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Background: In the 52-week ETHOS study (NCT02465567), fixed-dose triple therapy with budesonide/glycopyrronium/formoterol 
fumarate dihydrate (BGF) reduced moderate or severe chronic obstructive pulmonary disease (COPD) exacerbations versus fixed-dose 
long-acting muscarinic antagonist (LAMA)/long-acting β2-agonist (LABA) or inhaled corticosteroid (ICS)/LABA dual therapies. 
Here, ETHOS data were used to estimate the long-term cost-effectiveness of BGF versus LAMA/LABA and ICS/LABA dual therapies 
in the United Kingdom.
Methods: Costs, exacerbations, quality-adjusted life-years (QALYs), and LYs were extrapolated using a Markov model that 
considered disease severity progression, risk of moderate and severe exacerbations, adverse events, and treatment discontinuation in 
patients with moderate-to-very severe COPD receiving BGF 320/14.4/10 µg, the LAMA/LABA glycopyrronium/formoterol fumarate 
dihydrate 14.4/10 µg (GFF), or the ICS/LABA budesonide/formoterol fumarate dihydrate 320/10 µg (BFF). Utilities for COPD 
severity states were estimated using EuroQol 5-dimension 5-level data from ETHOS. Exacerbation disutilities were sourced from 
published literature. Healthcare resource utilization was based on ETHOS data, published literature, key external experts’ input, and 
informed assumptions. Unit costs came from the UK National Health Service Schedule of Reference Costs, Unit Costs of Health and 
Social Care from the Personal Social Services Research Unit, and published literature. A lifetime horizon was considered, with costs, 
QALYs, and LYs discounted at 3.5% per annum.
Results: The incremental cost–utility ratio (ICUR; per QALY gained) was £9901 for BGF versus GFF and £2164 for BGF versus BFF. The 
probability of treatments being cost-effective at the conventional UK-adopted willingness-to-pay threshold of ICUR <£20,000 was 85.1% for 
BGF, 14.3% for GFF, and 0.6% for BFF.
Conclusion: Based on ETHOS data, BGF was demonstrated to be cost-effective versus LAMA/LABA and ICS/LABA dual 
therapies at the conventional UK-adopted willingness-to-pay threshold (ICUR <£20,000). The main cost-effectiveness driver for 
BGF versus LAMA/LABA and ICS/LABA therapies was reduction in rate of exacerbations, which reduced costs and preserved 
quality of life.
Keywords: budesonide/glycopyrronium/formoterol fumarate dihydrate, chronic obstructive pulmonary disease, COPD, cost- 
effectiveness, Markov model, triple therapy
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Plain Language Summary
Treatment costs for chronic obstructive pulmonary disease (COPD) are high. Many patients with COPD have times when their 
symptoms suddenly worsen, called exacerbations or flare-ups. These exacerbations make a patient’s day-to-day life difficult. They are 
also one of the main reasons why managing COPD is expensive.

To control their symptoms, patients may take one or more types of daily “maintenance” medicines. If patients keep having 
exacerbations, their doctor may suggest taking a combination of medicines that include an inhaled corticosteroid (ICS), a long-acting 
muscarinic antagonist (LAMA), and a long-acting β2-agonist (LABA).

In this cost-effectiveness analysis, we compared treatments to see which one gives the best value over the lifetime of patients with 
moderate-to-very severe COPD in terms of healthcare costs and improved quality of life. We looked at an inhaler that includes all three 
medicines (ICS, LAMA, and LABA), called budesonide/glycopyrronium/formoterol fumarate dihydrate or BGF. The treatments we 
compared BGF with included two of three medicines. One inhaler had a LAMA and a LABA and was called glycopyrronium/ 
formoterol fumarate dihydrate or GFF. The other inhaler had an ICS and a LABA and was called budesonide/formoterol fumarate 
dihydrate or BFF. The analysis used data from a large clinical trial called ETHOS.

The total cost of BGF was more than that of GFF or BFF, but BGF was the most cost-effective over a patient’s lifetime. Mainly, 
this was because BGF is better than the other treatments at reducing how often patients experience COPD exacerbations, which 
reduces the associated healthcare costs and improves daily living.

Introduction
Chronic obstructive pulmonary disease (COPD) is a major contributor to morbidity and mortality worldwide,1,2 with 
mortality rates being substantially increased in patients with COPD compared with individuals of the same age without 
COPD.3 COPD is associated with a decline in lung function4 and is also characterized by periods of symptom 
exacerbations.5

COPD incurs a substantial economic burden,5,6 with higher costs observed as COPD severity increases7 and 
exacerbations being a major contributor to the estimated annual economic burden of COPD.8 In 2010, the projected 
cost of COPD in the United States was approximately $50 billion ($20 billion indirect costs; $30 billion direct costs),9 

and in 2011, the cost of COPD in the European Union was over €48 billion (€25 billion indirect costs; €23 billion direct 
costs).10 The annual economic burden of COPD for the United Kingdom (UK) National Health Service (NHS) in 2014 
was estimated to be £1.9 billion (£61 million indirect costs; £1.8 billion direct costs).6 The cost of managing COPD 
increases substantially with increasing frequency of exacerbations. In a retrospective cohort study in the UK, annual costs 
(2010‒2011) of managing COPD (excluding medications) were £1523, £2405, and £3396 for patients experiencing 0, 1, 
or ≥ 2 moderate-to-severe exacerbations, respectively.11 Therefore, reducing the risk and severity of exacerbations may 
be a key driver of the cost-effectiveness of COPD treatments.12

Triple therapy with an inhaled corticosteroid (ICS), a long-acting muscarinic antagonist (LAMA), and a long-acting 
β2-agonist (LABA) has demonstrated improvements in lung function, exacerbations, and patient-reported outcomes, 
and reductions in all-cause mortality, compared with LAMA/LABA and ICS/LABA dual therapies.5,13 Thus, in patients 
with COPD who have persistent COPD exacerbations despite dual therapy with a LAMA/LABA or ICS/LABA, 
treatment with ICS/LAMA/LABA triple therapy is recommended by the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD).5 Guidelines from the UK National Institute for Health and Care Excellence (NICE) recommend 
ICS/LAMA/LABA triple therapy in patients receiving LAMA/LABA dual therapy who experience one severe or two 
moderate exacerbations within a year, and in patients receiving ICS/LABA dual therapy who have day-to-day 
symptoms that adversely impact quality of life (QoL), or have one severe or two moderate exacerbations within 
a year.14

To support reimbursement of triple therapy, there is a need to demonstrate value for money compared with dual 
therapies. Using data from the IMPACT study, ICS/LAMA/LABA triple therapy with fluticasone furoate/umeclidinium/ 
vilanterol (FF/UMEC/VI) was shown to be cost-effective versus ICS/LABA therapy with FF/VI in patients with 
symptomatic COPD and a history of exacerbations in the UK.15 In a separate analysis using data from the IMPACT 
study, FF/UMEC/VI was also demonstrated to be cost-effective versus LAMA/LABA therapy with UMEC/VI in the 
UK.16
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The 52-week ETHOS study (NCT02465567) showed that triple therapy with a budesonide/glycopyrronium/formo-
terol fumarate dihydrate (BGF) metered-dose inhaler at two ICS dose levels (320/14.4/10 μg and 160/14.4/10 μg) 
reduced moderate or severe COPD exacerbations versus fixed-dose LAMA/LABA or ICS/LABA dual therapy in patients 
with moderate-to-very severe COPD and at least one exacerbation in the previous year.17 Triple therapy with BGF 320/ 
14.4/10 μg is approved as maintenance treatment in patients with COPD in several regions and countries, including the 
United States, the European Union, the UK, China, Japan, Canada, and Australia.18–24

Here, we developed an economic model using ETHOS data to assess the long-term cost-effectiveness of single 
inhaler triple therapy with BGF 320/14.4/10 μg (the approved dose of BGF) versus LAMA/LABA and ICS/LABA dual 
therapies in the UK. The economic model was developed in accordance with guidance from health technology 
assessment agencies, including the Scottish Medicines Consortium and NICE.

Methods
Setting and Patient Population
ETHOS was a randomized, double-blind, parallel-group, Phase III study conducted in 26 countries. Full details of the 
ETHOS study design, including patient inclusion and exclusion criteria, have been previously published.17,25 Patients 
were aged 40−80 years with moderate-to-very severe COPD, were symptomatic, and had a prior history of moderate or 
severe COPD exacerbations. All patients were required to be taking ≥2 inhaled maintenance therapies for the manage-
ment of their COPD for ≥6 weeks prior to screening. Patients were randomly assigned 1:1:1:1 to receive one of the 
following treatments, twice daily over 52 weeks, via a single metered-dose inhaler: BGF 320/14.4/10 μg, BGF 160/14.4/ 
10 μg, the LAMA/LABA glycopyrronium/formoterol fumarate dihydrate 14.4/10 μg (GFF), or the ICS/LABA budeso-
nide/formoterol fumarate dihydrate 320/10 μg (BFF).

This analysis used clinical data from the modified intent-to-treat population in the ETHOS study to extrapolate the 
long-term cost-effectiveness of BGF 320/14.4/10 μg (the approved dose of BGF) versus GFF and BFF. A third-party 
payer perspective (NHS Scotland) was adopted.

Model Structure and Clinical Parameters
A Markov model was developed that accounts for progression in disease severity (lung function decline), the occurrence 
of moderate and severe exacerbations, adverse events, and treatment discontinuation, based on data from ETHOS. The 
model consists of health states reflecting various stages that follow the natural progression of COPD (Figure 1). Health 
state-specific costs (ie, disease management and societal costs), treatment-related costs, and utilities were assigned to 
each health state.

Health states in the model were defined by lung function, as determined by forced expiratory volume in 1 second 
(FEV1): a moderate COPD health state was defined as FEV1 ≥50 to <80% predicted (based on GOLD 2); a severe COPD 
health state was defined as FEV1, ≥30 to <50% predicted (based on GOLD 3); and a very severe COPD health state was 
defined as FEV1, <30% predicted (based on GOLD 4).5 A patient cohort entered the model in the no exacerbation health 
states (moderate, severe, and very severe COPD) and was distributed across health states according to the ETHOS study 
population at baseline: moderate COPD, 28.5%; severe COPD, 60.6%; and very severe COPD, 10.9%. On entering the 
model, patients received treatment with BGF, GFF, or BFF. At each monthly cycle, patients were permitted to transition 
to a more severe COPD health state without experiencing an exacerbation; transition to a moderate or severe exacerba-
tion health state; remain within the current COPD health state; or die. Moderate exacerbations were defined as those 
requiring use of systemic glucocorticoids, antibiotics, or both, for at least 3 days. Severe exacerbations were defined as 
those resulting in hospitalization or death. Exacerbation states were treated as discrete events that patients entered for one 
monthly cycle then exited, thus being at risk of further exacerbations in subsequent monthly cycles. Since COPD is 
considered a progressive disease, patients were not able to experience an improvement in lung function and transition 
back to a less severe COPD health state.
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Outcomes and Treatment Comparisons
Quality-adjusted life-years (QALYs), LYs, exacerbations, and costs were extrapolated from the model and compared for 
BGF, GFF, and BFF as mean values per patient. The incremental cost–utility ratio (ICUR; [total cost for BGF – total cost 
for comparator] / [total QALYs for BGF – total QALYs for comparator]) was calculated for BGF versus GFF and BGF 
versus BFF. All output costs are presented in 2019 British pounds (£).

Data Sources
Clinical Efficacy
Clinical efficacy data were derived from ETHOS. Probabilities for transitions between health states are presented in Table 1. 
Based on ETHOS data, the monthly risk of discontinuation was 1.85% for BGF, 1.31% for GFF, and 1.16% for BFF.

Mortality
Mortality data from the ETHOS study were used for the first 52 weeks of the analysis, with mortality probabilities 
applied across this period as constant monthly probabilities of 0.118% for BGF, 0.223% for GFF, and 0.158% for BFF. 
These values reflect the lower mortality rate seen in patients treated with BGF versus GFF and BFF during the 52-week 
ETHOS study. Thereafter, mortality was calculated based on health state occupancy, with general population mortality 
data from the literature adjusted to reflect the increased risk of mortality for patients with moderate, severe, and very 
severe COPD, respectively.

Relative risks of COPD-related mortality by COPD health states from the published literature26 were applied to all- 
cause mortality rates in the Scottish general population27 to derive overall mortality rates for UK patients with COPD by 
disease severity: moderate COPD, relative risk 1.40; severe and very severe COPD, relative risk 2.60.

Figure 1 Health state transitions in the Markov model. 
Notes: COPD health states were defined by lung function, as determined by FEV1.

5 Moderate COPD: FEV1 ≥50 to <80% predicted (based on GOLD 2). Severe COPD: 
FEV1 ≥30 to <50% predicted (based on GOLD 3). Very severe COPD: FEV1, <30% predicted (based on GOLD 4). 
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Utilities
Utility values from the EuroQol 5-dimension 5-level (EQ-5D-5L) questionnaire and from St George’s Respiratory 
Questionnaire data mapped to the EQ-5D-5L were estimated from ETHOS data. Health state-related utilities were 
0.79 for moderate COPD, 0.76 for severe COPD, and 0.72 for very severe COPD. Utility decrements due to exacerba-
tions (0.010 for moderate exacerbations and 0.042 for severe exacerbations) were sourced from published literature.28 

Disutilities due to adverse events were set to 0 to avoid double counting in the base case analysis; these disutilities were 
assumed to be captured in the underlying EQ-5D-5L analysis of the ETHOS data.

Healthcare Resource Utilization
Resource use per month for COPD management by COPD severity was derived from ETHOS data.

Costs
Disease management costs are presented in Table 2. Monthly disease management costs by COPD health state were 
derived from resource consumption using ETHOS data and costs from the UK NHS Schedule of Reference Costs 
(2017−2018),29 the Information Services Division (ISD) Scotland (2018−2019),30 Unit Costs of Health and Social Care 
from the Personal Social Services Research Unit (PSSRU; 2015 and 2018),31,32 and the British National Formulary 
(BNF; 2021).33 Unit costs of resources related to COPD health states are presented in Supplementary Table 1. Costs 
per exacerbation event were derived from resource consumption using ETHOS data, assumptions, and unit costs from 
the BNF (2021),33 the ISD Scotland (2018−2019),34 and Unit Costs of Health and Social Care from the PSSRU 
(2020).35 The distribution of healthcare resource utilization for moderate and severe exacerbations is presented in 
Supplementary Table 2.

Treatment-related costs are presented in Table 3. Treatment acquisition costs were sourced from the BNF (2021).33 

Subsequent treatment costs (treatment acquisition costs for patients who discontinued initial treatment) were derived 
from key external experts’ input and costs from the BNF (2021).33 Rescue medication costs were derived from resource 
consumption in ETHOS and costs from the BNF (2021) (Supplementary Table 3).33 Treatment-related adverse-event 
costs were derived from the UK NHS Schedule of Reference Costs (2017−2018).29

All input costs are presented in 2019 British pounds (£).

Table 1 Health State Transitions Based on ETHOS Data (Model Input)

BGF GFF BFF

COPD health state transitions Monthly Probability Relative Risk versus BGF

Moderate COPD to severe COPD 2.27% 0.88 1.34
Severe COPD to very severe COPD 0.60% 1.18 2.09

Transitions from COPD health states to exacerbation states Monthly Rate Rate Ratio versus BGF

Moderate COPD exacerbation-free to:
Moderate exacerbation 0.0658 1.29 1.08

Severe exacerbation 0.0067 1.13 0.88

Severe COPD exacerbation-free to:
Moderate exacerbation 0.0767 1.37 1.15

Severe exacerbation 0.0125 1.20 1.20

Very severe COPD exacerbation-free to:
Moderate exacerbation 0.0875 1.27 1.27

Severe exacerbation 0.0175 1.33 1.86

Notes: COPD health states were defined by lung function, as determined by FEV1.
5 Moderate COPD: FEV1 ≥50 to <80% predicted 

(based on GOLD 2). Severe COPD: FEV1 ≥30 to <50% predicted (based on GOLD 3). Very severe COPD: FEV1, <30% predicted (based 
on GOLD 4). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate 
dihydrate 320/14.4/10 μg; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; GFF, glycopyrro-
nium/formoterol fumarate dihydrate 14.4/10 μg; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Model Assumptions
Transition Probabilities
Patients were stratified into subgroups according to their COPD severity at ETHOS study baseline, and the proportion of 
patients whose lung function declined over the study duration was calculated. Similarly, moderate and severe exacerba-
tion rates were analyzed over the course of the ETHOS study for the overall patient population stratified by COPD 
severity at study baseline. These 52-week probabilities were transformed to monthly probabilities. For exacerbation 
probabilities, exacerbations were considered separate events provided that ≥7 days elapsed between the recorded stop 
date of the earlier event and start date of the latter.

Adverse Events
The incidence of serious adverse events was very low in ETHOS, so only incidence and relative risks of mild, moderate, 
and severe adverse events were included in the model. The costs and disutilities associated with adverse events were 
ascribed at the beginning of the model when the entire cohort was at risk of treatment-related adverse events, to ensure 
that the full impact of adverse events was captured.

Table 2 Disease Management Costs Across All 
Treatments (Model Input)

Cost (2019 £)

Lung function (cost per month)a

Moderate COPD 13.26

Severe COPD 17.76
Very severe COPD 25.58

Exacerbations (cost per event)b

Moderate exacerbation 49.92
Severe exacerbation 3627.61

Notes: COPD health states were defined by lung function, as 
determined by FEV1.

5 Moderate COPD: FEV1 ≥50 to <80% pre-
dicted (based on GOLD 2). Severe COPD: FEV1 ≥30 to <50% 
predicted (based on GOLD 3). Very severe COPD: FEV1, <30% 
predicted (based on GOLD 4). aSee Supplementary Table 1 for 
unit costs of resources related to COPD health states. bSee 
Supplementary Table 2 for healthcare resource cost breakdown for 
moderate and severe exacerbations. 
Abbreviations: COPD, chronic obstructive pulmonary disease; 
FEV1, forced expiratory volume in 1 second; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease.

Table 3 Treatment-Related Costs (Model Input)

BGF GFF BFF

Treatment acquisition, monthly cost (2019 £)33 45.15 32.97 28.23

Rescue medication, monthly cost (2019 £)a

Moderate COPD 3.29 4.02 3.65

Severe COPD 4.93 5.48 5.48

Very severe COPD 6.94 7.49 8.22
Subsequent treatment, monthly cost (2019 £)33 83.41 45.15 45.15

Adverse events (2019 £)b 552.30 544.55 567.30

Notes: COPD health states were defined by lung function, as determined by FEV1.
5 Moderate COPD: FEV1 ≥50 to 

<80% predicted (based on GOLD 2). Severe COPD: FEV1 ≥30 to <50% predicted (based on GOLD 3). Very severe 
COPD: FEV1, <30% predicted (based on GOLD 4). aCost per inhalation of salbutamol was £0.06;33 inhalations per 
month in ETHOS are presented in Supplementary Table 3. bTotal cost per adverse event was: £180.21 for mild 
adverse events, £540.27 for moderate adverse events, and £2026.67 for severe adverse events.29 

Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrro-
nium/formoterol fumarate dihydrate 320/14.4/10 μg; COPD, chronic obstructive pulmonary disease; FEV1, 
forced expiratory volume in 1 second; GFF, glycopyrronium/formoterol fumarate dihydrate 14.4/10 μg; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Treatment Discontinuation and Subsequent Treatment
After treatment discontinuation, patients were considered to have received subsequent treatment as described by key 
external experts and supported by GOLD recommendations. For patients initially treated with GFF or BFF, it was 
assumed that the subsequent treatment was BGF. Patients initially treated with BGF were assumed to receive subsequent 
treatment with BGF plus roflumilast.

Time Horizon and Discounting
The base case analysis considered a lifetime horizon, defined as a maximum of 30 years, however with most patients dying 
sooner considering the application of COPD mortality rates. Costs, QALYs, and LYs were discounted at 3.5% per annum.

Fully Incremental Analysis
Treatments were compared sequentially by ascending cost, with costs and QALYs for each treatment compared with 
those for the next non-dominated alternative in ranking.

Uncertainty
Model inputs and assumptions were subject to probabilistic sensitivity analyses (PSA) and deterministic sensitivity analyses 
(DSA). A PSA assessed the joint uncertainty surrounding each and all of the parameters in the model by assigning 
predetermined probabilistic distributions and randomly sampling input parameter values from these distributions (ie, a second- 
order Monte Carlo simulation). The choice of probabilistic distribution for each parameter was based on the nature of the data 
and its constraints, as well as recommendations from the literature.36 Distributions ascribed to parameters based on the PSA 
are presented in Supplementary Table 4. Where data to incorporate uncertainty around parameters were not available (eg, 
values elicited from expert opinion surveys), assumptions regarding the variance were made. Outcomes from the PSA are 
presented graphically in the form of a cost-effectiveness acceptability curve for all treatments.

A DSA tool assessed the impact of changing a parameter using a ±20% variation of the deterministic value to 
establish the impact on the results. Tornado diagrams for the ICUR were generated to visualize the results.

Results
Base Case Analysis
Costs, QALYs, and LYs were higher for BGF versus GFF and BFF, with BGF having an ICUR per QALY gained of 
£9901 versus GFF and £2164 versus BFF (Table 4). The main reduction in costs for BGF versus GFF, and BGF versus 
BFF, was associated with exacerbation-related costs (Table 5).

Fully Incremental Analysis
BFF was dominated by GFF in terms of higher costs and lower QALYs (Figure 2).

Table 4 Base Case Analysis (Model Output)

BGF GFF BFF

Total Total Incrementala Total Incrementala

QALYs 6.53 6.31 0.23 6.04 0.49

LYs 8.91 8.64 0.27 8.36 0.55

Costs (£) 15,238.09 12,971.55 2266.54 14,172.23 1065.86
Exacerbations 11.02 13.48 −2.45 12.88 −1.86

ICUR (per QALY gained; £)b – – 9901 – 2164

Costs per exacerbation avoided (£) – – 924.00 – 574.06

Notes: aBGF versus comparator; bICUR = (total cost for BGF – total cost for comparator) / (total QALYs for BGF – total QALYs for 
comparator). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate 
dihydrate 320/14.4/10 μg; GFF, glycopyrronium/formoterol fumarate dihydrate 14.4/10 μg; ICUR, incremental cost–utility ratio; LY, 
life-year; QALY, quality-adjusted life-year.
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Probabilistic Sensitivity Analysis
The probability of each treatment being cost-effective at various ICUR willingness-to-pay thresholds is shown in 
Figure 3. At the conventional UK-adopted willingness-to-pay threshold of ICUR £20,000 per QALY gained,37 the 
probability of each treatment being cost-effective was 85.1% for BGF, 14.3% for GFF, and 0.6% for BFF. At 
a willingness-to-pay threshold of ICUR £30,000 per QALY gained, the probability of each treatment being cost- 
effective was 93.3% for BGF, 6.3% for GFF, and 0.4% for BFF.

Table 5 Cost Breakdown for Base Case Analysis (Model Output)

BGF GFF BFF

Total 
Costs (£)

Total 
Costs (£)

Incremental 
Costsa (£)

Total 
Costs (£)

Incremental 
Costsa (£)

Disease management 7101.25 7973.89 −872.64 9476.50 −2375.26
Not exacerbation-related 1961.25 1860.97 100.28 1896.07 65.18

Exacerbation-related 5140.00 6112.92 −972.92 7580.44 −2440.44

Treatment-specific 2533.39 1772.26 761.13 1748.29 785.09
Drug 1793.80 1063.75 730.05 990.07 803.73

Rescue medication 187.28 163.95 23.33 190.93 −3.64

Adverse event-related 552.30 544.55 7.75 567.30 −15.00
Subsequent treatment 5603.46 3225.41 2378.05 2947.43 2656.03

Total 15,238.09 12,971.55 2266.54 14,172.23 1065.86

Note: aBGF versus comparator. 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate 
dihydrate 320/14.4/10 μg; GFF, glycopyrronium/formoterol fumarate dihydrate 14.4/10 μg.

Figure 2 Cost-effectiveness frontier (fully incremental analysis; model output). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate 320/14.4/10 μg; GFF, glyco-
pyrronium/formoterol fumarate dihydrate 14.4/10 μg; QALY, quality-adjusted life-year.
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Deterministic Sensitivity Analysis
For BGF versus GFF, the DSA showed that the frequency of exacerbations following BGF and GFF treatment 
discontinuation and the GFF risk of severe exacerbations were key drivers (most sensitive) of cost-effectiveness 
(Figure 4A), with changes in these variables resulting in the greatest changes in ICUR per QALY gained.

For BGF versus BFF, the DSA showed that BGF subsequent treatment costs, the frequency of exacerbations 
following BFF treatment discontinuation, and the BFF risk of severe exacerbations were key drivers (most sensitive) 
of cost-effectiveness (Figure 4B), with changes in these variables resulting in the greatest changes in ICUR per QALY 
gained.

Discussion
The aim of this analysis was to assess the cost-effectiveness of single inhaler triple therapy with BGF compared with 
LAMA/LABA (as measured using GFF) and ICS/LABA (as measured using BFF) dual therapies in patients with 
moderate-to-very severe COPD in the UK. The key finding was that BGF was cost-effective versus both LAMA/LABA 
and ICS/LABA dual therapy at the conventional UK-adopted willingness-to-pay threshold (ICUR <£20,000 per QALY 
gained) over a lifetime horizon from the UK healthcare payer perspective. BGF had an ICUR per QALY gained of £9901 
and £2164 versus LAMA/LABA and ICS/LABA dual therapies, respectively. Reducing exacerbation rates has been 
previously reported to be a key driver of the cost-effectiveness of COPD treatments.12 Indeed, reduction in the rate of 
exacerbations was the main cost-effectiveness driver in the current analysis. With BGF versus LAMA/LABA and ICS/ 
LABA therapies, exacerbation-related costs were reduced by £973 and £2440, respectively, and the reduction in 
exacerbations helped to preserve QoL.

Markov models have been widely used in the economic assessment of COPD treatment,15,16,38–44 and the overall 
strengths of this modeling approach merited its selection in the current analysis. The health state structure aims to capture 

Figure 3 Cost-effectiveness acceptability curve (probabilistic sensitivity analysis; model output). 
Note: Dashed vertical line represents conventional UK-adopted willingness-to-paythreshold.37 

Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate 320/14.4/10 μg; GFF, glyco-
pyrronium/formoterol fumarate dihydrate 14.4/10 μg; ICUR, incremental cost–utility ratio; QALY, quality-adjusted life-year; UK, United Kingdom.
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Figure 4 Tornado diagrams for ICUR with (A) BGF versus GFF and (B) BGF versus BFF (deterministic sensitivity analysis; model output). 
Notes: COPD health states were defined by lung function, as determined by FEV1.

5 Moderate COPD: FEV1 ≥50 to <80% predicted (based on GOLD 2). Severe COPD: 
FEV1 ≥30 to <50% predicted (based on GOLD 3). Very severe COPD: FEV1, <30% predicted (based on GOLD 4). The diagrams have been truncated to show the 10 
parameters with the greatest impact on the results. The vertical dashed lines represent the ICUR per QALY gained in the base case analysis: (A) £9901 (BGF vs GFF) and (B) 
£2164 (BGF vs BFF). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate 320/10 μg; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate 320/14.4/10 μg; COPD, 
chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; GFF, glycopyrronium/formoterol fumarate dihydrate 14.4/10 μg; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease; ICUR, incremental cost–utility ratio; QALY, quality-adjusted life-year; RR, rate ratio.
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stages in COPD progression that represent differences in healthcare costs and patient health-related QoL, and costs and 
health-related QoL decrements associated with moderate and severe exacerbations are captured.

The current cost-effectiveness analysis compared dual therapies with ICS/LAMA/LABA triple therapy (BGF) via 
a single metered-dose inhaler. “Open triple therapy” (OTT) involves combination treatment with an ICS/LABA and 
a LAMA in multiple inhalers.45 A cost-minimization analysis that compared the 1-year costs of BGF versus OTT in 
patients with moderate-to-very severe COPD in the UK has also been conducted.46 This cost-minimization analysis, 
which also utilized ETHOS data and a Markov model, estimated total 1-year costs of £1822 for BGF and £1961 for OTT, 
resulting in a cost saving with BGF of £139 per patient per year.46 With an estimated 222,000 UK patients receiving OTT 
in 2021, annual cost savings with BGF versus OTT were predicted to be approximately £30.9 million.46 Taken together, 
these complementary analyses demonstrate an economic benefit of BGF compared with both dual therapies and OTT.

Limitations of the current analysis include that it did not fully capture the link between exacerbations, symptoms, and 
lung function to the extent of a patient-level simulation model. Furthermore, the model did not capture exacerbation 
history and its impact on future exacerbation risk. The choice of employing a more complex model with patient-level 
data would have to be weighed against the availability of data (eg, risks of events) for patient-specific profiles and 
validated risk equations. Also, the increasing mortality risk associated with repeated exacerbations47–49 is not fully 
captured by the current model structure. In addition, the analysis was based on the ETHOS study population of patients 
with moderate-to-very severe COPD who were symptomatic and had a prior history of moderate or severe COPD 
exacerbations. Therefore, the findings may not be generalizable to the general population of patients with COPD, 
including those with less severe disease who are well controlled on their current therapy. We also recognize that 
assumptions in the model, for example regarding treatment escalation, may vary depending on local guidelines. Lastly, 
although the model considered a lifetime horizon, the duration of the ETHOS study was 52 weeks. The model assumed 
that treatment efficacy did not decrease over time, but more long-term data on the efficacy of triple therapy beyond 52 
weeks are needed.

Conclusions
Using data from the ETHOS study, single inhaler triple therapy with BGF was found to be cost-effective versus LAMA/ 
LABA and ICS/LABA dual therapy at the conventional UK-adopted willingness-to-pay threshold (ICUR <£20,000 per 
QALY gained) using a Markov model. The main cost-effectiveness driver was the reduced exacerbation rate, which 
lowered costs and preserved QoL for BGF versus LAMA/LABA and ICS/LABA therapies. Ultimately, it will be 
important to observe the long-term efficacy of BGF in clinical practice to validate the findings of this model.

Abbreviations
BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; BNF, 
British National Formulary; COPD, chronic obstructive pulmonary disease; DSA, deterministic sensitivity analyses; EQ- 
5D-5L, EuroQol 5-dimension 5-level; FEV1, forced expiratory volume in 1 second; FF/UMEC/VI, fluticasone furoate/ 
umeclidinium/vilanterol; FF/VI, fluticasone furoate/vilanterol; GFF, glycopyrronium/formoterol fumarate dihydrate; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; ICUR, incremental cost– 
utility ratio; ISD, Information Services Division; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antago-
nist; LY, life-year; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; OTT, open 
triple therapy; PSA, probabilistic sensitivity analyses; PSSRU, Personal Social Services Research Unit; QALY, quality- 
adjusted life-year; QoL, quality of life; RR, rate ratio; UK, United Kingdom; UMEC/VI, umeclidinium/vilanterol.
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