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Background: Inhaled corticosteroid/long-acting β
2
-agonist combinations and/or long-acting 

muscarinic antagonists are recommended first-line therapies for preventing chronic obstructive 

pulmonary disease (COPD) exacerbation. Comparative effectiveness of budesonide/formoterol 

combination (BFC, an inhaled corticosteroid/long-acting β
2
-agonist combination) vs tiotropium 

(long-acting muscarinic antagonist) in the US has not yet been studied.

Methods: Using US claims data from the HealthCore Integrated Research Environment, 

COPD patients (with or without comorbid asthma) $40 years old initiating BFC or tiotropium 

between March 1, 2009 and February 28, 2012 and at risk for exacerbation were identified 

and followed for 12 months. Patients were propensity score matched on demographics and 

COPD disease severity indicators. The primary outcome was time to first COPD exacerba-

tion. Secondary outcomes included COPD exacerbation rate, health care resource utilization, 

and costs.

Results: The Cox proportional hazards model for time to first exacerbation yielded a hazard 

ratio (HR) of 0.78 (95% CI =[0.70, 0.87], P,0.001), indicating a 22% reduction in risk of 

COPD exacerbation associated with initiation of BFC versus tiotropium. A post hoc sensitiv-

ity analysis found similar effects in those who had a prior asthma diagnosis (HR =0.72 [0.61, 

0.86]) and those who did not (HR =0.83 [0.72, 0.96]). BFC initiation was associated with lower 

COPD-related health care resource utilization and costs ($4,084 per patient-year compared with 

$5,656 for tiotropium patients, P,0.001).

Conclusion: In COPD patients new to controller therapies, initiating treatment with BFC was 

associated with improvements in health and economic outcomes compared with tiotropium.

Keywords: COPD, inhaled corticosteroid/long-acting β
2
-agonist combinations, long-acting 

muscarinic antagonist, comparative effectiveness, administrative claims

Introduction
In 2011, .13 million adults in the US reported a chronic obstructive pulmonary 

disease (COPD) diagnosis.1 Current research continues to address the dissociation 

between guideline recommendations for managing COPD and clinical practice.2 For 

patients with a history of exacerbation, inhaled corticosteroid/long-acting β
2
-agonist 

combinations (ICS/LABA) and/or long-acting muscarinic antagonist (LAMA) are 

recommended first-line therapies.3

While the effectiveness of ICS/LABA therapy on preventing COPD exacerba-

tions has been studied in detail compared with placebo, ICS monotherapy, and LABA 
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monotherapy,4–10 very little clinical research has been conducted 

on the direct comparison between ICS/LABA therapy and 

tiotropium. In fact, there exists only one clinical trial that 

compared the effectiveness of fluticasone propionate/salmeterol 

combination (FSC) 500/50 μg twice daily to tiotropium 18 μg 

once daily, showing no difference in exacerbation rates.11  

In addition to the lack of clinical trial data, few studies have com-

pared the real-world effectiveness of tiotropium and ICS/LABA, 

and these studies have not accounted for baseline differences in 

COPD disease activity, a key predictor of future events.12,13 In 

the US, no published studies have compared the effectiveness 

of the ICS/LABA combination therapy budesonide/formoterol 

combination (BFC) with tiotropium, whereas only one study 

outside of the US has been published.14

The goal of this study was to evaluate real-world 

effectiveness of BFC compared to tiotropium during the 

12 months after initiation of therapy in propensity score 

matched cohorts. The primary measure of effectiveness was 

time to first COPD exacerbation, while secondary measures 

included COPD exacerbation rates, health care resource 

utilization, health care costs, respiratory medication use, 

and adherence.

Materials and methods
Data source
This retrospective cohort study (NCT01917643)15 utilized 

claims data for commercially insured individuals from the 

HealthCore Integrated Research Environment (HIRE). The 

HIRE contains a diverse spectrum of longitudinal claims data 

for .32 million lives. The terms of the Research Exception 

provisions of the Privacy Rule, 45 CFR 164.514(e) exempted 

Institutional Review Board approval for this non-experimental 

study, which was fully Health Insurance Portability and 

Accountability Act (HIPAA) compliant. Patient confidential-

ity was maintained throughout and all data remained anony-

mous; researchers only had access to the required datasets 

following the removal of patient identifiers.

study population
Eligible patients comprised COPD patients 40 years or older 

initiating BFC (160/4.5 μg)16 or tiotropium (18 μg),17 at risk 

for an exacerbation, and with health plan enrollment at any 

point between March 1, 2009 and February 28, 2012. The 

study intake period was chosen to coincide with the US Food 

and Drug Administration approval of BFC COPD indication 

on February 27, 2009, and allowed 12 months of follow-up, 

as data were available through February 28, 2013. The date 

of the first pharmacy claim for either of the study medications 

was defined as the index date. Patients were naïve to ICS/

LABA and LAMA therapies in the year prior to the index 

date. Individuals at risk for an exacerbation had one or more 

inpatient hospitalizations with a primary diagnosis of COPD, 

emergency department (ED) visits with a COPD diagnosis, 

and/or prescription fills for an oral corticosteroid (OCS) within 

10 days of an outpatient COPD visit in the 12 months preceding 

the index date. We excluded patients with $180 days of OCSs, 

or a cancer diagnosis ($2 claims ,60 days apart with ICD-9 

diagnosis code 140.xx–209.3x, 230.xx–234.xx) during the 

previous 12 months. Individuals diagnosed with asthma during 

the baseline period were not excluded from this study.

study treatment and follow-up
Patients were assigned to a treatment group based on the 

prescribed therapy filled on the index date and excluded if 

prescriptions for both appeared on the index date. All patients 

were followed for a full 12 months following treatment initia-

tion; thus, individuals who died or left the health plan prior 

to 12 months of follow-up were excluded from the study.

Outcomes
Primary outcome
The primary outcome measure was time to first COPD 

exacerbation during the 12 months following the index date. 

COPD exacerbation included an inpatient hospitalization 

with a primary COPD diagnosis, an ED visit with any COPD 

diagnosis, or a pharmacy claim for OCSs and/or antibiotics 

within 10 days after an outpatient visit for COPD.

sensitivity and subgroup analyses
The study included two pre-specified sensitivity analyses and 

two pre-specified subgroup analyses exploring the compara-

tive impact of BFC and tiotropium bromide on time to first 

COPD exacerbation in the 12 months following the index 

date. In the primary analysis, the date of a patient’s first COPD 

exacerbation was the event date. Patients who had no exac-

erbation were censored 12 months post the index date. One 

sensitivity analysis censored patients (ie, stopped follow-up) if 

they filled a study class medication different from their index 

drug (referred to as “treatment modification”; BFC patients 

were censored if they filled any other ICS/LABA or any 

LAMA; tiotropium patients were censored if they filled any 

other LAMA or any ICS/LABA). Another sensitivity analysis 

started the follow-up 31 days post the index date to allow 

adequate exposure to the study medication before assessing 

outcomes. A subgroup analysis examined differences in the 

primary outcome separately for patients who did and did not 
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experience treatment modification. Another subgroup analysis 

evaluated outcomes in patients of age 65 years and older.

To account for potential differential effects of the index 

medication due to possible comorbid asthma, an interaction 

model was constructed as a post hoc sensitivity analysis. 

The interaction model is identical to the primary outcome 

model with the addition of the main effect of a prior asthma 

diagnosis and a term for the interaction between index drug 

and having at least one prior asthma diagnosis. Results strati-

fied by asthma group (those with no prior asthma diagnosis 

and those with $1 prior diagnosis, separately) were obtained 

from the interaction model. A stratified Kaplan–Meier 

analysis was also performed to obtain the median time to 

exacerbation.

secondary outcomes
We measured COPD exacerbation rate, which was defined 

as the total number of COPD exacerbations during the 

12-month post-index period divided by the total number of 

person years for each treatment group. ED visits resulting 

in a hospital stay were counted as an inpatient hospitaliza-

tion only. OCS or antibiotic fills occurring within 14 days 

of an ED visit or inpatient hospitalization were counted as 

a single event. Similar to the primary outcome above, an 

interaction model – including an interaction term between 

prior asthma diagnosis and the index medication – was 

constructed as a post hoc sensitivity analysis of the COPD 

exacerbation rate outcome, and results stratified by asthma 

group were obtained.

Other secondary outcomes included respiratory medica-

tion fill, COPD-related and all-cause health care utilization 

and health care costs in the 12 months following the index 

date. The COPD-related utilization outcome captured out-

patient visits with at least one COPD diagnosis code, length 

of intensive care unit and COPD-related hospital stays and 

COPD-related procedures in addition to the COPD-related 

hospital stays and ED visits contained in the primary out-

come. COPD-related costs included the costs of inpatient 

hospitalizations with a primary diagnosis of COPD and any 

other episode with a diagnosis for COPD, and any COPD 

medication, including the index therapy. All costs were 

adjusted to 2012 using the current consumer price index 

provided by the Bureau of Labor Statistics for Medical Care 

Services18 and categorized as plan or patient paid. Adher-

ence was documented as proportion of days covered (PDC), 

defined as the number of days for which the patient received 

a supply of medication during the post-index period divided 

by the days in the post-index period.19 An analysis of time 

to first treatment modification was considered exploratory 

given the small number of patients expected to have a treat-

ment modification.

statistical analysis
To reduce selection bias, logistic regression-based propen-

sity score (the probability of receiving BFC conditional on 

observed baseline characteristics) matching was used to 

create the analytic cohorts from patients meeting inclusion 

criteria.20–22 We specified prospectively that cohorts were to 

balance on age, sex, prior asthma diagnosis, COPD-related 

hospitalizations, COPD-related ED visits, OCS fills, antibi-

otic fills, short-acting β
2
-agonist (SABA) and/or short-acting 

β
2
-agonist/short-acting muscarinic antagonist (SABA/SAMA) 

fills, and LABA fills, during the pre-index period. While con-

sidered optional, balance also was achieved for an additional 

set of variables (Table 1 footnotes). Patients were matched 

via a Greedy nearest neighbor 1-to-1 matching technique 

without replacement. Treatment cohorts were considered well 

balanced for a given variable if the statistical significance of 

the difference between groups was P$0.05. The minimum 

sample size was calculated as 1,111 patients per group to 

detect a true hazard ratio (HR) of 0.80 with 90% power.

A Cox proportional hazards model was used for time to 

first exacerbation. Due to successful matching on key poten-

tial confounders and the lack of significant improvement to 

the primary outcome model when considering additional 

potential covariates, the final model was unadjusted. HRs 

and 95% confidence intervals are presented. For the primary 

outcome, and the corresponding sensitivity and subgroup 

analyses, patients were followed for 12 months or until their 

first COPD exacerbation, whichever came first. All analyses 

were based on index medication cohort, regardless of treat-

ment changes following the index date.

A negative binomial model with log link was used to 

examine the impact of therapy on exacerbation rate and 

other count outcomes, while logistic regression was used 

for dichotomous outcomes. Gamma regression was applied 

to cost outcomes and ordinary least squares regression to 

PDC. All secondary outcomes included a full 12 months of 

follow-up and were adjusted for the analogous pre-index 

variable; for example, the post-index cost model controlled 

for pre-index costs. Cox regression was used to explore time 

to treatment modification. Intent-to-treat populations were 

used for all analyses. All outcomes and statistical analysis 

methods were defined a priori in the study protocol, and no 

adjustment was made for multiple testing. All analyses used 

SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
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Results
There were 136,706 patients with at least one prescription for 

BFC or tiotropium between March 1, 2009 and February 28, 

2012. The final sample included 4,051 unmatched patients: 

1,381 BFC and 2,670 tiotropium (Figure 1).

Matching
Propensity score matching yielded 1,198 patients in each 

group. After matching, there was a similar distribution of 

propensity scores for the two treatment groups, indicating 

successful matching. All pre-specified variables were well 

balanced, including those that were optional (Table 1).

Demographics and baseline 
characteristics
Matched patients in BFC and tiotropium cohorts had a mean 

age of 63 years, and 56% were female (Table 1). Patients 

had similar rates of diagnosed comorbid conditions during 

the 12-month pre-index period, including hypertension (65% 

BFC and 66% tiotropium), asthma (41% in both), coronary 

artery disease (29% in both), diabetes (25% in both), and 

pneumonia (25% BFC, 26% tiotropium). Rates of prior 

respiratory medication use were also similar, including at 

least one fill of OCS, ICS, SABA, SABA/SAMA combina-

tion, or leukotriene receptor antagonists. The most recent 

Figure 1 Patient selection.
Notes: Patient selection (left column) and attrition (right column) after applying each inclusion and exclusion criteria in a step-wise manner, starting with over 18 million 
individuals identified in the HIRE during the intake period and ending with 1,198 individuals matched within each treatment group.
Abbreviations: hIre, healthCore Integrated research environment; BFC, budesonide/formoterol combination; COPD, chronic obstructive pulmonary disease; ICD-9, 
International Classification of Diseases, 9th Revision; ICS/LABA, inhaled corticosteroid/long-acting β2-agonist; laMa, long-acting muscarinic antagonist; OCs, oral 
corticosteroid.
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Figure 2 Primary outcome - time to first exacerbation.
Notes: Time to first COPD exacerbation by index treatment cohort during the 
1-year follow-up period.
Abbreviations: BFC, budesonide/formoterol combination; hr, hazard ratio;  
CI, confidence interval; COPD, chronic obstructive pulmonary disease.

exacerbation prior to the index date occurred at a median 

25 days prior to index, with 72% of patients experiencing an 

exacerbation within 3 months of the index date.

Primary outcome
There were 51% of BFC patients and 59% of tiotropium 

patients with at least one exacerbation during follow-up. The 

Cox proportional hazards model for time to first exacerba-

tion yielded a HR of 0.78 (95% CI =[0.70, 0.87], P,0.001) 

indicating a 22% reduction in risk of COPD exacerbation 

associated with initiation of BFC compared with initiation 

of tiotropium (Figure 2, Table 2).

The results of all the sensitivity and subgroup analyses 

were consistent with the primary analysis result, showing 

that the time to first COPD exacerbation was longer in the 

BFC cohort: censoring for treatment modification (HR =0.79 

[0.71, 0.89], P,0.001), starting follow-up on day 31 

(HR =0.78 [0.70, 0.87], P,0.001), subgroups of patients who 

did not modify treatment (HR =0.85 [0.74, 0.97], P=0.017), 

individuals who modified treatment (HR =0.88 [0.72, 1.08], 

P=0.229), and patients 65 years old or older (HR =0.84 [0.71, 

0.98], P=0.031) (Table 2).

The interaction between a prior asthma diagnosis and 

index medication on the primary outcome was not found 

to be statistically significant (P=0.2195), and the results 

by asthma status were consistent with the primary analysis 

result; the time to first COPD exacerbation was longer in 

the BFC cohort for those with a prior asthma diagnosis 

(HR =0.72 [0.61, 0.86], P,0.001) and without (HR =0.83 

[0.72, 0.96], P=0.011).

secondary outcomes
exacerbation rates
Initiation of BFC compared with tiotropium was also 

associated with reduced exacerbation rates (BFC =1.23 per 

patient-year, tiotropium =1.50 per patient-year, rate ratio 

(RR) =0.82 [0.73, 0.91]). Evaluation of exacerbation rates 

by type of exacerbation event showed fewer exacerbations 

for BFC: COPD-related ER visits (RR =0.76 [0.60, 0.95]), 

COPD-related outpatient visits plus antibiotic and/or OCS 

(RR =0.83 [0.73, 0.94]), and COPD-related inpatient hos-

pitalizations (RR =0.80 [0.59, 1.09]) (Figure 3). In the 

sensitivity analysis, the interaction between a prior asthma 

diagnosis and index medication on the primary outcome was 

not found to be statistically significant (P=0.176), and the 

direction of results by asthma status was consistent with the 

primary analysis result. The rate of exacerbation was reduced 

in individuals initiating BFC compared with tiotropium 

for those with asthma (RR =0.75 [0.63, 0.89]) and without 

(RR =0.88 [0.76, 1.02]), although the effect was no longer 

statistically significant in the latter group.

Cost and health care utilization
BFC patients generally had less COPD-related utilization 

compared with tiotropium patients across all places of ser-

vice (Table 4). All-cause health care utilization was similar 

between the two groups; however, the cumulative effect of 

small differences across service types contributed to lower 

mean all-cause health care costs for BFC patients (Table 5, 

$21,681 for BFC vs $24,374 for tiotropium; adjusted mean 

difference =-$2,702 [-$4,160, -$1,119]). Likewise, COPD-

related mean costs were lower for BFC patients at $4,084 

compared with $5,656 for tiotropium patients (adjusted mean 

difference =-$1,360 [-$1,715, -$967]).

adherence
The BFC cohort filled their index medication an average of 

3.3 times during the 12-month follow-up period compared 

with 4.3 times for tiotropium patients (adjusted mean dif-

ference =-1.01 [-1.22, -0.77]). Forty-one percent of BFC 

patients filled their index medication one time, compared to 

31% of tiotropium patients. This resulted in a low PDC in 

both groups, but especially in BFC patients (0.28 on average 

[SD =0.25] vs 0.37 [SD =0.30] for tiotropium).

Other COPD medication fills
Prescription fills of most COPD medications were similar 

between groups (Table 3). An exploratory analysis indicated 

that treatment modification during the post-index period 
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Table 2 Primary outcome, sensitivity, and subgroup analyses

BFC (N=1,198) Tiotropium (N=1,198) Hazard 
ratio

95% CI P-value

n % Median time to 
exacerbationa

n % Median time to 
exacerbation

Lower Upper

Primary outcome: time to first COPD 
exacerbation

607 50.7 351.5 710 59.3 243.0 0.78 0.70 0.87 ,0.001

sensitivity analysis 1: Censor for 
treatment modificationb

559 46.7 nD 577 48.2 245.0 0.79 0.71 0.89 ,0.001

sensitivity analysis 2: starting follow-up 
on day 31c

573 47.8 nD 673 56.2 248.5 0.78 0.70 0.87 ,0.001

subgroup analysis 1a: Patients with 
treatment modificationd

138 65.7 183.0 309 69.9 158.0 0.88 0.72 1.08 0.229

subgroup analysis 1b: Patients without 
treatment modificatione

469 47.5 nD 401 53.0 314.0 0.85 0.74 0.97 0.017

subgroup analysis 2: Patients 65 years of 
age and olderf

276 58.8 263.0 311 65.2 198.0 0.84 0.71 0.98 0.031

Model including interaction between index medication and prior asthma diagnosisg

Within group with prior asthma diagnosis 247 50.2 357.5 312 62.8 208.0 0.72 0.61 0.86 ,0.001
Within group with no prior asthma 
diagnosis

360 51.0 343.0 398 56.8 273.0 0.83 0.72 0.96 0.011

Notes: aMedian time to exacerbation from Kaplan–Meier analysis. a value of “nD” indicates the median time to exacerbation could not be determined from the Kaplan–
Meier analysis due to an insufficient proportion of patients having an exacerbation during the 12-month follow-up period. bCensoring for treatment modification: patients 
were censored if they switched or added-on an ICS/LABA or LAMA different from the index medication (ie, tiotropium patients who fill any ICS/LABA or other LAMA 
therapies; BFC patients filling other ICS/LABA or any LAMA therapies) during the 12-month post-index period. cFollow-up for COPD exacerbations started 31 days after 
the index date to ensure patients are allowed adequate exposure to the study medication before attributable outcomes are assessed. all persons contribute 335 days (1 year 
minus 30 days excluded from start of post-index period). dIncluding only those who had a treatment modification (ie, tiotropium patients who fill any ICS/LABA or other 
LAMA therapies; BFC patients filling other ICS/LABA or any LAMA therapies) (analytic sample size: n=210 BFC, 442 tiotropium). eIncluding only those who did not have 
a treatment modification (analytic sample size: n=988 BFC, 756 tiotropium). fIncluding only those 65 years and older on index date (analytic sample size: n=469 BFC, 477 
tiotropium). gInteraction model is identical to the primary outcome with the addition of the main effect of a prior asthma diagnosis and an interaction term for the index drug 
with prior asthma diagnosis. Stratified estimates by asthma group were obtained from this interaction model. The median times to exacerbation come from a Kaplan–Meier 
analysis stratified by index medication and asthma diagnosis. The numbers in each group with asthma were BFC n=492, tiotropium n=497; and without asthma were BFC 
n=706, tiotropium n=701. The interaction term for index medication × prior asthma diagnosis was not statistically significant (P=0.2195).
Abbreviations: BFC, budesonide/formoterol combination; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-
acting β2-agonist; laMa, long-acting muscarinic antagonist; nD, not determined.

Table 3 COPD medication use – proportion of patients with at least one fill during the post-index period

BFC 
(N=1,198)

Tiotropium 
(N=1,198)

Odds 
ratioa

95% CI P-value

n % N % Lower Upper

COPD respiratory medications
ICs monotherapy use 79 6.6 145 12.1 0.45 0.33 0.62 ,0.001
laBa monotherapy use 25 2.1 54 4.5 0.37 0.21 0.64 ,0.001
saBa 609 50.8 651 54.3 0.84 0.71 1.00 0.043
saMa 75 6.3 58 4.8 1.25 0.85 1.83 0.263
saBa/saMa combination use 248 20.7 219 18.3 1.26 1.00 1.60 0.050
lTra monotherapy use 183 15.3 172 14.4 1.13 0.83 1.55 0.448
Roflumilast 4 0.3 13 1.1 0.31 0.10 0.94 0.039
Theophylline use 46 3.8 48 4.0 0.95 0.53 1.69 0.857
OCs monotherapy use 636 53.1 645 53.8 0.95 0.81 1.12 0.553
antibiotic use 937 78.2 912 76.1 1.09 0.90 1.33 0.378
Treatment modification
non-index ICs/laBa useb 70 5.8 441 36.8 na
non-index laMa useb 162 13.5 1 0.1 na
any non-index ICs/laBa or laMa useb 210 17.5 442 36.9 0.36 0.30 0.44 ,0.001

Notes: aPrior use of the medication of interest (0 vs 1+ prescription fill) was included as a covariate in the post-index logistic regression model. bnon-index ICs/laBa use 
includes the fill of any ICS/LABA for the tiotropium cohort and any ICS/LABA other than BFC for the BFC cohort. Non-index LAMA use includes the fill of any LAMA for 
the BFC cohort and any laMa other than tiotropium for the tiotropium cohort.
Abbreviations: BFC, budesonide/formoterol combination; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-
acting β2-agonist; laMa, long-acting muscarinic antagonist; saBa, short-acting β2-agonist; saMa, short-acting muscarinic antagonist; lTra, leukotriene receptor antagonist; 
OCs, oral corticosteroid; na, not applicable.
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occurred twice as often in tiotropium patients (37%) as in BFC 

patients (18%), supported by Cox regression analysis of time 

to first treatment modification (HR =0.41 [0.35, 0.49]).

Discussion
Results of this real-world COPD study may help to 

inform treatment decisions for COPD patients at risk of an 

exacerbation. The outcome of prolonged time to first exac-

erbation with an inhaled ICS/LABA (BFC) compared to a 

LAMA (tiotropium) is clinically meaningful and important 

to patients, clinicians, and health care systems. While this 

is a non-randomized retrospective study using claims data, 

propensity score matching to define the study cohorts pro-

vides confidence that the groups were comparable at index 

evaluation and supports a difference in COPD exacerbation 

protection between the two medication classes.

Initiation of BFC was associated with a reduced risk of 

COPD exacerbations compared with the tiotropium group 

across all sensitivity and subgroup analyses. Furthermore, 

this association was observed for all definitions of a COPD 

exacerbation used in this study. Since COPD exacerbation 

is the most costly component of COPD care,23 it was not 

surprising that lower COPD-specific health care utilization 

and cost followed the use of BFC.

To our knowledge, there exist no published studies 

comparing the effectiveness of BFC and tiotropium in a US 

population. One study from Canada found that those treated 

with BFC had a significantly lower rate of COPD hospitaliza-

tions compared with those treated with tiotropium; however, 

the overall rate of COPD exacerbations was similar between 

the two groups.14 Our results are similar with a study that 

compared exacerbations and health care costs between FSC 

and tiotropium.13 That study found improved outcomes in 

exacerbations and costs for patients receiving FSC therapy. 

Recent Cochrane Collaboration Systematic Reviews have 

emphasized the need for additional comparative effectiveness 

studies for LABA combination therapies versus tiotropium 

as well as direct head-to-head comparisons of alternative 

combined therapy inhalers.24,25 While observational data is 

lacking, there is also a sparsity of clinical trial data. Only 

one study from a clinical trial has been published comparing 

the effectiveness between ICS/LABA and tiotropium.11 The 

study found no difference in exacerbation rates; however, 

the authors note that tiotropium patients had a significantly 

higher likelihood of dropping out and thus the null finding 

may be due to a healthy survivor bias. A Cochrane Review of 

the study concluded that due to a high proportion of missing 

outcome data large enough to cause a clinically relevant bias, 

the relative efficacy of the two drugs is uncertain.25

A significant proportion (41%) of this COPD population 

had at least one diagnosis code of asthma during the pre-index 

period, with an equal proportion within each treatment group. 

Figure 3 exacerbation rates, counting all exacerbations during the post-index period.
Notes: exacerbation rates allowing for multiple exacerbations during the 1-year follow-up period, overall and by exacerbation type.
Abbreviations: COPD, chronic obstructive pulmonary disease; eD, emergency department; OCs, oral corticosteroid; BFC, budesonide/formoterol combination;  
CI, confidence interval.
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Table 5 health care costs during the 12-month post-index period

BFC (N=1,198) Tiotropium (N=1,198) Mean 
differencea

95% CI P-value

Mean SD Median Mean SD Median Lower Upper

All-cause costs $21,681 $60,517 $9,929 $24,374 $46,428 $11,564 -$2,702 -$4,160 -$1,119 0.001
all-cause medical costs $17,434 $59,130 $5,924 $19,606 $44,429 $6,767 -$2,234 -$3,645 -$672 0.006

Inpatient hospitalization $9,274 $53,857 $0 $10,181 $37,253 $0 -$1,080 -$2,504 $690 0.213
emergency department $743 $1,969 $0 $772 $2,732 $0 -$1 -$103 $122 0.986
Outpatient/office visit $6,967 $12,036 $3,808 $8,082 $17,254 $4,056 -$1,404 -$1,916 -$845 ,0.001
skilled nursing facility $450 $2,909 $0 $571 $3,177 $0 -$66 -$129 $12 0.091

all-cause pharmacy costs $4,247 $5,864 $2,834 $4,768 $5,175 $3,482 -$374 -$601 -$131 0.003
COPD-related costs $4,084 $7,308 $1,908 $5,656 $10,056 $3,067 -$1,360 -$1,715 -$967 ,0.001
COPD-related medical costs $2,773 $6,820 $394 $3,906 $9,673 $923 -$968 -$1,291 -$596 ,0.001

Inpatient hospitalization $982 $5,089 $0 $1,433 $7,840 $0 -$417 -$563 -$235 ,0.001
emergency department $291 $1,060 $0 $380 $1,500 $0 -$38 -$86 $20 0.184
Outpatient/office visit $1,287 $2,743 $304 $1,745 $3,523 $557 -$373 -$520 -$204 ,0.001
skilled nursing facility $213 $1,545 $0 $348 $2,280 $0 -$149 -$74 -$117 ,0.001

COPD-related pharmacy costs $1,310 $2,094 $745 $1,750 $1,816 $1,247 -$387 -$500 -$261 ,0.001

Notes: all post-index cost models adjusted for analogous pre-index costs; all-cause pharmacy costs include costs of index medication. aMean differences are from gamma 
regression models (link = log). statistical comparisons are comparing BFC to tiotropium (reference group). all models are adjusted for the analogous pre-index variable.
Abbreviations: BFC, budesonide/formoterol combination; CI, confidence interval; SD, standard deviation; COPD, chronic obstructive pulmonary disease.

Table 4 health care resource utilization during the 12-month post-index period

BFC (N=1,198) Tiotropium 
(N=1,198)

Estimatea 95% CI P-value

Lower Upper

All-cause health care resource utilization

Inpatient hospitalizations
number of patients with $1 event (n, %) 385 32.1% 413 34.5% 0.91 0.76 1.08 0.282
lOs (nights) (mean, sD, median)b 9.5 14.2 5.0 10.1 16.7 5.0 -0.88 -2.04 0.44 0.180

ICU stays
number of patients with $1 event (n, %) 75 6.3% 83 6.9% 0.92 0.66 1.28 0.612
lOs (nights) (mean, sD, median)b 2.4 8.4 1.0 2.7 13.6 1.0 -0.45 -1.22 0.70 0.386

eD visits
number of patients with $1 event (n, %) 360 30.1% 387 32.3% 0.88 0.74 1.05 0.158

Outpatient/office visits
number of patients with $1 event (n, %) 1,188 99.2% 1,187 99.1% 1.10 0.47 2.60 0.827
number of events (mean, sD, median) 33.0 30.0 25.0 34.1 28.6 27.0 -2.66 -4.25 -0.97 0.002

COPD-related health care resource utilization
Inpatient hospitalizations

number of patients with $1 event (n, %) 90 7.5% 113 9.4% 0.78 0.58 1.05 0.010
lOs (nights) (mean, sD, median)b 6.9 9.7 4.0 6.1 6.8 4.0 0.91 -0.56 2.77 0.248

ICU stays
number of patients with $1 event (n, %) 7 0.6% 14 1.2% 0.50 0.20 1.25 0.137
lOs (nights) (mean, sD, median)b 2.0 2.2 1.0 1.3 0.6 1.0 0.73 -0.29 2.79 0.209

eD visits
number of patients with $1 event (n, %) 164 13.7% 202 16.9% 0.77 0.61 0.96 0.023

Outpatient/office visits
number of patients with $1 event (n, %) 889 74.2% 1,040 86.8% 0.44 0.35 0.55 ,0.001
number of events (mean, sD, median) 7.7 11.8 3.0 9.8 14.5 4.0 -1.68 -2.26 -1.05 ,0.001

Notes: aOdds ratio from chi-square test is used for categorical variables, and mean difference from negative binomial models for count variables. all models are adjusted 
for the analogous pre-index variable (ie, when analyzing the number of all-cause hospitalizations in the post-index, the model controls for the number of pre-index all-cause 
hospitalizations). blength of stay analyses includes only patients with at least one event.
Abbreviations: BFC, budesonide/formoterol combination; CI, confidence interval; LOS, length of stay; SD, standard deviation; COPD, chronic obstructive pulmonary 
disease; ICU, intensive care unit, eD, emergency department.
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These patients were not excluded because the goal of this 

study was to include a COPD population reflective of the real 

world, and can help generalize results to a wider population 

than is typically included in clinical trials. It was of interest 

to see how inclusion of these patients may have affected our 

results, even with equal proportions in each group. Although 

power was reduced due to smaller sample sizes, it was found 

that the time to first COPD exacerbation was longer in patients 

initiating BFC compared with tiotropium for those with a prior 

asthma diagnosis and those without. While the magnitude of 

the estimate was attenuated within patients without a prior 

asthma diagnosis (HR =0.83 vs 0.72 in those with a prior 

diagnosis), there remained a 17% risk reduction of a COPD 

exacerbation for those not diagnosed with asthma who initi-

ated BFC compared with tiotropium. Furthermore, the effect 

remained significant within each of the two groups, and the 

difference in effect between the two groups was not found to 

be statistically significant according to the interaction term. 

Similar results were observed in the sensitivity analysis of 

exacerbation rates, though the effect was no longer statistically 

significant in those without asthma, likely due to the reduced 

power resulting from a smaller sample size in the subgroup 

compared to the overall analytic sample.

Differences in outcomes occurred despite low refill 

rates. There may be some mitigation of these low rates by 

drug sampling, international drug purchases, or medication 

sharing that is not observable in an administrative database. 

However, the impact on exacerbation reduction seen in 

this observational study may not fully reflect the impact 

of ICS/LABA and LAMA medications on exacerbations 

and costs in a system that improved adherence to these 

medications.

limitations
This study was conducted as an intent-to-treat analysis and 

required only one prescription for either study medication, 

and patients were not required to be continuously taking 

therapy during the 1-year follow-up period. Therefore, 

interpretation is restricted to differences in time to first 

exacerbation within the first year after initiation of either 

BFC or tiotropium, and not differences in time to first 

exacerbation of patients currently treated with either study 

medication.

All patients were required to have 12 months of pre- and 

post-index health plan enrollment, resulting in selection of 

patients who survived and did not lose health plan cover-

age during follow-up. This may have resulted in a popula-

tion that is relatively healthier, and thus less likely to have 

an exacerbation, than the general population of BFC and 

tiotropium users. However, this selection bias is not likely to 

have differentially affected the two treatment cohorts.

The study includes only individuals with medical insur-

ance. The HIRE database is a US commercially insured data 

sample and is subject to the inherent biases of that popula-

tion, and generalizability of the results is limited to a similar 

population. Results may vary in populations outside of the 

US (eg, where the labeled dose and formulation of BFC is 

different from the product in this study) and for those without 

commercial health insurance. While we cannot definitively 

prove the absence of bias in patient selection for this study, 

propensity score matching mitigates against significant dif-

ferences in patient demographic or disease state character-

istics that could influence outcomes.26,27 After matching, no 

statistically significant differences remained in variables of 

interest between patients in the two groups.

The inclusion of patients with possible comorbid asthma, 

while improving generalizability to a greater number of 

COPD patients, could also bias the results of the study. The 

use of OCS in conjunction with an outpatient visit coded for 

COPD was considered a COPD exacerbation; however, we 

could not determine the contribution of co-existent asthma 

in the decision to treat symptom worsening with systemic 

steroids. The use of BFC in the US is supported by indica-

tions in both asthma and COPD, whereas tiotropium use is 

driven by indications only in COPD.16,17,28 However, there 

is evidence that tiotropium significantly improves asthma 

symptoms and reduces asthma exacerbations when added to 

ICS or ICS/LABA therapy.29–33 Furthermore, in Europe, the 

use of tiotropium is indicated as an add-on for the treatment 

of asthma in those who are uncontrolled with ICS or ICS/

LABA therapy,34 and is seeking similar approval in the US.35 

Thus, while the inclusion of potential asthma patients may 

have biased results in favor of BFC, it is unlikely to account 

for the total magnitude of effect observed in this study, con-

sidering the ability of tiotropium to control asthma symptoms 

and reduce exacerbations. To address this potential limitation, 

a sensitivity analysis was conducted to test for an interac-

tion between index medication and prior asthma diagnosis. 

Initiation of BFC was associated with a lower risk of COPD 

exacerbation, as measured by the time to first exacerbation, 

in those with and without asthma. While there seemed to be 

some difference in the magnitude of effect between the two 

subgroups, no significant interaction was found between the 

index medication and a prior asthma diagnosis.

Administrative claims data in general are subject to poten-

tial coding errors and inconsistencies, and may over-diagnose 
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some conditions and under-diagnose others. Besides, the 

criteria for how a physician arrived at his or her diagnosis is 

unknown, and inpatient administered drugs are not present 

in the claims data. Additionally, a prescription claim date is 

the date a medication was filled, not necessarily the date a 

patient started treatment, although this date was assumed to 

be the beginning of the treatment. Lastly, clinical variables 

such as results of pulmonary function tests and smoking 

status were not available in the claims data.

Conclusion
This retrospective study compares outcomes for patients 

initiating therapy with BFC or tiotropium in a propensity 

score matched population. The results demonstrate sig-

nificant improvements associated with BFC in timing and 

rate of COPD exacerbation, as well as cost and utilization 

of COPD-related health care services. This study of the 

comparative effectiveness of BFC and tiotropium in a US 

population provides supportive evidence for BFC to prevent 

exacerbation for COPD patients at risk for an exacerbation, 

consistent with the Global Initiative for Chronic Obstructive 

Lung Disease treatment guidelines.
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