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Objective: The aim of this study was to evaluate the cost-effectiveness of the long-acting beta-2 

agonist (LABA)/long-acting muscarinic antagonist (LAMA) dual bronchodilator indacaterol/

glycopyrronium (IND/GLY) as a maintenance treatment for COPD patients from the perspec-

tive of health care payer in Taiwan.

Patients and methods: We adopted a patient-level simulation model, which included a cohort 

of COPD patients aged $40 years. The intervention used in the study was the treatment using 

IND/GLY, and comparators were tiotropium or salmeterol/fluticasone combination (SFC). 

Data related to the efficacy of drugs, incidence of exacerbation, and utility were obtained from 

clinical studies. Direct costs were estimated from claims data based on the severity of COPD. 

The cycle length was 6 months (to match forced expiratory volume in 1 second [FEV
1
] data), 

and the time horizons included 1, 3, 5, 10 years, and lifetime. Deterministic and probabilistic 

sensitivity analyses were conducted to test the robustness of the model results. Costs were 

expressed in US dollars with a discount rate of 3.0%.

Results: Compared to tiotropium and SFC, the incremental cost-effectiveness ratios (ICERs) 

per quality-adjusted life year (QALY) gained of patients treated with IND/GLY were US$5,987 

and US$14,990, respectively. One-way sensitivity analysis revealed that the improvement in 

FEV
1
 provided by IND/GLY, the distribution of patients with regard to the severity of COPD, 

and acute exacerbation rate ratio were the key drivers behind cost-effectiveness. Adopting a 

willingness to pay of US$60,000 per QALY gained as the threshold, there was a 98.7% prob-

ability that IND/GLY was cost-effective compared to tiotropium. Similarly, there was a 99.9% 

probability that IND/GLY was cost-effective compared to SFC.

Conclusion: As a maintenance treatment for COPD, we consider the dual bronchodilator 

IND/GLY as a cost-effective strategy when compared to either tiotropium or SFC.

Keywords: COPD, LABA/LAMA dual bronchodilator, indacaterol/glycopyrronium, mainte-

nance therapy, cost-effectiveness, ICS/LABA combination

Introduction
COPD is a prominent cause of disability and death worldwide.1 The prevalence of 

COPD is increasing, and the current estimates indicate that it will be the third leading 

cause of death by 2020.2 COPD patients may experience acute exacerbations, which 

can undermine overall health status, increase the risk of mortality, and drive up medical 

costs.3–6 The administration of a bronchodilator is the core treatment in COPD. Com-

bining an inhaled corticosteroid (ICS) with a long-acting beta-2 agonist (LABA), 

such as the salmeterol/fluticasone combination (SFC), is recommended for patients 

in groups C (severe) and D (very severe) with a previous history of exacerbation.7,8 
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However, the inappropriate use of ICS can increase health 

care costs9 as well as the risk of adverse effects, such as 

pneumonia, influenza, and osteoporosis.8,10

The dual bronchodilator indacaterol/glycopyrronium (IND/

GLY) is the first fixed-dose combination of a LABA and a 

long-acting muscarinic antagonist (LAMA) available for the 

maintenance treatment of COPD. Both mono-components 

have been approved as a once-daily maintenance treatment 

for COPD patients.11–13 Current guidelines recommend the 

combined use of inhaled LABAs and LAMAs for patients who 

present inadequate improvement following the administration 

of a single agent and have a history of infrequent exacerbations.8 

In addition to IND/GLY, three more fixed-dose combinations 

including aclidinium/formoterol, tiotropium/olodaterol, and 

umeclidinium/vilanterol entered the market later.

Even though a treatment shows positive clinical benefits, 

it is still important to assess the potential gains in terms of 

improved health for the patients at an acceptable cost to the 

payer of the health care system. Although there are study indi-

cating that IND/GLY is more cost-effective than SFC,14 the 

study design could be further improved by extracting efficacy 

data from just one clinical trial15 to multiple trials so that pos-

sible range of values could be included in the estimation. The 

efficacy of IND/GLY has been widely demonstrated in clinical 

trials; however, there is a dearth of information pertaining to 

the cost-effectiveness (CE) of IND/GLY when compared to 

first-line monotherapy based on LAMAs (eg, tiotropium). The 

objective of this study was to evaluate the CE of IND/GLY as 

a maintenance treatment for COPD patients under a National 

Health Insurance (NHI) system.

Patients and methods
Study population and model overview
Patient-level simulations were developed with 6-month 

cycle length using Microsoft Excel. The model is based on a 

simulated cohort of COPD patients aged 40 years and older, 

which was followed over various time horizons. A schematic 

illustration of the model is shown in Figure 1. The model was 

modified from a previous study validated in 201016 with local 

empirical data, including medical cost, mortality, and epide-

miology of COPD. The predictability of the model was tested 

by populating it with data obtained from studies on the natural 

Figure 1 Conceptual framework of model: FEV1; IND/GLY.
Abbreviations: FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; IND, indacaterol; LY, life year; QALY, quality-adjusted life year; TDI, Transition Dyspnea 
Index; SGRQ, St. George’s Respiratory Questionnaire.
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history of disease as well as data obtained from clinical trials. 

Our results indicate that the proposed model has a generally 

good predictive ability, yielding in this way a high degree of 

external validity. Validation was conducted against two exter-

nal studies.17,18 Summary statistics from these studies were 

extracted and input into the model. Outputs from the study 

included mortality rates, the rate of annual forced expiratory 

volume in 1 second (FEV
1
) decline, and exacerbation rates.

The model outputs included costs and quality-adjusted 

life years (QALYs), which were calculated for individual 

patients and aggregated to provide the incremental CE ratio 

(ICER). The flow of individual patient was based on disease 

severity which was determined at each cycle based on 

patient’s lung function. The generated patients were moved 

through the model one at a time according to the probabilities 

of developing complications, being symptomatic, or pro-

gressing, while taking into account their current treatment 

status. In the event of discontinuing treatment, the FEV
1
 level 

of patients would fall back to what it would have been had 

they never been treated. Exacerbation rates were defined on 

an annual basis, which in turn were adjusted to the specified 

cycle length. In this study, we adopted cycles of 6 months 

with the time horizons of 1, 3, 5, 10  years, and lifetime. 

This study was conducted from the perspective of Taiwan’s 

National Health Insurance Administration (NHIA), and the 

discount rate of 3.0% was applied to costs and outcomes, 

according to the Health Technology Assessment Guidelines 

adopted in Taiwan. Costs and outcomes were applied at 

the time of the corresponding event. Costs and utility were 

applied simultaneously, using an additive–multiplicative 

method and a regression model, respectively.

The simulated index population included 1,000 cohorts, 

resulting in a total of 10,000,000 patients from which to 

derive the cost per QALY gained ratio. This was then plotted 

on a CE scatterplot and CE acceptability curves (CEACs).19 

The probability of death was calculated using a COPD-

specific mortality hazard ratio, whereas the age of all-cause 

mortality was estimated for each individual using Taiwan’s 

national life table. The parameters used in the CE model 

included data related to clinical efficacy, safety, utility, 

and exacerbation, obtained from the four clinical trials: 

BEACON, SHINE, SPARK, and ILLUMINATE.11–13,20 Data 

pertaining to the use of medical resources were obtained 

from National Health Insurance claims data released by the 

National Health Research Institute (NHRI) of Taiwan.

Ethics statement
This study was approved by the ethics board of National Taiwan 

University Hospital (approval number: 20141066RINB). 

All participants’ identifying information was scrambled in 

the NHI claims data.

Generating patients and epidemiology data
At the start of each patient simulation, the patient char-

acteristics such as gender, age, height, smoking status, 

FEV
1
 status, body mass index (BMI), and baseline EQ-5D, 

European Quality of Life-5 dimensions (EQ-5D) levels 

were set (Table 1). BMI was set as 25.9  kg/m2 based on 

the SHINE trial data.11 The baseline EQ-5D was set based 

on the generating characteristics of patients, and the details 

Table 1 Clinical data and utility input

Variables Coefficient SE Distribution

Covariance matrix to estimate:11–13,20

Height
Age −0.12 0.01 Normal
Gender −10.53 0.24 Normal
Constant 179.47 0.81 Normal

Smoking status
Age −0.02 0.00 Normal
Height 0.00 0.00 Normal
Gender 0.08 0.02 Normal
Constant 1.30 0.17 Normal

FEV1 (%)
Age 0.08 0.02 Normal
Height 0.01 0.03 Normal
Smoking status 0.21 0.43 Normal
Gender 3.90 0.54 Normal
Constant 45.78 5.13 Normal

Annual FEV1 decline26

Smokers 0.06 0.06 Normal
Intermittent smokers 0.04 0.06 Normal
Ex-smokers 0.03 0.05 Normal

FEV1 improvement11–13,30

IND/GLY 0.19 0.02 Normal
SFC 0.16 0.02 Normal
Tiotropium 0.13 0.01 Normal

Utility input in EQ-5D regression31

Constant 0.69 0.04 Normal
Gender (male versus female) 0.06 0.01 Normal
Post-bronchodilator therapy 
FEV1 % predicted

0.00 0.00 Normal

Number of emergency 
department visits not resulting 
in hospital admission in the 
previous year

−0.03 0.01 Normal

Number of hospital admissions 
in the previous year

−0.02 0.01 Normal

Number of concomitant 
diseases in the previous year

−0.01 0.00 Normal

BMI 0.00 0.00 Normal
Excess mortality for COPD population27

Hazard ratio 1.02 0.01 Lognormal

Abbreviations: BMI, body mass index; EQ-5D, European Quality of Life-5 
dimensions; FEV1, forced expiratory volume in 1  second; GLY, glycopyrronium; 
IND, indacaterol; SFC, salmeterol/fluticasone combination.
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are described in the “Utility data” section. The first five of 

these were correlated through a variance–covariance matrix 

derived from the patient-level data of the IND/GLY trials.7 

The age and gender were set as from a normal distribution, 

while height, smoking status, and FEV
1
 status were then each 

derived using the variance–covariance matrix and a vector 

of standard normal variates. This process is known as the 

Cholesky decomposition, and more details can be found in 

the study by Briggs et al.21

The baseline lung function data (FEV
1
) were set by patient’s 

age, height, and gender which determined the expected nor-

mal value for a healthy individual with the same cohort 

characteristics. Then, the starting FEV
1
 was sampled using 

the variance–covariance matrix from the clinical trials and 

previous studies as provided in Table 1.17,22–26 Once a patient 

has been assigned a starting FEV
1
 value, there is a predeter-

mined decline rate at every cycle depending upon the indi-

vidual’s smoking status.26 This value was also allowed to vary 

by treatment to take into account possible treatment effects.

Probabilities of death were determined by a hazard ratio 

taken from the OLIN study,27 and the general all-cause mor-

tality was obtained from the abridged life table provided by 

the Department of Statistics, Ministry of the Interior.28

Efficacy data
Efficacy data (Table 2) were obtained from two Phase III 

head-to-head trials,12,13 and network analyses were used to 

compare the safety and efficacy of IND/GLY versus tiotro-

pium and IND/GLY versus SFC. In the model, lung func-

tion improvement was captured as an increase in the actual 

FEV
1
 in liters from baseline, as determined using data from 

the ILLUMINATE12 and SPARK trials.13 We obtained the 

rate ratio of IND/GLY versus tiotropium directly from the 

SPARK study.13

However, since there is no direct comparison between 

IND/GLY and SFC, we therefore employed a network analysis 

from the placebo arms of the TORCH and ILLUMINATE 

trials. We calculated the rate ratio of IND/GLY versus 

SFC based on the raw rates of adverse events reported for 

each year in the ILLUMINATE study, as follows: IND/GLY 

(0.847 per year) and SFC (1.05 per year). The TORCH trial 

reported the following rates for either moderate or severe 

exacerbation: SFC (0.85 per year) and placebo (1.13 per 

year); thus, we derived a reported rate ratio of 0.75 (95% 

CI: 0.69–0.81) for SFC versus a placebo.29 Based on the 

relationships reported in the TORCH trial, we calculated a 

hypothetical placebo exacerbation rate of 1.40 per year. This 

was in turn used to calculate the rate ratio of IND/GLY versus 

a placebo. In doing so, we calculated the exacerbation rate 

ratio of IND/GLY versus SFC. Thus, the exacerbation rate 

ratios, compared to placebo, were 0.61, 0.91, and 0.75 for 

IND/GLY, tiotropium, and SFC, respectively.

Each case of exacerbation was assigned a disease severity 

state according to the last pre-bronchodilator FEV
1
 measure-

ment prior to the start date of the exacerbation. Exacerbations 

were further classified as either severe (requiring hospitaliza-

tion) or non-severe (requiring contact with a health care pro-

vider for a change in therapy). The ratio of non-severe versus 

severe exacerbations by disease severity was obtained from 

the ad hoc analyses performed on the pooled placebo arm of 

clinical trials.20,30 The proportion of non-severe exacerbations 

in different COPD severities was 100% in Global Initiative 

for Chronic Obstructive Lung Disease (GOLD) I, 94% in 

GOLD II, 92% in GOLD III, and 87.5% in GOLD IV.

Cost data
This study was conducted from the perspective of the 

third-party payer; therefore, we included only direct costs 

in our analysis. Costs associated with COPD maintenance, 

exacerbation, and drugs were obtained from NHI claims 

data (Table 2). To avoid double counting, we defined main-

tenance costs as non-exacerbation-related costs following 

the exclusion of COPD drug costs. The direct costs included 

other medications, outpatient care, examinations, and other 

costs. After adjusting for patients’ age, gender, and follow-up 

year using mixed regression analysis, we used the adjusted 

costs associated with the severity of COPD in our analysis. 

We then recalculated the maintenance costs according to 

health status in each cycle.

Table 2 Efficacy data input

Variables Mean (L) SE Distribution

FEV1 improvement12,13

IND/GLY 0.26 0.026 Normal
Tiotropium 0.13 0.016
SFC 0.16 0.013

Exacerbation rate ratios12,13

IND/GLY 0.61 0.10 Lognormal
Tiotropium 0.91 0.10
SFC 0.75 0.10

Withdrawal (assumption)
IND/GLY 0.04
Tiotropium 0.04
SFC 0.04

Abbreviations: FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; 
IND, indacaterol; SFC, salmeterol/fluticasone combination.
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The exacerbation costs were subdivided into non-severe 

and severe, based on resource usage. Non-severe exacerba-

tion was assumed to involve the costs associated with an 

outpatient visit and temporally needed to receive additional 

medication, including high-dose oral steroids (.20  mg/

day) or antibiotics for at least 1 week. Severe exacerbation 

was assumed to involve the costs associated with admission 

into hospital.

Drug costs were translated into daily costs by dividing 

the cost of the drug by units per pack times the number of 

units used per day. Daily drug costs were then accumulated 

in each cycle depending on the therapy that COPD patient 

received. The cost of IND/GLY was increased or decreased 

by 25% when conducting sensitivity analysis.

Utility data
The calculation of utility was based on a regression model 

published by Rutten-van Molken et al.31 The covariates 

used to calculate utility included the patient’s gender, post-

bronchodilator FEV
1 

% predicted, the number of hospital 

admissions and emergency visits in the previous year, BMI, 

and comorbidities (Table 3).

Utility in each cycle was calculated using the following 

regression equation:

	

Utility value 0.688 Gender 0.057

+

= + ×
×FEV percent predicted

1
0 00. 33

0 029+ ×
+

ER visits in the last year

Hospital admission in the last y

.

eear

Number of concomitant disease

BMI

×−
+ ×

×

0 02.

−0.01
+ −0.003 �

Each utility value was assigned as per the disease state 

outlined in GOLD 2008, thereby disallowing distinctions in 

utility associated with smaller changes in the FEV
1
 level.

Results
Base case
Table 4 presents the results of base-case analysis under vari-

ous comparator settings and time horizons. The lifetime life 

year (LY) and QALY in patients treated with IND/GLY were 

11.48 and 6.95, respectively. Treatment with tiotropium and 

SFC resulted in QALY of 6.87 and 6.92, respectively. The 

incremental lifetime costs were as follows: IND/GLY versus 

tiotropium (US$463) and IND/GLY versus SFC (US$1,894). 

Since the incremental value of QALY were 0.08 and 0.13; 

thus, the ICER were US$5,899 and US$14,991 per QALY 

gained, respectively.

Sensitivity analysis
The results of one-way sensitivity analysis did not dif-

fer substantially from those of base-case analysis. All the 

results (Figure S1A and B) were less than three times the 

gross domestic product (GDP) per capita of US$60,000/

QALY, which is the threshold suggested by the World Health 

Organization.32 When compared to tiotropium, the benefits 

of FEV
1
 from treatment, exacerbation rate ratio, and propor-

tion of very severe COPD patients are the key drivers in the 

CE of IND/GLY. When compared to SFC, the exacerbation 

rate ratio and the proportion of very severe COPD patients 

largely determine the CE of IND/GLY.

Figure 2 shows the CE scatterplot of IND/GLY versus 

tiotropium and IND/GLY versus SFC. In a simulation that 

included 1,000 cohorts of 10,000 patients each, 99.2% of 

the points comparing IND/GLY versus tiotropium were 

located in the first and fourth quadrants of the CE plane. In 

comparison, 100% of the points comparing IND/GLY ver-

sus SFC were located in the first and fourth quadrants. The 

CEAC in Figure 3 shows that, setting the willingness-to-pay 

threshold per QALY gained at US$20,000 (approximately 1 

GDP per capita in 2016), there was a 97.8% probability that 

IND/GLY was cost-effective when compared to tiotropium 

and a 95.4% probability that IND/GLY was cost-effective 

when compared to SFC. When the WTP threshold was set at 

US$60,000 (approximately three times the GDP per capita 

in 2016), there was a 98.7% probability that IND/GLY 

was cost-effective compared to tiotropium. Similarly, there 

was a 99.9% probability that IND/GLY was cost-effective 

compared to SFC.

Table 3 Cost inputs

Variables Mean SE Distribution

Maintenance cost (US$)
GOLD I 210.65 14.16 Gamma
GOLD II 242.72 10.89 Gamma
GOLD III 213.09 28.74 Gamma
GOLD IV 341.83 28.60 Gamma

Exacerbation cost (US$)
Non-severe exacerbation 68.89 1.75 Gamma
Severe exacerbation 3,529.37 120.18 Gamma

Drug costs (daily cost, US$)
IND/GLY 2.02
Tiotropium 1.67
SFC 1.50

Abbreviations: GLY, glycopyrronium; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; IND, indacaterol; SFC, salmeterol/fluticasone 
combination.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1084

Chan et al

Figure 2 Incremental CE scatterplot showing cost per QALY gained through the administration of IND/GLY compared to (A) tiotropium and (B) SFC.
Abbreviations: CE, cost-effectiveness; GLY, glycopyrronium; IND, indacaterol; QALY, quality-adjusted life year; SFC, salmeterol/fluticasone combination.

Table 4 Base-case CE results for IND/GLY versus tiotropium and IND/GLY versus SFC

Variables IND/GLY versus tiotropium IND/GLY versus SFC

1 year 3 years 5 years 10 years Lifetime 1 year 3 years 5 years 10 years Lifetime

Incremental cost (US$) 37 98 155 278 463 160 442 703 1,235 1,894
Incremental LY 0.00 0.00 0.00 0.04 0.12 0.00 0.01 0.01 0.05 0.19
Incremental QALY 0.00 0.01 0.01 0.03 0.08 0.00 0.01 0.01 0.04 0.13
Exacerbations avoided 0.04 0.14 0.24 0.43 0.66 0.04 0.14 0.24 0.43 0.66
ICER per LY gained 174,714 38,393 19,756 8,388 4,012 573,139 113,021 53,273 22,899 10,223
ICER per QALY gained 48,224 27,266 19,070 10,626 5,899 142,046 77,973 52,212 29,015 14,991
ICER per exacerbation avoided 903.69 693.73 657.85 643.49 701.45 3,952.68 3,114.21 2,986.04 2,854.85 2,868.62

Abbreviations: CE, cost-effectiveness; GLY, glycopyrronium; ICER, incremental cost-effectiveness ratio; IND, indacaterol; LY, life year; QALY, quality-adjusted life year; 
SFC, salmeterol/fluticasone combination.
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Discussion
There have been considerable advancements in our understand-

ing of COPD, and several pharmacological treatments have 

been proposed. IND/GLY, as a dual bronchodilator, has potent 

pharmacological effects exceeding the efficacy of the single 

components in improving lung function and alleviating symp-

toms. In at least one previous study, IND/GLY was also shown 

to outperform ICS/LABA in preventing exacerbation.33

In this study, we evaluated the CE of IND/GLY versus 

tiotropium and IND/GLY versus SFC. We adopted the 

perspective of the third-party payer using costs derived 

from NHI claims data. IND/GLY, tiotropium, and SFC 

are all used in the maintenance treatment of COPD, and all 

three are fully reimbursed by the NHI. Our results show that 

implementing IND/GLY as the maintenance treatment for 

COPD patients would be considered as cost-effective than 

tiotropium or SFC. Among the improved outcomes, lives 

saved and reduced exacerbation events in the IND/GLY arm 

are particularly important ones. The probability that IND/

GLY would be a cost-effective alternative was estimated at 

.95% for a WTP threshold exceeding US$20,000/QALY. 

A price sensitivity analysis revealed that IND/GLY would 

remain cost-effective when compared to SFC, even in the 

event of a large price change. In addition, cohort model 

adopted by previous studies was limited to capture the key 

aspects of some prognoses, especially when the transi-

tion probabilities varied over time. In some situations, the 

transition probabilities increase or decrease with time (time 

dependency), which are hard to handle by cohort models. The 

individual sampling simulation (ISM) used in this study could 

simulate the time until the next event (eg, exacerbation) for 

a given simulated patient who can avoid modeling time and 

effect in unnecessary interim computation.34

Reza Maleki-Yazdi et al15 used a patient-level simula-

tion model to compare the CE of IND/GLY with SFC in 

moderate-to-severe COPD patients in Canada, France, Italy, 

and Portugal. Their results demonstrated the CE of IND/

GLY over SFC for patients with moderate-to-severe COPD. 

Price et al14 compared the CE of IND/GLY against SFC as 

well as against a combination of IND plus GLY as the main-

tenance treatment for COPD patients in Swedish health care 

setting. Under the assumption of equal efficacy, they reported 

that IND/GLY provided a cost saving of EUR$85 over IND 

plus GLY. Furthermore, IND/GLY was dominant when 

compared to SFC. However, the efficacy used in the study 

came only from one clinical trial12 which may underestimate 

or overestimate the efficacy of treatment. The other difference 

between Price et al’s study and our study was that Price et al’s 

study included moderate-to-severe COPD patient with the 

mean age at baseline of 63.3 years for simulating, whereas 

Figure 3 CEAC per QALY gained from IND/GLY.
Abbreviations: CEAC, cost-effectiveness acceptability curve; GDP, gross domestic product; GLY, glycopyrronium; IND, indacaterol; LABA, long-acting beta-2 agonist; 
LAMA, long-acting muscarinic antagonist; QALY, quality-adjusted life year; SFC, salmeterol/fluticasone combination; WTP, willingness-to-pay.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1086

Chan et al

we simulated all COPD patients aged 40 years. Our results 

are consistent with previous studies that, when compared to 

SFC, IND/GLY was a CE alternative treatment for COPD 

patients. In addition, we compared the CE of IND/GLY 

versus tiotropium, which is another frequent prescription by 

physicians for moderate-to-severe COPD patients.

To the best of our knowledge, this study is the first to 

assess the CE of IND/GLY versus tiotropium and IND/GLY 

versus SFC in a broad COPD population (including mild, 

moderate, severe, and very severe COPD) using data from 

clinical trials. Nonetheless, the following limitations must be 

taken into account when interpreting our results. First, there 

was a lack of direct evidence of FEV
1
 improvement and exac-

erbation reduction when comparing IND/GLY and SFC. The 

only available results were from comparisons of SFC versus 

placebo and IND/GLY versus placebo. Thus, our analysis is 

based on an indirect comparison using the baseline rates for a 

placebo in clinical trials. The other limitation is the fact that 

this study was based on the 2008 GOLD guidelines, in which 

the classification of severity was based on FEV
1
. We opted for 

this approach to be in parallel with the clinical trials used as 

a source of inputs. Future study could examine the impact of 

GOLD 2017 guidelines, in which the severity classification has 

been redefined according to exacerbation history, symptoms, 

and spirometry results, and then modify the CE model by 

including more disease characteristics in addition to FEV
1
.

The price of respiratory drugs was adjusted on April 1, 

2017. The fact that the prices of SFC and tiotropium have 

been reduced could impact the results of our analysis. The 

magnitude of the price reduction was not known at the time 

of the study. Nonetheless, under the current parameters, 

even a 20% reduction in the price of SFC would still make 

IND/GLY a cost-effective alternative to SFC (ICER of 

US$29,141/QALY gained). Our results also showed that 

IND/GLY would be cost-effective even if the drug price of 

IND/GLY increased or decreased by 25%. The third-party 

payer’s perspective was used in the study; furthermore, IND/

GLY, tiotropium, and SFC were both covered in the NHI 

in Taiwan. Thus, the generalizability of the results to other 

health care settings may be limited. This study was also 

limited by the fact that indirect costs were not included in 

our analysis, which would have provided a more complete 

picture of the true costs of COPD.

Conclusion
From the perspective of the health care payer in Taiwan, our 

results show that using IND/GLY as a maintenance treatment 

for COPD patients could be considered as a cost-effective 

alternative when compared to either tiotropium or SFC.
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Supplementary material

Figure S1 One-way sensitivity analysis.
Note: (A) IND/GLY versus tiotropium and (B) IND/GLY versus SFC.
Abbreviations: FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; ICER, incremental cost-effectiveness ratio; IND, indacaterol; QALY, quality-adjusted life 
year; SFC, salmeterol/fluticasone combination.
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