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Abstract
Background  In patients with asthma uncontrolled by a medium or high-strength (MS/HS) inhaled corticosteroid 
(ICS) plus long-acting β2-agonist (LABA), according to Global Initiative for Asthma (GINA) guidelines, a maintenance 
therapy option is the addition of a long-acting muscarinic antagonist (LAMA) via single-inhaler triple therapy (SITT). 
Evidence has previously been published on the cost-effectiveness of a SITT extra fine formulation of beclomethasone, 
formoterol and glycopyrronium bromide (BDP/FOR/GLY) vs. dual ICS/LABA combination, using data from two 
52-week clinical trials (TRIMARAN and TRIGGER). However, there is limited evidence on the comparative cost-
effectiveness of SITTs. The current analysis evaluated the cost-effectiveness of BDP/FOR/GLY versus other SITTs, in the 
UK setting.

Methods  Markov cohort state-transition model was developed to investigate the cost-effectiveness of BDP/FOR/
GLY Medium Strength (MS) vs. fluticasone, umeclidinium, and vilanterol (FF/UMEC/VI) MS and, BDP/FOR/GLY High 
Strength vs. FF/UMEC/VI HS and vs. indacaterol acetate, glycopyrronium bromide, and mometasone (IND/GLY/MF) 
HS. A network meta-analysis was performed to estimate comparative efficacy of BDP/FOR/GLY against other SITTs. 
The model analyzed cost, quality-adjusted life-years (QALYs), and incremental cost-effectiveness ratio (ICER), net 
monetary benefit (NMB), and was developed from the perspective of England National Health Service (NHS) and 
Prescribed Specialized Services expenditure (2022 costs). Uncertainty of the inputs was estimated using one-way and 
probabilistic sensitivity analyses.

Results  BDP/FOR/GLY MS was projected to be a dominant treatment alternative against FF/UMEC/VI MS (£5,121 less 
costly, gained 0.065 additional QALYs). Similarly, BDP/FOR/GLY HS was a dominant treatment alternative against FF/
UMEC/VI HS (£143, 0.003 additional QALYs) and IND/GLY/MF HS (£692 less costly, gained 0.023 additional QALYs). BDP/
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Introduction
Asthma is a chronic inflammatory disease of the respi-
ratory tract that presents with bronchial hyperre-
sponsiveness and variable airflow obstruction [1]. It is 
characterized by variable symptoms of wheeze, shortness 
of breath, chest tightness and/or cough, and by variable 
expiratory airflow [2]. More than 300 million people are 
affected by asthma globally, and it is likely that by 2025 
a further 100 million may be affected [3]. In the United 
Kingdom (UK), over 8  million people or approximately 
12% of the population, have been diagnosed with asthma 
[4].

The long-term goals of asthma treatment are to control 
symptoms, and to minimize future risk of asthma asso-
ciated with exacerbations, persistent airflow limitation, 
mortality, and asthma medication related adverse events 
[5]. Inhaled corticosteroids (ICS) with the addition of a 
second controller (e.g. a long-acting β2-agonist [LABA]) 
have been the mainstay of treatment of asthma [2, 6]. 
Current treatments allow achieving control in many 
patients with asthma, but most asthma patients are still 
sub-optimally managed and remain uncontrolled [7]. 
Uncontrolled asthma is defined by poor symptom con-
trol (frequent symptoms or reliever use, activity limited 
by asthma, or night waking due to asthma) and/or the 
occurrence of frequent or severe asthma exacerbations 
[2, 8, 9]. A cohort study from the UK reported that 35% 
and 46% of patients who initiated medium strength (MS) 
or high strength (HS) ICS-LABA remained uncontrolled, 
respectively. Similarly, 64% and 70% of patients with 
asthma who were already adherent to MS or HS ICS-
LABA remain uncontrolled, respectively [10]. Uncon-
trolled asthma is associated with higher clinical burden 
(greater risk of symptoms, exacerbations, comorbidities 
and side-effects with corticosteroid use) [8, 11] and mor-
tality than those with controlled asthma [12, 13]. The sur-
vival probability at 2 years for patients with uncontrolled 
asthma (92.0%) was lower than in the general population 
cohort (96.6%, relative risk of death: 2.35) and tended to 
be lower than in the controlled asthmatic cohort (94.3%; 
p = 0.07) [14]. In the UK, the direct and indirect costs of 
asthma treatment were projected to be £6.2 billion/year, 
and twice more in patients with uncontrolled compared 
to well-controlled asthma [15]. Uncontrolled asthma 
can also negatively impact patients’ health-related qual-
ity-of-life (HRQoL) (limitations due to physical health 

problems, vitality, social functioning and poor emotional 
wellbeing) [8, 16].

The widely used Global Initiative for Asthma (GINA) 
prevention and management strategy focuses on long-
term treatment for symptom control and risk reduction. 
The strategy is based on a stepwise approach; step 1 (low 
dose ICS treatment for mild asthma) to step 5 (high dose 
ICS treatment for severe asthma) [2]. The GINA 2024 
report [2] recommends the use of long-acting muscarinic 
antagonists (LAMA) as an add-on therapy for patients 
(aged ≥ 18 years) at Step 4–5, in those uncontrolled on 
MS or HS ICS/LABA. This can be achieved either by 
using separate inhalers or single-inhaler triple therapy 
(SITT) [17]. Several phase III clinical trials assessed 
the safety and efficacy of SITT in patients with uncon-
trolled asthma on double therapy [18–21]. Two clini-
cal trials in patients with asthma that were uncontrolled 
despite treatment with a combination of MS ICS/LABA 
(TRIMARAN) or HS ICS/LABA (TRIGGER) assessed 
the efficacy and safety of SITT extrafine formulation 
i.e., combination of beclomethasone, formoterol, and 
glycopyrronium bromide (BDP/FOR/GLY, Trimbow®) 
versus BDP/FOR. In these two clinical trials, Trimbow® 
improved lung function and reduced exacerbations com-
pared to double therapy (BDP/FOR) [21]. Other SITTs 
approved by the Food and Drug Administration (FDA) 
or European Medicines Agency (EMA) for patients with 
uncontrolled asthma are fluticasone, umeclidinium, and 
vilanterol HS (FF/UMEC/VI, Trelegy Ellipta®), and inda-
caterol acetate, glycopyrronium bromide, and mometa-
sone HS (IND/GLY/MF, Enerzair Breezhaler®). Their 
phase III clinical trials (ARGON, CAPTAIN, and IRID-
IUM) also demonstrated significantly higher efficacy ver-
sus double therapies in terms of lung function [18–21], 
but only favorable trends compared to double therapies 
were observed on moderate-to-severe exacerbations [22].

To date, despite evidence demonstrating the cost-effec-
tiveness of SITTs over double therapies in patients with 
uncontrolled asthma [23, 24], there is limited evidence 
on the comparative cost-effectiveness of SITTs. This 
analysis aims to address this gap by comparing EMA or 
FDA-approved SITTs for the treatment of patients with 
uncontrolled asthma. Specifically, we evaluated the cost-
effectiveness, in the UK setting, of BDP/FOR/GLY versus 
other SITTs (approved by EMA or FDA for the treatment 
of uncontrolled asthma).

FOR/GLY MS and HS had 77.1%, 51.3%, and 61.2% likelihoods to be cost-effective vs. FF/UMEC/VI MS, FF/UMEC/VI HS, 
and IND/GLY/MF HS at the defined willingness-to-pay (WTP) threshold of £20,000 per QALY gained, respectively.

Conclusions  BDP/FOR/GLY MS and HS were a dominant treatment alternative compared with FF/UMEC/VI, both MS 
and HS, and IND/GLY/MF HS in patients with asthma uncontrolled by ICS/LABA.

Keywords  Asthma, Single-inhaler triple therapy, Network meta-analysis, Cost-effectiveness, Exacerbations, England
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Materials and methods
Model structure
A Markov cohort state-transition model based on previ-
ously published cost-effectiveness model in asthma [25] 
was developed to investigate the relative cost-effective-
ness of BDP/FOR/GLY MS versus FF/UMEC/VI MS and 
BDP/FOR/GLY HS versus FF/UMEC/VI HS and IND/
GLY/MF HS, in patients with asthma, uncontrolled by 
ICS/LABA. The structure used by Zafari et al. (2016) 
[25] was deemed the most suitable given the study objec-
tive, as it enabled a clearer differentiation of exacerbation 
states by categorizing patient health states by exacer-
bation-free and exacerbations with a varying degree of 
severity. This preserves a link to the data derived from the 
clinical trials [21] in directly modelling treatment effects, 
as well as simulating health state transitions within an 
established modelling paradigm. Additionally, patients 
within these recurrent exacerbation states were analyzed 
separately to account for variations in treatments, clini-
cal outcomes, costs, and quality of life, thereby enhancing 
the credibility of the patient’s modeled clinical trajectory.

This decision-analytic model reflected the clini-
cal course in asthma through five mutually exclusive 
health states: exacerbation-free state, three exacerba-
tion states (‘moderate exacerbation’, ‘severe exacerbation 
without hospitalization’ and ‘severe exacerbation with 

hospitalization’), and death (Fig. 1). Asthma exacerbation 
was defined as per TRIGGER and TRIMARAN clinical 
studies [21] as acute or sub-acute episode of progres-
sive worsening of at least one symptom of asthma (e.g., 
shortness of breath, cough, wheezing, or chest tightness). 
Moderate exacerbations were defined in accordance with 
the American Thoracic Society (ATS) and European 
Respiratory Society (ERS) joint statement [26]. Severe 
asthma exacerbation with hospitalization were defined as 
asthma-related hospitalization with/without prior emer-
gency room (ER) visit, with/without intensive care unit 
(ICU) stay, and severe exacerbation without hospitaliza-
tion were defined similarly but without an inpatient stay. 
These definitions were discussed with medical and health 
economic experts to ensure that they represent routine 
clinical practice in the National Health Service (NHS) 
England and were in line with other published asthma 
models [27–33].

Treatment effect in the model was driven by the reduc-
tion in the frequency of asthma exacerbations, improved 
recovery from exacerbations, and precluding patients 
from worsening their exacerbation status. The model’s 
measurement of treatment effectiveness was based on 
the time a patient stays in the respective exacerbation 
health states for the modeled time horizon. Extrapola-
tion of clinical treatment efficacy data was based on the 

Fig. 1  Schematic of states in the Markov transition model
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average of transition probabilities at data collection time 
points within the 52-week follow-up period of the pivotal 
studies. Since the frequency of adverse events was low 
and comparable between the study groups in both trials 
[21], adverse events were excluded in the model. This is 
also in line with previous economic evaluations of severe 
asthma patients [27–33].

The cycle length was set at one week, with the lifetime 
horizon assumed to be 40 years.

Model inputs
Target population
The patient population included in the model was aligned 
with the approved indication for BDP/FOR/GLY [34] i.e., 
adult patients who experienced one or more exacerba-
tions in the previous year and requiring regular treat-
ment of asthma- not adequately controlled with MS or 
HS dose combination therapy (ICS/LABA). Cohort char-
acteristics were informed from the TRIGGER and TRI-
MARAN [21].

Interventions and comparators
The model assessed the cost-effectiveness of BDP/FOR/
GLY compared to other SITTs approved by the FDA or 
EMA for the treatment of uncontrolled asthma based 
on clinical practice currently adopted in England. BDP/
FOR/GLY MS was compared to FF/UMEC/VI MS (only 
approved by the FDA, not EMA). BDP/FOR/GLY HS was 
compared with FF/UMEC/VI HS and IND/GLY/MF HS.

Clinical effectiveness
Transitions between health states for BDP/FOR/GLY MS 
and HS were informed by the TRIMARAN and TRIG-
GER studies (Table  1) [21]. A network meta-analysis 
(NMA) was performed and published previously to esti-
mate the comparative efficacy of BDP/FOR/GLY SITT 
for patients with uncontrolled asthma despite treatment 
with MS or HS ICS/LABA [35]. The transition matri-
ces for each comparator were calculated by multiplying 
the BDP/FOR/GLY MS and HS transition matrixes by 
the rate ratios (RRs) from this NMA [36]. The RRs were 
informed by the relative treatment efficacy of annual-
ized rates of moderate exacerbations, and moderate-to-
severe exacerbations from the NMA (Table  2) [35]. In 
the absence of RR outputs for severe exacerbation with 
hospitalization, the severe exacerbation RR was applied 
to severe exacerbation health states with/without hospi-
talization (Table  1). Transitions beyond the trials’ time 
horizon were extrapolated based on an average of tran-
sitions probabilities in week 24–40 and week 41–52 and 
remained constant over the model’s time horizon. All-
cause mortality was applied to all health states but no 
excess asthma-related mortality was considered in the 
base case.

Health state utilities
Previously validated exacerbation-related EuroQoL 5 
dimensions (EQ-5D) quality-of-life data were used for 
the model. The mean utility values from Lloyd and col-
leagues [37] for the exacerbation-free, severe exacerba-
tion without hospitalization, and severe exacerbation 
with hospitalization were 0.890, 0.570 and 0.330, respec-
tively. Willson et al., [38] reported that since utility esti-
mates for mild exacerbation were not found in literature, 
an assumption was made that this value was the average 
between the values for uncontrolled asthma and for a 
severe exacerbation without hospitalization. This esti-
mated utility value of a ME (0.649) was very similar to 
those reported in the literature for outpatient-managed 
exacerbations (0.65–0.67) (Table 1).

Healthcare resource utilization
Healthcare resource utilization (HCRU) associated with 
any of the model health states was informed by Willson 
et al., study (2014) [38], which used a survey of 15 HCPs 
from England, five general practitioners (GPs), five respi-
ratory nurses and five asthma specialists, conducted in 
early 2013.

The HCRU of exacerbation states was directly appli-
cable from the Willson et al., 2014 [38]. HCRU of ‘exac-
erbation-free’ health state was estimated as an average 
of HCRU for ‘controlled asthma’, ‘partially controlled 
asthma’ and ‘uncontrolled asthma’ health state from Will-
son et al., 2014 [38]. Distribution of patients among these 
states was informed based on ACQ-6 of BDP/FOR/GLY 
studies [21]. Total costs per cycle for each health state 
were estimated by weighing unit costs with the corre-
sponding probability of resource utilization within each 
health state (Table 1).

Unit costs
The model takes the perspective of the England NHS 
and Prescribed Specialised Services (PSS) expenditure, 
in which only healthcare costs were assessed. Costs were 
expressed in 2022 prices (latest available at the time). The 
unit costs used to value resource use were obtained from 
published sources such as the Unit Costs of Health and 
Social Care 2022 [39], the National Schedule of Reference 
Costs 2021/22 [40], and the British National Formulary 
(BNF) 2024 [41].

The unit costs included intervention, comparator 
therapy, co-medication for asthma therapy costs. Inpa-
tient (ER admission and ambulance use) and outpatient 
(GP, nurse, asthma specialists) costs were sourced from 
the NHS reference costs and PSS, respectively. Other 
unit costs (home visits [GP, nurse], laboratory tests and 
procedures [flu vaccination, spirometry, desensitization] 
and hospitalizations [ER visit, inpatient admission, ICU, 
ambulance]) were sourced from the published literature 
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and were inflated to reflect 2022 prices (see Additional 
file 1).

Discounting
Consistent with the National Institute for Health and 
Care Excellence guidance (NICE) [42], an annual dis-
count rate of 3.5% was applied to both costs and health 
effects (life-years [LYs] and quality-adjusted life-years 
[QALYs]) after the first year.

Analysis method
In addition to the base case analysis (as described in the 
‘model structure’ section), sensitivity analyses were car-
ried out to assess the robustness of the conclusions when 
the values of key variables, which are uncertain, are 
altered.

Sensitivity analysis
The base case analysis of the cost-effectiveness analysis 
(CEA) used the mean expected values of all input vari-
ables (deterministic model).

Sensitivity analyses were carried out to assess the 
robustness of the conclusions when the values of key 
variables, which are uncertain, are altered. One-way sen-
sitivity analysis (OWSA) was conducted for each treat-
ment comparison to test the impact on cost-effectiveness 
of uncertainty in the input parameters, based on the 
upper and lower 95% CIs of each value. In determinis-
tic OWSA, variables such as RR of severe and moderate 
exacerbation, total costs per health state, and utilities 
were tested. The OWSA tornado is presented in terms of 
net monetary benefit (NMB) to avoid misinterpretation 
of results, as comparison in many cases results in nega-
tive incremental cost-effectiveness ratio (ICER) for BDP/
FOR/GLY (e.g., more effective, less costly).

Probabilistic sensitivity analysis (PSA) was conducted 
to estimate the impact of joint uncertainty around key 
model input parameters on the probability of BDP/FOR/
GLY being cost-effective, with 5,000 iterations. In the 
PSA, model input variables were regarded as stochastic, 
and their values were sampled from relevant distribu-
tions. Results of the PSA were presented in the form of 
scatter plots and cost-effectiveness acceptability curves 
(CEAC). For the PSA, uncertainty in RRs was mod-
eled using convergence diagnostics and output analysis 
(CODA) values from the NMA rather than assuming a 
lognormal distribution informed by the summary statis-
tic outputs of the PSA. The uncertainty of cost estimates 
was captured by uncertainties in resource use, assuming 
fixed unit costs for the resources. The lognormal distribu-
tion was used to represent the uncertainty in parameters 
describing outpatient visits, home visits and laboratory 
services, while parameters related to the use of co-med-
ications and inpatient admissions were sampled using Tr
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beta distribution. Health related utilities were simulated 
with the beta distribution.

Scenario analysis
Three alternative scenarios were considered to assess the 
impact of uncertainty in various parameters on the cost-
effectiveness of BDP/FOR/GLY. Scenario 1 explored the 
impact of assuming that exacerbation probabilities in 
the extrapolated period are based on the last visit from 
TRIGGER and TRIMARAN studies. Scenario 2 analyzed 
the assumption that patients with a severe exacerbation 
that do not require hospitalization always visit accident 
and emergency department (A&E) (i.e., probability of 
A&E = 1), and that inpatient costs for a moderate exac-
erbation are equal to inpatient costs for the exacerba-
tion-free health state (i.e., £0.06 per cycle, instead of no 
cost). Lastly, Scenario 3 explored the mortality risk due to 
severe exacerbation with hospitalization.

Results
Deterministic base case
BDP/FOR/GLY MS vs. FF/UMEC/VI MS
In the base case, BDP/FOR/GLY MS was found to 
be £5,121 less costly and showed marginal improve-
ment in QALYs (0.065) compared to FF/UMEC/VI MS. 
With higher QALYs and lower total costs, BDP/FOR/
GLY resulted in being a dominant treatment alternative 

against FF/UMEC/VI MS at a willingness-to-pay (WTP) 
threshold of £20,000 per QALY gained (Table  3). (Add 
Table 3here)

BDP/FOR/GLY HS vs. FF/UMEC/VI HS and IND/GLY/MF HS
BDP/FOR/GLY HS was found to be £143 less costly and 
marginally improved the QALYs (0.003) compared to FF/
UMEC/VI HS. Similarly, BDP/FOR/GLY HS was £692 
less costly and marginally improved the QALYs (0.023) 
compared to IND/GLY/MF HS. With higher QALYs and 
lower total costs, BDP/FOR/GLY HS was projected to be 
a dominant treatment alternative against FF/UMEC/VI 
HS and IND/GLY/MF HS at a WTP threshold of £20,000 
per QALY gained (Table 3).

Sensitivity analysis
BDP/FOR/GLY MS vs. FF/UMEC/VI MS
The highest impact on the Net Monetary Benefit (NMB) 
value was seen for RR for severe and moderate/severe 
exacerbations, ranging from £802 to £18,834. However, 
BDP/FOR/GLY MS remains cost-effective in most uni-
variate analyses (NMB>£0) except for upper values the 
RR of moderate or severe exacerbations. The model was 
much less sensitive to the costs and utilities of health 
states, however variables tested in the OWSA were lim-
ited (Fig. 2a).

Table 2  Comparative efficacy based on network meta-analysis
Outcome RR (95% CI) Interpretation
MS BDP/FOR/GLY vs. MS FF/UMEC/VI - Severe Asthma Exacerbations 0.65 (0.49 to 0.89) BDP/FOR/GLY MS is superior
MS BDP/FOR/GLY vs. MS FF/UMEC/VI - Moderate & Severe Asthma Exacerbations 1.01 (0.86 to 1.2) Numerically favourable for FF/UMEC/VI
HS BDP/FOR/GLY vs. HS FF/UMEC/VI - Severe Asthma Exacerbations 0.97 (0.7 to 1.32) Numerically favourable for BDP/FOR/GLY
HS BDP/FOR/GLY vs. HS FF/UMEC/VI - Moderate & Severe Asthma Exacerbations 1.00 (0.84 to 1.2) Treatments are equivalent
HS BDP/FOR/GLY vs. HS IND/GLY/MF
- Severe Asthma Exacerbations

0.91 (0.7 to 1.19) Numerically favourable for BDP/FOR/GLY

HS BDP/FOR/GLY vs. HS IND/GLY/MF
- Mod. & Severe Asthma Exacerbations

0.99 (0.85 to 1.16) Numerically favourable for BDP/FOR/GLY

CI: Confidence interval; HS: High strength; MS: Medium strength; NMA: Network meta-analysis. BDP/FOR/GLY: Beclomethasone, Formoterol, and Glycopyrronium 
bromide; FF/UMEC/VI: Fluticasone, Umeclidinium, and Vilanterol; IND/GLY/MF; Indacaterol acetate, Glycopyrronium bromide, and Mometasone; RR: Rate ratio

Table 3  Base case cost-effectiveness analysis (medium strength and high strength)
Therapy Costs LYs QALYs ICER (cost/QALY) NMB (QALYs)
Medium strength
BDP/FOR/GLY MS £59,912 18.38 15.31
FF/UMEC/VI MS £65,032 18.38 15.24
Incremental -£5,121 - 0.065 BDP/FOR/GLY Dominant £6,420
High strength
BDP/FOR/GLY HS £60,202 18.38 15.30 - -
FF/UMEC/VI HS £60,345 18.38 15.30 - -
Incremental -£143 - 0.003 BDP/FOR/GLY Dominant £195
IND/GLY/MF HS £60,894 18.38 15.28
Incremental -£692 - 0.023 BDP/FOR/GLY Dominant £1,150
HS: High strength; ICER: Incremental cost-effectiveness ratio; LY: Life-years; MS: Medium strength; NMB: Net monetary benefit; QALY: quality-adjusted life year. BDP/
FOR/GLY: Beclomethasone, Formoterol, and Glycopyrronium bromide; FF/UMEC/VI: Fluticasone, Umeclidinium, and Vilanterol; IND/GLY/MF; Indacaterol acetate, 
Glycopyrronium bromide, and Mometasone
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Fig. 2  Tornado diagrams (NBM). a. BDP/FOR/GLY MS vs. FF/UMEC/VI MS. b. BDP/FOR/GLY HS vs. FF/UMEC/VI HS. c. BDP/FOR/GLY HS vs. IND/GLY/MF HS. 
HS: High strength; MS: Medium strength; NBM: Net monetary benefit. BDP/FOR/GLY: Beclomethasone, Formoterol, and Glycopyrronium bromide; FF/
UMEC/VI: Fluticasone, Umeclidinium, and Vilanterol; IND/GLY/MF; Indacaterol acetate, Glycopyrronium bromide, and Mometasone; RR: Rate ratio
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Differences in costs and health outcomes between 
the two drugs resulting from each simulation are pre-
sented in a cost-effectiveness plane and cost-effectiveness 
acceptability curve. The PSA analysis shows that most of 
observations fall in the South-East (70.8%) and South-
West (24.3%) quadrants of the scatterplot (Fig.  3a). The 
probability of BDP/FOR/GLY MS is cost-effective in 
77.1% of cases as compared to FF/UMEC/VI MS, at the 
defined WTP threshold of £20,000 per QALY gained (see 
Additional file 2).

BDP/FOR/GLY HS vs. FF/UMEC/VI HS
The cost-effectiveness of BDP/FOR/GLY HS versus FF/
UMEC/VI HS was most sensitive to the RR for moderate 
or severe exacerbations varying from -£8,138 to £11,710. 
The OWSA showed substantial variation around the base 
case estimate of NMB (for a WTP £20,000 per QALY 
gained), with the decision on the cost-effectiveness of 
BDP/FOR/GLY being affected in four univariate analyses 
(Fig. 2b).

The PSA analysis shows that most of observations fall 
in the South-East (45.4%) and North-West (44.9%) quad-
rants of the scatterplot (Fig. 3b). The probability of BDP/
FOR/GLY HS is cost-effective in 51.3% of cases as com-
pared to FF/UMEC/VI HS, at the defined WTP threshold 
of £20,000 per QALY gained (see Additional file 2).

BDP/FOR/GLY HS vs. IND/GLY/MF HS
The cost-effectiveness of BDP/FOR/GLY HS versus IND/
GLY/MF HS was most sensitive to the RR for moderate 
or severe exacerbations with results varying from -£6,411 
and £11,196. Results of the OWSA showed that there was 
substantial variation around the base case NMB estimate 
(for a WTP of £20,000 per QALY gained), which was 
related to the treatment effect of BDP/FOR/GLY HS ver-
sus IND/GLY/MF HS (Fig. 2c). (Add Fig. 2c here)

The PSA analysis shows that most of observations fall 
in the South-East (55.1%) and North-West (34.1%) quad-
rants of the scatterplot (Fig. 3b). The probability of BDP/
FOR/GLY HS is cost-effective in 61.2% of cases as com-
pared to IND/GLY/MF HS, at the defined WTP thresh-
old of £20,000 per QALY gained (see Additional file 2).

Scenario analyses
The scenario analyses showed the base case deterministic 
results are robust to structural and input uncertainty. In 
all three scenarios MS and HS BDP/FOR/GLY remained 
dominant versus FF/UMEC/VI MS, FF/UMEC/VI HS, 
and IND/GLY/MF HS (Table 4).

Discussion
Several therapies are available for asthma management, 
despite that a significant proportion of patients with 
moderate-to-severe asthma do not achieve adequate 

control [2]. Nonadherence to treatment, the use of mul-
tiple inhalers, and errors in inhaler handling are some of 
the factors associated with uncontrolled asthma; there-
fore, improving treatment adherence could improve 
asthma control. In patients who are already receiving 
triple therapy via different devices, switching to fixed 
dose combination (FDC) in a single inhalation device 
(SITTs) could confer benefits by reducing critical errors 
in the management of inhalers, improving therapeutic 
adherence, and lowering costs, while maintaining the 
same clinical efficacy [43]. Furthermore, to achieve symp-
tom control, it is essential to access both the lung’s large 
and small airways. The dimensions and structure of the 
bronchial lumen make it challenging for treatments to 
accomplish this. Inhaled extrafine SITTs are capable of 
treating the entire bronchial tree including the small air-
ways more effectively than other conventional therapies 
[44].

Recently, a few SITTs have been marketed and the 
GINA recommend adding a LAMA in asthma patients 
who still experience symptoms or exacerbations, despite 
treated with MS or HS ICS/LABA [2]. Multiple phase 
III clinical trials (TRIMARAN, TRIGGER, IRIDIUM, 
ARGON, and CAPTAIN) have confirmed therapeutic 
benefits of SITTs in this patient population [18–21]. TRI-
MARAN and TRIGGER were the first trials to evaluate 
the efficacy and safety of an extrafine SITT, Trimbow® 
(BDP/FOR/GLY), in the management of moderate-to-
severe asthma versus double therapy, Fostair® (beclo-
methasone dipropionate/formoterol fumarate). The 
clinical outcomes of these two trials were used to assess 
the cost-effectiveness of BDP/FOR/GLY versus Fostair® 
by Orlovic et al., [23]. This was the first CEA of BDP/
FOR/GLY in uncontrolled asthma patients based on a 
NHS England perspective. The current analysis builds on 
the previous study by Orlovic et al., [23] and utilizes out-
comes from the recently published NMA [35] to assess 
the cost-effectiveness of BDP/FOR/GLY compared to 
other SITTs (FF/UMEC/VI MS and HS, and IND/GLY/
MF HS).

In the base case, BDP/FOR/GLY MS was projected to 
be a dominant treatment alternative against FF/UMEC/
VI MS i.e., BDP/FOR/GLY lead to increased QALYs 
(more effective at producing health benefits in terms of 
reduced exacerbations), and net cost savings. Similarly, 
BDP/FOR/GLY HS was projected to be a dominant treat-
ment alternative against FF/UMEC/VI MS and HS, and 
IND/GLY/MF HS. The OWSA results showed that there 
was substantial variation around the NMB estimate (for 
a WTP of £20,000 per QALY gained) related to the rela-
tive treatment effect of BDP/FOR/GLY versus other com-
parators and costs associated with moderate-to-severe 
exacerbations. The various scenarios also illustrated the 
impact of uncertainty on the CEA, although importantly 
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Fig. 3  Cost-effectiveness plane. a) BDP/FOR/GLY MS vs. FF/UMEC/VI MS. b) BDP/FOR/GLY HS vs. FF/UMEC/VI HS and IND/GLY/MF HS. HS: High strength; 
MS: Medium strength; PSA: Probabilistic sensitivity analysis QALY: quality-adjusted life year; WTP: Willingness-to-pay. BDP/FOR/GLY: Beclomethasone, 
Formoterol, and Glycopyrronium bromide; FF/UMEC/VI: Fluticasone, Umeclidinium, and Vilanterol; IND/GLY/MF; Indacaterol acetate, Glycopyrronium 
bromide, and Mometasone
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both MS and HS BDP/FOR/GLY remained dominant 
compared with MS and HS SITTs in all three scenarios. 
In the PSA, BDP/FOR/GLY MS had a 71% likelihood 
to be a dominant strategy versus FF/UMEC/VI MS at a 
WTP threshold of £20,000 per QALY gained. Conversely, 
the probability of BDP/FOR/GLY HS being dominated by 
FF/UMEC/VI and IND/GLY/MF HS at a WTP threshold 
of £20,000 per QALY gained was 45% and 34% respec-
tively. The uncertainty can be attributed to the relative 
treatment efficacy informed by indirect treatment com-
parison methods.

These findings are in line with results of CEA by Orlo-
vic et al., [23] which used a similar model to that used in 
our analysis. As with our base case analysis, the model by 
Orlovic et al., [23] did not explicitly account for the costs 
of adverse events or loss of productivity. Another study 
by Mtibaa et al., [45] compared the cost-effectiveness 
of IND/GLY/MF SITT with ICS/LABA + TIO in Can-
ada. The study population were patients whose asthma 
remained uncontrolled despite treatment with HS ICS/
LABA. In the base case analysis, SITT was found to be 
less costly and more effective and had the highest proba-
bility of being cost-effective at WTP threshold compared 
with ICS/LABA + TIO.

The results of our study must be interpreted with cau-
tion considering a few limitations. Major limitations of 
this analysis, which are inherited by most of the CEAs, is 
the use of clinical efficacy inputs from trial data. Assump-
tions had to be made when extrapolating the data beyond 
the trial duration, which was a 52-week period, including 
that the treatment effect would continue to be observed. 
To assess the cost-effectiveness of BDP/FOR/GLY over 
a lifetime horizon, extrapolations of the trial data were 
required to predict movements between health states, 
introducing a degree of uncertainty into the model, 
which could not be validated against the trial data. Health 
state resource utilization was deduced from published 

literature, which may have provided outdated informa-
tion, and was therefore validated by one England-based 
clinical expert. Nonetheless, base case deterministic 
results are robust to structural and input uncertainties, 
which was demonstrated by running scenario analysis, 
addressing these limitations. Additional limitations of the 
study are due to the Markov model not considering any 
improvements in either lung function or overall asthma 
control and to the assumption that all patients persisted 
with treatments throughout the lifetime horizon at the 
adherence rates observed in the clinical trials. The impact 
of poor adherence, treatment discontinuation and treat-
ment switching in real-world were not investigated in 
the model due to a lack of robust evidence. These limi-
tations can be addressed by ongoing research to confirm 
the long-term treatment effects and adherence of BDP/
FOR/GLY in moderate-to-severe asthma patients [46]. 
An ongoing multicenter, multicountry, prospective study 
TriMaximize aims to provide the characteristics, therapy 
pathways and health-related outcomes of patients with 
moderate-to-severe asthma prescribed with BDP/FOR/
GLY extrafine SITT in real-world practice [46]. Lastly the 
results for FF/UMEC/VI MS and HS are based on the list 
price for FF/UMEC/VI in chronic obstructive pulmonary 
disorder (COPD) as it was not yet approved in asthma. 
FF/UMEC/VI HS was assumed to be at flat price with 
FF/UMEC/VI MS and hence should be interpreted with 
caution.

Conclusion
In the base case analysis, BDP/FOR/GLY MS and HS 
were dominant compared with FF/UMEC/VI MS and HS 
and IND/GLY/MF HS in patients with asthma uncon-
trolled by ICS/LABA, at a standard WTP threshold of 
£20,000 per QALY gained from the NHS England per-
spective. Furthermore, sensitivity and scenario analyses 
conducted by varying different parameters confirmed 

Table 4  Incremental cost, life-years and QALYs, and icers for the three scenario analyses
Scenarios Incremental Costs Incremental QALYs ICER (cost/QALY) NMB (QALYs)
Scenario 1: Exploration assumption
BDP/FOR/GLY MS vs. FF/UMEC/VI MS -£3,919 0.019 BDP/FOR/GLY Dominant £4,302
BDP/FOR/GLY HS vs. FF/UMEC/VI HS -£40 0.002 BDP/FOR/GLY Dominant £78
BDP/FOR/GLY HS vs. IND/GLY/MF HS -£343 0.018 BDP/FOR/GLY Dominant £711
Scenario 2: Probability of ER visit in severe exacerbation without hospitalization
BDP/FOR/GLY MS vs. FF/UMEC/VI MS -£7,500 0.065 BDP/FOR/GLY Dominant £8,800
BDP/FOR/GLY HS vs. FF/UMEC/VI HS -£281 0.003 BDP/FOR/GLY Dominant £333
BDP/FOR/GLY HS vs. IND/GLY/MF HS -£1,145 0.023 BDP/FOR/GLY Dominant £1,603
Scenario 3: Including asthma excess mortality
BDP/FOR/GLY MS vs. FF/UMEC/VI MS -£1,502 0.820 BDP/FOR/GLY Dominant £17,909
BDP/FOR/GLY HS vs. FF/UMEC/VI HS -£43 0.026 BDP/FOR/GLY Dominant £566
BDP/FOR/GLY HS vs. IND/GLY/MF HS -£343 0.100 BDP/FOR/GLY Dominant £2,337
HS: High strength; ICER: Incremental cost-effectiveness ratio; LY: Life years; MS: Medium strength; NMB: Incremental net monetary benefit QALY: quality-adjusted life 
year. BDP/FOR/GLY: Beclomethasone, Formoterol, and Glycopyrronium bromide; FF/UMEC/VI: Fluticasone, Umeclidinium, and Vilanterol; IND/GLY/MF; Indacaterol 
acetate, Glycopyrronium bromide, and Mometasone
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the robustness of the base case results. The compari-
sons between BDP/FOR/GLY HS versus FF/UMEC/VI 
HS and IND/GLY/MF HS were characterized by some 
uncertainty, related to the relative treatment efficacy 
informed by the indirect treatment comparison methods. 
The results of our study could provide a reference for the 
economic impact of BDP/FOR/GLY from the publicly 
funded health payer perspective in England and may be 
generalizable to other health care systems with compa-
rable pricing structures.

Supplementary Information
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