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Purpose: We evaluated the cost-effectiveness of high-dose indacaterol acetate (IND)/gly-
copyrronium bromide (GLY)/mometasone furoate (MF) (150/50/160 μg, once daily) com-
pared with high-dose salmeterol/fluticasone (SAL/FLU; 50/500 µg, twice daily)+tiotropium 
(TIO; 5 µg, once daily) (SAL/FLU+TIO) and with high-dose SAL/FLU (50/500 µg, twice 
daily) for the treatment of inadequately controlled moderate-to-severe asthma.
Patients and Methods: A Markov model estimated the incremental cost-effectiveness ratio 
of treatment with high-dose IND/GLY/MF compared with SAL/FLU+TIO and high-dose 
IND/GLY/MF compared with SAL/FLU. The model included three health states (day-to-day 
symptoms without exacerbations, day-to-day symptoms with exacerbations, and death) with 
a 4-week cycle length. A lifetime time horizon was used. Exacerbation rates and utility 
values were derived from ARGON and IRIDIUM clinical trials. Canadian dollars (CAD$, 
2020) were applied.
Results: IND/GLY/MF was the less costly and more effective treatment strategy compared 
with SAL/FLU+TIO and SAL/FLU in the base-case analyses. IND/GLY/MF had lower costs 
(CAD $33,501 versus CAD $50,907) and higher quality-adjusted life-years (QALYs) (18.37 
versus 18.06 QALYs) compared with SAL/FLU+TIO. Compared with SAL/FLU, IND/GLY/ 
MF had lower costs (CAD $33,408 versus CAD $36,577) and higher QALYs (19.33 versus 
19.04 QALYs). IND/GLY/MF was the most cost-effective option in all scenarios tested.
Conclusion: IND/GLY/MF was cost-effective at a willingness-to-pay threshold of CAD 
$50,000/QALY in patients with uncontrolled, moderate-to-severe asthma versus SAL/FLU 
+TIO and SAL/FLU in the base case and all scenarios tested.
Keywords: moderate to severe asthma, indacaterol acetate, glycopyrronium bromide, 
mometasone furoate, cost-effectiveness, health care payer perspective, Canada, 
uncontrolled asthma

Introduction
Asthma is a common chronic inflammatory disease of the airways that can cause 
breathlessness, tightness in the chest, coughing, wheezing, limitation of activity, 
and flare-ups that may require urgent health care and can be fatal.1 The global 
prevalence of asthma is estimated to be 358 million and might increase to 400 
million by 2025.2 Asthma severity can be categorized as mild, moderate, or severe.1 

The severity of asthma is assessed retrospectively from the level of treatment 
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required to control symptoms and exacerbations (ie, flare- 
ups of respiratory symptoms). Moderate asthma can be 
controlled with low-dose inhaled corticosteroids (ICS)/ 
long-acting beta2-agonists (LABA) or medium-dose 
ICS.3 Severe asthma can require treatment with high- 
dose ICS in addition to a second controller and may still 
remain uncontrolled despite this therapy.3 Uncontrolled 
asthma increases the likelihood of patients experiencing 
severe exacerbations that might require hospital admis-
sions or emergency department (ED) visits.3–5 These 
events can have considerable impacts on health care 
costs and health-related quality of life (HRQoL).

Although patients with severe asthma comprise only 
10% to 20% of the total asthma population, this population 
accounts for up to 50% of all asthma-related costs.6 

Approximately 8.4% (~2.6 million) of Canadians aged 
≥12 years have reported receiving a diagnosis of asthma.7 

Annual direct costs observed in Canada varied across 
provinces, with a range of $46 million (Canadian dollars 
[CAD$]; at the time of the study, 1 Canadian dollar was 

equivalent to 75 US cents) in British Columbia to CAD 
$141 million in Ontario.8 Studies suggest that moderate- 
to-severe asthma remains uncontrolled in up to 70% of 
patients despite having received treatment according to 
asthma management guidelines, with a range of 25% to 
59% in Canada.9–11

Recently a once-daily, single-inhaler combination has 
been developed for adults whose asthma has not been 
adequately controlled with a maintenance LABA and an 
ICS. It is a combination of indacaterol acetate, a LABA, 
glycopyrronium bromide, a long-acting muscarinic antago-
nist (LAMA), and mometasone furoate, an ICS (IND/ 
GLY/MF 150/50/160 μg). Two clinical trials have been 
completed for IND/GLY/MF, including a head-to-head 
comparison with high-dose salmeterol/fluticasone (SAL/ 
FLU, 50/500 µg, twice daily) medium-dose IND/MF 
(150/160µg, once daily), and high-dose IND/MF (150/ 
320 µg, once daily) in IRIDIUM12 [ClinicalTrials.gov: 
national clinical trial number (NCT) 02571777] and a 
head-to-head comparison with high-dose SAL/FLU (50/ 

Figure 1 Markov model. 
Abbreviations: ED, emergency department; OCS, oral corticosteroid; SoC, standard of care.
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500 µg, twice daily) + tiotropium (TIO 5µg, once daily) in 
ARGON13 (ClinicalTrials.gov: NCT03158311). IND/ 
GLY/MF 150/50/160 μg is the first single-inhaler LABA/ 
LAMA/ICS combination approved for asthma in Canada 
(approved on July 2, 2020). A recently published cost- 
effectiveness study from an Italian Health Service perspec-
tive has shown high-dose IND/GLY/MF to be cost-effec-
tive compared with SAL/FLU and SAL/FLU+TIO,14 but 
literature on this treatment has not been published for 
Canada.

The purpose of this study was to evaluate, from a 
Canadian publicly funded health care payer perspective, 
the cost-effectiveness of high-dose IND/GLY/MF as a 
maintenance treatment for asthma in adult patients who 
are not adequately controlled despite using maintenance 
treatment with a combination of a LABA and a medium or 
high-dose ICS.

Materials and Methods
Model Overview
A Markov model with a cycle length of 4 weeks was 
developed using Excel (Microsoft, WA, United States) 
and R (The R Foundation, Vienna, Austria) to determine 
the incremental cost-effectiveness ratio (ICER) of high- 
dose IND/GLY/MF (150/50/160 μg, once daily) versus 
high-dose SAL/FLU+TIO (50/500 µg, twice daily + 5 
µg, once daily) and high-dose SAL/FLU (50/500 µg, 
twice daily) over a lifetime time horizon (Figure 1). The 
model structure was adapted from cost-effectiveness mod-
els of asthma treatments submitted to the National Institute 
for Health and Care Excellence (NICE).15–17 Assumptions 
used to develop the model are presented in Table S-1. 
Cost-effectiveness was estimated as the incremental cost 
per quality-adjusted life-year (QALY) gained.18–20 The 
model population was composed of patients (aged ≥18 
years) with a diagnosis of moderate-to-severe asthma not 
adequately controlled by a maintenance combination of a 
LABA and a medium- or high-dose ICS. The model con-
sisted of three major health states: day-to-day symptoms 
without exacerbations, day-to-day symptoms with exacer-
bations, and death. Patients started in the “day-to-day 
asthma symptoms without exacerbations” state, which 
captured the day-to-day quality of life associated with 
high-dose IND/GLY/MF compared with the comparator 
treatments.

In each cycle, patients could transition from a “day- 
to-day symptoms state without exacerbations” to a “day- 

to-day symptoms with exacerbations” health state and 
might experience one of three types of clinically signif-
icant severe exacerbations: an exacerbation requiring 
treatment with oral corticosteroid (OCS) burst, an 
exacerbation requiring an ED visit, or an exacerbation 
requiring hospitalization. Patients might also experience 
moderate exacerbations, which were defined per the 
ARGON trial21 as the occurrence of two or more of 
the following symptoms: shortness of breath, cough, 
wheezing, and chest tightness for at least two consecu-
tive days; 50% increase in short-acting beta2-adrenergic 
agonist use compared with baseline; and 20% decrease 
in forced expiratory volume in 1 second from baseline 
value. All patients in the exacerbation health state were 
assumed to transition back to the no exacerbation state 
at the end of the 4-week cycle. Death was an absorbing 
health state, which included asthma-related death due to 
exacerbations and age- or gender-related mortality. 
However, since no asthma-related deaths were reported 
in the clinical trials, asthma mortality has not been 
included in the base case. Similarly, adverse events 
were not included in the base case due to the low 
incidence among all treatments included in the clinical 
trials.12,13 Discontinuation from the assigned treatment 
was not accounted for in the base case but was included 
in a scenario analysis where those who discontinued 
from high-dose IND/GLY/MF or high-dose SAL/FLU 
+TIO switched to SAL/FLU high dose.

The length of the model cycle of 4 weeks was selected 
to correspond with the average duration of an asthma 
exacerbation and to be consistent with the recent NICE 
economic evaluations of asthma in the United Kingdom 
(UK).16,22 Results were presented in a cost-effectiveness 
plane of incremental costs and QALYs. The ICERs were 
calculated as the difference in total costs between two 
interventions relative to the difference in total QALYs 
(Figure S-1). A cost-effectiveness acceptability curve 
was generated based on Monte Carlo simulations to 
understand the relationship between the willingness-to- 
pay threshold23–25 and the probability of IND/GLY/MF 
being cost-effective versus SAL/FLU and IND/GLY/MF 
being cost-effective versus SAL/FLU+TIO.

This economic analysis is not considered research 
involving human subjects in accordance with section 
3.1.2 of the Public Health Agency of Canada’s Research 
Ethics Board’s Operational Policy Framework, and thus 
review by an institutional review board was not required.

ClinicoEconomics and Outcomes Research 2021:13                                                                          https://doi.org/10.2147/CEOR.S336915                                                                                                                                                                                                                       

DovePress                                                                                                                         
959

Dovepress                                                                                                                                                           Mtibaa et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=336915.docx
https://www.dovepress.com/get_supplementary_file.php?f=336915.docx
https://www.dovepress.com
https://www.dovepress.com


Model Inputs
Clinical Data
The rate of transition in each model cycle from the no exacer-
bation health state to the exacerbation health state and the 
proportion of each type of exacerbation were dependent 
upon the therapy a patient received. The rate of transition to 
severe exacerbation was estimated by multiplying the overall 
severe exacerbation rate by the proportion of each type of 
treatment required for the severe exacerbation, as presented 
in Table 1 (eg, OCS burst exacerbation rate = overall severe 
exacerbation rate × proportion of OCS burst exacerbations). 
The rate of transition to moderate exacerbation was estimated 
as the difference between the overall exacerbation rate and the 
overall severe exacerbation rate. The duration of all asthma 
exacerbations was assumed to be less than or equal to the cycle 
length. Thus, all patients in the exacerbation health state 
transitioned back to the no exacerbation health state at the 
end of each 4-week cycle. The impact of each type of exacer-
bation was determined by applying a utility decrement and a 
cost to treat that exacerbation as described below. An annual 
discount rate of 1.5% was applied to outcomes and costs.4

Utility Data
The utility values for the “day-to-day asthma symptoms 
without exacerbations” state for the analysis comparing 
IND/GLY/MF with SAL/FLU+TIO were 0.755 for IND/ 
GLY/MF and 0.742 for SAL/FLU+TIO. These utility 
values were derived from the ARGON13 trial and were 
based on reported day-to-day symptom utilities according 
to the Asthma Quality of Life Questionnaire (AQLQ). The 

AQLQ is a 32-item asthma-specific questionnaire designed 
to measure functional impairments that are most important 
to patients with asthma.26,27 The overall AQLQ score is 
the mean response to all 32 questions. Changes in scores 
of 0.5 between any two assessments can be considered 
clinically important.28 The AQLQ values from the 
ARGON trial were mapped onto the EQ-5D by using a 
published mapping function by the Sheffield Health 
Economics Group.29 For the analysis comparing IND/ 
GLY/MF with SAL/FLU, the utility values used were 
0.775 for IND/GLY/MF and 0.766 for SAL/FLU. These 
utility values were obtained from the EQ-5D values col-
lected in the IRIDIUM trial.12 These values represent the 
overall utility of patients on each of these treatment 
options at the 52-week time point.

An estimated disutility of −0.1 was associated with 
both OCS burst and ED visit, and a disutility of −0.2 
was associated with hospitalization.30 These disutilities 
were applied to the day-to-day asthma symptoms for 
those with an exacerbation. The duration of the utility 
loss was assumed to be 4 weeks (equal to the cycle 
length), as it may take a patient up to 4 weeks to recover 
from each exacerbation.

Cost Data
All cost inputs are presented in CAD$. Where necessary, 
costs were adjusted to 2020 Canadian dollars using the 
Bank of Canada inflation calculator.31 Drug costs were 
calculated based on the strength and frequency of admin-
istration contained in respective product labeling (Table 2). 

Table 1 Annualized Exacerbation Rates and Proportion of Severe Exacerbations by Resource Utilization

Exacerbation ARGONa IRIDIUMb

Severe exacerbation rates
IND/GLY/MFc 0.36 0.26

SAL/FLUd +TIOe 0.32 NA

SAL/FLUd NA 0.45

Moderate exacerbation ratesf

IND/GLY/MFc 0.34 0.48
SAL/FLUd +TIOe 0.54 NA

SAL/FLUd NA 0.78

Proportion of severe exacerbations by resource 

utilization, %

ICER reportg

OCS burst 90%
ED visit 5%

Hospitalization 5%

Notes: aClinicalTrials.gov: NCT03158311.13 bClinicalTrials.gov: NCT02571777.12 c150/50/160 μg, once daily. d50/500 µg, twice daily. e5 µg, once daily. fModerate 
exacerbation rates include all exacerbations minus severe exacerbations. gInstitute for Clinical and Economic Review.43. 

Abbreviations: ED, emergency department; ICER, Institute for Clinical and Economic Review; IND/GLY/MF, indacaterol acetate/glycopyrronium bromide/mometasone 
furoate; NA, not applicable; OCS, oral corticosteroid; SAL/FLU, salmeterol/ fluticasone; TIO, tiotropium.
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The cost of exacerbations was derived by using the health 
care resource use and associated unit costs as described in 
Tables S-2 and S-3. The cost per exacerbation leading to 
an ED visit was CAD $538.06, leading to hospitalization 
was CAD $4,649.38, and leading to OCS burst was CAD 
$78.07. No additional costs were added for moderate 
exacerbations.

Probabilistic Sensitivity Analyses
Probabilistic analyses were conducted to account for para-
meter uncertainty in the model. As part of the probabilistic 
analyses, Monte Carlo simulations were used to propagate 
uncertainty in the model by sampling the value for each 
input parameter according to its distribution (Tables S-4 
and S-5). A total of 1000 simulations were conducted to 
ensure stability of model parameters.

Scenario Analyses
Scenario analyses were performed by using ARGON trial 
data for a comparison of IND/GLY/MF with SAL/FLU 
+TIO to explore the impact of changes in the discount rate, 
the time horizon, the societal perspective, and discontinua-
tion rates. The reference discount rate in the discount rate 
scenario was changed from 1.5% (base case) to 0% and 
3%. The duration for the time horizon scenario was 10 
years instead of a lifetime (base case), which enabled 
exploration of the impact of extrapolation of downstream 
costs and effects on the results. The societal perspective 
included productivity costs for lost time to participate in 
paid labor for the patients in addition to health care costs. 
The absenteeism-related productivity loss was calculated 
as “productivity loss = proportion of population working × 
percentage of working days lost × average productivity per 

Table 2 Drug Costs

Drug/Brand Pack Size Daily Dose Cost Per Pack, CAD$ Annual Cost, CAD$ Source

IND/GLY/MFa 30 1 $102.82 $1,251.82 Ontario Drug Benefits formulary44

TIOb 60 2 $54.26 $660.62

SAL/FLUc 60 2 $108.09 $1316.00

Notes: a150/50/160 μg, once daily. b5 µg, once daily. c50/500 µg, twice daily. 
Abbreviations: CAD$, Canadian dollars; IND/GLY/MF, mometasone furoate/indacaterol acetate/glycopyrronium bromide; SAL/FLU, salmeterol/fluticasone; TIO, 
tiotropium.

Table 3 Disaggregated Analysis Results

ARGON Trial IRIDIUM Trial

IND/GLY/MFa SAL/FLUb+TIOc IND/GLY/MF SAL/FLUb

Drug cost, CAD$ $30,597 $48,313 $31,271 $32,874

Discounted exacerbation cost, CAD$ $2904 $2594 $2137 $3703

Discounted total cost, CAD$ $33,501 $50,907 $33,408 $36,577

No. of exacerbations per patient
All 17.12 21.01 18.50 30.73

Moderate 8.31 13.17 12.00 19.50
Requiring Hospitalization 0.44 0.39 0.32 0.56

Requiring ED visit 0.44 0.39 0.32 0.56

Requiring OCSs 7.93 7.06 5.85 10.11

Life-years 24.44 24.44 24.98 24.98

QALYs 18.37 18.06 19.33 19.04
Cost-effectiveness status Reference Less costly and more effective Reference Less costly and more effective

Notes: The generic version of SAL/FLU became available in Canada after the analyses were conducted, and therefore the generic cost was not included in this study. a150/ 
50/160 μg, once daily. b50/500 µg, twice daily. c5 µg, once daily. 
Abbreviations: CAD$, Canadian dollars; ED, emergency department; IND/GLY/MF, mometasone furoate/indacaterol acetate/glycopyrronium bromide; OCS, oral 
corticosteroid; QALY, quality-adjusted life-year; SAL/FLU, salmeterol/fluticasone; TIO, tiotropium.
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day worked (mean wage).” The percentage of working 
days lost, measured by using the Work Productivity and 
Activity Impairment Questionnaire in the IRIDIUM trial 
was estimated to be 3.2% for IND/GLY/MF and 3.4% for 
SAL/FLU+TIO, and the average cost per day of work 
missed was estimated to be $225.73. The additional pro-
ductivity loss from “presenteeism” (being less productive 
while at work) was not included in this scenario analysis. 
A scenario analysis was performed to include the impact 
of discontinuation from the initial treatment using data 

from the ARGON trial. A discontinuation rate of 4.60% 
was applied to IND/GLY/MF and 5.70% was applied to 
SAL/FLU+TIO, and, after discontinuation, patients were 
assumed to return to SAL/FLU and therefore incur SAL/ 
FLU efficacy, outcomes, and costs.

Results
Base-Case Analysis
The disaggregated costs and exacerbation outcomes com-
paring IND/GLY/MF with SAL/FLU+TIO based on the 

Figure 2 Cost-effectiveness acceptability curves using data derived from the (A) ARGON and (B) IRIDIUM trials. 
Abbreviations: IND/GLY/MF, mometasone furoate/indacaterol acetate/glycopyrronium bromide; SAL/FLU, salmeterol/fluticasone; TIO, tiotropium.
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ARGON trial and with SAL/FLU based on the IRIDIUM 
trial are presented in Table 3. The total cost of CAD 
$33,501 for IND/GLY/MF was substantially less than the 
total cost for SAL/FLU+TIO of CAD $50,907 over a 
lifetime time horizon. Additionally, the number of severe 
and moderate exacerbations per patient were lower for 
IND/GLY/MF compared with SAL/FLU+TIO (17.12 ver-
sus 21.01 exacerbations) over the lifetime time horizon. 
However, exacerbation costs were more expensive for 
IND/GLY/MF due to higher event rates of severe exacer-
bations. The QALYs were higher for IND/GLY/MF com-
pared with SAL/FLU+TIO (18.37 versus 18.06 QALYs), 
owing to the reduction in exacerbations and its associated 
disutility. In this analysis, IND/GLY/MF was less costly 
and more effective than SAL/FLU+TIO and had an 85.8% 
probability of being cost-effective at a willingness-to-pay 
threshold of CAD $50,000/QALY (Figure 2A).

The disaggregated costs and exacerbation outcomes 
were also lower for IND/GLY/MF when compared with 
SAL/FLU based on IRIDIUM trial data. The total cost of 
CAD $33,408 for IND/GLY/MF was less than the total 
cost for SAL/FLU of CAD $36,577 over a lifetime time 
horizon. The number of exacerbations per patient were 
again lower for IND/GLY/MF compared with SAL/FLU 
(18.50 versus 30.73 exacerbations) over the lifetime time 
horizon, which lowered exacerbation costs for IND/GLY/ 
MF. The QALYs were again higher for IND/GLY/MF 

compared with SAL/FLU (19.33 versus 19.04 QALYs), 
owing to the higher reduction in exacerbations and its 
associated disutility. In this analysis, IND/GLY/MF was 
less costly and more effective than SAL/FLU and had a 
42.7% probability of being cost-effective at a willingness- 
to-pay threshold of CAD $50,000/QALY (Figure 2B). For 
treatments in both trials, there was no difference in the 
life-years, as the age- and gender-related mortality rates 
are the same for all the treatments. Probabilistic scenario 
analyses demonstrated that varying parameters had limited 
impact on the results (Figure 3).

Scenario Analyses
IND/GLY/MF also was less costly and more effective than 
SAL/FLU+TIO in the discount rate, time horizon, societal 
perspective, and discontinuation scenarios (Table 4). When 
the discount rate was changed from 1.5% to 0%, IND/ 
GLY/MF demonstrated lower total costs (CAD $42,805 
versus $65,061) and higher QALYs (23.47 versus 23.08 
QALYs). When the discount rate was changed from 1.5% 
to 3%, IND/GLY/MF demonstrated lower total costs 
(CAD $26,981 versus $40,998) and higher QALYs 
(14.79 versus 14.58 QALYs). When the time horizon 
was changed from lifetime to 10 years, IND/GLY/MF 
demonstrated lower total costs (CAD $13,561 versus 
$20,575) and higher QALYs (7.44 versus 7.32 QALYs). 
When the perspective was changed from publicly funded 

Figure 3 Scatterplot of the probabilistic scenario analyses.
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health care payer to societal, IND/GLY/MF demonstrated 
lower total costs (CAD $61,191 versus $80,403) and 
higher QALYs (18.42 versus 18.08 QALYs). When dis-
continuation was included, IND/GLY/MF demonstrated 
lower total costs (CAD $33,498 versus $50,893) and 
higher QALYs (18.41 versus 18.09 QALYs).

Discussion
This cost-utility study is the first to evaluate the incremen-
tal cost-effectiveness of IND/GLY/MF in the treatment of 
patients with moderate-to-severe asthma not adequately 
controlled with maintenance combination of a LABA and 
a medium- or high-dose ICS using a Canadian publicly 
funded health care payer perspective. In each base-case 
analysis, IND/GLY/MF was less costly and more effective 
than both SAL/FLU+TIO and SAL/FLU. IND/GLY/MF 
also had the highest probability of being cost-effective at 
most willingness-to-pay thresholds compared with SAL/ 
FLU+TIO and SAL/FLU. For each of the four scenario 
analyses conducted using ARGON trial data, IND/GLY/ 
MF still remained the most cost-effective treatment option, 
which provides support to results in the base case.

The base-case model included only direct health care 
costs in order to focus on the publicly funded health care 
payer perspective. Approximately 3% of patients missed 
days of work due to asthma-related symptoms in the 
IRIDIUM trial,12,15 which suggests productivity losses 
due to presenteeism and absenteeism imposed a substantial 

contribution to indirect costs. After absenteeism was incor-
porated into the scenario analysis, IND/GLY/MF contin-
ued to demonstrate lower total costs and higher QALYs 
compared with SAL/FLU+TIO (CAD $61,191 and 18.42 
QALYs versus CAD $80,403 and 18.08 QALYs, 
respectively).

Willson et al32 compared high-dose ICS/LABA with 
add-on TIO versus high-dose ICS/LABA without add-on 
TIO in a cost-effectiveness analysis that used a similar 
model to that used in our analysis. The study population 
were patients whose asthma remained uncontrolled or 
symptomatic despite treatment with high-dose ICS/ 
LABA. As with our base-case analysis, this model did 
not explicitly account for the costs of adverse events or 
loss of productivity. Other inputs and outputs were also 
similar. The effectiveness measure for both models was 
the QALY, which was calculated from HRQoL measures, 
including the EQ-5D. Willson et al32 considered direct 
costs only to the UK National Health Service (NHS), and 
we assessed only costs from a Canadian publicly funded 
health care payer perspective. Compared with high-dose 
ICS/LABA, add-on TIO had an estimated incremental cost 
per QALY of £21,906 over a lifetime horizon. In a sce-
nario analysis, Willson et al32 found their model was 
sensitive to variations in time horizon when the time 
horizon was shortened from a lifetime horizon to 5 years 
or less. In contrast, our base-case analysis using data from 
the IRIDIUM trial estimated that IND/GLY/MF had both 

Table 4 Results of Scenario Analyses Using ARGON Trial Data

Scenario Scenario Analysis Value Treatment Total Costs, CAD$ Total QALYs Sequential ICUR

Discount rate 0% costs and outcomes IND/GLY/MFa $42,805 23.47 –

SAL/FLUb +TIOc $65,061 23.08 Less costly and more effective

3% costs and outcomes IND/GLY/MF $26,981 14.79 –

SAL/FLU+TIO $40,998 14.58 Less costly and more effective

Time horizon 10 years IND/GLY/MF $13,561 7.44 –

SAL/FLU+TIO $20,575 7.32 Less costly and more effective

Perspective Societal IND/GLY/MF $61,191 18.42 –

SAL/FLU+TIO $80,403 18.08 Less costly and more effective

Discontinuation Included IND/GLY/MF $33,498 18.41 –

SAL/FLU+TIO $50,893 18.09 Less costly and more effective

Notes: a150/50/160 μg, once daily. b50/500 µg, twice daily. c5 µg, once daily. 
Abbreviations: ICUR, incremental cost-utility ratio; IND/GLY/MF, mometasone furoate/indacaterol acetate/glycopyrronium bromide; QALY, quality-adjusted life-year; SAL/ 
FLU, salmeterol/fluticasone; TIO, tiotropium.
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higher QALYs and lower costs than SAL/FLU. Also, for 
each of the four scenario analyses conducted using 
ARGON trial data, IND/GLY/MF still remained the most 
cost-effective treatment option, which supports the results 
in the base case.

Although multiple therapies for asthma are available, a 
substantial proportion of patients with moderate-to-severe 
asthma do not have adequate symptom control. Treatment 
nonadherence, the use of multiple inhalers, and critical 
errors in inhaler handling are all associated with uncon-
trolled, moderate-to-severe asthma.33 The probability of 
experiencing exacerbations, the need for emergency care 
and hospitalization, and the negative impact on HRQoL 
are all increased with uncontrolled asthma.34–38 Improving 
treatment adherence could improve asthma control. 
Patients prefer fixed-dose combination inhalers and once- 
daily dosing,39–41 which also help reduce treatment errors. 
Furthermore, a rapid and sustained onset of action could 
encourage patient compliance through early symptom 
relief.42 The majority of marketed LABA/ICS products 
have a twice-daily regimen, which suggests current treat-
ment options are not meeting the preferences of patients 
with uncontrolled, moderate-to-severe asthma.

IND/GLY/MF is the first once-daily, single-inhaler, 
LABA/LAMA/ICS approved for asthma in Canada 
(approved on July 2, 2020). The efficacy of IND/GLY/ 
MF has been supported by two phase 3 trials (IRIDIUM 
and ARGON)12,13 and has a favorable safety and toler-
ability profile compared with SAL/FLU+TIO and SAL/ 
FLU. The economic evaluation presented here uses data 
from these clinical trials to provide further information 
about the cost-effectiveness of using IND/GLY/MF in the 
treatment of uncontrolled, moderate-to-severe asthma.

One limitation of this cost-effectiveness study was the 
extrapolation of 26-week and 1-year trial data used as 
inputs to a lifetime time horizon for the model. However, 
the scenario analysis incorporating a 10-year time horizon 
still found that IND/GLY/MF was less costly and more 
effective than the comparator treatment. Another limitation 
is that cost differences might not be sustained between the 
regimens, although we used the most accurate pricing data 
available at the time of the study. A major strength of this 
model was the incorporation of data from clinical trials to 
inform the utility data inputs.

Conclusions
Treatment with IND/GLY/MF is cost-effective at a will-
ingness-to-pay threshold of CAD $50,000/QALY in 

patients with uncontrolled, moderate-to-severe asthma 
compared with SAL/FLU+TIO or SAL/FLU. 
Furthermore, scenario analyses conducted by varying dif-
ferent parameters confirm these results. The results of this 
study provide a reference for the economic impact of IND/ 
GLY/MF from the publicly funded health payer perspec-
tive in Canada and may be generalizable to other health 
care systems with comparable pricing structures.

Abbreviations
AQLQ, Asthma Quality of Life Questionnaire; CAD$, 
Canadian dollars; ED, emergency department; FLU, fluti-
casone; GLY, glycopyrronium bromide; HRQoL, health- 
related quality of life; ICER, incremental cost-effective-
ness ratio; ICS, inhaled corticosteroid; IND, indacaterol 
acetate; LABA, long-acting beta agonist; LAMA, long- 
acting muscarinic antagonist; MF, mometasone furoate; 
NA, not applicable; NHS, National Health Service; 
NICE, National Institute for Health and Care Excellence; 
OCS, oral corticosteroid; QALY, quality-adjusted life- 
year; SAL, salmeterol; TIO, tiotropium; UK, United 
Kingdom; US, United States.
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