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Background: Tiotropium bromide (TIO) is a long-acting muscarinic antagonist recom-

mended as an add-on therapy option for patients with uncontrolled asthma on inhaled

corticosteroids (ICS) and long-acting β2-agonists (LABA). However, real-world data on

TIO use in asthma remains limited. To identify unmet needs, this study explored the use

of TIO in US patients with asthma.

Methods: This retrospective cohort study used IQVIATM Health Plan Claims Data (October

1, 2014─December 31, 2016). Patients with asthma diagnoses initiating TIO 1.25 or 2.5 mcg

after September 16, 2015 (first dispensing on index date) with ≥6 and ≥3 months continuous

enrollment pre- and post-index, respectively, were identified. Patients with COPD diagnoses

were excluded. Baseline characteristics, healthcare resource utilization and costs, and treat-

ment patterns before and following TIO initiation were described for TIO cohorts and

subgroups classified by concomitant medications received during the 30-day period after

initiation.

Results: The study included 766 TIO 1.25 mcg and 1055 TIO 2.5 mcg users. In the TIO

1.25 mcg cohort, 16% (126/766) used TIO monotherapy while 61% (465/766) used TIO

+ICS/LABA± leukotriene receptor antagonists (triple therapy). In TIO 1.25 mcg monother-

apy and triple therapy subgroups, 39% and 49% were treated by allergists/pulmonologists,

27% and 48% experienced a moderate/severe asthma exacerbation, and 50% and 68% used

rescue oral corticosteroids during the baseline period, respectively. Following triple therapy

initiation, 44% of patients discontinued ICS within 6 months. The TIO 2.5 mcg cohort

demonstrated similar trends.

Conclusion: This study provided insights into real-world US use of TIO in asthma. Overall,

16–19% of patients received TIO monotherapy and had high baseline exacerbation rates,

suggesting that additional ICS-containing medication may be beneficial. Patients initiating

triple therapy were among the most severe, with high baseline exacerbation rates and rescue

medication use, and had high post-treatment ICS discontinuation rates, suggesting unmet

needs in this population.
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Introduction
In the USA, the prevalence of asthma among adults is approximately 8.3%,1 of whom

approximately 50% have uncontrolled disease.2,3 Patients with uncontrolled asthma have

a decreased quality of life and increased healthcare resource utilization (HRU) and

associated costs compared with patients with controlled asthma, due to the increased

risk ofmorbidity andmortality.3,4 Asthma treatment aims to achieve control of symptoms

and to reduce the future risk of exacerbations.5 The Global Initiative for Asthma (GINA)

strategy report and US National Heart, Lung and Blood Institute (NHLBI) guidelines
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currently recommend inhaled corticosteroids (ICS) for long-

term care of patients with persistent asthma, with the addition

of a long-acting β2-agonist (LABA) in patients unable to con-

trol symptoms with ICS therapy alone.5,6 GINA and NHLBI

also emphasize the importance of medication adherence in

disease management and control for patients with asthma.5,6

However, in practice adherence tends to be poor,7–14 and can

be adversely affected by a number of factors, including com-

plexity of the medication regimens in terms of the number of

agents, dosing frequency, and convenience of use.9,15–17

Tiotropium bromide (TIO) is a long-acting muscari-

nic antagonist (LAMA) approved for maintenance treat-

ment of asthma by the US Food and Drug

Administration (FDA).18 The GINA strategy report

recommends TIO as one of several Step 4/5 add-on

treatment options for patients with severe asthma who

remain symptomatic during treatment with ICS/LABA

or ICS monotherapy and have a history of

exacerbation.5 NHLBI guidelines do not currently

make any recommendations regarding the place of

LAMAs in the treatment of patients with asthma.6

Improved understanding of real-world treatment of

asthma is needed to improve its long-term manage-

ment. However, real-world data on the treatment pat-

terns and characteristics of patients with asthma who

are treated with LAMAs in the USA are scarce. This

study aimed to understand the real-world use of LAMA

by examining patient characteristics and treatment

patterns in patients with asthma before and after initia-

tion of treatment with TIO 1.25 mcg and 2.5 mcg,

either alone or in combination with other controller

medications.

Materials And Methods
Study Design
This was a retrospective cohort study, which was con-

ducted using enrollment, medical, and pharmacy claims

data for the period of October 1, 2014 to December 31,

2016 in IQVIATM Health Plan Claims Data. This database

contains fully adjudicated claims on more than 150 million

health plan enrollees across the USA and contains infor-

mation on around 40 million active patients in any given

recent year. The population included in the database is

generally representative of the commercially insured US

population under 65 years of age with respect to the

distribution of age and gender.

Patients initiating TIO 1.25 or 2.5 mcg with a soft mist

inhaler after September 16, 2015 were identified, and the

date of the first TIO dispensing was defined as the index

date for each patient. Patient demographics and clinical

characteristics were assessed during the 6-month baseline

period prior to the index date. Treatment patterns for TIO

1.25 mcg and 2.5 mcg cohorts were evaluated during the

baseline period and patients were observed from the index

date to the earliest of end of insurance coverage or end of

data availability (December 31, 2016; Figure 1).

Study Population
Patients with ≥1 dispensing for TIO 1.25 mcg or 2.5 mcg

after September 16, 2015 were included in the study

First day of data availability
Oct 1, 2014

6-month baseline period
≥1 asthma diagnosis

≥3-month follow-up period

Continuous enrollment

Index date:
First dispensing
of tiotropium after
Sep 16, 2015

Earliest of end
of insurance coverage
or end of data availibility
Dec 31, 2016

Figure 1 Study design.
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population if they had ≥6 months and ≥3 months of con-

tinuous enrollment during the baseline and follow-up per-

iod, respectively. Additional inclusion criteria were ≥18
years of age at the index date and a primary or secondary

diagnosis of asthma (International Classification of Diseases

[ICD] 9th Revision, Clinical Modification [9-CM] code:

493.xx; ICD 10th Revision, Clinical Modification [10-

CM] code: J45.xxx) during the 6-month baseline period or

on the index date.

Exclusion criteria were a diagnosis of chronic obstructive

pulmonary disease (COPD; ICD-9-CM: 491.xx, 492.xx, 496.

xx; ICD-10-CM: J41.xx, J43.xx, J44.xx) at any time during

the baseline or follow-up period, a diagnosis of cystic fibrosis

(ICD-9-CM: 277.0, ICD-10-CM: E84.0-E84.9) or acute

respiratory failure (ICD-9-CM: 518.81, ICD-10-CM: J96.0)

during the baseline period inclusive of the index date, or prior

use of TIO 2.5 mcg during the baseline period.

Identification Of TIO Subgroups
TIO users were classified into different subgroups by

medications taken concomitantly at the initiation of TIO.

Concomitant medication was assessed during the 30-day

period following the index date. Analyses were conducted

for the overall TIO cohorts (1.25 mcg or 2.5 mcg) and by

subgroups classified as TIO monotherapy or concomitant

therapy with ICS, ICS+LABA (i.e. triple therapy users)

with or without a leukotriene receptor antagonist (LTRA),

and in combinations with other asthma medication classes

(including biologics, LABAs, LTRAs, mast cell stabili-

zers, and methylxanthines).

Descriptive Characteristics And Study

Measures
Baseline characteristics included demographic information

evaluated at the index date as well as clinical characteristics,

medication history, and HRU evaluated during the 6-month

baseline period for the overall TIO 1.25 mcg and 2.5 mcg

cohorts and their subgroups. More specifically, the following

baseline characteristics were described: age, sex, geographic

region, asthma-related medication use, prescribing provider

specialty, exacerbation history (overall, moderate, and

severe), list of Elixhauser and other specified asthma comor-

bidities, asthma-related HRU and costs. The Elixhauser

comorbidity classification system, which is used to measure

burden of disease, is comprised of 31 comorbidities based on

ICD-9-CM or ICD-10-CM codes.19 Asthma-related HRU

and costs were identified as episodes (i.e. inpatient,

outpatient, or emergency room [ER] visits) with a primary

or secondary diagnosis of asthma (ICD-9-CM: 493.xx or

ICD-10-CM: J45.xxx). A moderate asthma exacerbation

was defined as an asthma-related (primary ICD code) out-

patient visit with an oral corticosteroid (OCS) dispensing

within 7 days before or after the outpatient visit, whereas a

severe asthma exacerbation was defined as an asthma-related

(primary ICD code) inpatient or ER visit. Patients with both a

moderate and severe exacerbation were classified as having a

severe asthma exacerbation only.

Treatment pattern outcomes included the proportion of

patients with asthma controller and rescue medication dis-

pensings during the baseline and follow-up periods, and

persistence with ICS as measured by time to discontinua-

tion during the follow-up period. Controller medications

included ICS, LABA, ICS/LABA, LAMA, LTRA, mast

cell stabilizers, methylxanthines, immunoglobulin E (IgE)

antagonists, interleukin (IL)-5 inhibitors, and maintenance

OCS (consecutive days of OCS use for ≥6 months).

LAMA and LABA monotherapy were included as con-

troller medications to reflect real-world treatment patterns,

although these medications are not recommended as

monotherapy for patients with asthma and should be

used in combination with (or as add-on therapy to) ICS

for long-term maintenance treatment.5 Rescue medications

included short-acting β2-agonists (SABA), short-acting

muscarinic antagonists (SAMA), rescue OCS (≥1 dispen-

sing, but <6 months of daily use), and antibiotics.

Treatment discontinuation was defined as a gap of 45

days between the end of a dispensing and the next fill or

between the end of a dispensing days’ supply and the end

of the follow-up period, whichever occurred first.

TIO subgroups were defined by concomitant medica-

tions received in the 30-day period prior to TIO initiation,

whereas baseline treatment patterns were assessed

throughout the 6-month baseline period. Patients in the

TIO monotherapy subgroup could therefore receive other

controller medications during the 6-month baseline period

if they received no concomitant controller medications in

the 30-day period prior to TIO initiation.

To summarize the last treatments used prior to TIO

initiation, a gap of 60 days was used to define treatment

discontinuation.

Statistical Analyses
Baseline characteristics and the proportion of patients with

≥1 dispensing of asthma controller and rescue medications

were analyzed descriptively. Characteristics were described
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using means, standard deviations (SDs), and medians for

continuous variables. Frequencies and proportions were

used to report categorical variables. No statistical tests

were conducted between cohorts/subgroups. Kaplan–Meier

curves were generated to describe persistence with ICS,

based on time to ICS discontinuation.

Results
Study Population
A total of 1821 patients met the study selection criteria, of

whom 766 initiated TIO 1.25 mcg and 1055 initiated TIO

2.5 mcg (Figure 2). In the TIO 1.25 mcg cohort, the

majority of patients used TIO as triple therapy (i.e with

ICS/LABA [±LTRA]; 465, 61%), followed by TIO as

monotherapy (126, 16%), TIO in combination with other

medications (122, 16%), and TIO+ICS (53, 7%).

Similarly, in the TIO 2.5 mcg cohort, the majority of

patients used TIO as triple therapy (607, 58%), followed

by monotherapy (197, 19%), in combination with other

medications (173, 16%), and with ICS (78, 7%).

Baseline Demographics And Clinical

Characteristics
Patient demographics and baseline characteristics are

described in Table 1. Patients initiating TIO 1.25 and 2.5

mcg had a mean age of 47 and 50 years, respectively, and

were primarily female (68% and 64%, respectively). The

most common comorbidities in the TIO 1.25 and 2.5 mcg

cohorts were allergic rhinitis, uncomplicated hypertension,

gastroesophageal reflux disease, obesity, and obstructive

sleep apnea. In both the TIO 1.25 and 2.5 mcg cohorts,

patients were more commonly treated by allergists or

pulmonologists than by primary care physicians or nurse

practitioners (43–47% vs 27%). During the baseline per-

iod, 38–42% of patients across both cohorts experienced at

least one exacerbation; 28–33% had a moderate exacerba-

tion and 9–10% had a severe exacerbation.

Between the main TIO 1.25 and 2.5 mcg cohorts, overall

HRU and costs were similar. In the TIO 1.25 mcg cohort, 4%

of patients had at least one asthma-related inpatient visit in

the 6-month baseline period, and among these patients the

mean (SD) number of asthma-related inpatient visits was 1.0

(0.2). Mean (SD) total asthma-related medical and pharmacy

costs were $3060 (6702). In the TIO 2.5 mcg cohort, 5% of

patients had a prior asthma-related inpatient visit with on

average 1.1 (0.7) asthma-related inpatient visits and mean

total asthma-related costs of $3159 (9316).

Relative to the other TIO 1.25 mcg subgroups, patients

in the TIO 1.25 mcg monotherapy subgroup were among

the youngest (mean age: 46 vs 46–48 years) and had a

lower rate of comorbid allergic rhinitis (50% vs 62–73%).

A smaller proportion of patients using TIO monotherapy

experienced at least one asthma exacerbation in the 6-

month baseline period (total: 27%; moderate: 21%, severe:

6%) compared with the other subgroups (total: 36–48%;

moderate: 23–39%, severe: 7–13%).

Patients in the TIO 1.25 mcg +ICS subgroup had a mean

age of 48 years, 81% were female, and 36% had an asthma

exacerbation in the 6-month baseline period (moderate: 23%,

severe: 13%). Patients in the TIO+ICS subgroup had an

average of 1.3 asthma-related ER visits in the 6-month base-

line period and 8% had >1 asthma-related inpatient visit.

Patients using triple therapy were slightly older than

the other TIO 1.25 mcg subgroups (mean age: 48 years).

≥1 dispensing of TIO 1.25 or 2.5 mcg after September 16, 2015 (index date)
N=20 808

≥180 days of continuous eligibility prior to the index date (baseline period)
N=17 581

≥90 days of continuous eligibility following the index date (follow-up period)
N=13 692

≥1 asthma diagnosis during the baseline period or on the index date
N=5832

3306 excluded
<18 years of age (N=141)

COPD diagnosis (N=2925)a

Cystic fibrosis diagnosis (N=2)a

Acute respiratory failure diagnosis (N=32)a

Prior use of TIO 2.5 mcg during baseline (N=206)

TIO users after exclusionsb

N=2076

TIO 1.25 mcg users N=818
Users with ≥1 2.5 mcg TIO

dispensing during follow-up (N=23) 

TIO 1.25 mcg users (without a COPD
diagnosis during follow-up)

N=766
Users with ≥1 2.5 mcg TIO

dispensing during follow-up (N=6) 

TIO 2.5 mcg users (without a COPD
diagnosis during follow-up)

N=1055
Users with ≥1 1.25 mcg TIO

dispensing during follow-up (N=12)

TIO 2.5 mcg users N=1260
Users with ≥1 1.25 mcg TIO

dispensing during follow-up (N=52)

Figure 2 Disposition of patients aCOPD was excluded at any time prior to index

date and other respiratory-related diseases were excluded during baseline only. bA

total of 2 patients had both 1.25 and 2.5 mcg TIO on the index date.

Abbreviations: COPD, chronic obstructive pulmonary disease; TIO, tiotropium

bromide.

Averell et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Journal of Asthma and Allergy 2019:12312

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


T
ab

le
1
B
as
e
lin
e
C
h
ar
ac
te
ri
st
ic
sa

T
IO

1.
25

m
cg

T
IO

2.
5
m
cg

O
ve

ra
ll

(N
=
76

6)

T
IO

M
o
n
o
th
er
ap

y

(N
=
12

6)

T
IO

+
IC

S

(N
=
53

)

T
ri
p
le

T
h
er
ap

y

±
LT

R
A

(N
=
46

5)

T
IO

+
O
th
er

C
o
m
b
in
at
io
n
s

(N
=
12

2)

O
ve

ra
ll

(N
=
10

55
)

T
IO

M
o
n
o
th
er
ap

y

(N
=
19

7)

T
IO

+
IC

S

(N
=
78

)

T
ri
p
le

T
h
er
ap

y

±
LT

R
A

(N
=
60

7)

T
IO

+
O
th
er

C
o
m
b
in
at
io
n
s

(N
=
17

3)

A
ge

,
ye
ar
s,
m
e
an

(S
D
)

4
7
.2

(1
3
.2
)

4
5
.9

(1
3
.5
)

4
7
.6

(1
3
.6
)

4
7
.8

(1
3
.1
)

4
6
.2

(1
2
.8
)

4
9
.7

(1
2
.2
)

4
8
.6

(1
2
.0
)

5
1
.1

(1
2
.1
)

5
0
.0

(1
2
.4
)

4
9
.4

(1
2
.1
)

F
em

al
e,

n
(%
)

5
1
8
(6
7
.6
)

8
1
(6
4
.3
)

4
3
(8
1
.1
)

3
1
0
(6
6
.7
)

8
4
(6
8
.9
)

6
7
5
(6
4
.0
)

1
2
6
(6
4
.0
)

5
2
(6
6
.7
)

3
7
9
(6
2
.4
)

1
1
8
(6
8
.2
)

R
eg

io
n
,
n
(%
)

M
id
w
e
st

1
8
9
(2
4
.7
)

2
2
(1
7
.5
)

1
2
(2
2
.6
)

1
3
2
(2
8
.4
)

2
3
(1
8
.9
)

2
4
6
(2
3
.3
)

4
4
(2
2
.3
)

1
6
(2
0
.5
)

1
5
2
(2
5
.0
)

3
4
(1
9
.7
)

S
o
u
th

3
3
6
(4
3
.9
)

6
0
(4
7
.6
)

2
0
(3
7
.7
)

1
9
5
(4
1
.9
)

6
1
(5
0
.0
)

3
7
1
(3
5
.2
)

7
2
(3
6
.5
)

2
4
(3
0
.8
)

2
0
7
(3
4
.1
)

6
8
(3
9
.3
)

W
e
st

6
1
(8
.0
)

1
2
(9
.5
)

4
(7
.5
)

3
7
(8
.0
)

8
(6
.6
)

1
2
6
(1
1
.9
)

2
6
(1
3
.2
)

6
(7
.7
)

7
1
(1
1
.7
)

2
3
(1
3
.3
)

N
o
rt
h
e
as
t

1
7
1
(2
2
.3
)

3
2
(2
5
.4
)

1
6
(3
0
.2
)

9
3
(2
0
.0
)

3
0
(2
4
.6
)

2
9
2
(2
7
.7
)

5
1
(2
5
.9
)

2
9
(3
7
.2
)

1
6
6
(2
7
.3
)

4
6
(2
6
.6
)

U
n
k
n
o
w
n

9
(1
.2
)

0
(0
.0
)

1
(1
.9
)

8
(1
.7
)

0
(0
.0
)

2
0
(1
.9
)

4
(2
.0
)

3
(3
.8
)

1
1
(1
.8
)

2
(1
.2
)

M
o
st

fr
eq

u
en

t

co
m
o
rb

id
it
ie
sb
,
n
(%
)

A
lle
rg
ic
rh
in
it
is

5
0
1
(6
5
.4
%
)

6
3
(5
0
.0
%
)

3
3
(6
2
.3
%
)

3
1
6
(6
8
.0
%
)

8
9
(7
3
.0
%
)

5
5
2
(5
2
.3
%
)

8
0
(4
0
.6
%
)

4
5
(5
7
.7
%
)

3
4
1
(5
6
.2
%
)

8
6
(4
9
.7
%
)

H
yp
e
rt
e
n
si
o
n
,

u
n
co
m
p
lic
at
e
d

2
2
7
(2
9
.6
%
)

4
2
(3
3
.3
%
)

1
7
(3
2
.1
%
)

1
3
7
(2
9
.5
%
)

3
1
(2
5
.4
%
)

3
2
1
(3
0
.4
%
)

6
0
(3
0
.5
%
)

2
4
(3
0
.8
%
)

1
7
3
(2
8
.5
%
)

6
4
(3
7
.0
%
)

G
E
R
D

1
9
1
(2
4
.9
%
)

3
0
(2
3
.8
%
)

1
6
(3
0
.2
%
)

1
1
2
(2
4
.1
%
)

3
3
(2
7
.0
%
)

2
6
2
(2
4
.8
%
)

4
3
(2
1
.8
%
)

2
0
(2
5
.6
%
)

1
4
9
(2
4
.5
%
)

5
0
(2
8
.9
%
)

O
b
e
si
ty

1
1
9
(1
5
.5
%
)

2
4
(1
9
.0
%
)

8
(1
5
.1
%
)

7
0
(1
5
.1
%
)

1
7
(1
3
.9
%
)

1
5
5
(1
4
.7
%
)

3
0
(1
5
.2
%
)

1
0
(1
2
.8
%
)

8
9
(1
4
.7
%
)

2
6
(1
5
.0
%
)

O
b
st
ru
ct
iv
e
sl
e
e
p
ap
n
e
a

1
0
9
(1
4
.2
%
)

1
0
(7
.9
%
)

3
(5
.7
%
)

8
1
(1
7
.4
%
)

1
5
(1
2
.3
%
)

1
5
9
(1
5
.1
%
)

2
3
(1
1
.7
%
)

9
(1
1
.5
%
)

1
0
4
(1
7
.1
%
)

2
3
(1
3
.3
%
)

H
yp
o
th
yr
o
id
is
m

1
0
2
(1
3
.3
%
)

1
1
(8
.7
%
)

1
0
(1
8
.9
%
)

6
2
(1
3
.3
%
)

1
9
(1
5
.6
%
)

1
5
0
(1
4
.2
%
)

3
8
(1
9
.3
%
)

1
6
(2
0
.5
%
)

7
3
(1
2
.0
%
)

2
3
(1
3
.3
%
)

D
e
p
re
ss
io
n

1
0
1
(1
3
.2
%
)

1
1
(8
.7
%
)

9
(1
7
.0
%
)

6
3
(1
3
.5
%
)

1
8
(1
4
.8
%
)

1
5
6
(1
4
.8
%
)

2
9
(1
4
.7
%
)

1
5
(1
9
.2
%
)

8
9
(1
4
.7
%
)

2
3
(1
3
.3
%
)

D
ia
b
e
te
s,
u
n
co
m
p
lic
at
e
d

7
6
(9
.9
%
)

9
(7
.1
%
)

2
(3
.8
%
)

4
3
(9
.2
%
)

2
2
(1
8
.0
%
)

1
2
7
(1
2
.0
%
)

1
8
(9
.1
%
)

1
3
(1
6
.7
%
)

7
5
(1
2
.4
%
)

2
1
(1
2
.1
%
)

C
ar
d
ia
c
ar
rh
yt
h
m
ia
s

5
7
(7
.4
%
)

1
2
(9
.5
%
)

4
(7
.5
%
)

3
0
(6
.5
%
)

1
1
(9
.0
%
)

7
5
(7
.1
%
)

1
5
(7
.6
%
)

7
(9
.0
%
)

3
9
(6
.4
%
)

1
4
(8
.1
%
)

R
h
e
u
m
at
o
id

ar
th
ri
ti
s/

co
lla
ge
n
va
sc
u
la
r
d
is
e
as
e

4
5
(5
.9
%
)

1
0
(7
.9
%
)

3
(5
.7
%
)

2
4
(5
.2
%
)

8
(6
.6
%
)

5
8
(5
.5
%
)

1
2
(6
.1
%
)

6
(7
.7
%
)

3
3
(5
.4
%
)

7
(4
.0
%
)

P
hy

si
ci
an

sp
ec

ia
lt
y,
n
(%
)

A
lle
rg
is
t/
p
u
lm
o
n
o
lo
gi
st

3
6
1
(4
7
.1
)

4
9
(3
8
.9
)

2
9
(5
4
.7
)

2
2
9
(4
9
.2
)

5
4
(4
4
.3
)

4
4
8
(4
2
.5
)

5
9
(2
9
.9
)

3
8
(4
8
.7
)

2
9
7
(4
8
.9
)

5
4
(3
1
.2
)

P
C
P
/n
u
rs
e
p
ra
ct
it
io
n
e
r

2
0
6
(2
6
.9
)

4
2
(3
3
.3
)

1
3
(2
4
.5
)

1
0
8
(2
3
.2
)

4
3
(3
5
.2
)

2
8
4
(2
6
.9
)

6
9
(3
5
.0
)

2
1
(2
6
.9
)

1
2
3
(2
0
.3
)

7
1
(4
1
.0
)

P
at
ie
n
ts

w
it
h
≥1

as
th
m
a

ex
ac

er
b
at
io
n
c
,
n
(%
)

3
2
3
(4
2
.2
)

3
4
(2
7
.0
)

1
9
(3
5
.8
)

2
2
5
(4
8
.4
)

4
5
(3
6
.9
)

4
0
1
(3
8
.0
)

4
0
(2
0
.3
)

2
8
(3
5
.9
)

2
6
8
(4
4
.2
)

6
5
(3
7
.6
)

M
o
d
e
ra
te

(A
st
h
m
a
O
P

vi
si
t
+
O
C
S
)

2
5
6
(3
3
.4
)

2
6
(2
0
.6
)

1
2
(2
2
.6
)

1
8
1
(3
8
.9
)

3
7
(3
0
.3
)

2
9
4
(2
7
.9
)

2
6
(1
3
.2
)

2
2
(2
8
.2
)

1
9
9
(3
2
.8
)

4
7
(2
7
.2
)

(C
on
tin
ue
d)

Dovepress Averell et al

Journal of Asthma and Allergy 2019:12 submit your manuscript | www.dovepress.com

DovePress
313

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


T
ab

le
1
(C

o
n
ti
n
u
e
d
).

T
IO

1.
25

m
cg

T
IO

2.
5
m
cg

O
ve

ra
ll

(N
=
76

6)

T
IO

M
o
n
o
th
er
ap

y

(N
=
12

6)

T
IO

+
IC

S

(N
=
53

)

T
ri
p
le

T
h
er
ap

y

±
LT

R
A

(N
=
46

5)

T
IO

+
O
th
er

C
o
m
b
in
at
io
n
s

(N
=
12

2)

O
ve

ra
ll

(N
=
10

55
)

T
IO

M
o
n
o
th
er
ap

y

(N
=
19

7)

T
IO

+
IC

S

(N
=
78

)

T
ri
p
le

T
h
er
ap

y

±
LT

R
A

(N
=
60

7)

T
IO

+
O
th
er

C
o
m
b
in
at
io
n
s

(N
=
17

3)

S
e
ve
re

(A
st
h
m
a
IP

o
r
E
R

vi
si
t)

6
7
(8
.7
)

8
(6
.3
)

7
(1
3
.2
)

4
4
(9
.5
)

8
(6
.6
)

1
0
7
(1
0
.1
)

1
4
(7
.1
)

6
(7
.7
)

6
9
(1
1
.4
)

1
8
(1
0
.4
)

A
st
h
m
a-
re
la
te
d
H
R
U

P
at
ie
n
ts

w
it
h
≥
1
IP

vi
si
ts
,

n
(%
)

3
3
(4
.3
)

5
(4
.0
)

4
(7
.5
)

2
0
(4
.3
)

4
(3
.3
)

5
3
(5
.0
)

1
0
(5
.1
)

5
(6
.4
)

3
1
(5
.1
)

7
(4
.0
)

IP
vi
si
ts

p
e
r
p
at
ie
n
t,
m
e
an

(S
D
)

1
.0

(0
.2
)

1
.0

(0
.0
)

1
.3

(0
.5
)

1
.0

(0
.0
)

1
.0

(0
.0
)

1
.1

(0
.7
)

1
.0

(0
.0
)

1
.4

(0
.9
)

1
.2

(0
.9
)

1
.0

(0
.0
)

E
R
vi
si
ts
,
m
e
an

(S
D
)

1
.5

(0
.9
)

1
.2

(0
.4
)

1
.3

(0
.5
)

1
.6

(1
.1
)

1
.2

(0
.4
)

1
.7

(1
.6
)

1
.6

(1
.2
)

1
.1

(0
.4
)

1
.7

(1
.4
)

1
.8

(2
.4
)

O
P
vi
si
ts
,
m
e
an

(S
D
)

3
.5

(3
.2
)

2
.6

(2
.0
)

3
.0

(2
.2
)

3
.7

(3
.2
)

3
.9

(3
.9
)

3
.4

(3
.3
)

2
.5

(2
.7
)

3
.2

(4
.3
)

3
.6

(3
.2
)

3
.6

(3
.3
)

A
st
h
m
a-
re
la
te
d

h
ea

lt
h
ca

re
co

st
s,
U
S
$
,

m
e
an

(S
D
)

T
o
ta
l
h
e
al
th
ca
re

co
st

3
0
6
0
(6
7
0
2
)

1
4
6
6
(3
1
9
9
)

3
6
0
7
(7
2
0
4
)

3
4
2
1
(7
3
2
3
)

3
0
9
0
(6
,4
9
5
)

3
1
5
9
(9
3
1
6
)

1
6
5
8
(4
5
0
4
)

2
7
6
4
(6
7
9
0
)

3
2
9
2
(5
5
3
6
)

4
5
7
9
(1
9
,3
7
5
)

IP
vi
si
t
co
st
s

5
9
9
(4
9
8
3
)

2
9
0
(1
7
5
3
)

1
4
1
3
(5
9
4
9
)

6
7
5
(5
8
8
7
)

2
7
2
(2
2
7
7
)

7
0
5
(3
9
6
7
)

5
6
2
(3
2
5
2
)

1
,1
2
7
(5
7
9
8
)

7
3
7
(3
9
0
9
)

5
6
4
(3
9
2
2
)

E
R
vi
si
t
co
st
s

1
6
0
(9
6
1
)

9
6
(4
7
5
)

4
2
9
(1
5
4
2
)

1
7
1
(1
0
7
7
)

7
1
(3
0
4
)

1
9
2
(8
6
8
)

1
2
8
(4
9
3
)

5
9
(2
3
9
)

2
1
1
(8
7
2
)

2
6
0
(1
2
7
0
)

O
P
vi
si
t
co
st
s

1
2
2
4
(3
3
1
6
)

7
6
9
(2
0
6
3
)

1
0
2
9
(3
1
9
9
)

1
3
5
1
(3
3
1
4
)

1
2
9
3
(4
2
7
9
)

1
2
5
3
(8
1
2
7
)

6
4
2
(2
9
9
5
)

9
4
2
(3
0
8
2
)

1
0
8
3
(3
2
8
5
)

2
6
8
6
(1
8
,6
9
8
)

P
h
ar
m
ac
y
co
st
s

1
0
7
6
(2
0
5
4
)

3
1
1
(5
5
1
)

7
3
6
(8
1
2
)

1
2
2
3
(1
4
1
8
)

1
4
5
4
(4
,1
8
1
)

1
0
0
8
(1
5
0
4
)

3
2
6
(8
0
2
)

6
3
5
(6
8
0
)

1
2
6
1
(1
2
5
1
)

1
0
6
8
(2
5
6
4
)

N
o
te
s:

a
S
u
b
gr
o
u
p
s
w
e
re

d
e
fi
n
e
d
b
y
co
n
co
m
it
an
t
m
e
d
ic
at
io
n
s
re
ce
iv
e
d
in
th
e
3
0
-d
ay

p
e
ri
o
d
af
te
r
th
e
in
d
e
x
d
at
e
.
F
o
r
e
x
am

p
le
,
p
at
ie
n
ts
w
e
re

cl
as
si
fi
e
d
in
to

th
e
T
IO

m
o
n
o
th
e
ra
p
y
su
b
gr
o
u
p
if
th
e
y
in
it
ia
te
d
T
IO

w
it
h
o
u
t
o
th
e
r
co
n
co
m
it
an
t

as
th
m
a
m
e
d
ic
at
io
n
u
se

w
it
h
in
3
0
d
ay
s
af
te
r
th
e
in
d
e
x
d
at
e
.
b
C
o
m
o
rb
id
it
ie
s
w
e
re

e
va
lu
at
e
d
d
u
ri
n
g
th
e
6
-m

o
n
th

b
as
e
lin
e
p
e
ri
o
d
.
c
M
o
d
e
ra
te

e
x
ac
e
rb
at
io
n
s
w
e
re

d
e
fi
n
e
d
as

an
O
C
S
d
is
p
e
n
si
n
g
w
it
h
in
7
d
ay
s
o
f
an

as
th
m
a-
re
la
te
d
o
u
tp
at
ie
n
t

vi
si
t,
an
d
se
ve
re

e
x
ac
e
rb
at
io
n
s
w
e
re

d
e
fi
n
e
d
as

an
as
th
m
a-
re
la
te
d
in
p
at
ie
n
t
o
r
E
R
vi
si
t.

A
b
b
re
vi
at
io
n
s:

E
R
,
e
m
e
rg
e
n
cy

ro
o
m
;
G
E
R
D
,
ga
st
ro
e
so
p
h
ag
e
al

re
fl
u
x
d
is
e
as
e
;
H
R
U
,
h
e
al
th
ca
re

re
so
u
rc
e
u
ti
liz
at
io
n
;
IC
S
,
in
h
al
e
d
co
rt
ic
o
st
e
ro
id
;
IP
,
in
p
at
ie
n
t;

LT
R
A
,
le
u
k
o
tr
ie
n
e
re
ce
p
to
r
an
ta
go
n
is
t;

O
P,

o
u
tp
at
ie
n
t;

O
C
S
,
o
ra
l

co
rt
ic
o
st
e
ro
id
;
P
C
P,
p
ri
m
ar
y
ca
re

p
h
ys
ic
ia
n
;
S
D
,
st
an
d
ar
d
d
e
vi
at
io
n
;
T
IO

,
ti
o
tr
o
p
iu
m

b
ro
m
id
e
.

Averell et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Journal of Asthma and Allergy 2019:12314

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


The triple therapy subgroup had the highest baseline

exacerbation rates, with 48% of patients experiencing at

least one asthma exacerbation in the 6-month baseline

period (moderate: 39%, severe: 10%). Patients receiving

triple therapy also had a higher mean number of asthma-

related ER visits compared with other TIO subgroups (1.6

vs 1.2–1.3) and among the highest mean number of

asthma-related outpatient visits (3.7 vs 2.6–3.9).

In the TIO 1.25 mcg cohort, patients were more fre-

quently treated by allergists or pulmonologists than by

primary care providers or nurse practitioners in the mono-

therapy (39% vs 33%), TIO+ICS (55% vs 25%), and triple

therapy (49% vs 23%) subgroups. Similar trends were

observed in the TIO 2.5 mcg cohort (Table 1).

Baseline Treatment Patterns
Baseline treatment patterns of patients in the main TIO

cohorts and concomitant medication subgroups who used

each class of controller and rescue medication in the base-

line period are displayed in Table 2.

In the overall TIO 1.25 mcg cohort, 76% of patients

used ≥1 ICS-containing medication in the baseline period.

Other controller medication classes used frequently during

the baseline period included ICS/LABA (68%) and LTRA

(58%). In the TIO 1.25 mcg monotherapy subgroup, 64%

of patients received at least one course of antibiotics, 56%

received ≥1 SABA-containing medication, and 50%

received ≥1 dispensing of OCS during the baseline period.

The highest rate of rescue medication use was observed in

the TIO 1.25 mcg triple therapy subgroup, in which 70%

of patients received ≥1 SABA-containing medication, 68%

received ≥1 OCS, and 66% received antibiotics.

The most frequent combinations of asthma controller

therapy classes used immediately before TIO 1.25 mcg

initiation were ICS/LABA, ICS/LABA+LTRA, LTRA,

no treatment, and ICS (Supplementary Table S1).

Similarly, in the overall TIO 2.5 mcg cohort, 69% of

patients used ≥1 ICS-containing medication in the baseline

period. Other frequently used baseline controller medica-

tions included ICS/LABA (61%) and LTRA (54%). In the

TIO 2.5 mcg monotherapy subgroup, 62% received ≥1
SABA-containing medication, 58% received antibiotics,

and 42% received ≥1 dispensing of OCS. The highest

rates of baseline rescue medication use were observed

among TIO 2.5 mcg triple therapy users, of which 70%

received ≥1 SABA-containing medication, 65% received

≥1 antibiotic medication, and 62% received ≥1 OCS dur-

ing the baseline period.

The most frequent combinations of asthma controller

therapy classes used immediately prior to TIO 2.5 mcg

initiation were ICS/LABA, no treatment, LTRA, ICS/

LABA+LTRA, and ICS (Supplementary Table S1).

Follow-Up Treatment Patterns
The mean duration of the follow-up period was 187–209

days for the TIO 1.25 mcg cohort and 260─294 days for

the TIO 2.5 mcg cohort. In both TIO cohorts, the mean

duration of treatment with TIO was shorter in the mono-

therapy subgroup than in the triple therapy subgroup (TIO

1.25: 120 vs 137 days; TIO 2.5: 123 vs 156 days).

Frequently used controller medications in the follow-up

period included ICS, ICS/LABA, and LTRA (Table 3).

The proportion of patients with at least one rescue

medication dispensing during the follow-up period after

TIO initiation remained high across the TIO subgroups,

and was among the highest in patients receiving triple

therapy. In the TIO 1.25 mcg and 2.5 mcg cohorts, 62–

76% and 60–72% of patients had ≥1 SABA dispensing in

the follow-up period, respectively. Across all subgroups in

the TIO 1.25 and 2.5 mcg cohorts, 44─55% and 48–59%

had at least one course of OCS, and 60–72% and 60–66%

received ≥1 antibiotic dispensing, respectively. Within

each TIO cohort, OCS and SABA use was highest

among triple therapy users compared with other

subgroups.

Persistence With ICS
Among patients in the triple therapy subgroups, Kaplan–

Meier curves show that 44% and 52% of patients who

initiated triple therapy discontinued ICS after 6 months in

the TIO 1.25 and 2.5 mcg cohorts, respectively (Figure 3).

Discussion
This study assessed patient characteristics and treatment

patterns among asthma patients initiating TIO therapy,

who were identified from a large US claims database, to

understand the real-world use of TIO in patients with

asthma. The proportion of patients receiving TIO 1.25

and 2.5 mcg monotherapy treated by allergists or pulmo-

nologists was lower than in other subgroups, but was still

over 30%; conversely, 33–35% were treated by primary

care providers or nurse practitioners, which was a larger

proportion than in the triple therapy and TIO+ICS sub-

groups. In the 6-month period prior to TIO initiation,

over 20% experienced at least one moderate or severe

exacerbation, and over 40% received rescue OCS
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treatment. In contrast, in the TIO 1.25 and 2.5 mcg triple

therapy subgroups, approximately 50% of patients were

treated by allergists or pulmonologists, and a similar

proportion experienced a moderate or severe exacerba-

tion in the 6-month baseline period. Within the TIO 1.25

or 2.5 mcg cohorts, baseline and follow-up rescue OCS

medication use was the highest among triple therapy

users. Approximately half of all patients in either TIO

1.25 or 2.5 mcg cohort receiving triple therapy discon-

tinued ICS within 6 months of treatment initiation.

Overall, these findings suggest a large proportion of the

patients who received TIO either as monotherapy or

triple therapy in this study had uncontrolled asthma

symptoms.

The evaluation of treatment patterns before and after

the initiation of TIO therapy in the present study showed

16–19% of patients using TIO 1.25 and 2.5 mcg as mono-

therapy. In the baseline period, the exacerbation rate in the

TIO monotherapy group was lower than in the overall

cohort and the TIO concomitant therapy subgroups.

Nonetheless, the exacerbation rate in the TIO monotherapy

subgroups was still over 20%, and the majority of patients

receiving TIO monotherapy required OCS and other res-

cue medication use. TIO is approved in the US for long-

term maintenance treatment of asthma18 and clinical trials

have evaluated the efficacy of TIO as add-on therapy to

ICS/LABA.20–22 However, there are currently limited clin-

ical data regarding the use of TIO monotherapy in the

treatment of asthma, and TIO is not recommended as

monotherapy by the GINA strategy report or NHLBI

guidelines.5,6 The potential population of US patients

with asthma for whom treatment with TIO may be indi-

cated is therefore broader than that defined by the GINA

recommendation. Consistent with current GINA

recommendations,5 the findings of the present study sug-

gest that TIO monotherapy is not likely to be an effective

treatment option for patients with asthma, and that patients

receiving TIO monotherapy may additionally benefit from

the anti-inflammatory effects of ICS-containing medica-

tion to achieve better asthma control.

GINA recommends TIO as add-on maintenance ther-

apy for patients with severe asthma who remain sympto-

matic on a combination of ICS and LABA, with a history

of exacerbations,5 while NHLBI guidelines do not specify

the place of LAMAs in triple therapy.6 Among patients

receiving triple therapy in the present study, there was a

high rate of exacerbations and a high proportion of

patients using OCS and other rescue medications in the
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6-month baseline period. The triple therapy subgroup also

had a low rate of persistence with ICS in the 6-month

period following initiation of TIO therapy. Additionally, a

large proportion of these patients were treated by allergists

or pulmonologists. Taken together, these findings suggest

that patients receiving triple therapy may have more severe

asthma and a significant level of uncontrolled disease with

a high risk of exacerbations, which may be associated with

a large disease burden and represent a considerable unmet

need in asthma therapy. Due to the considerable hetero-

geneity in asthma phenotypes, the GINA guidelines

recommend that patients with asthma may benefit from

treatment according to phenotype categories, such as

severe allergic asthma or eosinophilic asthma.5 Better

understanding of the effects of TIO, or LAMAs in general,

as add-on therapy in patients with different asthma pheno-

types may help improve prediction of response to therapy

and improve the considerable disease burden among

patients with more severe asthma.

Overall, similar trends were observed between the TIO

1.25 mcg and TIO 2.5 mcg cohorts, with the exception of a

slightly shorter mean follow-up period observed for the TIO

1.25 mcg cohort than for the TIO 2.5 mcg cohort. This

difference may reflect a relatively slower rate of uptake for

TIO 1.25 mcg, which received FDA approval for asthma in

September 2015, at the beginning of the patient identifica-

tion period, compared with TIO 2.5 mcg, which was

already an established product in the US market.

Several limitations should be considered in the inter-

pretation of the findings of this study. TIO can be pre-

scribed as maintenance treatment for patients with COPD;

although patients with a COPD diagnosis were excluded, it

was not possible to confirm that TIO was prescribed spe-

cifically for the treatment of asthma. The data used for this

study were obtained in the year immediately after approval

of TIO as a long-term maintenance treatment for asthma

and represents the experience of early adopters of TIO.

Treatment patterns identified in this study may therefore

change over time.

This study was also affected by a set of limitations

common to all observational studies based on retrospective

claims data. It is not possible to confirm that medications

described in pharmacy claims data have been received or

taken as prescribed by the patient. Claims data also do not

capture the use of over-the-counter medications, drug sam-

ples, and medications received during inpatient stays. The

analysis may also be vulnerable to coding inaccuracies, such

as inaccurate diagnosis codes or misclassification of codes

included as a rule-out criterion as opposed to actual disease.

Interpretation may also be limited by missing information,

though pharmacy claims (on which the present study was

based) are generally complete. Nevertheless, this retrospec-

tive cohort study using a large US claims database has

enabled evaluation of the characteristics and treatment pat-

terns among asthma patients initiating TIO therapy. The

findings of this study in a geographically diverse US-based

cohort of asthma patients in a real-world setting will improve

our understanding of current LAMA use in asthma in

the USA.

Conclusion
In conclusion, the findings of this study provide insights

into current use of LAMAs in asthma in the real-world

setting in the USA. The analysis showed that over 15% of

patients received TIO as monotherapy, of whom more than

20% had an exacerbation during the baseline period prior

to TIO initiation. These patients may therefore benefit

from additional ICS-containing medication. The triple

therapy group had high post-treatment ICS discontinuation

rates and was among the most severe, with frequent base-

line exacerbations and high rescue medication use, sug-

gesting an unmet need in this population. Together, these

findings suggest a significant level of uncontrolled asthma

and a large associated disease burden among those initiat-

ing LAMA and particularly triple therapy. This study high-

lights unmet needs in current asthma care among such

patients with asthma identified from a large real-world

US claims database.
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