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Cost-effectiveness of empagliflozin in heart failure patients
irrespective of ejection fraction in England

Spyros Kolovosa, Leana Bellancab, Harinala Groyerc, Giuseppe Rosanod,
Jennifer Gaultneye and Stephan Lindenf
Aims Heart failure (HF) is a complex syndrome commonly
categorized into two main phenotypes [left ventricular
ejection fraction (LVEF) below or above 40%], and although
empagliflozin is the first approved medication with proven
clinical effectiveness for both phenotypes, its cost-
effectiveness of treating the entire HF population remains
unknown.

Methods The analysis was performed utilizing two
preexisting, LVEF phenotype-specific cost-effectiveness
models to estimate the cost-effectiveness of empagliflozin
in adults for the treatment of symptomatic chronic HF,
irrespective of ejection fraction (EF). The results of the
phenotype-specific models were combined using a
population-weighted approach to estimate the
deterministic and probabilistic incremental cost-
effectiveness ratios (ICERs).

Results Based on combined results, empagliflozin R
standard of care (SoC) is associated with 6.13 life-years
(LYs) and 3.92 quality-adjusted life-years (QALYs)
compared with 5.98 LYs and 3.76 QALYs for SoC alone
over a lifetime, resulting in an incremental difference of
0.15 LYs and 0.16 QALYs, respectively. Total lifetime
healthcare costs per patient are £15 246 for empagliflozin
R SoC and £13 982 for SoC giving an incremental
1558-2027 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
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difference of £1264. The ICER is £7757/QALY, which is
substantially lower than the willingness-to-pay (WTP) of
£30 000 per QALY used by NICE. The results of the
probabilistic sensitivity analyses are in line with the
deterministic results.

Conclusion Empagliflozin is the first efficacious,
approved, and cost-effective treatment option for all HF
patients, irrespective of EF. The combined ICER was
consistently below the WTP threshold. Therefore,
empagliflozin offers value for money for the treatment of
the full HF population in England.
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Introduction
Heart failure (HF) is a complex clinical syndrome caused
by cardiac dysfunction leading to symptoms such as
fatigue, dyspnoea, and orthopnoea.1,2 Chronic HF affects
approximately 2% of all adults with the largest prevalence
in those over the age of 55. In the United Kingdom (UK),
there are around 1 million HF patients with the expectation
that this will increase due to an ageing population.3 Stud-
ies on the cost-of-illness of HF highlight the large world-
wide economic burden of this syndrome.4–7 For instance,
lifetime costs of HF are estimated at $126 819 per patient
with hospitalizations forming the largest cost component.6

Specifically for England, available research indicates that
around 2% of the annual National Health Service (NHS)
budget is spent on HF.8 Further, HF admissions have risen
faster than all other causes of hospital admissions.9 Due to
the predicted increase in the incidence of HF, the burden
on the NHS is likely to increase.10–14
HF is often categorized into two phenotypes based on the
left ventricular ejection fraction (LVEF), which is an indi-
cator of cardiac function: HF with LVEF below or equal to
40% [i.e. HF with reduced ejection fraction (HFrEF)], and
HF with LVEF >40% (HF LVEF >40%)].15,16 However,
distinguishing between the different HF phenotypes to
provide diagnosis and potentially treatment recommenda-
tions is not always straightforward.17 Therefore, providing
a treatment that is shown to be efficacious regardless of
the patient's EF would represent a revolution in the clinical
management of HF. Empagliflozin has demonstrated
efficacy across the HF spectrum in two key clinical trials:
EMPEROR-Preserved (NCT03057951) and EMPEROR-
Reduced (NCT03057977). EMPEROR-Reduced and
EMPEROR-Preserved both demonstrated that patients
receiving empagliflozin (10mg once daily) on top of
standard of care (SoC) had a significantly lower risk of
hospitalization or death compared with those receiving
of the Italian Federation of Cardiology. DOI:10.2459/JCM.0000000000001532
ttribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
ot be changed in any way or used commercially without permission from the journal.
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placebo on top of SoC.18,19 Empagliflozin is the first phar-
macological intervention tobeapproved forHF irrespectively
of EF by the United States Food and Drug Administration
(FDA) and European Medicines Agency (EMA),20,21

and increasing numbers of countries around the world.

The economic benefits of empagliflozin have also been
assessed to facilitate health technology assessment pro-
cesses (HTA) in England, as well as other countries. For
the economic evaluation of empagliflozin, two cost-effec-
tiveness models (CEMs) were developed to examine the
cost-effectiveness of empagliflozin for each of the two
phenotypes (i.e. HF LVEF >40% and HFrEF, respective-
ly). As the progression of disease in HF is similar irre-
spective of LVEF phenotype, two phenotype-specific
models were developed to reflect the same structure
and aligned in terms of inputs, statistical analysis, and
subgroup analysis. The two phenotype-specific models
investigate whether empagliflozin þ SoC is a cost-effec-
tive use of NHSEngland resources against placeboþSoC
(hereafter called SoC) separately for each phenotype.
However, decision-making by healthcare bodies would
be aided by an understanding of the cost-effectiveness
of treating HF as a whole, regardless of EF.

The objective of this study was to evaluate the cost-
effectiveness of empagliflozin þ SoC versus SoC across
the HF phenotype spectrum (i.e. HF LVEF>40% and
HFrEF) to support decision-making by healthcare bodies
and treatment recommendations by clinicians treating HF
patients as a whole. For this purpose, the cost-effective-
ness of treating the entire HF population (combined HF
LVEF > 40% and HFrEF) from the perspective of NHS
England was examined.

Method
Analyses were conducted in Microsoft Excel to estimate
the cost-effectiveness of empagliflozin in adults for the
treatment of HF regardless of ejection fraction (EF). The
analysis combined the results from two preexisting, phe-
notype-specific CEMs, which have been developed to
estimate the cost-effectiveness of empagliflozin þ SoC
compared to SoC in the treatment of HF LVEF>40% and
HFrEF, respectively. Population weighting was performed
at the results stage to combine the total costs and health
benefits modelled for each treatment arm (empagliflozinþ
SoC and SoC) from the two models. Subsequently, a
population-weighted result was computed. Details on
the analyses are provided below.

Overview of the preexisting phenotype-
specific cost-effectiveness models
The analysis assumed the perspective of the English NHS
and Personal Social Services (PSS) in line with the
National Institute for Health and Care Excellence (NICE)
reference case. The recommendations provided by the
International Society for Pharmacoeconomics and Out-
comes Research (ISPOR) good modelling practice guide-
lines were followed.22 Both models have been submitted
to NICE as part of technology appraisals, where they
were reviewed and ultimately accepted as appropriate
to address the decision problem for empagliflozin in
HF.23 The two models are currently under peer review
pending publication in a scientific journal.

Both models had the same underlying structure and used
a Markovian approach with health states based on the
Kansas City Cardiomyopathy Questionnaire (KCCQ)
CSS, which is a disease-specific health status measure
for patients with HF (see Figure S1, Supplemental Digital
Content, http://links.lww.com/JCM/A564).24 Transition
matrices were calculated from the intent-to-treat (ITT)
population of the EMPEROR-Preserved and EMPER-
OR-Reduced trial data, respectively, with a monthly cycle
length. The clinical outcomes included in the models were
hospitalization due to HF (hHF; this includes all hospita-
lizations), cardiovascular (CV) death, and all-cause mor-
tality, which were modelled using parametric survival
analysis, as well as treatment-related adverse events.

Resource use included drug acquisition (i.e. empagliflozin
and SoC), hHF management (which included clinical
events related to HF), CV death management, treat-
ment-emergent adverse event (AE) management, and
disease management. Where resource use was not avail-
able from the trial, published evidence from the literature
was used. Costs were inflated to 2021 using the Eurostat
Harmonized Indices of Consumer Prices values.25

Preference-based utility values were derived by mapping
the EQ-5D-5L responses collected from the trials to EQ-
5D-3L using a mapping algorithm.26 The impact of hospi-
talization due to HF and treatment-related adverse events
on quality-of-life (QoL) were included as disutilities. Costs
and outcomes were considered over a lifetime time hori-
zon and discounted at 3.5%.

Life-years (LYs), total costs, quality-adjusted life-years
(QALYs) and incremental cost-effectiveness ratio (ICER)
were calculated independently for each phenotype. The
uncertainty surrounding the deterministic ICER of each
model was assessed using probabilistic sensitivity analy-
sis (PSA) with 1000 iterations.

Population-weighted approach
A potential approach for assessing the cost-effectiveness
of HF regardless of EF would have been to pool patient-
level data from the EMPEROR-Preserved and EMPER-
OR-Reduced trials, given the absence of a clinical trial

http://links.lww.com/JCM/A564
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 on 02/07/2024
including all HF patients. However, previous research
indicates that pooling patient-level data from the EMPER-
OR-Preserved and EMPEROR-Reduced trials is not fea-
sible due to significant heterogeneity (P¼0.016 for
interaction) between the two trial populations.27 In light
of this, a population-weighted approach was used to
combine the results of the phenotype specific CEMs.
Weighting was based on the percentage of patients with
each phenotype in the total HF population, which was
sourced from a primary care database analysis of the
Clinical Practice Research Datalink (PULSE study) in
England reporting 30.4% of patients with HF LVEF>40%,
resulting in a percentage of patients with HFrEF equal to
69.6%.28

The population weighting was applied to the aggregate
results modelled for each phenotype, specifically the LYs,
QALYs, and total healthcare costs for each arm (i.e.
empagliflozin þ SoC, and SoC). Subsequently, the
weighted results from each model were combined, en-
abling a deterministic ICER to be calculated for the overall
HF population (Fig. 1).

In order to explore the uncertainty surrounding the deter-
ministic combined ICER, the probabilistic results of the two
phenotype-specific CEMs were utilized. Specifically, each
phenotype-specific CEM included 1000 Monte Carlo
Fig. 1

Overview of the approach used to calculate the combined ICER for the o
on the outcomes of each treatment arm (empagliflozin þ SoC and SoC
ejection fraction; HF LVEF >40%, heart failure with >40% ejection fract
quality-adjusted life-year; SoC, standard of care.
simulated cost and QALY pairs for the respective PSA.
Using these pairs, a number of the 1000 simulations was
sampled from each model equal to the number used for
the population weighting, as described above for the
deterministic ICER, and thus, equal to the percentage
of patients with each HF phenotype. For instance, given
that the number of PSA replications was 1000 for each
model, based on the percentage of patients for each
phenotype (i.e. 69.6% for HFrEF and 30.4% for HF
LVEF>40%), the combined PSA comprised 696 random
replications from the HFrEFmodel's PSA and 304 random
replications from the HF LVEF>40% model's PSA, for a
total of 1000 combined replications. After this step, the
combined PSA simulations were treated like the results of
a typical PSA, by calculating a mean probabilistic ICER,
creating a cost-effectiveness plane and a cost-effective-
ness acceptability curve (CEAC) (see Figure S2, Supple-
mental Digital Content, http://links.lww.com/JCM/A564).

Subgroup analysis
Six subgroup analyses were conducted to assess the
impact of patient characteristics on the ICER. These sub-
groups were determined based on potential treatment
effect modifiers, such as type 2 diabetes mellitus
(T2DM), baseline age, and estimated glomerular filtration
rate (eGFR) (see Table S1, Supplemental Digital Content,
verall HF population. � Population weighting was applied separately
). CEM, cost-effectiveness model; HFrEF, heart failure with reduced
ion; ICER, incremental cost-effectiveness ratio; LY, life-year; QALY,

http://links.lww.com/JCM/A564
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 on 02/07/2024
http://links.lww.com/JCM/A564). Due to the association of
T2DM with HF, a scenario analysis was run for patients
diagnosed with T2DM at baseline and patients without
T2DM at baseline, respectively. Age is a known prognostic
factor of HF; two cohorts were analysed to explore the
impact of being >65years old and <65years old on the
ICER. Similarly, two eGFR cohorts were explored:<60ml/
min/1.73 m2 and �60ml/min/1.73 m2.

Scenario analysis
We considered a scenario analysis whereby the HFrEF
and HF LVEF >40% population were equally split in order
to explore the impact of the prevalence across phenotypes
on the cost-effectiveness results, which may vary within
and between countries.

Results
Deterministic analysis
Based on the population-weighted results, treatment of HF
patients with empagliflozin þ SoC is associated with 6.13
LYs and 3.92 QALYs compared with 5.98 LYs and 3.76
QALYs for SoC alone over a lifetime time horizon. This
amounts to an incremental difference of 0.15 LYs and 0.16
QALYs, respectively, consistently favouring treatment with
empagliflozin. Total lifetime healthcare costs per patient
are £15 246 for empagliflozinþ SoC and £13 982 for SoC,
resulting in an incremental per patient difference of £1264,
reflecting an additional cost with treatment of empagliflo-
zin. The resulting ICER of £7,757/QALY is substantially
lower than the willingness-to-pay (WTP) threshold of £20
000 to £30 000 per QALY used by NICE for decision-
making. The ICER demonstrates that empagliflozinþSoC
is a cost-effective use of NHS resources in the treatment of
patients with chronic HF regardless of EF. Table 1 pre-
sents the results for the deterministic analysis.

Empagliflozin þ SoC is associated with reduced costs for
hHF management, AE management and CV death com-
pared with SoC alone, resulting in a saving of £482 per
patient over a lifetime (see Table S2, Supplemental Digital
Content, http://links.lww.com/JCM/A564). Approximately
88% of the cost reduction is due to reduced hHF, equating
to a per patient reduction of £422 over a lifetime. However,
Table 1 Deterministic cost-effectiveness results for the overa

Outcome (per patient) Empagliflozin þ SoC

Total discounted LYs 6.13
Total discounted QALYs 3.92
Total discounted costs £15 246
ICER (cost/LY gained) £8488
ICER (cost/QALY gained) £7757

Note: sums may not add due to rounding. ICER, incremental cost-effec
drug acquisition and disease management costs increase
by £1616 and £130, respectively, leading to an incremen-
tal cost increase of £1264 over a lifetime.

Probabilistic analysis
The probabilistic results are aligned with the deterministic
results. Mean incremental LYs and QALYs are identical to
the deterministic output. The mean probabilistic ICER per
QALY is£7657,which isbelow thecommonlyacceptedWTP
threshold. Table S3, Supplemental Digital Content, http://
links.lww.com/JCM/A564 provides an overview of the com-
bined PSA results for the overall HF population. The proba-
bilistic sampling is presented in a cost-effectiveness plane in
Fig. 2. The majority of simulations (82%) lie in the north-east
(NE) quadrant, where empagliflozin þ SoC is more costly
and more effective compared with SoC, with 76% of simula-
tions falling under £25 000. The CEAC demonstrates that
empagliflozinþSoChasaprobability of 77.5%of beingcost-
effective at the WTP threshold of £25 000 (Fig. 3).

Subgroup analysis
The ICER for each subgroup analysis is presented in
Table 2, including the % change versus the deterministic
result. All subgroup ICERs are below the commonly ac-
cepted WTP threshold, and even well below £10 000, with
the baseline eGFR having the smallest impact on the
ICER. A baseline age of <65 years generates the lowest
cost per QALY at £6147 with a baseline age of � 65 years
providing a cost per QALY of £8772. A diagnosis of T2DM
at baseline and no T2DM at baseline gives a cost per
QALY of £6974 and £8221, respectively.

Scenario analysis
Assuming a 50:50 split in the prevalence across the two
phenotypes within the HF population between HFrEF and
HF LVEF>40%, empagliflozinþSoC is estimated to result
in 6.34 LYs and 4.03 QALYs compared with 6.21 LYs and
3.88 QALYs for SoC alone over a lifetime time horizon
(Table S4, Supplemental Digital Content, http://links.lww.
com/JCM/A564). Empagliflozin þ SoC is, therefore, esti-
mated to generate a gain of 0.13 LYs and 0.14 QALYs per
patient over the lifetime. In terms of total lifetime costs, the
total cost of treatment in the empagliflozin þ SoC arm is
ll HF population

SoC Incremental

5.98 0.15
3.76 0.16

£13 982 £1264

tiveness ratio; LY, life-years; QALY, quality-adjusted life-year.

http://links.lww.com/JCM/A564
http://links.lww.com/JCM/A564
http://links.lww.com/JCM/A564
http://links.lww.com/JCM/A564
http://links.lww.com/JCM/A564
http://links.lww.com/JCM/A564
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Fig. 2

Cost-effectiveness plane
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Cost-effectiveness plane for empagliflozin þ SoC compared with SoC for the overall HF population. PSA, probabilistic sensitivity analysis;
QALY, quality-adjusted life-year; WTP, willingness-to-pay.
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 on 02/07/2024
estimated at £14 191 versus £12 887 SoC alone, resulting
in an increase in the total healthcare costs for empagli-
flozinþSoC of £1,304 and an ICER equal to £9074, which
is again well below the commonly accepted WTP thresh-
old (Table S5, Supplemental Digital Content, http://links.
lww.com/JCM/A564).

Discussion
This study evaluated the cost-effectiveness of empagli-
flozin þ SoC versus SoC across the HF phenotype
Fig. 3
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CEAC for empagliflozin þ SoC compared with SoC. CEAC, cost-effectiv
spectrum. The results demonstrate that empagliflozin is
a cost-effective treatment for adult patients with chronic
HF regardless of EF, with the ICER being substantially
lower (i.e. £7757/QALY) than the WTP threshold of £20
000–£30 000 per QALY commonly used by NICE. The
importance of understanding the cost-effectiveness of
empagliflozin in adults regardless of EF is highlighted
by the challenges of effectively determining the EF for
each HF patient in the clinical setting, and the preference
of clinicians for prescribing therapies that are effective
across the EF spectrum.
ss-to-pay

£20 000£15 000 £25 000

eness acceptability curve; SoC, standard of care.

http://links.lww.com/JCM/A564
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Table 2 Results (in terms of ICER) of subgroup analyses

Subgroup ICER (cost/QALY gained) % Change from deterministic ICER

T2DM at baseline £6974 �10%
No T2DM at baseline £8221 6%
Baseline age <65 years £6147 �21%
Baseline age �65 years £8772 13%
Baseline eGFR <60 ml/min/1.73 m2 £7905 2%
Baseline eGFR �60 ml/min/1.73 m2 £7851 1%

AE, adverse events; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ICER, incremental cost-effectiveness ratio; HF, heart failure;
hHF, hospitalization for heart failure; QALY, quality-adjusted life-year; SoC, standard of care; T2DM, type II diabetesmellitus.
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 on 02/07/2024
Empagliflozin þ SoC is associated with higher LYs and
QALYs compared with SoC alone over a lifetime time
horizon. However, empagliflozin þ SoC is also associated
with higher drug acquisition and disease management
costs leading to higher overall healthcare costs (£15
246 versus £13 982) compared with SoC. This increase
in costs is driven by the cost of empagliflozin as an add-on
to SoC, although it should be noted that empagliflozin
leads to reductions in healthcare costs attributed to fewer
hHF, AE and CV death costs. The prevalence of hHF, AE
and CV death is in accordance with the findings of the two
clinical trials, indicating the face validity of the analysis.
Similarly, the PSA results demonstrate that the cost-ef-
fectiveness of empagliflozin (mean ICER of £7657/QALY)
is in line with the deterministic findings. In addition, sub-
group analyses are consistent with the deterministic
results, with the difference in ICER between deterministic
and subgroup analyses ranging from �21% to 13%, and
all subgroup ICERs consistently being below £10 000.
When considering a scenario with an equal split across the
LVEF>40% and HFrEF phenotype spectrum, empagliflo-
zin þ SoC remains a cost-effective treatment option.

Given that to date there is no clinical trial assessing
patients under treatment with empagliflozin with both
HF phenotypes, the approach taken in this study applied
a pragmatic approach based on population weighting of
the results generated independently for each phenotype to
establish the cost-effectiveness at the HF population level.
This is an approach that has previously been used in
oncology research successfully.29,30 However, to the best
of our knowledge, population weighting to combine cost-
effectiveness results across indications has not been
previously performed in HF research. This is likely due
to empagliflozin being the first treatment that has been
proven and approved to be clinically effective for both HF
with LVEF >40% and HFrEF.18,19

Strengths and limitations
One of the strengths of this study is that it used population
weighting to combine the results of two CEMs, combining
data on >15 000 patients in two large multinational ran-
domized controlled trials, given the absence of a clinical
trial including patients regardless of EF. This meant that it
was possible to overcome the concerns around statistical
heterogeneity in a pragmatic way. This can inform the
healthcare systems and clinicians about the cost-effec-
tiveness of empagliflozin for the overall HF population.

This study has some limitations that are worth mentioning.
Given that the analysis combined the results from two
existing CEMs, the assumptions and limitations of those
models are also reflected in the results of the current
study. For instance, the clinical outcomes in the models
that were extrapolated using parametric distributions due
to the relatively short-term trials’ follow-up (the median
follow-up time was 16 and 26months in the EMPEROR-
Reduced and EMPEROR-Preserved trials, respectively)
could have introduced some uncertainty, though typical for
lifetime economic evaluations. Finally, the analysis was
conducted based on direct medical costs to align with the
NICE reference case, while indirect costs (i.e. productivity
loss, etc.) reflecting a broader societal perspective may be
influential but were not considered given the perspective of
this analysis.

In conclusion, empagliflozin is the first efficacious and
cost-effective treatment option for all HF patients, regard-
less of EF. The combined ICER, after population weight-
ing, was consistently below £10 000 per QALY including
for subgroups as well as the equal phenotype split. There-
fore, empagliflozin offers value for money for the treatment
of the full HF population in England.
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