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Introduction
COPD is a progressive disease of the airways characterized by persistent airflow
limitation, cough, dyspnea, and sputum production.1 In the US, COPD affects an estimated 30 million people2,3 and is the third leading cause of death.4,5 COPD contributes
significantly to the total healthcare costs in the US, with national medical treatment
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Background: Indacaterol 27.5 µg/glycopyrrolate 15.6 µg (IND/GLY 27.5/15.6 µg) inhalation
powder, a twice-daily, fixed-dose combination of a long-acting beta2-agonist (LABA) and a
long-acting antimuscarinic antagonist (LAMA), is indicated in the US for long-term maintenance treatment of airflow obstruction in patients with COPD. The safety and efficacy of IND/
GLY 27.5/15.6 µg have been established, but cost-effectiveness is not yet known. This study
compared the cost-effectiveness of IND/GLY 27.5/15.6 µg with other long-acting COPD
maintenance therapies.
Methods: A Markov model was constructed from the US payer perspective. Health states were
defined as mild (post-bronchodilator FEV1 $80% of predicted), moderate (50% #FEV1 ,80% of
predicted), severe (30% #FEV1 ,50% of predicted), and very severe (FEV1 ,30% of predicted)
COPD. Patients entering the model transitioned through health states based on placebo-adjusted change
from baseline in trough FEV1 for each comparator at week 12. Comparators included other US Food
and Drug Administration-approved LABA/LAMA fixed-dose combinations as well as commonly
prescribed LAMA and LABA/inhaled corticosteroid agents. One-way and probabilistic sensitivity
analyses were conducted to test the model assumptions and the overall robustness of the results.
Results: Using the model, IND/GLY 27.5/15.6 µg treatment for 12 weeks resulted in total
costs of US $23,375 vs US $9,365 for placebo. Compared with placebo, IND/GLY 27.5/15.6
treatment resulted in the highest improvement in FEV1 across all comparators and the lowest
cost per decline in 100 mL FEV1. IND/GLY 27.5/15.6 µg was also among the most costeffective treatment option as measured by St George’s Respiratory Questionnaire response
rate, at US $3,518 per additional responder at 12 weeks compared with placebo. In addition,
IND/GLY 27.5/15.6 µg had the lowest cost per severe exacerbation avoided vs placebo across
all comparators (US $87,686).
Conclusion: This model, developed from the US payer perspective with a 5-year time horizon,
found IND/GLY 27.5/15.6 µg to be a cost-effective treatment option for patients with moderate
to severe COPD.
Keywords: indacaterol, glycopyrrolate, cost-effectiveness, FEV1, SGRQ, dual bronchodilation
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costs projected to increase from $32.1 billion in 2010 to
$49.0 billion by 2020. In 2010, total absenteeism costs
attributable to COPD were $3.9 billion, with an estimated
16.4 million days of work lost due to COPD.6 Furthermore,
COPD is responsible for 1.5 million visits to the emergency
room, more than 15 million physician visits, and 739,000
hospitalizations annually.7,8
Current pharmacological treatments aim to control symptoms, reduce the frequency and severity of exacerbations, and
improve exercise tolerance and overall health status.1 Inhaled
long-acting bronchodilators are the mainstay of maintenance
therapy in COPD, with long-acting beta2/adrenergic receptor
agonists (LABAs) and long-acting cholinergic/muscarinic
antagonists (LAMAs) having been shown to significantly
improve lung function, dyspnea, and health status, and
lower exacerbation rates.1 Inhaled corticosteroids (ICS)
may also be used in combination with LABA therapy for
patients with a history of exacerbations despite appropriate
treatment with long-acting bronchodilators.1 In addition,
dual bronchodilation through LABA/LAMA combination
therapy has been shown to improve lung function and patientreported outcomes compared with both LAMA and LABA
monotherapies.9
Utibron® Neohaler® (indacaterol 27.5 µg/glycopyrrolate
15.6 µg [IND/GLY 27.5/15.6 µg]) inhalation powder is a
twice-daily, fixed-dose combination of two long-acting
bronchodilators, IND 27.5 µg (a LABA) and GLY 15.6 µg
(a LAMA), indicated for the long-term maintenance treatment of airflow obstruction in patients with COPD in
the US.10 The safety and efficacy of IND/GLY 27.5/15.6 µg
were evaluated in the FLIGHT 1 and FLIGHT 2 trials, two
replicate 12-week, multicenter, randomized, double-blind,
parallel group, placebo- and active-controlled studies in
patients with moderate to severe COPD.11 In these studies,
overall improvements in lung function, health-related quality
of life, and symptoms were observed with IND/GLY
27.5/15.6 compared with placebo and the monotherapies. It is
important to note that outside the US, IND/GLY is available
as a once-daily formulation of indacaterol 110 µg and glycopyrronium 50 µg. As such, the findings from our analysis
only apply to the US IND/GLY 27.5/15.6 µg formulation.
With the continuing emergence of innovative medical
technologies that enhance patient outcomes, there has been a
growing interest in the comparative cost-effectiveness of new
drugs to understand their relative value. As the US moves
toward a value-based healthcare system, cost-effectiveness
analyses (ie, analysis of the relative cost and outcomes of
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two or more therapeutic options) are increasingly being used
by formulary decision makers to better understand the tradeoffs involved in choosing between alternative interventions.
While the safety and efficacy of IND/GLY 27.5/15.6 µg
have been reported, its cost-effectiveness is not yet known.
The purpose of this study was to model the 5-year costeffectiveness of IND/GLY 27.5/15.6 µg compared with
other long-acting therapies used for maintenance treatment
of moderate to severe COPD in the US.

Methods
Model structure
A Microsoft Excel®-based Markov model was developed
from the US payer perspective (Figure 1). Markov models
are commonly used for the evaluation of interventions in
chronic diseases to conceptualize different health states and
transitions among these states.12
The model consisted of four health states, based on the
classification of airflow limitation severity as defined in
the 2017 Global Initiative for Chronic Obstructive Lung
Disease report,1 and death. Health states were defined as:
mild COPD (post-bronchodilator FEV1 $80% of predicted),
moderate COPD (50% #FEV1 ,80% of predicted), severe
COPD (30% #FEV1 ,50% of predicted), and very severe
COPD (FEV1 ,30% of predicted).1 The model incorporated
a 12-week cycle length, which is the standard timeframe for
demonstration of efficacy in US COPD trials and the duration of the FLIGHT 1 and FLIGHT 2 trials. A time horizon
of 5 years was chosen to balance the short-term perspective
taken by many US-payer formulary decision makers against
the need for a sufficiently long time horizon to capture rare
events such as severe exacerbations.
A patient-level cohort was generated to determine the
proportion of patients in each health state for each 12-week
cycle. The cohort consisted of 1,000 patients with a mean
(SD) FEV1 of 1.520±0.4771/L and mean (SD) percent
predicted FEV1 of 54.9%±13.3%, assuming a normal distribution and censored at 30% and 80% to exclude mild and
very severe patients, respectively.11 Consistent with baseline
characteristics of the patients in FLIGHT 1 and FLIGHT 2,
67% of patients entered the model in the moderate COPD
health state and 33% in the severe health state.11 The average
age was 63.4 years and 63% were male.
Patients entering the model transitioned through health
states based on placebo-adjusted change from baseline
(CFB) in trough FEV1 for each comparator at week 12.
After the initial improvement in lung function associated
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Figure 1 Model structure.

with each treatment, patients were assumed to experience a
stable rate of decline for the duration of the modeled time
horizon. During each 12-week cycle, patients could remain
in their health state, transition to the next more severe health
state, or transition to death. All costs and outcomes were
discounted at a rate of 3% per year and reported in 2017 US
dollars (USD).

Assumptions
The following assumptions were made: 1) improvements
in lung function occur only in the first cycle; 2) all patients
would experience a stable rate of decline in predicted FEV1
beyond the first 12-week cycle; 3) each health state was
associated with a risk of non-severe and severe COPD exacerbations; 4) exacerbation outcomes were modeled based
on a patient’s underlying health state exacerbation risk;
5) exacerbations incurred additional costs and a temporary
decline in health-related quality of life (health utility); and

International Journal of COPD 2018:13

6) all patients would receive treatment for the duration of the
modeled time horizon with complete treatment adherence, no
discontinuation, and no switching between products. Wholesale acquisition cost (WAC) was used for drug costs.

Comparators

The cost-effectiveness of IND/GLY 27.5/15.6 µg was compared with other US Food and Drug Administration-approved
LABA/LAMA fixed-dose combination therapies: Anoro
Ellipta® (umeclidinium 62.5 µg/vilanterol 25 µg inhalation
powder),13 Stiolto Respimat® (tiotropium bromide/olodaterol)
inhalation spray,14 and Bevespi Aerosphere® (glycopyrrolate 9 µg/formoterol fumarate 4.8 µg) inhalation aerosol.15
In addition, Spiriva Respimat® (tiotropium bromide) inhalation spray, a LAMA, and Advair Diskus® (fluticasone 250
µg/salmeterol 50 µg) inhalation powder, a LABA/ICS, were
included as comparators as both are commonly prescribed
COPD maintenance therapies in the US.16 The results for
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IND/GLY 27.5/15.6 µg vs placebo were compared with the
results of each comparator vs placebo.

Model inputs
Tables 1 and 2 provide an overview of all inputs used in
the model.11,17–34

Population
Consistent with the baseline characteristics of patients
in FLIGHT 1 and FLIGHT 2, patients in this analysis
were $40 years of age with moderate to severe COPD.
Additional trial eligibility criteria included a smoking
history of $10 pack-years, post-bronchodilator FEV1 .30%
and ,80% of predicted, and a post-bronchodilator FEV1/
FVC ,0.70 at run-in. Trial exclusion criteria included
patients with clinically significant renal or cardiovascular disease, malignancies, history of asthma, and COPD exacerbation that required antibiotics and/or systemic corticosteroids
and/or hospitalization in the prior 6 weeks.

The model incorporated several effectiveness measures
including COPD-specific measures such as FEV1 decline
avoided, St George’s Respiratory Questionnaire (SGRQ)
responder gained, and severe and non-severe exacerbation
avoided. Other effectiveness measures included life-years
(LYs) gained and quality-adjusted life-years (QALYs)
gained.

Lung function
CFB in trough FEV1 was obtained from the pivotal trials of
IND/GLY 27.5/15.6 µg and each comparator vs placebo at
week 12 (Table 2).11,15,17,20–22,25,28,35–39

SGRQ
SGRQ responders, the proportion of patients achieving the
minimal clinically important difference in SGRQ total score
at week 12 for each comparator, were obtained from publications and prescribing information (Table 2).40 The SGRQ

Table 1 Population and health-state inputs
Parameter

Value

Reference

Discount rate for costs
Discount rate for outcomes
Mean (SD) FEV1 at baseline
Mean (SD) percentage predicted FEV1 at baseline
Annual absolute rate of decline in percentage predicted FEV1
Utility
Mild
Moderate
Severe
Very severe
Probability of mortality per cycle
Mild
Moderate
Severe
Very severe
Rate of non-severe exacerbations per cycle
Mild
Moderate
Severe
Very severe
Rate of severe exacerbations per cycle
Mild
Moderate
Severe
Very severe
Length of a non-severe exacerbation
Length of a severe exacerbation
Utility decline associated with a non-severe exacerbation
Utility decline associated with a severe exacerbation
Cost associated with a non-severe exacerbation
Cost associated with a severe exacerbation
Cost per pneumonia episode

3.0%
3.0%
1.520 (0.4771)
54.9% (13.3%)
-1.0%

Assumption
Assumption
26
26
19

0.8971
0.7551
0.7481
0.5493

18
18
18
18

0.276%
0.276%
0.551%
2.19%

27
27
27
27

0.17
0.17
0.25
0.34

25
25
25
25

0.03
0.03
0.06
0.12
14 days
28 days
15%
50%
$301
$10,343
$5,240

24
24
24
24
23
23
31
31
1, 23, 29, 30, 33, 34
1, 23, 29, 30, 33, 34
32
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Comparator

Indacaterol/glycopyrrolate
Tiotropium bromide/olodaterol
Tiotropium
Fluticasone/salmeterol
Budesonide/formoterol
Aclidinium
Fluticasone/vilanterol
Umeclidinium/vilanterol
Glycopyrrolate/formoterol
Placebo

Difference from placebo
in mean CFB to week 12
in FEV1

WAC per
30 days33

12-week probability of
pneumonia episode

Difference from placebo
SGRQ response rate at
12 weeks

Value

Reference

Value

Value (%)

Reference

Value (%)

Reference

0.223
0.164
0.110
0.160
0.090
0.110
0.199
0.195
0.127
0.000

11
28
25
20
20
25
22
21
17
N/A

$340.20
$340.93
$368.20
$361.40
$308.68
$322.17
$321.74
$340.93
$334.62
$0.00

0.0
0.8
0.0
1.6
0.9
0.0
1.4
0.0
0.0
0.0

11
15
35
36
37
38
39
21
17
N/A

21.4
20.6
18.5
No data
No data
10.3
No data
8.0
11.0
0.0

11
28
25
20
20
25
22
21
17
N/A

Note: All costs are presented in USD (2017).
Abbreviations: CFB, change from baseline; N/A, not applicable; SGRQ, St George’s Respiratory Questionnaire; WAC, wholesale acquisition cost.

responder rate was taken as an average of the responder rates
at week 12 in the FLIGHT 1 (57% for IND/GLY 27.5/15.6 µg
vs 39% for placebo) and FLIGHT 2 (59.2% for IND/GLY
27.5/15.6 µg vs 34.5% for placebo) studies. The CFB in FEV1
total score and SGRQ response rates for each comparator
were subtracted from placebo or the trial comparator to adjust
for differences in study design and patient population.

Rate of exacerbations
Each health state was associated with a rate of non-severe
and severe exacerbations (Table 1). Monthly probabilities
of exacerbations were estimated from the literature27 and
adjusted to 12-week rates, assuming a constant exacerbation
rate. Based on previous models,16,24 the rate of non-severe
and severe COPD exacerbations per health state was assumed
to be 0.17 and 0.03 for moderate COPD, 0.25 and 0.06 for
severe COPD, and 0.34 and 0.12 for very severe COPD,
respectively, per 12 weeks.16,24 As the rate for the mild COPD
health state was not available, these rates were assumed to
be the same as for moderate COPD.25

Rate of adverse events
Pneumonia was included in the model as a potentially
costly adverse event that has been associated with some
comparators.11,15 The rate of pneumonia for each comparator
was obtained from its respective product labeling and/or
clinical trials and adjusted to a 12-week cycle length (Table 2).
If no pneumonia events were listed in the available published
study information, the rate was assumed to be zero.

Other model inputs

of mortality per health state reported in literature27 and
adjusted to 12-week cycles assuming a constant mortality
rate. The 12-week probability of death, by COPD health state,
was assumed to be 0.276% for mild and moderate COPD,
0.551% for severe COPD, and 2.19% for very severe COPD.

Utilities
Utilities are a measure of patient preference for health states
and range from 0 (death) to 1 (perfect health) (Table 1).
Health state utility values were obtained from published
estimates (0.8971 for mild, 0.7551 for moderate, 0.7481 for
severe, and 0.5493 for very severe health states).18 Utility
values were used to calculate QALYs gained by multiplying
the number of accrued LYs in each health state by the corresponding health state utility.
COPD exacerbations were associated with a temporary
decline in utility: non-severe exacerbations with a 15%
decline lasting 14 days, and severe exacerbations with a
50% decline lasting 28 days.31 Following the temporary
decline, the utility values for each health state were assumed
to revert back to their previous value for the remainder of
time in the 12-week cycle.

Cost measures
Drug costs

Drug utilization was based on the strength and frequency
of administration contained in respective product labeling
(Table 2). Drug costs were based on WAC (per Red Book
2017).33 The base-case analysis assumed a $50 patient copay
per prescription to approximate Tier 3 non-preferred brand
status with no discounts for any products.41

Mortality

Medical costs

Each health state was associated with a risk of death
(Table 1). All values were based on the monthly probability

Additional costs included those of non-severe and severe
COPD exacerbations. Non-severe exacerbations were
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Reference
Reference
Reference
3.093
Reference
4.415
$9,365
Placebo

Reference

$23,332
Glycopyrrolate/formoterol

Notes: aAll costs and outcomes represent discounted values over the 5-year model time horizon. All costs are presented in USD (2017).
Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life-years; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year.

$57,769–$129,245

$79,001–$180,350
$107,161
$385,427
0.32
3.223
0.037
4.452

$23,534
Umeclidinium/vilanterol

$13,967

$57,884–$132,471
$79,214

$78,156
$311,420

$317,947
0.184

0.181
3.274

3.277
0.046

0.045
4.460

4.461
$23,944
Fluticasone/vilanterol

$14,169

$23,016
Aclidinium

$14,579

$101,379–$236,271

$78,074–$202,666
$115,813
$404,453
0.118
3.211
0.034
4.448

$23,397
Budesonide/formoterol

$13,651

$73,995–$198,821
$109,117

$143,448
$475,877

$409,411
0.157

0.098
3.191

3.250
0.042

0.029
4.444

4.457
$26,499
Fluticasone/salmeterol

$14,033

$25,507
Tiotropium

$17,134

$99,438–$224,403

$68,724–$159,787
$94,423

$136,948
$478,264

$356,005
0.160

0.118
3.211

3.253
0.042

0.034
4.448

4.457
$24,472
Tiotropium bromide/olodaterol

$16,142

$51,121–$119,985
$69,665
$292,817
0.201
3.294
$23,375
Indacaterol/glycopyrrolate

Incremental
cost vs placebo
Total
cost

In this 5-year cost-effectiveness model, treatment with IND/
GLY 27.5/15.6 µg resulted in total costs of $23,375 compared
with $9,365 for placebo. Total costs for comparators ranged
from $23,016 for aclidinium bromide 400 µg inhalation
powder to $26,499 for fluticasone propionate 250 µg and
salmeterol 50 µg inhalation powder (Table 3).

Comparator

Both one-way and probabilistic sensitivity analyses (PSA)
were conducted to test the assumptions of the model and the
overall robustness of the results. The effect of varying individual parameters (±10%) on model outcomes was examined
in one-way sensitivity analyses (OWSA) with each input
being ranked from the most to least sensitive and plotted on
a tornado diagram. For the PSA (second-order Monte Carlo
simulation), in which all parameters in the model were varied
simultaneously, distributions were stochastically sampled for
1,000 iterations and results shown on a cost-effectiveness
plane, where incremental costs and incremental QALYs were
plotted as a scatter plot.

LYs

Model uncertainty

$15,107

Incremental
LYs vs placebo

QALYs

The model reported total costs, change in FEV1, SGRQ
responder rates, exacerbations, adverse events, total LYs
gained, and total QALYs gained. The cost-effectiveness
of IND/GLY 27.5/15.6 µg or a comparator vs placebo was
determined by calculating the incremental total cost per unit
effectiveness gained: (Ci - Cs)/(Ei - Es), where Ci is the cost
accrued by the treatment of interest, Cs is the cost accrued by
placebo, Ei is the effectiveness accrued by the treatment of
interest, and Es is the effectiveness accrued by placebo.

0.048

Incremental
QALYs vs placebo

Model calculations

4.463

Incremental cost
per LY gained

Each case of pneumonia was associated with an additional
cost of $5,240 per episode per 12 weeks. This cost per episode
was based on an additional cost of $17,039 (2007 USD),
which was inflated to 2017 USD using the medical care
component of the Bureau of Labor Statistics Consumer Price
Index and then converted to 12 weeks, assuming 52.1 weeks
in a year.32,42

$14,010

ICER (incremental cost
per QALY gained)

Other costs

Results
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ICER range
containing 95% of
PSA results

assumed to be treated on an outpatient basis, while severe
exacerbations were assumed to require hospitalization. The
total cost of an exacerbation was calculated as the proportion
of patients using health resources as a result of the exacerbation, multiplied by the unit cost per type of health resource.
The cost associated with managing each exacerbation episode
was estimated at $301 for non-severe exacerbations and
$10,343 for severe exacerbations.19

Table 3 LY and QALY resultsa
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Table 4 COPD-specific resultsa
Comparator

Incremental cost per Incremental 12-week cost
100 mL decline in
per SGRQ responder
FEV1 avoided
gained at 12 weeks

Incremental cost per
severe exacerbation
avoided

Incremental cost
per AE pneumonia
episode avoided

Indacaterol/glycopyrrolate
Tiotropium bromide/olodaterol
Tiotropium
Fluticasone/salmeterol
Budesonide/formoterol
Aclidinium
Fluticasone/vilanterol
Umeclidinium/vilanterol
Glycopyrrolate/formoterol
Placebo

$290
$425
$677
$494
$720
$573
$338
$335
$519
Reference

$87,686
$113,218
$163,270
$130,759
$166,307
$138,072
$97,177
$95,645
$129,082
Reference

Equal AEsb
Dominated
Equal AEsb
Dominated
Dominated
Equal AEsb
Dominated
Equal AEsb
Equal AEsb
Reference

$3,518
$3,906
$4,602
a
a

$7,023
a

$9,481
$6,862
Reference

Notes: aSGRQ data not available at the time of analysis. bAssumed no higher rate of pneumonia on treatment vs placebo. Dominated, higher rate of pneumonia vs placebo
and higher cost vs placebo. All costs are presented in USD (2017).
Abbreviations: AE, adverse event; SGRQ, St George’s Respiratory Questionnaire.

COPD-specific results
Compared with placebo, treatment with IND/GLY 27.5/15.6
resulted in the highest improvement in FEV 1 across all
comparators and the lowest cost per decline in 100 mL
FEV1 avoided. IND/GLY 27.5/15.6 µg was also among
the most cost-effective treatment options as measured by
SGRQ responder rate, at $3,518 per additional responder at
12 weeks compared with placebo (Table 4). In addition, IND/
GLY 27.5/15.6 µg had the lowest cost per severe exacerbation avoided vs placebo across all comparators ($87,686)
(Table 4). Results for adverse events avoided were similar.

LY and QALY results

Treatment with IND/GLY 27.5/15.6 µg resulted in a total of
4.463 LYs and 3.294 QALYs gained compared with 4.415
LYs and 3.093 QALYs for placebo (Table 3). The cost/LY
and cost/QALY of IND/GLY 27.5/15.6 µg compared with
placebo was $292,817/LY and $69,665/QALY, which was
more cost-effective than any comparators vs placebo.
Results from the OWSA for the outcome of incremental
cost per QALY for IND/GLY 27.5/15.6 µg vs placebo
showed that the model parameters with the greatest influence
on the model results were related health state utility values,
followed by the cost of IND/GLY 27.5/15.6 µg, followed
by exacerbation rates and treatment efficacy as measured
by change in FEV1 (Figure 2). Results of the PSA demonstrated that IND/GLY 27.5/15.6 µg has a high probability
of being cost-effective compared with alternative COPD
maintenance therapies over a 5-year time horizon, with 95%
of incremental cost-effectiveness ratios (ICERs) calculated
based on the PSA falling between $51,121 and $119,985 per
QALY gained (Table 3; Figure 3). Based on the results of
1,000 model iterations, IND/GLY 27.5/15.6 µg has a 99%
International Journal of COPD 2018:13

chance of being cost-effective at a willingness-to-pay of
$150,000 per QALY gained and 93% at a willingness-to-pay
of $100,000 per QALY gained over placebo.

Discussion

In the present analysis, IND/GLY 27.5/15.6 µg was found
to be a cost-effective treatment option for patients with
moderate to severe COPD. Over 5 years, the total costs
associated with IND/GLY 27.5/15.6 µg were lower than all
comparators except glycopyrrolate 9 µg/formoterol fumarate
4.8 µg inhalation aerosol, with improved outcomes vs all
comparators. The greater CFB in FEV1 observed with IND/
GLY 27.5/15.6 µg vs comparators translated into a larger
proportion of time spent in the less severe COPD health states
and less time spent in more severe health states for patients
treated with IND/GLY 27.5/15.6 µg.
Outside the US, government health authorities routinely
use defined cost/QALY thresholds to determine whether a
drug has adequate economic value for reimbursement.43 While
formal thresholds do not exist in the US, several recently
developed value frameworks incorporate cost-effectiveness
analyses with specific dollar thresholds to determine the
economic value of drugs and other healthcare services. The
framework developed by the American College of Cardiology and the American Heart Association (ACC/AHA) places
interventions into three categories: high value =ICER ,US
$50,000/QALY; intermediate value =ICER US $50,000–
150,000/QALY; and low value =ICER .US $150,000/
QALY. The value framework developed by the Institute for
Clinical and Economic Review considers therapies with a
cost/QALY ranging from US $50,000–100,000/QALY to
have high value. Applying these thresholds to the results of
our cost-effectiveness assessment, IND/GLY 27.5/15.6 µg
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Figure 2 OWSA tornado chart for cost per QALY gained for IND/GLY 27.5/15.6 µg vs placebo.a
Notes: aChart limited to the top 20 most influential parameters. All costs are presented in USD (2017).
Abbreviations: GLY, glycopyrrolate; IND, indacaterol; OWSA, one-way sensitivity analysis; QALY, quality-adjusted life year; WAC, wholesale acquisition cost.

and comparators would be considered to have intermediate
value according to ACC/AHA and high value according to
the Institute for Clinical and Economic Review.
A search of the peer-reviewed literature revealed that few
COPD cost-effectiveness analyses were reported from the perspective of a US payer. To the authors’ knowledge, it appears
that this model is the first to compare the cost-effectiveness of
a LABA/LAMA fixed-dose combination with other LABA/
LAMA fixed-dose combinations in the US. A recent study

reported findings from a US analysis of umeclidinium/vilanterol
for the treatment of patients with moderate to very severe
COPD.16 The model structure and health states were similar to
this model with a longer time horizon of 20 years. The model
compared the cost-effectiveness of umeclidinium/vilanterol to
tiotropium, open combinations of LABA and LAMA therapies, and placebo. Umeclidinium/vilanterol was found to be
lower in cost and more effective (dominant) than tiotropium
and placebo for cost/LYs gained and cost/QALYs gained and
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lower in cost than open combinations of LABA and LAMA
therapies. Similarly, this model found IND/GLY 27.5/15.6 µg
to be dominant to tiotropium in terms of cost/QALYs, cost/
exacerbation-avoided, and cost/SGRQ responder.
This model has a number of strengths. Due to the chronic
nature of COPD and the long-term effects of the condition, the
implementation of a Markov model and a 5-year time horizon
allows the long-term assessment of cost-effectiveness. Shortterm relative efficacy data for all comparators in the model
were taken directly from published meta-analyses, if available,
or directly from clinical trials.11,17,20–22,25,28 Another strength
of this model is the inclusion of disease-specific outcome
measures such as cost/SGRQ responder and cost/exacerbation avoided. Other strengths include the model structure
that reflects the clinical course of COPD and the conduct of
extensive sensitivity analyses to test the robustness of results.
Additionally, all costs were independently verified and deemed
appropriate by a panel of advisors who tested the real-world
application of the assumptions included in the model.

Limitations
As with all economic models, this cost-effectiveness analysis
had several limitations. First, the efficacy measure in the
model was CFB to 12 weeks in FEV1, which was the primary endpoint in the IND/GLY 27.5/15.6 µg FLIGHT trials.
However, the 12-week FEV1 time point was not available for
all comparators and where necessary, efficacy at 12 weeks
was derived from published charts as an interim analysis.
Second, the CFB in trough FEV1 values used in the model
were taken from a single head-to-head study or mixed treatment comparison of all comparators. Data from a single
mixed treatment comparison network meta-analysis would
make the model more robust, as differences in study designs
and patient populations may limit the direct comparability
of study outcomes. However, it should be noted that values
were placebo adjusted to calculate the marginal efficacy vs
placebo in order to control for few differences, such as disease severity of patient population, which may impact both
treatment and placebo response rates. Furthermore, the rate of
exacerbations for each health state were taken from published
literature, with exacerbations at each health state assumed to
be constant for all comparators. As such, the model did not
consider differences in exacerbation rates among different
comparators within the same health state. For simplicity and
in alignment with previously developed models in COPD,
we did not explicitly account for loss of lung function after
specific exacerbation events and instead applied a constant
rate of decline in lung function across all patients that was
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derived from a previous study.19 It is assumed that the loss of
lung function following exacerbation is captured within this
decline. A further limitation of this analysis is the assumption
of complete adherence, no switching, and no discontinuation, which does not reflect real-world experience with these
therapies. Differentiation of comparators based on real-world
effectiveness considering patient adherence may intensify or
mediate differences in cost-effectiveness across the comparators; however, in the absence of real-world adherence data,
this type of analysis is currently not feasible.

Conclusion

This analysis found IND/GLY 27.5/15.6 µg to be more costeffective than other commonly used long-acting bronchodilators for the treatment of moderate to severe COPD. As this
analysis appears to be the first to compare the cost-effectiveness
of the four LABA/LAMA therapies available in the US, it
may be of use in informing formulary decision making. As
more real-world evidence becomes available, further analysis
will be needed to better understand the cost-effectiveness of
LABA/LAMA therapies in the real-world setting.
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