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Abstract
Purpose This research examined the cost-effectiveness of adding empagliflozin to standard of care (SoC) compared with 
SoC alone for treatment of heart failure with reduced ejection fraction (HFrEF) from the perspective of healthcare payers in 
the United Kingdom (UK), Spain and France.
Methods A lifetime Markov cohort model was developed to simulate patients’ progression through health states based on 
Kansas City Cardiomyopathy Questionnaire Clinical Summary Score. The model predicted risk of death, hospitalisation for 
worsening heart failure (HHF), treatment-related adverse events, and treatment discontinuation each monthly cycle. Clinical 
inputs and utilities were derived from EMPEROR-Reduced trial data, supplemented by published literature and national 
costing databases. Costs (2021 pound sterling/euro) and quality-adjusted life-years (QALYs) were discounted annually for 
the UK (3.5%), Spain (3.0%) and France (2.5%).
Results In the UK, Spain and France, empagliflozin plus SoC yielded additional QALYs (0.19, 0.23 and 0.21) at higher 
cost (£1185, €1770 and €1183 per patient) than SoC alone, yielding incremental cost-effectiveness ratios of £6152/QALY, 
€7736/QALY and €5511/QALY, respectively. Reduced HHF incidence provided most cost offsets for empagliflozin plus 
SoC. Similar results were obtained for a range of subgroups and sensitivity analyses. Probabilistic sensitivity results indicated 
empagliflozin plus SoC remained cost-effective vs. SoC at willingness-to-pay thresholds of £20,000/QALY, €20,000/QALY 
and €30,000/QALY in 79.6%, 75.5% and 97.3% of model runs for the UK, Spain and France, respectively.
Conclusions Empagliflozin added to SoC leads to health benefits for patients with HFrEF and is a cost-effective treatment 
option for payers in multiple European countries (UK, Spain, France).

Keywords Cost-effectiveness · Empagliflozin · Heart failure · Hospitalisation · Reduced ejection fraction · Sodium–glucose 
cotransporter-2 inhibitor
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Introduction

Heart failure (HF) is characterised by frequent hospitali-
sations and significantly diminished life expectancy and 
health-related quality of life (HRQoL), imposing a signifi-
cant humanistic and economic burden in Europe and inter-
nationally [1]. While recent figures are lacking, HF-related 
expenditures in the European Union were estimated at €29 
billion in 2012, driven largely by recurrent and prolonged 
hospitalisations [2]. European incidence of HF is approxi-
mately 5 per 1000 patient-years (PYs) [3, 4], while recent 
age-standardised estimates suggest prevalence ranges from 
703.8/100,000 people (95% confidence interval [CI]: 609.6, 
801.5) in Eastern Europe to 1058.1/100,000 people (95% CI 
925.5, 1203.5) in Central Europe [5]. HF disproportionately 
impacts older individuals, and combined with the projected 
ageing of the European population, evidence suggests this 
burden is likely only to grow in the coming years [6].

HF with reduced ejection fraction (HFrEF; i.e. left ven-
tricular ejection fraction of ≤ 40%) comprises approximately 
half or more of HF cases [4, 7]. As per current European 
guidelines, the mainstay of treatment for HFrEF is pharma-
cotherapy, potentially supplemented by device therapy and 
other interventions which aim to reduce symptoms, improve 
functional status and HRQoL, and decrease the rate of hos-
pitalisation for worsening heart failure (HHF) [8]. Despite 
these interventions, prognosis for these patients generally 
remains poor [7].

Recent large-scale clinical trials (DAPA-HF and 
EMPEROR-Reduced) have shown the effects of 
sodium–glucose cotransporter-2 inhibitors (SGLT2i) (dapa-
gliflozin and empagliflozin) on reducing the risk of cardio-
vascular (CV) death or HHF in patients with HFrEF [9, 10]. 
EMPEROR-Reduced compared treatment with empagliflo-
zin  (Jardiance®) vs. placebo, both in addition to background 
standard of care (SoC), demonstrating a 25% (hazard ratio 
[HR]: 0.75; 95% CI 0.65, 0.86) reduction in the primary 
composite outcome of CV death or first HHF and 30% (HR: 
0.70; 95% CI 0.58, 0.85) reduction in total HHF [9].

Examining the economic implications of these clini-
cal results is essential to assist decision-makers in making 
judicious use of scarce healthcare resources, because this 
facilitates understanding of the trade-offs that ensue when 
introducing a novel health intervention that may improve 
clinical outcomes for patients, but may also increase expen-
ditures for local healthcare systems. The establishment of 
dedicated institutions and frameworks for the assessment 
of new health technologies in each jurisdiction included 
in this study attests to the widespread recognition of the 

importance of formal economic evaluation as a tool for sup-
porting such decisions [11–14]. Accordingly, this research 
evaluated the cost-effectiveness of adding empagliflozin to 
SoC compared with SoC alone from the perspective of rep-
resentative healthcare systems in Europe, namely the United 
Kingdom (UK), Spain and France.

Methods

Model approach

A Microsoft  Excel®-based lifetime Markov cohort model 
with monthly cycles comparing empagliflozin plus SoC vs. 
SoC alone was developed to simulate patients’ progression 
through health states based on the Kansas City Cardio-
myopathy Questionnaire (KCCQ) Clinical Summary Score 
(CSS; Fig. 1), which ranges from 0 to 100, with higher 
scores indicating better health status. The model consisted 
of five states that encompassed KCCQ-CSS quartiles and 
death. Several factors motivated the selection of a Markov 
cohort approach. Such models employ a simple structure and 
allow for rapid execution of analyses yet possess sufficient 
flexibility to account for patient heterogeneity through sub-
group analyses and can capture both the short- (e.g. episodes 
of HHF) and long-term impacts of treatment (e.g. disease 
progression, as reflected in transitions between KCCQ-CSS 
quartiles). This approach also aligns with a recent health 
economic evaluation of dapagliflozin in HFrEF [15].

The KCCQ-CSS was selected as the basis for the health 
states used in the model because the KCCQ tool is an estab-
lished and prognostically important patient-reported meas-
ure of health status in HFrEF [16–19] that health technology 
assessment bodies regard as appropriate for decision-mak-
ing, sidestepping issues associated with alternative measures 
such as New York Heart Association (NYHA) functional 
classifications (these issues are summarised in the Discus-
sion section). Of note, the KCCQ-CSS is more comprehen-
sive than the measure employed in the aforementioned dapa-
gliflozin study (i.e. the KCCQ Total Symptom Score [TSS]), 
encompassing not merely symptom burden and frequency, 
but also physical limitation.

Model description

The modelled cohort was partitioned across the four KCCQ-
CSS health states at baseline. In each cycle, patients could 
remain in the same state, progress to a lower (worse) 
KCCQ-CSS state, regress to a higher (better) KCCQ-CSS 
state, or die, and could experience HHF or treatment-related 
adverse events (AEs) as transient events while in a KCCQ-
CSS state. The model monitored patients’ HRQoL and 
resource use over time as they transitioned between health 
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states and independently tracked CV- and non-CV-related 
deaths. Treatment was assumed to impact patient outcomes 
by reducing the risk of mortality and HHF and influenc-
ing the likelihood of transitions between KCCQ-CSS health 
states, further modifying the risk of model events and driv-
ing accrual of both costs and quality-adjusted life-years 
(QALYs).

Modelled SoC therapies represented treatments patients 
in the EMPEROR-Reduced trial received, including diuret-
ics, inhibitors of the renin–angiotensin system and neprily-
sin, beta-blockers, mineralocorticoid receptor antagonists, 
and cardiac devices (when indicated). Similar to the trial, 
where termination of therapy could result from exposure to 
AEs, non-adherence, or other causes, the model assumed 
patients for whom SoC was complemented by empagliflo-
zin gradually discontinued empagliflozin therapy over time, 
after which they received SoC alone until death or the model 
horizon expired.

The model structure was the same for the UK, Spain and 
France, although some inputs used to inform each analysis 
were country-specific (Supplementary Appendix Section 
S1). Direct medical costs consisted of expenditures related 
to drug acquisition, clinical event management, and disease 
management. Utilities were accrued based on time spent in 
each KCCQ-CSS state, adjusted for disutilities associated 
with HHF and AEs. Future costs and benefits were dis-
counted at annual rates of 3.5%, 3.0% and 2.5% for the UK 
[12], Spain [20] and France [21], respectively. The primary 
model outcome was the incremental cost-effectiveness ratio 
(ICER), expressed as cost per QALY gained, measuring the 
additional cost to gain one QALY by treating patients with 
empagliflozin plus SoC vs. SoC alone.

Population

The modelled cohort was representative of patients in the 
EMPEROR-Reduced trial [9]. Patients were initially distrib-
uted into KCCQ-CSS quartiles as follows: 0 to < 55 (24.3%), 
55 to < 75 (25.1%), 75 to < 90 (27.2%) and 90–100 (23.4%). 
The mean starting age of the cohort was 67 years and 76% 
were male. Half the patients had history of type 2 diabe-
tes (T2D), 48% had an estimated glomerular filtration rate 
(eGFR) less than 60 mL/min/1.73  m2, and 20% were receiv-
ing an angiotensin receptor–neprilysin inhibitor (ARNi) as 
part of SoC.

The model was equipped to perform a range of pre-speci-
fied subgroup analyses based on patient age at baseline (< 65 
vs. ≥ 65 years), presence or absence of T2D, eGFR (< 60 
vs. ≥ 60 mL/min/1.73  m2) and utilisation or non-utilisation 
of ARNi.

Disease and treatment effect

Disease progression or regression

EMPEROR-Reduced trial data were used to estimate transi-
tion probability matrices to capture improvement (ascent) or 
progression (descent) of disease through KCCQ-CSS quar-
tiles. KCCQ-CSS quartiles were used to ensure sufficient 
granularity in predicting movement between health states 
and were constructed in such a way as to ensure enough 
patient data for robust statistical analysis (i.e. quartile 
1: 0 to < 55; quartile 2: 55 to < 75; quartile 3: 75 to < 90; 
quartile 4: 90–100). Treatment-specific monthly transition 
probabilities between quartiles were computed based on 
transition count data. Independent transition matrices were 
developed based on the first three months of follow-up in 
EMPEROR-Reduced, from month 4 to 8, and from month 9 
onwards, recognising inflection points observed in the data 

Fig. 1  Model diagram. HF heart 
failure, KCCQ-CSS Kansas City 
Cardiomyopathy Questionnaire 
Clinical Summary Score
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(Supplementary Appendix Section S3). Transition probabili-
ties were assumed to be equivalent for all patient subgroups.

Treatment discontinuation

Parametric survival analysis of EMPEROR-Reduced trial 
data was conducted to estimate time to empagliflozin treat-
ment discontinuation (following an exponential distribu-
tion), with time-varying KCCQ-CSS as covariates (see 
Supplementary Appendix for statistical methods [Section 
S2] and results [Section S3]); alternative distributions were 
considered in sensitivity analyses. Discontinuation from 
empagliflozin was assumed to result in a treatment effect on 
event risks, costs, and utilities similar to SoC alone. This is 
a conservative assumption, to the extent it implies the treat-
ment effect of empagliflozin dissipates immediately upon 
discontinuation, which may not be true in practice. How-
ever, event risks for patients who discontinue empagliflozin 
will remain lower than for patients who only ever received 
SoC, due to differences in how patients are distributed across 
health states. These distributions enter the predictive risk 
equations for HHF and all-cause and CV death, and differ-
ences among them, which persist even after discontinuing 
treatment with empagliflozin, will result in sustained diver-
gence in risk profiles between interventions.

Transient event risks

Risk of first and subsequent HHF was estimated using a 
Poisson regression model fitted to patient-level EMPEROR-
Reduced data with generalised estimating equations to 
account for the repeated measures on patients (Supplemen-
tary Appendix Section S2), including treatment allocation 
and time-varying KCCQ-CSS health states as covariates 
(Supplementary Appendix Section S3). Being on treatment 
with empagliflozin plus SoC or residing in higher KCCQ-
CSS quartiles was associated with lower risk of HHF.

The model captured AEs experienced by patients in the 
EMPEROR-Reduced trial, including urinary tract infection, 
genital mycotic infection, acute renal failure, hepatic injury, 
volume depletion, hypotension, hypoglycaemic events and 
bone fracture. Patients were subject to ongoing risk of expe-
riencing AEs, estimated from the trial data (Supplementary 
Appendix Section S4). A constant hazard was assumed for 
each AE.

Mortality

Parametric survival analyses were undertaken using the 
complete EMPEROR-Reduced dataset to capture all-cause 
and CV death as a function of treatment and time-varying 
KCCQ-CSS, both during and beyond the trial duration. Dis-
tributions chosen for all-cause and CV death (Weibull) were 

selected from potential distributions based on goodness of fit 
and clinical plausibility of long-term projections; alternative 
distributions were considered in sensitivity analyses. Details 
regarding the statistical methodology and results of the par-
ametric survival analyses are presented in Supplementary 
Appendices Sections S2 and S3, respectively.

The model independently tracked CV and non-CV deaths; 
whereas CV death was dictated by the corresponding predic-
tive risk equation (see above), non-CV death was calculated 
as (a) the difference between parametric fits for all-cause 
and CV death or (b) the difference between rates of age- 
and sex-specific all-cause mortality predicted from country-
specific life tables [22–24] and rates of CV death recorded in 
national cause-of-death registries [25–27]—whichever was 
largest. This was done to ensure the risk of non-CV death 
was always at least as high as that observed in the population 
more generally.

Utilities

The model applied utility scores ranging from 0 (death) to 
1 (full health) to capture the effect of disease severity and 
clinical events on HRQoL. QALYs accrued during each 
model cycle, calculated as the difference between KCCQ-
CSS health state utilities, and utility decrements attributable 
to transient events, including HHF and AEs (Table 1; also 
see Supplementary Appendix Section S5). The impact of 
transient events on HRQoL was captured as one-off decre-
ments to the proportion of patients experiencing the event 
and assumed to apply during the month in which those 
events occurred (i.e. for one model cycle).

EQ-5D-5L responses collected in EMPEROR-Reduced 
were mapped to EQ-5D-3L using crosswalks formulated by 
van Hout et al. [28], which were then converted to index 
scores using published value sets for each of the three coun-
tries. Linear mixed-effects regression models (see Supple-
mentary Appendix Section S3) were constructed to predict 
utility values from baseline demographics and medical his-
tory, time-varying KCCQ-CSS and clinical events (HHF, 
AEs).

Utility decrements attributable to HHF were estimated 
as a weighted average of the relevant coefficients from the 
regression models, each representing a different duration of 
time elapsed since the event occurred, and those durations 
themselves. Disutility estimates for most AEs were sourced 
directly from the regression model; however, urinary tract 
infection and hypotension in EMPEROR-Reduced could not 
be derived from the trial analysis due to low incidence and 
were obtained from published literature [29, 30].

An age adjustment was applied to KCCQ-CSS health 
state utility values to account for differences between 
the EMPEROR-Reduced trial and country-specific popu-
lation norms; in particular, the model assumed HRQoL in 
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KCCQ-CSS quartile 4 would resemble the population more 
generally, thereby ensuring utilities for patients in lower 
quartiles (i.e. whose conditions were more severe) would 
not be higher than this level. The model did not apply further 
adjustments to account for cohort ageing due to compara-
tively brief life expectancy for patients with HFrEF.

Costs and resource utilisation

Direct reimbursable medical care costs were expressed in 
appropriate national currencies (i.e. 2021 British pounds for 
the UK and 2021 Euros for Spain and France), with adjust-
ments for inflation. The model included costs associated 
with drug acquisition, management of clinical events, and 
disease management, sourced from local costing databases 

Table 1  Summary of key base-case input parameters

CV cardiovascular, HHF hospitalisation for worsening heart failure, KCCQ-CSS Kansas City Cardiomyopathy Questionnaire Clinical Symptom 
Score, SoC standard of care, UK United Kingdom

Input parameter UK Spain France Sources

Discount rate: cost 3.5% 3.0% 2.5% [12, 20, 21]
Discount rate: health 3.5% 3.0% 2.5% [12, 20, 21]
Distribution for clinical parameters
 HHF Poisson Poisson Poisson EMPEROR-Reduced
 Time to CV death Weibull Weibull Weibull EMPEROR-Reduced
 Time to all-cause death Weibull Weibull Weibull EMPEROR-Reduced
 Time to empagliflozin treatment discontinuation Exponential Exponential Exponential EMPEROR-Reduced

Utility parameters
 Health state utility: KCCQ-CSS 0 to < 55 (Q1) 0.520 0.629 0.464 EMPEROR-Reduced
 Health state utility: KCCQ-CSS 55 to < 75 (Q2) 0.637 0.754 0.610 EMPEROR-Reduced
 Health state utility: KCCQ-CSS 75 to < 90 (Q3) 0.710 0.832 0.721 EMPEROR-Reduced
 Health state utility: KCCQ-CSS 90–100 (Q4) 0.774 0.891 0.810 EMPEROR-Reduced
 Disutility: HHF – 0.246 – 0.291 – 0.240 EMPEROR-Reduced
 Disutility: urinary tract infection – 0.025 – 0.025 – 0.025 [30]
 Disutility: genital mycotic infection – 0.058 – 0.053 – 0.052 EMPEROR-Reduced
 Disutility: acute renal failure – 0.010 – 0.014 – 0.011 EMPEROR-Reduced
 Disutility: hepatic injury – 0.016 – 0.011 – 0.018 EMPEROR-Reduced
 Disutility: volume depletion – 0.018 – 0.015 – 0.017 EMPEROR-Reduced
 Disutility: hypotension – 0.025 – 0.025 – 0.025 [29]
 Disutility: hypoglycaemic event – 0.048 – 0.041 – 0.055 EMPEROR-Reduced
 Disutility: bone fracture – 0.165 – 0.170 – 0.148 EMPEROR-Reduced

Cost parameters
 Monthly drug acquisition cost: empagliflozin + SoC £79 €157 €129 [39–41]
 Monthly drug acquisition cost: SoC £40 €100 €84 [39–41]
 Event management cost: HHF £3072 €3814 €4968 [42–44]
 Event management cost: CV death £4146 €6276 €3764 [42, 45, 46]
 Event management cost: urinary tract infection £40 €57 €36 [43, 47–53]
 Event management cost: genital mycotic infection £40 €57 €36 [43, 47–53]
 Event management cost: acute renal failure £1906 €4243 €3739 [42, 44, 54]
 Event management cost: hepatic injury £1274 €2709 €1055 [42–44, 46–53]
 Event management cost: volume depletion £40 €57 €36 [43, 47–53]
 Event management cost: hypotension £40 €57 €36 [43, 47–53]
 Event management cost: hypoglycaemic event £627 €1461 €2319 [42–44, 47–53, 55]
 Event management cost: bone fracture £2710 €5042 €3352 [42, 44, 46]
 Disease management cost: KCCQ-CSS 0 to < 55 (Q1) £77 €55 €48 [43, 44, 47–53, 56–59]
 Disease management cost: KCCQ-CSS 55 to < 75 (Q2) £77 €55 €48 [30, 43, 44, 47–53, 56–59]
 Disease management cost: KCCQ-CSS 75 to < 90 (Q3) £77 €55 €48 [30, 43, 44, 47–53, 56–59]
 Disease management cost: KCCQ-CSS 90–100 (Q4) £77 €55 €48 [30, 43, 44, 47–53, 56–59]
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and published literature, as appropriate (Table 1). Detailed 
itemisation of costs incorporated into the model is supplied 
in Supplementary Appendix Section S6.

Drug costs for empagliflozin 10 mg and SoC therapies 
were extracted from national databases in the three country 
settings—Monthly Index of Medical Specialities for the UK, 
BotPlus Web Database in Spain (retail plus value added tax 
for the base-case analysis and ex-factory price for sensitivity 
analysis) and the Official Journal in France (public prices 
including all taxes). For each SoC HF medication class, 
costs of individual therapies were used to compute an aver-
age cost, assuming treatments within each class were uni-
formly distributed (UK and Spain) or based on local market 
share (France). Then, the drug cost of SoC was computed as 
a weighted average cost based on these values and utilisation 
of HF medication classes at baseline in the empagliflozin 
plus SoC and SoC arms of EMPEROR-Reduced. Finally, a 
cost associated with each treatment regimen (i.e. empagli-
flozin plus SoC and SoC alone) was computed. Indicated 
strength and dosage for each drug were based on summaries 
of product characteristics. The cost of empagliflozin 10 mg 
was incurred until treatment discontinuation, whereas expen-
ditures associated with SoC accrued until death or the model 
horizon expired. Detailed examples of the steps involved in 
the calculation of treatment costs are presented in Supple-
mentary Appendix Section S6.

The model assumed that patients receiving implant-
able cardioverter defibrillators and cardiac resynchronisa-
tion therapy had these devices installed prior to entry, and, 
accordingly, the analysis excludes expenditures associated 
with the devices or their implantation. In addition, it was 
assumed patients entering the model were already receiving 
appropriately titrated doses of SoC therapies, such that the 
stable maintenance dosage for each SoC treatment could be 
applied.

Expenses for managing clinical events (HHF, CV death 
and AEs) were obtained from national databases or pub-
lished literature and modelled as one-off costs. The model 
assumed no cost for non-CV death. For AEs, these were 
calculated with reference to the distribution of visit types 
(i.e. outpatient or inpatient), reflecting their typical severity, 
and corresponding costs.

HF-related disease management expenditures accrued 
each cycle and were assumed similar across KCCQ-CSS 
quartiles, reflecting utilisation rates and local costs associ-
ated with primary care, cardiologist visits, and accident and 
emergency referrals.

Model validation

Validation steps included assessment of face validity, tech-
nical validity, predictive validity, and cross-validity. Thor-
ough evaluation of face validity and technical validity was 

supported by an independent modelling expert using the 
TECHnical VERification checklist (TECH-VER) [31]. 
Meanwhile, predictive validity was assessed by compar-
ing model-predicted rates of HHF, CV and all-cause death 
against observed rates from EMPEROR-Reduced (Supple-
mentary Appendix Section S7), while cross-validity entailed 
identifying and explicating differences in analytical results 
relative to a recently published model with a similar decision 
problem [15].

To assess the applicability and generalisability of this 
study to clinical practice in each jurisdiction, baseline char-
acteristics and observed event rates for EMPEROR-Reduced 
participants were compared with data collected from recent 
real-world studies involving patients with HFrEF, including 
Incidence, Prevalence, and resoUrce utiLiSation of hEart 
failure in England (PULSE), the FREnch Survey on Heart 
Failure (FRESH), and published analyses undertaken using 
a large Spanish administrative database [32, 33]; the assess-
ment suggested this analysis may generalise to clinical prac-
tice in the UK, France and Spain more broadly, although this 
should be interpreted cautiously due to the limitations of 
the available real-world evidence (RWE). Overviews of the 
key features and limitations of each study and comparisons 
of patient baseline characteristics and clinical outcomes are 
reported in Supplementary Appendix Section S7.

Analyses

The base-case analysis predicted absolute and incremental 
lifetime cumulative events per 100 PYs, life-years (LY), 
QALYs and costs with empagliflozin plus SoC vs. SoC 
alone for the EMPEROR-Reduced trial intent-to-treat (ITT) 
population. Additionally, the model synthesised results for 
incremental costs and QALYs to compute the ICER for 
empagliflozin plus SoC vs. SoC alone. The ICERs for each 
setting were compared with country-specific, willingness-
to-pay (WTP) thresholds—£20,000/QALY for the UK 
[12], €20,000/QALY for Spain [34], and €30,000/QALY 
for France [35].

Scenarios were run for pre-specified subgroups that were 
considered clinically and/or economically meaningful (out-
lined above). Deterministic sensitivity analyses (DSA) were 
performed using plausible ranges or alternative values for 
key inputs (i.e. model horizon and discount rates; KCCQ-
CSS utilities and utility decrements for AEs and HHF; costs 
associated with drug acquisition and clinical event/disease 
management; distributions and treatment effects for clinical 
outcomes; and whether to exclude treatment discontinuation 
or the life table adjustment for non-CV mortality) to test the 
robustness of model results to changes in the parameters. A 
probabilistic sensitivity analysis (PSA) was conducted using 
distributions reflecting parameter uncertainties, producing 
1000 pairs of incremental effectiveness and cost estimates. 
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The parameters for sensitivity analyses are provided in Sup-
plementary Appendix Sections S9 and S10.

Results

Base‑case analysis

Empagliflozin plus SoC was associated with fewer HHFs, 
CV deaths, non-CV deaths and specific AEs (acute renal 
failure, hepatic injury and hypoglycaemic events) vs. SoC 
alone in all three country settings over a lifetime horizon 
(Table 2; a detailed breakdown by KCCQ-CSS quartile is 
also provided in Supplementary Appendix Section S8), con-
sistent with the EMPEROR-Reduced trial results. Due to 
lower rates of CV and non-CV death, reduced incidence of 
HHF and improved health status (as reflected in the propor-
tion of time spent in each KCCQ-CSS quartile), patients 
treated with empagliflozin plus SoC accumulated more 
discounted LYs (0.18, 0.19 and 0.20 in the UK, Spain and 
France, respectively), and a larger number of discounted 
QALYs gained (0.19, 0.23 and 0.21, respectively). Differ-
ences in health outcomes reflect the unique demographics 

of each nation (i.e. variations in background mortality, as 
captured in life tables, as well as differences in valuation 
of EQ-5D health states and population norms), local health 
technology assessment guidelines (i.e. as reflected in dis-
count rates applied to cost and health outcomes), and varia-
tion in the finance and delivery of healthcare services across 
jurisdictions (i.e. as reflected in disparities in healthcare 
resource utilisation and unit costs).

As shown in Table 2, empagliflozin plus SoC vs. SoC 
alone led to additional (discounted) lifetime costs in the 
UK (£1185/patient), Spain (€1770/patient) and France 
(€1183/patient), due primarily to higher drug acquisition 
but partially also to increased disease management costs, 
which were somewhat offset by savings from clinical events 
avoided (primarily reduced HHF). Relative to SoC, empa-
gliflozin plus SoC yielded ICERs of £6152/QALY, €7736/
QALY and €5511/QALY in the UK, Spain and France, 
respectively. Considering local WTP thresholds of £20,000/
QALY for the UK, €20,000/QALY for Spain and €30,000/
QALY for France, these results indicate that empagliflozin 
plus SoC is cost-effective compared to SoC alone for treat-
ment of patients with HFrEF in all three settings.

Table 2  Base-case results estimated over lifetime horizon

AE adverse event, CV cardiovascular, GBP Great British pound, HHF hospitalisation for worsening heart failure, ICER incremental cost-effective-
ness ratio, LY life-years, PY patient-years, QALY quality-adjusted life-year, SoC standard of care, UK United Kingdom

UK (GBP) Spain (EURO) France (EURO)

Empa-
gliflo-
zin + SoC

SoC Incremental Empa-
gliflo-
zin + SoC

SoC Incremental Empa-
gliflo-
zin + SoC

SoC Incremental

Clinical events, per 100 PY
 HHF 17.60 20.80 – 3.20 17.60 20.79 – 3.19 17.60 20.79 – 3.19
 CV death 9.88 10.34 – 0.46 9.88 10.34 – 0.46 9.89 10.34 – 0.46
 Non-CV death 4.41 4.46 – 0.05 4.36 4.42 – 0.05 4.36 4.42 – 0.06
 Urinary tract infection 3.94 3.76 0.18 3.94 3.76 0.18 3.94 3.76 0.18
 Genital mycotic infection 0.95 0.53 0.42 0.95 0.53 0.42 0.95 0.53 0.42
 Acute renal failure 8.58 9.02 – 0.44 8.58 9.02 – 0.44 8.58 9.02 – 0.44
 Hepatic injury 3.63 3.83 – 0.20 3.63 3.83 – 0.20 3.63 3.83 – 0.20
 Volume depletion 9.01 8.76 0.25 9.01 8.76 0.25 9.01 8.76 0.25
 Hypotension 7.95 7.69 0.26 7.95 7.69 0.26 7.95 7.69 0.26
 Hypoglycaemic event 1.23 1.25 – 0.02 1.23 1.25 – 0.02 1.23 1.25 – 0.02
 Bone fracture 1.95 1.89 0.06 1.95 1.89 0.06 1.95 1.89 0.06

Total cost £16,661 £15,475 £1185 €24,319 €22,549 €1770 €21,726 €20,542 €1183
 Treatment costs £4240 £2673 £1567 €9304 €6950 €2353 €7895 €5947 €1947
 HHF and CV death man-

agement costs
£5418 £5964 – £546 €7569 €8261 – €692 €7529 €8392 – €863

 AE management costs £1615 £1620 – £5 €3513 €3529 – €16 €2810 €2824 – €14
 Disease management costs £5388 £5219 £169 €3933 €3808 €125 €3492 €3379 €113

Total LYs 5.81 5.62 0.18 5.96 5.77 0.19 6.11 5.91 0.20
Total QALYs 3.76 3.57 0.19 4.51 4.28 0.23 3.98 3.77 0.21
ICER – – £6152 – – €7736 – – €5511
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Sensitivity and subgroup analyses

Empagliflozin plus SoC remained cost-effective compared 
with SoC alone in DSA considering local WTP thresh-
olds from all three payer perspectives, with ICERs rang-
ing from £4615–£11,258 in the UK (< £20,000/QALY), 
€4073–€13,520 in Spain (< €20,000/QALY) and from 
€4123–€11,810 in France (< €30,000/QALY), reinforcing 
the base-case results. Eliminating the effect of treatment 
on HHF was the most influential parameter, increasing the 
ICER in each jurisdiction. That was followed by empagliflo-
zin cost per pack (− 20 to + 20%) and discount rate for cost 
(0–5%, vs. 3.5% in the base-case) in the UK; drug costing 
source (ex-factory, vs. retail in the base-case) and empagli-
flozin cost per pack (− 20 to + 20%) in Spain; and empagli-
flozin cost per pack (− 20 to + 20%) and discount rate for 
cost (0–5%, vs. 2.5% in the base-case) in France (Fig. 2; also 
see Supplementary Appendix Section S9).

The PSA results found that the mean ICERs for the UK, 
Spain and France were £6061/QALY, €7788/QALY and 
€5409/QALY, respectively. The chance of empagliflozin 
plus SoC vs. SoC being cost-effective at WTP thresholds of 
£20,000/QALY (UK), €20,000/QALY (Spain) and €30,000/
QALY (France) were 79.6%, 75.5% and 97.3%, respectively 
(Fig. 3; also see Supplementary Appendix Section S10).

The cost-effectiveness of empagliflozin plus SoC vs. 
SoC alone was preserved across all subgroups considered 
in the analysis for each jurisdiction (Table 3). The model 
predicted empagliflozin plus SoC to be most cost-effective 
in the subgroup of patients aged < 65 years (UK: ICER of 
£3702/QALY; Spain: ICER of €5033/QALY; and France: 
ICER of €2256/QALY), followed by patients with T2D (UK: 
ICER of £4899/QALY; Spain: ICER of €6405/QALY; and 
France: ICER of €3501/QALY).

Discussion

A lifetime Markov cohort model was developed to assess the 
cost-effectiveness of empagliflozin plus SoC compared with 
SoC alone for the treatment of adults with HFrEF in the UK, 
Spain and France, drawing upon patient-level data from the 
EMPEROR-Reduced trial.

Base-case results demonstrate that supplementing SoC 
with empagliflozin generated clinical benefit for patients via 
three distinct but connected channels. First, empagliflozin 
plus SoC was associated with a significant treatment effect 
in the predictive risk equation for HHF, a transient event that 
significantly detracts from HRQoL. Second, similar treat-
ment effects in the risk equations for all-cause and CV death 
culminated in increased average life and quality-adjusted life 
expectancy. Finally, treatment influenced transitions between 
KCCQ-CSS quartiles, and, by extension, the distribution of 

the cohort across quartiles over time; this directly contrib-
uted to patient HRQoL (because quartiles associated with 
higher KCCQ-CSS are also associated with higher utili-
ties) and drove further differences in the risk of HHF and 
mortality. Operating through these channels, empagliflo-
zin plus SoC resulted in lower rates of HHF or CV death 
compared with SoC alone, culminating in additional LYs 
and higher QALYs. Utilising empagliflozin alongside SoC 
also produced higher monthly drug acquisition costs, and 
greater life expectancy vs. SoC which further increased 
lifetime expenditures for medication, as well as for disease 
management. These were partially offset by cost-savings 
from reduced incidence of clinical events, especially HHF. 
ICERs capturing the trade-offs between increased clinical 
benefits and higher lifetime costs fall well below accepted 
WTP thresholds in each jurisdiction, demonstrating that 
empagliflozin plus SoC was highly cost-effective compared 
with SoC alone. These findings were broadly supported by 
results from a series of comprehensive scenario and sensi-
tivity analyses.

The modelling approach adopted in this analysis was 
consistent with a recently published economic evaluation in 
HFrEF for the SGLT2i dapagliflozin added to SoC [15]. This 
model, however, used the KCCQ-CSS instead of the KCCQ-
TSS applied in McEwan et al., 2020. The KCCQ-CSS is a 
clinically more comprehensive measure than KCCQ-TSS, 
since it accounts for both the TSS domains (symptom fre-
quency and burden) and physical limitations. Cross-valida-
tion of model predictions vs. the dapagliflozin model found 
higher rates of HHF and CV death in the former. This is as 
anticipated, given that EMPEROR-Reduced was enriched 
for higher-risk patients (e.g. reduced ejection fraction and 
higher levels of natriuretic peptides) compared to DAPA-
HF [9].

This model has several strengths. First, it accurately 
reproduced the EMPEROR-Reduced trial results over the 
median trial follow-up period of 16 months. Second, health 
status was quantified using the KCCQ-CSS (continuously 
scaled from 0 to 100 to assess status from very poor to excel-
lent), a prognostically important, patient-reported measure 
of health status which is considered more reliable than phy-
sician-reported NYHA classification [36]. KCCQ-CSS bet-
ter captured improvement or progression of disease via tran-
sitions of patients between KCCQ-CSS-based health states 
compared with NYHA classification. Exploratory analyses 
of EMPEROR-Reduced trial data showed little movement in 
NYHA health state occupancy (i.e. patients tended to remain 
in class II/III) over the trial duration. Lastly, non-CV death 
rates were adjusted using local life tables.

The model was also subject to limitations. First, 
EMPEROR-Reduced collected relatively short-term data, 
as is typical for a randomised controlled trial. Accord-
ingly, long-term outcomes based on this trial data were 
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Fig. 2  Deterministic sensitivity analyses (top 10 scenarios). CV car-
diovascular, HHF hospitalisation for  worsening heart failure, 
ICER incremental cost-effectiveness ratio, KCCQ-CSS Kansas City 

Cardiomyopathy Questionnaire Clinical Summary Score, QALY qual-
ity-adjusted life-year, UK United Kingdom
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extrapolated and are therefore prone to uncertainty. How-
ever, sensitivity analyses results imply that the choice of 
parametric distributions for key clinical outcomes did not 
significantly impact the estimated ICER, suggesting this 
residual uncertainty is unlikely to alter the conclusions of 
the analysis.

Second, as is common in health economic assessments, it 
is challenging to ascertain the generalisability of the study 
results to clinical practice in each country considered in 
the analysis. While a review of real-world studies suggests 
the baseline characteristics of participants in EMPEROR-
Reduced and trial outcomes are reasonably representative of 

Fig. 3  Incremental cost-
effectiveness scatterplots. 
QALY quality-adjusted life-year, 
UK United Kingdom
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the attributes of patients with HF and outcomes associated 
with delivery of SoC in each jurisdiction, such compari-
sons are hindered by significant limitations in the available 
RWE, including small sample sizes and high proportions of 
missing data. Furthermore, the inclusion of relatively few 
participants from any individual country in the EMPEROR-
Reduced trial precluded the estimation of country-specific 
clinical inputs and necessitated the assumption that these 
inputs are similar across jurisdictions, mirroring challenges 
identified in another recent health economic evaluation of 
SGLT2i for the treatment of HFrEF [15]. However, the find-
ing that the cost-effectiveness of empagliflozin plus SoC vs. 
SoC alone is preserved across subgroups and irrespective of 
uncertainty in any individual model parameter or structural 
assumption strongly suggests the central findings of this 
analysis are robust to country-specific variability in patient 
characteristics or clinical inputs. This said, ongoing data 
generation to establish the cost-effectiveness of empagliflo-
zin in clinical practice remains an important objective for 
future research.

Third, due to inclusion criteria applied to the design of 
EMPEROR-Reduced, estimated utilities for patients occu-
pying the highest KCCQ-CSS quartile (i.e. Quartile 4) 
were relatively high considering a population consisting 
of patients living with HFrEF. While the model applied an 
adjustment to ensure utility weights for KCCQ-CSS Quar-
tile 4 did not exceed population norms in each country, the 
adjusted weights might still not be fully representative of 
this subset of patients. This said, utility weights assigned 
to the KCCQ-CSS quartiles were not significant drivers 
of model results in sensitivity analyses, and, accordingly, 
the cost-effectiveness of empagliflozin plus SoC should be 
robust to uncertainty around these values.

Fourth, the model did not include diabetic ketoacidosis, 
a rare complication of SGLT2is. Very few cases of diabetic 
ketoacidosis were observed in the EMPEROR-Reduced 
trial, aligned with other results for empagliflozin from 
the EMPEROR-Preserved trial [37] in HF with preserved 

ejection fraction and the EMPA-REG OUTCOME trial in 
patients with T2D and established CV disease [38]. In all tri-
als, very few cases were recorded and no imbalance existed 
between treatment groups.

In conclusion, the results of this economic evaluation 
based on extrapolation of EMPEROR-Reduced trial data 
demonstrated that compared to SoC alone, empagliflozin 
added to SoC generates incremental health benefits and rep-
resents a cost-effective use of healthcare resources for man-
aging patients with HFrEF from the perspective of payers in 
the UK, Spain and France.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10198- 022- 01555-6.
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