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    Abstract
Introduction  The efficacy and safety of empagliflozin in the treatment of heart failure with preserved ejection fraction 
(HFpEF) were demonstrated in the EMPEROR-Preserved trial, which showed a 21% reduction in combined risks of cardio-
vascular death or HF hospitalization [hazard ratio (HR) 0.79; 95% confidence interval (CI) 0.69–0.90, p < 0.001] and a 27% 
reduction in the total number of HF hospitalizations (HR 0.73; 95% CI 0.61–0.88, p < 0.001) compared with placebo. On 
the basis of these results, the present study aimed to assess the cost-effectiveness of empagliflozin + standard of care (SoC) 
compared with SoC alone in the treatment of HFpEF.
Methods  A published Markov model was adapted to compare the health and economic outcomes in France, considering a 
collective perspective, in patients treated with empagliflozin in addition to SoC versus patients treated by SoC alone. The 
model simulated the intention-to-treat (ITT) population of the trial, transitioning between four mutually exclusive health 
states representing the quartiles of the Kansas City Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS). 
For each arm, the model estimated (over a lifetime time horizon) the economics and the health outcomes (HF hospitaliza-
tions avoided, and life years and quality-adjusted life years (QALYs) gained) to calculate the incremental cost-effectiveness 
ratios (ICERs). The resources used were derived by pairing the FREnch Survey on HF (FRESH) cohort data to French health 
insurance claims data, and the utilities were derived on the basis of the EQ-5D-5L questionnaire valued on the French tariff. 
Both economic and health outcomes were discounted at a 2.5% annual rate.
Results  The model predicted that treatment of HFpEF patients with empagliflozin would prevent, for 1000 patients treated, 
74 HF hospitalizations and 15 deaths attributable to cardiovascular events, resulting on average in a gain of 1 month in overall 
survival (7.24 versus 7.16 years with placebo) and 0.11 QALYs (6.14 versus 6.03 with placebo). Empagliflozin costs were 
partially offset by the cost savings from avoided hospitalizations. The ICERs were €18,597 per life year gained and €13,980 
per QALY gained. The sensitivity analyses conducted showed that empagliflozin has a 65% probability to be cost-effective 
under the €25,000/QALY threshold.
Conclusions  The base-case results showed that empagliflozin is a cost-effective strategy for management of HFpEF, in addi-
tion to the impact on public health by preventing HF-hospitalizations and deaths in France. Sensitivity analyses suggest that 
65% of simulations are under the €25,000/QALY threshold.

1  Introduction

Heart failure (HF) is a clinical syndrome characterized by 
symptomatic left ventricle (LV) dysfunction involving a 
broad range of complex mechanisms that originate from 

structural or functional ventricular impairment. Although 
the manifestations of heart failure are diverse, two main phe-
notypes can be identified: heart failure with reduced ejec-
tion fraction (HFrEF, when the ejection fraction is less than 
or equal to 40%) and heart failure with preserved ejection 
fraction (HFpEF, when the ejection fraction is greater than 
or equal to 50%). Patients suffering from these two forms 
present different comorbidities and respond differently to 
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Key Points for Decision Makers 

Empagliflozin in the treatment of heart failure with pre-
served ejection fraction (HFpEF) would prevent 74 HF 
hospitalizations and 15 deaths attributable to cardiovas-
cular events for 1000 patients treated with empagliflozin 
+ standard of care (SoC) versus SoC alone.

Empagliflozin costs were partially offset by cost savings 
from avoided hospitalizations (up to €166,000 for 1000 
patients treated).

Empagliflozin is a cost-effective strategy for manage-
ment of HFpEF in addition to the impact on public 
health by preventing HF hospitalizations and deaths in 
France with a slight uncertainty described in a sensitivity 
analysis.

treatments [1, 2]. While HFrEF treatments exist to attenuate 
the overactivation of endogenous neurohormonal systems, 
therapeutic options for patients with HFpEF are limited. 
Some benefits have been observed with mineralocorticoid-
receptor antagonists, but the magnitude of the effect was 
modest [3–5] and currently no therapies have demonstrated 
a substantial reduction in mortality in patients with HFpEF. 
The standard of care (SoC) consists of beta-blockers (BB), 
associated with an angiotensin-converting enzyme inhibi-
tor (ACEi), or angiotensin receptor blockers (ARB), miner-
alocorticoid receptor antagonists (MRA), or an angiotensin 
receptor neprilysin inhibitor (ARNi; for patients with heart 
failure with mildly reduced ejection fraction only). Recently, 
expert consensus statement established that there is currently 
no SoC beyond sodium-glucose cotransporter 2 (SGLT2) 
inhibitor for HFpEF [6]. Heart failure (HF) is a major and 
escalating public health problem affecting over 26 million 
people worldwide [7], among whom 50% have a preserved 
ejection fraction [8]. In addition to the significant impact on 
public health, HF is associated with substantial reductions 
in patient quality of life (QoL) and a financial burden for 
healthcare systems [1, 2].

In France, it is estimated that 2.3% of the population suf-
fer from HF, and 10% among those are over 70 years old, 
leading to more than 160,000 hospitalizations and 70,000 
deaths each year [9].

Empagliflozin is an orally bioavailable, highly effec-
tive, reversible, and selective inhibitor of SGLT2, initially 
approved for the treatment of type II diabetes. Although the 
mechanism of empagliflozin’s cardioprotective and nephro-
protective effects are unknown on a molecular level, several 
distinct possibilities have been identified and are currently 

being investigated, such as triggering osmotic diuresis and 
natriuresis, improving myocardial and renal metabolism, 
preventing adverse cardiac remodeling through inhibition 
of inflammation, directly inhibiting the Na+/H+ exchanger in 
the myocardium, and preventing ischemia/reperfusion injury 
through a decrease in calmodulin kinase II activity [10].

The efficacy and safety of empagliflozin (Jardiance®) in 
HF have been studied in the EMPEROR trials, including two 
large-scale clinical trials in patients with HF with EF ≤ 40% 
(EMPEROR-Reduced, NCT03057977) [11] and HF with 
EF > 40% (EMPEROR-Preserved, NCT03057951) [12]. 
EMPEROR-Preserved is a phase III, randomized, double-
blind trial including adults with New York Heart Association 
(NYHA) functional class II–IV chronic heart failure (cHF) 
and left ventricular ejection fraction (LVEF) of more than 
40%. After a screening period, participants from 622 cent-
ers in 23 countries were randomly assigned in 1:1 ratio to 
receive either placebo or empagliflozin (10 mg per day), in 
addition to SoC. The primary outcome was time to the first 
event of adjudicated cardiovascular (CV) death or adjudi-
cated hospitalization for heart failure (HHF). The key sec-
ondary outcomes were occurrence of adjudicated hospitali-
zation for heart failure (including first and recurrent events), 
and the second one was the rate of decline in the estimated 
glomerular filtration rate (eGFR) [11, 12].

Over the 26-month follow-up period, 8.6% (259/2997) of 
the patients receiving empagliflozin were hospitalized owing 
to heart failure versus 11.8% (352/2991) in the placebo arm, 
and 7.3% (219/2997) died from cardiovascular causes versus 
8.2% (244/2991) in the placebo arm; i.e., a reduction of 29% 
(HR 0.71; 95% CI 0.60–0.83) and 9% [HR 0.91; 95% confi-
dence interval [CI] 0.91 (0.76–1.09)], respectively, establish-
ing empagliflozin as an interesting option in the management 
of HF across the spectrum of LVEF [11, 12].

The aim of this study is to assess the public health impact 
and the cost-effectiveness of the introduction of empagli-
flozin in association with SoC in the treatment of HFpEF 
in French practice. The analysis compares the health and 
economic outcomes that would occur in an arm treated with 
empagliflozin in association with SoC and in an arm treated 
by SoC alone.

2 � Methods

2.1 � Pharmacoeconomic Model

The model was built in Excel on the basis of a Markovian 
structure previously developed to assess the cost-effective-
ness of empagliflozin in the treatment of HFrEF and adapted 
for HFpEF. This model has been methodologically accepted 
by the National Institute for Health and Care Excellence 
(NICE) as part of a medico-economic evaluation [13]. Four 
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mutually exclusive health states were defined based on Kan-
sas City Cardiomyopathy Questionnaire-Clinical Summary 
Score (KCCQ-CSS) quartiles. The KCCQ-CSS score is a 
patient-reported outcome instrument that allows assessment 
of the symptoms and physical limitations experienced by 
the patients. A diminution in the score, therefore, translates 
into a deterioration of the patient’s physical function and 
a worsening of the symptoms. The cohort simulated is the 
intention-to-treat (ITT) population of EMPEROR-Preserved 
(Table 1). At each cycle of 1 month, patients transitioned 
between the health states based on time-varying and treat-
ment-specific transition probabilities. The monthly event 
rates (i.e., HF hospitalization rate, CV-related mortality, 
and all-cause (AC) mortality) were then applied (Fig. 1). 
In each treatment arm, the number of hospitalizations, 
deaths, QALYs lost, and costs associated with these events 
were generated throughout the patient’s life (lifetime time 
horizon). In addition, QALYs lost and costs attributable to 
the management of the adverse events were also accounted 
for. To compare the two strategies, incremental cost-effec-
tiveness ratios (ICERs) were calculated, one informing the 
incremental cost per QALYs gained and a second inform-
ing the incremental cost per life year (LY) gained. Both 
health and economic outcomes were discounted consider-
ing a 2.5% annual rate as recommended in French guidelines 
[14]. Deterministic and probabilistic sensitivity analyses 
were conducted to assess the uncertainty around the model 
parameters. 

2.2 � Clinical Data

For each arm, the transition probabilities between the 
KCCQ-CSS quartiles were derived from an analysis of 
the EMPEROR-Preserved trial data for the following time 
points: months 1 to 3, months 4 to 8, and months 9 and 
higher (Table 2). To estimate the risk of HHF events and the 
CV and AC mortality over time, a distinct set of survival, for 
AC death and CV death, and risk equations for HHF were 
derived. These equations consider a coefficient depending on 
the KCCQ-CSS quartiles, as a time-varying predictor, and 
the treatment effect, in the empagliflozin arm. The inclusion 
of the coefficients was supported by statistical analyses on 
the EMPEROR trial data and key opinion leaders' (KOL) 
opinions. There were a total of 12 KOLs, including 1 phar-
macist, 2 HF nurse specialists, 2 general practitioners (GP), 
3 consultant cardiologists, 1 consultant nephrologist, 1 car-
diology professor, 1 metabolic medicine professor, and 1 
cardiologist professor and researcher. The KOLs were asked 
to confirm if they supported the derived risk equation for 
HHF based on KCCQ-CSS quartiles as a time-varying pre-
dictor. All KOLs agreed with the proposed risk equations. 
As a result, for the AC mortality, no treatment effect was 
considered as it was considered as not clinically relevant 

by the KOL interrogated. Then, the monthly rate of first 
and recurrent HHF (Fig. 2), mortality (CV, Fig. 3 and AC, 
Fig. 4), and treatment discontinuation were extrapolated 
beyond the EMPEROR-Preserved trial duration by apply-
ing parametric distributions to the data. For HHF, a Poisson 
regression with generalized estimating equations (GEEs) 
was considered. For both CV and AC mortality, a Weibull 
distribution was selected on the basis of the statistical fit 
and the plausibility of the results generated. The coefficients 

Table 1   Clinical inputs from EMPEROR-Preserved

ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin 
receptor blockers, ARNi angiotensin receptor neprilysin inhibitor, BB 
beta-blockers, IVA IVAbradine, KCCQ-CSS Kansas City Cardiomyo-
pathy Questionnaire-Clinical Summary Score, MRA mineralocorti-
coid receptor antagonist, SE standard error, SoC standard of care
*Defined as an event with a plasma glucose value of ≤ 70 mg/dL or 
where assistance was required
**Ketoacidosis is not included in the base case but can be used as a 
scenario analysis

Input Value (SE)

Empagliflo-
zin + SoC 
arm

Placebo + 
SoC arm

Patient characteristics
Age (years) 71.89 (21.96)
Age ≥ 65 years 80% (0.93)
Percentage of males 55% (1.16)
Type 2 diabetes 49.1% (1.17)
KCCQ-CSS at baseline
KCCQ-CSS < 55 (first quartile) 25.7%
KCCQ-CSS: 55.73–73.96 (second 

quartile)
25.5%

KCCQ-CSS: 73.96–88.02 (third quartile) 24.0%
KCCQ-CSS: 88.02–100 (fourth quartile) 24.8%
Treatment use at baseline
ACEi 40.2% (1.14)
ARB 38.7% (1.14)
ARNi 2.2% (0.34)
MRA 37.5% (1.13)
BB 86.3% (0.80)
IVA 1.2% (0.25)
Adverse events (per 1000)
Urinary tract infection 5.56 4.53
Genital infection 1.2 0.39
Acute renal failure 6.87 7.26
Hepatic injury 2.08 2.84
Volume depletion 6.78 5.38
Hypotension 5.88 4.8
Hypoglycemic event* 1.31 1.41
Bone fracture 2.43 2.3
Ketoacidosis** 0.00 0.00
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generated for the survival equation are presented in the 
Supplementary Material. For treatment discontinuation, a 
generalized gamma distribution was selected as it was the 
most conservative model and was the closest fitting to the 
trial data on visual inspection. In all the regression models, 
the treatment-specific and time-varying KCCQ-CSS health 
states were used as predictors of the disease progression. 
The treatment-specific rates of AEs were derived from the 
EMPEROR-Preserved trial and included if the difference in 
event rates between the two comparators was > 1%. The AEs 
included are presented in Table 1.

2.3 � Health‑Related Quality of Life

Health-related quality of life (HrQoL) inputs associated with 
KCCQ-CSS health states, HHF, and adverse events were 
obtained from the EMPEROR-Preserved trial. The data were 
collected using the EQ-5D-5L administered at baseline, at 
weeks 12, 32, 52, and 100, and/or at treatment discontinu-
ation; and 30 days post completion. A linear mixed model 
was fit to account for repeated measures on some patients. 
The model incorporated time-varying indicators for HHF in 
0–1 month, 1–2 months, 2–4 months, and 4–12 months prior 
or not to being hospitalized, as well as time-varying levels 
of KCCQ-CSS quartiles. The estimates were valued based 
on the French tariff [15]. The impact of HHF on quality of 
life was captured as a one-off QALY loss and calculated 
based on HRQoL decrements measured at four different 
time points (0–1 month, 1–2 months, 2–4 months, and 4–12 
months), after patients experienced HHF. Similarly, a util-
ity decrement was considered for each adverse event and 
applied during one cycle of the model (Table 3).

2.4 � Resource Use and Economic Inputs

The pharmacoeconomic model accounts for the cost of drug 
acquisition, disease management (medical consultations and 
examinations), event management (HHF and CV deaths), 

and adverse events management. The costs were derived 
considering a collective perspective [14], thus expenses 
covered by the different insurance schemes and the patients’ 
participation were accounted for. All costs are expressed 
in 2021 Euros (€), adjusted for inflation using the French 
Consumer price index for health services and products (base 
2015, all households), when necessary [16].

2.5 � Drug Costs

Drug costs for empagliflozin 10 mg and SoC therapies were 
extracted from the French Health Insurance drug and pricing 
information database. For each of them, the latest price pub-
lished by the official instance was considered for the indi-
cated dosages, as reported in the Summary of Product Char-
acteristics (SmPC) [17]. In addition, dispensing fees were 
accounted for, i.e., €1.02 per pack, €0.51 per prescription, 
and an additional €1.58 specific to prescriptions dispensed 
to individuals aged 70 years and over (the mean age at model 
entry was 72 years) [18]. For the SoC, an overall treatment 
cost was estimated by calculating the average treatment 
cost weighted by distribution of the patients among the dif-
ferent pharmacologic classes presented in Table 3. It was 
however assumed that the different drugs among the phar-
macological classes were distributed uniformly among the 
patients. Monthly treatment costs were applied until treat-
ment discontinuation.

2.6 � Disease Management

The cost of HFpEF management includes medical consulta-
tions, medical examinations, and technical procedures car-
ried out as part of the follow-up of the patient and their 
disease. The specific medical investigations, procedures, 
and treatments, and their frequencies, were identified via the 
national guidelines published by the French Health agency 
and the FREnch Survey on HF (FRESH)-SNDS study, an 
observational study using secondary data extracted from the 

Fig. 1   Model structure. CV 
cardiovascular, HHF hospitali-
zation for heart failure, KCCQ-
CSS Kansas City Cardiomyo-
pathy Questionnaire-Clinical 
Summary Score, PXY transition 
probability from X to Y, QX 
Quartile X, r intercurrent event 
probability, m

CV
 cardiovascu-

lar mortality, m
ACM

 all-cause 
mortality
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FRESH clinical cohort linked to the French administrative 
healthcare database (SNDS, Système National des Données 
de Santé) conducted from 2014 to 2018 (with data avail-
able from 2012) [19]. The average consultation fee (includ-
ing the patient’s out-of-pocket) for each specialist (general 
practitioner, cardiologist) was calculated by the ratio of the 
total fees received and the total activity. Biological exami-
nations were valued by using the French quotation system 
using the National Biology Coding Table [20]. The national 
tariff as reported in the French classification for clinical 

procedures published in 2022 CCAM (Classification Com-
mune des Actes Médicaux) was considered for the other 
medical procedures.

2.7 � Events Management

The expenses incurred for the management of HHF and CV 
death were valued on the basis of the National Cost Survey 
(ENC, Etude nationale des coûts) providing the production 
cost per diagnosis-related group (DRG) [21]. When the pro-
duction costs could not be used (because the quality of the 
estimation was insufficient or the sample was too small), the 
DRG tariff (amount perceived by the hospital) was applied 
instead [22]. For HHF, the DRGs associated with the 10th 
revision of the International Classification of Diseases (ICD-
10) code I50 (“heart failure”) were considered and the aver-
age cost weighted by the activity was calculated. Similarly, 
for CV deaths, the weighted average cost associated with the 
DRGs 05M22E (“myocardial infarction leading to death”) 
and 05M22E (“cardiovascular event leading to death”) was 
calculated. The costs associated with non-CV deaths were 
not accounted for. The costs associated with the manage-
ment of treatment-related adverse events differ according to 
the setting. For the adverse events treated in the outpatient 
setting, the cost of a visit to a GP was considered. When 
hospitalization is required, management costs were derived 
either from the literature or by considering the production 
costs, as per the approach described for the CV events. The 
sources and assumptions are described in Table 4.

3 � Results

3.1 � Base Case Analysis

The discounted results of the simulations show that the 
introduction of empagliflozin in 1000 patients in French 
practice would prevent 74 hospitalizations attributable to 
heart failure and 15 deaths due to a cardiovascular event. 
On average, this would translate into 0.08 life years and 
0.11 QALYs per patient. The higher number of QALYs 
gained emphasizes the positive impact of the treatment 
with empagliflozin on the patient’s quality of life. In addi-
tion, the distribution of patients in the different KCCQ-
CSS quartiles shows that, in the arm treated with empagli-
flozin, a higher proportion of patients stayed in the higher 
quartiles’ health states (Fig. 5) and hence presented fewer 
symptoms and physical limitations.

Over a lifetime horizon, adding empagliflozin to SoC 
would represent an additional treatment cost of €1641 per 
patient, as empagliflozin is an add-on and not a replacement 
to the existing strategy. On average, patients are estimated 
to be treated with empagliflozin for 3.81 years and, in both 

Table 2   Transition probability matrices

KCCQ-CSS Kansas City Cardiomyopathy Questionnaire-Clinical 
Summary Score, SoC standard of care

KCCQ functional 
class

Months 1–3 Months 4–8 Months 9+

From To

Empagliflozin + SoC
1 1 0.814 0.912 0.926

2 0.158 0.076 0.063
3 0.023 0.010 0.011
4 0.005 0.002 0.000

2 1 0.067 0.063 0.064
2 0.731 0.840 0.847
3 0.165 0.081 0.085
4 0.037 0.016 0.004

3 1 0.017 0.005 0.003
2 0.091 0.077 0.078
3 0.723 0.838 0.842
4 0.169 0.080 0.077

4 1 0.005 0.003 0.000
2 0.010 0.009 0.006
3 0.085 0.058 0.052
4 0.900 0.930 0.942

SoC
1 1 0.828 0.913 0.926

2 0.138 0.072 0.060
3 0.033 0.011 0.010
4 0.001 0.004 0.004

2 1 0.090 0.064 0.056
2 0.742 0.848 0.867
3 0.140 0.077 0.066
4 0.028 0.011 0.011

3 1 0.010 0.005 0.011
2 0.093 0.076 0.074
3 0.735 0.848 0.845
4 0.162 0.071 0.070

4 1 0.001 0.004 0.001
2 0.016 0.008 0.008
3 0.090 0.053 0.056
4 0.893 0.935 0.935
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arms, continue SoC indefinitely. In addition, as patients are 
living longer, higher disease management costs were also 
observed (+€42 per patient). However, this investment is 
partially offset by the savings attributable to the hospitali-
zation and CV deaths prevented (−€169 per patient) and, 

to a lesser extent, to the management of the AEs (−€29 per 
patient). Indeed, if empagliflozin presents deleterious side 
effects (e.g., infections of the genitourinary system, hypo-
tension), its impact on the glycemic regulation and nephro- 
and hepatoprotective effect would allow preventing serious 

Fig. 2   Cumulative rates of HHF 
(per 1000 patients), by KCCQ-
CSS quartile. Empa empagli-
flozin, HHF hospitalization 
for heart failure, KCCQ-CSS 
Kansas City Cardiomyopathy 
Questionnaire-Clinical Sum-
mary Score, SoC standard of 
care

Fig. 3   Long-term CV mortality 
(per 1000 patients), by KCCQ-
CSS for empagliflozin and SoC. 
CV cardiovascular, Empa empa-
gliflozin, KCCQ-CSS Kansas 
City Cardiomyopathy Question-
naire-Clinical Summary Score, 
SoC standard of care

Fig. 4.   Long-term all-cause 
mortality (per 1000 patients), by 
KCCQ-CSS for empagliflozin 
and SoC. Empa empagliflo-
zin, KCCQ-CSS Kansas City 
Cardiomyopathy Questionnaire-
Clinical Summary Score, SoC 
standard of care
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adverse events such as renal and hepatic failure. Overall, 
the incremental cost of introducing empagliflozin is esti-
mated at €1485, leading to an ICER of €13,980 per QALY 
or €18,597€ per LY gained. The discounted results are pre-
sented in Table 5.

3.2 � Sensitivity Analysis

The results of deterministic sensitivity analyses show that 
the most impactful parameter was the treatment effect asso-
ciated with empagliflozin on HF hospitalizations. When no 
treatment effect was considered on HHF, the resulting ICER 
was €18,184/QALY, i.e., a 30% increase from the base case. 
Other impactful parameters included the disutility for HHF, 
the treatment effect associated with CV mortality, whether 
the model considers that patients discontinue empagliflo-
zin, the utility values considered in the model for the health 
state, and the cost associated with the management of HHF 
(Fig. 6). The model outcomes generated €14,050/QALY as 
mean ICER in the probabilistic analysis. This result was 
close to the deterministic ones (Table 5). Most of the simu-
lations (74%) were in the north-east quadrant of the cost-
effectiveness plane, indicating that the association of empa-
gliflozin with SoC is a more costly but also more effective 
strategy. The probability for empagliflozin to be the most 

cost-efficient strategy is about 65% for a willingness to pay 
of €25,000/QALY (Fig. 7).

4 � Discussion

Chronic heart failure is an important public health issue in 
France, as it was estimated in 2020 that more than 669,000 
individuals were affected, representing a financial burden of 
€1.55 billion, including €171 million attributable to hospi-
talizations [2, 25]. In France in recent years, observational 
studies have led to the conclusion that the prevalence of 
the phenotype with preserved ejection fraction particularly 
is increasing, exacerbating the challenges associated with 
HFpEF. First, its diagnosis can be difficult to establish as 
HFpEF is not a homogeneous disease but a syndrome asso-
ciated with multiple symptoms and various comorbidities. 
The physiopathology is complex, and it can originate from 
different etiologies. As a result, unlike what is observed in 
HFrEF, none of the available treatments has for decades 
managed to show a significant reduction in the morbidity or 
mortality of HFpEF [2].

The efficacy and safety of empagliflozin were assessed in 
the EMPEROR-Preserved trial [12], with it being the first 
therapeutic option demonstrating a significant reduction in 
HF hospitalization and CV deaths. The present study esti-
mates that the introduction of empagliflozin would allow the 
prevention of 74 additional hospitalizations and 15 deaths 
associated with a CV event for 1000 patients treated. This 
would result in an average gain of 0.08 years in patient sur-
vival and 0.11 QALYs, including 0.018 attributable to the 
reduction in hospitalizations, emphasizing the benefit that 
empagliflozin brings on patient quality of life. Although 
treating HFpEF patients would request an additional invest-
ment (€1641 incremental cost) owing to the treatment acqui-
sition and the longer life expectancy of the patients, this 
would be partially offset by the savings engendered mostly 
by the hospitalizations and CV deaths prevented. Overall, 
empagliflozin showed to be a cost-effective strategy with 
ICERs at €18,597/LY gained and €13,980/QALY gained.

The sensitivity analyses indicated that the robustness of 
the results was fairly satisfactory. The results of the deter-
ministic sensitivity analyses showed that few parameters 
or assumptions dramatically impact the results. Only one 
analysis significantly impacted the results (30% increase 
in the ICER), when no additional treatment effect was 
assumed on the HHF in the arm treated with empagli-
flozin. However, this extreme scenario is highly implau-
sible as the effect of empagliflozin on the reduction of 
hospitalization has been clinically proven. The important 
impact of the treatment effect on the model’s results in 
comparison with other outcomes is explained by the mag-
nitude of the treatment effect on the HHF: the coefficient 

Table 3   HrQoL and economic inputs

CV cardiovascular, HFpEF heart failure with preserved ejection frac-
tion, HHF hospitalization for heart failure, HrQoL health-related 
quality of life, KCCQ-CSS Kansas City Cardiomyopathy Question-
naire-Clinical Summary Score, SE standard error, SoC standard of 
care

Input Value (SE)

HrQoL
Utilities (SE)
KCCQ-CSS quartile 1 0.7660 (0.0314)
KCCQ-CSS quartile 2 0.8516 (0.0266)
KCCQ-CSS quartile 3 0.8979 (0.0268)
KCCQ-CSS quartile 4 0.9168 (0.0314)
Utility decrement for HHF −0.2652 (0.0743)
Time since HHF: <1 month −0.0388 (0.0109)
Time since HHF: 1 to <2 months −0.0484 (0.0129)
Time since HHF: 2 to <4 months −0.0255 (0.0096)
Time since HHF: 4 to <12 months −0.0159 (0.0069)
Economic inputs
Monthly treatment costs with empagliflozin + 

SoC
€111.27

Monthly treatment costs with SoC €74.67
Monthly HFpEF management cost €44.26
Cost of HHF management €2270.31
Cost of CV death €724.34
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of −0.254 in the HHF risk equation, versus −0.082 on CV 
death, and 0 on AC deaths. This translates into 74 hospi-
talizations and 15 deaths due to CV events prevented when 
treated with empagliflozin for 1000 patients treated with 

empagliflozin. Therefore, the results were not only mainly 
driven by reductions in mortality but also by improve-
ments in HRQoL and reductions in hospitalizations as in 
McMurray et al. [26].

Table 4   Utility decrements and AE management costs

AE adverse event, ENC Etudes Nationales de Coûts, GP general practitioner, NICE National Institute for Health and Care Excellence, T2A Tari-
fication à l’activité

Input Value Source and assumptions

Utility decrement
Urinary tract infection −0.037 (0.010) EMPEROR-Preserved [12]
Genital infection −0.037 (0.010) EMPEROR-Preserved [12], assumed same disutility as urinary tract infection
Acute renal failure −0.016 (0.08) EMPEROR-Preserved [12]
Hepatic injury −0.024 (0.013) EMPEROR-Preserved [12]
Volume depletion −0.023 (0.013) EMPEROR-Preserved [12]
Hypotension −0.025 (0.00) Sullivan et al. [23], assumes same disutility as essential hypertension from source
Hypoglycemic event −0.050 (0.041) EMPEROR-Preserved [12]
Bone fracture −0.130 (0.020) EMPEROR-Preserved [12]
Hyperkalemia 0 Entresto NICE submission committee papers (p. 204)
Cough −0.028 (0.007) Entresto NICE submission committee papers (pp. 204, 209)
Dizziness −0.010 (0.007) Sullivan et al. [24]
Costs
Any grade 2 AE management €34.31 Outpatient: GP consultation (hyperkalemia, cough and dizziness were only grade 2 AE)
Any grade 3 AE management
Urinary tract infection €1858.31 ENC 2018 [21].

 + tariffs T2A 2021 [22]
+ French health insurance

Genital infection €1858.31
Acute renal failure €3749.71
Hepatic injury €2633.85
Volume depletion €1885.40
Hypotension €4089.70
Hypoglycemic event €1571.08
Bone fracture €4723.56

Fig. 5   Distribution of patients 
in the different quartiles over 
time. Empa empagliflozin, Q 
quartile, SoC standard of care
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The other parameters tested showed a limited impact on 
the model results and led to ICER variation of up to 13%. 
In addition, the outcomes generated in the probabilistic 
analyses were close to the deterministic ones. On the CE 
acceptability curve, the beginning of a plateau occurs after 
willingness to pay ≥ €20,000. This is due to a significant 
proportion of the simulations showing a CV benefit in favor 
of the placebo arm despite the clinical irrelevance confirmed 
by the experts.

Nevertheless, certain modeling choices and assumptions 
and their representativeness of French practice should be 
discussed. Mainly, the model considers the SoC as observed 
in the EMPEROR-Preserved trial, implying that the esti-
mation of the cost of treatment with SoC is based on the 
distribution of the drugs provided to the trial participants. 
Although this choice remains the best option to ensure the 
homogeneity of clinical inputs considered and the estima-
tion of the cost, EMPEROR-Preserved is an international 

Table 5   Discounted results of 
the base-case analysis

AE adverse event, CV cardiovascular, HF heart failure, ICER incremental cost-effectiveness ratio, LY life 
year, QALY quality-adjusted life year

Empagliflozin arm Placebo arm Increment 
(determin-
istic)

Clinical outcomes (per patient)
HF hospitalizations 0.61 0.68 −0.07
CV deaths 0.42 0.44 −0.02
Total life years 7.24 7.16 0.08
Total QALYs 6.14 6.03 0.11
Economic outcomes
Treatment cost €8052 €6411 €1641
AE management costs €3085 €3114 −€29
Event management cost €1462 €1631 −€169
Disease management costs €3843 €3801 €42
Total cost €16,443 €14,958 €1485
ICERs
Per LY gained €18,597
Per QALY gained €13,980

Fig. 6   Tornado diagram, € 
per QALY. CV cardiovascular, 
hHF hospitalization for heart 
failure, KCCQ-CSS Kansas City 
Cardiomyopathy Questionnaire-
Clinical Summary Score, MRA 
mineralocorticoid receptor 
antagonist, SE standard error, 
SoC standard of care
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multicentric trial, thus the practice could vary on a national 
level. The treatment included in the SoC in the model was 
therefore confronted with the local guidelines, and the dis-
tribution of the patients was presented to French clinical 
experts. If the composition of the SoC was consistent with 
the French recommendation, however, the clinical experts 
deemed that the distribution of the treatments could be dif-
ferent in France, but no local data were available to quantify 
it. Despite the uncertainty surrounding the SoC in France, it 
is not expected to substantially bias the results of the analy-
sis as the same assumptions are made in both arms.

In addition, in the EMPEROR trial, the primary outcome 
was time to first event of CV death or HHF. However, in the 
model, patients transition between the different health states 
representing the KCCQ-CSS quartiles, and then a monthly 
event rate is applied to the population using the distribution 
of the patients within the different quartiles as a predictor. 

The transition probabilities considered in the model were 
then obtained from a post hoc analysis of the ITT popula-
tion of the trial reassigned within those quartiles based on 
the KCCQ-CSS collected in the trial. However, a multistate 
Markov model based on a patient’s disease severity is appro-
priate compared with a two-state model that would directly 
consider the results of EMPEROR-Preserved for several 
reasons. First, if the model was to consider only two states 
(alive and dead) and constant event rates, it would equally 
assume that the treatment efficacy is constant over time. On 
contrary, the structure presented allows for explicit modeling 
of the relationship between disease progression and clinical 
outcomes (e.g., different rates of HHF and CV death can be 
specified). It also allows tracking resources used and HrQoL 
in the different health states, thus capturing a diminution of 
the quality of life as the patient’s condition worsens. Finally, 

Fig. 7   Probabilistic sensitivity 
analyses (CE plane [1] and CE 
acceptability curve [2]), 1000 
iterations. CE cost-effectiveness
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this structure better captures the heterogeneity between 
patients with HFpEF and key disease characteristics.

Unlike other published models in HF [26–28], the health 
states were based on the KCCQ score, an established and 
prognostically important measure of health status in patients 
with HF that allows capturing the patients’ perception of 
their condition, unlike instruments informed by clinicians 
such as the NYHA score. Studies comparing both instru-
ments showed that the KCCQ score provided a functional 
assessment similar to the NYHA, although people reporting 
good or excellent health status tend to be assigned to a wide 
range of NYHA classes by clinicians [29, 30]. A proposed 
explanation is the heterogeneity in the clinical assessment as 
based on nonsystematic interviews, and it is argued that the 
KCCQ score would allow for building more homogeneous 
cohorts. In HFrEF, the KCCQ proved to be even more accu-
rate at predicting mortality, independently of the patients’ 
NYHA class, and was more sensitive to clinically meaning-
ful changes [31].

5 � Conclusions

Over a lifetime horizon, this analysis shows that empa-
gliflozin would have a favorable impact on public health 
in France, in terms of HF hospitalizations and CV deaths 
avoided. In addition, the base-case results indicate that 
empagliflozin is a cost-effective strategy with both ICERs 
lower than €20,000/LY and €/QALY. Sensitivity analyses 
suggest that 65% of simulations are under the €25,000/
QALY threshold.
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