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Abstract

Background: Triple therapy (long-acting muscarinic antagonist [LAMA] plus long-acting beta2-agonist
[LABA] plus inhaled corticosteroid [ICS]) is recommended by the Global initiative for chronic Obstructive
Lung Disease (GOLD) for moderate-to-severe chronic obstructive pulmonary disease (COPD) with a history
of frequent and/or severe exacerbation(s) and dyspnea while using dual bronchodilators. However, many
patients receive triple therapy contrary to these recommendations. This study describes factors associated
with GOLD-discordant triple therapy initiation.

Methods: This retrospective analysis included patients aged 40 and above, with =1 COPD diagnosis, who
initiated triple therapy (initiation=index date) during the period January 1, 2014 to December 31, 2018
and had =12 months pre-index continuous enrollment (baseline). Triple therapy comprised =30 days of
overlapping LAMA, LABA, and ICS treatments (open triple therapy), or single-inhaler fluticasone furoate/
umeclidinium/vilanterol (closed triple therapy). Cohorts were defined based on the absence of baseline
maintenance medication use (“maintenance-naive”), and/or exacerbations (“exacerbation-discordant”),
or “dual-discordant” (discordant on both measures). All triple therapy initiators, overall and for each
cohort, were described, and predictors of GOLD-discordant triple therapy initiation were identified.

Results: Among 21,711 triple therapy initiators, 34.4% were maintenance-naive, 61.9% exacerbation-
discordant, and 22.2% dual-discordant. Triple therapy initiation appeared to increase during the period
2016 to 2018. In 2018 alone, 31.9% and 58.3% of open triple therapy patients were maintenance-naive
and exacerbation-discordant, respectively, versus 37.6% and 64.4% of closed triple therapy patients.
Closed triple therapy initiators had 1.65 times greater risk of dual discordance than open triple therapy
initiators. Exacerbation-discordant patients initiating closed triple therapy were 1.61 times more likely to
be maintenance-naive than those initiating open triple therapy.

Conclusion: A substantial proportion of COPD patients initiating triple therapy do not meet GOLD
recommendations regarding exacerbation history and/or prior maintenance therapy. Compared with open
triple therapy, closed triple therapy initiators were more likely to be dual discordant.

Abbreviations: long-acting beta2-agonist, LABA; long-acting muscarinic antagonist, LAMA; inhaled corticosteroid, ICS; Global initiative
for chronic Obstructive Lung Disease, GOLD;, chronic obstructive pulmonary disease, COPD; Medicare Advantage with Part D, MAPD; triple
therapy, TT, standard deviations, SDs; gastroesophageal reflux disease, GERD; short-acting beta2-agonist, SABA; short-acting muscarinic
antagonist, SAMA; phosphodiesterase, PDE; confidence interval, CI; odds ratio, OR; commercial, COM
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Introduction

In 2018, 9.7% of US. adults aged 45 or above
had a diagnosis of chronic obstructive pulmonary
disease (COPD), an increase from 8.9% in 20111,
still, a substantial proportion of affected people
remain undiagnosed.2 Historically, evidence-based
recommendations for the treatment of COPD have been
provided by the Global initiative for chronic Obstructive
Lung Disease (GOLD).3 Maintenance therapy includes
inhaled long-acting bronchodilators (long-acting
muscarinic antagonists [LAMAs], long-acting beta2-~agonists
[LABAs]) as monotherapy or in combination, or with
inhaled corticosteroids (ICSs).3 The GOLD document
further recommends that pharmacological escalation
to triple therapy (LAMA+LABA+ICS in free-dose [open
triple therapyl or fixed-dose [closed triple therapy]
combinations) should be reserved exclusively for the most
severe COPD patients with a history of exacerbations (=2
moderate and/or =1 severe) and whose symptoms are
not controlled on LAMA/LABA maintenance therapy.4>
Although clinical trials support advancement in these
cases to triple therapy, concerns remain about the chronic
use of ICSs and their association with an increased risk of
pneumonia,3 diabetes/poor control of diabetes, cataracts,
and mycobacterial infection, including tuberculosis.

Real-world observational studies of clinical
practice have demonstrated increased prescribing of
triple therapy®7.8 since 2004. Furthermore, multiple
claims-based retrospective studies have reported up
to 60% of patients as being prescribed triple therapy
contrary to GOLD recommendations, including
initiation as first-line therapy and/or with insufficient
exacerbation history.6.7.9 The most recent of these
studies observed patients receiving maintenance COPD
medications from 2013 to 2017, before the closed
triple therapy option? became available in September
2017. No real-world studies have since reported on
the temporal prescribing patterns of triple therapy
among patients with COPD and how closed triple
therapy may have impacted triple therapy prescribing.

The objectives of this study were to: (1) describe
COPD patients in the United States initiating triple
therapy during the period 2014 to 2018 with no
history of maintenance therapy (maintenance-
naive) and/or insufficient exacerbation history
(exacerbation-discordant) stratified by open and
closed triple therapy; and (2) determine factors
associated with GOLD-discordant prescribing when
both open and closed triple therapy were available.

Methods
Study Design and Data Source

A non-interventional retrospective analysis was
conducted using de-identified administrative data
between January 1, 2013, and December 31, 2018 (study
period including baseline and identification periods)
from the Optum Research Database and included
medical and pharmacy claims with linked enrollment
data for enrollees in commercial and Medicare
Advantage with Part D (MAFPD) health care plans. The
Optum Research Database contains data representing
more than 73 million unique patients, including
approximately 20% of the commercial-insured and 20%
of the Medicare-insured population of the United States.
The distribution of age, gender, race, and geographic
region is aligned with the overall U.S. commercial
and Medicare insured populations, respectively.
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Sample Selection

Inclusion Criteria

Patients were identified by the presence of =1 COPD
diagnosis code in any position on a medical claim
during the period January 1, 2013, through December
31, 2018 (identification period) (Figure 1). Study
eligibility required =30 days of overlapping ICS, LAMA,
and LABA prescriptions (allowing for a 7-day gap)
between January 1, 2014, and December 31, 2018
(study period); the index date was set to the first date
that all 3 components were on hand. Patients were
categorized as initiating open triple therapy (multiple
inhalers collectively containing ICS, LAMA, and LABA) or
closed triple therapy (a fixed-dose single triple therapy
inhaler containing fluticasone furoate/umeclidinium/
vilanterol). Patients aged 40 years or older at index and
with continuous medical and pharmacy enrollment for
=12 months priortoindex (baseline period) were retained.

Exclusion Criteria

Patients were excluded if they had =2 medical claims with
diagnosis code(s) for asthma, cystic fibrosis, interstitial
lung disease, or lung cancer, missing demographic
information (age, gender, geographic region, or
insurance type); or baseline use of triple therapy.

Patients who met the study selection -criteria
were stratified by their index year. For calendar year
2018, when both open and closed triple therapy were
available for the entire year, the latter subpopulation
of closed ftriple therapy was also highlighted.

Cohort Definitions

GOLD-discordant cohorts (not mutually exclusive)
were defined according to the 2018 GOLD
recommendations10 based on the following criteria
evaluated during the 12-month baseline period:

1. Maintenance-naive patients had no evidence
of use of ICS, LAMA, LABA and/or their
combinations prior to initiating triple therapy.

2. Exacerbation-discordant patients had no evidence
of severe exacerbation(s) and <2 moderate
exacerbations before initiating triple therapy
(i.e., were classified as GOLD A/B). Severe COPD
exacerbation was defined as an inpatient admission
with a COPD diagnosis code in the primary

position, or an acute respiratory failure diagnosis
code with a non-primary COPD diagnosis code.
A moderate exacerbation was defined as an
emergency department visit with a COPD diagnosis
code in the primary position or an office visit with
a COPD diagnosis in any position plus a pharmacy
claim for a COPD-recommended antibiotic and/or
a pharmacy claim for an oral corticosteroid within
17 days of the visit. Encounters occurring within
14 days of each other were considered a single
exacerbation episode and classified according
to the event contributing the highest severity.

3. Dual-discordant patients were both maintenance-
naive and exacerbation-discordant.

Study Measures

Baseline patient demographic characteristics
and clinical characteristics were obtained from
claims. Index medication information included
index triple therapy type, active ingredient
composition, and the prescribing provider specialty.

Statistical Analyses

Baseline measures were analyzed descriptively for the
overall triple therapy-initiating population and the
following subgroups of interest: (1) maintenance-
naive, (2) exacerbation-discordant, and (3) dual-
discordant. Frequencies and percentages were calculated
for categorical variables. Means with standard
deviations (SDs) were calculated for continuous
variables. All analyses were performed using SAS
version 9.4 (SAS Institute, Cary, North Carolina).

Multivariable logistic regression analyses were
used to explore the association between receipt of
open or closed triple therapy and (1) dual discordance,
and (2) maintenance-naive discordance with GOLD
recommendations,  adjusting  for  demographic
characteristics, comorbidities, baseline medications, and
index provider types. These analyses were restricted
to calendar year 2018, when both open and closed
triple therapy treatment options were available. The
outcome of the first model was dual discordance
versus GOLD-appropriate prescribing on one or both
criteria among all patients. The outcome of the second
model was maintenance-naive status at the time of
open or closed triple therapy receipt stratified by the
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Figure 1. Sample Identification

N=1,615,653

l

‘ ICS, LABA, and LAMA medication, flagged as free or fixed dose TT,

) [ COPD diagnosis between 01/01/2013 and 12/31/2018 ]

between 01/01/2014 and 12/31/2018
n=125,578 (7.8%)

|

Age 240 years at index and 364 days pre-index
continuous enrollment
\ ) n=65,518 (52.2%)

]

Incomplete or missing demographic information, insurer type or region
(excluded n=61); or TT during baseline (excluded n=22,327)
n=43,130 (65.8%)

!

22 medical claims coded for asthma (excluded n=17,199), cystic fibrosis

Inclusion Criteria

(excluded n=10), lung cancer (excluded n=2392), or interstitial lung disease
(excluded n=1,818) during the study period
n=21,711 (50.3%)

!

I~ N

Maintenance-naive and/or exacerbation discordant (excluded 5,621
patients with GOLD-concordant history)

Exclusion Criteria

n=16,090
Open TT, n=14,369 (89.3%)
Closed TT, n=1,721 (10.7%)
@ ,n=1,
L ——
(©
(%]
8O
s Maintenance-naive: Dual Discordant: Exacerbation discordant:
g n=7,473 n=4,818 n=13,435
Open TT, n=6,603 (88.4%) Open TT, n=4,180 (86.8%) Open TT, n=11,946 (88.9%)
Closed TT, n=870 (11.6%) Closed TT, n=638 (13.2%) Closed TT, n=1,489 (11.1%)
\—

Study cohorts are not mutually exclusive; the maintenance naive and discordant cohorts include the
4,818 duzl discordant patients.

Flow chart of selection and attrition of sample based on inclusion and exclusion criteria.
Study cohorts are not mutually exclusive; the maintenance-naive and discordant cohorts include the 4818 dual-discordant patients.

COPD-= chronic obstructive pulmonary disease; ICS=inhaled corticosteroid; LABA=long-acting beta2 agonist, LAMA= long-acting muscarinic antagonist; TT=triple therapy;
GOLD= Global initiative for chronic Obstructive Lung Disease

presence or absence of exacerbation discordance.

Results
This study used fully de-identified data extracts in
a manner compliant with Health Insurance Portability Sample Selection
and Accountability Act regulations. Institutional review Among 1,615,653 patients with a COPD diagnosis
. . ’ > >
board approval was neither required nor sought. 65,518 met the study inclusion criteria and 21,711

remained eligible after exclusion criteria were applied
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(Figure 1). Of the overall triple therapy study population,
34.4% of patients were maintenance-naive, 61.9%
were exacerbation-discordant, and 22.2% were dual-
discordant. The maintenance-naive and exacerbation-
discordant cohorts include the subset of dual discordant
patients.

Patient Characteristics

Overall Sample

Triple therapy prescribing appeared to increase year-
over-year between 2016 and 2018; patients initiating
triple therapy in 2017 and 2018 accounted for 54.1% of
the study sample (Table 1).11 In 2018, 1 out of every 3
triple therapy initiators started with closed triple therapy.

Among the overall triple therapy population, 50.1%
of patients were male, and the mean (£SD) age was 69.8
(£9.5) years. ICS/LABA+LAMA was the most common
open triple therapy combination. Overall, 34.4% were
maintenance-naive and 61.9% were exacerbation-
discordant (i.e., had no exacerbations or only 1 moderate
exacerbation history atindex). A total of 74.1% were either
maintenance-naive and/or exacerbation-discordant
while 22.2% were dual-discordant. Approximately 1
in 5 patients (22.7%) were commercially insured. One
in 3 patients (37.7%) had pneumonia and/or acute
bronchitis/bronchiolitis during the baseline period.
Nearly one-third (31.8%) had a recent pulmonologist visit
prior to triple therapy initiation and this specialty’s share
of prescribing appears to be increasing over time (Table 1).

Within the closed triple therapy subset, 2 out of 5
index prescriptions were prescribed by pulmonologists
(40.2%). Among these patients, 37.6%, 64.4%, and
74.4% of the closed triple therapy starts were found to
be maintenance-naive, exacerbation-discordant, and
discordant on at least 1 GOLD triple therapy-specific
recommendation, respectively.

Dual-Discordant Cohort

Among the patients who were dual-discordant,
56.4% were male (Table 2). The mean (+SD) age
was 69.0 (£9.9) years with the largest proportion
of patients (30.3%) in the 75+ year age group. Over
a quarter of this cohort was commercially insured;
29% had a baseline diagnosis of pneumonia or acute
bronchitis/bronchiolitis. Approximately 1 in 4 (26.6%)
of these patients had a recent pulmonologist visit.

Among closed triple therapy patients, 27.6% were
dual-discordant; these 638 patients represented 41.9%
of the dual-discordant triple therapy initiators in 2018.
A total of 35.3% of the closed ftriple therapy dual-
discordant patients were prescribed by pulmonologists,
followed by primary care (24.0%) and internists (20.4%).

Maintenance~Naive Cohort

Among the maintenance-naive patients, 53.5% were
male, and the mean (£SD) age was 69.5 (£9.8) years;
the largest proportion of patients (32.1%) were in the
75+ year age group (Table 3). Approximately 1 in 4
patients (24.2%) were commercially insured. A total
of 41.3% of patients had a history of pneumonia or
acute bronchitis/bronchiolitis diagnoses and 35.5%
were classified as GOLD C/D. Approximately one-third
(32.8%) visited a pulmonologist in the prior month and
24.8% were prescribed their index triple therapy by
this specialist type. However, internists were the most
frequent prescribing type (32.9%) within this group.

A total of 37.0% of the 2018 maintenance-naive
starts belonged to closed triple therapy. Among the
maintenance-naive closed triple therapy subset in 2018,
pulmonologists were the largest prescribing group
(35.9%).

See Supplementary Table S1 in the online
supplement for results on patients with exacerbation-
discordant history as the indicator of discordance with
GOLD recommendations.

Multivariable Analyses: Predictors of
Discordant Prescribing

Odds of Dual-Discordant Prescribing

Figure 2 displays the multivariable logistic regression
results of dual-discordant history (versus appropriate
prescribing per at least 1 criterion). When patients
initiated closed triple therapy, as compared with open
triple therapy, the odds of being dual-discordant were
65% higher (95% confidence interval [CI]: 1.44-1.89;
p<0.001). Males had 41% increased odds (95% CIL
1.25-1.59; p<0.001) of being discordant on both
criteria versus females. Conversely, the adjusted odds of
discordance with both GOLD criteria were lower among
patients with baseline respiratory antibiotic or rescue
medication use as compared to those with no respiratory-
related antibiotic or rescue medication use, respectively
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Table 1. Demographic and Clinical Characteristics of All Triple Therapy Initiators by Index Year

2018 Subset| 2018 Subset
(n=6948; | Open Triple | Closed Triple

Demographic Characteristics

Total
(n=21711)

2014
(n=3509;

16.2% of
Total)?

2015
(n=3129;
14.4% of

Total)?

2016
(n=3331;
15.3% of

Total)?

2017
(n=4794;
22.1% of

Total)?

2018

32.0% of
Total)®

Therapy
(n=4637)

Therapy
(n=2311)

Age, years, mean (SD) 69.8(95) | 69.2(94)| 702(95) | 695(9.8)| 697(95) | 70.1(94) 702(94)| 69.8(9.4)
Age Group, years, n (%)
4049 375(1.7) 59 (1.7) 47 (1.5) 68 (2.0) 87(1.8)| 114(1.6) 72 (1.6) 42 (1.8)
50-59 2992 (13.8) | 527 (15.0) | 436(13.9) | 492(14.8) | 644(134) | 893(12.9) 594(128)| 299 (12.9)
60-64 3012 (13.9) | 471(134) | 403 (12.9) | 502 (15.1) | 670(14.0) | 966(13.9)| 609 (13.1) | 357 (15.5)
65-69 3937 (18.1) | 689(19.6) | 557 (17.8) | 603(18.1) | 862(18.0) | 1226 (17.7), 859(18.5) | 367 (15.9)
70-74 4429 (204) | 761(21.7) | 615(19.7) | 617(18.5) | 994(20.7) | 1442 (20.8)| 949(20.5) | 493 (21.3)
75+ 6966 (32.1) | 1002 (28.6) | 1071 (34.2) | 1049 (31.5) | 1537 (32.1) | 2307 (33.2)| 1554 (33.5) | 753 (32.6)
Male Gender, n (%) 10880 (50.1) | 1777 (50.6) | 1599 (51.1) | 1714 (51.5) | 2365 (49.3) | 3425 (49.3)| 2230 (48.1) | 1195 (51.7)
Region, n (%)
Northeast 3224 (149) | 639(18.2) | 563(18.0) | 546 (16.4) | 616(12.9) | 860(124)| 632(13.6) 228 (9.9)
Midwest 6274 (28.9) | 1083 (30.9) | 1030 (32.9) | 1047 (31.4) | 1312 (27.4) | 1802 (25.9)| 1261(27.2) | 541 (23.4)
South 10261 (47.3) | 1418 (40.4) | 1239 (39.6) 1404 (42.2) | 2455 (51.2) | 3745(53.9)| 2357 (50.8) | 1388 (60.1)
West 1952 (9.0) | 369 (10.5) 297 (9.5) 34(10.0) | 411(86) | 541(7.8) 387 (84) 154 (6.7)
Insurance Type, n (%)
Commercial 4938 (22.7) | 1002 (28.6) | 767 (24.5) | 995(29.9) | 923(19.3) | 1251(18.0)| 794 (17.1) | 457 (19.8)
Medicare Advantage Part D 16773 (77.3) | 2507 (71.4) | 2362 (75.5) | 2336 (70.1) | 3871(80.8) | 5697 (82.0)| 3843 (82.9) | 1854 (80.2)
Baseline Clinical Characteristics
Elixhauser Score 7.7(9.7) 7.3(94) 7.7(94) 7.5(9.6) 8.1(9.7) 79(99) 83(10.1) 7.1(94)
(excluding COPD), mean (SD)P
Comorbid Conditions, n (%)
Allergic Rhinitis 2649 (12.2) | 360 (10.3) 321 (10.3) | 392(11.8) | 603(126) | 973(14.0)| 617(13.3) | 356(15.4)
Anxiety 5376 (24.8) | 663 (18.9) | 642(20.5) | 797 (23.9) | 1359 (28.4) | 1915(27.6)| 1333(28.8) | 582 (25.2)
Arhythmia 5621(25.9) | 911(26.0) | 851(27.2) | 849(255) | 1268 (26.5) | 1742(25.1)) 1193(25.7) | 549 (23.8)
Atrial Fibrillation 3710 (17.1) | 552 (15.7) | 531(17.0) | 563(16.9) | 880(18.4) | 1184(17.0) 814(17.6)| 370 (16.0)
Congestive Heart Failure 5662 (26.1) | 815(23.2) | 796 (25.4) | 824 (24.7) | 1335(27.9) | 1892(27.2)| 1340(28.9) | 552 (23.9)
Depression 5773 (26.6) | 823(235)| 716(22.9) | 865(26.0) | 1398 (29.2) | 1971 (28.4) 1389(30.0) | 582 (25.2)
Dyspnea 14488 (66.7) | 2265 (64.6) | 2057 (65.7) | 2265 (68.0) | 3240 (67.6) | 4661 (67.1)| 3135(67.6) | 1526 (66.0)
Ischemic Heart Disease 8091 (37.3) | 1213 (34.6) | 1095 (35.0) | 1178 (35.4) | 1881(39.2) | 2724 (39.2)| 1799 (38.8) | 925 (40.0)
Metabolic Syndrome 19307 (88.9) | 3068 (87.4) | 2718 (86.9) | 2909 (87.3) | 4299 (89.7) | 6313 (90.9) 4224 (91.1) | 2089 (90.4)
Obesity 4534 (20.9) | 523(14.9) | 522(16.7) | 711(21.3) | 1106 (23.1) | 1672 (24.1)| 1123 (24.2) | 549 (23.8)
Hypercholesterolemia 14831 (68.3) | 2351 (67.0) | 2061 (65.9) | 2211 (66.4) | 3291 (68.7) | 4917 (70.8)| 3278 (70.7) | 1639 (70.9)
Hypertension 16899 (77.8) | 2646 (75.4) | 2337 (74.7) | 2520 (75.7) | 3795(79.2) | 5601 (80.6)| 3770 (81.3) | 1831 (79.2)
Type 2 Diabetes, including 8721(40.2) | 1352(38.5) | 1205(38.5) | 1232 (37.0) | 1976 (41.2) | 2956 (42.5)| 1990 (42.9) | 966 (41.8)
insulin resistance
Peripheral Vascular Disease 6331 (29.2) 888 (253) | 890 (28.4) | 925(27.8) | 1467 (30.6) | 2161 (31.1) 1430(30.8) |  731(31.6)
Peptic Ulcer/GERD 6744 (31.1) 64 (27.5) | 856 (27.4) | 993(29.8) | 1610(33.6) | 2321 (334) 1590 (34.3) | 731(31.6)
Renal Disease 6546 (30.2) 1035 (29.5) | 946(30.2) | 931(28.0) | 1510(31.5) | 2124 (30.6) | 1468 (31.7) | 656 (28.4)
Sleep Apnea 4778 (22.0) 34 (18.1) | 569 (18.2) | 722(21.7) | 1156 (24.1) | 1697 (24.4)| 1089 (23.5) | 608 (26.3)
Stroke 1109 (5.1) 124 (3.5) 140 (4.5) 171(B.1) | 291(6.1) | 383(5.5)| 250 (54) 133 (5.8)

continued on next page
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Pneumonia or Acute 8192 (37.7) | 1309 (37.3) | 1111(35.5) | 1261 (37.9) | 1886 (39.3) | 2625 (37.8)| 1814 (39.1) 811(35.1)
Bronchitis/Bronchiolitis
Baseline® COPD Severity, n (%)
1 Moderate and No Severe 4205(19.4) | 639(18.2) | 609(19.5) | 660(19.8) | 922(19.2) | 1375(19.8) 877 (18.9) | 498 (21.6)
Exacerbation
=2 Moderate or 21 Severe 8276 (38.1) | 1200 (334.2) | 1107 (35.4) | 1255 (37.7) | 1956 (40.8) | 2758 (39.7) | 1935 (41.7) | 823 (35.6)
Exacerbations
Oxygen Therapy 6786 (31.3) | 1182(33.7) | 1009 (32.3) | 1008 (30.3) | 1535 (32.0) | 2052 (29.5)| 1369 (29.5) | 683 (29.6)
Evidence of Tobacco Use/Cessation {14618 (67.3) | 1824 (52.0) | 1715(54.8) | 2317 (69.6) | 3552 (74.1) | 5210 (75.0)| 3556 (76.7) | 1654 (71.6)
Pulmonologist Visit within 30 Days | 6903 (31.8) | 1043 (29.7) | 958 (30.6) | 1083 (32.5) | 1523 (31.8) | 2296 (33.1)| 1505 (32.5) | 791 (34.2)
Prior to Index Date
Baseline Medication Use, n (%)
Maintenance-naive, i.e., no 7473 (34.4) | 1277 (36.4) | 1100(35.2) | 1136 (34.1) | 1611 (33.6) | 2349 (33.8)| 1479(31.9) | 870 (37.7)
ICS, LABA, or LAMA
Naive to LABA or LAMA 7913 (36.5) | 1341(38.2) | 1159(37.0) | 1196 (35.9) | 1713 (35.7) | 2504 (36.0)| 1590 (34.3) | 914 (39.6)
Maintenance Medications, in Any Combination, n (%)
Any LAMA 7289 (33.6) | 1220 (34.8) | 1077 (34.4) | 1174 (35.2) | 1559 (32.5) | 2259 (32.5)| 1493 (32.2) | 766 (33.2)
Any LABA 9247 (42.6) | 1234(35.2) | 1132(36.2) | 1306 (39.2) | 2157 (45.0) | 3418 (49.2) | 2220 (47.9) | 1198 (51.8)
Any ICS 8720 (40.2) | 1346 (38.4) | 1214 (38.8) | 1313(39.4) | 2040 (42.6) | 2807 (40.4)| 2031 (43.8) | 776 (33.6)
Rescue Medications, in Any Combination, n (%)
Any SABA 15011 (69.1) | 2245 (64.0) | 2073 (66.3) | 2318 (69.6) | 3411 (71.2) | 4964 (71.5)| 3297 (71.1) | 1667 (72.1)
Any SAMA 5681(26.2) | 813(23.2) | 751(24.0) | 858 (25.8) | 1326 (27.7) | 1933 (27.8)| 1288 (27.8) | 645 (27.9)
Oral Corticosteroids 11271 (51.9) | 1564 (44.6) | 1566 (50.1) | 1747 (52.5) | 2573 (53.7) | 3821 (55.0)| 2538 (54.7) | 1283 (55.5)
Adjunct Therapy, n (%)
Methylxanthines 439 (2.0) 83 (24) 72 (2.3) 72(2.2) 91(1.9) | 121 (1.7) 83 (1.8) 38(1.6)
PDE-4 Inhibitors 233(1.1) 44 (1.3) 36 (1.2) 35(1.1) 58 (1.2) 60 (0.9) 36 (0.8) 24 (1.0)
Respiratory Antibiotics 12394 (57.1) | 1811(51.6) | 1708 (54.6) | 1882 (56.5) | 2815 (58.7) | 4178 (60.1)| 2765 (59.6) | 1413 (61.1)
Index Medication, n (%)
Closed Triple Therapy | 2313(106) | 000)| 0(00) | 0(00) | 2(0.04)2311(333)] 0(0.0) | 2311 (100.0)
Open Triple Therapy
ICS/LABA + LAMA 17064 (88.0) | 3375(96.2) | 2896 (92.6) | 2940 (88.3) | 4062 (84.8) | 3791 (81.8)| 3791 (81.8) -
LAMA/LABA +ICS 855 (4.4) 11(0.3) 57 (1.8) 119(3.6) | 306(6.4) | 362(7.8) 362 (7.8) -
ICS + LABA + LAMA 160 (0.8) 35(1.0) 34(1.1) 44 (1.3) 27 (0.6) 20 (0.4) 20 (0.4) -
ICS/LABA + LAMA/LABA 689 (3.6) 3(0.1) 47 (1.5) 106(32) | 236(49)| 297(64) 297(6.4) -
Other Combinations 630 (3.3) 85(2.4) 95 (3.0) 122 (3.7) 161(34) | 167(36)| 167 (3.6) -
Index Prescribing Provider Specialty, n (%)
Pulmonology 6576 (30.3) | 951(27.1) | 889(28.4) | 1038 (31.2) | 1443 (30.1) | 2255(32.5)| 1326(28.6) | 929 (40.2)
Primary Care 6519(30.0) | 1143(32.6) | 998(31.9) | 965(29.0) | 1530 (31.9) | 1883 (27.1)| 1348 (29.1) | 535(23.2)
Internal Medicine 6679 (30.8) | 1231(35.1) | 1085(34.7) | 1085 (32.6) | 1449 (30.2) | 1829 (26.3)| 1379(29.7) | 450 (19.5)
Allied Health Professional® 3268 (15.1) | 425(12.1) | 435(13.9) | 509 (15.3) | 715(14.9) | 1184 (17.0), 821(17.7) | 363 (15.7)
Cardiology 149 (0.7) 32(0.9) 29(0.9) 30(0.9) 29 (0.6) 29 (0.4) 21(0.5) 8(0.4)
Other Specialty 1169 (5.4) 217 (6.2) 186 (5.9) 213(64) | 218(46) | 335(4.8)] 228(4.9) 107 (4.6)
Unknown Specialty 1956 (9.0) 172 (4.9) 170 (5.4) 210(6.3) | 521(10.9) | 883(12.7)| 752(16.2) 131(5.7)

3Proportions by year represent the percentage of the total sample (N =21,711) included each year. Last 2 columns represent a subset within the adjacent column (all 2018). ®From

Elixhauser ' et al 1998. ®Baseline period excluding the index date. 9Index prescribing provider specialty categories are not mutually exclusive; totals will not sum to 100%. €Allied health
orofessional includes, but is not limited to, registered nurse, nurse practitioner, and physician assistant.
SD=standard deviation; COPD=chronic obstructive pulmonary disease; GERD=gastroesophageal reflux disease; ICS= inhaled corticosteroid; LABA=long-acting beta2-agonist;
_AMA=long-acting muscarinic antagonist; SABA=short-acting beta2-agonist; SAMA=short-acting muscarinic antagonist, PDE=phosphodiesterase
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Table 2. Characteristics of Patients with Dual-Discordant History by Index Year

Total 2014 2015 2016 2017 2018 2018 Subset| 2018 Subset
(n=4818) (n=857) (n=709) (n=733) (n=996) | (n=1523) | Open Triple |Closed Triple

Therapy Therapy
(n=8852 | (n=638)°

Proportion Dual-Discordant (%)° 22.2 244 22.7 22.0 20.8 21.9 276
Demographic Characteristics
Age, years, mean (SD) | 69.0(9.9) | 68.1(96)| 69.2(10.1) | 68.7(10.1) | 69.2(95)| 69.5(10.0)) 69.7(10.0)| 69.2(10.0)
Age Group, years, n (%)
4049 110 (2.3) 21(2.5) 16 (2.3) 20 (2.7) 19 (1.9) 34(22) 21(24) 13(2.0)
50-59 786 (16.3) | 147 (17.2) | 121 (17.1) | 128(17.5) | 149(15.0) | 241(15.8)] 134 (15.1) 107 (16.8)
60-64 698 (14.5) | 125(14.6) | 105(14.8) | 115(15.7) | 139(14.0) | 214 (14.1)] 118 (13.3) 96 (15.1)
65-69 839(174) | 170(19.8) | 113(15.9) | 127(17.13 | 180(18.1) | 249(16.4)] 157 (17.7) 92 (14.4)
70-74 924 (19.2) | 188(21.9) | 124(175) | 116(15.8) | 215(216) | 281(185) 157 (17.7) | 124 (19.4)
75+ 1461 (30.3) | 206 (24.0) | 230(32.4) | 227(31.0) | 294(29.5) | 504(33.1)] 298(33.7) | 206 (32.3)
Male Gender, n (%) 2718 (56.4) | 487 (56.8) | 394 (55.6) | 427(58.3) | 546 (54.8) | 864 (56.7)] 508 (574)| 356 (55.8)
Region, n (%)
Northeast 705(14.6) | 152(17.7) | 118(16.6) | 123(16.8) | 133(13.4) | 179(11.8)] 125(14.1) 54 (8.5)
Midwest 1377 (286) | 273(31.9) | 232(32.7) | 224(30.6) | 288(28.9) | 360(23.6) 226 (255) |  134(21.0)
South 2318 (48.1) | 358 (41.8) | 298 (42.0) | 319(43.5)  473(47.5) 870 (67.1)| 454(513)| 416 (65.2)
West 418 (8.7) 74 (8.6) 61(8.6) 67 (9.1) | 102(10.2) 14.(7.5) 80(9.0) 34(5.3)
Insurance Type, n (%)
Commerecial 1272 (26.4) | 273(31.9) | 205(28.9) | 245(334) | 231(232) 318(20.9)| 177(20.0) 141 (22.1)
Medicare Advantage Part D 3546 (73.6) | 584 (68.1) | 504 (71.1) | 488(66.6) | 765(76.8) | 1205(79.1)] 708(80.0) | 497 (77.9)
Baseline Clinical Characteristics
Elixhauser Score 6.7 (9.1) 6.4 (9.0) 6.7 (8.8) 6.7 (9.4) 6.9(9.2) 6.8(9.2) 75(94) 5.8(8.7)

(excluding COPD), mean (SD)°
Comorbid Conditions, n (%)

Allergic Rhinitis 532 (11.0) 69 (8.1) 68 (9.6) 82(11.2) | 119(120)| 194 (12.7) 98 (11.1) 96 (15.1)
Anxiety 54 (19.8) 110(12.8) | 117 (16.5) | 141(19.2) | 224 (22.5)| 362(23.8)] 213(24.1) 149 (23.4)
Arrhythmia 1169 (24.3) | 214(25.0) | 169(23.8) | 163(22.2) | 237(23.8) | 386(25.3)| 239(27.0) 147 (23.0)
Atrial Fibrillation 787 (16.3) | 131(15.3)| 103(145) | 110(15.0)| 170(17.1) | 273(17.9) 175 (19.8) 98 (15.4)
Congestive Heart Failure 1103 (22.9) | 165(19.3) | 157 (22.1) | 155(21.2) | 259 (26.0) | 367 (24.1)| 244 (27.6) 123 (19.3)
Depression 1139 (236) | 170(19.8) | 150(21.2) | 171(23.3) | 255(25.6) | 393(25.8) 249 (28.1) 44 (22.6)
Dyspnea 2994 (62.1) | 537(62.7)| 412(58.1) | 470 (64.1) | 602 (60.4) | 973(63.9)| 555(62.7) 418 (65.5)
Ischemic Heart Disease 1754 (36.4) | 304 (35.5) | 235(33.2) | 241(32.9) | 388(39.0)| 586(38.5) 339(38.3) 247 (38.7)
Metabolic Syndrome 4215(87.5) | 733(855)| 598(84.3) | 635(86.6) | 895(89.9) | 1354 (88.9), 788 (89.0) 566 (88.7)
Obesity 995(20.7) | 137(16.0) | 114 (16.1) | 159(21.7) | 241(24.2) | 344(226)| 213(24.1) 131 (20.5)
Hypercholesterolemia 3252 (67.5) | 573(66.9) | 452(63.8) | 483(659)| 689(69.2) | 1055(69.3)] 618(69.8) | 437 (68.5)
Hypertension 3678 (76.3) | 620(724)| 519(73.2) | 555(75.7) | 780(78.3) | 1204 (79.1)| 707 (79.9) | 497 (77.9)
Type 2 Diabetes, including 1985 (41.2) 329384) | 266(37.5) | 281(38.3)| 439(44.1) | 670(44.0) 393 (44.4) 277 (43.4)
insulin resistance
Peripheral Vascular Disease 1338 (27.8) | 195(228) | 197 (27.8) | 197(26.9) | 318(31.9) | 431(28.3)| 246(27.8) 185 (29.0)
Peptic Ulcer/GERD 1393 (28.9) | 206 (24.0) | 173(24.4) | 218(29.7) | 302(30.3) | 494(324)| 282(31.9) 212 (33.2)
Renal Disease 1372 (28.5) | 249(29.1) | 200(28.2) | 190(25.9) | 282(28.3)| 451(29.6)| 291(32.9) 160 (25.1)
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Sleep Apnea 988 (20.5) | 140(16.3) | 116(16.4) | 148(20.2) | 223 (22.4)| 361(23.7)| 209 (23.6) 152 (23.8)
Stroke 233 (4.8) 21(2.5) 38(54) 35(4.8) 62 (6.2) 77 (5.1) 48 (5.4) 29 (4.6)
Pneumonia or Acute 1404 (29.1) | 256(29.9) | 219(30.9) | 219(29.9) | 270(27.1) | 440(28.9) 269 (30.4) 171 (26.8)
Bronchitis/Bronchiolitis
Baseline COPD Severity, n (%)
1 Moderate and No Severe 1277 (26.5) | 193(22.5) | 178(25.1) | 206(28.1) | 256 (25.7) | 444(29.2)] 249(28.1) 195 (30.6)
Exacerbation
22 Moderate or 21 Severe 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Exacerbations
Oxygen Therapy 875(18.2) | 162(18.9)| 130(18.3) | 114(156) | 191(19.2) | 278(18.3)] 164(18.5) 114 (17.9)
Evidence of Tobacco Use 2973 (61.7) | 423(49.4)| 363(51.2) | 478(65.2) | 656 (65.9) | 1053 (69.1)) 622(70.3) | 431 (67.6)
Pulmonologist Visit within 30 Days | 1281 (26.6) | 206 (24.0) | 177(25.0) | 209 (28.5) | 258 (25.9) | 431(28.3)] 247(27.9) 184 (28.8)
Prior to Index Date
Baseline Medication Use, n (%)
Maintenance-naive, i.e., no 4818 (100.0) | 857 (100.0) | 709 (100.0) | 733 (100.0) | 996 (100.0) 1523 (100.0)| 885 (100.0) | 638 (100.0)
ICS, LABA, or LAMA
Naive to LABA or LAMA 4818 (100.0) | 857 (100.0) | 709(100.0) | 733 (100.0) | 996 (100.0) 1523 (100.0)| 885 (100.0) | 638 (100.0)
Maintenance Medications, in Any Combination, n (%)
Any LAMA 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any LABA 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any ICS 0(0.0) (0.0 0(0.0) 0(0 (0.0) (0.0) (0.0) 0(0.0)
Rescue Medications, in Any Combination, n (%)
Any SABA 2323(482) | 359(41.9)| 303(42.7) | 345(47.1)| 514(51.6) | 802(52.7) 437(494) 365(57.2)
Any SAMA 672 (14.0) | 105(12.3) 90 (12.7) 91(124) | 154 (155) | 232(15.2)] 133(15.0) 99 (15.5)
Oral Corticosteroids 1669 (34.6) | 269(31.4) | 245(346) | 266(36.3) | 339(34.0) | 550(36.1)] 302(34.1) | 248(38.9)
Adjunct Therapy, n (%)
Methylxanthines 62 (1.3) 15(1.8) 6(0.9) 7(1.0) 16 (1.6) 18(1.2) 12 (1.4) 6(0.9)
PDE-4 Inhibitors 12(0.3) 2(02 3(0.4) 3(04) 2(0.2 2(0.1) 1(0.1 1(0.2)
Respiratory Antibiotics 2274 (472) | 388(45.3)| 342(48.2) | 336(45.8) | 452 (45.4)| 756(49.6) 417(47.1)| 339(53.1)
Index Medication, n (%)
Closed Triple Therapy | 638(13.2) | 000)| 000 000] 0(00)] 638(41.9)] 0(0.0)| 638(100.0)
Open Triple Therapy
ICS/ILABA + LAMA 3880(92.8) | 846(98.7)| 679(95.8) | 671(91.5)| 900(90.4)| 784 (88.6) 784 (88.6) -
LAMA/LABA + ICS 131 (3.1) 1(0.1) 13(1.8) 25(34) 46 (4.6) 46 (5.2) 46 (5.2) -
ICS + LABA + LAMA 10(0.2) 2(0.2) 3(0.4) 3(04) 2(0.2) 0(0.0) 0(0..0) -
ICS/ILABA + LAMA/LABA 108 (2.6) 0(0.0) 5(0.7) 25(34) 37 3.7) 41 (4.6) 41 (4.6) -
Other Combinations 51(1.6) 8(0.9) 9(1.3) 9(1.2) 1(1.1) 14 (1.6) 14 (1.6) -
Index Prescribing Provider Specialty, n (%)°
Pulmonology 1355(28.1) | 222(25.9) | 171(24.1) | 226(30.8) | 284 (28.5) | 452(29.7)] 227 (25.7)| 225(35.3)
Primary Care 1259 (26.1) | 244(285) | 191(26.9) | 175(23.9) | 280(28.1) | 369(24.3)] 216(24.4) 153 (24.0)
Internal Medicine 1321(274) |  263(30.7) 227 (32.0) 205 (28.0) | 256 (25.7) | 370(24.3)| 240(27.1) 130 (20.4)
Allied Health Professional’ 566 (11.8) 77 (9.0) 98 (13.8) 86 (11.7) | 108 (10.8) | 197 (12.9)] 114(12.9) 83 (13.0)
Cardiology 35(0.7) 5(06) 7(1.0) 5(07) 9(09) 9(0.6) 7(0.8) 2(0.3)
Other Specialty 239 (5.0) 59 (6.9) 29(4.1) 48 (6.6) 44 (4.4) 59 (3.9 33(3.7) 26 (4.1)
Unknown Spegialty 344 (7.1) 40 (4.7) 24 (34) 37(5.1) 89(8.9) | 154(10.1)) 128(14.5) 26 (4.1)

8Maintenance-naive proportions were calculated using the total or corresponding calendar year's TT sample as reported in Table 1. Last 2 columns represent a subset within the

ad]acent column (all 2018). °From Elixhauser'" et al 1998. ®Dual-discordant proportions were calculated using the total or corresponding calendar year’s TT sample as reported in Table
1. 9Baseline period excludes index date. €Index prescribing provider specialty categories are not mutually exclusive; totals will not sum to 100%. fAllied health professional includes, but
is not limited to, registered nurse, nurse practitioner, and physician assistant.
SD=standard deviation; COPD=chronic obstructive puimonary disease; GERD=gastroesophageal reflux disease; ICS=inhaled corticosteroid; LABA=long-acting beta2-agonist;
LAMA=long-acting muscarinic antagonist; SABA=short-acting beta2-agonist; SAMA=short-acting muscarinic antagonist; PDE=phosphodiesterase; TT=triple therapy
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Table 3. Characteristics of Maintenance-Naive Patients by Index Year

Total 2014 2015 2016 2017 2018 2018 Subset| 2018 Subset
(n=7473) | (n=127T7) (n=1100) | (n=1136) | (n=1611 | (n=2349) | Open Triple |Closed Triple

Therapy Therapy
(n=1479)* = (n=870)

Proportion Maintenance-Naive (%)’ 344 364 35.2 341 33.6 33.8 376
Demographic Characteristics
Age, years, mean (SD) | 69.5(9.8) | 687(94) 69.8(99) | 69.1(10.0)| 69.7(9.7)| 69.9(9.8) 702(98) 69.4(9.9)
Age Group, years, n (%)
4049 160 (2.1) 28 (2.2) 19(1.7) 31(2.7) 34(21) 48 (2.0) 29 (2.0 19(2.2)
50-59 1097 (14.7) | 193 (15.1) | 172(156) | 178(15.7) | 227(141) | 327(139)] 195(13.2) | 132(15.2)
60-64 1036 (13.9) | 173 (13.6) | 147 (134) | 171(15.1) | 217(13.5) | 328(14.0)) 193(13.1)| 135(15.5)
65-69 1301 (17.4) | 256 (20.1) | 180(16.4) | 200 (17.6) | 268(16.6) | 397(16.9)] 269(182)| 128(14.7)
70-74 1478 (19.8) | 286(224) | 213(194) | 195(17.2) | 345(214) 439(18.7)] 269(18.2) |  170(19.5)
75+ 2401(32.1) | 341(26.7) | 369(33.6) | 361(31.8) | 520(32.3) | 810(34.5)] 524(354)| 286 (32.9)
Male Gender, n (%) 3998 (53.5) | 680(53.3) | 585(53.2) | 628(55.3) | 842(52.3) | 1263 (53.8)| 783(52.9)| 480 (55.2)
Region, n (%)
Northeast 1136 (15.2) | 227 (17.8) | 192(17.5) | 200 (17.6) | 231(14.3)| 286(12.2)| 210(14.2) 76 (8.7)
Midwest 2117(28.3) | 399 (31.3) 367 (334) | 345(30.4) | 438(27.2) | 568(24.1) 382 (25.8) | 186 (21.4)
South 3596 (48.1) | 541 (42.4) | 448 (40.7) | 480(42.3) | 804 (49.9) | 1323(56.3), 764 (51.7) | 559 (64.3)
West 624 (8.4) 110 (8.6) 93(8.3) 11(9.8)| 138(86)| 172(7.3) 123(8.3) 49 (5.6)
Insurance Type, n (%)
Commerecial 1807 (24.2) | 370(29.0) | 278(25.3) | 347(30.6) | 349(21.7) | 463(19.7)] 279(18.9) 184(212)
Medicare Advantage Part D 5666 (75.8) | 907 (71.0) | 822(74.7) | 789(69.5) | 1262 (78.3) | 1886 (80.3)| 1200 (81.1) | 686 (78.9)
Baseline Clinical Characteristics
Elixhauser Score 8.7(10.2) 82(98)| 90(102) | 84(102)| 9.0(10.3)| 8.9(104)] 9.7(105) 7.5(10.0)

(excluding COPD), mean (SD)P
Comorbid Conditions, n (%)

Allergic Rhinitis 783 (10.5) 101 (7.9) 102(9.3) | 124(10.9) | 182 (11.3)| 274 (11.7) 147 (9.9) 127 (14.6)
Anxiety 1812 (24.3) | 216 (16.9) 225 (20.5) | 276 (24.3) | 446 (27.7) | 649(27.6)| 424 (28.7) 225 (25.9)
Arrhythmia 2190 (29.3) | 380(29.8) | 343(31.2) | 313(27.6) | 474(29.4)| 680(29.0)] 453(30.6) 227 (26.1)
Atrial Fibrillation 1470 (19.7) | 232(182) | 213(194) | 213(18.8) | 336(20.9) | 476(20.3)| 318(21.5) 158 (18.2)
Congestive Heart Failure 2266 (30.3) | 340(26.6) | 335(30.5) | 320(28.2) | 525(32.6) | 746(31.8)] 528 (35.7) 218 (25.1)
Depression 1989 (26.6) | 291(22.8) | 258(23.5) | 297(26.1) | 475(29.5)| 668(28.4)| 448(30.3) 220 (25.3)
Dyspnea 5338 (71.4) | 912(714)| 761(69.2) | 831(73.2) | 1138(70.6) | 1696 (72.2) 1092 (73.8) 604 (69.4)
Ischemic Heart Disease 3048 (40.8) | 493(38.6) | 423(38.5) | 432(38.0) | 709 (44.0)| 991(42.2)| 634(42.9) 357 (41.0)
Metabolic Syndrome 6634 (88.8) | 1118 (87.6) | 951(86.5) | 990 (87.2) | 1462 (90.8) | 2113 (90.0) 1332 (90.1) 781 (89.8)
Obesity 1655(22.2) | 219(17.2) | 181(16.5) | 255(22.5) | 416(25.8) | 584(24.9)| 395(26.7) 189 (21.7)
Hypercholesterolemia 5082 (68.0) | 849(66.5) | 709 (64.5) | 745 (65.6) | 1125(69.8) | 1654 (70.4)| 1045 (70.7) 609 (70.0)
Hypertension 5867 (78.5) | 970(76.0) | 827 (75.2) | 872(76.8) | 1299 (80.6) | 1899 (80.8)| 1207 (81.6) 692 (79.5)
Type 2 Diabetes, including 3154 (42.2) | 522(40.9) | 433(39.4) | 441(38.8) | 703(43.6) | 1055(44.9)| 669 (45.2) 386 (44.4)
insulin resistance
Peripheral Vascular Disease 2286 (30.6) | 341(26.7)| 345(31.4) | 331(29.1) | 531(33.0)| 738(31.4)| 465(314) 273 (314)
Peptic Ulcer/GERD 2328 (31.2) | 324 (254)| 305(27.7) | 346(30.5) | 544 (33.8) | 809(34.4)| 503 (34.0) 306 (35.2)
Renal Disease 2472 (33.1) | 420(32.9) | 373(339) | 352(31.0) | 538(33.4)| 789(33.6)] 543(36.7) 246 (28.3)
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Sleep Apnea 1588 (21.3) | 213(16.7) | 187 (17.0) | 236(20.8) | 377(23.4) | 575(245)] 355(24.0)| 220(25.3)
Stroke 426 (5.7) 44 (3.5) 67 (6.1) 64 (5.6) 1M5(7.1) | 136(5.8) 86 (5.8) 50 (5.8)
Pneumonia or Acute 3089 (41.3) | 514(40.3) | 443(40.3) | 486(42.8) | 675(41.9)| 971(41.3) 652(44.1)| 319(36.7)
Bronchitis/Bronchiolitis
Baseline COPD Severity,° n (%)
1 Moderate Exacerbation 1277 (17.1) | 193 (15.1) | 178(16.2) | 206(18.1) | 256 (15.9) | 444 (18.9)] 249(16.8) 195 (22.4)
=2 Moderate or =1 Severe 2655(35.5) | 420(32.9) | 391(356) | 403(35.5)| 615(38.2) | 826(35.2) 594(40.2) | 232(26.7)
Exacerbations
Oxygen Therapy 2022 (27.1) | 365(28.6) | 317(288) | 286(25.2) | 437(27.1)| 617(26.3)) 414(28.0)| 203 (23.3)
Evidence of Tobacco Use 5212 (69.7) | 704 (55.1) | 666 (60.6) | 835(73.5) | 1214 (75.4) | 1793 (76.3)| 1168 (79.0) | 625 (71.8)
Pulmonologist Visit within 30 Days | 2453 (32.8) | 399(31.3) | 362(329) | 375(33.0) 528(32.8)| 789(33.6)] 520(35.2)| 269(30.9)
Prior to Index Date
Baseline Medication Use, n (%)
Maintenance-naive, i.e., no 7473 (100.0) | 1277 (100.0) | 1100 (100.0) 1136 (100.0) 1611 (100.0) | 2349 (100.0)| 1479 (100.0) | 870 (100.0)
ICS, LABA, or LAMA
Naive to LABA or LAMA 7473 (100.0) | 1277 (100.0) | 1100 (100.0) 1136 (100.0) |1611 (100.0) |2349 (100.0)| 1479 (100.0) | 870 (100.0)
Controller Medications, in Any Combination, n (%)
Any LAMA 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any LABA 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any ICS 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Rescue Medications, in Any Combination, n (%)
Any SABA 3927 (52.6) | 572(44.8) | 534(48.6) | 599(52.7) | 878 (54.5) | 1344 (57.2)| 797 (53.9) | 547 (62.9)
Any SAMA 1424 (19.1) | 198 (15.5) | 196(17.8) | 205(18.1) | 307 (19.1) | 518(22.1)] 315(21.3) | 203 (23.3)
Oral Corticosteroids 3269 (43.7) | 473 (37.0) | 470(42.7) | 509 (44.8) | 715(44.4) | 1102 (46.9), 667 (45.1) |  435(50.0)
Adjunct Therapy, n (%)
Methylxanthines 117 (1.6) 23(1.8) 20 (1.8) 15(1.3) 21(1.7) 32(1.4) 23(1.6) 9(1.0)
PDE-4 Inhibitors 32(0.4) 5(0.4) 6 (0.6 4(0.4) 6(0.4) 11(0.5) 5(0.3 6(0.7)
Respiratory Antibiotics 3885(52.0) | 611(47.9)| 558(50.7) | 551(48.5) | 844(524) | 1321(56.2)] 802(54.2)| 519(59.7)
Index Medication, n (%)
Closed Triple Therapy | 870(116) | 0(0.0) | 000 | 0(0| 0(.0) 870(37.0) 0(0.0)| 870(100.0)
Open Triple Therapy
ICS/LABA + LAMA 6172 (93.5) | 1259 (98.6) | 1058 (96.2) | 1050 (92.4) | 1475 (91.6) | 1330 (89.9)| 1330 (89.9) .
LAMA/LABA + ICS 187 (2.8) 1(0.1) 17 (1.6) 33(2.9) 63 (3.9 73(4.9) 73(4.9) -
ICS + LABA + LAMA 24(0.4) 4(0.3) 6 (0.6) 7(0.6) 4(0.3) 3(0.2) 3(0.2) -
ICS/LABA + LAMA/LABA 140 (2.1) 0(0.0) 7(0.6) 30 (2.6) 48 (3.0) 55(3.7) 55(3.7) -
Other Combinations 80(1.2) 13(1.0) 12 (1.1) 16 (1.4) 21(1.3) 18(1.2) 18 (1.2) =
Index Prescribing Provider Specialty, n (%)
Pulmonology 1852 (24.8) | 277 (21.7) 44 (22.2) | 310(27.3) | 392(24.3)| 629(26.8)] 317(214)| 312(35.8)
Primary Care 1731(232) | 322(25.2) 257 (234) | 237(20.9) | 411(25.5)| 504 (21.5) 310(21.0) 194 (22.3)
Internal Medicine 2458 (32.9) | 466 (36.5) | 399(36.3) | 382(33.6) | 532(33.0)| 679(28.9)| 500 (33.8) 179 (20.6)
Allied Health Professional® 887 (11.9) 124 (9.7) | 145(132) | 140(12.3) | 174(10.8) | 304 (12.9)| 189(12.8) 115 (13.2)
Cardiology 62(0.8) 12(0.9) 10 (0.9) 11(1.0) 15(0.9) 14.(0.6) 11(0.7) 3(0.3)
Other Spegialty 374 (5.0) 86 (6.7) 54 (4.9) 68 (6.0) 73(4.5) 93 (4.0) 51(3.9) 42 (4.8)
Unknown Specialty 647 (8.7) 76 (6.0) 59 (54) 73(6.4)| 157(9.8) | 282(12.0)) 238(16.1) 44 (5.1)

8Maintenance-naive proportions were calculated using the total or corresponding calendar year’s TT sample as reported in Table 1. Last 2 columns represent a subset within the adjacent
column (all 2018).°From Elixhauser'! et al 1998. Baseline period excludes index date. 9Index prescribing provider specialty categories are not mutually exclusive; totals will not sum to

100%. ©Allied health professional includes, but is not limited to, registered nurse, nurse practitioner, and physician assistant.
SD=standard deviation; COPD=chronic obstructive pulmonary disease; GERD=gastroesophageal reflux disease; ICS= inhaled corticosteroid; L ABA=long-acting beta2-agonist;
LAMA=long-acting muscarinic antagonist; SABA=short-acting beta2-agonist; SAMA=short-acting muscarinic antagonist; PDE=phosphodiesterase; TT=triple therapy
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Figure 2. Multivariable Logistic Regression of Prescribing with Dual-Discordant History?
Versus Appropriate Exacerbation and/or Maintenance Medication History

Independent variables OR Lower CI UpperCl  pvalue
Closed TT at index (open=ref) -y 1.649 1.441 1.887 <0.001
Age group (40-49=ref) <0.001
50-59 g 0.9547 0.604 1.486 0.813
60-64 —_— - 0.654 0.416 1.028 0.066
65-69 ——— 0.620 0.393 0.977 0.039
70-74 —_—— 0.549 0.348 0.866 0.010
75+ —_—— 0.630 0.403 0.986 0.043
Male (female =ref) —e— 1.412 1.250 1.5%4 <0.001
Region (West =ref) 0.112
Northeast e s 1.068 0.807 1414 0.644
Midwest —— 0.956 0.745 1.228 0.727
South o e e 1.141 0.903 1.442 0.270
MAPD (Com=ref) —_— 0.980 0.820 1172 0.826
Season (Fall=ref) 0.411
Winter —— 1.100 0.931 1.300 0.263
Spring * 0.947 0.785 1.142 0.568
Summer — 0.984 0.837 1.158 0.849
Baseline resp antibiotic fills (0=ref) <0.001
1-2 — 0.793 0.694 0.905 <0.001
>2 —— 0.622 0.513 0.755 <0.001
Baseline rescue med fills (0=ref) <0.001
1-5 - 0.466 0.410 0.531 <0.001
>5 > 0.154 0.124 0.192 <0.001
Baseline Elixhauser excluding COPD ® 0.591 0.984 0.997 0.006
Baseline pneumonia or acute bronchiolitis —— 0.793 0.691 0.911 0.001
Index prescribier specialty (Primary care=ref) 0.029
Pulmonology —_——r 0.897 0.763 1.054 0.186
Internal medicine —— 1.107 0.933 1313 0.245
Allied health professional — 0.919 0.741 1.138 0.439
Other/unknown specialties -—_— 1.253 0.958 1.639 0.099
0 1 2

8Both exacerbation-discordant history and maintenance-naive
Elixhauser score was calculated excluding COPD. 11
Lower and upper confidence intervals are 95% Cls.

OR=0dds ratio; Cl=confidence interval, TT=triple therapy; MAPD=Medicare Advantage with Part D; COM=commercial; COPD=chronic obstructive pulmonary disease

(global p<0.001) (Figure 2). Similarly, the odds of dual
discordance were also lower (odds ratio [OR]: 0.79,
CL.0.69-0.91; p<0.001) among patients with a history
of pneumonia or acute bronchiolitis versus patients with
no such history. The adjusted odds of dual discordance
varied significantly across prescribing providers
when compared to primary care providers (global
p=0.029) but was not associated significantly with
any particular index medication prescribing provider
specialty (each p>0.05, for pulmonology, internal
medicine, allied health, or other/unknown specialties).

Odds of Maintenance-Naive Status Among
Patients with Exacerbation-Discordant History

Among all exacerbation-discordant patients, those
receiving closed triple therapy had 1.61 times (95%
CI: 1.39-1.88; p<0.001) greater odds of also being
maintenance-naive at treatment initiation, as compared
with those receiving open triple therapy (Figure 3). In
addition, the adjusted odds of being maintenance-naive
differed significantly based on prescribing provider (global
p<0.001); specifically, the odds were 17% lower for
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Figure 3. Multivariable Logistic Regression of Baseline Maintenance-Naive Versus
Maintenance-Medication Receipt Status Among Patients Who were Exacerbation-Discordant?

Independentvariables OR Lower CI UpperCl p-value
Closed TT on index date (Opens=ref) —_— 1.614 1.389 1.877 <0.001
Age Group (40-49= ref) <0.001
50-59 g 0.830 0.496 1.387 0.477
60-64 —_— 0.617 0.368 1.032 0.066
65-69 —_————— 0.559 0.333 0.938 0.028
70-74 —_—— 0.469 0.279 0,789 0.004
75+ —_—— 0.498 0.299 0.831 0.008
Male (female=ref) —— 1.316 1.149 1.508 <0.001
Region (West=ref) 0.172
Northeast —_—— 1.135 0.843 1.543 0.420
Midwest 1.022 0.778 1.343 0.877
South —— 1.205 0.932 1.577 0.155
MAPD (COM:=ref) ——— 1.066 0.874 1.300 0.531
Season (Fall=ref) 0.241
Wwinter 1.198 0.9%4 1444 0.058
Spring B — 1.022 0.830 1.259 0.839
Summer e 1.024 0.863 1.239 0.716
Baseline resp antibiotic fills (0=ref) 9221
1-2 — 0.942 0.813 1.092 0.429
>2 —_— 1.154 0.914 1.456 0.230
Baseline rescue med fills (0=ref) 0.221
1-5 - 0.499 0.432 0.577 <0.001
>5 - 0.206 0.163 0.260 <0.001
Baseline Elixhauser excluding COPD d 1.017 1.008 1.025 <0.001
Baseline allergic rhinitis —bes 0.919 0.753 1122 0.407
Baseline dyspnea —— 1.610 1.393 1.861 <0.001
Baseline pneumonia or acute bronchiolitis —— e 1502 1.276 1.770 <0.001
Index prescriber specialty (Primary care= ref) <0.001
Pulmonology — s 0.834 0.696 0.999 0.048
Internal Medicine —_—— 1.264 1.043 1.531 0.017
Allied health professional — e 0.938 0.742 1.187 0.596
Other / unknown specialities g 1.370 1.009 1.860 0.044

0 1 2

8GOLDA/B
Lower and upper confidence intervals are 95% Cls.

OR=0dds ratio; Cl=confidence interval, TT=triple therapy; MAPD=Medicare Advantage with Part D; COM=commercial; GOLD=Global initiative for chronic Obstructive Pulmonary Disease
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pulmonologists (OR: 0.83; 95% CIL: 0.70-1.0; p=0.048),
while internists were 26% higher (OR: 1.26, 95% CL
1.04-1.53; p=0.017), versus primary care prescribers,
respectively. Significant variation was also observed by
age group: specifically, patients =65 years of age were
less likely (OR range: 0.47-0.56) to be maintenance-
naive compared to their 40-49-year-old counterparts
(each p<0.05). Patients with =1 fill of baseline rescue
medication use had greater odds of maintenance-naive
status (global and pair-wise p<0.001) than patients with
no rescue medication. Odds of being maintenance-naive
were 61% higher for patients with baseline dyspnea
(95% CL 1.39-1.86; p<0.001) than non-dyspnea
patients. Similarly, patients with a history of pneumonia
or acute bronchiolitis had 50% greater odds of being
maintenance-naive (95% CL: 1.28-1.77, p<0.001).

Among GOLD C/D patients (i.e., those who had
baseline severe and/or multiple moderate exacerbations,
and thus, prescribing was not discordant with GOLD), the
adjusted odds of being maintenance-naive were higher
when closed triple therapy was initiated (OR: 1.26, 95%
CL: 1.02-1.56, p=0.032) (Figure 4), as compared with
open triple therapy. Significant differences in adjusted
odds of being maintenance-naive were also observed
among patients with specialty prescribing providers
(global p<0.001); specifically, the odds were more than
2 times higher (OR: 2.44, 95% CI: 1.90-3.15; p<0.001)
when patients were prescribed triple therapy by internal
medicine practitioners versus primary care providers.
Patients with a history of rescue medication use also
had higher odds of being maintenance-naive (global
and pair-wise p<0.001]). Similarly, the odds of being
maintenance-naive were 4 1% higher among patients with
baseline pneumonia or acute bronchiolitis (95% CIL: 1.17—
1.70, p<0.001) than among patients who did not have
baseline pneumonia or acute bronchiolitis. Conversely,
patients with appropriate exacerbation history were less
likely to be maintenance-naive if they had comorbid
allergic rhinitis (OR: 0.56, 95% CI: 0.42—-0.74; p<0.001).

Discussion

To our knowledge, this is the first real-world study
to examine a large sample of patients with COPD
who initiated triple therapy, and the extent of their
misalignment with GOLD recommendations, especially
given the entry of closed triple therapy formulation(s)

to the market. Specifically, the study evaluated patients
who lacked prior exposure to maintenance inhaled
therapies (maintenance-naive) or did not meet the GOLD
requirements for exacerbation history (exacerbation-
discordant) prior to triple therapy initiation, or both
(dual-discordant). Among 21,711 patients with COPD
initiating triple therapy between 2014 to 2018, 34.4%
were maintenance-naive and 61.9% were exacerbation-
discordant (i.e., classified as GOLD A/B); 22.2% were
dual-discordant — i.e., they had both types of GOLD-
discordant histories. We also found that 74.1% were either
maintenance-naive and/or exacerbation-discordant.
Conversely, only 25.9% of patients were prescribed triple
therapy in accordance with GOLD recommendations.
Examining 2018 triple therapy initiators specifically,
31.9% and 58.3% of the open triple therapy starts
were maintenance-naive and exacerbation-discordant
versus 37.6% and 64.4% of the closed triple therapy
starts for the same measures. Previous retrospective
U.S. studies have shown similar findings regarding
GOLD-discordant prescribing of triple therapy.
Substantial proportions (58%—80%) of COPD patients
on triple therapy were found to have GOLD-discordant
prescribing of this regimen for the same timeframe.912
Li and colleagues observed that 60% of mostly Medicare
patients prescribed triple therapy between 2012 and
2014 had no exacerbations or only a mild one, not
requiring hospitalization, prior to escalation.b Simeone
et al found that 60%—75% of patients receiving triple
therapy between 2009 and 2013 had only mild or
moderate disease.” This suggests that despite efforts
to increase awareness about appropriate prescribing,
triple therapy prescribing has been and continues to
be excessive and contrary to GOLD recommendations.

Between 2008 and 2015, while COPD diagnosis
rates among people aged 40 and older decreased, overall
maintenance drug usage increased.13 Concurrently,
spending attributable to bronchodilators and maintenance
therapy also increased between 2008 and 2015.13.14
While this study was limited in its exploration of non-
triple therapy maintenance therapies, the overprescribing
trends of triple therapy reported in previous published
literature®”? support our conclusions. The launch of
closed triple therapy may have also further contributed
to higher triple therapy use. Even adjusting for potential
confounders, we found that closed triple therapy
initiators were more likely than their open triple therapy
counterparts to be discordant on both GOLD criteria.
Additional data are needed to confirm these findings and
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Figure 4. Multivariable Logistic Regression of Baseline Maintenance-Naive Versus Maintenance-
Medication Receipt Status Among Patients with Appropriate Exacerbation History?

Independent variables OR Lower CI Upper Cl p-value
Closed TT on index date (Open=ref) —— 1.262 1.020 1.563 0,032
Age group (40-49= ref) 0.769

S0-59 —_—— 0.633 0.303 1319 0.222
60-64 —_— 0.615 0.238 1.268 0.188
65-69 —— 0.619 0.301 1276 0.194
70-74 —_———— 0.570 0.276 1176 0.128
75+ —_—— 0.629 0.307 1.286 0.204
Male (Femalezref) ——— 1.084 0.905 1.299 0.379
Region (West=ref) 0.368

Northeast —_— 0.962 0.629 1471 0.859

Midwest — — 1.022 0.659 1.495 0.911

South —_—— 1178 0.819 1.692 0.377
MAPD (COM= ref) e ey 0.764 0.576 1012 0.060
Season (Fall=ref) 0.954

Winter o 1.034 0.802 1335 0.795

Spring 1.017 0.779 1328 0.500

Summer — 0.962 0.750 1233 0.759
Baseline resp antibiotics fills (0= ref) R

12 — 0.805 0.646 1.003 0,053

>2 —— 0.563 0436 0.728 <0,001
Baseline rescue med fills (0=ref) <0.001
1-5 - 0.326 0.259 0.411 <0.001

> -> 0.164 0.124 0.215 <0.001
Baseline Elixhauser score excluding COPD L 4 1.006 0.958 1015 0.151
Baseline allergic rhinitis — 0.556 0421 0.736 <0.001
Baseline dyspnea —_—— 1.463 1122 1.908 0.005
Baseline pneumonia or acute bronchiolitis —_—— 1407 1.165 1.700 <0.001
Index prescriber specialty (Primary care= ref) <0.001
Pulmonology ——— 0.824 0.637 1.066 0.140
Internalmedicine - 2442 1.895 3.147 <0.001
Allied health professional —_—— 1114 0.797 1.557 0.529
Other/unknown specialties 1.526 1.014 2.298 0.043

8GOLD C/ID
Elixhauser score was calculated excluding corp !

OR=0dds ratio; Cl=confidence interval, TT=triple therapy; MAPD=Medicare Advantage with Part D; COM=commercial; COPD=chronic obstructive pulmonary disease;
GOLD=Global initiative for chronic Obstructive Pulmonary Disease
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whether the closed triple therapy launch has had a longer-
term impact on GOLD-discordant prescribing. While this
study was not designed to identify the reasons underlying
the higher rate of GOLD-discordant prescribing
with closed triple therapy, it could be hypothesized
that the ease-of-use of a single inhaler “umbrella
treatment” may have contributed to the worsening of
ongoing GOLD-misaligned care patterns. There may
also be some uncertainty about individual patients
having COPD and/or asthma as underlying disease.

A systematic review and meta-analysis of
randomized controlled trials comparing open and closed
triple therapy concluded that there were no differences
between the 2 formulation approaches with respect to
exacerbations, FEV1, and quality of life.15 While it has
been theorized that a single inhaler triple therapy may
help improve treatment adherence versus multiple
inhalers, this is yet to be documented.16:17 Observed
pathways of escalation to triple therapy and associated
outcomes are quite diverse among the retrospective
studies performed to date.18 More U.S.-based, real-world
analyses are needed to provide guidance and awareness for
prescribers, especially taking into account individualized
therapy choices based on symptoms and function.1?

Nonetheless, GOLD-discordant triple therapy
prescribing has been substantial and has been observed
pefore closed triple therapy was available.20 Lack of
access to specialists?1.22 and low spirometry testing may
be contributing to the problem of non-triple therapy
maintenance inhalers’ underuse in some cases and
leading to triple therapy overprescribing for others. This
study observed that generalists are engaged in GOLD-
discordant triple therapy prescribing on a larger scale
than pulmonologists. Approximately 75% of patients
who were maintenance-naive were initiated on triple
therapy by non-pulmonologists. Similarly, 65% of
patients who had dual-discordant prescribing, were
initiated into triple therapy by primary care, internal
medicine, and allied health care providers. For GOLD
A/B group patients, multivariable analyses showed that
the adjusted odds of being maintenance-naive were lower
for patients whose index triple therapy was prescribed
by a pulmonologist as compared with those prescribed
by primary care physicians. Furthermore, GOLD C/D
group patients whose triple therapy was prescribed by
internal medicine specialists had 1.44 times greater odds
of being maintenance-naive. It is possible that patients
with COPD are not referred to specialists frequently

enough. Despite many published efforts to provide
clarification on COPD treatment options,®23.24.25 it is
possible that more efforts to inform prescribers would be
helpful in their determination whether to prescribe triple
therapy or non- triple therapy alternatives. Alternatively,
increased payer guidance or restrictions on closed triple
therapy, like those observed in other countries2® may
need to be pursued to curtail excess triple therapy use.

Limitations

Health care claims offer a rich source of information
on health and health care patterns in large samples of
patients. However, claims-based studies may be limited by
their inherent nature. Because claims are generated for
the express purpose of billing, rather than research, they
may be subject to miscoding and missing information. As
to medication use, there is no way to know if a patient
used a physician sample or another patient’s medication.

They also lack certain clinically relevant data, such as
lung function measures and smoking status, and symptom
data that could classify patients by COPD severity and be
potential confounders for predicting GOLD-discordant
triple therapy initiation. Not all possible courses of
chronic airflow limitation were restricted; for example,
patients with bronchiectasis or previous tuberculosis
may have been included in any cohort. In addition,
exacerbations and open triple therapy were defined by
established claims-based algorithms yet are subject to
misclassification. Defining exacerbations can be limited
using claims data, because most mild exacerbations
are based on changes in symptomology, which are not
captured by claims. In fact, mild exacerbations, usually
identified by nebulized budesonide and antibiotics
without an outpatient or office visit would be missed.

Furthermore, comparisons between years are
only descriptive in nature as statistical testing of
changes in discordance were not performed. Finally,
the annual proportion of triple therapy initiators
was determined without regard for changes in the
size of the Optum Research Database during the
study period. Some of the apparent increase in the
proportion of ftriple therapy initiators over time may
be an artifact of the increasing size of the database.

Conclusions

Triple therapy prescribing appears to have been increasing

For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2022

Volume 9 * Number 2 « 2022




151

GOLD-Discordant Prescribing of Triple Therapy

since 2016. A substantial proportion of patients with
COPD who are prescribed triple therapy do not meet
GOLD recommendations pertaining to prior maintenance
therapy and/or exacerbations. Relative to patients
prescribed open triple therapy, those prescribed closed
triple therapy were more likely to be dual discordant and
naive to maintenance inhalers. This GOLD-discordant
prescribing behavior occurred more often among
generalist-specialty prescribers than pulmonologists.
These findings support increasing the awareness of
GOLD recommendations to counter the continuing
overprescribing of ftriple therapy in individuals with
COPD.
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