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Purpose: The 24-week INTREPID trial demonstrated the clinical benefits of once-daily single-inhaler triple therapy (SITT) with 
fluticasone furoate, umeclidinium, and vilanterol (FF/UMEC/VI) versus non-ELLIPTA multiple-inhaler triple therapy (MITT) in patients 
with symptomatic chronic obstructive pulmonary disease (COPD). This analysis assessed the cost-effectiveness of FF/UMEC/VI versus 
non-ELLIPTA MITT for the treatment of symptomatic COPD from a United Kingdom (UK) National Health Service (NHS) perspective.
Patients and Methods: The analysis was conducted using the validated GALAXY COPD disease progression model. Baseline 
characteristics, treatment effect parameters (forced expiratory volume in 1 second and St. George’s Respiratory Questionnaire score 
[derived from exploratory COPD Assessment Test score mapping]), and discontinuation data from INTREPID were used to populate 
the model. UK healthcare resource and drug costs (2020 British pounds) were applied, and costs and outcomes were discounted at 
3.5%. Analyses were conducted over a lifetime horizon from a UK NHS perspective. Model outputs included exacerbation rates, total 
costs, life years (LYs), quality-adjusted LYs (QALYs) and incremental cost-effectiveness ratio per QALY. Sensitivity analyses were 
conducted to assess the robustness of the results by varying parameter values and assumptions.
Results: Over a lifetime horizon, FF/UMEC/VI provided an additional 0.174 (95% confidence interval [CI]: 0.024, 0.344) 
LYs (approximately 2 months), and 0.253 (95% CI: 0.167, 0.346) QALYs (approximately 3 months), at a cost saving of 
£1764 (95% CI: −£2600, −£678) per patient, compared with non-ELLIPTA MITT. FF/UMEC/VI remained the dominant 
treatment option, meaning greater benefits at lower costs, across all scenario and sensitivity analyses.
Conclusion: Based on this analysis, in a UK setting, FF/UMEC/VI would improve health outcomes and reduce costs compared with 
non-ELLIPTA MITT for the treatment of patients with symptomatic COPD. SITT may help to reduce the clinical and economic 
burden of COPD and should be considered by physicians as a preferred treatment option.
Keywords: chronic obstructive pulmonary disease, cost-effectiveness, health technology assessment, pragmatic, real-world, triple 
therapy

Introduction
Chronic obstructive pulmonary disease (COPD) is associated with a substantial economic burden, making it one of the 
most costly inpatient conditions treated by the United Kingdom National Health Service (UK NHS).1 In 2017, the total 
cost to the healthcare system was estimated to be £1.9 billion.2 Pharmacological management of chronic, stable COPD 
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primarily aims to improve symptoms and quality of life, optimize lung function, reduce exacerbations, and improve 
exercise tolerance.3 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) and the National Institute for 
Health and Care Excellence (NICE) clinical guidelines provide pharmacologic treatment algorithms for patients with 
COPD based on their symptoms and exacerbation history.3,4

Current GOLD guidelines recommend initial COPD maintenance therapy with a long-acting muscarinic antagonist 
(LAMA) or a long-acting β2-agonist (LABA). For patients who continue to experience symptoms despite initial 
maintenance therapy, an escalation to dual therapy (LAMA+LABA or LABA with an inhaled corticosteroid [ICS]) is 
suggested. A further escalation to triple therapy (LAMA+LABA+ICS) is recommended for patients who continue to 
experience symptoms or have a high risk of exacerbation, despite receiving dual therapy.3 Current NICE guidelines 
advise an escalation to dual therapy (LAMA+LABA or LABA+ICS) for patients with COPD who remain symptomatic 
despite initial treatment with a short-acting bronchodilator. A further escalation to triple therapy is then recommended for 
patients receiving LABA+ICS whose symptoms continue to adversely impact their quality of life, or for patients taking 
either LABA+ICS or LAMA+LABA who experience a severe exacerbation (requiring hospitalization) or ≥2 moderate 
exacerbations within 1 year.4

Triple therapy has previously required the use of multiple inhalers; however, multiple inhaler use is associated with 
poorer persistence and adherence, and an increased potential for critical inhaler errors compared with the use of single 
inhalers.5–7 Poor treatment adherence and errors in inhalation technique are associated with increased exacerbations, 
more hospitalizations, and higher healthcare costs in patients with COPD.8–11

In 2017, single-inhaler triple therapy (SITT) with fluticasone furoate, umeclidinium, and vilanterol (FF/UMEC/VI; 
GSK, Brentford, Middlesex, UK) was approved for the long-term maintenance treatment of patients with COPD in the 
UK. Patients treated with FF/UMEC/VI in a randomized controlled trial (RCT) had fewer moderate or severe exacer-
bations compared with patients receiving dual therapy with FF/VI, UMEC/VI, or budesonide/formoterol.12,13

Whilst RCTs are crucial in demonstrating initial efficacy and safety of a drug, real-world pragmatic study designs are 
important for evaluating the effectiveness of a drug in usual clinical practice.14 The controlled environment of 
a traditional RCT can help limit variability between groups and reduce confounding; however, patients are more likely 
to be adherent to their medication, because of monitoring, and have better control over comorbid conditions, potentially 
limiting the generalizability of the results in a real-world setting.14 Many RCTs also include comparator therapies 
representing different treatment steps or pharmacological regimens; in practice, a direct comparison between similar 
treatment regimens may be more relevant.

The pragmatic INTREPID trial investigated the clinical benefits of once-daily FF/UMEC/VI (100/62.5/25 μg) delivered 
using a single ELLIPTA™ (GSK, Brentford, Middlesex, UK) inhaler versus continuing therapy with non-ELLIPTA 
multiple-inhaler triple therapy (MITT) for patients with symptomatic COPD in usual clinical practice.15 Over a 24-week 
period, FF/UMEC/VI resulted in greater improvements in health status and lung function versus non-ELLIPTA MITT.

Previous economic analyses have found FF/UMEC/VI to be a cost-effective option versus dual therapies.16–19 

However, these studies were performed using data obtained from a more strictly defined patient population (ie more 
stringent inclusion criteria regarding disease severity) and in a more controlled setting (ie data collected from traditional 
RCTs). Therefore, although the internal validity of the result is high, application to the real-world patient population is 
more limited. The pragmatic INTREPID trial, whilst randomized, included a wider variety of patients to reflect the 
general COPD population and there were minimal interventions in addition to usual care.

The objective of this analysis was to assess the cost-effectiveness of FF/UMEC/VI single ELLIPTA inhaler therapy 
compared with non-ELLIPTA MITT for the treatment of symptomatic COPD patients with a history of exacerbation 
from a UK NHS perspective in a real-world setting, using data from the INTREPID trial.

Materials and Methods
Study Design
The analysis was conducted using the validated GALAXY COPD disease progression model,20–23 adapted using patient 
characteristics and treatment effects from the INTREPID study and UK resource utilization and healthcare costs. The 
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GALAXY model uses linked risk equations to model associations between patient characteristics, treatment effects, progression, 
and outcomes.21

Model Inputs
The clinical data used in the model were based upon INTREPID trial data (ClinicalTrials.gov identifier: NCT03467425). 
Details of the INTREPID study design, patient population, and results have been published previously.15,24 In brief, the study 
enrolled patients requiring triple therapy aged ≥40 years with a physician-confirmed diagnosis of COPD, a COPD Assessment 
Test (CAT) score of ≥10 at screening, and who had previously received non-ELLIPTA MITT or dual therapy with ICS/LABA, 
or LAMA/LABA as maintenance therapy continually for ≥16 weeks prior to randomization. Eligible patients also had 
a history of ≥1 COPD exacerbation requiring treatment with systemic or oral corticosteroids, antibiotics, and/or hospitalization 
in the 3 years prior to randomization. Patients were studied over 24 weeks and had only two mandated study visits: the first for 
screening/randomization and the second at the end of the study (week 24). The primary endpoint of INTREPID was the 
proportion of CAT responders (≥2-unit decrease in CAT score from baseline) at week 24.

Baseline covariates required by the GALAXY model are shown in Table 1. Pooled baseline characteristics from the 
intent-to-treat (ITT) population of INTREPID were used in the model. Characteristics of the ITT population at baseline 
are shown in Table S1. The mean age of the population was 67.8 years, 46.5% of patients were female, and 76.6% had 
experienced ≥1 moderate or severe exacerbation in the previous 12 months. Baseline forced expiratory volume in 1 
second (FEV1)% predicted was 54.1%.

Treatment effect parameters included in the model were change from baseline in FEV1, absolute change from baseline 
in SGRQ score, and discontinuation data (for the first year only). As 52-week discontinuation data were not available 
from INTREPID (which was a 24-week study), 24-week discontinuation data (18.64% vs 12.15% for the FF/UMEC/VI 

Table 1 Model Inputs for Patient Characteristics (ITT Population, INTREPID Trial)

Parameter Pooled Characteristics (n=3092)

Age, years, mean (SD) 67.8 (8.7)

Female sex, n (%) 46.5

BMI low, % 10.1

BMI medium, % 56.9

BMI high, % 33.0

Any cardiovascular comorbidity, % 45.5

Any other comorbidity, % 27.1

History of exacerbation (≥1), % 76.6

mMRC score ≥2, % 46.6

Current smokers, % 35.0

Height, cm, mean (SD) 168.2 (9.3)

Number of exacerbations in the previous year, mean 1.50

Number of moderate exacerbations in the previous year, mean 1.30

Number of severe exacerbations in the previous year, mean 0.20

Starting SGRQ score, mean 54.9

Starting FEV1% predicted, mean (SD) 54.1 (18.53)

Abbreviations: BMI, body mass index; cm, centimeter; FEV1, forced expiratory volume in 1 second; ITT, intent-to-treat; 
mMRC, modified Medical Research Council; SD, standard deviation; SGRQ, St George’s Respiratory Questionnaire.
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and non-ELLIPTA MITT cohorts, respectively) were applied for the first year. In the model, patients who discontinued 
their initial treatment (FF/UMEC/VI or non-ELLIPTA MITT) switched to alternate maintenance treatment combinations. 
Treatment effect parameters observed in the INTREPID trial and used in the model are shown in Table 2. For baseline 
parameters that were not available directly from INTREPID trial data (fibrinogen level, modified Medical Research 
Council [mMRC] dyspnea scale score, SGRQ score, and 6-minute walk test [6MWT] score), estimates were made using 
risk equations or analogous data collected in the trial, as has been done previously (Appendix S1).16,17 SGRQ scores 
were not collected in the INTREPID trial; for the base-case analysis, exploratory regression equations were used to 
convert INTREPID trial-observed CAT scores into SGRQ scores using data from the IMPACT trial25 (ClinicalTrials.gov 
identifier: NCT02164513; Appendix S1, Table S2).

Model Assumptions
It was assumed that the INTREPID trial population was representative of the UK COPD population likely to receive 
triple therapy in routine clinical practice. Treatment effect was considered to remain constant over time while patients 
were still receiving FF/UMEC/VI treatment, and the efficacy of subsequent treatment (for patients who discontinued their 
initial treatment) was assumed to be the same as that of the reference treatment (non-ELLIPTA MITT) for the remaining 
duration of the analysis. In the base-case, treatment discontinuation after the first year was assumed to be 0% for both 
treatment arms (different assumptions were tested in scenario analyses). Finally, as the INTREPID study was not 
designed to investigate whether SITT was associated with a decreased exacerbation rate versus MITT, the model efficacy 
input for relative risk of moderate and severe exacerbation reductions was set to parity (ie the model assumed no 
difference between treatment arms for moderate and severe exacerbation treatment effects at the starting point). 
Therefore, any predicted effects on exacerbations are an indirect effect of differences in treatment effect (change in 
FEV1 and SGRQ score) between the two arms over time. This conservative assumption was validated by clinical experts.

Utilities
Quality-adjusted life years (QALYs) were calculated by translating predicted SGRQ scores to a utility value for each 
cycle, using a published, validated algorithm.26 Incremental cost-effectiveness ratios (ICERs) were calculated by dividing 
incremental costs by incremental QALYs.

Table 2 Treatment Effects Observed in the INTREPID Trial (at 24 Weeks)

FF/UMEC/VI  
(n=1545)

Non-ELLIPTA MITT  
(n=1547)

Health status
CAT score, mean (SD) 18.0 (7.98) 19.1 (7.89)
CAT score, CFB, mean (SD) −2.8 (6.31) −1.3 (6.05)

CAT respondersa, n (%) 731 (47) 616 (40)

FF/UMEC/VI vs non-ELLIPTA MITT responders OR (95% CI); p value 1.31 (1.13, 1.51); <0.001
Mean CAT score difference (95% CI); p value −1.40 (−1.80, −1.00); <0.001

FF/UMEC/VI vs non-ELLIPTA MITT calculated SGRQ score, difference in CFB −1.76

Lung functionb n=301 n=292

Adjusted mean trough FEV1, L (SE) 1.50 (0.02) 1.45 (0.02)

Adjusted mean trough FEV1 CFB, L (SE) 0.10 (0.02) 0.05 (0.02)
FF/UMEC/VI vs non-ELLIPTA MITT mean difference CFB, L (95% CI); p value 0.05 (0.01, 0.10); 0.017

Notes: a≥2-unit decrease in CAT score from baseline; bDue to the sample size required, spirometry data were only collected in a subset of patients, which in turn minimized 
the disruption to usual care. Trough FEV1 was a further subset, as spirometry data were not required to be trough in the INTREPID trial. 
Abbreviations: CAT, COPD Assessment Test; CFB, change from baseline; CI, confidence interval; FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; L, 
liter; MITT, multiple inhaler triple therapy; OR, odds ratio; SD, standard deviation; SE, standard error; SGRQ, St. George’s Respiratory Questionnaire; UMEC, umeclidinium; 
VI, vilanterol.

https://doi.org/10.2147/COPD.S370577                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 2748

Halpin et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=370577.docx
https://www.dovepress.com/get_supplementary_file.php?f=370577.docx
https://www.dovepress.com/get_supplementary_file.php?f=370577.docx
https://www.dovepress.com
https://www.dovepress.com


Costs
UK healthcare resource utilization and drug costs were applied, and costs and outcomes were discounted at 3.5%. The daily 
weighted average cost of subsequent therapy for FF/UMEC/VI and non-ELLIPTA MITT was based on the re-normalized 
percentage of patients receiving each class of treatment (Table S3). Medication costs were obtained from the British National 
Formulary27 and are shown in Table S4. Weighted average MITT costs were calculated using market data for the three most 
commonly prescribed ICS/LABA and LAMA drugs in the UK. For healthcare costs, three health states were defined, based on 
three categories of COPD severity defined by lung function (moderate to severe [FEV1% predicted 80–50%], severe [FEV1% 
predicted <50% to 30%], and very severe [FEV1% predicted <30%]). The model calculated the proportion of the cohort in 
each health state in each cycle and appropriate annual costs were applied. Events (moderate and severe exacerbations) were 
costed individually (Table S5). Health state and exacerbation costs were sourced from literature and publicly available data. 
Resource utilization estimates and unit costs for health care items in each health state were obtained from a published NICE 
economic model report.28 Resource use costs were inflated to 2020 values using Consumer Price Index data obtained from the 
Office of National Statistics.29

Analyses
Analyses were conducted over a lifetime horizon and from a UK NHS perspective in accordance with NICE guidance.30 

Model outputs included disaggregated direct costs for maintenance and exacerbation (COPD medications and non-drug 
costs), total direct costs, cumulative total exacerbations (moderate and severe), average annual exacerbations per patient 
per year, total life years (LYs) gained, and total QALYs gained.

Scenario Analyses
Scenario analyses were performed to examine the impact of assumptions, and model settings on the base-case results. 
Scenario analyses included patient loss of productivity incurred by sick leave, estimated as the gross lost value during 
time absent from usual activities (although a patient may be unemployed or retired, they may still be unable to carry out 
usual activities and may need to hire help); the use of alternative time horizons (5 years and 10 years); the use of 
discounted rates for costs and benefits (0% and 5%); exclusion of treatment discontinuation rates in the first year; 
treatment discontinuation rates for subsequent years were the same as those in the first year (18.64% and 12.15% for the 
FF/UMEC/VI and non-ELLIPTA MITT cohorts, respectively); and the use of other slopes and intercept values for 
regression equations to convert CAT scores into SGRQ scores (eg exploratory regression equations derived using 
FULFIL trial data; Appendix S1).

Sensitivity Analyses
Sensitivity analyses were conducted to assess the robustness of the results by varying parameter values and assump-
tions. One-way sensitivity analyses were conducted on baseline covariate values that were not available from 
INTREPID (fibrinogen level, 6MWT, mMRC dyspnea scale score, and SGRQ score) and FF/UMEC/VI treatment 
effects (difference in change from baseline in FEV1 and SGRQ; Appendix S1, Table S6). Probabilistic sensitivity 
analyses examined the impact of uncertainty around input parameters. These were conducted with random sampling 
from distributions assigned to input parameters over 5000 Monte Carlo simulations. Input parameters were risk 
equation coefficients, incremental change from baseline in FEV1, difference in change from baseline in SGRQ score, 
proportion of patients discontinuing treatment in the first and subsequent years, and the distribution of subsequent 
treatments after discontinuation. Risk equation coefficients were included in the probabilistic analysis via Cholesky 
decomposition.

Results
Base-Case Analyses
Over a lifetime horizon, FF/UMEC/VI provided an additional 0.174 LYs (95% confidence interval [CI]: 0.024, 0.344), 
and 0.253 QALYs (95% CI: 0.167, 0.346), at a cost saving of £1764 (95% CI: −£2600, −£678) per patient (Table 3). This 
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was a result of both lower drug costs (incremental: −£902), and lower non-drug costs (ie lower healthcare resource 
utilization; incremental: −£862) with FF/UMEC/VI compared with MITT. Hence, FF/UMEC/VI was the dominant 
treatment option. The model suggested that patients receiving FF/UMEC/VI would have a numerically lower exacerba-
tion rate compared with those receiving MITT over a lifetime, but the difference between the two treatment groups was 
extremely small (−0.063).

Scenario Analyses
FF/UMEC/VI remained the dominant treatment option (greater benefits at lower cost) compared with non-ELLIPTA MITT 
across all scenario analyses (Table 4). Cost savings were highest (−£2108) for the scenario in which treatment discontinua-
tion was excluded, and lowest (−£1006) for the scenario in which 24-week treatment discontinuation data were applied for 
the first and subsequent years. Incremental cost savings using a 5-year and 10-year time horizon were −£1438 and −£1728, 
respectively (base-case: −£1764).

Sensitivity Analyses
FF/UMEC/VI was the dominant treatment option across all sensitivity analyses (Table S7). Cost savings were highest (−£2097) 
when FEV1 upper CI was used in the one-way sensitivity analyses, and cost savings were lowest (−£1374) when baseline SGRQ 
was increased by 25% relative to the base-case value.

Probabilistic Sensitivity Analyses
FF/UMEC/VI was less costly across all simulations and remained dominant (showed higher QALYs) across the majority 
of the simulations (99% of 5000 simulations; Figure 1). The net benefit acceptability curve demonstrated that at 
a willingness to pay a threshold of £20,000 per QALY, the probability that FF/UMEC/VI was cost-effective was 
100% (Figure 2).

Discussion
This analysis demonstrated that SITT with FF/UMEC/VI is associated with an improvement in QALYs, together with 
lower drug costs, compared with MITT in patients with COPD experiencing symptoms and exacerbations despite MITT 

Table 3 Base-Case Results (FF/UMEC/VI versus Non-ELLIPTA MITT)

Deterministic (Lifetime) FF/UMEC/VI Non-ELLIPTA 
MITT

Incremental, Mean 
(95% CI)

Cumulative number of exacerbations over 
timeframe

Moderate 8.783 8.777 0.006
Severe 2.720 2.789 –0.069

Total 11.504 11.567 –0.063

Severe exacerbations PPPY 0.302 0.316 –0.014
Total exacerbations PPPY 1.278 1.311 –0.032

Outcome at end of timeframe
Accumulated LYs (undiscounted) 9.000 8.825 0.174 (0.024, 0.344)

Accumulated QALYs 4.382 4.129 0.253 (0.167, 0.346)
ICER (QALY) Dominant

Costs at end of timeframe
Accumulated total costs £13,031 £14,795 –£1764 (–£2600, –£678)

Drug costs £4221 £5123 –£902

Total non-drug costs £8810 £9672 –£862

Abbreviations: CI, confidence interval; FF, fluticasone furoate; ICER, incremental cost-effectiveness ratio; LY, life year; MITT; multiple-inhaler 
triple therapy; PPPY, per person per year; QALY, quality-adjusted life year; UMEC, umeclidinium; VI, vilanterol.
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or dual therapy, using UK resource and cost data. ICERs for the base-case, sensitivity, and scenario analyses were 
dominant (greater benefit and lower costs) for FF/UMEC/VI, strongly suggesting that it is a cost-effective treatment 
option compared with MITT for symptomatic COPD patients with a history of exacerbation.

The cost savings observed with FF/UMEC/VI in this analysis are in part attributed to lower drug unit costs, as well as 
lower healthcare resource utilization, which is an effect of the long-term benefit of FF/UMEC/VI on change from 
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Figure 1 Incremental cost-effectiveness plane (FF/UMEC/VI versus non-ELLIPTA MITT). 
Notes: The red dot represents the mean ICER. 
Abbreviations: FF, fluticasone furoate; ICER, incremental cost-effectiveness ratio; MITT, multiple-inhaler triple therapy; QALY, quality-adjustedlife year; UMEC, umeclidinium; 
VI, vilanterol.

Table 4 Scenario Analyses (FF/UMEC/VI versus Non-ELLIPTA MITT)

Scenario Incremental 
LYs

Incremental 
QALYs

Incremental 
Costs

ICER/ 
QALY

Base-case 0.174 0.253 –£1764 Dominant

Time horizon 5 years 0.017 0.112 –£1438 Dominant

Time horizon 10 years 0.073 0.195 –£1728 Dominant

Discount rate 0% 0.174 0.315 –£1991 Dominant

Discount rate 5% 0.174 0.233 –£1679 Dominant

Discontinuation in first and subsequent years 0.060 0.124 –£1006 Dominant

Discontinuation excluded 0.214 0.308 –£2108 Dominant

Include patient productivity costs 0.174 0.253 –£1896 Dominant

Regression for CAT/SGRQ conversion based on IMPACT baseline and 
change from baseline

0.174 0.202 –£1764 Dominant

Regression for CAT/SGRQ conversion based on FULFIL baseline 0.173 0.263 –£1760 Dominant

Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FF, fluticasone furoate; ICER, incremental cost-effectiveness ratio; 
LY, life year; MITT; multiple-inhaler triple therapy; QALY, quality-adjusted life year; SGRQ, St. George’s Respiratory Questionnaire; UMEC, umeclidinium; VI, vilanterol.
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baseline in FEV1 and SGRQ score (ie reduced costs due to fewer exacerbations and symptoms). FF/UMEC/VI has been 
shown in previous economic analyses to be a cost-effective option compared with dual therapies in patients with 
COPD.16–19 The question remains whether delivering triple therapy via a single inhaler may be more effective or cost- 
effective than delivering via multiple inhalers.

Previous studies have reported that critical inhalation errors are more likely among patients receiving MITT compared with 
patients receiving SITT,6 and that multiple-inhaler therapy is associated with poorer treatment adherence and persistence 
compared with single-inhaler therapy.5 Therefore, simplification of treatment regimen for patients with COPD would be 
expected to result in improved health outcomes and lower health costs.9–11 In an effectiveness study comparing treatment with 
FF/VI via an ELLIPTA inhaler versus continuing treatment with existing therapy, FF/VI was associated with reduced rates of 
moderate-to-severe exacerbations, improved health status, and reduced costs compared with usual care as part of the Salford 
Lung Study.31 This study set the standard for future pragmatic trials such as INTREPID.14

The use of data from the pragmatic INTREPID trial is a major strength of this cost-effectiveness analysis. Pragmatic 
study designs allow the participation of a broader range of patients, including those who would often be excluded from 
traditional RCTs, as well as minimizing study interventions that could influence patients’ behavior. The results are 
therefore expected to be more representative of the patient population and treatment effects commonly encountered in 
real-world practice and have a wider applicability in a routine clinical setting. Of note, pneumonia events were not 
considered in this analysis. The rates of pneumonia reported in INTREPID were low and were comparable between 
treatment arms (approximately 2% per arm). Therefore, the inclusion of pneumonia-associated costs would not result in 
any significant incremental cost difference. Further to this, all patients in INTREPID received ICS therapy; as ICS 
therapy is associated with an increased risk of pneumonia,32 inclusion of pneumonia events would be most relevant in 
analyses comparing treatment regimens with and without an ICS.

This analysis assumed no reduction in exacerbation rate with SITT, which may have underestimated the clinical 
benefit of SITT. If SITT does have a beneficial effect on exacerbation compared with MITT, then the cost-effectiveness 
of SITT would be greater than observed. As exacerbations and hospitalizations are major cost drivers in COPD, the lack 
of exacerbation data due to the short follow-up is a limitation of the current analysis. This analysis does have some 
further limitations that should be considered. First, some input data required by the model were not collected in the 
INTREPID trial and instead were estimated from risk equations/analogous data. However, one-way sensitivity analyses 
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Figure 2 Net benefit acceptability curve (FF/UMEC/VI versus non-ELLIPTA MITT). 
Abbreviations: FF, fluticasone furoate; MITT, multiple-inhaler triple therapy; UMEC, umeclidinium; VI, vilanterol.
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exploring a range of values for these estimated parameters did not affect the conclusions of the analysis. SGRQ scores 
were not available from INTREPID trial data and were instead predicted from CAT scores by exploratory regression 
equations developed using baseline data from the IMPACT trial. In sensitivity analyses using SGRQ scores predicted 
from CAT scores by exploratory regression equations developed using FULFIL trial data, and also in analyses varying 
input SGRQ score plus and minus 25% relative to the base-case, FF/UMEC/VI remained the dominant treatment option, 
corroborating this approach. Discontinuation data at 52 weeks were not available as INTREPID was a 24-week trial. 
Therefore, 24-week discontinuation data were used at the end of the first year. Discontinuation rates were highest during 
the first 8 weeks of the INTREPID trial and therefore we believe this approach was acceptable Sensitivity analyses of 
discontinuation data demonstrated that ICERs did not differ significantly from the base-case results. Finally, data 
collected from different countries were pooled to generate the group means in the model. It is possible that there may 
have been differences between different countries or health systems, although this limitation is common to such analyses.

Conclusions
According to the GALAXY COPD model in a UK setting, SITT with FF/UMEC/VI would improve health outcomes and 
reduce costs compared with non-ELLIPTA MITT for the treatment of symptomatic COPD patients with a history of 
exacerbation. Therefore, SITT may help to reduce the clinical and economic burden of COPD from a UK NHS 
perspective and should be considered by physicians as a preferred treatment option.

Abbreviations
µg, microgram; 6MWT, 6-minute walk test; BMI, body mass index; CAT, COPD Assessment Test; CI, confidence 
interval; cm, centimeter; COPD, chronic obstructive pulmonary disease; dL, deciliter; FEV1, forced expiratory volume in 
1 second; FF, fluticasone furoate; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICER, incremental cost- 
effectiveness ratio; ICS, inhaled corticosteroid; ITT, intent-to-treat; L, liter; LABA, long-acting β2-agonist; LAMA, long- 
acting muscarinic antagonist; LY, life year; m, meter; MITT, multiple-inhaler triple therapy; mL, milliliter; mMRC, modified 
Medical Research Council; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; OR, odds 
ratio; PPPY, per person per year; QALY, quality-adjusted life year; RCT, randomized controlled trial; SD, standard deviation; 
SE, standard error; SGRQ, St George’s Respiratory Questionnaire; SITT, single-inhaler triple therapy; UK, United Kingdom; 
UMEC, umeclidinium; VI, vilanterol.

Data Sharing Statement
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