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Purpose: Given between-country differences in healthcare systems, treatment costs, and disease management guidelines, country- 
specific cost-effectiveness analyses are important. This study evaluated the cost-effectiveness of once-daily fluticasone furoate/ 
umeclidinium/vilanterol (FF/UMEC/VI) versus FF/VI and UMEC/VI among patients with symptomatic chronic obstructive pulmonary 
disease (COPD) at risk of exacerbations from a Spanish healthcare system perspective.
Patients and Methods: Baseline data and treatment effects from the IMPACT trial were populated into the validated GALAXY 
COPD progression model. Utilities were estimated using Spanish observational data. Direct healthcare costs (2019 €) were informed 
by Spanish public sources. A 3% discount rate for costs and benefits was applied. The time horizon and treatment duration were 3 
years (base case). One-way sensitivity, scenario, and probabilistic sensitivity analyses were performed.
Results: FF/UMEC/VI treatment resulted in fewer exacerbations over 3 years (4.130 vs 3.648) versus FF/VI, with a mean (95% confidence 
interval [CI]) incremental cost of €444 (€149, €713) per patient and benefit of 0.064 (0.053, 0.076) quality-adjusted life years (QALYs), 
resulting in an incremental cost-effectiveness ratio (ICER) of €6887 per QALY gained. FF/UMEC/VI was a dominant treatment strategy 
versus UMEC/VI, resulting in fewer exacerbations (4.130 vs 3.360), with a mean (95% CI) incremental cost of –€450 (–€844, –€149) and 
benefit of 0.054 (0.043, 0.064) QALYs. FF/UMEC/VI was cost-effective versus FF/VI and UMEC/VI across all analyses.
Conclusion: FF/UMEC/VI was predicted to be a cost-effective treatment option versus FF/VI or UMEC/VI in symptomatic COPD 
patients at risk of exacerbations in Spain, across all scenarios and sensitivity analyses.
Keywords: chronic obstructive pulmonary disease, cost-effectiveness, single-inhaler triple therapy, Spain, triple inhaled therapy

Plain Language Summary
Why was this study done?

● Chronic obstructive pulmonary disease (COPD) is associated with large costs for both the patient and their healthcare systems, 
and these costs differ between countries.

● The goal of this study was to understand the cost-effectiveness of once-daily treatment with fluticasone furoate/umeclidinium/ 
vilanterol (FF/UMEC/VI) compared with FF/VI and UMEC/VI among patients with COPD who experience symptoms and are at 
risk of exacerbations, from a Spanish healthcare system perspective.

What did the researchers do/find?

● Data from the IMPACT trial, which included a Spanish subgroup, and from Spanish public sources and literature were entered 
into the GALAXY COPD progression model.
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● FF/UMEC/VI was cost-effective compared with FF/VI and UMEC/VI across all analyses and improved quality of life.
● Treatment with FF/UMEC/VI resulted in fewer exacerbations over 3 years compared with FF/VI and UMEC/VI, with a small 

additional cost of €444 per patient and an additional saving of €450 per patient, respectively.
● This led to improvements in quality-adjusted life years, whereby incremental cost-effectiveness ratios for FF/UMEC/VI versus 

dual therapies were well below the Spanish willingness-to-pay threshold of €30,000 and remained below this threshold in all 
analyses.

What do these results mean?

● These results show that treatment with FF/UMEC/VI improves patient health outcomes and is a cost-effective treatment option 
in Spain compared with FF/VI or UMEC/VI for patients with COPD experiencing symptoms or who are at risk of exacerbations.

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality worldwide and the fourth most common 
cause of death in Spain.1,2 Healthcare utilization and cost burden associated with COPD are substantial, with severity of 
symptoms and frequency of exacerbations being primary drivers.3,4 The Confronting COPD survey showed that over the 
course of 1 year, Spanish patients with COPD undergo a mean of 5.10 scheduled primary care visits, 1.11 scheduled 
specialist visits, and 1.00 inpatient hospitalizations.5 The cost associated with COPD management in Spain represents 
0.2% of its Gross Domestic Product.6

COPD treatment objectives include reducing symptoms and lowering exacerbation risk.1 Both Spanish guidelines and 
the Global Initiative for COPD (GOLD) report recommend inhaled corticosteroid/long-acting muscarinic antagonist/ 
long-acting β2-agonist (ICS/LAMA/LABA) triple therapy in patients who experience exacerbations or persistent 
symptoms despite ICS/LABA or LAMA/LABA therapy.1,7 The 52-week, Phase III, global IMPACT trial in 10,355 
symptomatic COPD patients at risk of exacerbations demonstrated that once-daily single-inhaler fluticasone furoate/ 
umeclidinium/vilanterol (FF/UMEC/VI) triple therapy reduced moderate/severe exacerbation rates, and improved lung 
function and health-related quality of life (HRQoL) versus once-daily single-inhaler UMEC/VI and FF/VI dual therapy.8

Although the efficacy of triple versus dual therapy for symptomatic COPD patients is well established, its cost- 
effectiveness is an important consideration from a payer perspective. Cost-effectiveness analyses should be country- 
specific given different healthcare systems, costs of treatment, and disease management guidelines between countries. 
A few studies have investigated the cost-effectiveness of dual therapies for COPD in Spain.9–11 Additionally, FF/UMEC/VI 
was shown to reduce healthcare-associated costs and to be cost-effective versus budesonide/formoterol (BUD/FOR) in 
symptomatic COPD patients at risk of exacerbations from the Spanish National Healthcare System perspective, using data 
from the Phase III FULFIL trial.12–14 Nevertheless, data on the cost-effectiveness of single-inhaler ICS/LAMA/LABA triple 
therapy versus ICS/LABA or LAMA/LABA dual therapy in Spain are limited. This study assessed the cost-effectiveness of 
FF/UMEC/VI versus FF/VI and UMEC/VI in patients with symptomatic COPD at risk of exacerbations from a Spanish 
healthcare system perspective, using data from the large-scale IMPACT trial.

Material and Methods
Analysis methods are described below and additional details can be found in the Supplementary Materials and 
Supplementary Figure 1.

Study Design
The validated GALAXY COPD progression model15–17 was used in this analysis, and populated using data from the 
IMPACT trial (study CTT116855, NCT02164513) and from Spanish public sources and literature. Briefly, the GALAXY 
COPD progression model uses limited risk equations which predict status for lung function, exacerbation frequency, 
dyspnea, cough/sputum, exercise capacity, and HRQoL. These equations were developed using data from the Evaluation 
of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study and use covariates from the above 
and other patient characteristics, as well as modifiers reflecting treatment effects, to predict disease progression, HRQoL, 
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and survival, measured as quality-adjusted life years (QALYs) for each treatment.15,18 IMPACT methods and results have 
been previously published.8

Population Characteristics
The analysis population reflected the population of the IMPACT trial, which enrolled 10,355 patients ≥40 years of age 
with symptomatic COPD (COPD Assessment Test [CAT] score ≥10) and post-bronchodilator forced expiratory volume 
in 1 second (FEV1) <50% predicted and ≥1 moderate/severe exacerbations in the prior year, or FEV1 ≥50% to <80% 
predicted and ≥2 moderate exacerbations or ≥1 severe exacerbation in the prior year.8 Baseline characteristics included 
a combination of those from the IMPACT Spanish subgroup (n=499; Table 1) and those from the global intent-to-treat 
(ITT) population, as per a similar FULFIL study analysis.14 The approach was validated by Spanish clinical experts. 
A separate analysis was conducted using baseline characteristics from the overall ITT population only (Supplementary 
Table 1).

Table 1 Model Input Parameters for the Spanish Population of the IMPACT Trial

Spanish Base Case 
Population

Data Source

Baseline demographics and clinical characteristics

Age (years), mean (SD) 66.9 (8.06) IMPACT data for Spain subgroup 
(N=499)a

Female, % 21 IMPACT data for Spain subgroup 
(N=499)a

BMI (kg/m2), % IMPACT data for Spain subgroup 
(N=499)a

<21 7

21–30 58

>30 35

Height (cm), mean (SD) 166.2 (8.18) IMPACT data for Spain subgroup 

(N=499)a

Smoking status (current smokers), % 27 IMPACT data for Spain subgroup 

(N=499)a

Any cardiovascular comorbidity, % 44 IMPACT ITT

Any other comorbidity, % 57 IMPACT ITT

mMRC dyspnea score ≥2, % 37b IMPACT ITT

History of exacerbation, ≥1 moderate or severe in 
past year, %

99.9 IMPACT ITT

Number of exacerbations in previous year, mean (SEc) 1.71 (0.01) IMPACT ITT

Number of severe exacerbations in previous year, mean 0.30 IMPACT ITT

Starting FEV1% predicted, mean (SD) 45.5 (0.15) IMPACT ITT

Starting FEV1, L, mean 1.195 Based on FEV1% reported in IMPACT 
and formulae based on ECLIPSE to 

back-calculate the starting FEV1 value

(Continued)
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Treatment Effects
Treatment effects were based on the IMPACT ITT population (Table 1), and were assumed to begin at the onset of the analysis 
and be maintained as long as patients remained on treatment. Treatment discontinuation rates of 18.3%, 25.2% and 27.3% 
per year for FF/UMEC/VI, FF/VI and for UMEC/VI, respectively, were applied, based on discontinuation rates in the 
IMPACT ITT population.8 Following discontinuation, all patients were assumed to receive subsequent treatment with efficacy 
assumed to be the same as the reference treatment. Based on IMPACT data, all patients (regardless of initial treatment) were 
assumed to receive ICS/LABA (25.1%), ICS/LABA/LAMA (57.9%), LAMA/LABA (10.3%), or LAMA (6.7%).

Utilities
Utility values for each cycle were estimated using a linear regression equation developed using data from a Spanish 
observational study, with EuroQol-5D utility index as the dependent variable,9,15 which was modified for the current 
analysis in two ways: the modelled values for “dyspnea several days per week” and “dyspnea most days per week” were 
used in place of “modified Medical Research Council (mMRC) 2–3” and “mMRC 4”, respectively, and a calibration 
factor was added, consistent with a previous Spanish cost-effectiveness analysis using FULFIL study data.14

Costs
Direct healthcare costs (2019 €) were informed by Spanish public sources as detailed previously.9,14,19 Drug costs 
included initial treatment, subsequent treatment and rescue medication. For a 30-day supply, FF/UMEC/VI (100/62.5/25 
mcg), FF/VI (100/25 mcg) and UMEC/VI (62.5/25 mcg) costs were €83.52, €51.52, and €70.25, equating to €2.78, 
€1.72, and €2.34 daily costs, respectively. Non-drug costs were determined using a health-state costing approach, 
assessing the proportion of patients in each of nine specified health states (based on three lung function and three 
symptom frequency ratings) and applying costs sourced from the literature, adjusted for inflation (Table 2).9,14,20 

Moderate and severe exacerbation events were costed individually.
Drug costs post-discontinuation were calculated as weighted average costs using published prices from the Spanish 

Ministry of Health, Equality and Social Policy catalogue (March 2019), and based on market shares within each subsequent 

Table 1 (Continued). 

Spanish Base Case 
Population

Data Source

Fibrinogen (µg/dL), mean (SE) 486.3 (2.37) Derived from GALAXY risk equation 
using ECLIPSE data

Starting SGRQ total score, mean (95% CI) 44.1 (42.7, 45.5) IMPACT data for Spanish population

6MWD (m), mean (SE) 358.4 (2.74) Derived from GALAXY risk equation 

using ECLIPSE data

Treatment effects IMPACT ITT (N=10,355)

FF/UMEC/VI vs 
FF/VI

FF/UMEC/VI vs 
UMEC/VI

Difference FEV1 incremental change from baseline, mL (95% CI) 97 (85, 109) 54 (39, 69)

Difference SGRQ total score change from baseline (95% CI) –1.8 (–2.4, –1.1)d –1.8 (–2.6, –1.0)d

Moderate exacerbation reduction, rate ratio (95% CI) 0.84 (0.79, 0.90) 0.77 (0.71, 0.84)

Severe exacerbation reduction, rate ratio (95% CI) 0.87 (0.76, 1.01) 0.66 (0.56, 0.78)

Notes: aPatients received FF/UMEC/VI (n=194), FF/VI (n=207) or UMEC/VI (n=98); bapproximated using the proportion of patients with a CAT score ≥21 in 
the IMPACT ITT; cSE assumed to be 10% of mean; dvalues in the table are SGRQ, which is transformed into SGRQ-C in the model by dividing by 0.9. 
Abbreviations: 6MWD, 6-minute walk distance; BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; CI, confidence interval; FEV1, 
forced expiratory volume in 1 second; FF, fluticasone furoate; ITT, intent to treat; mMRC, modified Medical Research Council; SD, standard deviation; SE, standard error; 
SGRQ, St George’s Respiratory Questionnaire; SGRQ-C, St George’s Respiratory Questionnaire for patients with COPD; UMEC, umeclidinium; VI, vilanterol.
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treatment class, with market share data obtained from the Real Life Data, as previously detailed.9,14,19 Estimated daily costs of 
ICS/LABA, ICS/LABA + LAMA, LAMA/LABA, and LAMA as subsequent treatment were €1.56, €2.94, €2.69, and €1.40 
(monthly costs: €46.90, €88.23, €80.81, and €41.93). Rescue medication costs were only applied when patients were on study 
treatment and were calculated based on salbutamol cost (€2.51 per 200 doses of 100 mcg) and observed usage in IMPACT 
(FF/UMEC/VI: 1.75 uses/day, FF/VI: 2.03 uses/day; UMEC/VI: 2.05 uses/day).

Model Outputs
Model outputs included cumulative number of exacerbations, survival (including accumulated life years [LY] and 
QALY), costs (including drug costs and non-drug costs) and incremental cost-effectiveness ratios (ICERs), presented 
as incremental cost per QALY gained.

Base Case, Scenario, and Sensitivity Analyses
The base case time horizon and duration of treatment effect were 3 years to align with prior analyses.9 An annual discount rate 
of 3% was applied to costs and benefits, in line with Spanish guidelines for economic evaluation of health technologies.21 

Analyses were also performed in subgroups based on exacerbation history (≥2 moderate or ≥1 severe or <2 moderate and no 
severe exacerbations in the previous year).

One-way sensitivity and scenario analyses were performed to test the robustness of base case results. A probabilistic 
sensitivity analysis (PSA) was conducted to address the uncertainty in the parameters used within the model by assigning 
distributions to input parameters (Supplementary Table 2) and randomly sampling from these distributions over 5000 Monte 
Carlo simulations. Further details on sensitivity, scenario and PSA analyses can be found in the Supplementary Materials.

Based on Spanish literature, the willingness-to-pay threshold was assumed to be €30,000 per QALY gained.22,23

Results
FF/UMEC/VI vs FF/VI in the Spanish IMPACT Population
Base Case
Over a 3-year time horizon, FF/UMEC/VI was associated with fewer exacerbations and slightly higher total costs per patient 
versus FF/VI, gaining 0.064 QALYs at an additional cost of €444 per patient, resulting in an ICER of €6887 (Table 3).

In patients with ≥2 moderate or ≥1 severe exacerbations in the previous year, FF/UMEC/VI was associated with 
fewer exacerbations and slightly higher total costs per patient versus FF/VI, gaining 0.059 QALYs with an incremental 
cost of €414 per patient, resulting in an ICER of €7017 (Supplementary Table 3). Results were similar for patients with 
<2 moderate and no severe exacerbations in the previous year, with 0.059 QALYs gained and an incremental cost of 
€308 per patient, resulting in an ICER of €5259 (Supplementary Table 3).

Sensitivity, Scenario and Probabilistic Sensitivity Analyses
ICERs with FF/UMEC/VI versus FF/VI remained below the Spanish willingness-to-pay threshold of €30,000 for all 
sensitivity and scenario analyses. Across sensitivity analyses, ICERs ranged from €2780 to €25,534; results were most 
sensitive to changes in duration of treatment effect and exacerbation treatment effects (Figure 1). In scenario analyses, ICERs 
ranged from €3459 to €9135 and were most affected by increasing the time horizon to 25 years and assuming an ongoing 

Table 2 Costs by Health State and Exacerbation Event

Exacerbation Event Costs Annual General Disease Management Costs

Moderate exacerbation 
marginal cost per event

Severe exacerbation 
marginal cost per 

event

With dyspnea 
symptoms most days 

per week

With dyspnea 
symptoms several days 

per week

Without dyspnea 
symptoms

€74.85 €4594.46 €952.46 €720.10 €539.96

Note: Costs were sourced from the literature,9,14,20 inflated to 2019 values, and assumed to be the same irrespective of disease severity, as measured by FEV1% predicted. 
Abbreviation: FEV1, forced expiratory volume in 1 second.
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treatment effect (50% decrease from base case) and estimating utilities from SGRQ-C using the original GALAXY approach 
(33% increase from base case) (Figure 1). The ICER when pneumonia clinical events were included was €7309 (Figure 1).

Across all PSA iterations, FF/UMEC/VI was associated with higher QALYs compared with FF/VI and was more 
costly across most iterations (Figure 2A). The PSA estimated the probability of FF/UMEC/VI being cost-effective versus 
FF/VI to be 100% at a willingness-to-pay threshold of €30,000 per QALY (Figure 2B).

Outputs from the analysis using data from the IMPACT ITT population were consistent with those using data from 
the Spanish IMPACT population (Supplementary Tables 4 and 5).

FF/UMEC/VI vs UMEC/VI in the Spanish IMPACT Population
Base Case
Over a 3-year time horizon, FF/UMEC/VI was a dominant treatment strategy (less costly and more effective) versus 
UMEC/VI, and was associated with fewer moderate or severe exacerbations and slightly lower total costs per patient, 
resulting in 0.054 QALYs gained at a cost saving of €450 per patient (Table 3).

In patients with ≥2 moderate or ≥1 severe exacerbations in the previous year, FF/UMEC/VI was associated with 
fewer exacerbations and lower total costs per patient versus UMEC/VI, resulting in 0.059 QALYs gained with a cost 
saving of €675 per patient and giving a dominant ICER. Patients with <2 moderate and no severe exacerbations in the 

Table 3 Base Case Results with FF/UMEC/VI versus FF/VI and versus UMEC/VI (Spanish 
IMPACT Population)

FF/UMEC/VI vs FF/VI FF/UMEC/VI vs UMEC/VI

FF/UMEC/VI FF/VI FF/UMEC/VI UMEC/VI

Cumulative number of exacerbations (3-year time frame)

Moderate exacerbations 3.061 3.481 2.874 3.481

Severe exacerbations 0.587 0.650 0.485 0.650

Total exacerbations 3.648 4.130 3.360 4.130

Severe exacerbations PPPY 0.207 0.230 0.172 0.230

Total exacerbations PPPY 1.289 1.464 1.187 1.464

Outcomes at the end of the 3-year time frame

LYs (undiscounted) 2.831 2.821 2.829 2.821

QALYs 2.063 1.999 2.053 1.999

Costs per patient at the end of the 3-year time frame

Drug costs €2754 €1990 €2752 €2420

Non-drug costs €5183 €5503 €4720 €5503

Total costs €7937 €7493 €7472 €7923

Incremental results (FF/UMEC/VI vs comparator)

Costs per patient (95% CI)a €444 (€149, €713) –€450 (–€844, –€149)

QALYs (95% CI)a 0.064 (0.053, 0.076) 0.054 (0.043, 0.064)

ICER (€ per QALY gained) (95% CI)a €6887 (€2219, €12,059)b Dominantb

Notes: a95% CI based on 5000 Monte Carlo probabilistic analysis simulations; b95% CI based on upper and lower limits of 
ICERs for each simulation. 
Abbreviations: CI, confidence interval; FF, fluticasone furoate; ICER, incremental cost-effectiveness ratio; LY, life year; 
PPPY, per patient per year; QALYs, quality-adjusted life years; UMEC, umeclidinium; VI, vilanterol.
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previous year were also predicted to experience fewer exacerbations with FF/UMEC/VI versus UMEC/VI, with slightly 
higher total costs per patient, gaining 0.032 QALYs with an incremental cost of €252 per patient, and resulting in an 
ICER of €7817 (Supplementary Table 3).

Scenario, Sensitivity, and Probabilistic Analyses
Across sensitivity and scenario analyses, FF/UMEC/VI was dominant versus UMEC/VI in all but one case (data not 
shown owing to dominant outcome). FF/UMEC/VI was only non-dominant with a 1-year treatment effect, where the 
ICER was €1109, below the Spanish accepted threshold of €30,000 per QALY. FF/UMEC/VI remained dominant versus 
UMEC/VI after the inclusion of pneumonia events.

In the PSA, FF/UMEC/VI was more effective and less costly than UMEC/VI in all iterations (Figure 3). FF/UMEC/VI 
versus UMEC/VI was estimated to be 100% cost-effective across all willingness-to-pay thresholds (data not shown).

Outputs from the analysis using data from the IMPACT ITT population were consistent with those using data from 
the Spanish IMPACT population (Supplementary Tables 4 and 5).

Discussion
In this analysis, FF/UMEC/VI was predicted to reduce moderate and severe exacerbation rates and provide improve-
ments in QALYs over a 3-year time horizon versus FF/VI and UMEC/VI, with either moderate or no cost increment. The 
probability that FF/UMEC/VI would be cost-effective compared with FF/VI or UMEC/VI over the 3-year period was 
100% at a willingness-to-pay threshold of €30,000. As such, FF/UMEC/VI was shown to be a cost-effective treatment 

Figure 1 Sensitivity (A) and scenario (B) analyses for FF/UMEC/VI versus FF/VI in the Spanish IMPACT population. 
Notes: aSensitivity analyses setting the 95% CI for the SGRQ treatment effect to the upper and lower bounds did not alter the base case ICER. Vertical line represents the 
base case. Orange/grey bars represent the ICER per QALY gained for each sensitivity/scenario analysis when the variable is adjusted to the low/high value. 
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; HRQoL, health-related quality of life; ICER, incremental cost- 
effectiveness ratio; QALYs, quality-adjusted life years; SGRQ, St George’s Respiratory Questionnaire; SGRQ-C, St George’s Respiratory Questionnaire for patients with 
chronic obstructive pulmonary disease; UMEC, umeclidinium; VI, vilanterol.
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Figure 2 PSA results FF/UMEC/VI versus FF/VI: (A) incremental cost-effectiveness plane; (B) net benefit acceptability curve (Spanish IMPACT population). 
Abbreviations: FF, fluticasone furoate; QALYs, quality-adjusted life years; UMEC, umeclidinium; VI, vilanterol.
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option in patients with symptomatic COPD at risk of exacerbations from a Spanish healthcare perspective. Results were 
consistent when using baseline data from the ITT population rather than from the subgroup of patients from Spain in 
IMPACT.

As expected, drug costs were higher for FF/UMEC/VI versus FF/VI and UMEC/VI. For FF/VI, these costs were 
partly offset by lower non-drug costs with FF/UMEC/VI, owing to fewer exacerbations and associated hospital stays and 
less time spent in the more costly state with poorer lung function, leading to a relatively small incremental cost of 
€444 per patient over 3 years. Savings in non-drug costs with FF/UMEC/VI versus UMEC/VI led to an overall cost 
saving of €450. Notably, FF/UMEC/VI remained cost-effective across all sensitivity and scenario analyses, demonstrat-
ing the robustness of the results across the range of values, accounting for uncertainty in factors that may contribute to 
treatment effectiveness and/or costs.

Importantly, FF/UMEC/VI remained cost-effective versus dual therapy across exacerbation frequency subgroups, 
indicating consistent benefits in patients with a range of exacerbation histories as found in real-world populations. The 
highest ICER (€7817) was seen for FF/UMEC/VI versus UMEC/VI in patients with <2 moderate and no severe 
exacerbations in the prior year, with a gain of 0.032 QALYs at an incremental cost of €252. The lowest ICER, which 
was dominant, was seen in patients with ≥2 moderate or ≥1 severe exacerbation. This suggests that previous exacerbation 
history, and thus risk of further exacerbations, is a factor in the degree of benefit from escalation to triple therapy. 
Nonetheless, the ICER remained well below the willingness-to-pay threshold of €30,000 and FF/UMEC/VI can therefore 
be considered cost-effective in both subgroups versus UMEC/VI. Interestingly, the ICER for FF/UMEC/VI versus FF/VI 
was lower in patients with a history of less frequent exacerbations, seemingly driven by a greater between-treatment 
difference in non-drug costs. However, as for the other treatment comparison, ICERs in both subgroups remained below 
the willingness-to-pay threshold for FF/UMEC/VI versus FF/VI.

ICERs in all analyses were below the commonly used Spanish threshold of cost-effectiveness for chronic medicines 
of €30,000–€45,000 per QALY gained.23 More recently, it has been suggested that this threshold should vary between 
€25,000 and €60,000, depending on the disease.24 With just one exception, all ICERs suggest that FF/UMEC/VI would 
still be cost-effective if the threshold was reduced to €25,000 per QALY gained. In the sensitivity analysis in which the 
duration of FF/UMEC/VI treatment effect was adjusted to 1 year (for a 3-year time horizon analysis), there was 
a substantial increase in ICER versus base case (FF/UMEC/VI vs FF/VI: from €6887 to €25,534; FF/UMEC/VI vs 

Figure 3 PSA results incremental cost-effectiveness plane for FF/UMEC/VI versus UMEC/VI (Spanish IMPACT population). 
Abbreviations: FF, fluticasone furoate; QALYs, quality-adjusted life years; UMEC, umeclidinium; VI, vilanterol.
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UMEC/VI: from dominant to €1109). UPLIFT study data have shown that LAMA treatment effects were maintained over 
a 4-year period; therefore, it is likely that the duration of FF/UMEC/VI treatment effect would last beyond 1 year if 
patients continued their treatment.25 Adjusting the FEV1 treatment effect to the upper and lower 95% CI values had 
minimal impact. However, the ICER for FF/UMEC/VI versus FF/VI was sensitive to changes in exacerbation risk (range: 
€2780 to €13,419), indicating that exacerbation treatment effects were important value drivers. This is unsurprising since 
exacerbations are known drivers of costs associated with COPD.3,4 Only small increases in ICERs were seen when 
pneumonia events were included, with ICER remaining well below the Spanish willingness-to-pay threshold.

These results are consistent with a Spanish cost-effectiveness analysis of the FULFIL study, which also used the 
GALAXY model and demonstrated the cost-effectiveness of FF/UMEC/VI versus BUD/FOR in a population represen-
tative of Spanish symptomatic COPD patients at risk of exacerbations, with an ICER of €642 per QALY.13,14 Results are 
also consistent with a Canadian cost-effectiveness analysis based on IMPACT data that demonstrated the cost- 
effectiveness of FF/UMEC/VI versus FF/VI and UMEC/VI (ICERs: C$18,989 and C$13,776 per QALY, respectively, 
against a Canadian willingness-to-pay threshold of C$50,000 per QALY).26 Owing to the unique nature of each country’s 
healthcare system, country-specific analyses are necessary, and the present results confirm the cost-effectiveness of FF/ 
UMEC/VI versus FF/VI or UMEC/VI from a Spanish perspective.

COPD economic models are often based around disease attributes such as predicted FEV1.27,28 By accounting for 
treatment effects on a broader range of COPD parameters, and their ongoing inter-relatedness over time, the validated 
GALAXY model better reflects the multifactorial nature of COPD.15,29,30 Furthermore, use of data from the 52-week 
IMPACT trial provided a strong basis for extrapolation of treatment effects beyond the first year, based on the cycle 
length of 1 year used in the GALAXY model. However, there are some study limitations to consider. Pneumonia events 
are not explicitly modelled, although a scenario analysis was included in which the cost and utility impact of pneumonia 
events were accounted for separately. Furthermore, impact of single versus multiple inhalers on cost-effectiveness could 
not be evaluated due to the IMPACT trial design, as the ELLIPTA inhaler was used to administer all three treatments. 
Ease of inhaler use has been identified as a key patient preference in COPD, which may improve treatment compliance; 
thus, the type of inhaler is an important factor in the assessment of cost-effectiveness and should be included in future 
analyses.31 Finally, this analysis was designed to compare triple therapy with dual therapy as a reference. While 
differences in exacerbation rates for FF/VI versus UMEC/VI were observed in the IMPACT trial,8,32 a direct comparison 
between these two therapies based on absolute treatment effects was not conducted.

One of the strengths of the GALAXY model is that it uses a wide range of patient baseline characteristics to parameterize 
the modelled target population, thus maximizing the information upon which long-term disease progression is predicted. 
However, this potentially becomes a limitation when the full set of baseline parameters are not available for the population of 
interest. In IMPACT, baseline fibrinogen, 6MWD, and mMRC data were not available, and were either predicted by risk 
equations or derived from analogous data. Importantly, the proportion of patients with mMRC score ≥2 was estimated based 
on the proportion of patients with a CAT score ≥21 in the IMPACT ITT population. However, there is evidence to show that 
the correlation between CAT and mMRC score may be variable, with a weak relationship between the constructs measured.33 

As such, an analysis in which the proportion of patients with an mMRC score ≥2 has been accurately measured would be 
beneficial to further validate results. Nevertheless, while these data are assumed to be important clinical factors in the 
GALAXY model, the resulting ICER is not necessarily sensitive to variations in these assumptions. Finally, while these 
results are consistent with those seen in other countries, healthcare systems, costs of treatment, and disease management 
guidelines differ between countries, therefore, the results of this analysis may not be generalizable outside of Spain.

Conclusion
In conclusion, FF/UMEC/VI versus FF/VI or UMEC/VI reduced exacerbations and increased QALYs gained, with 
a moderate or no cost increment. ICERs for FF/UMEC/VI versus dual therapies were well below the Spanish will-
ingness-to-pay threshold of €30,000 and remained below this threshold in all sensitivity and scenario analyses. Overall, 
these results show that FF/UMEC/VI delivers improvements in health outcomes relative to UMEC/VI and FF/VI and is 
a cost-effective treatment option in Spain for symptomatic COPD patients at risk of exacerbations.
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Abbreviations
BUD, budesonide; CAT, COPD Assessment Test; CI, confidence interval; FEV1, forced expiratory volume in 1 second; 
FF, fluticasone furoate; FOR, formoterol; GOLD, Global Initiative for COPD; ICER, incremental cost-effectiveness ratio; 
ICS, inhaled corticosteroid; ITT, intent-to-treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antago-
nist; LY, life years; mMRC, modified Medical Research Council; PSA, probabilistic sensitivity analysis; QALY, quality- 
adjusted life years; UMEC, umeclidinium; VI, vilanterol.
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