by: Zafar Zafari, MSc, PhD, Assistant Professor, Department of

Practice, Sciences, and Health Outcomes Research

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a highly prevalent condition in the
United States (US). Among individuals with moderate to very severe COPD, inhalation
therapy is the mainstay of disease management, with the goal to reduce COPD
exacerbations. Maintenance medications, especially combinations of long-acting beta,
agonist (LABA)/long-acting muscarinic antagonist (LAMA) or LABA/inhaled
corticosteroids (ICS), are commonly used. This dissertation aimed to examine the (i)
economic burden of COPD, (ii) comparative effectiveness of LABA/LAMA and
LABA/ICS fixed dose combination (FDC) single inhaler therapy across various
subgroups, and (iii) comparative effectiveness of LABA/LAMA combinations with
different ingredients and inhaler types, vilanterol/umeclidinium (VI/UMEC) and

olodaterol/tiotropium (OLO/TIO).



Methods

Medical Expenditure Panel Survey data was used to estimate the economic burden of
COPD (Aim 1). COPD-specific (adjusted) costs were determined for various service
categories using a regression-based weighted two-part model among patients aged 45
years and older. Medicare Chronic Conditions Warehouse data was used for the
comparative effectiveness studies (Aim 2, Aim 3). A new user active comparator
retrospective cohort study design was utilized, and the outcome of interest was time to
first COPD exacerbation. To ensure comparability between groups, they were matched

based on their high-dimensional propensity scores.

Results

The total COPD-specific direct medical cost was 2018 US $4,322 (Standard Error (SE):
US $577) per patient per year with prescription drugs contributing US $1,887 (SE: US
$216). The resultant overall annual total COPD-specific cost was US $24.0 billion, with
prescription drugs contributing US $10.5 billion. For the interclass comparative
effectiveness analysis, the hazard ratio (HR) of time to COPD exacerbation was 0.846
(95% Confidence interval (CI): 0.776-0.923) for LABA/ICS compared to LABA/LAMA
initiators. Among LABA/LAMA FDCs, the HR of time to first COPD exacerbation was

0.948 (95% CI: 0.813-1.105) for individuals initiating OLO/TIO versus VI/UMEC.

Conclusion

This dissertation found that COPD poses a significant economic burden on the US
healthcare system, with prescription drugs being a major contributor. Optimizing therapy

can help reduce this burden. While a statistically significant interclass difference was



observed between LABA/LAMA and LABA/ICS initiators, no statistically significant
intraclass difference was observed between initiators of LABA/LAMA FDCs: VI/UMEC

and OLO/TIO.
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1. CHAPTER 1: Introduction

Rationale and statement of problem

Chronic obstructive pulmonary disease (COPD) is a highly prevalent disease in the
United States (US) [1]. It has been estimated that 4.6% of adults have ever been
diagnosed with COPD in the US [2]. This is an underestimation, as greater than 50% of
adults with low pulmonary function are not diagnosed [3,4]. COPD is a major source of

mortality and morbidity, and was the fourth leading cause of death in the US [5,6].

COPD poses a significant financial burden on affected individuals and the
healthcare system as a whole. Previous studies have estimated the economic burden of
COPD mostly from a single payer perspective [7-9]. Further, since the publication of
previous nationally representative work, significant changes have taken place in the US
healthcare system [10—12]. Some of these changes include passing of the Patient
Protection and Affordable Care Act, consolidation of Medicare part D for prescription
drugs, as well as introduction of new therapies for the management and treatment of
COPD. Additionally, in the last decade, as a response to high drug prices, generic
medications have gained widespread acceptance and availability, including COPD
medications [13]. This dissertation aims to provide an updated, nationally representative
estimate of the economic burden of COPD. The direct medical costs for the management
of COPD will be examined (for different categories of prescription drugs, emergency
room visits, inpatient visits, office-based visits, outpatient visits, home health visits) from

different payers’ perspectives using 2017-2018 data.



The key goal in the management of COPD is the reduction of exacerbations as
they have a detrimental impact on the clinical progression of disease and patients’ health
status. In patients with moderate to very severe COPD, inhalation therapy using long-
acting beta, agonists (LABAs), long-acting muscarinic antagonists (LAMAs), or inhaled
corticosteroids (ICSs) is the primary approach for managing the disease. These inhalers,
and their combinations, are considered more convenient and effective compared to short-
acting inhalers in preventing exacerbations and maintaining control of COPD symptoms
[14—17]. Previous clinical trials and observational studies that evaluated the comparative
effectiveness of LABA/LAMA and LABA/ICS combination maintenance medications for
COPD found different results and were carried out across a variety of settings [18-23].
The findings from these studies highlight the need for population and setting specific
studies based on the available medication options in the US. Prior work also found
discrepancies in the rates of exacerbations based on the drug combination used as well as
other factors such as the number of prior exacerbations [20,24]. These discrepancies
highlight the potential for optimizing maintenance medication therapy in COPD [25]. The
goal of this dissertation is to examine the comparative effectiveness of combination
maintenance therapy single inhalers LABA/LAMA versus LABA/ICS in the management
of COPD among Medicare beneficiaries in the US, using an incident, new user,
retrospective matched cohort observational study design. Further, these results will be

evaluated in various subgroups that could potentially help optimize therapy.

Among a certain class of COPD inhaler medications, there is limited guidance on
the specific combinations to utilize. As a result, considerable uncertainty persists

regarding the selection of medications, particularly between the two most used
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LABA/LAMA combinations in the US: vilanterol/umeclidinium (VI/UMEC) and
olodaterol/tiotropium (OLO/TIO). The main contributing factor to this lack of direction is
the scarcity of evidence available to inform the guidelines [26,27]. Since each of these
options offers a distinct efficacy and safety profile, personalized COPD management has
the potential to be a viable approach [27]. This drug class was chosen to examine
intraclass class differences due to the existing knowledge gap as well as the recent
approval of newer therapies in this drug class. These specific drug combinations, that also
have different mechanisms of drug delivery, in the LABA/LAMA drug class will be
compared in terms of preventing future COPD exacerbation among Medicare
beneficiaries with COPD, using an incident, new user, retrospective matched cohort

observational study design.

Significance

This research will contribute to the literature in the following ways:

e Provide an updated, and nationally representative estimate of the economic
burden of COPD in the US.

e Estimate the out-of-pocket cost burden of COPD on patients.

e Understand the distribution of direct medical costs across service categories,
among COPD patients.

e Evaluate the comparative effectiveness of combination maintenance therapy
single inhalers LABA/LAMA versus LABA/ICS in the management of COPD

among Medicare beneficiaries in the US.
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Among LABA/LAMA single inhalers, the comparative effectiveness of
VI/UMEC versus OLO/TIO will be evaluated among Medicare beneficiaries in
the US. These are the most commonly used LABA/LAMA combinations.

Use of recent data also will help better capture the newer combinations available
in the US healthcare system.

The long follow-up time will help better characterize the long-term impacts of
using these medications designated for long-term use. Previous research has
suggested that patients who remain on treatment for longer periods of time might
experience different outcomes based on the length of the follow-up [28]. While
clinical trials can capture the short-term impact of these maintenance medication
choices, studies with a longer follow-up using real-world data (RWD) are needed.
Studying these medications in the Medicare populations will help observe the
comparative effectiveness of the therapies in an older comparatively sicker
population. Previous research has suggested that the drug utilization behaviors of
this older population may differ from younger groups [22].

Less than 10% of COPD patients in the community would be eligible for
participation in the major COPD trials that inform clinical guidelines [29]. This
proportion is most likely even lower among the older Medicare beneficiaries and
limits the generalizability of the findings. Use of RWD from observational studies
can help generate evidence that is more generalizable to the patients that consume
the medications.

Identification of various subgroups that may benefit from a medication could help

optimize therapy.



e Besides containing different pharmacological entities, VI/UMEC and OLO/TIO
are dispensed through different types of inhalers, and their comparative

effectiveness may help guide choice of therapy.

Specific aims

Aim 1: To estimate the updated, nationally representative COPD-specific and all-cause
economic burden of COPD management in the US and quantify the overall cost, out-of-
pocket cost, and cost by service type, including prescription drugs, emergency room
visits, inpatient visits, office-based visits, outpatient visits, and home health visits among

COPD patients in the US.

Aim 2: To examine the comparative effectiveness of combination maintenance therapy
single inhalers LABA/LAMA and LABA/ICS in the management of COPD in the US
using high-dimensional propensity score techniques and Medicare data, across various

subgroups.

Aim 3: To examine the comparative effectiveness of combination maintenance therapy
single LABA/LAMA inhalers VI/UMEC and OLO/TIO in the management of COPD in

the US using high-dimensional propensity score techniques and Medicare data.



Dual
medication

single inhaler

LABA/LAMA

LABA/ICS

OLO/TIO VI/UMEC

Figure 1. Overview of aim 2 and aim 3 comparisons
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2. CHAPTER 2: Background

Definition and Epidemiology of COPD

COPD is a progressive respiratory disorder. The defining characteristics of COPD are
obstructive ventilatory pattern, cough symptoms, production of sputum, dyspnea, and an
insidious lung function decline [30-32]. It is an irreversible condition and most often
associated with tobacco smoking, which may result in chronic respiratory failure [30].
Rabherison et al. include the following components in their definition of COPD: presence
of chronic bronchitis with permanent airway obstruction (forced expiratory volume in 1
second (FEV1) to forced vital capacity (FVC) ratio less than 0.70), presence of chronic
obstructive bronchitis with hypoxemia (chronic respiratory failure), and destruction of the
walls of the alveolar ducts past the terminal bronchiole accompanied by unusually large
distil airways (emphysema) [30,33,34]. A key characterization of COPD is periods of
acute worsening of respiratory symptoms (exacerbations) [32]. Besides the symptoms
and exacerbations, increased morbidity and mortality are associated with COPD. Some
important comorbidities of COPD include congestive heart failure, hypertension, type 2

diabetes mellitus, depressive disorder, and obesity [35].

As per the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines [32], some of the known risk factors for COPD are: tobacco smoke [36],
indoor and outdoor air pollution [37], occupational exposures, genetic factors [38], age

and sex, socioeconomic status [39], and infections [40].

One of the mainstays in the diagnosis of COPD, in addition to the presence of the
symptoms characteristic of COPD, is the use of spirometry to detect the presence of

7



persistent airflow restrictions [32]. A FEV1/FVC value less than 0.70 is a confirmation of

these restrictions [32].

Prevalence of COPD

COPD is a highly prevalent disease that, according to According to the Centers for
Disease Control and Prevention and the National Center for Health Statistics, 4.6% of
adults have ever been diagnosed with US [2]. The prevalence of COPD is, however,
underreported, as greater than 50% of adults with low pulmonary function are not aware
of their COPD unless tested by a clinician [3,4]. In addition COPD is a major source of
mortality and morbidity, and was the fourth leading cause of death in the US in 2017
[5,6]. COPD is more common in older adults than younger adults, with a higher COPD

prevalence among adults aged 65 years and older [41].

Burden of COPD

The projected future 20-year (2019 to 2038) direct medical costs attributable to COPD
were estimated at US $801 billion, and an additional US $101 billion in indirect costs, in
the US [42]. Total Medicare spending was higher for beneficiaries with COPD compared
to persons without COPD of the same age [43]. Among Medicare beneficiaries, the
COPD-related pharmacy costs were found to account for 40% of the healthcare spending,
with the remaining 60% accounting towards medical costs [44]. The mean COPD-related
costs among Commercially Insured and Medicare Advantage-insured patients were 2008

U.S. $ 1,875 and $ 2,784 for pharmacy and medical costs respectively in 2009 [44].
8



Though studies have examined the economic burden of COPD using single payer data

sources, there is a lack of recent data that examines the economic burden of COPD in a

nationally representative US sample. The few studies that have done so are presented in

Table 1 below.

In addition to the financial burden on affected individuals and the healthcare

system as a whole, COPD also has a negative impact on both mental and physical health

[5,44].

Table 1. Review of studies that examined the economic burden of COPD in a nationally

representative all-payer sample

(2005) [11]

Expenditure
Panel Survey
(MEPS)

cost per patient was
estimated at 2000 US
$2,507. Greater than half
of these costs ($1,365)
were associated with
hospitalization.

The mean excess cost of
COPD, adjusted for
sociodemographic
factors and smoking
status, was estimated at
$4,932 per patient.

First Data Key Results Takeaways
author
(publication
year)
Strassels 1987 National 25% of total medical e  Majority of COPD
(2001) [10] | Medical expenditure was COPD- patients were publicly
Expenditure related. The total insured.
Survey medical expenditure was e  Substantial burden of
1987 US $6,469. COPD, especially
68% and 8% of total inpatient
direct medical hospitalizations, on
expenditures in persons healthcare cost.
with COPD were for e In 1987, ipratropium
inpatient hospitalizations bromide metered dose
and prescription inhaler was the only
medications, drug specifically
respectively. indicated for the
treatment of COPD-
associated
bronchospasm.
Miller 2000 Medical The mean attributable e COPD-associated

healthcare costs and
usage were
considerably high.

e The annual per patient
costs were similar to the
costs for other chronic
conditions frequently
observed in middle
aged and elderly
individuals.
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Table 1. Continued

(2000) [45]

(1985 to 1994
National Health
Interview Survey
(NHIS), U.S.
census reports,
Center for
Disease Control
death certificates,
1993 National
Hospital
Discharge
Survey (NHDS),
Healthcare Cost
and Utilization
Project (HCUP-
3), 1993 National
Ambulatory
Medical Care
Survey
(NAMCS),
National
Hospital
Ambulatory
Medical Care
Survey:
Outpatient
Department
(NHAMCS-0P),
National Home
and Hospice
Care Survey
(NHHCYS),
National
Ambulatory
Medical Care
Survey:
Emergency
Department
(NAMCS-ED)
1993)

emphysema
contributed to a total
of 1996 US $14.5
billion in annual direct
costs.

e Emphysema had an
annual cost of $1,341
per prevalent case
while chronic
bronchitis had an
annual cost of $816
per prevalent case.

e Hospital stays were
responsible for the
highest proportion of
costs followed by
medication costs.

First Data Key Results Takeaways

author

(publication

year)

Wilson Multiple sources e  Chronic bronchitis and e  Chronic bronchitis and

emphysema had a large
burden on the US
healthcare system.

e  This burden was
amplified due to, in
addition to the high cost
per prevalent case, the
high prevalence of
chronic bronchitis and
emphysema in the
population.
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Table 1. Continued

First Data Key Results Takeaways
author
(publication
year)
Foster Systematic e Range for COPD- e There was a wide range
(2006) [46] review attributable costs (2005 of cost estimates,
US $): 2,700-5,900. especially using the
e Range for COPD costs COPD-attributable cost
using the excess cost approach.
estimates (2005 US $): e Discrepancies between
6,100-6,600. older and newer data
underline the short shelf
life of results from cost-
of-illness studies and
highlight the need for
frequent updates.

Management of COPD and medications

Patients’ symptoms are significantly increased beyond baseline during exacerbations and
are characteristic of COPD [15]. These COPD exacerbations often result in
hospitalization or emergency department visits and have various important clinical and
societal implications [47]. The consequent structural changes in the lung that irreversibly
deteriorate the airflow have adverse effects on health status thereby affecting the course
of COPD [15]. Thus, prevention of COPD exacerbations and their prompt and

appropriate treatment are a major goal in the management of COPD [15].

Pharmacological therapy is used to manage and reduce symptoms of COPD,
lessen the frequency and severity of exacerbations, enhance exercise tolerance, and
improve health status [32]. Given that COPD is an irreversible condition,
pharmacological therapy, at best, helps maintain status and does not improve the
progressive decline in lung function, which is the hallmark of COPD [48]. As per the
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GOLD guidelines, the pharmacological classes of medications for the management of
COPD are: bronchodilators, antimuscarinic drugs, methylxanthines, combination
bronchodilator therapy, anti-inflammatory agents, ICS, triple inhaled therapy, oral
glucocorticoids, phosphodiesterase-4 (PDE4) inhibitors, antibiotics, and mucolytic and

antioxidant agents [32]. These options have been presented in Appendix A.

Bronchodilators are a drug class that make breathing easier by relaxing the
muscles in the walls of the lungs and widening the airways [49]. These medications are
used to treat conditions such as COPD where the airways get blocked and asthma where
the airways get inflamed. Bronchodilators may be short-acting or long-acting. While
short-acting bronchodilators serve to provide short-term relief from sudden bouts of
breathlessness, long-acting bronchodilators aim to help control breathlessness and are
used regularly. There are two major types of bronchodilators: beta, agonists and
anticholinergics. Both these types are available as short-acting and long-acting

formulations.

Beta, agonists work by acting on the beta, adrenergic receptors. These receptors
are densely present on the smooth muscle cells of the airways and beta, agonists bind to
them. The binding leads to interaction with intracellular G proteins which in turn
stimulates the production of intracellular cyclic adenosine monophosphate (cAMP) [50].
The resultant activation of protein kinase A leads to phosphorylation and consequent

smooth muscle relaxation.

The lungs contain the M1, M2, and M3 muscarinic receptors [51]. Activation of

these receptors results in bronchoconstriction and mucus secretion in the airways [52].
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Blocking these receptors, particularly the M3 receptor, is therapeutically very useful for
reducing symptoms and improving lung function in COPD patients [51]. Muscarinic
antagonists work by competitively blocking the binding of acetylcholine (ACh) to
muscarinic receptors, leading to an anticholinergic response [53]. This in turn leads to an
increase in airflow due to blocking of the cholinergic tone at the smooth muscles of

airways [51].

ICSs help reduce inflammation and prevent flare-ups [49]. They have potent
glucocorticoid activity, and activate specific glucocorticoid receptors (GCR) that are
found in the cytoplasm of most mammalian cell types [50,54]. Additionally, they
suppress inflammation predominantly through the switching off of multiple activated
inflammatory genes by reversing histone acetylation using histone deacetylase 2
(HDAC2) [55]. HDAC2 mediated deacetylation of the GCR enables it to bind to nuclear
factor kappa B (Nf-kB) [50]. During inflammation, Nf-kB is often increased in various
types of cells and tends to promote the activation of genes that produce pro-inflammatory
proteins [50]. The binding to Nf-kB helps nullify its effects as a pro-inflammatory
molecule [56]. These medications have negligible systemic side effects at doses most

often used, but may increase the risk of developing pneumonia at very high doses [55].

Combination inhaler maintenance medications
Several medications are available to manage COPD. Inhalation therapy is the preferred
therapeutic option among patients with moderate to very severe COPD. Long-acting

inhalers containing LABA, LAMA, or ICS are preferred over short-acting inhalers due to
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their added convenience and effectiveness [14—17]. Studies have shown that combining
LABA/ICS, LABA/LAMA, or LABA/LAMA/ICS can potentially enhance treatment

outcomes and be more effective than using either agent alone [57-62].

The US Food & Drug Administration (FDA) has approved a number of new
single inhaler combination drugs for the management of COPD [63]. These include a
vilanterol/fluticasone furoate combination single inhaler (Breo Ellipta) in 2013, and
generic versions of salmeterol/fluticasone propionate in 2019, among the LABA/ICS
single inhaler combinations. Among the single inhaler LABA/LAMA combinations,
VI/UMEC (Anoro Ellipta) in 2013, OLO/TIO (Stiolto Respimat) in 2015,
formoterol/glycopyrrolate (Bevespi Aerosphere) in 2016, and formoterol/ aclidinium
(Duaklir Pressair) in 2019, are recently approved medications in the US. The wider
availability of these medications has led to an increased use of these single inhaler
combination drugs in the past few years [64,65]. There are a number of combination
medications such as formoterol/beclomethasone (Fostair), formoterol/mometasone
(Zenhale), and indacaterol/glycopyrronium (QVA149) that are widely available in Europe
or Canada, but not in the US [66]. Thus, there exists a need for a US-based evaluation of
the comparative effectiveness of these novel single inhaler combination options based on

recent data.

Types of inhalers
There are three major types of inhalers. These are metered dose inhalers (MDIs), dry

powder inhalers (DPIs), and soft mist inhalers (SMIs). MDIs contain the medication as
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well as other products such as a propellant (often hydrofluoroalkane) that helps deliver
the medication to the lungs [67]. Some of the newer formulations utilize a technology
wherein drug crystals are attached to porous particles of phospholipids, providing a
stable, homogeneous suspension that delivers a constant drug dose for the entire duration
of use of the inhaler [67]. This inhaler generally requires the user to time their breath with
the spraying of the medication. DPIs contain a dose of one or more medications in a dry
powder form and deliver a fine powder to the lungs when inhaled. While this type of
inhaler does not require coordination of inhalation and pressing of the cannister, the
patient must inhale more forcefully when using a DPI compared to inhalation when using
MDI. The SMI is a novel, multidose, propellant-free, hand-held, liquid inhaler [68]. SMIs
emit medications in a finely dispersed mist that is expelled at a slower pace and lingers in
the air for a longer duration than the aerosol produced by MDIs. The generation of the
aerosol does not depend on the patient’s inspiratory effort and these inhalers, also known

as Respimat inhalers, are propellant-free [67].

Prior research found that the appropriate technique of inhaler use and error rates
may differ based on the type of device used [69,70]. However, it was also shown that
after individual training, these difference based on the device type may be less prominent
[69]. Thus, there is an increased emphasis on proper training and education in order to
ensure appropriate use of inhalers [69,71]. These differing modes of delivery may also
impact healthcare resource utilization, exacerbations, and readmission rates [72]
Simplifying inhaler regimens may reduce device misuse, improve clinical outcomes, and

reduce healthcare resource utilization [73].
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Hospital Readmissions Reduction Program (HRRP) and cost of exacerbations

The Hospital Readmissions Reduction Program (HRRP) was implemented in 2012, under
section 3025 of the Patient Protection and Affordable Care Act [74]. As part of the HRRP,
hospitals face penalties with reduced Medicare reimbursements for an excess of 30-day
readmissions related to six conditions/procedures, one of them being COPD (added in
2014 amendment) [74—76]. Consequently, there has been an increased focus on
readmissions within 30 days of a COPD-related visit. Various strategies have been
implemented by hospitals to reduce the rate of these readmissions, including the use of
algorithms to identify ‘high risk’ patients, and intervene with either change in therapeutic
regimen, use of services such as medication therapy management (MTM), education at
discharge, and scheduling of follow-up visits to ensure a smooth transition in care

[77,78]. These changes have an impact on the management of COPD.

A study by Dalal et al. utilized US hospital administrative data and found that the
cost of inpatient stays for COPD exacerbations ranged from 2008 US $7,242 to US
$20,757, based on the complexity of the admission [79]. Another study that utilized a
commercial health plan claims database found that the mean cost for acute COPD
exacerbations that lead to hospitalizations was 2015 US $19,687 [35]. This cost is
consistently higher than the cost of COPD exacerbations in other countries. In their
systematic review, Toy et al. found that the estimated cost of exacerbations varied widely
between studies in non-US countries, and ranged from $88 to $7,757 per exacerbation

(2007 US dollars) [80—90]. The vast difference between the costs in the US and non-US
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settings are indicative of the high healthcare costs in the US, compared to the rest of the
world. As demonstrated earlier, there is a lack of recent data on the cost of COPD

management in a nationally representative US sample.

Potential for optimizing therapy

The aim of personalized medicine is to shape medical decision making based on
individual characteristics and non-individual-level factors of the patient to optimize care
and achieve treatment goals. One of the goals of medical decision making is to balance
the benefits and risks of therapy based on information available and reasonable judgment.
Given the heterogeneity in the progression of COPD, varying severity, as well as the
availability of a plethora of treatment options, COPD is a disease area where patients may
benefit from the implementation of personalized medication. For example, the choice of
treatment may be based on the perceived risk of exacerbations in the patient, and patients
could be stratified based on this risk. Previous research has found that certain medications
for COPD are most effective in more severe patients, but may not be the best option for
patients who are less severe [91,92]. For instance, Yu et al. found that roflumilast
provided a net benefit only when used by COPD patients at a high risk of severe
exacerbations [91]. Researchers from the University of Zurich have shown how COPD
treatments could be personalized based on their findings from a benefit-harm modeling
study [93]. Suissa et al. evaluated the comparative effectiveness of specific LABA/ICS
drug combinations in terms of reduction of COPD exacerbations and found that the

incidence of severe exacerbation was 25% lower in individuals that initiated formoterol/
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budesonide than those that initiated salmeterol/fluticasone among patients with no prior
exacerbations but was no different among patients with prior exacerbations [24]. Sposato
et al. asked the question ‘“Which LABA/LAMA should be chosen in COPD patients in
real life?’ in their similarly titled study [94]. Based on comparisons between specific
combinations as well as subgroups using Italian data from the electronic
prescribing/dispensing database archives of South-East Tuscany, they concluded that each
LABA/LAMA combination could have a specific efficacy profile in COPD and that it
might be considered for personalized medication. Calverley et al, in their 2018 double-
blind, randomized, parallel-group, active-controlled trial (DYNAGITO) compared
olodaterol and tiotropium against only tiotropium in terms of prevention of COPD
exacerbations and found that while the reduction in exacerbations in the overall sample
was smaller than they anticipated and the level of significance was not reached, there
were some subgroups that showed large improvements [95]. These results highlight the
potential for personalized medicine in the management of COPD. There are two major

ways that COPD therapy management may be optimized:

1. Identification of subgroups, based on demographic as well as clinical
characteristics, wherein the effect in a subgroup (for example, based on number of
prior exacerbations) may differ from the entire population effect.

2. Comparison of the individual medications in a drug class that may have

differential effects in a population of interest.
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Role of Real-World Data and Medicare

The 21% Century Cures Act defined real-world evidence (RWE) as ‘data regarding the
usage, or the potential benefits or risks, of a drug derived from sources other than
randomized clinical trials (RCTs)’ [96]. Further, the US FDA has embraced RWE and
RWD in order to monitor post market safety and adverse events, and make regulatory
decisions, including the approval of new indications for previously approved drug entities
[97]. Besides the FDA, the healthcare fraternity is using RWE and RWD to support
coverage decisions, inform guidelines, develop decision support tools for implementation
in clinical practice, and support clinical trials designs and observational studies. RWE and
RWD offer the following advantages over clinical trials: longer follow-up periods allow
to observe longer-term outcomes, results are more generalizable to the population that
consumes the medication and also more reflective of clinical practice, generally cheaper
to conduct, and give the ability to study rare conditions and outcomes due to generally
larger sample sizes. While RCTs remain the gold standard for decision making, and RWE
and RWD cannot replace them, they provide valuable information and can help support
and supplement RCTs so that we can practice more evidence-based and personalized

medicine.

One such dataset option for RWE is the Medicare dataset provided by the Centers
for Medicare & Medicaid Services (CMS). Medicare beneficiaries form a significant
proportion of the US adult population, and nearly 63 million individuals were enrolled in
the Medicare program in 2019 [98]. Medicare beneficiaries have a number of distinct
characteristics, needs, and circumstances that differentiate them from the rest of the US

working adult population, and makes providing appropriate healthcare services to them a
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greater challenge [99]. In general, Medicare beneficiaries have poorer health status, more
comorbidities, lower literacy levels, and suffer from a greater number of chronic
conditions compared to their non-Medicare counterparts [99]. These characteristics, along
with their complex needs, circumstances, and decreased mobility make managing their
health and navigating the complex healthcare system challenging [99]. Even in the case
of COPD, it is more prevalent in older adults than younger adults, with a higher COPD
prevalence among adults aged 65 years and older, which represents the population of
Medicare beneficiaries [17]. The distinctiveness of older patients with chronic obstructive
pulmonary disease (COPD) lies not only in the evident consequences of declining lung
function but also in the consequential influence on various other organ systems and the

heightened comorbidity burden they experience [100,101].

Given the unique characteristics and needs of the Medicare population, analysis of
Medicare data is critical for understanding the provision of healthcare to older adults in
the US and serves as an important source of RWE to patients, healthcare providers,

decision makers, and other stakeholders [102].

Propensity score and high-dimensional propensity score

Propensity score adjustment is a statistical method that is utilized in
pharmacoepidemiology to minimize bias when estimating the effect of a medication on
an outcome of interest using observational data. It allows researchers to design and
analyze observational studies such that they mimic some of the characteristics of RCTs

[103]. The propensity score is a single value that represents the probability of being
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assigned to a treatment conditional on a number of baseline characteristics, such as age,
sex, and medical history [103]. This score can be obtained by fitting a logistic regression
model that predicts treatment assignment based on the baseline covariates. After
obtaining the propensity score, it can be used to match comparable individuals in both
groups or adjust for confounding variables between the treated and untreated groups.
Matching involves selecting individuals with similar propensity scores in both groups,
while adjustment involves including the propensity score as a covariate in a regression
model to estimate the treatment effect. The goal of propensity score adjustment is to
reduce the bias that can arise from confounding by accounting for baseline differences
between the treated and untreated groups. By doing so, the method can improve the

validity of treatment effect estimates in observational studies.

High-dimensional Propensity Score (hdPS) is a statistical technique proposed,
developed and tested by Schneeweiss et al., that is used to control for confounding in
pharmacoepidemiologic studies [104]. This method is an extension of the traditional
propensity score approach and provides an empirical method to control for a large
number of covariates in observational studies that utilize huge, ‘high-dimensional’ data
such as claims data or electronic health record data. The underlying rationale behind this
approach is that a large number of variables from health care data may collectively serve
as proxies for unobserved factors [104]. hdPS is an automated, data-driven analytical
approach that helps covariate selection by empirically identifying pre-exposure variables
and proxies for inclusion in the propensity score model [105]. Prior research has

demonstrated the potential benefits of using hdPS over more traditional approaches [106—
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109] and there has also been an increased usage of this method since its introduction in

2009.
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3. CHAPTER 3: Direct medical costs of COPD in the United
States: An analysis of the Medical Expenditure Panel Survey
2017-2018

Abstract

Aim

In this study, we aimed to provide a nationally representative estimate of the economic
burden of chronic obstructive pulmonary disease (COPD) by examining direct medical

costs among individuals aged 45 years and older in the United States (US).
Methods

Medical Expenditure Panel Survey (2017-2018) data were used to estimate the direct
medical costs associated with COPD. All-cause (unadjusted) cost and COPD-specific
(adjusted) cost were determined for the various service categories using a regression-
based approach among patients with COPD. We developed a weighted two-part model

and adjusted for various demographic, socioeconomic, and clinical characteristics.
Results

The study sample consisted of 23,590 patients, of which 1,073 had COPD. Patients with

COPD had a mean age of 67.4 years (Standard Error (SE): 0.41), and the total all-cause

Shah, C.H.; Reed, R.M.; Wastila, L.; Onukwugha, E.; Gopalakrishnan, M.; Zafari, Z.
Direct Medical Costs of COPD in the USA: An Analysis of the Medical Expenditure
Panel Survey 2017-2018. Appl Health Econ Health Policy 2023, doi:10.1007/s40258-
023-00814-8.

Reproduced with permission from Springer Nature. Reprint agreement included in
Appendix 1.
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mean medical cost per patient per year (PPPY) was 2018 US $19,449 (SE: US $865); of
which US $6,145 (SE: US $295) was for prescription drugs. Using the regression
approach, the mean total COPD-specific cost was US $4,322 (SE: US $ 577) PPPY with
prescription drugs contributing US $1,887 (SE: 216) PPPY. These results represent an
annual total COPD-specific cost of US $24.0 billion, with prescription drugs contributing
US $10.5 billion. The mean annual out-of-pocket spending accounted for 7.5% (mean:
US $325) of the total COPD-specific cost; for COPD-specific prescription drug cost,

11.3% (mean: US $212) was out-of-pocket cost.

Conclusion

COPD poses a significant economic burden on healthcare payers and patients 45 years of
age and older in the US. While prescription drugs account for almost half of the total

cost, more than 10% of the prescription drug cost was out-of-pocket.

24



Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disease. The
defining characteristics of COPD are obstructive ventilatory patterns, cough symptoms,
production of sputum, dyspnea, and a progressive lung function decline [30-32]. It is an
irreversible condition and may result in chronic respiratory failure [30]. According to the
Centers for Disease Control and Prevention and the National Center for Health Statistics,
4.6% of adults have ever been diagnosed with COPD in the United States (US) [2]. It is
estimated that more than 50% of individuals with COPD remain undiagnosed [3.4].
COPD presents a major source of mortality and morbidity and was the fourth leading
cause of death in the US in 2017 [6]. COPD has been shown to have detrimental impacts
on both mental and physical health leading to a lower health-related quality-of-life among

patients [5].

COPD imposes substantial economic burdens on patients, the healthcare system,
and US society. A recent study projected that the annual direct medical costs attributable
to COPD would increase from 46.91 billion to US $57.86 billion over a 20-year period
[42]. Similarly, the study estimated that the indirect absenteeism costs, measured by days
of work missed, would rise from US $6.82 billion to US $6.97 billion in 20 years [42].
Other studies have estimated the economic burden of COPD from a single payer with
substantial emphasis being on the cost of exacerbations in individuals with COPD [7—
9,35,110]. Moreover, prior research has found that demographic and socioeconomic
characteristics of patients, healthcare utilization, and medical costs tend to vary widely

between different payers [111-113].
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In recent years, significant changes have taken place in the US healthcare system,
including the passage of the Patient Protection and Affordable Care Act, introduction of
the Hospital Readmissions Reduction Program that penalized rehospitalization for
conditions including COPD [74], consolidation of Medicare part D for prescription drugs,
and introduction of new therapies for the management and treatment of COPD [10-12].
In addition, lower cost generic medications have gained widespread acceptance and
availability as an alternative to high price of their branded counterparts in the last decade
[13]. These changes led to an increase in prescription drug access and spending, and a

consequent decrease in inpatient care spending over time [64,114,115].

Given changes in the management of COPD and the US healthcare system in
recent years, there exists a need for updated estimates of the direct medical costs of
COPD across payers to capture the burden posed by COPD in the US. In this study we
aim to provide an updated, nationally representative estimate of the COPD-specific and
all-cause economic burden of COPD by analyzing the 2017-2018 Medical Expenditure
Panel Survey (MEPS). We quantify the overall cost, out-of-pocket cost, and cost by
service type, including prescription drugs, emergency room visits, inpatient visits, office-

based visits, outpatient visits, and home health visits among COPD patients.

Methods
Data source

We utilized data from the 2017-2018 MEPS, a de-identified, publicly available

database provided by the Agency for Healthcare Research and Quality (AHRQ) [116].
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The survey collects data from families, medical providers, and employers across the US
and is based on a nationally representative subsample of households. The subsample of
households participated in the National Health Interview Survey, which is carried out by
the National Center for Health Statistics. AHRQ uses an overlapping panel design to
collect data on demographic and socioeconomic characteristics, healthcare utilization,
and health status, among other attributes about non-institutionalized individuals from
households in the US. This design involves preliminary contact followed by five rounds
of interviews over a two-and-a-half-year period. The data collected covers a period of
two calendar years for each household. The sampling design of the survey includes
stratification, clustering, multiple stages of selection, and disproportionate sampling
(complex survey design methods). Survey sample weights are based on the Current

Population Survey and are computed and provided by the MEPS administrators.

The two major components of MEPS data are the household component and the
insurance component. We used the full-year consolidated data file and the medical
conditions file from the household component of the MEPS dataset. The full-year
consolidated data file [116] contains information on demographic characteristics of the
sample in addition to employment, health status, quality of care, healthcare spending,
patient satisfaction, and health insurance coverage estimates. The medication conditions

file [116] contains information on the reported medical conditions among the sample.
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Study sample

Respondents with COPD were identified using the following International
Classification of Diseases (Tenth Revision)-Clinical Modification codes (ICD-10 CM):
J42 (“‘unspecified chronic bronchitis’), J43 (‘emphysema’), J44 (‘chronic obstructive
pulmonary disease’) [117]. As COPD diagnosis has been shown to be uncommon in
individuals younger than 45 years of age, our sample was limited to adults who were at
least 45 years old [41,118,119]. Non-respondents and individuals with missing
information on variables of interest were excluded. The sample selection process is

depicted in Figure 2.

All observations in Household
component 2017-2018:
62,341

than 45 years of age:
36,619

( Excluding observations less

All adults aged 45 years and

above:
25,722
Excluding observations with
missing information and non-
respondents:
Final cohort: 2,132
23,590

(weighted: 254,364,104)
With COPD: 1,073 (weighted:
11,096,061)

Figure 2. Flow diagram illustrating the sample selection process
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Statistical analysis

Given the cross-sectional study design nature of MEPS, all demographic, socioeconomic,
and clinical characteristics were measured during the observation year and reported for
both individuals with and without COPD. In addition to the unadjusted all-cause
healthcare cost among individuals with COPD, we calculated the COPD-specific cost for
the various service categories. Therefore, we estimated cost using two approaches: 1)
unadjusted cost; 2) adjusted cost using regressions. For the unadjusted all-cause
estimates, only individuals with COPD were included in the analysis. For the regression-
based COPD-specific estimates, the entire sample with or without COPD was included in

the analysis.

Outcomes

The primary outcome of interest was the COPD-specific cost. The service categories
examined included inpatient stays, outpatient visits, emergency room visits, office-based
visits, home health visits, and prescribed medicines. In addition, all-cause medical cost,
including both COPD-specific and non-COPD-specific cost, among COPD patients for
these categories was determined. Out-of-pocket cost representing the patient economic
burden was also estimated. The focus of our analysis was on direct medical cost; other
societal costs, such as lost work, disability cost, and caregiver cost, were not included in

our model.

Covariates
In the regression model we adjusted for the following covariates: age, insurance

coverage, sex, race, marital status, family income, current smoking status, region of
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residence, education level, and comorbid conditions. Age was categorized into five-year
interval groups “45-49”, “50-54”, “55-59”, “60-64", “65-69”, “70-74”, ““75-79”, and “80
and above”. The three types of insurance were categorized as any private, public only,
and uninsured. Family income as a percentage of the poverty line was grouped as “poor”
(less than 100% of the poverty line), “near poor” (100% to less than 125% of the poverty
line), “low income” (125% to less than 200% of the poverty line), “middle income”
(200% to less than 400% of the poverty line), and “high income” (greater than or equal to
400% of the poverty line). Specific comorbid conditions adjusted for included angina,
arthritis, asthma, cancer, chronic heart disease, high cholesterol, diabetes, high blood
pressure, myocardial infarction, stroke, other heart conditions, depression, and anxiety, as

these conditions have been identified as priority conditions by MEPS [120].

Model

For the regression-based model, the dependent variable was all-cause medical cost. The
primary independent variable of interest in the regression was COPD diagnosis in order
to estimate the incremental contribution of COPD on the overall cost. To obtain estimates
for the out-of-pocket cost, the regression model was implemented wherein the outcome
of interest was all-cause out-of-pocket cost and presence of COPD was the primary
independent variable. Out-of-pocket costs were estimated for prescription drugs, other

(cost besides prescription drug cost) and total cost.

The regression approach utilized a two-part model. The first part consisted of a
logistic regression wherein the outcome was a binary indicator that took a value of 1

when a respondent reported any expenditure and took on a value of 0 when individuals
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reported no expenditure. The outcome of the second part of the two-part model was the
expenditure amount. The model parameters in the second part were estimated using a
generalized linear model (GLM) with a log link function and gamma distribution [121—
123]. These procedures were carried out using the ‘twopm’ STATA programs [124]. The
marginal effect of COPD on the cost was determined to estimate the COPD-specific cost
using the delta method. The aforementioned covariates and operationalizations were
utilized for both analyses: COPD-specific total cost and COPD-specific out-of-pocket

cost.

The complex survey design used to collect the data was accounted for by using
appropriate analytical procedures such as SURVEYFREQ, SURVEYMEANS, domain
statements, and svy in the analyses [125]. All the costs were adjusted to 2018 values
using the Personal Health Care Expenditure (PHCE) component of the National Health
Expenditure Accounts provided by the U.S. Department of Health and Human Services,
as recommended by Dunn et al. [126-128]. All analyses were carried out using SAS 9.4

and STATA MP 16 [129,130].

Results

The study sample consisted of 23,590 (weighted: 254,364,104) patients, of which 1,073
(weighted: 11,096,061) had COPD during the study period. Compared with individuals
without COPD, a higher proportion of COPD patients were female (59% versus 53%), 65
years and older (59% vs. 38%), white (88% versus 81%), and had only public insurance

(49% versus 27%). In addition, COPD patients were 2.5 times more likely to be current
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smokers and had a higher prevalence of angina (12% versus 3%), arthritis (69% versus
40%), asthma (40% versus 11%), cancer (28% versus 18%), chronic heart disease (24%
versus 8%), high cholesterol (63% versus 46%), diabetes (27% versus 17%), high blood
pressure (68% versus 49%), myocardial infarction (18% versus 6%), stroke (15% versus
6%), other heart conditions (35% versus 15%), depression (22% versus 10%), and
anxiety (22% versus 10%). The other demographic and clinical characteristics of patients

with and without COPD are presented in Table 2.

All-cause medical cost (unadjusted) among COPD patients

The all-cause medical cost among COPD patients represents both COPD-specific and
non-COPD-specific costs. Among COPD patients, the total all-cause mean annual per
patient medical cost was 2018 US $19,449 (Standard Error (SE): US $865; 95%
Confidence Interval (CI): US $17,748-US $21,151); of which US $6,145 (SE: US $295;
95% CI: US $5,564-US $6,726) was for prescription drugs, US $592 (SE: US $83; 95%
CI: US $429-US $754) was for emergency room visits, US $5,330 (SE: US $504; 95%
CI: US $4,339-US $6,322) was for inpatient visits, US $3,323 (SE: US $183, 95% CI:
US $2,962-US $3,683) was for office-based visits, US $1,399 (SE: US $198, 95% CI: US
$1,010-US $1,788) was for outpatient visits, and US $1,495 (SE: US $208, 95% CI: US
$1,086-US $1,904) was for home health visits. While the mean annual total cost among
COPD patients was US $19,449, there was a significant amount of between-individual
variation in annual costs (standard deviation: US $22,647). These results are presented in

Table 3.
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COPD-specific medical cost

Based on the regression model, the total COPD-specific incremental expenditure per
patient per year was US $4,322 (SE: US $577, 95% CI: 3,187-5,457); out of which US
$1,887 (SE: US $216, 95% CI: US $1,462-US $2,312) was for prescription drugs, US
$137 (SE: US $30, 95% CI: US $78-US $196) was for emergency room visits, US $1,003
(SE: US $233, 95% CI: US $544-US $1,461) was for inpatient visits, US $384 (SE: US
$171, 95% CI: US $47-US $720) was for office-based visits, US $133 (SE: US $117,
95% CI: -US $98-US $364) was for outpatient visits, and US $250 (SE: US $77, 95% CI:
US $98-US $401) was for home health visits. The results are presented in Table 3. These
results represent an annual total cost of US $24.0 billion, with prescription drugs
contributing US $10.5 billion of this cost among the total sample of the weighted
population with COPD in the US. The complete regression results of the two-part model
for COPD-specific total cost (marginal effects) are presented in Table 4. In addition, the

regression results by service categories are provided in Appendix B.

COPD-specific out-of-pocket cost

The mean annual per person out-of-pocket spending for COPD was US $325, which
accounted for 7.5% of the total COPD-specific cost. Of this, out-of-pocket spending for
COPD prescription drugs was on average US $212 per patient per year, accounting for
11.3% of the total COPD prescription drug cost. The mean annual per person out-of-

pocket spending for other COPD costs (other than prescription drug cost) was US $113,
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accounting for 4.6% of the total other COPD-specific spending. These results are

depicted in Figure 3.

Table 2. Demographic characteristics of individuals with COPD and individuals without

COPD, 2017-2018

Among individuals with Among non-COPD Rao-
COPD individuals Scott
Chi-
Squa
re
Test
Covariates Freq | Weighted Percent | Frequ | Weighted Percent | P-
uency | Frequency ency Frequency value
Age= 45-49 years 44 503,468 4.54% 3,386 | 37,135,886 | 15.27% | <0.01
Age= 50-54 years 85 739,231 6.66% 3,419 | 38,237,946 | 15.72% | <0.01
Age= 55-59 years 147 1,502,817 13.54% | 3,500 | 38,106,852 | 15.66% | 0.14
Age= 60-64 years 177 1,837,374 16.56% | 3,223 | 36,735,440 | 15.10% | 0.33
Age= 65-79 years 164 1,604,982 14.46% | 3,008 | 31,299,027 | 12.87% | 0.23
Age= 70-74 years 184 1,933,165 17.42% | 2,395 | 24,526,841 | 10.08% | <0.01
Age= 75-79 years 136 1,504,519 13.56% | 1,532 | 15,937,489 | 6.55% <0.01
Age= 80 years and 136 1,470,505 13.25% | 2,054 | 21,288,562 | 8.75% <0.01
above
Region= Northeast 173 1,822,303 16.42% | 3,776 | 43,632,653 | 17.94% | 0.40
Region= Midwest 272 2,658,704 | 23.96% | 4,620 | 52,092,364 | 21.41% | 0.23
Region=West 177 1,757,187 15.84% | 5500 | 56,441,568 | 23.20% | <0.01
Region=South 658 4,857,867 | 43.78% | 8,621 | 91,101,458 | 37.45% | 0.01
Highest education: less 226 1,845,717 16.63% | 3,500 25,180,093 | 10.35% | <0.01
than High school
Highest education: High | 602 6,507,975 58.65% | 10,322 | 108,802,54 | 44.73% | <0.01
School/ GED 1
Highest education: other | 113 1,322,915 11.92% | 2,076 | 26,129,043 | 10.74% | 0.38
degree
Highest education: 83 900,357 8.11% 3,939 | 49,676,744 | 20.42% | <0.01
Bachelors degree
Highest education: 49 519,097 4.68% 2,680 | 33,479,622 | 13.76% | <0.01
Masters/PhD degree
Insurance= Any private | 460 5,395,585 48.63% | 13,953 | 167,119,95 | 68.70% | <0.01
3
Insurance= Public only 589 5,434,224 | 48.97% | 7,192 | 64,531,798 | 26.53% | <0.01
Insurance= Uninsured 24 266,252 2.40% 1,372 11,616,292 | 4.78% <0.01
Sex= Female 658 6,566,796 59.18% | 12,277 | 128,530,52 | 52.83% | <0.01
4
Race=White only 892 9,728,594 | 87.68% | 17,019 | 196,494,94 | 80.77% | <0.01
6
Race=Black only 132 955,157 8.61% 3,589 | 27,055,754 | 11.12% | 0.02
Race=Other/ Multiple 49 412,310 3.72% 1,909 | 19,717,343 | 8.11% <0.01

reported
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Table 2. Continued

Among individuals with COPD | Among non-COPD individuals Rao-
Scott
Chi-
Squa
re
Test
Covariates Frequen | Weighted | Percent | Frequen | Weighted Percent | P-
cy Frequenc cy Frequency valu
y e
Marital status= 425 4,665,197 | 42.04% | 13,001 149,383,02 | 61.41% | <0.0
Currently married 9 1
Family income= | 255 2,046,598 | 18.44% | 3,004 21,510,481 | 8.84% <0.0
Poor 1
Family income= | 88 864,116 7.79% 1,022 8,704,289 3.58% <0.0
Near poor 1
Family income= 191 1,882,671 | 16.97% | 3,038 27,790,254 | 11.42% | <0.0
Low 1
Family income= | 301 3,347,452 | 30.17% | 6,209 63,552,902 | 26.12% | 0.03
Medium
Family 238 2,955,224 | 26.63% | 9,244 121,710,11 | 50.03% | <0.0
income=High 7 1
Current smoker 364 3,587,698 | 32.33% | 3,142 31,880,363 | 13.11% | <0.0
1
Angina 129 1,360,232 | 12.26% | 724 7,634,168 3.14% <0.0
1
Anrthritis 773 7,681,255 | 69.23% | 9,195 97,301,240 | 40.00% | <0.0
1
Asthma 463 4,471,728 | 40.30% | 2,471 26,012,876 | 10.69% | <0.0
1
Cancer 303 3,074,670 | 27.71% | 3,728 42,945,141 | 17.65% | <0.0
1
Chronic heart 250 2,660,880 | 23.98% | 1,899 19,017,297 | 7.82% <0.0
disease 1
High cholesterol | 697 6,981,095 | 62.92% | 10,554 112,171,35 | 46.11% | <0.0
9 1
Diabetes 304 2,996,928 | 27.01% | 4,282 41,057,347 | 16.88% | <0.0
1
High blood 766 7,562,243 | 68.15% | 11,519 118,023,64 | 48.52% | <0.0
pressure 4 1
Myocardial 192 2,050,501 | 18.48% | 1,386 13,629,466 | 5.60% <0.0
infarction 1
Stroke 163 1,685,397 | 15.19% | 1,522 14,691,288 | 6.04% <0.0
1
Other heart 370 3,853,877 | 34.73% | 3,451 37,138,898 | 15.27% | <0.0
conditions 1
Depression 249 2,489,952 | 22.44% | 2263 23,508,682 | 9.66% <0.0
1
Anxiety 258 2,461,395 | 22.18% | 2195 24,011,770 | 9.87% <0.0
1
Total 1,073 11,096,06 | 100.00 | 22,517 243,268,04 | 100.00
1 % 3 %
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Table 3. Healthcare costs (COPD-specific and All-cause medical) among COPD patients,

by visit type

Service category

All-cause (unadjusted) medical cost

Fully adjusted model COPD-specific
(Regression approach) medical cost P

Mean annual per person cost (Standard Error; 95% Confidence Interval) (2018

US $)

Prescription drugs

US $6,145 (SE: 295: 95% CI: US
$5,564-US $6,726)

US $1,887 (SE:216; 95% CI: US $1,462-US
$2,312)*

Emergency room

US $592 (SE: 83; 95% CI: US $429-
US $754)

US $137 (SE:30; 95% CI: US $78-US $196)*

Inpatient US $5,330 (SE: 504; 95% CI: US US $1,003 (SE:233; 95% CI: US $544-US
$4,339-US $6,322) $1,461)*
Office-based US $3,323 (SE: 183; 95% CI: US US $384 (SE:171; 95% CI: US $47-US
$2,962-US $3,683) $720)*
Outpatient US $1,399 (SE: 198; 95% CI: US US $133 (SE:117; 95% CI: -US $98-US
$1,010-US $1,788) $364)

Home health

US $1,495 (SE: 208; 95% CI: US
$1,086-US $1,904)

US $250 (SE:77; 95% CI: US $98-US $401)*

Total

US $19,449 (SE: 865; 95% CI: US
$17,748-US $21,151)

US $4,322 (SE:577; 95% CI: 3,187-5,457)*

“Difference is statistically significant at the 95% confidence level.

2 Covariates adjusted for include: age (categorized into 5-year intervals), insurance status, sex, race, region,
highest level of education, marital status, family income, current smoking status, and comorbid conditions
(Angina, arthritis, asthma, cancer, chronic heart disease, high cholesterol, diabetes, high blood pressure,
myocardial infarction, stroke, other heart conditions, depression, anxiety).

b For two-part regression: first part: logit; second part: generalized linear model (family=gamma, link=log).
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Table 4. Results of marginal effect two-part regression to determine excess cost of COPD
on total healthcare expenditure

Covariate Reference Marginal Standard p-
effect error value
Race=Black only Race=White only -478.26 556.64 0.39
Race=0Other/Multiple reported -1931.44 673.08 <0.01
Age=50-54 years Age=45-50 years 2273.89 807.49 <0.01
Age=55-59 years 1355.79 659.22 0.04
Age=60-64 years 2495.48 741.67 <0.01
Age=65-69 years 2377.35 641.97 <0.01
Age=70-74 years 2269.05 713.16 <0.01
Age=75-79 years 1947.01 731.38 <0.01
Age=80 years and older 3967.38 776.76 <0.01
Marital status=Currently Marital status=Not currently -562.18 348.51 0.11
married married
Region= Northeast Region=South 1311.32 619.43 0.04
Region= Midwest 308.93 535.12 0.56
Region=West 714.73 582.85 0.22
Sex= Female Sex= Male -201.61 362.89 0.58
Highest education: High Highest education: less than 885.32 597.29 0.14
School/ GED High school
Highest education: other 1237.20 760.21 0.11
degree
Highest education: Bachelors 961.03 684.46 0.16
degree
Highest education: 2026.58 812.63 0.01
Masters/PhD degree
Current smoker Not current smoker 604.68 543.95 0.27
Insurance= Uninsured Insurance= Any private -9569.09 1222.43 <0.01
Insurance= Public only -498.97 375.76 0.19
Family income= Poor Family income= Medium 1757.19 633.74 <0.01
Family income= Near poor 1415.56 785.53 0.07
Family income= Low 254.62 625.26 0.68
Family income=High 519.32 398.37 0.19
Angina -381.21 727.20 0.60
Arthritis 3122.23 347.84 <0.01
Asthma 3004.80 596.20 <0.01
Cancer 4475.02 447.27 <0.01
Chronic heart disease 2513.72 510.22 <0.01
High cholesterol 30.41 374.75 0.94
Diabetes 5136.56 496.96 <0.01
High blood pressure 1724.31 361.17 <0.01
Myocardial infarction 2465.04 593.01 <0.01
Other heart conditions 3147.90 388.78 <0.01
Stroke 3551.34 632.29 <0.01
Depression 2901.41 437.12 <0.01
Anxiety 3559.01 498.11 <0.01
Chronic Obstructive 4322.22 576.92 <0.01

Pulmonary Disease
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Figure 3. Mean annual out-of-pocket and overall COPD-specific cost, by service
category, per person with COPD

All values are in 2018 US dollars. Prescription and total cost based on the results of a fully adjusted two-
part regression (described in text). Other costs estimated by the difference in results of the regression

analyses for total and prescription drug costs.

Discussion

In this study, we reported COPD-specific and all-cause direct medical costs among
patients with COPD estimated using data from a nationally representative sample of non-
institutionalized US adults. Our results reveal differences in sociodemographic and
clinical characteristics—including differences in comorbidities— between individuals
with and without COPD. We found that the mean annual per patient COPD-specific cost

and all-cause medical cost was US $4,322 and US $19,449, respectively.
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In comparison with previous nationally representative studies, our results
demonstrate a shift in the age distribution and cost of COPD in recent years in the US.
We found that 59% of COPD patients were 65 years old and above in 2017-2018,
compared with 47% in 2007 [12], 63% in 2000 [11], and 74% in 1987 [10]. These
aforementioned changes could be due to a complex interplay of factors such as a decrease
in the age of first diagnosis of COPD [131], an increase in life expectancy, changes in the
age distribution in the population [132], and a steady decrease in the rates of smoking, a
major risk factor of COPD over this period [133]. With respect to sex and race

distributions among COPD patients, we found no major changes since 2007 [12].

Our findings are indicative of a shift in the distribution and drivers of COPD-
specific cost in recent years. While inpatient care and prescription drugs respectively
accounted for 68% and 8% of the total all-cause unadjusted expenditures among COPD
patients in 1987 [10], the corresponding estimates in our study were 27% and 32%. This
is an interesting finding as it shows over time the proportion of all-cause expenditures
due to inpatient care reduced while spendings on prescription drugs increased. Recent
work by Celi et al. has demonstrated that COPD treatments, especially newer options,
were able to not only improve symptoms and reduce exacerbations, but were also shown
to improve patient prognosis in terms of all-cause mortality, which may partially help

explain the recent shift in cost [134].

When compared to MEPS 2000 data [11], our study shows an increase of 72% in
mean annual COPD-specific medical cost. The main driver for this increase is an 8-fold

rise in the mean COPD-attributable prescription drug cost. Such an increase in
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prescription drug cost was accompanied by a 27% decrease in inpatient spending
compared with data from 2000 [11]. Higher prescription drug cost and lower inpatient
cost compared with earlier periods are indicative of a shift in the way COPD is managed
and perhaps the introduction of novel, more effective drugs that lead to better

management of COPD, but at an increased prescription drug cost [135].

The shift toward higher prescription drugs cost and lower inpatient cost suggests
effectiveness of maintenance therapy in reducing costly healthcare events such as
hospitalizations [136]. Therefore, efforts to increase access and adherence to medications
can be pivotal in preventing future hospitalizations while saving money for patients and

payers.

At the individual-level, we estimated the mean annual COPD-specific direct
medical costs to be US $4,322 per patient. Our MEPS-derived estimate for cost of COPD
is in line with previous costs estimates for moderate-to-severe COPD ($3,706-$5,675)
[42]. Given lung function data is not available in MEPS, we could not define the
distribution of our study participants across different clinical severity grades of COPD.
However, given COPD is underdiagnosed in milder stages of disease, and that a good
proportion of individuals included in our study had at least one healthcare resource use
due to COPD, our results may be more representative of moderate-to-severe COPD

[42,137,138].

Further, this study found that the patient burden in terms of out-of-pocket cost
was on average US $325 per year, which was 7.5% of the total COPD-specific spending.

Our out-of-pocket cost estimate is nearly 3-fold higher than the estimate reported in a
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previous study (US $111), mainly because the population in the previous study was
restricted to working individuals with COPD [139], and that their sample was younger. In
addition, it is most likely that the out-of-pocket costs vary by insurer, but we were not
able to obtain such estimates due to the small sample sizes for subgroup analysis across

Insurers.

Appropriate use of medications is necessary for disease management, but paying
high out-of-pocket cost can be expensive for some patients and can be a barrier for filling
prescription drugs and maintaining adherence [140—144]. While policies to increase
access to, and reduce copays for medications can save money for the healthcare system in
the long run, given the heterogeneity of lung function decline and progression of COPD
[145], ensuring the provision of right medication that meets the clinical needs and
preferences of a given patient can be as important. Certain medications for COPD are
most effective in more severe clinical stages of the disease, while providing a lesser effect
for milder COPD [91,92]. For example, Yu et al. found that roflumilast provided a net
benefit only when used by COPD patients at a high risk of severe exacerbations [91].
Other researchers have shown how COPD treatments could be personalized based on
benefit-harm modeling frameworks [93]. In addition, clinical risk-stratification models
that incorporate patients’ preferences may optimize treatment benefits while increasing

patients’ adherence.

A major strength of our study is that it uses nationally representative data of non-
institutionalized US adults and provides updated estimates of the economic burden of

morbidity from both patient and payer perspectives. Nonetheless, our study is subject to
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some limitations and the results of this analysis should be interpreted in light of the
following caveats. Since MEPS is a survey that is conducted among non-institutionalized
individuals, our results do not extend to individuals who are institutionalized. Given that
a single household member responds to the survey on behalf of all other household
members, the data is susceptible to survey and recall biases. MEPS attempts to overcome
these limitations in a number of ways, including using the medical provider component to
supplement, replace, validate, and impute health care expenditures [146]. Some of the
covariates adjusted for are not truly independent of COPD and are linked both through
cigarette smoking as well as susceptibility and other mechanisms. A regression approach
controlling for these comorbidities is really taking a very conservative approach to
estimation. It also is important to note that the comorbidities included in the regression
models are not necessarily mutually independent and were chosen to control for
confounding. In addition, omitted variable bias due to unmeasured confounding may
affect the results. Though our study utilized a regression-based incremental cost
approach, other approaches may also be utilized to estimate the cost-of-illness [147,148].
Costs examined in this study were all medical in nature and did not include other societal
costs such as lost work, disability, caregiver, and other intangible costs. As such, the cost

estimates provided here underestimate the true societal burden.

Conclusion
This study quantifies the substantial economic burden of COPD in the US. With projected

population ageing in the years to come, the national burden of COPD will remain on the
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rise. An interesting finding of this study is the shift in the proportion of costs toward
pharmacy and away from hospitalizations in COPD patients over time, with prescription
drugs accounting for almost half of the overall direct medical cost among COPD patients

in more recent years.

43



4. CHAPTER 4: Comparative effectiveness of LABA/LAMA
and LABA/ICS single inhaler fixed dose combinations among
COPD patients: A high-dimensional propensity score
matched new user cohort study in a US Medicare population

Abstract

Introduction

Among patients with moderate to very severe chronic obstructive pulmonary disease
(COPD), inhalation therapy is the mainstay of disease management. Inhalers containing
long-acting beta, agonists (LABA), long-acting muscarinic antagonists (LAMA), or
inhaled corticosteroids (ICS) and their combinations are preferred options. This study
aimed to examine the comparative effectiveness of single inhaler fixed dose combination
classes LABA/LAMA versus LABA/ICS across the subgroups of sex, age, history of
prior COPD exacerbations, prior use of supplemental oxygen, and presence of comorbid

allergic rhinitis, in the United States (US).
Methods

We utilized a new user, active comparator retrospective design and a nationally
representative sample of Medicare Fee-for-Service beneficiaries aged 65 years and older.
The outcome of interest was time to first occurrence of a COPD exacerbation. To ensure
that the groups were comparable, they were 1:1 matched based on their high-dimensional

propensity scores.
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Results

The study cohort included 12,912 pairs of LABA/LAMA initiators matched to
LABA/ICS initiators. The relative hazard ratio of time to COPD exacerbation was 0.846
(95% Confidence interval: 0.776-0.923) for LABA/ICS compared to LABA/LAMA
initiators. The results remained consistent across sex. This benefit was no longer
statistically significant among individuals with prior oxygen use, comorbid allergic
rhinitis, or any prior exacerbation in the past year. In all these subgroups, except among

individuals aged 85 years or greater, the point estimates still favored LABA/ICS.

Conclusion

We found that LABA/ICS combinations were more effective at reducing the time to first
exacerbation compared to LABA/LAMA combinations, and the results were largely

consistent across most subgroups.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a highly prevalent condition that is
characterized by persistent respiratory symptoms and gradual worsening of airflow [149].
COPD is also a major source of morbidity and mortality, and has a detrimental impact on
physical and mental wellbeing [5,35,150,151]. These in turn lead to significant

socioeconomic burdens [152,153].

Exacerbations, where patients’ symptoms are significantly increased beyond
baseline, are characteristic of COPD [15]. Exacerbations often require hospitalization or
emergency department visits and have important clinical implications [47]. Exacerbations
can affect the course of COPD due to consequent structural changes in the lung that
irreversibly deteriorate the airflow, which in turn adversely affect health status through
various mechanisms [15]. Hence, prevention of exacerbations and their timely treatment

remain a major goal in the management of COPD [15].

Pharmacological therapy is used to alleviate COPD symptoms, lessen the
frequency and severity of exacerbations, enhance exercise tolerance, and improve health
status [32]. Among patients with moderate to very severe COPD, inhalation therapy is the
mainstay of disease management, with inhalers containing long-acting beta, agonists
(LABA), long-acting muscarinic antagonists (LAMA), or inhaled corticosteroids (ICS)
considered more convenient and effective than short-acting inhalers in terms of
preventing exacerbations [14—17]. Prior research has demonstrated that combinations of
LABA/ICS and LABA/LAMA allow for treatment optimization and are superior to either

agent alone [57-62]. The US Food & Drug Administration (FDA), has approved a
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number of single inhaler fixed dose combination (FDC) drugs for the management of

COPD [63].

Prior head-to-head clinical trials that examined the comparative effectiveness of
LABA/LAMA and LABA/ICS in preventing COPD exacerbations produced mixed,
inconsistent results [18]. Three trials reported that LABA/LAMA was more effective than
LABA/ICS combinations in the prevention of exacerbations among patients with COPD
[154-156]. Four other trials, however, reported no significant differences between
LABA/LAMA and LABA/ICS combinations in terms of reducing COPD exacerbations
[157-160]. The US-based Informing the Pathway of COPD Treatment (IMPACT) trial on
the other hand found that the annual rate of severe exacerbations was higher in the
LABA/LAMA group than the LABA/ICS group [19]. These trials differed in a number of
ways including being conducted in different participating countries, various combinations
of specific medications and combination types (fixed dose single inhaler versus dual
inhaler), and differing lengths of follow-up. The trials also had varied inclusion and
exclusion criteria, such as compulsory discontinuation of maintenance medications prior
to randomization, withdrawal of ICS among patients assigned to LABA/LAMA, and
inclusion of patients with an asthma component [20,21,161,162]. Moreover, the trials
were not designed to examine differences in exacerbations between the groups and there
is the need for studies with longer follow-up times and appropriate statistical methods

and tests to enable this comparison.

In addition to clinical trials, observational studies have utilized real-world data to

compare LABA/LAMA and LABA/ICS combinations in a different, more generalizable
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setting [20-22]. Studies by Suissa et al. and Samp et al. found that combinations of
LABA/LAMA were as effective as combinations of LABA/ICS [22,163]. However, these
studies were not restricted to single inhaler FDCs. In their recent study in a Taiwanese
population, Wang et al. compared specific LABA/LAMA and LABA/ICS combinations
and found that while some comparisons favored LABA/ICS, some comparisons favored
LABA/LAMA, and other comparisons found no statistically significant difference in
terms of preventing COPD exacerbations [20]. These study results highlight the need for

population and setting specific studies based on available medication options.

COPD is more common in older adults than younger adults [41]. Medicare
beneficiaries in this age group form a significant percentage of the US adult population
[98]. They exhibit a range of distinctive characteristics, needs, and circumstances that
differentiate them from the working adult population in the US, and pose a significant
challenge in delivering appropriate healthcare services to Medicare beneficiaries [99]. In
general, Medicare beneficiaries demonstrate poorer health status, a higher prevalence of
comorbidities, lower levels of literacy, and a greater burden of chronic conditions
compared to non-Medicare individuals [99]. These characteristics, coupled with their
complex needs, circumstances, and reduced mobility, contribute to the difficulties
involved in managing their health and navigating the complicated healthcare system [99].
The distinctiveness of older patients with COPD lies not only in the evident
consequences of declining lung function but also in the consequential influence on
various other organ systems and the heightened comorbidity burden they experience

[100,101]. Given the unique characteristics and needs of the Medicare population, the
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analysis of Medicare data serves as a vital source of real-world evidence for patients,

healthcare providers, decision-makers, and other stakeholders [102].

This study aimed to leverage real-world Medicare data (2013-2019) to examine
the comparative effectiveness of single inhaler FDC classes LABA/LAMA versus
LABAJ/ICS over a longer follow-up period in the management of COPD among Medicare
beneficiaries aged 65 and older in the US, and to examine these results in various

subgroups of interest.

Methods

Data source and study design

We used a nationally representative sample of Medicare Fee-for-Service beneficiaries in
the Chronic Conditions Data Warehouse (CCW) database (2013-2019). This claims-based
data source consisted of a 5% random sample of Centers for Medicare & Medicaid
Services” Medicare beneficiaries for years 2013-2016 and a 20% random sample
(inclusive of the 5% sample population) of Medicare beneficiaries for years 2017-2019. It
contained data on Medicare beneficiaries' demographic characteristics, healthcare

resource utilization, and diagnoses.

We utilized a new user, active comparator, retrospective cohort design to estimate
the comparative effectiveness of single inhaler FDC maintenance medications,
specifically LABA/LAMA and LABA/ICS, for mitigating the time to first exacerbation

in patients with COPD.
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Study cohort inclusion and exclusion criteria

This retrospective cohort study included individuals who had a diagnosis of COPD and
were at least 65 years of age during the entire period of inclusion (lookback period,
induction period, and follow-up period). Individuals were followed from their first
prescription of a single inhaler FDC (index date) between 1% May 2014 (LABA/LAMA
single inhaler FDCs first became available) and 31%' December 2019. Follow-up started
30-days post index date (i.e., following a 30-day induction period). This period allowed
us to observe the effect of the medication and helped avoid protopathic bias as the effect
of drugs may not occur immediately following initiation [22,164—168]. Continuous
enrollment in medical and pharmacy benefits in Medicare (Parts A, B, and D coverage)
for at least 12 months prior to the index date (lookback period), during the 30-day
induction period, and at least 1 month post the start of follow-up (after the induction
period) was required. The follow-up period ended when the individual stopped being
persistent on the medication class, died, lost continuous enrollment, experienced the
outcome of interest, or switched to the comparator medication class or triple therapy.
Persistence was defined as having a gap in days of supply less than 14 days. Individuals
could change specific drug combinations as long as they were persistent in the drug class.
Patients with a prior diagnosis of asthma were excluded as LABA/ICS is a preferred
therapeutic option among individuals with a prior history of asthma or with asthma-
COPD overlap [20-22]. Further, we also excluded individuals with lung cancer, those
that used either triple therapy [20], LABA/LAMA or LABA/ICS dual inhaler therapy
(defined as the prescription of both the drugs on the same day) [24,163] in the lookback

period prior to the index date, had Medicare Part C coverage during the study period,
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experienced the outcome in the induction period or had a prescription of the medication
of interest for more than 120 days of supply. The study schematic is presented in Figure

4. The algorithm used to identify COPD patients is provided in Appendix C.

1-year lookback period At least 1 month of follow-up

* Covariate determination *  Followed till COPD exacerbation, persistent on
No prior use of LABA/LAMA, LABA/ICS medication, or switching to other group or triple
or triple therapy therapy, end of continuous enroliment, ordeath
Continuous enrollment in Medicare Part e Continuous enrollment in Medicare Part A, B and
A, B and D and no Part Cenrollment 30-day post index D and no Part C enrollment

induction period

) ) )

[ \/ \[ \

l | | |

T T T T

!

Index date:

Date of first use
of LABA/LAMA or
LABA/ICS

Figure 4. Study schematic

Outcomes and covariates

The outcome of interest was the time to first occurrence of a COPD exacerbation. COPD
exacerbations were determined based on the presence of either an inpatient
hospitalization or emergency department visit with a principal diagnosis for COPD (ICD-

9 CM: 491, 492, 496; ICD-10 CM: J41-J44) [40,61].

Covariates used in the propensity score model were a combination of investigator defined
covariates and empirically identified covariates determined via the high-dimensional

propensity score (hdPS) algorithm developed by Schneeweiss et al. [104]. The
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investigator defined covariates included age, sex, race, year of index date, supplemental
oxygen use in the lookback period, number of prior COPD exacerbations in the lookback
period, number of prescriptions (short-acting bronchodilators, long-acting
bronchodilators, and inhaled corticosteroids) in the lookback period, and prior
comorbidities (breast cancer, colorectal cancer, endometrial cancer, prostate cancer,
stroke/transient ischemic attack, acute myocardial infarction, chronic kidney disease,
diabetes, depression, allergic rhinitis, and pneumonia). Emergency department visits for

COPD exacerbations that lead to inpatient stays counted as only one exacerbation.

Statistical analysis

Descriptive statistics for the two groups were examined and reported as means for
continuous variables and percentages for categorical variables. The distribution of
medications used in each group and incidence rate of the first COPD exacerbation were
also reported. To ensure that the groups were comparable, the two combination classes of
interest were matched based on their propensity scores. The propensity scores were
computed using the hdPS approach [104,169]. The hdPS approach was utilized as it
makes most use of the data, and empirically identifies the covariates to adjust for in the
propensity score model. The 200 most frequent codes (any position) in each of eight data
dimensions of diagnosis, procedure, and prescription drug claims from various settings
were identified [104,170]. The frequency of recurrence of the codes was accounted for by
creating the following indicator variables: once (>=once); sporadic (>=median); and

frequent (>=75th percentile). Subsequently there were a total of 4,800 empirically
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identified covariates (200 covariates for each dimension*8 dimensions*3 frequency
codes). These covariates were prioritized using the method proposed by Bross, wherein
the potential for bias is estimated based on the variable’s prevalence as well as its
univariate association with the treatment and outcome [104,171,172]. Based on this
prioritization, the top 200 empirically identified covariates were selected to be a part of
the propensity score model [104,173,174]. The propensity score was estimated using
logistic multivariable regression, adjusting for the selected empirically defined as well as
predefined variables and modeled for the probability of being prescribed LABA/LAMA.
Based on these scores, 1:1 nearest neighbor matching was carried out with a caliper of
0.05 [169,175]. The performance of matching was evaluated using covariate balance
diagnostic methods such as the standardized mean difference (SMD) for covariates
between groups, and visual histogram comparisons [170,176]. An absolute SMD of 0.1 or
less was used to indicate sufficient balance between the two groups [105,177]. These
steps, data dimensions, and details on the implementation of hdPS have been described in

more detail in Appendix D.

Cox regression models were used to estimate the hazard ratio of the time to first
COPD exacerbation. All analyses were performed using SAS Studio software. The level

of confidence and statistical significance was determined at the 95% level.

Subgroups and sensitivity analysis
The aforementioned analysis was conducted across a number of subgroups of interest to

examine potential heterogeneity of the effect in various subgroups as well as the
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robustness of the results. The subgroups were based on the following characteristics: (i)
sex, (i1) age, (iii) history of prior COPD exacerbations, (iv) prior use of supplemental
oxygen, and (v) presence of comorbid allergic rhinitis. These specific subgroups were
chosen as they are basic demographic groups (sex, age), as well as important groups with
regards to the management of COPD (prior exacerbation history, use of supplemental
oxygen, allergic rhinitis). As a sensitivity analysis and to examine the robustness of the
results, the definition of persistence was varied from a maximal permissible gap of 14
days in days of supply for the index medication class in the primary analysis to a
permissible gap of (i) 0 days, (ii) 7 days, and (iii) 30 days. Additionally, we conducted a
negative control analysis to evaluate the presence of unmeasured confounding. For the
negative control analysis, the exact same study described above was carried out with one
major change; the primary outcome event was gastroesophageal reflux disease (GERD),
which is not expected to have any association with the exposure [20,178,179]. More
information on the negative control analysis is provided in Appendix E. The analysis was
also carried out implementing an intention-to-treat design, wherein individuals remained
in the group based on the index medication regardless of discontinuation, augmentation,

or switching of the index medication [180,181].

Results
The final base cohort included 49,892 individuals with COPD that were new users of
either LABA/LAMA or LABA/ICS single inhaler FDCs. Of these, 13,404 were users of

LABA/LAMA fixed-dose combinations. After implementing hdPS and matching the
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groups based on the propensity score, there were 12,912 pairs of LABA/LAMA and
LABA/ICS new users. The characteristics of these groups are presented in 7able 5. Prior
to matching, based on the SMD, the two groups were not balanced on age (SMD: 0.105),
sex (SMD: 0.107 for female), race (SMD: 0.106 for white), number long-acting
bronchodilator prescriptions in the past year (SMD: 0.227), number of ICS prescriptions
in the previous year (SMD: 0.115), supplemental oxygen use (SMD: 0.129), and
pneumonia (SMD: 0.111). Post matching, good matching balance across all covariates
was demonstrated between the groups. The propensity score overlap is presented in

Appendix F.

The average length of follow-up was 2.9 months, with a maximum of 67 months
for the LABA/LAMA group, and 2.4 months, with a maximum of 63.9 months for the
LABA/ICS group. Throughout the study period, the most frequently used LABA/LAMA
combination was vilanterol/umeclidinium (80%), followed by olodaterol/tiotropium
(14%), and formoterol/glycopyrrolate (6%). The corresponding most frequently used
index LABA/ICS combinations were vilanterol/fluticasone (38%), followed by
formoterol/budesonide (36%), and salmeterol/fluticasone (25%). The most used index
LABA/LAMA combinations were vilanterol/umeclidinium (76%), olodaterol/tiotropium
(15%), and formoterol/glycopyrrolate (8%), while the most frequently used index
LABAV/ICS drugs were formoterol/budesonide (40%), vilanterol/fluticasone (31%), and

salmeterol/fluticasone (27%).
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Table 5. Characteristics of study population by drug, before and after matching

Before matching After matching

Variables LABA/L | LABA/ICS | Standar | LABA/L LABA/I | Standard
AMA (N=36,488) | dized AMA CS ized
(N=13,40 differen | (N=12,912 | (N=12,9 | differenc
4) ce ) 12) e

Age in years?, Mean+SD 75.746.7 | 76.417.4 0.105 75.7+6.7 75.7+£6.9 | 0.007

Sex: Female, n(%) 6,815 20,497 0.107 6,601 6,581 0.011
(50.8) (56.2) (51.1) (51.0)

Race: Black, n(%) 608 (4.5) | 2,290 (6.3) | 0.077 602 (4.7) | 586 (4.5) | 0.004

Race: White, n(%) 11,837 30,900 0.106 11,365 11,398 0.006
(88.3) (84.7) (88.0) (88.3)

Race: Other, n(%) 959 (7.2) | 3,298 (9.0) | 0.069 945 (7.3) 928 (7.2) | 0.011

Number of COPD 0.4+1.1 0.3£0.9 0.094 0.4+1.1 0.4£1.0 0.023

exacerbations?, Mean+SD

Number of prescriptions 0.6x2.0 0.2+1.1 0.227 0.5£1.7 0.4£1.7 0.024

for long-acting

bronchodilators?,

Mean+SD

Number of prescriptions 1.5+2.9 1.4+2.8 0.031 1.4+2.9 1.4+2.9 0.005

for short-acting

bronchodilators?,

Mean+SD

Number of prescriptions 0.2£0.9 0.3t1.2 0.115 0.2£0.9 0.2£0.8 0.001

for inhaled

corticosteroids?, Mean+SD

Supplemental oxygen use?, | 2,489 5,042 0.129 2,322 2,361 0.001

Mean+SD (18.6) (13.8) (18.0) (18.3)

Breast cancer?, n(%) 686 (5.1) | 1,919 (5.3) | 0.006 654 (5.1) 664 (5.1) | 0.005

Colorectal cancer®, n(%) 315 (2.4) | 903 (2.5) 0.008 303 (2.3) 302 (2.3) | 0.001

Endometrial cancer?, n(%) | 61 (0.5) 229 (0.6) 0.024 60 (0.5) 58 (0.4) | 0.005

Prostate cancer?, n(%) 727 (5.4) | 1,900 (5.2) | 0.010 699 (5.4) 723 (5.6) | 0.008

Stroke-Transient Ischemic | 1,331 4,430 0.071 1,285 1,276 0.006

attack®, n(%) (9.9) (12.1) (10.0) (9.9)

Acute myocardial 526 (3.9) | 1,639 (4.5) | 0.028 508 (3.9) | 485(3.8) | 0.000

infarction®, n(%)

Chronic kidney disease?, 5,509 15,751 0.042 5,321 5,348 0.002

n(%) (41.2) (43.2) (41.2) (41.4)

Diabetes?, n(%) 4,959 14,847 0.076 4,813 4,803 0.016
(37.0) (40.7) (37.3) (37.2)

Depression®, n(%) 4,823 14,276 0.065 4,668 4,697 0.001
(36.0) (39.1) (36.2) (36.4)

Allergic rhinitis?, n(%) 1,824 5,824 0.066 1,784 1,759 0.002
(13.6) (16.0) (13.8) (13.6)

Pneumonia?, n(%) 2,554 8,603 0.111 2,489 2,525 0.007
(19.1) (23.6) (19.3) (19.6)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information
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The incidence rate of the first COPD exacerbation was 36.91 per 100 per year in
the entire matched cohort. Individuals with LABA/LAMA had an incidence rate of 38.84
per 100 per year, while individuals with LABA/ICS had an incidence rate of 34.58 per
100 per year for a first COPD exacerbation (7able 6). This rate varied between the
subgroups. The incidence rate with regards to a first COPD exacerbation was highest
amongst individuals with more than one COPD exacerbation in the past year (136.36 per
100 per year among LABA/LAMA users and 134.77 per 100 per year among LABA/ICS
users). Individuals with one exacerbation in the past year (54.42 per 100 per year among
LABA/LAMA users and 51.12 per 100 per year among LABA/ICS user), and prior
oxygen use in the preceding year (56.14 per 100 per year among LABA/LAMA users and
54.86 per 100 per year among LABA/ICS users) also had a higher incidence rate of first
COPD exacerbations than the overall population. These results have been presented in

Figure 5.

Table 6. Hazard ratio of time to first COPD exacerbation among new users of LABA/ICS
versus LABA/LAMA in patients with COPD

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)*

LABA/ICS 2,573.65 0.846 (95% Confidence
12,912 890 9 34.581 interval: 0.776-0.923)

LABA/LA 3,099.56 1 (reference group)

MA 12,912 1204 5 38.844

'Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.
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Figure 5. Exacerbation incidence rate per 100 per year, by subgroup
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In the overall cohort, the hazard ratio (HR) for the first exacerbation was 0.846
(95% Confidence interval (CI): 0.776-0.923) for individuals on LABA/ICS as compared
to LABA/LAMA, representing a difference of 15.4% in favor of LABA/ICS FDCs. The
cumulative incidence of a first COPD exacerbation between the two groups has been
depicted in Appendix F. Across various subgroups this HR was statistically significantly
different in the following groups: males (HR: 0.844, 95% CI: 0.745-0.957), females (HR:
0.882, 95% CI: 0.782-0.996), those with no prior oxygen use (0.855, 95% CI: 0.773-
0.946), those with no allergic rhinitis (HR: 0.855, 95% CI: 0.779-0.938), individuals aged
greater than 65 years and less than 75 years (0.880, 95% CI: 0.780-0.993), people aged
greater than 74 years and less than 85 years (HR: 0.853, 95% CI: 0.741-0.981), and those
with zero exacerbations in the past year (HR: 0.790, 95% CI: 0.698-0.895). These results
are depicted in Figures 6 and 7. The complete demographic distributions, and pre- and
post- matching characteristics and distribution for each of the subgroups is presented in

Appendix F.

The statistical significance of the overall results did not change when the
persistence definition was altered to allow a maximum permissible gap of 0 days/no gap
(HR: 0.900, 95% CI: 0.812-0.996), 7 days (HR: 0.861, 95% CI: 0.786-0.945), and 30
days (HR: 0.857, 95% CI: 0.791-0.928) in the days supply, demonstrating the robustness
of the results to the persistence definition. The negative control analysis found that there
was no statistically significant difference in the incidence of GERD between the two
groups (HR: 0.955, 95% CI: 0.875-1.042) and the results are presented in Appendix F.

The intention-to-treat analysis cohort had an average of five times longer follow-up, but
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the results did not change the overall direction and statistical significance of the main

analysis (HR: 0.909, 95% CI: 0.866-0.954).

Hazard Ratio estimates based on Cox-proportional hazards on matched pairs

Overall (N: 12,912 pairs) o——o—o0
0.776 0.846 0.923

Male (N: 6,273 pairs)

i
|
0745  0.844 0957 1
Female (N: 6,563 pairs) — oo :
0782 0882 0996 i
Prior oxygen use (N: 2,292 pairs) ; i
0.788 093 | 1113 :
No prior oxygen use (N: 10,511 pairs) ' 1
0773 0.855 0946 | 1
! i
Allergy (N: 1,726 pairs) : :
0.735 0.946 1 1.217 |
; |
No Allergy (N: 11,115 pairs) ———oo—o | i
0.779 0.855 0938 ! 3
= 3
0 1 i
< Favors LABA-ICS Favors LABA-LAMA-> i

Figure 6. Hazard ratios of the time to first exacerbation between LABA/ICS and
LABA/LAMA, across subgroups
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Hazard Ratio estimates based on Cox-proportional hazards on matched pairs

Overall (N: 12,912 pairs) o——o—o
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74<Age at index< 85 (N: 5,031 pairs)
0.741 0.853 0.98

84<Age at index(N: 1,519 pairs)

0.752 1. 1.335

0 prior COPD exacerbations (N: 9,497 pairs)
0.698  0.79 0.895

1 prior COPD exacerbation (N: 2,058 pairs)

0.743 0.891 1.068

_____________________§._ ———

i

>1 prior COPD exacerbation (N: 1,068 pairs)

0.795 0.945 1.124

o
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& Favors LABA-ICS Favors LABA -LAMA->

Figure 7. Hazard ratios of the time to first exacerbation between LABA/ICS and
LABA/LAMA, across subgroups

Discussion

Our study found that among new users of maintenance single inhaler FDC therapies,
individuals with a prior history of COPD exacerbations in the past year or supplemental
oxygen use in the previous year, had the highest incidence rates of first COPD
exacerbations among Medicare beneficiaries with COPD aged 65 years and older in the
US. Maintenance combination therapy with LABA/ICS was more effective compared to
LABA/LAMA, in terms of reducing the time to the first COPD exacerbation. These

results were consistent across most subgroups.

Compared to prior clinical trials that examined the comparative effectiveness of

LABA/LAMA and LABA/ICS in terms of reducing COPD exacerbations, our study
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results differed from the ones that found LABA/LAMA to be preferred [154—156], or
there to be no differences between the drug classes [157—160]. There could be a number
of potential reasons for this. All the clinical trials that found LABA/LAMA combinations
to be superior to LABA/ICS combinations compared indacaterol/glycopyrronium as the
LABA/LAMA combination and did not have any sites in the US [154—156]. This
combination is not available in the US. The studies that found no difference between the
combinations were not primarily designed to compare exacerbations between the two
drug classes, had limited follow-up periods (6 to 24 weeks), only one had sites based in
the US [158], and only two had drug combinations that are available in the US [158,159].
Inclusion and exclusion criteria, combinations of specific medications, combination types
(fixed dose single inhaler versus dual inhaler), participating nations, and design choices
also varied significantly between the studies. Our findings were in line with the findings
from the IMPACT trial, but they only found LABA/ICS to be marginally better than
LABA/LAMA and did not compare these combinations directly statistically [19]. The
IMPACT trial was based in the US, but it also included individuals with asthma and like
the aforementioned studies, had a limited follow-up period and sample size. The
Cochrane airways group in their recent systematic review and meta-analysis of RCTs
found that in terms of preventing exacerbations, LABA/LAMA and LABA/ICS were
similar [23]. However, when subgroups were compared based on the specific drug used,
the comparison between vilanterol/umeclidinium and LABA/ICS found that LABA/ICS
was favorable in terms of preventing exacerbations. This is in line with the findings from

this study where more than three-fourths of the sample used vilanterol/umeclidinium. The
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comparison between indacaterol/glycopyrronium and LABA/ICS favored the former in

the aforementioned study.

A major challenge with the results from RCTs is their limited external validity.
Travers et al. found that less than 10% of COPD patients in the community would be
eligible to participate in the major COPD trials that inform clinical guidelines, and this
number is probably even lesser in an older Medicare population [29]. Clinical trials are
the gold standard of evidence, however observational studies can help complement them
and provide information that is more generalizable and leverage real-world utilization

data to expand our understanding of these drugs.

Observational studies have employed real-world data to assess the effectiveness
of LABA/LAMA and LABA/ICS combinations in a broader and more representative
setting [20—22]. Studies by Suissa et al. and Samp et al. found that combinations of
LABA/LAMA were as effective as combinations of LABA/ICS [22,163]. However, the
studies were not restricted to single inhaler FDCs. The study by Suissa et al. was based in
the United Kingdom and examined only tiotropium-based LABA/LAMA inhalers.
Tiotropium-based LABA/LAMA FDC inhalers formed a small proportion of the inhalers
used in the US. Wang et al. used Taiwanese population data and found that while some
comparisons favored LABA/ICS (indacaterol/glycopyrronium over formoterol
fumarate/budesonide), some favored LABA/LAMA (vilanterol/umeclidinium over
salmeterol/fluticasone), and others found no statistically significant difference
(comparisons between indacaterol/glycopyrronium and salmeterol/fluticasone,

vilanterol/umeclidinium and formoterol fumarate/budesonide,
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indacaterol/glycopyrronium and formoterol fumarate/beclomethasone dipropionate,
vilanterol/umeclidinium and formoterol fumarate/beclomethasone dipropionate) in terms
of reducing the time to the first COPD exacerbation post drug use. These findings
emphasize the importance of conducting studies that are tailored to the population,
combination, and setting under investigation, based on the medication alternatives that

are currently accessible.

The overall result where LABA/ICS was more effective at reducing the time to
first exacerbation among COPD patients, remained consistent across sex in the subgroup
analyses. This benefit however was no longer statistically significant among individuals
with prior oxygen use, comorbid allergic rhinitis, or any prior exacerbation in the past
year. In all these subgroups the point estimates still favored LABA/ICS, but partly due to
the smaller sample sizes, the confidence intervals were much larger and no longer
statistically significant. One important takeaway from the subgroup analysis was that
among individuals with a prior history of exacerbations, the comparative benefit of
LABA/ICS over LABA/LAMA reduced as the number of prior exacerbations increased.
This result highlighted that the main goal in the management of COPD should to prevent
exacerbations from occurring in the first place, and the interventions to better manage

COPD should target preventing the first exacerbation.

The overall results did not change upon varying the definition of persistence. The
negative control analysis that found no statistically significant difference between the
groups in terms of experiencing the negative control outcome of GERD, helped reduce

the concerns of unmeasured confounding, though it cannot be completely ruled out.
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Our study adds to the literature in several ways as it allowed us to compare these
maintenance medications dispensed by single inhaler devices in a more generalizable
population over a longer follow-up time, using combinations that are available in the US,
and have very limited prior evidence. Further, we compared these medications in an older
and growing Medicare population, which differs considerably from the populations used
in previous studies. We also had a large sample size compared to prior trials. We explored
the comparative effectiveness across various clinically important subgroups. This study is
subject to several limitations. Given that the study was restricted to individuals that were
new users and persistent, the representativeness of the population may be affected.
Further, as with other claims-based data sources, it is not possible to ensure that the
prescribed medications were consumed or even administered correctly. We were not able
to adjust for prior smoking status and other clinical measures such as forced expiratory
volume in 1 second (FEV)) readings and eosinophil counts as this information was not
available. Future research should aim to expand on this work especially by comparing
these drugs in more subgroups in order to identify potential avenues in COPD
management that could benefit from personalized medicine. The comparative
effectiveness of the specific FDCs within a drug class should be further examined in

future research.

Conclusion
Our study examined the comparative effectiveness of LABA/LAMA and LABA/ICS

single inhaler FDCs in the Medicare population in the US using a new user, retrospective
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cohort study design. We found that LABA/ICS combinations were more effective at
reducing the time to first exacerbation compared to the LABA/LAMA combinations.
However, future research should aim to further expand this work by comparing individual
drug combinations in these classes against one another and examine the comparisons

across more subgroups and settings that may contain clinical readings and measures.
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5. CHAPTER 5: Comparative effectiveness of
olodaterol/tiotropium and vilanterol/umeclidinium among
COPD patients: A high-dimensional propensity score
matched new user cohort study in a US Medicare population

Abstract

Introduction

Two long-acting muscarinic antagonist inhaler fixed dose combinations,
olodaterol/tiotropium (OLO/TIO) and vilanterol/umeclidinium (VI/ UMEC), have once-
a-day dosing for managing chronic obstructive pulmonary disease (COPD). Each,
however, in addition to having different ingredients, has a different drug delivery
mechanism; OLO/TIO uses the newer soft mist inhaler, while VI/UMEC uses the dry
powder inhaler. This study aimed to compare these inhalers in terms of ability to prevent
COPD exacerbations over a longer follow-up in a United States (US) Medicare

population.
Methods

We employed a new user, active comparator design using a nationally representative
sample of Medicare Fee-for-Service beneficiaries aged 65 years and above with a
diagnosis of COPD. The outcome of interest was duration to first occurrence of a COPD
exacerbation. To ensure comparability between the groups, we performed 1:3
(VI/UMEC:OLO/TIO) nearest neighbor matching based on their high-dimensional

propensity scores.
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Results

The study included 2,263 initiators of OLO/TIO matched to 6,789 VI/UMEC initiators.
The incidence rate of the first COPD exacerbation was 40.8 per 100 per year (39.9 per
100 per year among OLO/TIO initiators and 41.1 per 100 per year among VI/UMEC
initiators). The adjusted hazard ratio of the time to first COPD exacerbation was 0.948
(95% Confidence interval: 0.813-1.105) for individuals initiating OLO/TIO versus those

initiating VI/UMEC.

Conclusion

We found that there was no statistically significant difference between the two groups,
OLO/TIO and VI/UMEC, in terms of reducing the time to first exacerbation among

COPD patients aged 65 years and older on Medicare in the US.
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Introduction

Chronic obstructive pulmonary disease is (COPD) is a chronic respiratory disorder that
progresses gradually and is distinguished by its obstructive ventilatory pattern, potentially
leading to chronic respiratory failure [30]. COPD is a leading cause of morbidity and
mortality, with consequent detrimental impacts on physical health and mental wellbeing

[5,35,150,151]. COPD is more prevalent in older adults than younger adults [41].

The major therapeutic goal in management of COPD among patients with
moderate to very severe COPD is reduction of exacerbations [32]. Pharmacotherapy,
especially the use of long-acting maintenance inhalation therapy, is the cornerstone of
COPD disease management [182]. In recent years, a variety of long-acting fixed dose
combination (FDC) options have become available for maintenance therapy.
Combinations containing a long-acting beta, agonist (LABA) and a long-acting
muscarinic antagonist (LAMA), due to synergistic effects have been shown to improve
patient outcomes over monotherapy containing only LABA or LAMA, in addition to

simplifying treatment regimens, thereby increasing patient adherence [183,184].

There are several long-acting FDC beta, agonist and muscarinic antagonist
(LABA/LAMA) inhalers available in the United States (US) (Appendix G) [66]. Of these
FDC LABA/LAMA inhalers, only two inhaler combinations, olodaterol/tiotropium
(OLO/TIO) and vilanterol/umeclidinium (VI/UMEC), have once-a-day dosing. Each,
however, in addition to having different ingredients, has different drug delivery
mechanisms; OLO/TIO uses the newer soft mist inhaler (SMI), while VI/UMEC uses a

dry powder inhaler (DPI). These different delivery mechanisms have distinct
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characteristics that could affect drug administration and adherence, which in turn can
affect outcomes such as quality-of-life, number of healthcare visits, and exacerbations
[72,185,186]. While most treatment guidelines direct healthcare providers towards a class
of medication, scant guidance on specific combinations to use is available. Consequently,
there remains substantial uncertainty with regards to the choice of medications, especially
between the most widely used LABA/LAMA combinations in the US: OLO/TIO and
VI/UMEC. A major reason for this lack of direction is the paucity of evidence to inform
guidelines [26,27]. Given that each of these options has a unique efficacy and safety

profile, there exists a potential for personalized COPD management [27].

Most current literature on FDC therapies, specifically OLO/TIO and VI/UMEC, is
focused on comparisons with either placebo or monotherapy [95,187-189]. However,
even these trials were not designed to evaluate the long-term risk of COPD exacerbations
[190]. In terms of direct or indirect comparisons between VI/UMEC and OLO/TIO there
have been very few studies. To compensate for the lack of trials comparing these drugs,
researchers have employed systematic reviews and network meta-analyses to address this
gap [191-195]. The recent systematic review by Fukuda et al., as a part of the Cochrane
airways group, found that though the overall results showed that LABA/LAMA and
LABA/inhaler corticosteroid (ICS) were similar in terms of preventing exacerbations, the
results varied based on the specific LABA/LAMA drug compared [23]. Since systematic
reviews and meta-analyses are only as reliable and informative as the information

available, they too are hampered by the limitations of the contributing trials.
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In addition to lack of information on comparisons between these inhalers directly
from clinical trials, and indirectly through systematic reviews and network meta-analyses,
there also is a lack of evidence from observational studies. Even the trials that reported
COPD exacerbations either were not designed to examine them as an outcome, or had a
limited duration of follow-up, most often both. Further, as Calzetta et al. pointed out, it is
unlikely that these longer duration head-to-head trials will be carried out given the costs
associated with them as well as the lack of interest on part of the manufacturers due to the
potential that the results may be unfavorable to them [191]. Since heterogeneities of
effect may exist, and the fact that the trials were restricted to short follow-up periods for
medications that are intended to be used as maintenance therapy over a longer period,

there is a need to examine this comparison in the population of interest.

The Medicare population, especially patients with COPD, exhibits several unique
characteristics that distinguish it from other populations. Medicare beneficiaries are
predominantly aged 65 years and over and the prevalence of COPD has been shown to
increase with age [196]. Individuals with COPD have a substantial comorbidity burden,
and this burden is even greater among older individuals on Medicare, further
complicating care [35,100,197,198]. In a nutshell, Medicare beneficiaries have poorer
health status, more comorbidities, lower literacy levels, reduced mobility, and suffer from
more chronic conditions compared to their non-Medicare counterparts, thereby making

them unique [99].

Observational studies provide a great opportunity to compare specific

LABA/LAMA combinations with different ingredients and distinct mechanisms of
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delivery. This study aimed to compare once-a-day single inhaler LABA/LAMA FDCs
delivered by a SMI (OLO/TIO) against those delivered through a DPI (VI/UMEC) in
terms of ability to prevent COPD exacerbations over a longer follow-up in a US

Medicare population.

Methods

Data source and study design

A nationally representative sample of Medicare Fee-for-Service beneficiaries was
obtained from the Chronic Conditions Data Warehouse (CCW) database (2013-2019).
This dataset was provided by the Centers for Medicare & Medicaid Services (CMS) and
consists of a 5% random sample of Medicare beneficiaries for years 2013-2016 and a
20% random sample (inclusive of the 5% sample population) of Medicare beneficiaries
for years 2017-2019. Information on demographic characteristics, healthcare utilization,

and diagnoses related to Medicare beneficiaries was available in this dataset.

We employed a new user, active comparator retrospective cohort study design and
compared two different FDC single inhaler LABA/LAMA maintenance therapies
(VI/UMEC and OLO/TIO) that dispense different medications through distinct
mechanisms (soft-mist inhaler and dry powder inhaler) and are comprised of different

therapeutic drugs.
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Study cohort inclusion and exclusion criteria

The study cohort included individuals with a diagnosis of COPD that were aged 65 years
and older for the entire study duration, including the one-year lookback period. The index
date was the date of first prescription of a LABA/LAMA single inhaler FDC (OLO/TIO
or VI/UMEC). The study period was from 1% May 2014 to 31 December 2019, based on
when the LABA/LAMA single inhaler FDCs first became available in the US. In order to
avoid protopathic bias, where a drug is initiated in response to early symptoms, and allow
us to observe the effect of the drugs of interest, the follow-up period started 30 days after
the index date [22,164-168]. To be eligible for inclusion in the cohort, continuous
enrollment in pharmacy and medical benefits in Medicare (Parts A, B, and D coverage)
for at least 12 months prior to index date (lookback period), during the 30-day induction
period, and at least 1 month post the start of follow-up was necessary. Follow-up ended
when the patient stopped being persistent on the medication, died, lost continuous
enrollment, experienced a COPD exacerbation that resulted in healthcare utilization,
added ICS to their regimen, switched to a LABA/ICS FDC, switched to a LABA/LAMA
FDC besides the index medication, switched to LABA/LAMA dual inhaler therapy
(defined as being dispensed both a LABA and LAMA medication on the same day), or
initiated triple therapy. A gap in days of supply less than 14 days was used to define

medication persistence.

Patients with a prior diagnosis of asthma, or lung cancer were excluded from the
study cohort. Further, individuals that used either triple therapy, LABA/LAMA dual
inhaler therapy (defined as the prescription of both the drugs on the same day), or a

LABA/LAMA single inhaler FDC in the lookback period were excluded [24,163].
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Individuals that had Medicare Part C coverage during the study period, experienced a
COPD exacerbation in the induction period, or had a prescription of the medication of
interest for more than 120 days of supply were also excluded. The algorithm used to
identify COPD patients is presented in Appendix C. The study design is schematically

illustrated in Figure 8.

1-year lookback period At least 1 month of follow-up
¢ Covariate determination ¢ Followed till COPD exacerbation, persistent on
No prior use of LABA/LAMA, or triple medication, switching to other LABA/LAMA or
therapy triple therapy, addition of ICS or LABA/ICS, end of
Continuous enrollment in Medicare Part continuous enrollment, ordeath
A, Band Dand no Part Cenrollment 30-day postindex « Continuous enrollment in Medicare Part A, B and
induction period D and no Part C enrollment

) )

T |

!

Index date:
Date of first use
of VI/UMEC or
OoLo/TIO

Figure 8. Study schematic

Outcomes and covariates

The outcome examined in this study was time to first COPD exacerbation following use
of OLO/TIO or VI/UMEC FDCs. COPD exacerbations are defined as the presence of
either an inpatient hospitalization or emergency department visit with a principal
diagnosis for COPD (International Classification of Diseases (Ninth Revision)-Clinical
Modification codes: 491,492, 496; International Classification of Diseases (Tenth

Revision)-Clinical Modification codes: J41-J44) [40,61].
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Covariates included in the propensity score model were investigator defined
covariates and empirically identified covariates, with the latter being determined via the
high-dimensional propensity score (hdPS) algorithm developed by Schneeweiss et al.
[104]. Investigator defined covariates included age, sex, race, year of index date,
supplemental oxygen use in the lookback period, number of prior COPD exacerbations in
the lookback period, number of prescriptions (short-acting bronchodilators, long-acting
bronchodilators, inhaled corticosteroids, and LABA/ICS maintenance medications) in the
lookback period, and prior comorbidities (breast cancer, colorectal cancer, endometrial
cancer, prostate cancer, stroke/transient ischemic attack, acute myocardial infarction,
chronic kidney disease, diabetes, depression, allergic rhinitis, and pneumonia). To avoid
double counting, if an emergency department visit for a COPD exacerbation led to an

inpatient stay, it counted as only one exacerbation.

Statistical analysis

Baseline characteristics of initiators of OLO/TIO and VI/UMEC were presented as
percentages for categorical variables and means for continuous variables. The relative
distribution of these two medications by year, and incidence rate of the first COPD
exacerbation were also reported. Propensity scores estimate the conditional probability of
receiving a treatment, contingent on a number of observed covariates [199,200]. These
scores have been widely used in epidemiological research to adjust for potential
confounding. In this study, we matched the two groups based on the propensity scores
modeled on the probability of being prescribed OLO/TIO and estimated via the hdPS

approach, as this method allows researchers to combine investigator-defined covariates
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with empirically-identified, data-driven covariates [104,169]. Thus, this method allowed

us to optimally use all the data available.

To identify the data-driven covariates, the 200 most frequent codes in each of
eight data dimensions of diagnosis, procedure, and prescription claims from various
settings were identified. Recurrence of the codes and their frequency was accounted for
by creating the following indicator variables: once (>=once); sporadic (>=median); and
frequent (>=75th percentile). This resulted in a total of 4,800 empirically identified
covariates (200 covariates for each dimension*8 dimensions*3 frequency codes). The
method proposed by Bross, which estimates the potential for bias based on the variable’s
prevalence as well as its univariate association with the treatment and outcome, was used
to prioritize the covariates [104,171,172]. The top 200 covariates were empirically
identified to be a part of the propensity score model [104,173,174]. The model used to
estimate the propensity score was a logistic multivariable regression that adjusted for the
selected empirical as well as predefined variables. Matching was implemented using the
1:3 nearest neighbor matching approach. A caliper of 0.05 was utilized to facilitate the
matching [169,175]. Standardized mean differences (SMD) were reported for covariates
between groups, and a histogram of the propensity score distribution was visually
inspected before and after matching to evaluate the degree of balance between the groups.
An absolute SMD of 0.1 or less indicated sufficient balance between the two groups
[105,177]. More details on the implementation of hdPS have been outlined in Appendix

D.
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Hazard ratios of the time to first COPD exacerbation were estimated using Cox
regression models. To examine the sensitivity of the results to the definition of
persistence, the definition was altered from a maximum permissible gap of 14 days in
days of supply for the index medication in the main analysis to a maximal permissible
gap of (1) 0 days, (i) 7 days, and (iii) 30 days. To evaluate the presence of unmeasured
confounding, we conducted a negative control analysis. For the negative control analysis,
the study design criteria mentioned above were utilized with one major alteration; the
outcome of interest was changed to gastroesophageal reflux disease (GERD), for which
no association is expected with the exposure [20,178,179]. More information on the
negative control analysis is provided in Appendix E. An intention-to-treat design,
wherein individuals remained in the group based on the index medication regardless of
discontinuation, augmentation, or switching of the index medication was carried out as a
sensitivity analysis [180,181]. All analyses were carried out using SAS Studio software.

The level of confidence and statistical significance was determined at the 95% level.

Results

The study cohort included a total of 16,072 new initiators of LABA/LAMA (OLO/TIO or
VI/UMEC) with a diagnosis of COPD. 2,739 were new OLO/TIO users and 13,333 were
new VI/UMEC users. Post-matching, there were 2,263 users of OLO/TIO and 6,789
users of VI/UMEC. Both groups had similar mean age (76 years) and evenly distributed
sex. Initiators of VI/UMEC had a higher proportion of supplemental oxygen use and a

greater number of prescriptions for long-acting bronchodilators in the one-year lookback
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period, pre-matching. Post-matching, the groups were balanced on all covariates. The
pre- and post-matching characteristics of these individuals, stratified by the index drug,
have been presented in Table 7. The graphical representation of the propensity score

distribution before and after matching is provided in Appendix H.

Among the initiators of OLO/TIO and VI/UMEC, the percentage of VI/UMEC
initiators changed from 100% in 2014 to 85% in 2015 and 74% in 2016 following the
introduction of OLO/TIO. Since 2017 there has been a steady rise in the percentage of
VI/UMEC initiators from 78% in 2017 to 85% in 2019. The distribution of new drug
initiation in the pre-matched cohort has been presented in Figure 9. The length of follow-
up in the matched groups was an average of 2.8 months (maximum: 43.6 months) for

OLO/TIO initiators and 3.1 months (maximum: 67 months) for VI/UMEC initiators.

The incidence rate of the first COPD exacerbation was 40.8 per 100 per year (39.9
per 100 per year among OLO/TIO initiators and 41.1 per 100 per year among VI/UMEC
initiators). The adjusted hazard ratio (HR) of the time to first COPD exacerbation was
0.948 (95% Confidence interval (CI): 0.813-1.105) for individuals initiating OLO/TIO
versus those initiating VI/UMEC. The main results have been presented in Table 8 and
the corresponding cumulative incidence curves for the comparators have been presented

in Appendix H.
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Table 7. Characteristics of study population by drug, before and after matching

Before matching After matching
Variables OLO/TIO | VI/UME | Stand | OLO/TI | VI/UME | Standardi
(N=2,739) | C ardize | O C zed
(N=13,33 | d (N=2,26 | (N=6,789 | difference
3) differ | 3) )
ence
Age in years!, Mean+SD 75.5+6.5 75.7+6.7 | 0.027 | 75.646.6 | 75.6+6.7 | 0.009
Sex: Female, n(%) 1,346 6,851 0.026 | 1,141 3,429 0.002
(49.1) (51.4) (50.4) (50.5)
Race: Black, n(%) 93 (3.4) 638 (4.8) | 0.045 | 86(3.8) | 269(4.0) | 0.008
Race: White, n(%) 2,474 11,778 0.070 | 2,028 6,067 0.008
(90.3) (88.3) (89.6) (89.4)
Race: Other, n(%) 172 (6.3) 917 (6.9) | 0.064 | 149 (6.6) | 453(6.7) | 0.004
Number of COPD 0.6+1.3 0.5+1.2 0.045 | 0.5+1.2 0.5+1.2 0.006

exacerbations?, Mean+SD

Number of prescriptions for 1.6+3.0 1.0+£2.5 0.204 | 1.1+24 1.0+2.5 0.024
long-acting bronchodilators?,
Mean+SD

Number of prescriptions for 1.8+3.3 1.6+3.0 0.070 | 1.6£3.1 1.6+3.0 0.005
short-acting bronchodilators?,
Mean+SD

Number of prescriptions for 0.4+£1.1 0.4+1.2 0.006 | 0.4£1.1 0.4£1.2 0.011
inhaled corticosteroids?,
Mean+SD

Number of prescriptions for 0.8+2.1 0.9+2.2 0.026 | 0.8+2.2 0.8+2.1 0.019
LABA/ICS?, Mean+SD

Supplemental oxygen use?, 664 (24.2) | 2,692 0.227 | 479 1,386 0.019
Mean+SD (20.2) (21.2) (20.4)

Breast cancer®, n(%) 132 (4.8) 656 (4.9) | 0.098 | 112 (4.9) | 330(4.9) | 0.004
Colorectal cancer?, n(%) 56 (2.0) 318 (2.4) | 0.005 |51(2.3) |154(2.3) | 0.001
Endometrial cancer®, n(%) 7(0.3) 68 (0.5) 0.023 | 7(0.3) 20 (0.3) 0.003
Prostate cancer?, n(%) 164 (6.0) 710(5.3) | 0.041 | 124(5.5) | 393(5.8) | 0.013
Stroke-Transient Ischemic 233 (8.5) 1,328 0.029 | 211(9.3) | 624 (9.2) | 0.005
attack®, n(%) (10.0)

Acute myocardial infarction®, | 102 (3.7) 531(4.0) | 0.050 | 81(3.6) 257 (3.8) | 0.011
n(%)

Chronic kidney disease?, 1,046 5,499 0.013 | 879 2,633 0.001

n(%) (38.2) (41.2) (38.8) (38.8)

Diabetes®, n(%) 949 (34.6) | 4,900 0.062 | 793 2,387 0.002
(36.8) (35.0) (35.2)

Depression®, n(%) 949 (34.6) | 4,859 0.044 | 794 2,370 0.004
(36.4) (35.1) (34.9

Allergic rhinitis?, n(%) 419 (15.3) | 1,812 0.038 | 325 951 0.010
(13.6) (14.4) (14.0)

Pneumonia?, n(%) 546 (19.9) | 2,658 0.049 | 431 1,309 0.006
(19.9) (19.0) (19.3)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information; LABA/ICS: Long-acting Beta,-agonist/Inhaled corticosteroid combination
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Figure 9. Proportion of OLO/TIO and VI/UMEC new initiation by year

Table 8. Hazard ratio of time to first COPD exacerbations among new users of OLO/TIO
versus VI/UMEC in patients with COPD

Treatment | Number of Number of | Person Rate per 100 | Hazard ratio (post

group patients events years per year matching)?

OLO/TIO 0.948 (95% Confidence
2,263 211 528.6 39.916 interval: 0.813-1.105)

VI/UMEC | 6,789 717 1,746.1 | 41.063 1 (Reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

The results were not sensitive to the definition of persistence and changing this

definition did not change the statistical significance of the results. When the maximal

permissible gap in days of supply was increased to 30 days, the HR of the time to first

COPD exacerbation for OLO/TIO versus VI/UMEC was 0.940 (95% CI: 0.813-1.086).

When the maximum permissible gap was decreased, the corresponding HRs were 0.947
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(95% CI: 0.802-1.117) when decreased to a gap of 7 days and 0.964 (95% CI: 0.797-
1.165) when decreased to a gap of 0 days for OLO/TIO versus VI/UMEC. The negative
control analysis found no statistically significant difference between the two groups for
incidence of GERD, among these patients (HR: 1.055, 95% CI: 0.903-1.233 for
OLO/TIO versus VI/UMEC). The results of the intention-to-treat analysis did not differ
from the overall conclusion of the main analysis (HR: 0.987, 95% CI: 0.902-1.081), but

the follow-up period was four times longer compared to the main, as-treated analysis.

Discussion

Among COPD patients aged 65 and greater and on Medicare in the US, we found the
percentage of VI/UMEC initiators was 85% of once-a-day FDC inhaler initiators. The
OLO/TIO and VI/UMEC drug combinations belong to the same long-acting maintenance
medication class of LABA/LAMA but operate through different mechanisms of delivery.
VI/UMEC utilizes DPI and OLO/TIO uses SMI. Among these new initiators, there was
no statistically significant difference between OLO/TIO and VI/UMEC in terms of

reducing the time to first exacerbation.

Prior work has examined the effectiveness of OLO/TIO and VI/UMEC in terms
of preventing COPD exacerbations. The clinical trials are mainly restricted to comparison
of the FDCs against placebo or monotherapy. Buhl et al. in their 52-week two replicate,
randomized, double-blind, parallel-group, multicenter, phase III trials (TOnado 1 and 2)
found that there was a reduction in exacerbations with OLO/TIO versus the monotherapy

components [189]. In the 2013 24-week, double-blind, placebo-controlled, parallel-group
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study, Donohue et al. examined the efficacy and safety of once-daily, inhaled VI/UMEC
in patients with COPD [187]. They found that VI/UMEC was associated with a lower risk
of COPD exacerbations than placebo. In the study by Donohue et al. in 2014, the safety
and tolerability of once-daily VI/UMEC was compared against placebo in a 52-week,
randomized, double-blind, placebo-controlled study [188]. Unsurprisingly, the
medication was better at reducing COPD exacerbation than placebo. These previous
studies were not designed to evaluate the long-term risk of COPD exacerbations, and
additional studies are needed to evaluate the effectiveness in reducing exacerbations,
especially against an active comparator. Calverley et al. in their 52-week double-blind,
randomized, parallel-group, active-controlled trial (DYNAGITO) compared the
combination OLO/TIO versus tiotropium alone [95]. Their findings suggested that the
reduction in exacerbation rates was smaller than anticipated and failed to reach the
planned level of significance. However, there were subgroups of patients that showed
large improvements. This further highlights the need for studies in population that may be
of interest and vastly different from the populations used in clinical trials, such as the

population of Medicare beneficiaries in the US.

In their post hoc analysis of an eight-week, randomized, open-label, assessor-
blind, two-period crossover study [190], Navarrete et al. found that the incidence of
exacerbations was low and similar between VI/UMEC and OLO/TIO [201]. However,
there is a need for long-term studies to assess differences between the two groups in
terms of the COPD exacerbations. Schluter et al. in their systematic review and meta-
analysis found that there were non-significant differences in terms of exacerbations

across the LABA/LAMA combination treatment comparisons [192]. The Tiotropium
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Respimat Inhaler and the Risk of Death in COPD (TIOSPIR) trial found similar safety
and exacerbations efficacy profiles between DPI and SMI inhalers. These findings are in
line with the results of our study. On the other hand, Lee et al. in their systematic review
and Bayesian network meta-analysis found that VI/UMEC was significantly superior to
OLO/TIO in terms of reducing the number of total exacerbations [195]. The studies by
Schluter et al. and Lee et al. included trials that were not designed to evaluate COPD

exacerbations.

Our study adds to the current knowledge base on several fronts. It compared the
two most widely used LABA/LAMA maintenance medications in a US-based Medicare
population using real-world data. Head-to-head trials are unlikely to be carried out
comparing these drugs due to the costs associated with them and the uncertainty of results
[191]. Further, this study overcomes the limitation of prior clinical studies and meta-
analysis that have been hindered by limited length of follow-up as well as being based on
trials not designed to compare these drugs in terms of COPD exacerbations. However,
this study is an observational study based on claims data and thereby is not immune to the
limitations inherent to these types of studies. While drug claims are a great source of
information on medications that have been prescribed and dispensed, they are not able to
provide information on whether medications were consumed correctly, if consumed at all.
Further, we were not able to account for clinical information such as forced expiratory
volume in 1 second (FEV)) values and blood eosinophil counts, and also restricted our
study cohort to new users of the medications while they were persistent on their
medications. The latter may limit the representativeness of the results. Based on this

study, it would not be possible to disentangle the effects of the different mechanisms of
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delivery from the different drug combinations. Future research should look to evaluate
this comparison in other populations. Given that generic options are not available, and
that previous research has found cost-effectiveness differences outside US [202], addition
of a cost-element into this comparison in the form of a cost-effectiveness study can also

potentially help with comparing these drugs on multiple criteria.

Conclusion

Our study examined the comparative effectiveness of once-daily FDC LABA/LAMA
inhalers of VI/UMEC and OLO/TIO that operate through different mechanisms of action
in terms of reducing the time to first COPD exacerbation. We found that there was no
statistically significant difference between the two groups, OLO/TIO and VI/UMEC, in
terms of reducing the time to first exacerbation among COPD patients aged 65 years and
older and on Medicare in the US. Future studies should aim to expand on this work, in

different populations and settings.
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6. CHAPTER 6: Summary, Implications, and Future direction

Summary

We quantified the economic burden of COPD in the US using nationally representative
data. We found that there was a significant increase in the cost of COPD management
over the past few years, and a key driver of this increased cost was prescription drugs. A
shift in the management of COPD was also demonstrated, compared to prior, comparable
research. While prescription drug costs rose multifold, inpatient spending on COPD fell.
This change was indicative of a change in the way COPD is managed. At the same time,
there was an increase in the out-of-pocket burden on patients, especially for drugs used to
manage COPD. These costs remain high and continue to be a barrier for filling
prescription drugs and maintaining adherence, especially among socioeconomically

deprived patients.

We also examined the comparative effectiveness of maintenance inhaler
medication FDCs of LABA/ICS and LABA/LAMA in an older Medicare population.
This population is unique in many ways, especially given the increased comorbidity
burden among older patients with COPD. We found that prior COPD exacerbations and
supplemental oxygen use were associated with increased incidence rates of COPD
exacerbations. We also found that among these COPD patients, initiation of LABA/ICS
led to a statistically significant reduction in the time to a COPD exacerbation. This result

remained largely consistent across the various subgroups examined.

Clinical guidelines provide scant direction with regards to the choice of a

combination medication within a class. We examined the comparative effectiveness of
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LABA/LAMA FDC combinations of VI/UMEC and OLO/TIO single inhaler FDCs in a
Medicare population with COPD. We found no statistically significant difference
between the combinations in terms of preventing COPD exacerbations. In addition to
having different pharmacological components, these combinations have different
mechanisms of delivery; VI/UMEC uses a DPI while OLO/TIO uses a SMI mode of

delivery.

Implications

The updated estimates of COPD’s economic burden have critical implications for
interventions aimed at better managing the disease and reducing expenses. By
understanding the economic impact, policymakers and healthcare providers can allocate
resources effectively and design targeted interventions to optimize COPD management
practices. These findings provide a basis for evaluating the cost-effectiveness of various
interventions, such as early detection programs, smoking cessation initiatives, and
improved access to affordable treatments. Changes in COPD management practices and
associated costs can significantly influence decision-making processes for various
stakeholders, including policymakers, healthcare providers, patients, and other relevant
parties. Our study results offer valuable guidance for these stakeholders, helping them
make informed decisions regarding resource allocation, policy development, and
identification of areas where cost reductions are feasible. Informed decision-making can
lead to improved patient care, enhanced policy effectiveness, and optimized healthcare

resource utilization.
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There exists a lot of contrasting evidence around the choice of FDC single inhaler
combination medication class. Studies differ by type (RCTs, observational studies,
systematic reviews, and meta-analyses), location of conduct, medications included,
inclusion and exclusion criteria, etc. These all contribute to the heterogeneity of the
results. Thus, there is a need for population specific comparisons between available
treatment options in the population of interest. This study was carried out in a sample of
Medicare beneficiaries, and this population generally consists of vulnerable older adults
with an increased burden of comorbidities. They represent a significant proportion of the
aging US population, and these results can provide guidance on the choice of
maintenance medications. Further we identified subgroups that experienced an increased
incidence rate of exacerbations and could benefit from targeted interventions. The results
from this dissertation could help guide therapy choices and optimize the management of

COPD, especially among Medicare beneficiaries in the US.

The choice of a specific medication among a class of maintenance medications
can help take a step closer to optimizing disease management through the implementation
of personalized medicine. In this analysis, we did not find a statistically significant
difference between the LABA/LAMA single inhaler FDCs (VI/UMEC and OLO/TIO)
compared in terms of prevention of COPD exacerbations. However, this result can help
healthcare providers, and patients choose between these two medications based on other

factors such as patient preference, costs, and adherence to the medications.
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Future direction

COPD is a condition that leads to not only significant direct medical costs, but also
indirect medical, direct non-medical, and other societal costs. These non-direct medical
costs may include caregiver costs, costs of absenteeism, transportation costs, lost
productivity costs, and costs due to premature death, among others. Future research
should aim to examine these costs in more detail. Although policies aimed at enhancing
medication access and reducing copays can result in long-term cost savings for the
healthcare system, it is equally crucial to prioritize the provision of appropriate
medications tailored to the unique clinical needs and preferences of individual COPD
patients. Therefore, future investigations should focus on exploring the influence of
patient preferences on both treatment adherence and clinical outcomes. By doing so, a
more comprehensive understanding of the interplay between patient preferences,
adherence, and treatment outcomes can be gained, ultimately informing the development
of personalized interventions, improving patient care and reducing the cost of COPD

management.

While this dissertation aimed to examine the potential heterogeneity in terms of
preference of LABA/LAMA or LABA/ICS in various subgroups based on demographic
and clinical factors, we were limited to information that was available in claims data. Use
of data that contains information on clinical information and laboratory values such as
FEV, readings and eosinophil count values to define these subgroups can help expand
this work further. Also, given the uniqueness of Medicare beneficiaries with COPD,

expansion of this work to other patient populations, specific to the setting may be needed.

88



Given that the comparison between OLO/TIO and VI/UMEC yielded no
statistically significant differences between the groups in terms of preventing COPD
exacerbations, future research can expand on this work to include other components. One
such component may be patient adherence to the medications. Another component could
be the addition of costs in the comparison between medications. These additional
components could be utilized to inform choice of treatment to provide optimal patient
care. Future research should look to further explore the potential for personalized
medication in COPD patients and how this may help reduce the high cost burden it

imposes.
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7. Appendix

Appendix A: COPD medication classification

Appendix table 1. Classification of medications used for COPD, based on GOLD

guidelines

Drug class

Specific medications

Short-acting Beta,-Agonists (SABA)

Fenoterol
Levalbuterol
Salbutamol (albuterol)
Terbutaline

Long-acting Betas-Agonists (LABA)

Arformoterol
Formoterol
Indacaterol
Olodaterol
Salmeterol

Short-acting muscarinic antagonist (SAMA)

Ipratropium bromide
Oxitropium bromide

Long-acting muscarinic antagonist (LAMA)

Aclidinium bromide
Glycopyrronium bromide
Tiotropium
Umecledinium
Glycopyrrolate
Revefenacin

Combination of Short-acting Beta-Agonist and
muscarinic antagonist in one device
(SABA/SAMA)

Fenoterol/ipratropium
Salbutamol/ipratropium

Combination of Long-acting Beta,-Agonist and
Anticholinergic in one device (LABA/LAMA)

Formoterol/aclidinium
Formoterol/glycopyrronium
Indacaterol/ glycopyrronium
Vilanterol/umeclidinium
Olodaterol/tiotropium

Combination of Long-acting Beta,-Agonist and
inhaled corticosteroid in one device
(LABA/ICS)

Formoterol/beclomtasone
Formoterol/budesonide
Formoterol/mometasone
Salmeterol/fluticasone
Vilanterol/fluticasone furoate

Triple combination in one device

Fluticasone/umeclidinium/vilanterol
Beclometasone/formoterol/glycopyrronium

MethylIxanthines Aminophylline
Theophylline

Phosphodiesterase-4-inhibitors Roflumilast

Mucolytic agents Erdosteine

Carbocysteine
N-acetylcysteine
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Appendix B: Aim 1 results (Regression results by service category)
Appendix table 2. Results of marginal effect two-part regression to determine excess
cost of COPD on prescription drug healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | -24.69 244.24 0.92
Race=0Other/Multiple reported -113.18 346.55 0.74
Age=50-54 years Age=45-50 years | 1,121.26 509.54 0.03
Age=55-59 years 397.88 342.12 0.25
Age=60-64 years 202.38 345.29 0.56
Age=65-69 years 282.20 333.32 0.40
Age=70-74 years 173.90 356.46 0.63
Age=75-79 years -257.61 330.85 0.44
Age=80 years and older 36.60 329.83 0.91
Marital status=Currently married Marital

status=Not

currently married | 103.90 171.17 0.54
Region= Northeast Region=South 190.57 220.94 0.39
Region= Midwest -182.07 243.71 0.46
Region=West -1.11 302.64 1.00
Sex= Female Sex= Male -221.68 182.10 0.22
Highest education: High School/ Highest
GED education: less 689.82 204.38 <0.01
Highest education: other degree than High school | 785.69 334.26 0.02
Highest education: Bachelors
degree 578.85 260.45 0.03
Highest education: Masters/PhD
degree 1,042.12 341.93 <0.01
Current smoker Not current

smoker 364.17 250.78 0.15
Insurance= Uninsured Insurance= Any -2,165.19 645.76 <0.01
Insurance= Public only private 162.36 151.24 0.28
Family income= Poor Family income= 759.18 219.18 <0.01
Family income= Near poor Medium 939.48 405.57 0.02
Family income= Low 113.68 205.25 0.58
Family income=High 87.77 187.49 0.64
Angina -190.57 240.82 0.43
Arthritis 1,099.03 161.02 <0.01
Asthma 1,201.76 236.85 <0.01
Cancer 1,091.18 224.31 <0.01
Chronic heart disease 969.52 241.65 <0.01
High cholesterol 157.59 187.07 0.40
Diabetes 2,774.39 142.79 <0.01
High blood pressure -108.64 161.06 0.50
Myocardial infarction 27.91 211.32 0.90
Other heart conditions 851.21 175.24 <0.01
Stroke 736.45 231.02 <0.01
Depression 861.90 156.92 <0.01
Anxiety 1,374.14 201.48 <0.01
Chronic Obstructive Pulmonary
Disease 1,886.97 216.07 <0.01
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Appendix table 3. Results of marginal effect two-part regression to determine excess
cost of COPD on emergency room healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | 25.56 20.37 0.21
Race=0Other/Multiple reported -71.66 40.63 0.08
Age=50-54 years Age=45-50 years | -3.31 31.94 0.92
Age=55-59 years -18.70 32.42 0.56
Age=60-64 years -37.03 31.35 0.24
Age=65-69 years -54.55 32.93 0.10
Age=70-74 years -136.69 35.12 0.00
Age=75-79 years -104.77 36.64 <0.01
Age=80 years and older -35.69 31.33 0.26
Marital status=Currently married Marital

status=Not

currently married | -21.52 16.10 0.18
Region= Northeast Region=South 20.83 24.29 0.39
Region= Midwest -18.65 25.32 0.46
Region=West 68.65 22.33 <0.01
Sex= Female Sex= Male 15.92 15.70 0.31
Highest education: High School/ Highest
GED education: less 6.51 23.22 0.78
Highest education: other degree than High school | 0.61 28.97 0.98
Highest education: Bachelors
degree -26.65 29.26 0.36
Highest education: Masters/PhD
degree -23.74 31.07 0.45
Current smoker Not current

smoker 43.60 21.39 0.04
Insurance= Uninsured Insurance= Any -242.83 42.23 <0.01
Insurance= Public only private -62.49 18.27 <0.01
Family income= Poor Family income= | 28.78 27.70 0.30
Family income= Near poor Medium -44.40 29.90 0.14
Family income= Low -8.01 21.20 0.71
Family income=High 7.48 20.59 0.72
Angina 82.66 36.34 0.02
Arthritis 103.25 15.82 <0.01
Asthma 39.30 20.67 0.06
Cancer 35.76 17.99 0.05
Chronic heart disease 8.52 23.75 0.72
High cholesterol 20.36 15.71 0.20
Diabetes 35.34 16.48 0.03
High blood pressure 68.62 16.33 <0.01
Myocardial infarction 60.60 27.42 0.03
Other heart conditions 95.41 15.46 <0.01
Stroke 115.08 23.10 <0.01
Depression 42.09 17.85 0.02
Anxiety 61.98 20.45 <0.01
Chronic Obstructive Pulmonary
Disease 137.11 29.82 <0.01
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Appendix table 4. Results of marginal effect two-part regression to determine excess cost of
COPD on inpatient healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | -242.10 229.93 0.29
Race=0Other/Multiple reported -625.04 338.86 0.07
Age=50-54 years Age=45-50 years | 782.17 362.13 0.03
Age=55-59 years 657.49 354.24 0.06
Age=60-64 years 1,002.40 343.24 <0.01
Age=65-69 years 867.19 340.95 0.01
Age=70-74 years 774.37 391.89 0.05
Age=75-79 years 684.32 359.35 0.06
Age=80 years and older 1,183.91 349.16 <0.01
Marital status=Currently married Marital

status=Not

currently married | -21.65 156.56 0.89
Region= Northeast Region=South 415.79 293.20 0.16
Region= Midwest 213.74 206.85 0.30
Region=West 302.51 213.32 0.16
Sex= Female Sex= Male -345.80 150.63 0.02
Highest education: High School/ Highest
GED education: less -17.40 235.19 0.94
Highest education: other degree than High school | -119.96 322.09 0.71
Highest education: Bachelors
degree -529.61 298.01 0.08
Highest education: Masters/PhD
degree -413.84 348.48 0.24
Current smoker Not current

smoker 124.41 197.76 0.53
Insurance= Uninsured Insurance= Any -4,010.39 615.30 <0.01
Insurance= Public only private -449.63 185.44 0.02
Family income= Poor Family income= | 99.29 233.86 0.67
Family income= Near poor Medium 31.28 299.76 0.92
Family income= Low 128.37 237.11 0.59
Family income=High -189.34 198.13 0.34
Angina -84.85 317.19 0.79
Arthritis 368.82 164.28 0.03
Asthma 113.28 218.82 0.61
Cancer 792.18 189.00 <0.01
Chronic heart disease 579.28 216.26 <0.01
High cholesterol -293.36 161.98 0.07
Diabetes 605.52 181.17 <0.01
High blood pressure 1,025.25 189.98 <0.01
Myocardial infarction 1,231.69 244.08 <0.01
Other heart conditions 802.41 161.87 <0.01
Stroke 1,063.85 226.70 <0.01
Depression 698.20 218.04 <0.01
Anxiety 378.99 216.71 0.08
Chronic Obstructive Pulmonary
Disease 1,002.76 233.06 <0.01
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Appendix table 5. Results of marginal effect two-part regression to determine excess
cost of COPD on office-based healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | -169.36 163.62 0.30
Race=0Other/Multiple reported -665.94 165.08 <0.01
Age=50-54 years Age=45-50 years | 418.46 224.80 0.06
Age=55-59 years 287.38 203.85 0.16
Age=60-64 years 642.92 255.36 0.01
Age=65-69 years 283.29 203.83 0.17
Age=70-74 years 466.19 214.81 0.03
Age=75-79 years 423.05 220.50 0.06
Age=80 years and older 359.35 233.84 0.13
Marital status=Currently married Marital

status=Not

currently married | -80.08 97.30 0.41
Region= Northeast Region=South -12.01 136.66 0.93
Region= Midwest 21.90 157.02 0.89
Region=West 106.33 142.88 0.46
Sex= Female Sex= Male 202.78 96.32 0.04
Highest education: High School/ Highest
GED education: less 401.53 192.77 0.04
Highest education: other degree than High school | 577.51 231.08 0.01
Highest education: Bachelors
degree 678.57 203.97 <0.01
Highest education: Masters/PhD
degree 972.19 213.38 <0.01
Current smoker Not current

smoker -185.43 179.71 0.30
Insurance= Uninsured Insurance= Any -2,223.57 316.24 <0.01
Insurance= Public only private -34.65 109.67 0.75
Family income= Poor Family income= -5.84 172.05 0.97
Family income= Near poor Medium -92.48 219.44 0.67
Family income= Low -218.32 169.26 0.20
Family income=High 233.75 108.90 0.03
Angina -295.59 208.22 0.16
Arthritis 737.35 103.12 <0.01
Asthma 434.88 128.18 <0.01
Cancer 1,180.95 137.14 <0.01
Chronic heart disease 782.18 181.53 <0.01
High cholesterol 133.12 97.44 0.17
Diabetes 623.99 167.13 <0.01
High blood pressure 204.97 107.52 0.06
Myocardial infarction 122.18 199.57 0.54
Other heart conditions 752.11 118.43 <0.01
Stroke 338.94 165.79 0.04
Depression 544.03 108.88 <0.01
Anxiety 621.58 110.19 <0.01
Chronic Obstructive Pulmonary
Disease 383.59 170.97 0.03
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Appendix table 6. Results of marginal effect two-part regression to determine excess

cost of COPD on outpatient healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | 34.65 96.19 0.72
Race=0Other/Multiple reported -248.73 150.78 0.10
Age=50-54 years Age=45-50 years | 118.01 126.84 0.35
Age=55-59 years 181.19 117.94 0.13
Age=60-64 years 241.29 111.24 0.03
Age=65-69 years 225.88 115.19 0.05
Age=70-74 years 7.23 124.24 0.95
Age=75-79 years -26.08 133.61 0.85
Age=80 years and older -46.91 152.04 0.76
Marital status=Currently married | Marital

status=Not

currently married | -52.16 65.09 0.42
Region= Northeast Region=South 407.55 81.98 <0.01
Region= Midwest 322.15 82.39 <0.01
Region=West 41.66 85.35 0.63
Sex= Female Sex= Male 84.03 59.75 0.16
Highest education: High School/ | Highest
GED education: less 166.55 103.02 0.11
Highest education: other degree than High school | 294.21 132.72 0.03
Highest education: Bachelors
degree 259.95 120.75 0.03
Highest education: Masters/PhD
degree 382.06 130.57 <0.01
Current smoker Not current

smoker 27.91 86.81 0.75
Insurance= Uninsured Insurance= Any | -531.38 556.61 0.34
Insurance= Public only private -189.92 68.22 <0.01
Family income= Poor Family income= | -116.82 122.07 0.34
Family income= Near poor Medium 20.29 145.70 0.89
Family income= Low -104.58 103.69 0.31
Family income=High 78.81 70.70 0.27
Angina 132.58 167.06 0.43
Arthritis 203.86 66.99 <0.01
Asthma 298.06 73.90 <0.01
Cancer 515.24 76.48 <0.01
Chronic heart disease 299.36 122.07 0.02
High cholesterol 18.84 65.54 0.77
Diabetes 109.99 69.53 0.12
High blood pressure 242.47 60.99 <0.01
Myocardial infarction -115.14 132.35 0.39
Other heart conditions 363.06 75.83 <0.01
Stroke 218.51 100.99 0.03
Depression 268.23 85.44 <0.01
Anxiety 258.53 77.14 <0.01
Chronic Obstructive Pulmonary
Disease 132.91 117.26 0.26
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Appendix table 7. Results of marginal effect two-part regression to determine excess
cost of COPD on home health healthcare expenditure

Covariate Reference Marginal Standard p- value
effect error

Race=Black only Race=White only | 257.88 75.70 <0.01
Race=0Other/Multiple reported 114.23 125.34 0.36
Age=50-54 years Age=45-50 years | 69.73 161.31 0.67
Age=55-59 years 38.11 166.57 0.82
Age=60-64 years 176.49 150.30 0.24
Age=65-69 years 416.39 149.51 <0.01
Age=70-74 years 314.10 151.11 0.04
Age=75-79 years 558.13 166.38 <0.01
Age=80 years and older 1,025.83 176.58 <0.01
Marital status=Currently married Marital

status=Not

currently married | -241.17 61.83 <0.01
Region= Northeast Region=South 182.33 73.61 0.01
Region= Midwest 4.87 72.26 0.95
Region=West 1.00 93.43 0.99
Sex= Female Sex= Male -74.19 62.81 0.24
Highest education: High School/ Highest
GED education: less -340.58 89.75 <0.01
Highest education: other degree than High school | -321.65 117.00 <0.01
Highest education: Bachelors
degree -306.53 126.78 0.02
Highest education: Masters/PhD
degree -444.51 147.05 <0.01
Current smoker Not current

smoker -239.47 86.99 <0.01
Insurance= Uninsured Insurance= Any -1,171.01 287.57 <0.01
Insurance= Public only private 266.55 78.53 <0.01
Family income= Poor Family income= | 361.72 79.51 <0.01
Family income= Near poor Medium 328.95 134.19 0.02
Family income= Low 188.62 78.90 0.02
Family income=High -188.18 85.49 0.03
Angina 34.95 99.01 0.72
Arthritis 96.45 68.05 0.16
Asthma -2.14 70.09 0.98
Cancer 219.59 72.75 <0.01
Chronic heart disease 95.13 81.95 0.25
High cholesterol 1.50 68.99 0.98
Diabetes 265.77 69.15 <0.01
High blood pressure 40.81 75.40 0.59
Myocardial infarction 246.61 79.02 <0.01
Other heart conditions 39.76 58.98 0.50
Stroke 390.85 78.35 <0.01
Depression 242.86 82.01 <0.01
Anxiety 285.09 88.70 <0.01
Chronic Obstructive Pulmonary
Disease 249.57 76.90 <0.01
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Appendix C: Definition of COPD algorithm

Appendix table 8. Definition of COPD algorithm

Valid ICD-9/ CPT4/ HCPCS
Codes

Valid ICD-
10/CPT4/HCPCS
Codes

Number/Type of Claims to
Qualify?

DX 490, 491.0, 491.1, 491.8,
491.9, 492.0, 492.8, 491.20,
491.21, 491.22, 494.0, 494.1,
496 (any DX on the claim)

DX J40, J41.0, J41.1,
J41.8,J42,J43.0, J43.1,
J43.2,J43.8, J43.9,
J44.0,J44.1, J44.9,
J47.0,J47.1, J47.9 (any
DX on the claim)

At least 1 inpatient,
SNF, HHA OR 2 HOP
OR Carrier claims with
DX codes

! Carrier claims refer to claim types 71 and 72 (not durable medical equipment [DME] claim types 81 or 82),
and excludes any claims for which line item Berenson-Eggers Type of Service (BETOS) code variable equals
DIA, D1B, DIC, D1D, D1E, DIF, D1G (which is DME), or O1A (which is ambulance services). The intent
of the algorithm is to exclude claims where the services do not require a licensed health care professional.

When two claims are required, they must occur at least one day apart.

ICD: International Classification of Disease; CPT: Current Procedural Terminology; HCPCS: Healthcare
Common Procedure Coding System; DX: Diagnosis; SNF: Skilled nursing facility; HHA: Home health

agency; HOP: Hospital outpatient; DX: Diagnosis
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Appendix D: Steps, data dimensions, and details on the implementation of hdPS

Appendix table 9. Steps in implementing hdPS

1. Identifying covariates

Il. Prioritizing covariates

I11. Estimating treatment
effect

1. Identified covariates as (a)
predefined and investigator defined
covariates; (b) determined data
dimensions & observation period for
empirical covariate assessment.

4. Prioritized covariates by
calculating the bias for each
covariate using the Bross
formula and ranked them
based on this bias.

6. Estimated propensity score
using multivariable
regression, adjusting for the
empirical as well as
predefined variables.

2. Assessed the prevalence of codes
and determined of the level of
granularity.

3. Assessed the frequency of

recurring codes as: once (>=once),

sporadic (>=median) and frequent
th

(>=75 percentile).

5. Selected the top 200
covariates with the highest
bias ranking.

7. Used the hdPS score in the
exposure-outcome model to
adjust for confounding using
matching.

Sources: Schneeweiss et al.[104], Rassen et al.[105]

e The following data dimensions (level of granularity) were defined:

I.  Predefined demographic covariates: age, sex, race, calendar year of index

date.

ii.  Investigator defined covariates: supplemental oxygen use in the lookback

period, number of prior COPD exacerbations in the lookback period,

number of prescriptions (short-acting bronchodilators, long-acting

bronchodilators, and inhaled corticosteroids) in the lookback period, and

prior comorbidities (breast cancer, colorectal cancer, endometrial cancer,

prostate cancer, stroke/transient ischemic attack, acute myocardial

infarction, chronic kidney disease, diabetes, depression, allergic rhinitis,

and pneumonia).

iii.  Data dimensions for hdPS: (a) Institutional diagnosis claims via the

Medicare Provider Analysis and Review (MedPAR) file (3-digit ICD-10
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CM codes); (b) Institutional procedure claims via the MedPAR file (3-
digit ICD-10 Procedure Coding System (PCS) codes); (c) Outpatient
diagnosis claims (3-digit ICD-10 CM codes); (d) Outpatient procedure
claims (5-digit Healthcare Common Procedure Coding System (HCPCS)
codes); (e) Non-institutional office-based diagnosis claims via the Carrier
file (3-digit ICD-10 CM codes); (f) Non-institutional office-based
procedure claims via the Carrier file (5-digit HCPCS codes); ()
Prescription drug utilization using drug claims (Generic drug names); (h)
Claims for durable medical equipment (5-digit HCPCS codes).

Since the files contained a mix of ICD-9 and ICD-10 codes, all codes were be

converted to ICD-10 using the General Equivalence Mappings provided by the

National Bureau of Economic Research [203]. For this analysis, and based on the

recommendations of previous research, up to 200 covariates were identified for

each of the eight domains identified above [104,173,174].

To account for the frequency of recurring codes, the following indicator variables

were used for each of the aforementioned empirical covariates: once (>=once);

sporadic (>=median); and frequent (>=75th percentile). Subsequently there were a
total of 4,800 empirically identified covariates (200 covariates for each
dimension*8 dimensions *3 frequency codes).

These covariates were prioritized based on the method Schneewiess et al.
recommended [104]. This is the Bross method and based on this method, the top
200 empirically identified covariates were selected to be a part of the propensity

score model [104,171,204].
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Fe, (RRCD B l)+ l. for all values of RR.,,
PCO(RRCD _ l)+1

Bross’ bias estimation formula

P: Prevalence, C: Confounder, D: Outcome, RR: Relative risk, Pci: Prevalence of the
confounder in group 1, Pco: Prevalence of the confounder in group 0, RRcp: Relative risk
between the confounder and the outcome

e The propensity score was estimated using multivariable logistic regression,
adjusting for the empirically selected as well as predefined variables. The
regression was modeled for the probability of being prescribed LABA/LAMA for

aim 2 and OLO/TIO for aim 3.

e Based on propensity scores, individuals from the two cohorts were matched [21].
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Appendix E: Negative control analysis

For the negative control analysis, the study described in the primary analysis was carried
out with one major change; the primary endpoint was gastroesophageal reflux disease
(GERD) [20]. GERD was used as a negative control outcome to evaluate the presence of
unmeasured confounding, based on the assumption that (a) there was no plausible causal
effect of the exposure on the negative control outcome [20], and that (b) GERD had a
similar bias structure with the exposure as the outcome of interest (COPD exacerbation)

[178,179].
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Appendix F: Aim 2 results
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Appendix figure 1. Propensity score distribution before and after matching (Overall
results)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix figure 2. Cumulative incidence of the first COPD exacerbation, comparing
LABA/ICS and LABA/LAMA initiators with persistent use, via the Kaplan-Meier
method
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Appendix table 10. Characteristics of study population by drug, before and after

matching (Among males)

Before matching

After matching

Variables LABA/L LABA/I | Standard | LABA/L | LABA/I | Standard
AMA Cs ized AMA Cs ized
(N=13,404 | (N=36,48 | differenc | (N=6,273) | (N=6,27 | differenc
) 8) e 3) e
Age in years!, Mean+SD 75.3+6.5 75.9+7.0 | 0.082 75.4+6.5 | 75.4+6.7 | 0.003
Race: Black, n(%) 297 (4.5) 1,025 0.084 295 (4.7) | 289 (4.6) | 0.005
(6.4)
Race: White, n(%) 5,723 13,369 0.092 5,421 5,391 0.014
(86.9) (83.6) (86.4) (85.9)
Race: Other, n(%) 569 (8.6) 1,597 0.047 557 (8.9) | 593 (9.5) | 0.020
(10.0)
Number of COPD 0.4+1.1 0.4+0.9 0.074 0.4+1.1 0.4+1.0 | 0.020
exacerbations?, Mean+SD
Number of prescriptions 0.5+1.8 0.2+1.2 0.185 0.4+1.6 0.4+1.7 | 0.001
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.4+2.9 1.3+2.8 0.028 1.4+2.9 1.4+29 | 0.004
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2£0.8 0.3t1.2 0.111 0.2+0.8 0.2£0.8 | 0.010
for inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 1,101 2,015 0.116 989 (15.8) | 1,020 0.013
Mean+SD (16.7) (12.6) (16.3)
Breast cancer®, n(%) 8 (0.1) 17 (0.1) | 0.004 7(0.1) 8 (0.1) 0.005
Colorectal cancer?, n(%) 155 (2.4) 439 (2.7) | 0.025 147 (2.3) | 146 (2.3) | 0.001
Prostate cancer?, n(%) 726 (11.0) | 1,900 0.027 699 (11.1) | 706 0.004
(11.9) (11.3)
Stroke-Transient Ischemic | 648 (9.8) 1,927 0.071 620 (9.9) | 591(9.4) | 0.016
attack®, n(%) (12.1)
Acute myocaridal 316 (4.8) 827 (5.2) | 0.017 303 (4.8) | 301(4.8) | 0.001
infarction®, n(%)
Chronic kidney disease?, 2,942 7,513 0.047 2,800 2,781 0.006
n(%) (44.7) (47.0) (44.6) (44.3)
Diabetes?, n(%) 2,744 7,096 0.055 2,636 2,604 0.010
(41.6) (44.9) (42.0) (41.5)
Depression®, n(%) 1,796 4,747 0.054 1,718 1,693 0.009
(27.3) (29.7) (27.4) (27.0)
Allergic rhinitis?, n(%) 850 (12.9) | 2,248 0.034 807 (12.9) | 835 0.013
(14.1) (13.3)
Pneumonia?, n(%) 1,295 3,823 0.103 1,234 1,231 0.001
(19.7) (23.9) (19.7) (19.6)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file

information
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Appendix table 11. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among males)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)*

LABA/ICS 1,246.23 0.844 (95% Confidence
6,273 427 1 34.263 interval: 0.745-0.957)

LABA/LA 1,499.15 1 (reference group)

MA 6,273 580 9 38.688

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.
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Appendix figure 3. Propensity score distribution before and after matching (Among

males)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 12. Characteristics of study population by drug, before and after
matching (Among females)

Before matching

After matching

Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA CS ized
(N=6,815) | (N=20,49 | differenc | (N=6,563) | (N=6,56 | differenc
7) e 3) e
Age in years!, Mean+SD 76.0+6.9 | 76.8+7.7 | 0.112 76.0+7.0 | 75.947.2 | 0.017
Race: Black, n(%) 311 (4.6) | 1,265 0.071 305 (4.6) | 326 (5.0) | 0.015
(6.2)
Race: White, n(%) 6,114 17,531 0.127 5,870 5,875 0.002
(89.7) (85.5) (89.4) (89.5)
Race: Other, n(%) 390 (5.7) | 1,701 0.101 388 (5.9) | 362(5.5) | 0.017
(8.3)
Number of COPD 0.5+1.1 0.3£0.9 0.112 0.4+1.1 0.4+1.0 | 0.001
exacerbations?, Mean=SD
Number of prescriptions 0.6£2.1 0.2+1.1 0.263 0.5£1.7 0.5£1.7 | 0.016
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.5+2.9 1.4+2.8 0.034 1.5+2.9 1.5+2.7 | 0.003
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2+0.9 0.3x1.2 0.116 0.2+0.9 0.2+0.9 | 0.006
for inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 1,388 3,027 0.148 1,289 1,336 0.018
Mean+SD (20.4) (14.8) (19.6) (20.4)
Breast cancer?, n(%) 678 (9.9) | 1,902 0.023 642 (9.8) | 636 (9.7) | 0.003
(9.3)
Colorectal cancer®, n(%) 160 (2.3) | 464 (2.3) | 0.006 154 (2.3) | 167 (2.5) | 0.013
Endometrial cancer®, n(%) | 61 (0.9) 229 (1.1) | 0.022 59 (0.9) 65 (1.0) | 0.009
Stroke-Transient Ischemic | 683 (10.0) | 2,503 0.070 669 (10.2) | 701 0.016
attack®, n(%) (12.2) (10.7)
Acute myocaridal 210 (3.1) | 812 (4.0) | 0.048 207 (3.2) | 212 (3.2) | 0.004
infarction®, n(%)
Chronic kidney disease?, 2,567 8,238 0.052 2,491 2,491 0.000
n(%) (37.7) (40.2) (38.0) (38.0)
Diabetes®, n(%) 2,215 7,751 0.111 2,164 2,172 0.003
(32.5) (37.8) (33.0) (33.1)
Depression®, n(%) 3,027 9,529 0.042 2,949 2,986 0.011
(44.4) (46.5) (44.9) (45.5)
Allergic rhinitis?, n(%) 974 (14.3) | 3,576 0.086 949 (14.5) | 989 0.017
(17.4) (15.1)
Pneumonia?, n(%) 1,259 4,780 0.119 1,231 1,235 0.002
(18.5) (23.3) (18.8) (18.8)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file

information
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Appendix table 13. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among females)

Treatment | Number of | Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)?

LABA/ICS 1,305.22 0.882 (95% Confidence
6,563 466 1 35.70276 interval: 0.782-0.996)

LABA/LA 1,582.29

MA 6,563 611 7 38.61475 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.
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Appendix figure 4. Propensity score distribution before and after matching (Among

females)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 14. Characteristics of study population by drug, before and after
matching (Among oxygen users)

Before matching

After matching

Variables LABA/L LABA/I | Standard | LABA/L | LABA/I | Standard
AMA Cs ized AMA CS ized
(N=13,404 | (N=36,48 | differenc | (N=2,292) | (N=2,29 | differenc
) 8) e 2) e

Age in years?!, Mean+SD 76.4+6.7 76.8+7.4 | 0.067 76.5+6.7 | 76.6+7.2 | 0.019

Sex: Female, n(%) 1,388 3,027 0.087 1,290 1,287 0.003
(55.8) (60.0) (56.3) (56.2)

Race: Black, n(%) 97 (3.9) 259 (5.1) | 0.060 94 (4.1) 97 (4.2) | 0.007

Race: White, n(%) 2,272 4,516 0.058 2,081 2,088 0.011
(91.3) (89.6) (90.8) (91.1)

Race: Other, n(%) 120 (4.8) 267 (5.3) | 0.022 117 (5.1) | 107 (4.7) | 0.020

Number of COPD 0.8+1.4 0.7+1.4 0.050 0.8+1.4 0.7£1.4 | 0.014

exacerbations?, Mean=SD

Number of prescriptions 0.7£2.1 0.3t1.4 0.194 0.5+£1.8 0.5£1.8 | 0.001

for long-acting

bronchodilators?,

Mean+SD

Number of prescriptions 1.8+£3.3 1.8+34 0.006 1.7£3.2 1.7#3.1 | 0.024

for short-acting

bronchodilators?,

Mean+SD

Number of prescriptions 0.2£0.8 0.3£1.3 0.112 0.2+0.9 0.2£0.8 | 0.003

for inhaled corticosteroids?,

Mean+SD

Breast cancer®, n(%) 2,489 5,042 0.000 2,322 2,361 0.000
(18.6) (13.8) (18.0) (18.3)

Colorectal cancer®, n(%) 144 (5.8) 296 (5.9) | 0.004 136 (5.9) | 135(5.9) | 0.002

Endometrial cancer?, n(%) | 59 (2.4) 159 (3.2) | 0.048 54 (2.4) 65 (2.8) | 0.030

Prostate cancer?, n(%) 11 (0.4) 45 (0.9) 0.055 10 (0.4) 8 (0.3) 0.014

Stroke-Transient Ischemic | 124 (5.0) 252 (5.0) | 0.001 119 (5.2) | 108 (4.7) | 0.022

attack®, n(%)

Acute myocaridal 248 (10.0) | 651 0.093 236 (10.3) | 243 0.010

infarction®, n(%) (12.9) (10.6)

Chronic kidney disease?, 125 (5.0) 318 (6.3) | 0.056 115(5.0) | 112 (4.9) | 0.006

n(%)

Diabetes®, n(%) 1,265 2,692 0.051 1,174 1,168 0.005
(50.8) (53.4) (51.2) (51.0)

Depression®, n(%) 1,023 2,324 0.101 960 (41.9) | 924 0.032
(41.1) (46.1) (40.3)

Allergic rhinitis?, n(%) 993 (39.9) | 2,323 0.125 926 (40.4) | 923 0.003

(46.1) (40.3)
Pneumonia?, n(%) 320 (12.9) | 692 0.026 302 (13.2) | 299 0.004
(13.7) (13.0)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file

information
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Appendix table 15. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among oxygen users)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)*

LABA/ICS 428.364 0.936 (95% Confidence
2,292 235 1 54.85987 interval: 0.788-1.113)

LABA/LA 521.864

MA 2,292 293 5 56.14484 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.
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Appendix figure 5. Propensity score distribution before and after matching (Among
oxygen users)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 16. Characteristics of study population by drug, before and after

matching (Among oxygen non-users)

Before matching

After matching

Variables LABA/L LABA/I | Standard | LABA/L LABA/I | Standard
AMA Cs ized AMA CS ized
(N=10,915 | (N=31,4 | differenc | (N=10,511 | (N=10,5 | differenc
) 46) e ) 11) e
Age in years!, Mean+SD 75.5+6.7 76.37.4 | 0.117 75.56.7 75.4+7.0 | 0.014
Sex: Female, n(%) 5,427 17,470 0.117 5,259 5,283 0.005
(49.7) (55.6) (50.0) (50.3)
Race: Black, n(%) 511 (4.7) | 2,031 0.078 502 (4.8) | 491 (4.7) | 0.005
(6.5)
Race: White, n(%) 9,565 26,384 0.107 9,184 9,181 0.001
(87.6) (83.9) (87.4) (87.3)
Race: Other, n(%) 839 (7.7) | 3031 0.069 825(7.8) | 839(8.0) | 0.005
(9.6)
Number of COPD 0.4£1.0 0.3+0.8 0.085 0.4+1.0 0.4+0.9 0.004
exacerbations?, Mean=SD
Number of prescriptions 0.5+1.9 0.2£1.1 0.229 0.4£1.7 0.4£1.6 0.016
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.4+2.8 1.3£2.7 0.027 1.4+2.8 1.4+2.7 0.006
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2+0.9 0.3+1.2 0.115 0.2+0.9 0.2+0.9 0.004
for inhaled
corticosteroids?, Mean+SD
Breast cancer?, n(%) 542 (5.0) | 1,623 0.009 519 (4.9) | 524 (5.0) | 0.002
(5.2)
Colorectal cancer®, n(%) 256 (2.3) 744 (2.4) | 0.001 245 (2.3) 239 (2.3) | 0.004
Endometrial cancer?, n(%) | 50 (0.5) 184 (0.6) | 0.018 47 (0.4) 48 (0.5) | 0.001
Prostate cancers, n(%) 603 (5.5) | 1,648 0.013 573 (5.5) | 572(5.4) | 0.000
(5.2)
Stroke-Transient Ischemic | 1,083 3,779 0.067 1,052 1,007 0.014
attack®, n(%) (9.9) (12.0) (10.0) (9.6)
Acute myocaridal 401 (3.7) 1,321 0.027 392 (3.7) 367 (3.5) | 0.013
infarction®, n(%) (4.2)
Chronic kidney disease?, 4,244 13,059 0.054 4,098 4,134 0.007
n(%) (38.9) (41.5) (39.0) (39.3)
Diabetes®, n(%) 3,936 12,523 0.078 3,816 3,725 0.018
(36.1) (39.8) (36.3) (35.4)
Depression®, n(%) 3,830 11,953 0.061 3,708 3,773 0.013
(35.1) (38.0) (35.3) (35.9)
Allergic rhinitis?, n(%) 1,504 5,132 0.071 1,454 1,446 0.002
(13.8) (16.3) (13.8) (13.8)
Pneumonia?, n(%) 1,774 6,783 0.136 1,733 1,817 0.021
(16.3) (21.6) (16.5) (17.3)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file

information
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Appendix table 17. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among oxygen non-users)

Treatment | Number of | Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)?

LABA/ICS 2,127.49 0.855 (95% Confidence
10,511 667 08 31.351 interval: 0.773-0.946)

LABA/LA 2,555.55 1 (reference group)

MA 10,511 893 65 34.943

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.
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Appendix figure 6. Propensity score distribution before and after matching (Among
oXygen non-users)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 18. Characteristics of study population by drug, before and after
matching (Among those with allergic rhinitis)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA CS ized
(N=1,824) | (N=5,82 | differenc | (N=1,726) | (N=1,72 | differenc
4) e 6) e
Age in years!, Mean+SD 75.746.8 | 76.4+7.3 | 0.094 75.846.8 | 75.946.9 | 0.012
Sex: Female, n(%) 974 (53.4) | 3,576 0.162 932 (54.0) | 929 0.003
(61.4) (53.8)
Race: Black, n(%) 88 (4.8) 324 (5.6) | 0.033 84 (4.9) 76 (4.4) | 0.022
Race: White, n(%) 1,579 4,883 0.077 1,491 1,501 0.017
(86.6) (83.8) (86.4) (87.0)
Race: Other, n(%) 959 (7.2) | 3,298 0.069 945 (7.3) | 928 (7.2) | 0.011
9.0
Number of COPD 0.5+1.1 0.3:0.8 | 0.144 0.4£1.0 0.4+0.9 | 0.032
exacerbations?, Mean+SD
Number of prescriptions for | 0.5+1.8 0.2+1.1 | 0.209 0.4+1.6 0.4+1.7 | 0.009
long-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 1.6+2.8 15+2.8 | 0.016 1.6+2.8 1.5+2.6 0.023
short-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 0.5+1.3 0.7£1.8 | 0.162 0.5+£1.3 0.5£1.2 0.020
inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 320 (17.5) | 692 0.160 282 (16.3) | 287 0.008
Mean+SD (11.9) (16.6)
Breast cancer?, n(%) 96 (5.3) 348 (6.0) | 0.031 92 (5.3) 105 (6.1) | 0.032
Colorectal cancer®, n(%) 46 (2.5) 125 (2.1) | 0.025 43 (2.5) 49 (2.8) | 0.022
Endometrial cancer?, n(%) | 8 (0.4) 38 (0.7) | 0.029 8 (0.5) 10 (0.6) | 0.016
Prostate cancer?, n(%) 89 (4.9) 280 (4.8) | 0.003 86 (5.0) 82 (4.8) | 0.011
Stroke-Transient Ischemic | 177 (9.7) | 690 0.069 165 (9.6) | 170 (9.8) | 0.010
attack®, n(%) (11.8)
Acute myocaridal 59 (3.2) 205 (3.5) | 0.016 56 (3.2) 58 (3.4) | 0.006
infarction®, n(%)
Chronic kidney disease?, 733 (40.2) | 2,370 0.010 694 (40.2) | 707 0.015
n(%) (40.7) (41.0)
Diabetes®, n(%) 700 (38.4) | 2,304 0.024 656 (38.0) | 645 0.013
(39.6) (37.4)
Depression®, n(%) 691 (37.9) | 2,345 0.049 648 (37.5) | 647 0.001
(40.3) (37.5)
Pneumonia?, n(%) 393 (21.5) | 1,364 0.045 365 (21.1) | 381 0.023
(23.4) (22.1)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file
information
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Appendix table 19. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among those with allergic
rhinitis)

Treatment | Number of | Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)?

LABA/ICS 337.212 0.946 (95% Confidence
1,726 113 9 33.50999 interval: 0.735-1.217)

LABA/LA

MA 1,726 131 385.629 | 33.97047 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.
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Appendix figure 7. Propensity score distribution before and after matching (Among
those with allergic rhinitis)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 20. Characteristics of study population by drug, before and after
matching (Among those without allergic rhinitis)

Before matching

After matching

Variables LABA/L LABA/I | Standard | LABA/L LABA/I | Standard
AMA Cs ized AMA Cs ized
(N=11,580 | (N=30,6 | differenc | (N=11,115 | (N=11,1 | differenc
) 64) e ) 15) e
Age in years?, Mean+SD 75.7+6.7 76.4+7.4 | 0.106 75.7+6.7 75.7£7.0 | 0.004
Sex: Female, n(%) 5,841 16,921 0.095 5,638 5,626 0.002
(50.4) (55.2) (50.7) (50.6)
Race: Black, n(%) 520 (4.5) | 1,966 0.085 515 (4.6) | 519 (4.7) | 0.002
(6.4)
Race: White, n(%) 10,258 26,017 0.110 9,811 9,840 0.008
(88.6) (84.8) (88.3) (88.5)
Race: Other, n(%) 802 (6.9) | 2,681 0.068 789 (7.1) | 756 (6.8) | 0.012
(8.7)
Number of COPD 0.4£1.1 0.4+0.9 0.085 0.4+1.1 0.4£1.0 0.012
exacerbations?, Mean+SD
Number of prescriptions 0.6x2.0 0.2+1.1 0.229 0.5+1.7 0.4+1.6 0.020
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.4+2.9 1.3+2.8 0.035 1.4+2.9 1.4+2.9 0.008
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.1+0.8 0.2+1.1 0.094 0.1+0.8 0.1+0.8 0.005
for inhaled
corticosteroids?, Mean+SD
Supplemental oxygen use?, | 2,169 4,350 0.123 2,033 2,055 0.005
Mean+SD (18.7) (14.2) (18.3) (18.5)
Breast cancer®, n(%) 590 (5.1) | 1,571 0.001 558 (5.0) | 549 (4.9) | 0.004
(5.1)
Colorectal cancer?, n(%) 269 (2.3) | 778(2.5) | 0.014 262 (2.4) | 267 (2.4) | 0.003
Endometrial cancer?, n(%) | 53 (0.5) 191 (0.6) | 0.023 53 (0.5) 50 (0.4) 0.004
Prostate cancer?, n(%) 638 (5.5) 1,620 0.010 619 (5.6) 630 (5.7) | 0.004
(5.3)
Stroke-Transient Ischemic | 1,154 3,740 0.071 1,120 1,119 0.000
attack®, n(%) (10.0) (12.2) (10.2) (10.2)
Acute myocaridal 467 (4.0) | 1,434 0.032 448 (4.0) | 440 (4.0) | 0.004
infarction®, n(%) 4.7
Chronic kidney disease?, 4,776 13,381 0.048 4,600 4,654 0.010
n(%) (41.2) (43.6) (41.4) (41.9)
Diabetes®, n(%) 4,259 12,543 0.085 4,138 4,214 0.014
(36.8) (40.9) (37.2) (37.9)
Depression®, n(%) 4,132 11,931 0.067 3,997 4,054 0.011
(35.7) (38.9) (36.0) (36.5)
Pneumonia?, n(%) 2,161 7,239 0.121 2,096 2,114 0.004
(18.7) (23.6) (18.9) (19.0)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file

information
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Appendix table 21. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among those without allergic

rhinitis)
Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)*
LABA/ICS 2,202.95 0.855 (95% Confidence
11,115 782 7 35.49774 interval: 0.779-0.938)
LABA/LA 2,697.64
MA 11,115 1,066 3 39.51598 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.
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Appendix figure 8. Propensity score distribution before and after matching (Among
those without allergic rhinitis)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 22. Characteristics of study population by drug, before and after
matching (Among individuals aged less than 75 years)

Before matching

After matching

Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA CS ized
(N=6,501) | (N=16,80 | differenc | (N=6,150) | (N=6,15 | differenc
5) e 0) e
Age in years!, Mean+SD 70.1+2.6 | 69.9+2.6 | 0.056 70.1+2.6 | 70.1+2.6 | 0.004
Sex: Female, n(%) 3,192 9,141 0.106 3,060 3,036 0.008
(49.1) (54.4) (49.8) (49.4)
Race: Black, n(%) 332(5.1) | 1,243 0.095 330 (5.4) | 333(5.4) | 0.002
(7.4)
Race: White, n(%) 5,721 14,120 0.115 5,380 5,386 0.003
(88.0) (84.0) (87.5) (87.6)
Race: Other, n(%) 448 (6.9) | 1,442 0.063 440 (7.2) | 431(7.0) | 0.006
(8.6)
Number of COPD 0.5+1.0 0.4+0.9 0.091 0.5+1.0 0.4+1.0 | 0.016
exacerbations?, Mean=SD
Number of prescriptions 0.6+2.0 0.2+£1.2 0.224 0.5£1.7 0.4+1.7 | 0.014
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.7+£3.2 1.5+3.0 0.036 1.6+3.2 1.6+£3.1 | 0.008
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2+0.8 0.3£1.3 0.128 0.2+0.9 0.2+#0.9 | 0.007
for inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 1,083 2,166 0.106 983 (16.0) | 937 0.021
Mean+SD (16.7) (12.9) (15.2)
Breast cancer®, n(%) 273 (4.2) | 706 (4.2) | 0.000 257 (4.2) | 259 (4.2) | 0.002
Colorectal cancer?, n(%) 116 (1.8) | 285 (1.7) | 0.007 110 (1.8) | 125(2.0) | 0.018
Endometrial cancer?, n(%) | 20 (0.3) 110 (0.7) | 0.050 20 (0.3) 18 (0.3) | 0.006
Prostate cancer?, n(%) 266 (4.1) | 585(3.5) | 0.032 244 (4.0) | 242 (3.9) | 0.002
Stroke-Transient Ischemic | 497 (7.6) | 1,558 0.058 479 (7.8) | 461 (7.5) | 0.011
attack®, n(%) (9.3)
Acute myocaridal 248 (3.8) | 671 (4.0) | 0.009 236 (3.8) | 243 (4.0) | 0.006
infarction®, n(%)
Chronic kidney disease?, 2,259 5,986 0.018 2,140 2,153 0.004
n(%) (34.7) (35.6) (34.8) (35.0)
Diabetes®, n(%) 2,340 6,611 0.069 2,226 2,250 0.008
(36.0) (39.3) (36.2) (36.6)
Depression®, n(%) 2,490 6,739 0.037 2,378 2,367 0.004
(38.3) (40.1) (38.7) (38.5)
Allergic rhinitis?, n(%) 874 (13.4) | 2,682 0.071 834 (13.6) | 859 0.012
(16.0) (14.0)
Pneumonia?, n(%) 1,135 3,462 0.080 1,086 1,059 0.012
(17.5) (20.6) (17.7) (17.2)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file

information
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Appendix table 23. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals aged less

than 75 years)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)*
LABA/ICS 0.880 (95% Confidence
469
6,150 1,235.74 | 37.95297 interval: 0.780-0.993)
LABA/LA 1,493.68
617
MA 6,150 1 41.30735 1 (reference group)

hazards model.
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"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
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Appendix figure 9. Propensity score distribution before and after matching (Among

individuals aged less than 75 years)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 24. Characteristics of study population by drug, before and after
matching (Among individuals aged greater than 74 and less than 85 years)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA CS ized
(N=5,325) | (N=13,83 | differenc | (N=5,031) | (N=5,03 | differenc
9) e 1) e
Age in years!, Mean+SD 78.7+2.8 | 79.0+£2.8 | 0.091 78.7+2.8 | 78.7+2.8 | 0.003
Sex: Female, n(%) 2,735 7,642 0.077 2,579 2,606 0.011
(51.4) (55.2) (51.3) (51.8)
Race: Black, n(%) 218 (4.1) | 777 (5.6) | 0.071 212 (4.2) | 206 (4.1) | 0.006
Race: White, n(%) 4,759 11,855 0.112 4,481 4,506 0.016
(89.4) (85.7) (89.1) (89.6)
Race: Other, n(%) 348 (6.5) | 1,207 0.082 338 (6.7) | 319(6.3) | 0.015
(8.7
Number of COPD 0.4+1.2 0.3+0.9 0.097 0.4+1.2 0.4+1.0 | 0.020
exacerbations?, Mean=SD
Number of prescriptions 0.5+£1.9 0.2+1.1 0.218 0.4£1.6 0.4+1.6 | 0.011
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.3+2.6 1.2+25 0.032 1.3+2.6 1.3x2.7 | 0.007
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2+0.9 0.3x1.2 0.101 0.2+0.9 0.2+0.9 | 0.002
for inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 1,078 2,033 0.147 977 (19.4) | 982 0.003
Mean+SD (20.2) (14.7) (19.5)
Breast cancer®, n(%) 304 (5.7) | 800 (5.8) | 0.003 282 (5.6) | 276 (5.5) | 0.005
Colorectal cancer®, n(%) 139 (2.6) | 413(3.0) | 0.023 134 (2.7) | 124 (2.5) | 0.013
Endometrial cancer?, n(%) | 30 (0.6) 87 (0.6) 0.008 28 (0.6) 23 (0.5) | 0.014
Prostate cancer?, n(%) 341 (6.4) | 908 (6.6) | 0.006 327 (6.5) | 316 (6.3) | 0.009
Stroke-Transient Ischemic | 602 (11.3) | 1871 0.067 585 (11.6) | 579 0.004
attack®, n(%) (13.5) (115
Acute myocaridal 214 (4.0) | 668 (4.8) | 0.039 205 (4.1) | 193(3.8) | 0.012
infarction®, n(%)
Chronic kidney disease?, 2,414 6,520 0.036 2,292 2259 0.013
n(%) (45.3) (47.0) (45.6) (44.9)
Diabetes®, n(%) 2,030 5,929 0.096 1,930 1914 0.007
(38.1) (42.8) (38.4) (38.0)
Depression®, n(%) 1,828 5,217 0.070 1,744 1758 0.006
(34.3) (37.7) (34.7) (34.9)
Allergic rhinitis?, n(%) 747 (14.0) | 2,236 0.060 712 (14.2) | 739 0.015
(16.2) (14.7)
Pneumonia?, n(%) 1,028 3,341 0.118 995 (19.8) | 1002 0.003
(19.3) (24.1) (19.9)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file
information
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Appendix table 25. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals aged

greater than 74 and less than 85 years)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)*

LABA/ICS 986.362 0.853 (95% Confidence
5,031 344 8 34.87561 interval: 0.741-0.981)

LABA/LA 1,197.65

MA 5,031 463 6 38.65883 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.
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Appendix figure 10. Propensity score distribution before and after matching (Among
individuals aged greater than 74 and less than 85 years)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 26. Characteristics of study population by drug, before and after
matching (Among individuals aged greater than 84 years)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA Cs ized
(N=1,578) | (N=5,84 | differenc | (N=1,519) | (N=1,51 | differenc
4) e 9) e
Age in years!, Mean+SD 88.4+3.1 | 88.9+3.4 | 0.170 88.4+3.1 | 88.4+3.2 | 0.005
Sex: Female, n(%) 888 (56.3) | 3,714 0.149 861 (56.7) | 859 0.003
(63.6) (56.6)
Race: Black, n(%) 58 (3.7) 270 (4.6) | 0.047 58 (3.8) 58 (3.8) | 0.000
Race: White, n(%) 1,357 4,925 0.048 1,306 1,293 0.024
(86.0) (84.3) (86.0) (85.1)
Race: Other, n(%) 163 (10.3) | 649 0.025 155 (10.2) | 168 0.028
(11.1) (11.2)
Number of COPD 0.3+0.8 0.3:0.8 | 0.051 0.3£0.8 0.3+0.8 | 0.002
exacerbations?, Mean=SD
Number of prescriptions for | 0.5£2.0 0.2£0.9 | 0.247 0.4+1.8 0.4£1.5 0.041
long-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 1.1+2.7 1.2+2.8 | 0.021 1.2+2.7 1.1+2.2 0.011
short-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 0.2+0.8 0.3t1.3 | 0.113 0.2+0.8 0.2£0.8 0.009
inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 328 (20.8) | 843 0.168 309 (20.3) | 312 0.005
Mean+SD (14.4) (20.5)
Breast cancer?, n(%) 109 (6.9) | 413(7.1) | 0.006 101 (6.6) | 104 (6.8) | 0.008
Colorectal cancer®, n(%) 60 (3.8) 205 (3.5) | 0.016 57 (3.8) 59 (3.9) | 0.007
Endometrial cancer®, n(%) | 11 (0.7) 32(0.5) | 0.019 10 (0.7) 11 (0.7) | 0.008
Prostate cancer?, n(%) 120 (7.6) | 407 (7.0) | 0.025 115 (7.6) | 106 (7.0) | 0.023
Stroke-Transient Ischemic | 232 (14.7) | 1,001 0.066 222 (14.6) | 234 0.022
attack®, n(%) (17.1) (15.4)
Acute myocaridal 64 (4.1) 300 (5.1) | 0.051 61 (4.0) 57 (3.8) | 0.014
infarction®, n(%)
Chronic kidney disease?, 836 (53.0) | 3,245 0.051 807 (53.1) | 810 0.004
n(%) (55.5) (53.3)
Diabetes®, n(%) 589 (37.3) | 2,307 0.044 566 (37.3) | 589 0.031
(39.5) (38.8)
Depression®, n(%) 505 (32.0) | 2,320 0.161 488 (32.1) | 492 0.006
(39.7) (32.4)
Allergic rhinitis?, n(%) 203 (12.9) | 906 0.076 197 (13.0) | 178 0.038
(15.5) (11.7)
Pneumonia?, n(%) 391 (24.8) | 1,800 0.135 377 (24.8) | 369 0.012
(30.8) (24.3)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information
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Appendix table 27. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals aged

greater than 84 years)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)*
LABA/ICS 291.230 1.002 (95% Confidence
89
1,519 7 30.55997 interval: 0.752-1.335)
LABA/LA 345522
99
MA 1,519 2 28.65228 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

Pre-matching Post-matching

| LABA-LAMA LABA-ICS LABA-LAMA LABA-ICS

Density

T T T
050 075 1.00

oo 025 050 075 1.00 000 025
Propensity score

Propensity score
Appendix figure 11. Propensity score distribution before and after matching (Among

individuals aged greater than 84 years)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 28. Characteristics of study population by drug, before and after
matching (Among individuals with zero exacerbations in the preceding year)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA Cs ized AMA Cs ized
(N=9,910) | (N=28,64 | differenc | (N=9,497) | (N=9,49 | differenc
8) e 7) e
Age in years!, Mean+SD 75.9+6.8 | 76.7+£7.5 | 0.105 76.0+6.8 | 76.0£7.1 | 0.000
Sex: Female, n(%) 5,026 16,169 0.115 4,846 4,870 0.005
(50.7) (56.4) (51.0) (51.3)
Race: Black, n(%) 466 (4.7) | 1,765 0.064 457 (4.8) | 470 (4.9) | 0.006
(6.2)
Race: White, n(%) 8,665 24,058 0.099 8,282 8,245 0.012
(87.4) (84.0) (87.2) (86.8)
Race: Other, n(%) 779 (7.9) | 2,825 0.070 758 (8.0) | 782(8.2) | 0.009
9.9
Number of prescriptions 0.5+1.9 0.2+1.0 0.229 0.4+1.6 0.4+1.6 | 0.033
for long-acting
bronchodilators?,
Mean+SD
Number of prescriptions 1.3+2.7 1.2+2.6 0.021 1.3£2.6 1.2+2.6 | 0.004
for short-acting
bronchodilators?,
Mean+SD
Number of prescriptions 0.2+0.8 0.3t1.2 0.125 0.2+0.8 0.2£0.8 | 0.010
for inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 1,514 3,206 0.121 1,413 1,422 0.003
Mean+SD (15.3) (11.2) (14.9) (15.0)
Breast cancer?, n(%) 503 (5.1) | 1,542 0.014 472 (5.0) | 499 (5.3) | 0.013
(5.4
Colorectal cancer?, n(%) 245 (2.5) | 722 (2.5) | 0.003 232 (2.4) | 231(2.4) | 0.001
Endometrial cancer®, n(%) | 49 (0.5) 179 (0.6) | 0.017 48 (0.5) 52 (0.5) | 0.006
Prostate cancers, n(%) 563 (5.7) | 1,500 0.020 537 (5.7) | 527 (5.5) | 0.005
(5.2)
Stroke-Transient Ischemic | 1,014 3,536 0.067 983 (10.4) | 999 0.006
attack®, n(%) (10.2) (12.3) (10.5)
Acute myocaridal 376 (3.8) | 1,269 0.032 366 (3.9) | 360 (3.8) | 0.003
infarction®, n(%) (4.4
Chronic kidney disease?, 4,111 12,430 0.039 3,969 4,030 0.013
n(%) (41.5) (43.4) (41.8) (42.4)
Diabetes?, n(%) 3,796 11,924 0.068 3,673 3,695 0.005
(38.3) (41.6) (38.7) (38.9)
Depression®, n(%) 3,498 11,097 0.071 3,365 3,373 0.002
(35.3) (38.7) (35.4) (35.5)
Allergic rhinitis?, n(%) 1,341 4,707 0.081 1,293 1,357 0.019
(13.5) (16.4) (13.6) (14.3)
Pneumonia?, n(%) 1,695 6,201 0.115 1,647 1,695 0.013
(17.1) (21.6) (17.3) (17.8)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information
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Appendix table 29. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals with zero
exacerbations in the preceding year)

Treatment | Number of | Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)?
LABA/ICS 1,958.89 0.790 (95% Confidence
426
9,497 1 21.747 interval: 0.698-0.895)
LABA/LA 2,335.11
617
MA 9,497 6 26.42267 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

Pre-matching Post-matching

LABA-LAMA LABA-ICS

LABA-LAMA LABA-ICS 22

Density
Density

f T T 7 T : .
000 3 050 075 L0 u 13

04 04
Propensity score Propensity score

Appendix figure 12. Propensity score distribution before and after matching (Among
individuals with zero exacerbations in the preceding year)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 30. Characteristics of study population by drug, before and after
matching (Among individuals with one exacerbation in the preceding year)

Before matching

After matching

Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA Cs ized
(N=2,278) | (N=5,33 | differenc | (N=2,058) | (N=2,05 | differenc
1) e 8) e
Age in years!, Mean+SD 75.1+6.5 | 75.747.1 | 0.089 75.2+6.6 | 75.246.8 | 0.008
Sex: Female, n(%) 1,137 2,971 0.117 1,050 1,065 0.015
(49.9 (565.7) (51.0) (51.7)
Race: Black, n(%) 99 (4.3) 367 (6.9) | 0.110 94 (4.6) 86 (4.2) | 0.019
Race: White, n(%) 2,052 4,630 0.101 1,849 1,861 0.020
(90.1) (86.9) (89.8) (90.4)
Race: Other, n(%) 127 (5.6) | 334 (6.3) | 0.029 115 (5.6) | 111 (5.4) | 0.009
Number of COPD 1.0£0.0 1.0£0.0 | 0.000 1.0£0.0 1.0£0.0 | 0.000
exacerbations?, Mean+SD
Number of prescriptions for | 0.7+2.1 0.3t1.3 | 0.201 0.6£1.9 0.5£1.8 0.022
long-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 1.8+3.2 1.6+£3.0 | 0.059 1.7+£3.2 1.8+3.3 0.006
short-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 0.2+0.9 0.3t1.2 0.099 0.2£1.0 0.2£1.0 0.021
inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 542 (23.8) | 1,059 0.095 458 (22.3) | 481 0.027
Mean+SD (19.9) (23.4)
Breast cancer®, n(%) 112 (4.9) | 279 (5.2) | 0.014 102 (5.0) | 117 (5.7) | 0.032
Colorectal cancer?, n(%) 44 (1.9) 122 (2.3) | 0.025 40 (1.9) 39(1.9) | 0.004
Endometrial cancer?, n(%) | 6 (0.3) 29 (0.5) | 0.044 6 (0.3) 4(0.2) 0.020
Prostate cancer?, n(%) 112 (4.9) | 289 (5.4) | 0.023 100 (4.9) | 106 (5.2) | 0.013
Stroke-Transient Ischemic | 212 (9.3) | 613 0.072 195(9.5) | 178(8.6) | 0.029
attack®, n(%) (11.5)
Acute myocaridal 97 (4.3) 236 (4.4) | 0.008 88 (4.3) 97 (4.7) | 0.021
infarction®, n(%)
Chronic kidney disease?, 907 (39.8) | 2,248 0.048 811 (39.4) | 801 0.010
n(%) (42.2) (38.9)
Diabetes®, n(%) 765 (33.6) | 1,988 0.078 696 (33.8) | 694 0.002
(37.3) (33.7)
Depression®, n(%) 846 (37.1) | 2,067 0.034 775 (37.7) | 777 0.002
(38.8) (37.8)
Allergic rhinitis?, n(%) 312 (13.7) | 752 0.012 280 (13.6) | 291 0.015
(14.1) (14.1)
Pneumonia?, n(%) 537 (23.6) | 1,584 0.139 501 (24.3) | 480 0.024
(29.7) (23.3)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file

information
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Appendix table 31. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals with one
exacerbation in the preceding year)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)*
LABA/ICS 0.891 (95% Confidence
207
2,058 404.898 | 51.12398 interval: 0.743-1.068)
LABA/LA 501.683
273
MA 2,058 8 54.41675 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

Pre-matching Post-matching

"1 LABA-LAMA LABA-ICS ] LABA-LAMA LABA-ICS
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Appendix figure 13. Propensity score distribution before and after matching (Among
individuals with one exacerbation in the preceding year)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 32. Characteristics of study population by drug, before and after
matching (Among individuals with more than 1 exacerbation in the preceding year)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L | LABA/I | Standard
AMA CS ized AMA Cs ized
(N=1,216) | (N=2,50 | differenc | (N=1,068) | (N=1,06 | differenc
9) e 8) e
Age in years!, Mean+SD 74.846.1 | 75.146.8 | 0.042 74.8+6.2 | 74.846.5 | 0.004
Sex: Female, n(%) 652 (53.6) | 1357 0.009 575 (53.8) | 592 0.032
(54.1) (55.4)
Race: Black, n(%) 43 (3.5) 158 (6.3) | 0.128 41 (3.8) 41 (3.8) | 0.000
Race: White, n(%) 1,120 2,212 0.133 975 (91.3) | 969 0.020
(92.1) (88.2) (90.7)
Race: Other, n(%) 53 (4.4) 139 (5.5) | 0.054 52 (4.9) 58 (5.4) | 0.025
Number of COPD 3.0£2.0 3.0£1.6 | 0.028 3.0£1.9 2.9+15 | 0.055
exacerbations?, Mean+SD
Number of prescriptions for | 0.8+2.2 0.4+£1.5 | 0.209 0.6£1.8 0.6£1.9 0.020
long-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 2.3+3.8 2.5%4.2 0.061 2.4+3.9 2.4+4.0 0.012
short-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 0.2+1.0 0.3t1.4 | 0.079 0.2£1.0 0.2£1.0 0.014
inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 433 (35.6) | 777 0.099 357 (33.4) | 361 0.008
Mean+SD (31.0) (33.8)
Breast cancer®, n(%) 71 (5.8) 98 (3.9) | 0.090 49 (4.6) 59 (5.5) | 0.043
Colorectal cancer?, n(%) 26 (2.1) 59 (2.4) | 0.014 23(2.2) 27 (2.5) | 0.025
Endometrial cancer?, n(%) | 6 (0.5) 21(0.8) | 0.042 5(0.5) 3(0.3) 0.031
Prostate cancer?, n(%) 52 (4.3) 111 (4.4) | 0.007 48 (4.5) 41 (3.8) | 0.033
Stroke-Transient Ischemic | 105 (8.6) | 281 0.086 94 (8.8) 108 0.045
attack®, n(%) (11..2) (10.1)
Acute myocaridal 53 (4.4) 134 (5.3) | 0.046 49 (4.6) 51 (4.8) | 0.009
infarction®, n(%)
Chronic kidney disease?, 491 (40.4) | 1,073 0.048 424 (39.7) | 413 0.021
n(%) (42.8) (38.7)
Diabetes®, n(%) 398 (32.7) | 935 0.095 345 (32.3) | 365 0.040
(37.3) (34.2)
Depression®, n(%) 479 (39.4) | 1,112 0.100 418 (39.1) | 424 0.012
(44.3) (39.7)
Allergic rhinitis?, n(%) 171 (14.1) | 365 0.014 145 (13.6) | 148 0.008
(14.5) (13.9)
Pneumonia?, n(%) 322 (26.5) | 818 0.135 295 (27.6) | 290 0.011
(32.6) (27.2)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information
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Appendix table 33. Hazard ratio of time to first COPD exacerbation among new users of
LABA/LAMA versus LABA/ICS in patients with COPD (Among individuals with more
than 1 exacerbation in the preceding year)

Treatment | Number of | Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)?
LABA/ICS 177.341 0.945 (95% Confidence
239
1,068 5 134.7682 interval: 0.795-1.124)
LABA/LA 204.602
279
MA 1,068 3 136.3621 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

Pre-matching Post-matching
i 154
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Appendix figure 14. Propensity score distribution before and after matching (Among
individuals with more than 1 exacerbation in the preceding year)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix table 34. Characteristics of study population by drug, before and after
matching (negative control analysis)

Before matching After matching
Variables LABA/L | LABA/I | Standard | LABA/L LABA/I | Standard
AMA Cs ized AMA Cs ized
(N=13,40 | (N=36,4 | differenc | (N=12,884 | (N=12,8 | differenc
4) 88) e ) 84) e
Age in years!, Mean+SD 75.7+6.7 | 76.4£7.4 | 0.105 75.746.8 75.7£7.0 | 0.006
Sex: Female, n(%) 6,815 20,497 0.107 6,583 6,534 0.008
(50.8) (56.2) (51.1) (50.7)
Race: Black, n(%) 608 (4.5) | 2,290 0.077 596 (4.6) | 596 (4.6) | 0.000
(6.3)
Race: White, n(%) 11,837 30,900 0.106 11,345 11,331 0.003
(88.3) (84.7) (88.1) (87.9)
Race: Other, n(%) 959 (7.2) | 3,298 0.069 943 (7.3) | 957 (7.4) | 0.004
(9.0)
Number of COPD 0.4+1.1 0.3+0.9 0.094 0.4+1.1 0.4£1.0 0.015
exacerbations?, Mean=SD
Number of prescriptions for | 0.6£2.0 0.2£1.1 0.227 0.5£1.7 0.4£1.6 0.026
long-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 1.5+2.9 1.4+2.8 0.031 1.4+2.9 1.4+2.8 0.006
short-acting
bronchodilators?, Mean+SD
Number of prescriptions for | 0.2+0.9 0.3t1.2 0.115 0.2£0.9 0.2£0.9 0.003
inhaled corticosteroids?,
Mean+SD
Supplemental oxygen use?, | 2,489 5,042 0.129 2,325 2,332 0.001
Mean+SD (18.6) (13.8) (18.0) (18.1)
Breast cancer?, n(%) 686 (5.1) | 1,919 0.006 655 (5.1) 631 (4.9) | 0.009
(5.3)
Colorectal cancer®, n(%) 315 (2.4) | 903 (2.5) | 0.008 310 (2.4) 317 (2.5) | 0.004
Endometrial cancer?, n(%) 61 (0.5) 229 (0.6) | 0.024 61 (0.5) 54 (0.4) | 0.008
Prostate cancer?, n(%) 727 (5.4) | 1,900 0.010 701 (5.4) 692 (5.4) | 0.003
(5.2)
Stroke-Transient Ischemic 1,331 4,430 0.071 1,299 1,261 0.010
attack®, n(%) (9.9) (12.1) (10.2) (9.8)
Acute myocaridal 526 (3.9) | 1,639 0.028 513 (4.0) | 491 (3.8) | 0.009
infarction®, n(%) (4.5)
Chronic kidney disease?, 5,509 15,751 0.042 5,324 5,354 0.005
n(%) (41.2) (43.2) (41.3) (41.6)
Diabetes®, n(%) 4,959 14,847 0.076 4,798 4,833 0.006
(37.0) (40.7) (37.2) (37.5)
Depression®, n(%) 4,823 14,276 0.065 4,657 4,659 0.000
(36.0) (39.1) (36.1) (36.2)
Allergic rhinitis?, n(%) 1,824 5,824 0.066 1,767 1,789 0.005
(13.6) (16.0) (13.7) (13.9)
Pneumonia?, n(%) 2,554 8,603 0.111 2,483 2,465 0.004
(19.1) (23.6) (19.3) (19.1)

'On the index date, 2 In the 1-year preceding index date, *Based on the Medicare Chronic conditions file
information
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Appendix table 35. Hazard ratio of gastroesophageal reflux disease for new users of
LABA/LAMA versus LABA/ICS in patients with COPD (negative control analysis)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post

group patients events years per year matching)*

LABA/ICS 2,939.56 0.955 (95% Confidence
12,884 252 7 8.57269 interval: 0.875-1.042)

LABA/LA 3,581.26

MA 12,884 257 2 7.176241 1 (reference group)

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional
hazards model.

Pre-matching Post-matching

LABA-LAMA LABA-ICS 231 LABA-LAMA LABA-ICS
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Density
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Appendix figure 15. Propensity score distribution before and after matching (negative
control analysis)

Note: Modeled around the probability of receiving LABA/LAMA
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Appendix G: LABA/LAMA therapies in the US

Appendix table 36. Currently available LABA/LAMA therapies in the US

Agents

|

Brand names |

Dosing

Combination long-acting muscarinic antagonist/long-acting beta, agonist inhalers

Aclidinium 400 mcg/formoterol 12 mcg

Duaklir Pressair

1 inhalation twice daily; DPI

Glycopyrrolate 9 mcg/formoterol 4.8 mcg

Bevespi
Aerosphere

2 inhalations twice daily;
MDI

Tiotropium 2.5 mcg/olodaterol 2.5 mcg per

Stiolto Respimat

2 inhalations once daily; SMI

Umeclidinium 62.5 mcg/vilanterol 25 mcg

Anoro Ellipta

1 inhalation once daily; DPI

DPI: dry powder inhaler; MDI: metered dose inhaler; SMI: soft mist inhaler.
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Appendix H: Aim 3 results

Pre-matching

Post-matching

OLO/TIO VI/ UMEC

Density
Density

OLO/TIO VI/ UMEC

Propensity score

Propensity score

Appendix figure 16. Propensity score distribution before and after matching (Overall

results)

Modeled around the probability of receiving OLO/TIO

131



L0 [Cray's Test p=0.4921 |
o 0
&
c
V
RS
‘S 06
£
v s
2 [ ,_I_
S 0.4 - r
—_ ——
= Wi

ol s

S S
S5 iy
O 024 -

|:|.|:| - T T T I

5000 1000 1500 2000

Time (days)
OLO/TIO VI/UMEC

Appendix figure 17. Cumulative incidence of the time to first COPD exacerbation,
comparing OLO/TIO and VI/UMEC initiators with persistent use, via the Kaplan-Meier

method
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Appendix table 37. Characteristics of study population by drug, before and after
matching (negative control analysis)

Before matching

After matching

Variables OLO/TI | VI/JUME | Stand | OLO/TIO | VI/UMEC | Stand
O C ardize | (N=2,267) | (N=6,801) | ardize
(N=2,73 | (N=13,33 | d d
9) 3) differe differe
nce nce
Age in years?, Mean+SD 75.5+6.5 | 75.7£6.7 0.027 75.6+6.6 75.5+6.7 0.008
Sex: Female, n(%) 1,346 6,851 0.026 | 1,137 3,375
(49.1) (51.4) (50.2) (49.6) 0.011
Race: Black, n(%) 93 (3.4) 638 (4.8) 0.045 87 (3.8) 243 (3.6) 0.014
Race: White, n(%) 2,474 11,778 0.070 | 2,025 6,112
(90.3) (88.3) (89.3) (89.9) 0.018
Race: Other, n(%) 172 (6.3) | 917 (6.9) | 0.064 155 (6.8) 446 (6.6) 0.011
Number of COPD 0.6+1.3 0.5+1.2 0.045 | 0.5+1.2 0.5+1.3 0.018
exacerbations?, Mean+SD
Number of prescriptions for 1.6+3.0 1.0+2.5 0.204 1.1+2.4 1.1+25 0.013
long-acting bronchodilators?,
Mean+SD
Number of prescriptions for 1.843.3 1.6+£3.0 0.070 1.6+3.0 1.6+2.9 0.001
short-acting bronchodilators?,
Mean+SD
Number of prescriptions for 0.4+1.1 0.4£1.2 0.006 0.3+x1.1 0.4+1.2 0.011
inhaled corticosteroids?,
Mean+SD
Number of prescriptions for 0.8+2.1 0.91£2.2 0.026 0.8+2.2 0.8+2.1 0.012
LABA/ICS?, Mean+SD
Supplemental oxygen use?, 664 2,692 0.227 490 (21.6) | 1424 (20.9) | 0.017
Mean+SD (24.2) (20.2)
Breast cancer?, n(%) 132 (4.8) | 656 (4.9) | 0.098 | 112 (4.9) 311 (4.6) 0.017
Colorectal cancer®, n(%) 56 (2.0) 318 (2.4) | 0.005 49 (2.2) 159 (2.3) 0.012
Endometrial cancer®, n(%) 7(0.3) 68 (0.5) 0.023 7(0.3) 24 (0.4) 0.008
Prostate cancer?, n(%) 164 (6.0) | 710 (5.3) | 0.041 125 (5.5) 389 (5.7) 0.009
Stroke-Transient Ischemic 233 (8.5) | 1,328 0.029 | 199 (8.8) 617 (9.1) 0.010
attack®, n(%) (10.0)
Acute myocardial infarction®, | 102 (3.7) | 531 (4.0) | 0.050 | 85(3.7) 265 (3.9) 0.008
n(%)
Chronic kidney disease?, 1,046 5,499 0.013 | 883(39.0) | 2,642 0.002
n(%) (38.2) (41.2) (38.8)
Diabetes®, n(%) 949 4,900 0.062 | 802(35.4) | 2,390 0.005
(34.6) (36.8) (35.1)
Depression®, n(%) 949 4,859 0.044 | 791(34.9) | 2,331 0.013
(34.6) (36.4) (34.3)
Allergic rhinitis?, n(%) 419 1,812 0.038 | 323(14.2) | 959 (14.1) | 0.004
(15.3) (13.6)
Pneumonia?, n(%) 546 2,658 0.049 | 439(19.4) | 1,267 0.019
(19.9) (19.9) (18.6)

'On the index date, ? In the 1-year preceding index date, >Based on the Medicare Chronic conditions file

information
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Appendix table 38. Hazard ratio of gastroesophageal reflux disease for new users of
OLO/TIO versus VI/UMEC in patients with COPD (negative control analysis)

Treatment | Number of Number of | Person | Rate per 100 | Hazard ratio (post
group patients events years per year matching)?
OLO/TIO | 2,267 48 613.098 | 7.830 1.055 (95% Confidence
interval: 0.903-1.233)
VI/UMEC | 6,801 150 2,091.37 | 7.172 1 (Reference group)
0

"Matched on high-dimensional propensity scores. Hazard ratios obtained from the Cox-proportional

hazards model.

Pre-matching Post-matching

OLO/TIO VI/UMEC 5 OLO/TIO VI/UMEC

Density

= - T T T
04 04

Propensity score Propensity score

Appendix figure 18. Propensity score distribution before and after matching (negative

control analysis)

Modeled around the probability of receiving OLO/TIO
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