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ABSTRACT

Background: The US Food and Drug Administration (FDA) and European Medicines Agency
(EMA) approved empagliflozin for reducing cardiovascular mortality and heart failure

(HF) hospitalization in patients with both HF with reduced ejection fraction (HFrEF) and

HF with preserved ejection fraction (HFpEF). However, limited data are available on the
generalizability of empagliflozin to clinical practice. Therefore, we evaluated real-world
eligibility and potential cost-effectiveness based on a nationwide prospective HF registry.
Methods: A total of 3,108 HFrEF and 2,070 HFpEF patients from the Korean Acute Heart
Failure (KorAHF) registry were analyzed. Eligibility was estimated by inclusion and exclusion
criteria of EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Reduced
Ejection Fraction (EMPEROR-Reduced) and EMPagliflozin outcomE tRial in Patients With
chrOnic heaRt Failure With Preserved Ejection Fraction (EMPEROR-Preserved) trials and by
FDA & EMA label criteria. The cost-utility analysis was done using a Markov model to project
the lifetime medical cost and quality-adjusted life year (QALY).

Results: Among the KorAHF patients, 91.4% met FDA & EMA label criteria, while 44.7%
met the clinical trial criteria. The incremental cost-effectiveness ratio of empagliflozin was
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ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2024.39.e8&domain=pdf&date_stamp=2023-12-08
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-2313-8646
https://orcid.org/0000-0003-2313-8646
https://orcid.org/0000-0003-4421-4513
https://orcid.org/0000-0003-4421-4513
https://orcid.org/0000-0003-0998-503X
https://orcid.org/0000-0003-0998-503X
https://orcid.org/0000-0001-6328-6948
https://orcid.org/0000-0001-6328-6948
https://orcid.org/0000-0002-9521-4102
https://orcid.org/0000-0002-9521-4102
https://orcid.org/0000-0003-2313-8646
https://orcid.org/0000-0003-4421-4513
https://orcid.org/0000-0003-0998-503X
https://orcid.org/0000-0001-6328-6948
https://orcid.org/0000-0002-9521-4102
https://orcid.org/0000-0002-2779-4037
https://orcid.org/0000-0002-2441-2267
https://orcid.org/0000-0002-9946-5611
https://orcid.org/0000-0002-7290-2463
https://orcid.org/0000-0003-0860-3650
https://orcid.org/0000-0002-2714-2282
https://orcid.org/0000-0003-3464-3023
https://orcid.org/0000-0002-0047-0227
https://orcid.org/0000-0002-9871-6976
https://orcid.org/0000-0001-9856-9227
https://orcid.org/0000-0001-9611-1490
https://orcid.org/0000-0003-0146-2189
https://orcid.org/0000-0002-3395-4279
https://orcid.org/0000-0002-9393-2821
https://orcid.org/0000-0002-6885-1501
https://orcid.org/0000-0002-9945-4306
https://orcid.org/0000-0002-6605-9385
https://orcid.org/0000-0002-7065-3432

Empagliflozin Eligibility and Cost-Effectiveness

JKMS

Hyun-Jai Cho
https://orcid.org/0000-0002-2779-4037
Jin-Oh Choi
https://orcid.org/0000-0002-2441-2267
Eun-Seok Jeon
https://orcid.org/0000-0002-9946-5611
Sang Eun Lee
https://orcid.org/0000-0002-7290-2463
Min-Seok Kim
https://orcid.org/0000-0003-0860-3650
Jae-Joong Kim
https://orcid.org/0000-0002-2714-2282
Kyung-Kuk Hwang
https://orcid.org/0000-0003-3464-3023
Myeong-Chan Cho
https://orcid.org/0000-0002-0047-0227
Shung Chull Chae
https://orcid.org/0000-0002-9871-6976
Seok-Min Kang
https://orcid.org/0000-0001-9856-9297
Jin Joo Park
https://orcid.org/0000-0001-9611-1490
Dong-Ju Choi
https://orcid.org/0000-0003-0146-2189
Byung-Su Yoo
https://orcid.org/0000-0002-3395-4279
Jae Yeong Cho
https://orcid.org/0000-0002-9393-2821
Kye Hun Kim
https://orcid.org/0000-0002-6885-1501
Byung-Hee Oh
https://orcid.org/0000-0002-9945-4306
Barry Greenberg
https://orcid.org/0000-0002-6605-9385
Sang Hong Baek
https://orcid.org/0000-0002-7065-3432

Trial Registration
ClinicalTrials.gov Identifier: NCT01389843

Funding

This work was supported by the National
Research Foundation of Korea (NRF) grant
funded by the Ministry of Science and ICT
(NRF-2021R1F1A1063430), by the Catholic
Medical Center Research Foundation (2023),
the Research Fund of Seoul St. Mary’s
Hospital, Catholic University of Korea (2022),
the Catholic University of Korea Research
Fund (2020), and by the Research of Korea
Centers for Disease Control and Prevention
(2010-E63003-00, 2011-E63002-00, 2012-
E63005-00, 2013-E6300300, 2014-E63003-
01, 2015-E63003-02, 2016-ER6303-00, and
9017-ER6303-01). The funders had no role in

the study design, data collection and analysis,

decision to publish, or preparation of the
manuscript.

https://jkms.org

calculated at US$6,764 per QALY in the overall population, which is far below a threshold of
US$18,182 per QALY. The cost-effectiveness benefit was more evident in patients with HFrEF
(US$5,012 per QALY) than HFpEF (US$8,971 per QALY).

Conclusion: There is a large discrepancy in real-world eligibility for empagliflozin between
FDA & EMA labels and clinical trial criteria. Empagliflozin is cost-effective in HF patients
regardless of ejection fraction in South Korea health care setting. The efficacy and safety of
empagliflozin in real-world HF patients should be further investigated for a broader range of
clinical applications.

Trial Registration: ClinicalTrials.gov Identifier: NCT01389843

Keywords: SGLT2 Inhibitors; Empagliflozin; Heart Failure; Drug Therapy;
Cost-Effectiveness Analysis

INTRODUCTION

The sodium-glucose co-transporter 2 (SGLT2) inhibitors have provided notable benefits
to patients with heart failure (HF) with reduced ejection fraction (HFrEF).1 Currently,
both empagliflozin and dapagliflozin are recommended for patients with HFrEF.2-4 Until
recently no therapy has been definitively shown to improve outcomes in patients with HF
with preserved ejection fraction (HFpEF), despite its substantial morbidity, mortality, and
socioeconomic impact.23,5

The EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Preserved
Ejection Fraction (EMPEROR-Preserved) trial first showed that empagliflozin reduced the
combined endpoint of hospitalization for HF and cardiovascular (CV) death in patients with
HFpEF regardless of diabetes,® while dapagliflozin also showed clinical benefits in HFpEF
patients in the recent DELIVER trial.” Empagliflozin has been approved by the US Food and
Drug Administration (FDA) and European Medicines Agency (EMA) for HF, irrespective of
left ventricular ejection fraction (LVEF).8,9 Nevertheless, the proportion of real-world HF
patients may be eligible for empagliflozin is yet to be ascertained, especially for a large-scale
prospective cohort.

Criteria of the EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With
Reduced Ejection Fraction (EMPEROR-Reduced) and EMPEROR-Preserved trials were
specific in inclusion enrollment with various detailed exclusion standards.%10 It is well
known that the characteristics of patients enrolled in randomized clinical trials show a
discrepancy with those of real-world patients.11,12 Furthermore, from a socioeconomic
perspective, applying empagliflozin to real-world HF patients should consider the balance
between the clinical benefit and the cost related to the drug.

Early initiation of guideline-directed medical therapy (GDMT) and management of side
effects and tolerability, especially during the transition period, has been emphasized
recently.2,3 Initiation of GDMT in recovered stabilized patients with acute HF hospitalization,
who are ready to discharge, represents an important avenue to improve the implementation
of therapies that can greatly alter the clinical course. Therefore, we evaluated the candidacy
for initiation of empagliflozin at discharge based on the EMPEROR-Reduced and EMPEROR-
Preserved trials and FDA & EMA label criteria. We also analyzed the potential cost-
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effectiveness of empagliflozin in both HFrEF and HFpEF patients by using the Korean Acute
Heart Failure (KorAHF) registry.

METHODS

Data collection and study population

The patient information was from the KorAHF registry. The registry is an observational,
nationwide, multicenter, prospective cohort study. Between March 2011 and March 2014,
5,625 patients hospitalized in 10 tertiary university hospitals were included in the registry. The
results and design of the study were published previously (ClinicalTrial.gov, NCT01389843).13
The in-hospital mortality was determined by the independent event committee.

Study variables and definitions

Patients discharged and recovered from an acute HF event were eligible for the study.

When patients met the EMPEROR-Reduced and EMPEROR-Preserved trial’s inclusion and
exclusion criteria, they were analyzed as candidates for empagliflozin. The eligibility was
also estimated by FDA & EMA label criteria. The label-based indication of empagliflozin is
shown in Supplementary Table 1. Current HF guidelines classified HFpEF as having an LVEF
threshold of > 50% and those with LVEF between 41% and 49% as in terms of HF with mildly
reduced ejection fraction.23 However, for the study, HFrEF was defined as LVEF < 40% and
HFpEF as LVEF > 40%, according to EMPEROR-Reduced and EMPEROR-Preserved trial.
LVEF measurements were by visual estimation, the biplane Simpson technique, or M-mode.
Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.14

Statistical analysis

Categorical data were summarized as frequencies and proportions and compared using the >
test (or Fisher’s exact test for counts < 5 with a 2 x 2 table). For the expression of continuous
variables, mean + standard deviation was used. The #-test and analysis of variance were

used for comparison. A Pvalue < 0.05 on both sides was considered statistically significant.
Statistical analyses were done using IBM SPSS Statistics for Windows, version 26 (IBM Corp.,
Armonk, NY, USA).

Cost-utility analysis

Using the Markov model, the lifetime cost and effectiveness were estimated for each
10,000-hypothetical cohort with empagliflozin add-on therapy and standard of care (SoC).
The cohort comprises the HFrEF and HFpEF patients with New York Heart Association
(NYHA) classification II-IV. The characteristics of the population, including medication
administration within the model, are regarded as equivalent to the study populations of the
EMPEROR-Reduced and EMPEROR-Preserved trials. The health status was defined as alive,
hospitalization, alive with adverse events (AEs), and death. The schematic representation
of the Markov model is shown in Supplementary Fig. 1. The cohorts monthly transited

the health status depending on the transition probability. In this model, the mortality was
separated into CV mortality and non-CV mortality. The age-specific non-CV mortality was
adopted from the life tables of Korean population statistics. The transition probability of
CV death and hospitalization was computed using the EMPEROR-Reduced and EMPEROR-
Preserved results. For example, a monthly transition probability of 0.89% was calculated
by using the formula: Probability = 1 - Exp(-Rate x Time) =1 - Exp[-0.107 x (1 + 12)],

https://doi.org/10.3346/jkms.2024.39.e8 3/15
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when the hospitalization rate is reported as 10.7 events per 100 patient-year in HFrEF
group with empagliflozin. The input parameters applied in the Markov model are listed in
Supplementary Table 2.

From a healthcare system perspective, the costs of medication, dispensing, outpatient visits,
monitoring, and AE-related expenses were included in the analysis. Here, the empagliflozin
costs US$0.6 (660 won, considering that US$1 is 1,100 Korean won) per tablet in Korea.
Costs of dispensing, outpatients visit, and monitoring were calculated using the micro-
costing method by referring to the items of the previous Korean economic evaluation.

For hospitalization costs, US$3,717.5 and US$3,348.8, the median hospitalization costs of
patients included in the KorAHF registry, were applied in HFrEF and HFpEF, respectively.
The AE-related costs and costs for administration were extracted from the open data Health
Insurance Review and Assessment Service provided. Terminal care cost was the cost of
hospitalization, which occurred in-hospital mortality in KorAHF registry patients.

In this cost-utility study, long-term cost and quality-adjusted life year (QALY) were predicted
using Microsoft Excel 2019 (Microsoft Corp., Redmond, Washington, USA). The utility
value was obtained from the Korean population survey. Based on the estimated cost and
QALYs, the incremental cost-effectiveness ratio (ICER) was determined. ICER is the ratio of
incremental cost and QALYs of empagliflozin relative to SoC. The willingness-to-pay (WTP)
threshold of US$18,182 (KRW 20 million) per QALY was determined based on previous
literature from cost-effective analyses conducted in South Korea.15:16 When the ICER of the
intervention fell below the threshold, the intervention’s cost-effectiveness was validated.
One-way deterministic sensitivity analyses were performed to ensure the robustness of the
results by varying the values and assumptions about time horizon, discount rate, utilities,
transition probabilities, and medical costs.

Ethics statement

The study protocol was approved by the ethics committee at each participating tertiary
university hospital in Korea (Institutional Review Board [IRB] of Seoul National University
Bundang Hospital, IRB No. B1104 125 014; IRB of Seoul National University Hospital, IRB

No. 1102-072-352; IRB of Yonsei University Severance Hospital, IRB No. 4-2011-0075; IRB of
Kyungpook National University Hospital, IRB No. 2011-04-016; IRB of Asan Medical Center,
IRB No. 2011-0204; IRB of Seoul St Mary’s Hospital, IRB No. KC110IMI0172; IRB of Chonnam
National University Hospital, IRB No. CHUN-2011-061; IRB of Chungbuk National University
Hospital, IRB No. 201103-008; IRB of Samsung Medical Center, IRB No. 2013-040017; IRB of
Wonju Severance Christian Hospital, IRB No. CR311003). Informed consent was submitted by
all subjects when they were enrolled. If patients were unable to provide consent due to disease
severity or other reasons, informed consent was obtained from relatives or a legal guardian.

RESULTS

Baseline clinical characteristics

The KorAHF registry enrolled 5,625 patients. Supplementary Fig. 2 shows the patient
disposition. From 5,625 registered patients, 211 patients with unavailable LVEF
measurements and 236 patients with in-hospital mortality were excluded. Table 1 shows
the baseline characteristics of the 3,108 HFrEF and 2,070 HFpEF patients in the registry
compared with EMPEROR-Reduced and EMPEROR-Preserved trials. Patients in the registry

https://doi.org/10.3346/jkms.2024.39.e8 4/15
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Table 1. Baseline characteristics in KorAHF registry, EMPEROR-Reduced and EMPEROR-Preserved trial patients

Variables KorAHF-HFrEF EMPEROR-Reduced? KorAHF-HFpEF EMPEROR-Preserved
(n=3,108) (n = 3,730) (n = 2,070) (n = 5,988)

Demographics

Age, yr 66.1+14.8 66.5+11.2 71.6+13.3 72.0£9.0

Women, % 39.4 24.4 58.1 45.0

Asian race, % 100.0 18.1 100.0 14.0

Body mass index, kg/m? 23.2+3.8 27.8+5.3 23.7+ 4.0 30.0+ 6.0
Co-morbidities, %"

Hypertension 58.6 723 67.3 90.0

Diabetes mellitus 41.6 49.8 35.6 49.0

Chronic kidney disease 25.8 = 23.0 50.0

Coronary artery disease 37.8 - 32.2 35.0

Atrial fibrillation/flutter 39.2 37.8 53.7 52.0

COPD 10.6 = 11.8 13.0

Malignancy 8.6 - 7.3 10.0

ICD 3.5 31.8 2.0 4.0
NYHA functional class, %

| 0] 0 0 0

1l 13.8 75.0 17.8 82.0

1] 37.5 24.4 37.2 18.0

I\ 48.6 0.6 45.0 0.3
Left ventricular ejection fraction, % 927.1+7.7 27.2 6.1 54.0 £ 8.9 54.0 £ 9.0
Heart rate, bpm 77.7 +14.0 71.5+11.8 75.5 +14.2 70.0 £ 12.0
Systolic blood pressure, mmHg 112.8+16.9 121.4+15.4 118.0+18.1 132.0+ 16.0
Diastolic blood pressure, mmHg 67.1+11.3 - 67.1+11.8 76.0+11.0
NT-proBNP, pg/mL 3,866 (1,670-9,136) 1,926 (1,153-3,525) 92,412 (1,073-5,495) 974 (499-1,730)
Estimated glomerular filtration rate

Mean value, mL/min/1.73 m? 70.2 +29.7 62.2 = 21.5 69.2 + 28.6 60.6 +19.8

Value of < 60 mL/min/1.73 m?, % 35.4 48.6 35.6 49.9

Hemoglobin, g/dL 12.4+2.2 - 11.7+ 2.0 13.0+ 2.0

Hemoglobin Alc, % 6.8+1.4 - 6.6+1.3 7.3+1.5

Continuous data presented as mean + standard deviation or median (interquartile range), as appropriate. Categorical data presented as proportions. Vital signs
and laboratory parameters were from at discharge (only hemoglobin Alc were collected at admission).

COPD = chronic obstructive pulmonary disease, EMPEROR-Preserved = EMPagliflozin outcom€ tRial in Patients With chrOnic heaRt Failure With Preserved
Ejection Fraction, EMPEROR-Reduced = EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Reduced Ejection Fraction, HFpEF = heart failure
with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, ICD = implantable cardioverter-defibrillator, KorAHF = Korean Acute Heart
Failure, NT-proBNP = N-terminal pro-B type natriuretic peptide, NYHA = New York Heart Association.

2Demographics and clinical characteristics of EMEPEROR-Reduced were based on the placebo group.

®Includes in-hospital diagnoses.

had more frequent NYHA class III and IV symptoms, a relatively lower body mass index

and comorbidities of hypertension (HTN) and diabetes mellitus (DM), lower incidence of
implantable cardioverter-defibrillator insertion, and lower systolic blood pressure (SBP),
higher heart rate and N-terminal pro-B type natriuretic peptide (NT-proBNP) levels compared
to both clinical trials. The mean value of the eGFR was higher, and the percentage of patients
with eGFR values lower than 60 mL/min/1.73 m? was lower in KorAHF patients.

Fig. 1 shows the background medical therapies in the clinical trials and KorAHF registry.
Compared with the EMPEROR-Reduced trial, the use of angiotensin-converting enzyme
inhibitors (ACEIs) or angiotensin receptor blockers (ARBs), beta-blockers (B-blockers), and
mineralocorticoid receptor antagonists (MRAs) was lower in KorAHF HFrEF patients. The
KorAHF HFpEF patients had a lower prescription of ACEIs or ARBs and -blockers than the
EMPEROR-Preserved trial cohort.

Eligibility for the criteria of EMPEROR-Reduced and EMPEROR-Preserved trial

Fig. 2 shows the eligibility for the empagliflozin based on the inclusion and exclusion criteria
of EMPEROR-Reduced and EMPEROR-Preserved trials. Among the 3,108 HFrEF and 2,070

https://jkms.org https://doi.org/10.3346/jkms.2024.39.e8 5/15
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B EMPEROR-Reduced trial

B EMPEROR-Preserved trial

W HFrEF patients in KorAHF registry W HFpEF patients in KorAHF registry

100 ~

Background medical therapies, %

ACEI or ARB

100 ~

Background medical therapies, %

B-blocker MRA ACEIl or ARB B-blocker MRA

Fig. 1. Comparison of background medical therapies. Background medical therapies were compared between EMPEROR-Reduced, EMPEROR-Preserved trial, and

KorAHF registry.

ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, 3-blocker = beta-blocker, EMPEROR-Preserved = EMPagliflozin outcomE
tRial in Patients With chrOnic heaRt Failure With Preserved Ejection Fraction, EMPEROR-Reduced = EMPagliflozin outcomE tRial in Patients With chrOnic heaRt
Failure With Reduced Ejection Fraction, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, KorAHF =
Korean Acute Heart Failure, MRA = mineralocorticoid receptor antagonist.

https://jkms.org

HFpEF patients, 85.8% and 70.2% met the inclusion criteria (i.e., age > 18 years, NYHA class
II-1V, and elevated NT-proBNP at discharge), respectively. After combining the inclusion and
main exclusion criteria, the cumulative eligibility of empagliflozin was 46.5% in HFrEF and
41.9% in HFpEF patients. In total, 44.7% of the patients in the registry were candidates for
empagliflozin treatment. When patients were divided into a subpopulation of DM or without
DM, eligibility for empagliflozin was 45.6% in DM and 44.1% in non-DM patients, as shown
in Supplementary Fig. 3.

Table 2 shows the prevalence of the patient population satisfying each inclusion and
exclusion criteria of the clinical trial. The main reason for not meeting the exclusion criteria
was the SBP criteria. Overall, 18.7% of patients with HFrEF and 11.1% with HFpEF had SBP >
180 mmHg or < 100 mmHg. Other reasons were acute (< 4 weeks) myocardial infarction and
impaired renal function (eGFR < 20 mL/min/1.73 m? or requiring dialysis).

Since low SBP was the main clinical barrier to eligibility, further analysis was performed

to compare patients with SBP lower and higher than 100 mmHg. Supplementary Table 3
compatres the clinical characteristics of the two groups. Patients with low SBP showed younger
age and LVEF and higher heart rate and eGFR than those in the high SBP group. The prevalence
of HTN, DM, CKD, coronary artery disease, and frequency of eGFR < 60 mL/min/1.73 m? was
higher in the high SBP group. Supplementary Fig. 4 compares the prescription rates of ACEIs
or ARBs, B-blockers, and MRA at discharge between the two groups. In the low SBP group, the
use of B-blockers was lower, and MRA was higher, even within the HFrEF and HFpEF patients.
The use of ACEIs or ARBs was similar in all patients with HFrEF. However, in HFpEF patients,
the use of ACEIs and ARBs was lower in the low SBP group.

Comparison of empagliflozin eligibility for FDA & EMA label criteria

Empagliflozin is approved for adults with HF by FDA and symptomatic adults with chronic
HF by EMA. Both do not recommend empagliflozin for patients with eGFR < 20 mL/min/1.73

https://doi.org/10.3346/jkms.2024.39.e8 6/15
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KorAHF
(N = 5,178)

KorAHF HFrEF

v

KorAHF HFpEF

(n =3,108) (n =2,070)
1. Age <18, NYHA class |
_________________________ o]
(n=0,0)
| 100% (n = 3,108) | | 100% (n = 2,070)
_________________________ 2. Low NT-proBNP e
(n =440, 616)
| 85.8% (n = 2,668) | | 70.2% (n = 1,454)
_________________________ 3. Systolic blood pressure > 180 mmHg or < 100 mmHg ]
(n = 508, 158)
| 69.5% (n = 2,160) | | 62.6% (n = 1,296)
_________________________ N 4. eGFR <20 mL/min/1.73 m? or requiring dialysis ]
(n =218, 130)
| 62.5% (n = 1,942) | | 56.3% (n = 1,166)
_________________________ . 5. Cardiomyopathy (infiltrative, reversible cause) |
(n =106, 47)
| 59.1% (n = 1,836) | | 54.1% (n = 1,119)
_________________________ N 6. History of acute (< 4 wk) myocardial infarction ]
(n =212, 112)
| 592.3% (n = 1,624) | | 48.6% (n =1,007)
_________________________ 7. A-Fib/A-Flutter with a resting heart rate of > 110 bpm
(n=13,17)
| 51.8% (n = 1,611) | | 47.8% (n = 990)
_________________________ N 8. Active or suspected malignancy R
(n =131, 76)
| 47.6% (n =1,480) | | 44.9% (n = 914)
_________________________ N 9. Hemoglobin of < 9 g/dL ]
(n =35, 46)
Eligible for empagliflozin Eligible for empagliflozin

46.5% (n = 1,445)

41.9% (n = 868)

!

Eligible for empagliflozin
44.7% (n = 2,313)

Fig. 2. Flow chart of empagliflozin eligibility selection. Empagliflozin eligibility were selected based on the inclusion & exclusion criteria of EMPEROR-Reduced
and EMPEROR-Preserved trial in HFrEF and HFpEF patients in KorAHF registry.
A-Fib = atrial fibrillation, A-Flutter = atrial flutter, eGFR = estimated glomerular filtration rate, EMPEROR-Preserved = EMPagliflozin outcomE tRial in Patients With
chrOnic heaRt Failure With Preserved Ejection Fraction, EMPEROR-Reduced = EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Reduced
Ejection Fraction, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, KorAHF = Korean Acute Heart
Failure, NT-proBNP = N-terminal pro-B type natriuretic peptide, NYHA = New York Heart Association.
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m? and are contraindicated when requiring dialysis.8? Since the patients in the KorAHF

registry were symptomatic patients, NYHA class II-1V, the calculation of empagliflozin

eligibility was the same between FDA and EMA.
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Table 2. Prevalence of excluded patients from the inclusion & exclusion criteria of EMPEROR-Reduced and EMPEROR-Preserved trial

EMPEROR-Reduced & EMPEROR-Preserved criteria Prevalence
KorAHF-HFrEF (n = 3,108) KorAHF-HFpEF (n = 2,070) KorAHF-Total (n = 5,178)

No. of patients who unsatisfied the inclusion criteria

Age <18yr 0(0) 0(0) 0(0)
NYHA class | 0 (0) 0 (0) 0 (0)
Unelevated NT-proBNP? 440 (14.92) 616 (29.8) 1,056 (20.4)
No. of patients who satisfied the exclusion criteria

Systolic blood pressure > 180 mmHg or < 100 mmHg 582 (18.7) 230 (11.1) 812 (15.7)
Systolic blood pressure < 100 mmHg 580 (18.7) 227 (11.0) 807 (15.6)
eGFR < 20 mL/min/1.73 m? or requiring dialysis 273 (8.8) 172 (8.4) 446 (8.6)
Cardiomyopathy (infiltrative, accumulation, reversible cause) 170 (5.5) 83 (4.0) 253 (4.9)
History of acute (< 4 wk) myocardial infarction 345 (11.1) 218 (10.5) 563 (10.9)
A-Fib/A-Flutter with a resting heart rate of > 110 bpm 26 (0.8) 25 (1.2) 51(1.0)
Active or suspected malignancy 267 (8.6) 152 (7.3) 419 (8.1)
Hemoglobin of < 9 g/dL 110 (3.5) 120 (5.8) 230 (4.4)

Values are presented as number (%).

A-Fib = atrial fibrillation, A-Flutter = atrial flutter, eGFR = estimated glomerular filtration rate, EMPEROR-Preserved = EMPagliflozin outcome tRial in Patients With
chrOnic heaRt Failure With Preserved Ejection Fraction, EMPEROR-Reduced = EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Reduced
Ejection Fraction, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, KorAHF = Korean Acute Heart
Failure, LVEF = left ventricular ejection fraction, NT-proBNP = N-terminal prohormone B-type natriuretic peptide, NYHA = New York Heart Association.

240% < LVEF: NT-proBNP < 300 pg/mL in patients without atrial fibrillation and < 900 pg/mL in patients with atrial fibrillation. 40% > LVEF: NT-proBNP < 600 pg/mL
in patients without atrial fibrillation and < 1,200 pg/mL in patients with atrial fibrillation.

Applying to the registry, as shown in Supplementary Fig. 5, 91.4% of patients were eligible by
FDA and EMA label criteria. When divided into HFrEF and HFpEEF, the eligibility was 91.2%
and 91.6%. The FDA and EMA label-based empagliflozin-eligible patients include more
HFpEF patients than clinical trial-based patients. Supplementary Table 4 shows a clinical
characteristics comparison between FDA and EMA label-based and clinical trial-based
empagliflozin eligible patients. The label-based patients were young, had less HTN, DM, and
CKD, the level of NT-proBNP were low, and eGFR was higher when compared to clinical trial-
based patients.

Cost-effectiveness of empagliflozin in the KorAHF registry

A cost-utility analysis was performed based on the Markov model. Based on the results of
the analysis, the assessment of the cost-effectiveness of empagliflozin is shown in Table 3.
In the HFrEF population, the empagliflozin and SoC groups gained total QALYs of 6.18
and 5.98, respectively. Total costs per patient throughout the lifetime were estimated to be
US$20,041 for the empagliflozin group and US$19,082 for the SoC group. As a result, the
ICER of empagliflozin compared to SoC was US$5,012 in the HFrEF group. The total QALY

Table 3. Results of the cost-utility analysis for empagliflozin add-on therapy compared to standard of care

Variables QALYs Incremental QALYs Costs? Incremental costs ICER
HFrEF
Empagliflozin 6.18 0.19 20,041 959 5,012
Standard of care 5.98 19,082
HFpEF
Empagliflozin 8.28 0.25 20,118 2,268 8,971
Standard of care 8.03 17,850
Overall population®
Empagliflozin 6.97 0.21 20,070 1,450 6,764
Standard of care 6.75 18,618

HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, ICER =
incremental cost-effectiveness ratio, QALY = quality-adjusted life year.

2In US dollars (exchange rate: 1USD = 1,100 KRW).

Weighted average based on the proportion of HFrEF (n =1,445) and HFpEF (n = 868) in the Korean Acute Heart
Failure (KOrAHF) registry.
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Utilities |
(Base case: data from Hong et al.)

Hospitalization probability | -10%
(Monthly probability in empagliflozin group) | $5,698

Empagliflozin cost |
(Base case: $0.6 per tablet)

Discount rate |
(Base case: 4.5%)

Hospitalization cost

Time horizon |
(Base case: lifetime)

Terminal care cost -

Base case: $4,643/QALY

Liao et al.
$7,868

+10%
$7,838

+10%

$6,690 $6,837

Fig. 3. Tornado diagram for one-way sensitivity analysis. The variables are listed in order of influence on economic evaluation. The value of each variable was
changed from the base case and shown as the maximum and minimum incremental cost-effectiveness ratio, which are indicated as bars.

QALY = quality-adjusted life year.
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gains for the empagliflozin and SoC groups were 8.28 and 8.03 in the HFpEF population,
respectively. The estimated lifetime expenses per patient for the empagliflozin group and

the SoC group were US$20,118 and US$17,850, and the ICER of empagliflozin compared to
SoC was consequently US$8,971 in the HFpEF group. The ICER of the overall population

was estimated using the weighted average of QALYs and the costs of the HFrEF and HFpEF
population. The weight was based on the proportion empagliflozin-eligible patients of HFrEF
(n=1,445) and HFpEF (n = 868) in the KorAHF registry. The ICER of empagliflozin was
estimated at US$6,764 per QALY in the overall population. Consequently, empagliflozin is a
highly cost-effective option within a WTP threshold of US$18,182 per QALY. This finding was
robust according to one-way sensitivity analyses, shown in Fig. 3.

DISCUSSION

Among real-world patients in the KorAHF registry, 44.7% of the patients were eligible

for empagliflozin at discharge, according to the inclusion and exclusion criteria for the
EMPEROR-Reduced and EMPEROR-Preserved trials. HFrEF patients had higher eligibility
for empagliflozin compared to HFpEF patients. The main exclusion factor for ineligible
empagliflozin use was low SBP (< 100 mmHg), which was more frequent in patients with
HFrEF. Other major factors leading to exclusion include a history of acute myocardial
infarction and impaired renal function. The empagliflozin-eligible patients meeting FDA &
EMA label criteria were 91.4%.

When using empagliflozin, the estimated ICER was US$6,764 per QALY in the total
population and is a cost-effective option within a threshold of US$18,182 per QALY.
Additionally, the lower the cost per hospitalization, the smaller the cost-saving effect.
However, empagliflozin-eligible patients in HFpEF had a higher ICER than HFrEF patients.
The ICER represents the increased cost per hospitalization event. When the ICER is less than

https://doi.org/10.3346/jkms.2024.39.e8 9/15
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the WTP, the new intervention can be more cost-effective than the comparator. However, the
ICER threshold may vary across different nations, even in countries that implement health
technology assessment. Therefore, these results should be extrapolated with caution.

Guideline-recommended HF treatment based on renin-angiotensin system inhibitors,
B-blockers, and MRAs has remained relatively constant over many years until the addition of
sacubitril/valsartan, an angiotensin receptor-neprilysin inhibitor (ARNI), as recommended
in the current guidelines.24 Here, SGLT2 inhibitors were included in front-line therapy with
notable results in clinical trials.23,17 The EMPA-REG OUTCOME trial first showed that the
SGLT2 inhibitor had a significantly lower rate of death from CV causes with empagliflozin
than with placebo among patients with type 2 DM (hazard ratio [HR], 0.62; 95% confidence
interval [CI], 0.49-0.77).18 Furthermore, the EMPEROR-Reduced and EMPEROR-Preserved
trial found that empagliflozin was associated with a lower risk than placebo of a composite
outcome of CV death or hospitalization for HF in patients with both HFrEF (HR, 0.75; 95%
CI, 0.65-0.86) and HFpEF (HR, 0.79; 95% CI, 0.69-0.90), with or without type 2 DM.6:10

However, due to the constraints of patient enrollment criteria in randomized clinical trials, it
is difficult to apply emerging therapies with limited evidence in everyday practice. Especially
in HF, which is known to have frequent comorbidities and other factors that might influence
outcomes, many patients are excluded due to the stringent enrollment criteria used in
clinical trials. Based on the PARADIGM-HEF trial, less than 25% of patients had eligibility

for sacubitril/valsartan when strictly following the criteria.19,20 In SGLT2 inhibitors, the
eligibility of empagliflozin or dapagliflozin in HFrEF patients of other registries was below
50% based on the EMPA-REG OUTCOME and DAPA-HF trial criteria.21,22

In our study, among patients with HF, the main factor for empagliflozin non-eligibility was
low SBP. It has been reported that HTN is one of the main risk factors for HF.23:24 However,
once patients develop HF, lower SBP is associated with an advanced disease state, which leads
to higher CV morbidity and mortality.25 Although empagliflozin showed clinical benefits for
both HFrEF and HFpEF patients, there is a risk of hypotension in patients with a low baseline
SBP due to the antihypertensive effect of SGLT2 inhibitors.26

When comparing the cost-effectiveness analysis results with previous studies, empagliflozin
was cost-effective in the HFrEF group, as the results of the current study.27-2% However, in a
study using a database of patients in Thailand, empagliflozin was found to be cost-effective
in patients with HFrEF but not in those with.30 Compared with the current study, which
analyzed that empagliflozin would be cost-effective in HFpEEF, this discrepancy might be
induced by the difference in medical costs between the two countries. In Thailand, the price
of empagliflozin is higher than that of empagliflozin in Korea (US$110.35 vs. US$54.79 for
three months). Conversely, the cost of hospitalization is higher in Korea (about US$3,500)
than in Thailand (US$1,696). Therefore, it can be interpreted that in Thailand, the effect of
reducing hospitalization costs caused by empagliflozin use is lower than in Korea.

Here, we found that the clinical characterization of patients in the real-world HF population
differs from the clinical trials. We also compared the current HF medication use between
patients in real-world and clinical trials, subclassified by HFrEF and HFpEF. Although GDMT
for HFrEF is associated with reduced mortality, actual patients are less likely to use evidence-
based medications than patients in clinical trials. These findings are in line with previous
reports derived from other registries.31,32 In a situation where GDMT remains low, applying
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empagliflozin and other SGLT2 inhibitors immediately in everyday clinical practice will

be difficult. In particular, it is unclear whether up-titration of the currently recommended
therapy to the target dose is better than using SGLT2 inhibitors as a replacement rather

than an add-on. In HFpEF, many established treatments were found to be ineffective,

and the pathophysiology of HFpEF differs from that of HFrEF.33 Since empagliflozin first
demonstrated its effectiveness in HFpEF patients and the proper use of SGLT2 inhibitors has
yet to be established, the demand for a new clinical guideline for the treatment of HFpEF is
gaining more interest.

The indication of FDA and EMA approval or empagliflozin covers more patients than
EMPEROR-Reduced and EMPEROR-Preserved trials, resulting in 91.4% of total patients in
the KorAHF registry. Here, there is a large gap between the eligibility based on the clinical
trial criteria and the label, raising the possibility that patients without meticulous validation
of eligibility criteria could be treated with empagliflozin. After the publication of the RALES
trial, the inappropriate use of spironolactone resulted in more hospitalizations and deaths
due to side effects such as hyperkalemia.34 Hence, it is necessary to confirm their efficacy in
patients with old age, low blood pressure, cancer, or advanced CKD.

The strict inclusion and exclusion criteria in clinical trials may result in lower patient
eligibility. However, in clinical practice, patients with HF who have low SBP or high stage
CKD appear to tolerate empagliflozin administration well. Recently, studies based on the
EMPEROR-Reduced trials showed that empagliflozin was safe and effective, regardless of SBP
and severity of kidney impairment at baseline.35,3¢ Likewise, studies like post-hoc analysis or
retrospective cohort will be required to determine whether empagliflozin and other SGLT2
inhibitors show clinical benefits to patients outside of the current clinical trial’s criteria.

Our study has some limitations. First, the patients enrolled in the KorAHF registry were
not chronic HF outpatients but hospitalized patients recruited only from tertiary hospital
centers. In this respect, a direct comparison of clinical characteristics or background
medication with EMPEROR-Reduced or EMPEROR-Preserved trials might not be ideally
matched. Furthermore, the higher-risk patients would be observed in the analytic population
compared to the general chronic HF outpatient population, making a comparison

with EMPEROR-Reduced or EMPEROR-Preserved trials difficult. However, the patient
characteristic data for the empagliflozin eligibility analysis were collected when patients
were discharged for outpatient care, having recovered from the acute stage. Furthermore, the
current HF guidelines emphasize initiating and optimizing GDMT during the transitional
period before discharge. Given this context, assessing the eligibility for empagliflozin

in patients discharged from hospitalization using KorAHF registry can hold clinical
significance. Second, we only analyzed the main criteria from the trials. Other exclusion
criteria (e.g., liver disease, known allergy or hypersensitivity to SGLT2 inhibitors, and
history of ketoacidosis) were unavailable in the registry. Eligibility of empagliflozin could
be lower when all minor criteria were applied. However, their small population is unlikely
to affect the results. Third, since the disease status of HF patients may change throughout
the aging process, the eligibility for empagliflozin can be affected. Fourth, the ARNI was
not approved by the Korea Food and Drug Administration during the registry enrollment.
Thus, the eligibility of empagliflozin in patients treated with ARNI is unknown. However,
the utilization of ARNI in the EMPEROR-Reduced trial was 18.3%, and that of ARNI in the
EMPEROR-Preserved trial was only 2%. Given these proportions, the influence of ARNI on
the comparison between KorAHF and the clinical trials is likely to be minimal. Fifth, the

https://doi.org/10.3346/jkms.2024.39.e8 11/15



Empagliflozin Eligibility and Cost-Effectiveness

JKMS

https://jkms.org

limited availability of certain values might have impacted the result. In the Markov model,
the incidence of treatment effects was based on the clinical trial. There is an increased
uncertainty due to extrapolation when the observation period goes beyond the follow-up
period of the clinical trial. Also, the source of the hospitalization cost was from tertiary
hospitals, and there is a possibility that the actual cost could be lower. In addition, when
considering mortality reduction, the kidney-protective effect of empagliflozin, and recovery
of productivity loss costs due to morbidity and mortality, the expected cost reduction when
using empagliflozin will be increased. With regard to clinical aspects, cost-effectiveness may
be affected by diabetes and symptom severity. However, the additional sensitivity analyses
were unavailable.

In summary, 44.7% in a nationwide prospective HF registry met the clinical trial criteria,
and 91.4% met FDA and EMA label criteria for empagliflozin treatment. When using
empagliflozin for eligible patients, the estimated ICER was US$6,764 per QALY and was a
cost-effective option within a threshold of US$18,182 per QALY in South Korea health care
setting. The potential cost-effectiveness benefit was more evident in HFrEF than in HFpEF.
Since there is a large discrepancy between eligible patients based on the clinical trials

and FDA and EMA approval, elucidating the effectiveness of SGLT2 inhibitors in patients
not included in the clinical trial criteria will be crucial. In addition, updating treatment
guidelines for HF, especially in HFpEF where there is now evidence of substantial clinical
benefit from clinical trials with both empagliflozin and dapagliflozin, could help contribute
to better patient care.
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Supplementary Table 4
Clinical characteristics of empagliflozin eligible patients according to FDA & EMA label,
EMPEROR-Reduced, and EMPEROR-Preserved trial criteria
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Supplementary Fig. 1

Schematic representation of the Markov model. HF patients can stay alive, hospitalized,
alive with adverse events, or dead in the model. The health status was monthly transited
depending on the transition probability.
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Flow chart of the study population.
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Compared eligibility of empagliflozin between diabetic and non-diabetic patients in KorAHF
registry.
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Supplementary Fig. 4

Comparison of prescription rate of ACEI or ARB, B-blocker, and MRA. Prescription rate of
ACEI or ARB, B-blocker, and MRA between were compared according to SBP level in KorAHF
registry.

Click here to view

Supplementary Fig. 5

Comparison of empagliflozin eligibility between the clinical trial and FDA & EMA label. (A)
Frequency of empagliflozin eligible patients in KorAHF registry. Proportion of HFrEF and
HFpEF patients in empagliflozin eligible patients based on (B) FDA & EMA label and (C)
clinical trial criteria.
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