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Introduction: Dual bronchodilators are recommended as maintenance treatment for patients 
with symptomatic COPD in the UK; further evidence is needed to evaluate cost-effectiveness 
versus monotherapy. Cost-effectiveness of umeclidinium/vilanterol versus umeclidinium and 
salmeterol from a UK healthcare perspective in patients without exacerbations in the 
previous year was assessed using post hoc EMAX trial data.
Methods: The validated GALAXY model was populated with baseline characteristics and 
treatment effects from the non-exacerbating subgroup of the symptomatic EMAX population 
(COPD assessment test score ≥10) and 2020 UK healthcare and drug costs. Outputs included 
estimated exacerbation rates, costs, life-years (LYs), and quality-adjusted LYs (QALYs); 
incremental cost-effectiveness ratio (ICER) was calculated as incremental cost/QALY 
gained. The base case (probabilistic model) used a 10-year time horizon, assumed no 
treatment discontinuation, and discounted future costs and QALYs by 3.5% annually. 
Sensitivity and scenario analyses assessed robustness of model results.
Results: Umeclidinium/vilanterol treatment was dominant versus umeclidinium and salmeterol, 
providing an additional 0.090 LYs (95% range: 0.035, 0.158) and 0.055 QALYs (−0.059, 0.168) 
with total cost savings of £690 (£231, £1306) versus umeclidinium, and 0.174 LYs (0.076, 0.286) 
and 0.204 QALYs (0.079, 0.326) with savings of £1336 (£1006, £2032) versus salmeterol. In 
scenario and sensitivity analyses, umeclidinium/vilanterol was dominant versus umeclidinium 
except over a 5-year time horizon (more QALYs at higher total cost; ICER=£4/QALY gained) 
and at the lowest estimate of the St George’s Respiratory Questionnaire treatment effect (fewer 
QALYs at lower total cost; ICER=£12,284/QALY gained); umeclidinium/vilanterol was con-
sistently dominant versus salmeterol. At willingness-to-pay threshold of £20,000/QALY, prob-
ability that umeclidinium/vilanterol was cost-effective in this non-exacerbating subgroup was 
95% versus umeclidinium and 100% versus salmeterol.
Conclusion: Based on model predictions from a UK perspective, symptomatic patients with 
COPD and no exacerbations in the prior year receiving umeclidinium/vilanterol are expected 
to have better outcomes at lower costs versus umeclidinium and salmeterol.
Keywords: COPD treatment, cost-effectiveness, umeclidinium, salmeterol, umeclidinium/ 
vilanterol

Plain Language Summary
Treatment of patients with chronic obstructive pulmonary disease (COPD) is expensive and uses 
extensive healthcare resources. UK clinical guidelines recommend a combination of two types of 
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long-term bronchodilator medications for many patients with 
COPD. More evidence is needed to show that this is more cost- 
effective than treatment with one bronchodilator. We analyzed data 
from the 6-month EMAX clinical trial in patients who were not 
using a steroid inhaler. EMAX compared the benefits of two 
bronchodilators combined in a single inhaler, umeclidinium and 
vilanterol, with a single bronchodilator (either umeclidinium or 
salmeterol). We evaluated which treatment was likely to be more 
cost-effective over 10 years using a validated risk equation model, 
which predicts how patients with COPD respond to different treat-
ments over time. We looked at patients who did not have any 
exacerbations in the year before the EMAX trial. Bronchodilator 
medications are recommended for these patients, who are at lower 
risk of future exacerbations than patients who have had recent 
exacerbations. Our analysis predicted that patients treated with 
umeclidinium/vilanterol were likely to live longer and have better 
quality of life compared with umeclidinium or salmeterol alone. 
Even though umeclidinium/vilanterol is more expensive, it was 
predicted to reduce overall costs compared with umeclidinium or 
salmeterol by lowering healthcare costs such as hospitalizations. 
This suggests that treatment with two bronchodilators might pro-
vide better outcomes for patients with no exacerbations in the 
prior year, and reduce the overall costs of treatment compared 
with one bronchodilator. An infographic summary is shown in 
Figure 1.

Introduction
Patients with chronic obstructive pulmonary disease 
(COPD) experience significant morbidity and mortality, 
significant healthcare resource utilization (HRU), and 
high treatment costs.1–3 COPD is associated with 
a significant economic burden that persists despite the 
availability of effective maintenance treatment; in the 
UK, COPD was linked to total annual average societal 
costs exceeding $18,000 per patient in 2012–134 and 
total costs to the healthcare service of £1.9 billion in 
2014.5

The American Thoracic Society recommends dual therapy 
with long-acting bronchodilators (long-acting muscarinic 
antagonist/long-acting β2-agonist [LAMA/LABA]) over 
LABA or LAMA monotherapy as initial maintenance therapy 
for all patients with COPD with dyspnea or exercise 
intolerance.6 Similarly, the UK National Institute of Health 
and Care Excellence (NICE) recommends LAMA/LABA as 
initial maintenance therapy for patients with COPD who have 
persistent symptoms or exacerbations despite short-acting 
bronchodilators and appropriate non-pharmacological 
management.7 Meta-analyses of clinical trial data have 
shown significantly better treatment outcomes for patients 

with COPD receiving dual long-acting bronchodilator therapy 
compared with monotherapy, with a similar safety profile.8,9 

Consistent with this, the 24-week, multicenter, randomized, 
double-blind, double-dummy, parallel-group Early 
MAXimization of bronchodilation for improving COPD sta-
bility (EMAX) trial demonstrated improved lung function and 
symptoms in symptomatic patients with COPD at low risk of 
exacerbation not receiving inhaled corticosteroids (ICS) who 
received treatment with umeclidinium/vilanterol (UMEC/VI) 
compared with UMEC or salmeterol (SAL).10 These data 
suggest that dual bronchodilator therapy may be the optimal 
treatment for symptomatic patients with COPD who are at low 
risk for exacerbations. However, further evidence is needed to 
evaluate the cost-effectiveness of maintenance therapy with 
dual bronchodilators compared with monotherapy from a UK 
perspective.

This analysis used data from the EMAX trial10 and the 
existing validated GALAXY COPD model11–13 to assess 
the cost-effectiveness of UMEC/VI compared with UMEC 
and SAL from a UK healthcare perspective in patients 
without exacerbations in the previous 12 months. While 
patients with high baseline exacerbation risk may be 
expected to gain greater benefit from ICS-containing 
therapy,14 the subgroup with no exacerbations in the 
prior year was selected for this analysis because dual 
bronchodilator therapy is often recommended in sympto-
matic patients at low risk of future exacerbations,6,7,14 who 
represent almost one-third of patients with COPD who 
present for treatment.15 Furthermore, patients with no 
exacerbations in the prior year are at lower risk of future 
exacerbations than those with one exacerbation in the 
prior year,16 but many eventually experience moderate 
and severe exacerbations and mortality when long-term 
health outcomes are assessed up to 10 years.16,17 

Therefore, it is of particular interest to demonstrate for 
payers the potential cost-effectiveness of dual bronchodi-
lator treatment in patients who are not currently 
exacerbating.

Methods
Cost-Effectiveness Model
This analysis used the published and validated GALAXY 
COPD disease progression model.11–13 The GALAXY 
model was developed using data from a large patient 
cohort in the Evaluation of COPD Longitudinally to 
Identify Predictive Surrogate Endpoints (ECLIPSE) 
study18,19 to quantify the relationships between disease 
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parameters and clinical outcomes using linked risk 
equations.11,20 The model is populated with data on patient 
characteristics and treatment effects, and the risk equations 
predict changes in patients’ disease state over time, such as 
lung function decline, incidence of exacerbations, dete-
rioration in symptoms, and exercise capacity. Based on 
these predicted disease states, treatment differences in 
health outcomes (survival and quality of life [QoL]) and 
costs can be predicted. A schematic of the GALAXY 
model has been published previously11,21 and is shown in 
Supplementary Figure S1.

In this analysis, the GALAXY model was populated 
with patient characteristics and treatment effects from the 
EMAX trial and UK healthcare cost data.

Model Inputs
The model inputs are shown in Table 1. The design and 
findings of the EMAX trial have been published 
previously.10 The EMAX trial was conducted in accordance 
with the principles of the 1964 Declaration of Helsinki and its 
later amendments, and received appropriate ethical approval 

Treatment of patients with chronic obstructive pulmonary disease (COPD)
is expensive and uses a lot of healthcare resources. More evidence

is needed to find out which treatments are cost-effective.

We analyzed data from the 6-month EMAX clinical trial in
patients with COPD who had uncontrolled symptoms, low
risk of exacerbations, and were not using a steroid inhaler.

We used a model called GALAXY to predict outcomes for these
patients over 10 years, based on the clinical trial data.

We aimed to find out whether umeclidinium/vilanterol was likely to be more
cost-effective than umeclidinium or salmeterol from a UK perspective, 
based on the model predictions.

versus

Umeclidinium/Vilanterol

Patients may live longer
(Additional life-years)

Patients may have
better quality of life

(Additional quality-adjusted life-years)

Treatment costs
may be lower

(Overall cost savings per patient)

We looked at a subgroup of patients with no
exacerbations in the year before the trial
(84% of the overall population).

0.090
(0.035,
0.158)

0.055
(−0.059,
0.168)

£690
(£231,
£1306)

0.174
(0.076,
0.268)

0.204
(0.079,
0.326)

£1336
(£1006,
£2032)

SalmeterolUmeclidinium

$

Figure 1 Infographic summary of the study background and base case results.
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Table 1 Model Inputs

Parameter Overall Input Value for Subgroup with No Exacerbations in 
Prior 12 Months (N = 2032)

Source

Demographics and baseline characteristics (pooled across treatment arms)

Female, % 40 EMAX trial dataa

Age, years, mean (SD) 64.6 (8.4) EMAX trial dataa

BMI, %

Low (<21) 9.7 EMAX trial dataa

Medium (21–30) 58.0 EMAX trial dataa

High (>30) 32.3 EMAX trial dataa

Any CV comorbidity, % 45 EMAX trial dataa

Any other comorbidity, % 55 EMAX trial dataa

mMRC score ≥2, % 40 EMAX trial data (assumed 

same as CAT score ≥21)22

Current smoker, % 51 EMAX trial dataa

Height, cm, mean (SD) 169.5 (9.5) EMAX trial dataa

Fibrinogen, μg/dL, mean (SD) 453.4 (104.7) Predicted from risk 
equation11

Exacerbations in prior year, mean 0 Subgroup definition

Baseline SGRQ score, mean (SD) 44.72 (16.16) EMAX trial dataa

Baseline FEV1% predicted, mean (SD) 55.7 (12.8) EMAX trial dataa

6MWD, m, mean (SD) 385.3 (121.4) Predicted from risk 

equation11

Treatment Effects UMEC/VI 
(n = 689)

UMEC (n = 680) SAL (n = 663)

Trough FEV1 at Week 24, mL (95% CI)

LS mean CFB 128 (111, 145) 58 (40, 76) −9 (−27, 9) EMAX trial data

UMEC/VI vs comparator mean difference – 70 (45, 95) 
P<0.001

137 (112, 162) 
P<0.001

EMAX trial data

SGRQ scoreb at Week 24 (95% CI)
LS mean CFB −5.12 (−6.08, −4.16) −5.02 (−6.02, −4.02) −3.68 (−4.69, −2.68) EMAX trial dataa

UMEC/VI vs comparator mean difference – −0.10 (−1.49, 1.29) 

P=0.888

−1.44 (−2.83, −0.05) 

P=0.043

EMAX trial dataa

Moderate and severe exacerbation 

reduction rate
UMEC/VI vs comparator relative risk 1.0 1.0 Assumption

Drug Costs per Day, 2020 £ UMEC/VI UMEC SAL

Base case 1.08 0.92 0.81c Supplementary Table S3

Scenario: SAL price (branded formulations 

for an effective dose of 50 µg)

1.08 0.92 1.02d Supplementary Table S3

(Continued)
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Table 1 (Continued). 

Scenario: SAL price (50 µg formulation) 1.08 0.92 1.17e Supplementary Table S3

Healthcare Costs per Year or per 
Exacerbation, 2020 £

Overall Input Value

COPD severity (FEV1% predicted)

Moderate to severe (50–80%) 267 Supplementary Table S6

Severe (30–<50%) 831 Supplementary Table S6
Very severe (<30%) 2376 Supplementary Table S6

Exacerbation
Moderate 644 Supplementary Table S6

Severe 6929 Supplementary Table S6

Rescue Medication Costs UMEC/VI UMEC SAL

Salbutamol inhalations/day, mean 1.56 1.84 1.77 EMAX trial dataa

Overall Input Value

Salbutamol cost per inhalation, 2020 £ 0.06 BNF 202034

Treatment Discontinuation, % 
(Scenario Analyses)

UMEC/VI UMEC SAL

Base case, probability of discontinuation in 

all years

0 0 0 Assumption

Scenario: Discontinuation in first year only, 

no discontinuation in subsequent years

Probability of discontinuation in first year 13 19 16 Assumption (based on 
EMAX trial data at Week 24)

Probability of discontinuation in 

subsequent years

0 0 0 Assumption

Scenario: Equal rate of discontinuation in 

first and subsequent years
Probability of discontinuation in first year 13 19 16 Assumption (based on 

EMAX trial data at Week 24)

Probability of discontinuation in 
subsequent years

13 19 16 Assumption (equal to 
first year)

Subsequent Treatment Costs per day, 
2020 £ (Scenario Analyses)

Weighted average cost 1.28 1.05 1.03 Supplementary Table S5

Patient Productivity Costs (Scenario 
Analyses)

Mean duration of exacerbation, days (SE)

Moderate 12.2 (0.12) IMPACT trial dataa

Severe 13.4 (0.30) IMPACT trial dataa

Average UK earnings per day, 2020 £ 106.06 ONS, May 202035

Notes: aData not previously published. bConverted to SGRQ-C score using a revised version of the SGRQ questionnaire and scoring system as previously described.20,36 

cBase case analysis (weighted average cost across branded and generic formulations) for an effective dose of 50 μg. dScenario analysis of weighted average of only branded 
products for an effective dose of 50 μg. eScenario analysis of 50 μg formulation only. 
Abbreviations: 6MWD, 6-minute walk distance; BMI, body-mass index; BNF, British National Formulary; CAT, COPD Assessment Test; CFB, change from baseline; CI, 
confidence interval; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; FEV1, forced expiratory volume in 1 second; LS, least squares; mMRC, modified 
Medical Research Council dyspnea scale; ONS, Office for National Statistics; SAL, salmeterol; SD, standard deviation; SE, standard error; SGRQ, St George’s Respiratory 
Questionnaire; UMEC, umeclidinium; VI, vilanterol.
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(Supplementary Table S1). Patients provided written informed 
consent at the Pre-screening or Screening visit.

Patient Population
Patients were eligible to participate in the EMAX trial if 
they had experienced ≤1 moderate and no severe COPD 
exacerbations in the year prior to the trial, had a pre- and 
post-salbutamol forced expiratory volume in 1 second 
(FEV1)/forced vital capacity ratio of <0.7, post- 
salbutamol FEV1 of ≥30 to ≤80% predicted, and had 
a COPD Assessment Test (CAT) score of ≥10; full elig-
ibility criteria have been published previously.10 This ana-
lysis was performed using data from a post hoc analysis in 
the subgroup of patients without any exacerbations in the 
prior year, unless otherwise stated.

Baseline characteristics were similar across treatment 
arms (Supplementary Table S2), so pooled data across 
treatment arms was used to populate the model for each 
comparator. As such, all treatment groups had the same 
starting values for baseline characteristics.

The GALAXY model includes baseline values for 
some parameters that were not assessed in the EMAX 
trial, including modified Medical Research Council 
(mMRC) dyspnea scale, 6-minute walk distance 
(6MWD), and fibrinogen, so estimated values were used 
for these parameters. The proportion of patients with 
mMRC score ≥2 was assumed to be the same as the 
proportion of patients with CAT score ≥21, based on 
a previous evaluation of equivalence between these 
scales.22 Plasma fibrinogen and 6MWD values were pre-
dicted using a risk equation developed using data from 
ECLIPSE, as previously described.11,20,21

Treatment Effects
Treatment effects at 24 weeks for UMEC/VI versus each 
comparator (UMEC and SAL) in the subgroup of patients 
with no history of moderate exacerbations in the prior year 
were used in the model. Treatment effects beyond the end 
of the trial are unknown, so were assumed to continue 
until treatment discontinuation. Treatment effects are 
incorporated in the model as the incremental effect of 
UMEC/VI versus UMEC and SAL, as reference treat-
ments, and so the predicted outcomes are the same for 
both UMEC and SAL. Because exacerbation rate was not 
an endpoint in the EMAX trial, relative rate reduction for 
exacerbations with UMEC/VI versus UMEC and SAL was 
set to 1 at the beginning of the modeling period (ie, it was 

assumed that there was no difference in the effect of 
treatment on exacerbation risk between treatment arms). 
This means that any reduction in exacerbations in later 
model cycles was due to the linked effects of improve-
ments in lung function and reduced symptoms.

Since improvement in FEV1 is a predictor of other 
effects in the model, including St George’s Respiratory 
Questionnaire (SGRQ), the magnitude of these treatment 
effects was adjusted to avoid double-counting or under- 
prediction. The FEV1 treatment effect was entered into the 
model first, followed by SGRQ treatment effects.

Discontinuation was not included in the base case 
because the EMAX trial protocol required that treatment 
was discontinued in patients experiencing >1 moderate or 
≥1 severe exacerbation, making discontinuation rates dif-
ficult to interpret for economic analysis. In scenario ana-
lyses, discontinuation rates at Week 24 of the EMAX trial 
were used for the first year (since 1-year data were not 
available), and for subsequent years discontinuation rates 
were assumed to be either 0% or equal to the first year 
(Table 1).

Utilities
In each model cycle, annual model-predicted SGRQ 
scores were translated to EuroQol-5 Dimensions 3 Level 
(EQ-5D-3L) index scores using a published, validated 
algorithm.23

Costs
Drug costs were calculated based on dose, pack size, and 
cost per pack (Supplementary Table S3). For SAL, the cost 
per day in the base case was the weighted average across 
branded and generic formulations, based on UK market 
share (Supplementary Table S4).

Subsequent treatment costs were estimated (as no data 
on subsequent treatment was available from EMAX) and 
included in scenario analyses only. All patients who dis-
continued treatment were assumed to receive subsequent 
treatment with a specified medication class contingent 
upon the reason for discontinuation and original treatment 
(Supplementary Table S5). Efficacy of the treatment 
received after discontinuation was assumed to be the 
same as that of the original treatment (UMEC/VI, 
UMEC, or SAL) for the remaining duration of the analy-
sis. Subsequent treatment costs were calculated based on 
the assumed treatment and published drug costs, weighted 
by UK market share for each medication class.
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Healthcare costs were applied to health states and 
events (Supplementary Table S6). Based on the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
classification of airflow limitation severity,14 three health 
states were defined for costing purposes based on percent 
predicted FEV1: moderate to severe (50–<80%), severe 
(30–<50%), and very severe (<30%). The appropriate 
annual costs were applied according to predicted health 
state occupancy for each model cycle. Events included 
moderate and severe exacerbations, and were costed indi-
vidually. Additional drug treatments for moderate exacer-
bations outside of physician encounters were included 
(Supplementary Table S7); the net cost was £9.14 per 
moderate exacerbation. Treatment costs for use of salbu-
tamol as rescue medication were also included in the 
analysis.

Productivity costs (for scenario analysis) were calcu-
lated based on the mean duration of moderate and severe 
exacerbations in the IMPACT trial (assumed to be equal to 
the number of days absent from usual activities; IMPACT 
trial data, not previously published) and average UK earn-
ings per day (Table 1).

Base Case Settings and Assumptions
For the base case analysis, a 10-year time horizon was 
used, and a 3.5% annual discount rate was applied for 
costs and benefits beyond the first year, in accordance 
with NICE methodological guidelines.24 It was assumed 
that the EMAX trial population was representative of the 
UK population with COPD who are likely to receive 
UMEC/VI, UMEC, or SAL; that treatment effects were 
persistent at a constant rate for all patients receiving 
UMEC/VI; and that there was no treatment discontinua-
tion. Patient productivity costs were excluded.

Model Outputs
The model outputs were disaggregated direct costs (includ-
ing COPD medications and non-drug costs), total direct 
costs, total moderate and severe exacerbations, the propor-
tion of patients surviving, total life-years (LY) gained, and 
total quality-adjusted LYs (QALY) gained. Incremental cost- 
effectiveness ratios (ICER) were calculated as the ratio of 
incremental costs to incremental QALYs.

Scenario and Sensitivity Analyses
Scenario analyses were conducted to examine the impact 
of alternative model settings or assumptions. These 
included alternative time horizons (5 years and lifetime) 

and discount rates (0 and 5%), treatment discontinua-
tion, alternative drug costs for SAL (weighted mean 
across branded products only, and costs for the 50 μg 
formulation only to align with the dose used in EMAX; 
Table 1), baseline characteristics and treatment effects 
from the EMAX intent-to-treat (ITT) population 
(Supplementary Table S8), and alternate health state 
and exacerbation event costs used in the economic eva-
luation of COPD maintenance treatments supporting the 
NICE guideline.25

One-way sensitivity analyses were conducted to test 
the robustness of the base case findings to alternate values 
for baseline covariate values that were not available in the 
EMAX data and for treatment effects. For the predicted 
fibrinogen and 6MWD values, corresponding data from 
ECLIPSE were used to approximate the 95% confidence 
interval (CI), and the upper and lower limits were used. 
For mMRC dyspnea score, it was not possible to approx-
imate a 95% CI, so ±25% limits were used. Treatment 
effects were varied to the upper and lower limits of the 
95% CI from the EMAX trial data.

Probabilistic analyses were conducted to address 
uncertainty in the input values, by assigning distribu-
tions to the input parameters and randomly sampling 
from these distributions over 5000 Monte Carlo 
simulations.

Results
Patient Population
Of the 2425 patients included in the EMAX ITT 
population,10 2032 (84%) had no exacerbations in the 
prior year. In the subgroup with no exacerbations in the 
prior year, the mean CAT score at screening was 19.3 and 
baseline patient characteristics were similar between treat-
ment arms (Supplementary Table S2).

Base Case
Based on the model predictions over a 10-year time horizon, 
UMEC/VI was the dominant treatment versus UMEC, pro-
viding an additional 0.090 LYs (95% range: 0.035, 0.158) 
and 0.055 QALYs (95% range: −0.059, 0.168) (Table 2) in 
the subgroup of patients with no exacerbations in the 
prior year. Patients receiving UMEC/VI were predicted to 
have fewer total moderate and severe exacerbations (−0.023; 
4% reduction) and severe exacerbations (−0.009; 8% reduc-
tion), and the proportion of patients surviving was 1.9% 
greater at the end of the time horizon, compared with those 
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receiving UMEC. UMEC/VI provided overall cost savings 
of £690 (95% range: £231, £1306) per patient compared with 
UMEC; drug costs were higher for UMEC/VI (incremental 
difference: £416), but were offset by a larger reduction in 
non-drug costs, comprising exacerbation and maintenance 
costs (incremental difference: −£1106).

UMEC/VI was also the dominant treatment option versus 
SAL, with the model predicting an additional 0.174 LYs (95% 
range: 0.076, 0.286) and 0.204 QALYs (95% range: 0.079, 
0.326) in the subgroup of patients with no exacerbations in the 
prior year (Table 2), fewer total moderate and severe exacer-
bations (−0.044; 8% reduction) and severe exacerbations 
(−0.017; 14% reduction), and a 3.8% increase in the proportion 
of patients surviving at the end of the time horizon. UMEC/VI 
provided overall cost savings of £1336 (95% range: £1006, 
£2032) per patient compared with SAL; drug costs were higher 
for UMEC/VI (incremental difference: £719), but were com-
pensated by a larger reduction in exacerbation and mainte-
nance costs (incremental difference: −£2054).

Scenario and Sensitivity Analyses
UMEC/VI was the dominant treatment option compared 
with UMEC and SAL across all scenario analyses 

(Table 3). The greatest cost savings with UMEC/VI were 
observed versus UMEC where patient productivity costs 
were included (−£853), and versus SAL where the cost of 
the 50 μg formulation was used (−£2252). A small incre-
mental increase in costs was seen for UMEC/VI versus 
UMEC when the time horizon was reduced to 5 years 
resulting in an ICER of £4 per QALY. Results from sce-
narios where discontinuation was included were consistent 
with the base case versus both UMEC and SAL.

UMEC/VI was the dominant treatment option com-
pared with SAL across all sensitivity analyses, and com-
pared with UMEC for all but the sensitivity analysis using 
the upper CI of SGRQ treatment effect (ie, the lowest 
estimate of treatment effect on SGRQ with UMEC/VI vs 
UMEC) as the input value (Table 3). In that analysis, 
UMEC/VI showed fewer QALYs and lower costs versus 
UMEC, with an ICER of £12,284 per QALY.

In the probabilistic analyses, UMEC/VI was consis-
tently less costly compared with UMEC across all itera-
tions and showed higher QALYs in 82% of iterations 
(Figure 2A); compared with SAL, UMEC/VI was less 
costly and provided more QALYs in 99% of iterations 
(Figure 2B). At a willingness-to-pay threshold of 

Table 2 Cumulative and Incremental Predicted Outcomes for UMEC/VI versus UMEC and SAL Over a 10-Year Horizon

UMEC/VI UMEC UMEC/VI vs UMEC 
Incremental Difference

UMEC/VI SAL UMEC/VI vs SAL 
Incremental Difference

Cumulative exacerbations

Moderate 3.691 3.762 −0.071 3.622 3.762 −0.140

Severe 0.889 0.954 −0.064 0.831 0.954 −0.122
PPPY 0.109 0.119 −0.009 0.101 0.119 −0.017

Total 4.580 4.716 −0.136 4.453 4.716 −0.263

PPPY 0.563 0.586 −0.023 0.542 0.586 −0.044

Health outcomes
Survival at end of time horizon, % 55.3 53.4 1.9 57.1 53.4 3.8

Accumulated LYs (undiscounted) 8.136 8.046 0.090 8.219 8.046 0.174

Accumulated QALYs 4.844 4.789 0.055 4.993 4.789 0.204

Costs

Accumulated total costs, £ 13,160 13,850 −690 12,240 13,575 −1336
Drug costs 3086 2670 416 3114 2396 719

Non-drug costs 10,074 11,180 −1106 9125 11,180 −2054

Incremental results, mean (95% range)

Costs, £ −690 (−1306, −231) −1336 (−2032, −1006)

LYs 0.090 (0.035, 0.158) 0.174 (0.076, 0.286)
QALYs 0.055 (−0.059, 0.168) 0.204 (0.079, 0.326)

ICER/QALY Dominant Dominant

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life-year; PPPY, per-patient per-year; QALY, quality-adjusted life-year; SAL, salmeterol; UMEC, umeclidinium; 
VI, vilanterol.
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Table 3 Scenario and Sensitivity Analyses

Scenario Analyses UMEC/VI vs UMEC UMEC/VI vs SAL

LYs QALYs Costs ICER/ 

QALY

LYs QALYs Costs ICER/ 

QALY

5-year time horizon 0.019 0.015 £0 £4 0.035 0.086 −£44 Dominant

Lifetime horizon 0.321 0.133 −£504 Dominant 0.641 0.394 −£947 Dominant

0% discount rate 0.090 0.068 −£831 Dominant 0.174 0.243 −£1654 Dominant

5% discount rate 0.090 0.050 −£639 Dominant 0.174 0.190 −£1222 Dominant

Discontinuation in first year only 0.090 0.055 −£684 Dominant 0.174 0.204 −£1359 Dominant

Discontinuation in first and subsequent years 0.090 0.055 −£663 Dominant 0.174 0.204 −£1403 Dominant

Patient productivity costs included 0.090 0.055 −£853 Dominant 0.174 0.204 −£1651 Dominant

SAL price (weighted average of branded formulations) - - - - 0.174 0.204 −£1857 Dominant

SAL price (50 µg formulation only) - - - - 0.174 0.204 −£2252 Dominant

ITT data 0.087 0.026 −£787 Dominant 0.182 0.228 −£1866 Dominant

Alternate health state and exacerbation event costs 0.090 0.055 -£539 Dominant 0.174 0.204 −£1035 Dominant

Sensitivity Analyses Base Case 

Value

Analysis 

Value

LYs QALYs Costs ICER/ 

QALY

LYs QALYs Costs ICER/ 

QALY

Fibrinogen lower CI (ECLIPSE data) 453.4 448.7 0.090 0.055 −£692 Dominant 0.172 0.203 −£1339 Dominant

Fibrinogen upper CI (ECLIPSE data) 453.4 458.0 0.091 0.055 −£1105 Dominant 0.175 0.204 −£1749 Dominant

6MWD lower CI (ECLIPSE data) 385.3 379.9 0.090 0.055 −£1107 Dominant 0.174 0.204 −£1751 Dominant

6MWD upper CI (ECLIPSE data) 385.3 390.7 0.090 0.055 −£691 Dominant 0.174 0.204 −£1337 Dominant

mMRC −25% 39.9% 29.9% 0.089 0.054 −£696 Dominant 0.172 0.203 −£1349 Dominant

mMRC +25% 39.9% 49.9% 0.091 0.055 −£1100 Dominant 0.176 0.204 −£1739 Dominant

FEV1 lower CI 70 45 0.058 0.038 −£221 Dominant 0.143 0.187 −£934 Dominant

FEV1 upper CI 70 95 0.122 0.071 −£1125 Dominant 0.204 0.220 −£1707 Dominant

SGRQ lower CIa −0.11 −1.66 0.090 0.163 −£690 Dominant 0.174 0.310 −£1336 Dominant

SGRQ upper CIa −0.11 1.43 0.090 −0.056 −£690 £12,284 0.174 0.095 −£1336 Dominant

Notes: aConverted to SGRQ-C score using a revised version of the SGRQ questionnaire and scoring system as previously described.20,36 

Abbreviations: 6MWD, 6-minute walk distance; CI, confidence interval; FEV1, forced expiratory volume in 1 second; ICER, incremental cost-effectiveness ratio; ITT, intent-to-treat; LY, 
life-year; mMRC, modified Medical Research Council dyspnea scale; QALY, quality-adjusted life-year; SAL, salmeterol; SGRQ, St George’s Respiratory Questionnaire; UMEC, 
umeclidinium; VI, vilanterol.
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Figure 2 Probabilistic sensitivity analysis of incremental cost-effectiveness with (A) UMEC/VI versus UMEC and (B) UMEC/VI versus SAL, showing incremental differences 
between costs and QALYs between treatments over 5000 Monte Carlo simulations where distributions of input parameters were assigned and sampled randomly. Red 
circles indicate the base case results. 
Abbreviations: QALY, quality-adjusted life-year; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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£20,000 per QALY, the probability that UMEC/VI was 
cost-effective was 95% versus UMEC and 100% versus 
SAL (Figure 3A and B).

Discussion
In this cost-effectiveness analysis from a UK perspective 
using the GALAXY model, UMEC/VI was the dominant 
treatment option (ie, provided more QALYs at a lower cost) 
compared with UMEC and SAL based on baseline charac-
teristics and treatment effects from a subgroup of patients 
with no exacerbations in the prior year in the EMAX trial. 
Over a 10-year horizon, UMEC/VI was 95–100% more 
likely to be cost-effective versus UMEC or SAL at the 
accepted willingness-to-pay threshold of £20,000 per 
QALY. According to the model predictions, UMEC/VI 
improved survival and QoL for patients compared with 
monotherapy, as demonstrated by increases in LYs and 
QALYs. Although UMEC/VI was associated with higher 
drug costs than UMEC or SAL, these were offset by the 
larger reduction in non-drug exacerbation and maintenance 
costs, resulting in overall cost savings. A major contributor 
to these cost savings was the lower number of severe COPD 
exacerbations with UMEC/VI (predicted 8 and 14% reduc-
tions vs UMEC and SAL), as severe exacerbations are 
a high-cost event. Smaller proportions of patients in the 
severe and very severe COPD health states also substan-
tially contributed to the cost savings with UMEC/VI.

The results of scenario and sensitivity analyses were 
consistent with the base case, indicating that the findings 
are robust despite uncertainties around the input values. 
For the base case, a 10-year time horizon was selected to 
represent a realistic estimate of the time frame over which 
this patient population would be expected to receive dual 
bronchodilator therapy prior to disease progression neces-
sitating additional therapy. A lifetime horizon was not 
used because it was anticipated that patients will typically 
escalate to triple therapy in response to disease progression 
over the course of their lifetime. However, UMEC/VI was 
the dominant treatment option compared with both mono-
therapies in the scenario analysis over a lifetime horizon, 
suggesting that the predicted incremental benefits of 
UMEC/VI could be maintained beyond the 10-year hor-
izon used for the base case. The ICER for UMEC/VI 
versus UMEC was sensitive to a shorter time horizon, 
although UMEC/VI remained cost-effective with a very 
small ICER of £4 per QALY. Scenario analyses including 
treatment discontinuation were also consistent with the 
base case, suggesting that discontinuation rates did not 
affect the cost-effectiveness of UMEC/VI. In the sensitiv-
ity analyses, changes in baseline values that were unavail-
able from the EMAX trial (fibrinogen, 6MWD, and 
mMRC score) had minimal effects on the results, suggest-
ing that the use of predicted or analogous values did not 
introduce bias. In particular, variation in the mMRC dys-
pnea score, which was estimated based on equivalence 
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Figure 3 Net benefit acceptability curves for with (A) UMEC/VI versus UMEC and (B) UMEC/VI versus SAL, showing the relative probability of cost-effectiveness across 
the range of £0–45,000 per QALY for competing treatments included in the model. The dashed vertical line indicates the willingness-to-pay threshold at £20,000. 
Abbreviations: SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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with CAT scores, did not alter the outcome of the analysis, 
in line with a previous implementation of the GALAXY 
model that used the same approach.21 Most sensitivity 
analyses using alternative input values for treatment 
effects were in line with the base case findings, although 
UMEC/VI was less costly and less effective versus UMEC 
in the analysis using the upper CI bound of the SGRQ 
treatment effect (ie, the lowest estimate of treatment effect 
on SGRQ).

A subgroup of the EMAX trial population with no 
exacerbations in the year before the trial was chosen for the 
base case analysis. Baseline characteristics were similar in 
the ITT population and this non-exacerbating subgroup, 
which included the majority of the patients in the ITT popu-
lation (84%). This subgroup was selected because broncho-
dilator therapy (LAMA, LABA, or LAMA/LABA) is 
typically recommended for patients currently at low risk of 
exacerbations. These patients are at lower risk of than 
patients who have had an exacerbation in the prior year but 
may nonetheless experience future exacerbations16,26,27 with 
a corresponding deterioration in lung function, health status, 
and the severity of symptoms.16,28 Patients who are not 
currently exacerbating therefore require effective 
treatment.7 The improvements in QoL and survival predicted 
for UMEC/VI versus UMEC and SAL in this study therefore 
provide further evidence to support the recommendation of 
dual bronchodilators as maintenance therapy for sympto-
matic patients with COPD at low risk of exacerbations.7 

Furthermore, the model predictions indicate that there are 
likely to be overall cost savings for healthcare payers asso-
ciated with early intensification of bronchodilator therapy 
prior to the onset of exacerbations, since the greater drug 
costs incurred by UMEC/VI were more than compensated by 
the overall reductions in non-drug costs compared with 
UMEC and SAL. An inherent prediction of this analysis is 
that a subset of the patient subgroup without exacerbations in 
the 12 months prior to the study will subsequently experience 
exacerbations within the time horizon of the cost- 
effectiveness analysis, since exacerbations are a disease sta-
tus marker incorporated into the linked risk equations to 
predict outcomes. However, previously published findings 
suggest that this is likely to be the case; in an analysis of 
ECLIPSE data over 60% of patients in GOLD groups A and 
B, who had 0 or 1 exacerbation per year, experienced an 
exacerbation within the 3-year follow-up period.27

COPD is increasingly recognized as a heterogeneous 
and multifaceted disease, in which deteriorations in symp-
toms and QoL can occur in relation to a range of factors in 

addition to lung function decline.29–31 In contrast with other 
models of COPD disease progression, the GALAXY model 
incorporates relationships between a range of baseline char-
acteristics, treatment effects, and outcomes, reflecting the 
multidimensional nature of COPD.12 This includes the 
impact of patient comorbidities, including both cardiovas-
cular and other (non-cardiovascular) comorbidities, on 
outcomes.20 This relationship is important in cost- 
effectiveness analyses because comorbidities contribute to 
morbidity and mortality and are associated with increased 
healthcare costs for patients with COPD.32,33

The strengths of this study include a well-characterized 
patient population and the broad range of patient character-
istics and treatment effects incorporated into the GALAXY 
model, maximizing the information based on which long- 
term disease progression was predicted. As is typical in this 
type of analysis, baseline characteristics were pooled across 
treatment arms to generate the input values for each treat-
ment arm, such that all treatment arms had the same starting 
values; this approach prevents confounding due to baseline 
differences between treatment cohorts. A limitation of the 
EMAX trial design for this analysis was that patients were 
withdrawn from the trial if they experienced a severe 
exacerbation or >1 moderate exacerbation, which may 
reduce the applicability of the trial results to real-world 
clinical practice. In addition, 1-year discontinuation data 
were not available from EMAX, and so discontinuation 
was excluded from the base case; however, UMEC/VI 
remained dominant in scenario analyses that included dis-
continuation for the first year and/or subsequent years. 
Finally, it should be noted that the GALAXY model has 
been developed and validated in patients from the ECLIPSE 
study, who had an average of 0.9 exacerbations per patient 
in the prior year.19 This may limit its generalizability to the 
non-exacerbating subgroup included in this analysis, 
although similar findings were seen in a scenario analysis 
using data from the EMAX ITT population.

Conclusion
Based on the GALAXY model predictions from a UK 
National Health Service perspective, symptomatic patients 
with COPD and no exacerbations in the prior year who 
receive treatment with UMEC/VI are expected to have better 
outcomes (QALYs and survival) and lower overall healthcare 
costs compared with those receiving UMEC and SAL. These 
findings suggest that early intensification of bronchodilator 
therapy with UMEC/VI may reduce the economic burden of 
COPD compared with UMEC or SAL, providing overall cost 
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savings for payers, and support the NICE recommendation 
for dual bronchodilators as initial maintenance therapy in 
symptomatic patients with COPD.

Abbreviations
6MWD, 6-minute walk distance; BMI, body mass index; 
BNF, British National Formulary; CAT, COPD assessment 
test; CFB, change from baseline; CI, confidence interval; 
COPD, chronic obstructive pulmonary disease; CV, cardi-
ovascular; EQ-5D-3L, EuroQol-5 Dimensions-3 Level; 
FEV1, forced expiratory volume in 1 second; FVC, forced 
vital capacity; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; GP, general practitioner; HCP, 
healthcare provider; HRU, healthcare resource utilization; 
ICER, incremental cost-effectiveness ratio; ICS, inhaled 
corticosteroid; ICU, intensive care unit; ITT, intent-to- 
treat; LABA, long-acting ͎ β2-agonist; LAMA, long-acting 
muscarinic antagonist; LS, least squares; LY, life-year; 
MDI, metered dose inhaler; MITT, multiple-inhaler triple 
therapy; MIMS, Monthly Index of Medical Specialities; 
mMRC, modified Medical Research Council; NA, not 
applicable; NICE, National Institute of Health and Care 
Excellence; ONS, Office for National Statistics; PPPY, 
per-patient per-year; QALY, quality-adjusted life-year; 
PSSRU, Personal Social Service Research Unit; QoL, 
quality of life; RP, respiratory practitioner; SAL, salme-
terol; SD, standard deviation; SE, standard error; SGRQ, 
St George’s Respiratory Questionnaire; SITT, single- 
inhaler triple therapy; UMEC, umeclidinium; VIL, 
vilanterol.
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