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Background and Objective: Despite improved asthma and chronic obstructive pulmonary Received 12 February 2019
disease (COPD) management, treatment remains inadequate in many patients. Understanding Accepted 23 August 2019
the impact of current treatment in settings outside of controlled trials would add important
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clinical d.eC|5|on-mak|ng mform.atlon. Thls_ §tqdy evaluated costs and outcomes assoc_lated with Asthma: chronic obstructive
budesonide+formoterol (BF) Spiromax® initiation among real-world Swedish patients with asthma pulmonary disease;

and/or COPD. inhalation devices;
Methods:In this retrospective observational analysis of Swedish patients with asthma and/or Spiromax; real-world
COPD, data were collected from the National Patient Register, National Dispensed Drug Register, treatment outcomes

and Cause of Death Register 1 year before and after initiating BF Spiromax (index date).
Outcomes included exacerbation occurrence, treatment patterns, inpatient care, and healthcare
costs.

Results: The study included 576 patients (asthma: 51.6%; COPD: 32.8%; and asthma and COPD:
15.6%). Following BF Spiromax initiation in asthma patients, there were significant decreases in
exacerbations (41.1% to 30.0%; P < 0.001), mean comorbidity-related inpatient visits (0.5 to 0.2;
P < 0.001), and inpatient days (1.9 to 0.6; P = 0.006), and a trend toward fewer asthma-related
inpatient visits (mean, 0.2 to 0.1; P = 0.056) and asthma-related inpatient days (mean, 0.7 to 0.3;
P = 0.060). Increased inpatient utilization was observed in patients with COPD or both diagnoses.
All-cause and asthma-/COPD-related medication costs decreased in all groups.

Conclusions: After switching to BF Spiromax, asthma patients had fewer exacerbations and
hospital visits versus the prior year and COPD patients showed an increase in all-cause and COPD-
related healthcare resource utilization. All-cause and asthma-/COPD-related medication costs
decreased in all groups after switching to BF Spiromax.

Introduction a major cause of chronic morbidity and mortality world-
wide and often coincides with conditions such as cardio-
vascular disease, diabetes, and musculoskeletal impairment
[7]. Approximately 3000 people per year die from COPD-
related complications in Sweden [7,8] and, according to
the Swedish PATHOS study, COPD patients have a life
expectancy 8 years shorter than the general population [9].

Real-world studies have shown that incorrect inhaler
use is associated with poor symptom control and worse
outcomes in patients with asthma or COPD [10-12].
A new fixed-dose combination of the inhaled corticoster-
oid (ICS) budesonide and the long-acting [,-agonist
(LABA) formoterol (referred to here as budesonide-+for-
moterol [BF] Spiromax®) was granted marketing author-
ization by the European Medicines Agency in April 2014
for the treatment of asthma and COPD and launched in
Sweden in September 2014. BF Spiromax was designed to

Asthma is a chronic inflammatory disease affecting the
airways and characterized by variable airway obstruc-
tion. With age-dependent variations, the proportion of
patients diagnosed with asthma in Sweden is 7%—-10%
[1,2]. Patients tend to be undertreated in the real-world
setting and those with adequate treatment often have
inadequate asthma control [3].

Chronic obstructive pulmonary disease (COPD) is
characterized by persistent respiratory symptoms and air-
flow limitation due to airway and/or alveolar abnormalities
usually caused by significant exposure to noxious particles
or gases [4]. The prevalence of COPD in patients older
than 45 years of age is 8%—14% [5]. Fifty percent of elderly
smokers developed COPD in one cross-sectional cohort
study in Sweden [5] and, even among nonsmokers, the
prevalence of COPD in Sweden is 3%—8% [6]. COPD is
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reduce common inhaler preparation errors and enhance
usability. Studies have shown ease of use for patients and
healthcare professionals compared with other dry powders
[13,14]. Clinical data demonstrated the safety and efficacy
[13] of BF Spiromax, but effectiveness data in a real-world
setting are limited. The objective of this study was to obtain
real-world evidence among Swedish patients on the treat-
ment, management, outcomes, and cost of asthma and
COPD associated with use of BF Spiromax.

Materials and methods
Study design

This study was a retrospective analysis using the adminis-
trative records of patients with asthma and/or COPD who
were receiving secondary care for any kind of disease and
who initiated BF Spiromax in Sweden between September
and December 2014. The total study period was between
1 January 1997 and 31 December 2015. The study focused
on patients with asthma and/or COPD who initiated BF
Spiromax and who had been treated with the following ICS
+LABA inhalers: Accuhaler/Diskus™, Turbuhaler®, other
ICS+LABA devices (>1 prescription), or had <1 prescrip-
tion of an ICS+LABA before the initiation of BF
Spiromax). Each patient’s observational period comprised
the 1-year ‘baseline’ period prior to the first prescription of
BF Spiromax (index date) and the 1-year “follow-up’ period
after the index date. Only patients who were alive at the
end of the follow-up period were included in the analysis.

Registers used

Data were obtained from national health registers. The
National Patient Registry (NPR) was used to collect
inpatient and outpatient data from all the hospitals in
Sweden. The NPR dates back to 1964; from 1987, there
is information on all completed in-patient admissions
in publicly operated hospitals; from 2001, collection of
outpatient care data began. The NPR covers 99% of all
somatic and psychiatric discharges in Sweden and is
updated annually [15]. For this study, the NPR was
used to identify all eligible patients with COPD and/or
asthma and to generate comorbidity and events infor-
mation traced to individual patients. In order to retain
a full year of follow-up, data from the Hospital
Discharge Register and Hospital Outpatient Register
up to the end of 2015 were extracted.

All medications prescribed and dispensed to patients are
tracked in the National Dispensed Drug Register (NDR),
which covers all pharmacy transactions from 1 July 2005.
In this study, the NDR was used to identify the population
of BF Spiromax users and the data on COPD- and asthma-

specific treatments and concomitant medications. Data
extracted from the register included: patient identifier,
age, sex, residency, date of dispensed prescription, number
of packages dispensed, defined daily dose of package, total
cost, product name for all drugs.

The Cause of Death Registry (CDR) includes data
on all deaths covering all residents in the country,
whether or not the individual was a Swedish citizen,
and irrespective of whether or not the deaths occurred
in any of the Nordic countries. In this study, the CDR
was used to collect data on patient identifier, date of
death and primary cause of death.

Variables were derived from the available data sources and
were collected and linked using the National Board of Health
and Welfare through personal identification numbers.

Patients included

Three patient populations were identified for the study
using diagnostic codes — those with asthma alone, those
with asthma and COPD diagnosis codes, and those with
COPD alone. All patients had at least one claim for an
asthma- and/or COPD-related visit to secondary care
(with a primary or secondary asthma/COPD diagnosis).
Patients in the asthma only group were aged >18 years
at first dispensation of BF Spiromax (index date), and had
an asthma diagnosis (J45/J46) and no record of COPD/
emphysema diagnosis (J43/J44) during the total study
period (1997 — 2014). Patients in the asthma/COPD
group were aged >40 years at index date and had both an
asthma and a COPD/emphysema diagnosis during the
total study period. Patients in the COPD only group
were aged 240 years at index date with a COPD/emphy-
sema diagnosis (J43/J44) during the study period and no
record of asthma diagnosis during the study period.

Assessment of outcomes

Study outcomes included exacerbations (defined as an
inpatient visit or dispensary of oral steroids or antibiotics
[COPD] or inpatient visit or dispensary of oral steroids
[asthma]), utilization of asthma/COPD treatments, hos-
pital visits, and medication costs one year before initia-
tion of BF Spiromax and one year after this treatment was
started. The index date was included in the baseline
period for all variables except treatments and medication
costs. The outcomes were measured for the total popula-
tion and in the subgroup of patients who continued using
BF Spiromax for the entirety of the follow-up period. The
occurrence of exacerbations was also assessed in the sub-
group who had <1 ICS+LABA prescription during the
1-year baseline period (Accuhaler/Diskus; Turbuhaler;
other). All-cause and asthma/COPD-related inpatient



and outpatient utilization was assessed. Hospital visits are
reported as the mean number of inpatient days as well as
the mean number of inpatient visits. All-cause and
asthma/COPD-related medication costs are reported in
euros.

Statistical analyses

Statistical analyses were carried out using the SAS 9.3
software package, with the level of significance set at 0.05.
Continuous variables were expressed as means, standard
deviations, minimums, medians, maximums, and quar-
tiles, while categorical variables were expressed as the
number of cases per category and in terms of relative
frequencies. McNemar’s test was used for the occurrence
of treatments and exacerbations and paired t-tests were
used for hospital visits and treatment costs. Appropriate
diagnostics were conducted to ensure requirements were
met for the parametric tests that were used.

Role of the funding source

This study was funded by Teva Pharmaceuticals, as was
the medical writing support. The study design and the
analysis and interpretation of the data were performed as
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sponsor provided a full review of the article. The authors
were fully responsible for all content and editorial deci-
sions and were involved at all stages of manuscript devel-
opment; they have all approved the final version.

Results
Patients

From the NDR search 1,373 patients were prescribed BF
Spiromax between September and December 2014 and,
of those, 723 patients were identified through a secondary
care setting and were eligible for the analysis (Figure 1).
Therefore, approximately 47% of patients identified in
the total population receiving BF Spiromax were mana-
ged entirely in primary care, never received a diagnosis in
secondary care, and were not included in the analysis. Of
the patients eligible for the study, 297 patients with
asthma alone, 90 patients with asthma and COPD, and
189 patients with COPD alone were included in the study
(Figure 1).

Baseline characteristics indicate that each of the study
populations had a slightly higher percentage of women
(59.6% in asthma, 58.9% in asthma/COPD, and 58.2% in
COPD; Table 1). When age was broken down by decades,
the most common age category was 60 — 69 years for

a collaboration of the funder and the authors. The asthma and asthma/COPD (18.9% and 35.6%,
Total patients who initiated
BF Spiromax
(N =1373)
Patients only in the
> primary setting
(n = 650)
A4
Patients in
secondary care setting
(n=723)
| l }
Asthma patients Asthma/COPD patients COPD patients
(n=371) (n=108) (n =244)
Excluded: Excluded?: Excluded?:
»| — 4 death »| —4 death »| — 21 death
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COPD patients
(n=189)

Figure 1. Patient flow diagram. ®Patients who were excluded due to adherence criteria, and who died prior to the end of the follow-
up period are listed in both of the exclusion categories; "Patients who were excluded, were excluded due to lack of adherence. To
be included, all patients had to be on BF Spiromax for the entire follow-up, with a minimum of two prescriptions. BF: budesonide

+formoterol; COPD: chronic obstructive pulmonary disease.
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Table 1. Patient characteristics among an eligible patient population.

n (%) Asthma (n = 297) Asthma/COPD (n = 90) COPD (n = 189)
Gender
Men 120 (40.4) 37 (41.1) 79 (41.8)
Women 177 (59.6) 53 (58.9) 110 (58.2)
Age (years)
10 -19 15 (5.1) 0 (0) 0 (0)
20 — 29 32 (10.8) 0(0) 0(0)
30 - 39 32 (10.8) 0 (0) 0 (0)
40 - 49 48 (16.2) 6 (6.7) 5(2.6)
50 - 59 53 (17.8) 3(3.3) 20 (10.6)
60 — 69 56 (18.9) 32 (35.6) 62 (32.8)
70 — 79 44 (14.8) 28 (31.1) 69 (36.5)
80+ 17 (5.7) 21 (23.3) 33 (17.5)
Baseline ICS + LABA
Accuhaler/Diskus 19 (6.4) 11 (12.2) 14 (7.4)
Turbuhaler 117 (39.4) 41 (45.6) 94 (49.7)
Other ICS+LABA 23 (7.7) 13 (14.4) 6 (3.2)
<1 ICS+LABA prescription 138 (46.5) 25 (27.8) 75 (39.7)
Tiotropium 19 (6.4) 55 (61.1) 140 (74.1)
Long-acting B, stimulators 35 (11.8) 21 (23.3) 25 (13.2)
ICS 93 (31.3) 26 (28.9) 19 (10.1)
Fixed combinations of ICS+LABA 172 (57.9) 63 (70.0) 127 (67.2)

ICS: inhaled corticosteroid; LABA: long-acting ,-agonist.

respectively) and 70 — 79 years for COPD (36.5%). The
most common baseline ICS+LABA regimen was
Turbuhaler (39.4%, 45.6%, and 49.7% in the asthma,
asthma/COPD, and COPD groups, respectively).

Exacerbations

Of the 297 patients in the asthma group, 17% switched
to another ICS+LABA. A significant decrease in the
percentage of patients who had an exacerbation follow-
ing a BF Spiromax prescription, from 41.1% to 30.0%,
was observed in the total population (P < 0.001) as well
as among all patients who did not change to another
ICS+LABA (40.1% to 27.1%; P = < 0.001) and among
patients who had <1 ICS+LABA prescription during
the baseline period (37.7% to 23.9%; P = 0.003; Figure 2
(a)). No significant between-group differences were
observed in the analysis stratified by baseline ICS
+LABA treatment (data not shown).

Of the 90 patients in the asthma/COPD group, 27%
changed to using another ICS+LABA. No significant
difference in exacerbations was observed after initiating
BF Spiromax in this patient group (Figure 2(b)).

Of the 189 patients in the COPD alone group, 26%
changed to use another ICS+LABA. No significant
difference in exacerbations was observed after initiating
BF Spiromax in the COPD alone group (Figure 2(c)).

Treatment patterns

Among patients in the asthma group, SABA use sig-
nificantly decreased from 59.9% to 51.2% (P = 0.003)
for the total study population (Table 2); among those

patients who did not change to another ICS+LABA, it
decreased from 58.3% to 47.4% (P < 0.001) (data not
shown). No difference was observed in short-acting
muscarinic antagonist (SAMA) or LAMA use among
patients in this patient group. In addition, no signifi-
cant difference in SABA, SAMA, or LAMA use was
observed among patients in either the asthma/COPD
group or the COPD group.

Hospitalizations

Inpatient and outpatient utilization is shown in
Figure 3.

In the asthma group, mean all-cause inpatient visits
decreased significantly from 0.5 to 0.2 per patient
(P < 0.001) and mean all-cause inpatient days decreased
from 1.9 days to 0.6 (P = 0.006), with a similar pattern
observed in patients who did not change to another ICS
+LABA (Figure 3(a)). Similar differences were observed
for asthma-related inpatient visits; but the differences did
not reach significance except for mean asthma-related
inpatient visits (0.2 to 0.1 per patient; P = 0.039). No
significant differences in all-cause or asthma-related out-
patient visits were observed.

In the asthma/COPD group, no significant difference
was seen for all-cause inpatient utilization (inpatient visits
or days). However, there was a significant increase in mean
asthma/COPD-related inpatient days from 3.4 to 5.3
(P = 0.047) (Figure 3(b)). A similar pattern of differences
was observed in patients who did not change to another
ICS+LABA, however none of the differences reached sig-
nificance. No significant differences in all-cause or asthma/
COPD-related outpatient visits were observed.



a. Asthma patients
100
90 1
801
701
601
501 P <0.001
404
30+
20
10
0 4

Percent, %

Total Used BF-Spiromax during study period

n =297

m Before BF Spiromax

b. Asthma and COPD patients
1001
90

80

70

60

50

401

30

20

101

0 -

P=0414

Percent, %

Total Used BF-Spiromax during study period

n=90

m Before BF Spiromax

c. COPD patients
100
90
80
70
60
50
401
30
20
101
0 -

P =0.586

Percent, %

Total Used BF-Spiromax during study period

n=189

m Before BF Spiromax

P=10.371

P=0.228

EUROPEAN CLINICAL RESPIRATORY JOURNAL

P <0.001 P =0.003

<1ICS + LABA at baseline

n =247 n=138

m After BF Spiromax

P =0.655

<1ICS + LABA at baseline
n=66 n=25

u After BF Spiromax

P =0.842

<1ICS + LABA at baseline

n=139 n=75

u After BF Spiromax

Figure 2. Percentage of patients with an exacerbation before and after initiating BF Spiromax for the asthma patient group (a), the
asthma/COPD patient group (b), and the COPD patient group (c). BF: budesonide+formoterol; COPD: chronic obstructive pulmonary

disease; ICS: inhaled corticosteroid; LABA: long-acting B,-agonist.

In the COPD group, there was a significant increase in
all-cause inpatient days (3.3 to 5.3 days; P = 0.019), with
a similar pattern (albeit the differences were not signifi-
cant) observed for patients who did not change to another
ICS + LABA (Figure 3(c)). No significant differences in
all-cause inpatient visits were observed. There was
a significant increase in COPD-related inpatient visits

from 0.5 to 0.8 (P = 0.0097), and a significant increase
in COPD-related inpatient days from 2.3 to 4.6
(P = 0.004). Similar significant differences were seen in
patients who did not change to another ICS+LABA.
A significant increase from 0.7 to 1.0 in COPD-related
outpatient visits in the total population (P = 0.043) was
observed.
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Table 2. Asthma/COPD treatments before and after initiation to BF Spiromax in the total population.

Asthma Asthma/COPD COPD

Treatment Before BF After BF Before BF After BF Before BF After BF

n (%) Spiromax Spiromax P value Spiromax Spiromax P value Spiromax Spiromax P value
Accuhaler/Diskus 24 (8.1) 3(1.0)  <0.0001 16 (17.8) 5 (5.6) 0.0023 16 (8.5) 9 (4.8) 0.0707
Turbuhaler 146 (49.2) 32 (10.8)  <0.0001 49 (54.4) 13 (14.4) <0.0001 109 (57.7) 28 (14.8)  <0.0001
Other fixed ICS 11 (3.7) 12 (4.0) 0.7815 6 (6.7) 8 (8.9) 0.5271 11 (5.8) 16 (8.5) 0.2752

+LABA

ICS 3 (31.3) 5(84)  <0.0001 26 (28.9) 5 (5.6) <0.0001 9 (10.1) 2 (1) 0.0001
LABA 35(11.8) 5(5.1) 0.0003 21 (23.3) 7 (7.8) 0.0005 5(13.2) 6 (8.5) 0.0201
SABA 178 (59.9) 152 ( 2) 0.0025 60 (66.7) 55 (61.1) 0.2253 110 (58 2) 118 (62 4) 0.2170
SAMA 4(1.3) 2(0.7) 0.4142 4 (4.4) 2(22) 0.3173 8 (4.2) 6 (3.2) 03173
LAMA 22 (7.4) 26 (8.8) 0.3458 60 (66.7) 63 (70.0) 0.4054 153 (81.0) 149 (78.8) 0.4328

BF: budesonide+formoterol; COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroid; LABA: long-acting B, agonist; LAMA: long-acting

muscarinic receptor antagonist; SABA: short-acting B,-agonist; SAMA: short-acting muscarinic antagonist.

Medication and secondary care costs

Medication costs and secondary care costs are shown
in Figure 4.In the asthma group, there were significant
decreases in all-cause medication costs from €676.9 to
€587.5 (P < 0.001) and for asthma-related medication
costs from €663.9 to €572.2 (P < 0.001). Patients who
did not change to another ICS+LABA showed
a similar pattern (Figure 4(a)). All-cause secondary
care costs significantly decreased from €2951.0 to
€1638.1 (P < 0.001) in the total population and from
€2918.8 to €1459.4 (P < 0.001) in patients who did
not change to another ICS+LABA. A similar pattern
was seen for asthma-related secondary care costs,
however the decreases observed were not statistically
significant.

In the asthma/COPD group, all-cause medication
costs decreased from €1175.3 to €967.6 (P < 0.001) in
all patients and from €981.6 to €823.2 (P < 0.001) in
those who did not change to another ICS+LABA.
Asthma/COPD-related medication costs decreased
from €1153.5 to €945.8 (P < 0.001) in all patients
and from €960.0 to €993.6 (P < 0.001) in patients
who did not change to another ICS+LABA (Figure 4
(b)). All-cause secondary care costs increased but the
differences did not reach significance. Mean asthma/
COPD-related secondary care costs in the total popu-
lation significantly increased from €3043 to €4519
(P = 0.046).

In the COPD group, all-cause medication costs
decreased from €1291.3 to €1125.6 (P < 0.001) in all
patients and from €1195.9 to €1005.4 (P = 0.007) in
those who did not change to another ICS+LABA.
COPD-related medication costs decreased from
€1267.0 to €1098.7 (P < 0.001) in all patients and
from €1185.6 to €993.6 (P = 0.008) in those who did
not change to another ICS+LABA (Figure 4(c)). All-
cause and COPD-related secondary care costs
increased but the differences did not reach significance.

Discussion

In patients with asthma, BF Spiromax was associated
with a statistically significant reduction in exacerba-
tions and inpatient resource utilization from the
baseline year. In addition to the reduction in exacerba-
tions and resource utilization, there was a significant
reduction in both treatment costs and secondary care
costs following the initiation of BF Spiromax.

Patients with COPD, with or without asthma, did not
experience statistically significant changes from baseline
in exacerbations and showed statistically significant
increases in healthcare resource utilization. In the current
analysis, adjustments were not made for comorbidities
and other baseline characteristics. Additionally, patients
in the asthma/COPD may actually have had a prior mis-
diagnosis of asthma prior to their COPD diagnosis. The
high rate of tiotropium use in the asthma/COPD cohort
supports this possibility. Our analysis was not able to
detect or account for misdiagnosis.

Exacerbations and costs were decreased in patients
with asthma alone. There was no significant change in
the numbers of patients with exacerbations in the COPD
group; however, statistically significant increases in hos-
pitalizations and secondary care costs were seen. One
potential explanation is that an increase in inpatient
utilization for the asthma/COPD and COPD groups
may reflect the natural history of COPD because worsen-
ing disease is associated with high comorbidity.
A prolonged length of hospital stay for patients with
COPD has been associated with increased comorbidities
and the increased healthcare costs of patients with COPD
have been attributed to comorbid conditions [7].
However, we are not able to definitively explain the
differences between disease cohorts in this analysis.
Results in all the disease cohorts should be interpreted
with caution because of the absence of a control group of
patients who stayed on the same ICS+LABA during the
baseline and follow-up year. Furthermore, the analysis
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Figure 3. Inpatient and specialized outpatient care before and after initiating BF Spiromax in patients with asthma (a), asthma/

COPD (b), or COPD (c). BF: budesonide+formoterol; COPD: chronic obstructive pulmonary disease.

did not control for baseline factors that might influence
exacerbation risk, utilization, or cost and there was lim-
ited statistical power in the subgroup analyses. Patients
changing to another treatment during an inpatient or

outpatient secondary care visit may have more severe or
unstable disease compared with the overall population of
patients with asthma, COPD, or asthma/COPD treated
with an ICS+LABA.
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Figure 4. Cost of medications (units of euros) and secondary care before and after initiating BF Spiromax in patients with asthma
(a), Asthma and COPD (b) or COPD (c). BF, budesonide+formoterol; COPD, chronic obstructive pulmonary disease.



Another important limitation of the study was that the
analyses were restricted to patients identified from secondary
care records because of the limited availably of primary care
data in Swedish health registries. In Sweden, the vast majority
of asthma and COPD patients are treated in the primary care
setting and, so, the necessity of using secondary care records
to identify patients and outcomes may have introduced bias
because comorbidities may be overrepresented. Therefore, it
is possible that patients with milder disease may have been
underrepresented. However, many patients in the study were
seeking secondary care for reasons not associated with
asthma or COPD and, presumably, these patients’ asthma
and/or COPD were managed in the primary care setting.
Nonetheless, it is unknown whether these results can be
generalized to patients managed entirely in primary care,
and may not be directly comparable with country-specific
database studies in which primary care records are included.

The major strength of the study was use of the well-
managed, large, Swedish National Health Registries
database [15] In addition, the time horizon of 1-year
baseline and 1-year follow-up minimized the impact of
potential seasonal differences in disease activity. In this
analysis, real-world treatment outcomes were assessed,
including the occurrence of exacerbations, treatment
patterns, inpatient care, and treatment costs. Real-
world effectiveness may differ from clinical trial results
because registration trials are performed in a controlled
setting with restrictive inclusion/exclusion criteria and
a high degree of patient support and monitoring. Data
obtained in clinical settings outside of controlled trials
adds important information to support clinical deci-
sion-making.

In conclusion, asthma patients who switched to BF
Spiromax experienced fewer exacerbations and hospital
visits compared with the year prior to switching. BF
Spiromax appeared effective in a population derived from
real-world clinical practice, in agreement with the results of
clinical trials. Medication costs for all disease cohorts were
driven by asthma/COPD medication and were lower after
switching to BF Spiromax. Patients with COPD showed an
increase in all-cause and COPD-related healthcare resource
utilization, which was not associated with a statistically
significant increase in secondary care costs. Results of this
descriptive analysis should provide direction for further
research on the effects of inhalers with better ease of use
on healthcare resource utilization and costs.
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