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Aim: To determine the pharmacoeconomics of empagliflozin for the treatment of heart failure (HF) with reduced ejection fraction in China and to provide evidence-based reference for clinical rational drug selection and medical decision-making.

Research design and methods: We used the Markov model to evaluate the cost-effectiveness of empagliflozin for the treatment of HF with reduced ejection fraction (HFrEF). We evaluated the cost-effectiveness of the standard treatment in addition to empagliflozin (empagliflozin group) vs. the cost-effectiveness of the standard treatment alone (standard treatment group).

Results: We found that each additional quality-adjusted life year (QALY) in the empagliflozin group costed $3,842.20 more, which was less than China’s gross domestic product (GDP) per capita in 2021 ($11,981). The steady-state mortality in the two groups was the key factor affecting the incremental cost-effectiveness ratio (ICER). Probabilistic sensitivity analysis revealed that when the willingness-to-pay (WTP) threshold was one time the GDP per capita in 2021 ($11,981) and three times the GDP per capita in 2021 ($35,943), the probability of the empagliflozin group being cost-effective was 85.8 and 91.6%, respectively.

Conclusion: Compared with the standard treatment alone, the addition of empagliflozin to the standard treatment was more cost-effective for the treatment of HFrEF in China.
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Introduction

Heart failure (HF) is an important global public health issue. According to a survey, the global prevalence of HF is approximately 1.3%, and there are more HF patients in developing countries than in developed countries. In China, there are more than 8.9 million patients with HF (1–3). The annual treatment cost per patient with HF in 2014 was approximately $4,550.45 (4). The hospitalization cost accounted for approximately 66% of the total cost of HF treatment (5). Therefore, if the hospitalization rate for HF is reduced, the HF treatment cost and global disease burden will decrease.

HF is categorized into HF with reduced ejection fraction (HFrEF) and HF with preserved ejection fraction (HFpEF). Sodium-glucose linked transporter 2 inhibitors (SGLT2is) are used for the treatment of diabetes. However, in recent years, with the advancement in research, the latest guidelines and consensus on HF in many countries recommend the use of SGLT2i for the treatment of HFrEF (6, 7). Examples of SGLT2is include canagliflozin, dapagliflozin, and empagliflozin. China’s guidelines for the primary diagnosis and treatment of chronic HF (2019) recommend dapagliflozin for the treatment of HFrEF (8). Packer et al. (9, 10) conducted a study on the effects of empagliflozin in patients with HFrEF (EMPEROR-Reduced trial) and revealed that the addition of empagliflozin to the standard treatment regimen could improve outcomes in patients with HFrEF (with or without diabetes), and the risk of hospitalization for HF was significantly reduced. The findings of the study adds new evidence for the use of SGLT2is in patients with HFrEF.

SGLT2is were first developed as a novel drug for the treatment of type 2 diabetes mellitus, mainly by inhibiting glucose reabsorption by the proximal renal tubular SGLT protein family. However, the mechanism of the CV benefit of SGLT2is remains unclear. Some studies have proposed some possible mechanisms: it is generally believed that SGLT2is can exert cardiac benefit through sodium drainage, improving cardiac energy metabolism, producing anti-inflammatory effects, and reducing sympathetic hyperactivity (11–13). In addition, SGLT2is can reduce LV volume and reverse LV remodeling to a degree, which explains the improvement of LV systolic function by SGLT2is (14, 15).

In addition to the effectiveness of a treatment, its economic benefit is another important factor in medical decision-making. Cost-effectiveness analysis is an effective method to evaluate the value of drugs by quantitatively comparing the treatment cost and effectiveness of different treatment strategies (16). Presently, there are no pharmacoeconomic studies on the treatment of HFrEF with empagliflozin in China. Economic evaluation seeks to assess the cost-effectiveness of empagliflozin in comparison to the standard treatment for HErEF. The Markov model is used to study the state and state transition of a system, and it has been widely used in the simulation of long-term chronic diseases in pharmacoeconomic evaluations. In this study, we used the Markov model to analyze the cost-effectiveness of the regimen for the treatment of HFrEF and evaluated the economic benefits of combined treatment for HErEF in China to provide evidence-based information for clinical rational drug use and medical decision-making.



Patients and methods


Clinical data

In this study, the principles and methods of pharmacoeconomics were used to conduct a cost-benefit analysis of empagliflozin in the treatment of HFrEF in China, and to provide evidence-based reference for clinical rational drug selection and medical decision-making. We used the data of the EMPEROR-Reduced study (9). We randomly divided 3,730 patients with HFrEF from 20 countries (including 134 Chinese patients) into two groups: the empagliflozin group (n = 1,863) and standard treatment group (n = 1,867). All patients received the standard HF regimen (including diuretics, angiotensin converting enzyme inhibitors/angiotensin 2 receptor blockers, β blockers, angiotensin receptor enkephalin inhibitors, and salt corticosteroid receptor antagonists). In addition, patients in the empagliflozin group received 10 mg of empagliflozin once a day, while patients in the standard treatment group received a placebo.



Rationale and structure of the model

In this study, the Markov model (designed using the Excel 2019 software) was used for the analysis and comparison of cost-effectiveness between the empagliflozin and standard treatment groups. Based on the EMPEROR-Reduced study, the following two independent basic states were established according to the development and prognosis of the disease: the stable HF and death states and transitional (hospitalization) state. According to the Chinese HF patient registration study (China-HF), the average age of 13,687 inpatients with HF from 132 hospitals across the country was 65 ± 15 years. Typically, most patients with HF are elderly. For diseases with high mortality, the shorter the cycle, the higher the accuracy of the results. Therefore, the simulation time limit of this model was set at 20 years, and the cycle was set to 1 month, with a total of 240 cycles. The average age of the selected patients in the EMPEROR-Reduced study was approximately 67 years; therefore, a life expectancy of 86 years was considered as the simulated termination age. The model used a half-cycle correction to prevent the overestimation of the expected survival time. At the same time, this study assumed that the population in the model received the same treatment, drug compliance was 100%, and type and doses of the drugs were unchanged within the entire model; the initial state of all the patients at the beginning of the model was stable, and the patients could only be in one state in the same cycle; the duration of hospitalization for the hospitalized patients was not more than 1 month. The state of death was absorptive, that is, once a patient was in the state of death, the patient could no longer transfer to other states. The Markov model of state transition for patients with HFrEF is shown in Figure 1. The model followed the standard structure of the HF model (17, 18).
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FIGURE 1
Patients occupying the health states shown in the ovals. Patients transitioning from different health states represented as arrows based on the transition probabilities.




Markov model parameters


Transitional probability

In this study, according to the number of patients in each health state in the EMPEROR-Reduced study, the steady state mortality, hospitalization state mortality, and steady state hospitalization rates were calculated. With reference to previous studies (16), the transitional probability in this model was obtained using the transformation formula: r=—[ln(1—P)]/T;p=1—exp[—rt], where r is the instantaneous incidence, P the incidence within the observation time limit, T the observation time limit, p the transfer probability of 1 cycle, and t the cycle. The monthly transitional probability between the health states of patients with HFrEF is shown in Table 1. In addition, during the simulation process of this model, the probability of non-cardiovascular (CV) death, that is, the basic probability of death, was included. According to the China Health Statistics Yearbook: 2020, the monthly probabilities of non- CV death for people aged 67–69, 70–74, 75–79, 80–84, and 85–86 years old were 0.00082, 0.00103, 0.00143, 0.00291, and 0.00822 (19), respectively. This is shown in Table 1.


TABLE 1    Input parameters of the Markov model.
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Cost, utilities, and discount

The cost in this model was the direct medical cost of the patients. The individual differences of the direct non-medical, hidden, and indirect costs are large and difficult to measure, and, therefore, were not taken into consideration. The direct medical cost of the patient included the monthly cost of empagliflozin, monthly cost of standard treatment, and cost of each hospitalization (including the fee for the treatment of various adverse events during hospitalization). The monthly standard treatment fee and cost of each hospitalization for HFrEF were derived from existing literature (5, 19). The unit price of empagliflozin was obtained from the latest winning price published at www.yaozh.com in China. This website is an early big data service provider that carries out in-depth processing of medical data, big data mining, achievement output, and empowerment in China. All fees were converted using the following exchange rate: 6.373 ¥/USD (The People’s Bank of China) (20). The utility value of each health state in this model was derived from reference (21), and quality-adjusted life years (QALYs) were used as the output index. In addition, the cost and health utility value discount rate of 5%, according to reference (22), was used in this study. The parameters of the Markov model and their distribution are shown in Table 1.




Sensitivity analysis

In this study, Excel 2019 was used for sensitivity analysis to verify the robustness of the model’s simulation results. In the one-way sensitivity analysis of all parameters in the model, the influence of a parameter on the incremental cost-effectiveness ratio (ICER) robustness was verified using the value range of a parameter, while all other variables remained constant. The ranges of each hospitalization cost for HFrEF and health utility values were obtained from previous studies (19, 21). The range of the other costs and probability range of each transfer were 20% and 10% above and below the baseline value, respectively, and the discount rate was 1–8%. This is shown in Table 1.

This study conducted a scenario analysis of the cost of empagliflozin, each HFrEF hospitalization, and time horizon. According to the trend of centralized drug procurement in China, the cost of empagliflozin was reduced by 20, 40, and 60% to examine its impact on the ICER. For HFrEF hospitalization, various levels of hospitals had different hospitalization costs: incorporating town-level hospitals ($979.48), county-level hospitals ($1,138.66), municipal hospitals ($1,813.89), provincial hospitals ($1,863.57), and ministerial hospitals ($3,260.76) (19). The time horizon was adjusted to 10, 15, 20, and 25 years to explore its impact on the ICER.

The advantage of the probability sensitivity analysis was that the influence of multiple uncertain factors on the simulation results of the model could be considered at the same time. In this study, using the probability sensitivity analysis, we could predict the cost-effectiveness probability of the empagliflozin group under the different willingness-to-pay (WTP) levels. Through Monte Carlo random sampling simulation (1,000 iterations), referring to previous research (16), it was determined that the transitional probability and health utility value in this model conformed to the Beta distribution, and the cost conformed to the Gamma distribution.




Results


Model validation and clinical results

The average age of the simulated population in this study was 67 years. Our model predicted that all-cause mortality at 16 months in the empagliflozin group would be 11.5%, CV mortality 10%, and total hospitalization for HFrEF rate 23.2%. All-cause mortality at 16 months in the standard treatment group was 12.5%, CV mortality 10.5%, and hospitalization for HFrEF rate 34.5%. The results of the simulations were close to the results of the EMPEROR-Reduced study. The median survival time of the empagliflozin and standard treatment groups was 7.43 and 6.8 years, respectively.

The study showed that, compared with the placebo, the hazard ratio (HR) of the compound outcome for CV death or hospitalization for HF was 0.75 and the 95% confidence interval (CI) was 0.6–0.86 (P < 0.001); the HR for reduced hospitalization for HF outcomes was 0.69 and the 95% CI was 0.59–0.81 (P < 0.001). However, the outcome of CV death was not significant (HR = 0.92, 95% CI = 0.75–1.12, P < 0.001)



Cost-effectiveness analysis

In this study, the Markov model was used to calculate the ICER and compare the WTP to determine the economic benefits of the intervention measures. The China Guidelines for Pharmacoeconomic Evaluations 2020 recommend that one to three times the per capita GDP should be used as the ICER threshold; therefore, this study adopted one time the China’s per capita GDP ($11,981) in 2021 as the ICER threshold (23). The results of the cost-effective analysis are shown in Table 2. Compared with that of the standard treatment group, the ICER of the empagliflozin group was $3,842.20 per QALY, which is less than one time the China’s per capita GDP in 2021 ($11,981). Therefore, the use of the standard treatment regimen combined with empagliflozin for the treatment of HFrEF is more advantageous in terms of cost-effectiveness than the standard treatment regimen alone.


TABLE 2    The results by base-case analysis.
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Sensitivity analysis


One-way sensitivity analysis

A one-way sensitivity analysis of the parameters of the Markov model showed that the reference was WTP [one time the per capita GDP ($11,981) of China in 2021]. The low value of the transitional probability of stable HF to CV death in the standard treatment group and high value of the transitional probability of stable HF to CV death in the empagliflozin group had a greater impact on the results, being more than one time the per capita GDP, and the steady-state mortality of the two groups had the greatest impact on the ICER. The other parameters had little influence on the ICER, and regardless of the changes in the range, the ICER remained below one time the per capita GDP of China in 2021. The tornado diagram of the one-way sensitivity analysis is shown in Figure 2.
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FIGURE 2
Tornado diagram showing the univariate sensitivity analysis of the Markov model simulation (empagliflozin group vs. standard group).




Scenario analysis

By adjusting for the empagliflozin cost, cost of each hospitalization for HFrEF, and time horizon in the scenario analysis model, the results showed that when the empagliflozin cost decreased, the ICER decreased gradually; when the costs of hospitalization for HF in the different levels of hospitals increased, the ICER decreased gradually; and when the time horizon was extended, the ICER decreased gradually. This is shown in Table 3.


TABLE 3    The results by scenario analyses presented as the ICER.
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Probability sensitivity analysis

The probability sensitivity analysis of the Markov model was conducted using Monte Carlo simulation, and the ICER scatter plot diagram (Figure 3) and cost-effectiveness acceptability curve (Figure 4) were obtained. As shown in Figures 3, 4, when the WTP was one time the per capita GDP of China in 2021 ($11,981), the cost-effectiveness probability in the empagliflozin group was 85.8%; when the WTP was three times the per capita GDP of 2021 ($35.943), the cost-effectiveness probability of the empagliflozin group was 91.6%. When cost-effectiveness increased in the empagliflozin group, WTP increased.
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FIGURE 3
Scatter plot of the incremental costs and incremental quality-adjusted life-years from a thousand simulations for the empagliflozin group vs. standard group.
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FIGURE 4
Cost-effectiveness acceptability curve showing the willingness to pay and the corresponding probability of cost-effectiveness for the empagliflozin group vs. standard group.






Discussion

In recent years, several studies have proven the benefits of SGLT2is for the treatment of HFrEF. Among them, EMPA-REG OUTCOME studies have shown that the treatment of patients with type 2 diabetes with confirmed CV diseases can reduce all-cause mortality and CV mortality (24). The DECLARE-TIMI 58 trial and CANVAS trial demonstrated that dapagliflozin and canagliflozin can improve the prognosis of patients with type 2 diabetes with CV diseases (25, 26). The results of the DAPA-HF study showed that dapagliflozin reduced the risk of CV death or hospitalization for patients with HF by 26%, and the risk of CV death was reduced by 18%; the results were consistent regardless of whether the patients had diabetes or not (27). The results of the EMPEROR-Reduced study showed that empagliflozin significantly improved the outcomes of patients with HFrEF, and its benefits on the major composite endpoints were mainly attributable to reducing the risk of hospitalization in patients with HFrEF (6, 7). The above-mentioned studies suggest that SGLT2i may improve the prognosis of HF; that is, the effects were similar. However, the EMPEROR-Reduced study did not show any benefit on CV death, which is the main difference between empagliflozin and dapagliflozin for the treatment of HFrEF.

The mechanism of the benefits of SGLT2is in HFrEF is the metabolic shift away from myocardial utilization of glucose (which is energy-inefficient) toward the consumption of free fatty acids and ketone bodies, which generate more ATP and enhance myocardial energetics (28). Enhanced myocardial energetics cause improvement in both systolic (29) and diastolic function (30). In humans, the use empagliflozin causes reverse left ventricular (LV) remodeling, with decrease in LV volumes and regression of LV hypertrophy (31), and a reduction in epicardial adipose tissue, aortic stiffness, and myocardial fibrosis (32). In addition, SGLT2is improve the quality of life in HFrEF (33).

Considering the possible widespread use of empagliflozin in patients with HFrEF in the future, decision makers should determine whether the additional benefits of empagliflozin are worth the extra cost. Liao et al. (34) conducted a pharmacoeconomic evaluation of the use of empagliflozin for the treatment of HFrEF in many countries or regions in the Asia-Pacific region, including Singapore, South Korea, Japan, Malaysia, Australia, Taiwan, and China. After adding empagliflozin, all countries and regions achieved better returns, with Singapore having the highest ICER value of $53,791 per QALY, followed by Japan ($24,046 per QALY), Australia ($20,982 per QALY), Taiwan ($20,508 per QALY), and South Korea ($8,846 per QALY). When the WTP was one and three times the local per capita GDP, the cost-effective probability was 58.1 and 94.2% in Singapore, 77.9 and 95.6% in Japan, 89 and 95.9% in Australia, 63.4 and 93.7% in Taiwan, and 93.6 and 96.3% in South Korea, respectively.

Based on the results of the EMPEROR-Reduced study and published literature, this study evaluated the economic effectiveness of empagliflozin for the treatment of HFrEF. Our findings show that the empagliflozin group has an ICER of $3,842.20 per QALY compared with that of the standard treatment group; that is, the cost of each additional QALY of the empagliflozin group was $3,842.20 more than that of the standard treatment group, which was lower than that of the WTP (one time the per capita GDP of China in 2021, $11981).

Based on the recommendations of the World Health Organization on pharmacoeconomic evaluation, increased cost was more economical when the ICER was less than one time the per capita GDP (22). This shows that the use of the standard regimen combined with empagliflozin for the treatment of HFrEF is more cost-effective than the standard treatment regimen alone.

From the results of the validation model, we assumed that the treatment of approximately 8.9 million Chinese patients with HFrEF with the standard regimen combined with empagliflozin will prevent approximately 1,005,700 hospitalizations for HFrEF and 89,000 deaths. The cost of hospitalization for HF will decrease by $1.408 billion, which will lighten the burden on China’s medical system.

The one-way sensitivity analysis showed that steady-state mortality was the most important factor affecting the ICER in both groups. This was similar to the results of the EMPEROR-Reduced study (9); that is, empagliflozin cannot reduce the CV mortality risk (HR = 0.92, 95% CI = 0.75–1.12) in patients with HFrEF. Therefore, changing the range of steady-state mortality in both groups will lead to significant changes in the ICER, which cannot be considered because of the instability of the model. As a result, when HFrEF cost decreased, the cost of hospitalization for HFrEF and treatment time increased. Hence, the addition of empagliflozin to the standard treatment regimen was more cost-effective. When WTP was $11,981 and $35,943, the cost-effective probability was 85.8 and 91.6% in the empagliflozin group, respectively, implying that the model was stable. The cost-effectiveness of the standard treatment regimen combined with empagliflozin was, thus, proven. Different countries have different health care systems and economic conditions. However, considering the results of the standard treatment regimen combined empagliflozin combined in the Asia-Pacific region mentioned above, we believe that the standard regimen combined with empagliflozin for the treatment of HFrEF is cost-effective in China, with the ICER relatively low and the economic probability relatively high.

This study had some limitations. First, the clinical data used in this study were obtained from the EMPEROR-Reduced study, which included a small number of Chinese patients, and the overall results deviate from the characteristics and outcomes of Chinese patients with HFrEF. Therefore, it is necessary to conduct a real-world study on the Chinese population in the future. Second, this study only considered direct medical cost and did not include direct non-medical, indirect, and hidden costs.

In conclusion, the standard regimen combined with empagliflozin for the treatment of HFrEF in Chinese patients was more cost-effective than the standard treatment regimen alone. This evidence-based information can guide clinical rational drug use and health decisions.



Data availability statement

The original contributions presented in this study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

HS: data curation, formal analysis, funding acquisition, methodology, project administration, resources, software, supervision, validation, and writing—review and editing. YW: data curation, formal analysis, investigation, methodology, software, and writing—original draft. ZM: data curation, formal analysis, and writing—original draft. SZ: data curation and writing—original draft and review and editing. QZ: investigation and writing—original draft and writing—review and editing. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Hao G, Wang X, Chen Z, Zhang L, Zhang Y, Wei B, et al. Prevalence of heart failure and left ventricular dysfunction in China: the china hypertension survey, 2012–2015. Eur J Heart Fail. (2019) 21:1329–37. doi: 10.1002/ejhf.1629

2. Metra M, Lucioli P. corrigendum to “prevalence of heart failure and left ventricular dysfunction in China: the China hypertension survey, 2012–2015” [Eur j heart fail 2019; 21:1329–1337]. Eur J Heart Fail. (2020) 22:759.

3. Braunwald E. The war against heart failure: the lancet lecture. Lancet. (2015) 385:812–24. doi: 10.1016/S0140-6736(14)61889-4

4. Hu SL. Patients with heart failure urgently need effective drugs to reduce the burden. Health News. (2019) 5.

5. Huang J, Yin HJ, Zhang ML, Ni Q, Xuan J. Understanding the economic burden of heart failure in China: impact on disease management and resource utilization. J Med Econ. (2017) 20:549–53. doi: 10.1080/13696998.2017.1297309

6. Huang J. EMPEROR- Reduced study: cardiovascular and renal outcomes with empagliflozin in heart failure. Chin J Heart Fail Cardiomyopathy. (2020) 4:206–8.

7. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. (2021) 42:3599–726.

8. Chinese Medical Association [CMA], Chinese Society of General Practice [CSGP]. Guideline for primary care of chronic heart failure. Chin J Gen Pract. (2019) 18:936–47.

9. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl J Med. (2020) 383:1413–24.

10. Packer M, Butler J, Filippatos GS, Jamal W, Salsali A, Schnee J, et al. Evaluation of the effect of sodium-glucose co-transporter 2 inhibition with empagliflozin on morbidity and mortality of patients with chronic heart failure and a reduced ejection fraction: rationale for and design of the EMPEROR-reduced trial. Eur J Heart Fail. (2019) 21:1270–8.

11. Andreadou I, Bell RM, Bøtker HE, Zuurbier CJ. SGLT2 inhibitors reduce infarct size in reperfused ischemic heart and improve cardiac function during ischemic episodes in preclinical models. Biochim Biophys Acta Mol Basis Dis. (2020) 1866:165770. doi: 10.1016/j.bbadis.2020.165770

12. Iorga RA, Bacalbasa N, Carsote M, Bratu OG, Stanescu AMA, Bungau S, et al. Metabolic and cardiovascular benefits of GLP-1 agonists, besides the hypoglycemic effect (Review). Exp Ther Med. (2020) 20:2396–400. doi: 10.3892/etm.2020.8714

13. Lymperopoulos A, Borges JI, Cora N, Sizova A. Sympatholytic mechanisms for the beneficial cardiovascular effects of SGLT2 inhibitors: a research hypothesis for dapagliflozin’s effects in the adrenal gland. Int J Mol Sci. (2021) 22:7684. doi: 10.3390/ijms22147684

14. Garcia-Ropero A, Santos-Gallego CG, Zafar MU, Badimon JJ. Metabolism of the failing heart and the impact of SGLT2 inhibitors. Expert Opin Drug Metab Toxicol. (2019) 15:275–85. doi: 10.1080/17425255.2019.1588886

15. Jensen J, Omar M, Kistorp C, Poulsen MK, Tuxen C, Gustafsson I, et al. Twelve weeks of treatment with empagliflozin in patients with heart failure and reduced ejection fraction: a double-blinded, randomized, and placebo-controlled trial. Am Heart J. (2020) 228:47–56. doi: 10.1016/j.ahj.2020.07.011

16. Aalabaf-Sabaghi M. Decision modelling for health economic evaluation. J Epidemiol Community Heal. (2007) 61:839. doi: 10.1136/jech.2007.059576

17. Chan DC, Heidenreich PA, Weinstein MC, Fonarow GC. Heart failure disease management programs: a cost-effectiveness analysis. Am Heart J. (2008) 155:332–8. doi: 10.1016/j.ahj.2007.10.001

18. Gaziano TA, Fonarow GC, Claggett B, Chan WW, Deschaseaux-Voinet C, Turner SJ, et al. Cost-effectiveness analysis of sacubitril/valsartan vs. enalapril in patients with heart failure and reduced ejection fraction. JAMA Cardiol. (2016) 1:666–72. doi: 10.1001/jamacardio.2016.1747

19. National Health Commission. China Health Statistics Yearbook. Beijing: Peking Union Medical College Press (2020). p. 115–6.

20. The People’s Bank of China. China Foreign Exchange Trading Center is Authorized to Announce the Rmb Exchange Rate Midpoint Announcement. [R/OL]. (2021). Available online at: http://www.pbc.gov.cn/zhengcehuobisi/125207/125217/125925/4405468/index.html (accessed December 3, 2021).

21. Park SK, Hong SH, Kim H, Kim S, Lee EK. Cost-utility analysis of sacubitril/valsartan use compared with standard care in chronic heart failure patients with reduced ejection fraction in South Korea. Clin Ther. (2019) 41:1066–79. doi: 10.1016/j.clinthera.2019.04.031

22. Guoen L, Shanlian H, Jiuhon W, China guidelines for pharmacoeconomic evaluations. Edition. research group of china guidelines for pharmacoeconomic evaluations. China J Pharm Econ. (2011) 6:11.

23. China Guidelines for Pharmacoeconomic Evaluations. China Guidelines for Pharmacoeconomic Evaluations. Beijing: China Market Press (2020). p. 14

24. Rosenstein R, Hough A. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J Med. (2016) 374:1093–4. doi: 10.1056/NEJMc1600827

25. Kato ET, Silverman MG, Mosenzon O, Zelniker TA, Cahn A, Furtado RHM, et al. Effect of dapagliflozin on heart failure and mortality in type 2 diabetes mellitus. Circulation. (2019) 139:2528–36. doi: 10.1161/CIRCULATIONAHA.119.040130

26. Neal B, Perkovic V, Mahaffey KW. Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J Med. (2017) 377:644–57. doi: 10.1056/NEJMoa1611925

27. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. (2019) 381:1995–2008.

28. García-Ropero Á, Vargas-Delgado AP, Santos-Gallego CG, Badimon JJ. Inhibition of sodium glucose cotransporters improves cardiac performance. Int J Mol Sci. (2019) 20:3289. doi: 10.3390/ijms20133289

29. Garcia-Ropero A, Santos-Gallego CG, Vargas-Delgado AP, Requena-Ibanez JA, Picatoste B, Ishikawa K, et al. Correlation between myocardial strain and adverse remodeling in a nondiabetic model of heart failure following empagliflozin therapy. Expert Rev Cardiovasc Ther. (2020) 18: 635–42.

30. Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Garcia-Ropero A, Ishikawa K, Watanabe S. Empagliflozin ameliorates diastolic dysfunction and left ventricular fibrosis/stiffness in nondiabetic heart failure: a multimodality study. JACC Cardiovasc Imaging. (2021) 14:393–407. doi: 10.1016/j.jcmg.2020.07.042

31. Santos-Gallego CG, Vargas-Delgado AP, Requena-Ibanez JA, Garcia-Ropero A, Mancini D, Pinney S. Randomized trial of empagliflozin in nondiabetic patients with heart failure and reduced ejection fraction. J Am Coll Cardiol. (2021) 77:243–55. doi: 10.1016/j.jacc.2020.11.008

32. Mullens W, Martens P. Empagliflozin-induced changes in epicardial fat: the centerpiece for myocardial protection? JACC Heart Fail. (2021) 9: 590–3.

33. Hao Z, Zhang Y, Zhang Y. Dapagliflozin and empagliflozin in heart failure with reduced ejection fraction: a retrospective study. Int J Gen Med. (2022) 15:5915–8. doi: 10.2147/IJGM.S366943

34. Liao CT, Yang CT, Kuo FH, Lee MC, Chang WT, Tang HJ, et al. Cost-effectiveness evaluation of add-on empagliflozin in patients with heart failure and a reduced ejection fraction from the healthcare system’s perspective in the Asia-pacific region. Front Cardiovasc Med. (2021) 8: 750381.



OPS/images/fcvm-09-1022020-t002.jpg
Total cost ($) Incremental Total life years Incremental life years ICER ($ pe

cost ($) (QALY) (QALY) QALY)
Empagliflozin group 6,112.53 1,040.02 5.89 0.27 3842.20
Standard treatment group 5,072.51 5.62

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years.





OPS/images/fcvm-09-1022020-t001.jpg
Parameters

Transitional probability in
the empagliflozin group
Stable heart failure to
hospitalization

Stable heart failure to CV
death

Hospitalization to CV death
Transitional probability in
the standard group

Stable heart failure to

hospitalization

Stable heart failure to CV
death

Hospitalization to CV death

Transitional probability of
non-CV mortality by age

67-69
70-74
75-79
80-84
85-86
Cost

Empagliflozin plus standard
treatment

Standard treatment
HF hospitalization
Discounted rate
Utility weight
Stable heart failure

HF hospitalization

CV, cardiovascular; HE heart failure.

Value

0.01449

0.00624

0.03865

0.02171

0.00657

0.04392

0.00082
0.00103
0.00143
0.00291
0.00822

$55.07

$35.11
$1,408.13
5%

0.871
0.215

Standard deviation

0.00074

0.00032

0.00197

0.00111

0.00034

0.00224

$5.62

$3.58
$578.83

0.088
0.174

Range

0.01304-0.01594
0.00561-0.00686

0.03478-0.04251

0.01954-0.02389
0.00592-0.00723

0.03953-0.04831

$44.06-$66.09

$28.09-$42.13

$974.20-$3,243.21

1%-8%

0.783-0.959
0.041-0.389

Distribution

Beta

Beta

Beta

Beta

Beta

Beta

Gamma

Gamma

Gamma

Beta

Beta

Reference

©)

©)

©)

(€)

)

(€)

(19)
(19)
(19)
(19)
(19)

www.yaozh.com
)

(19)
(22)

@n
@1

Note

=+ 10% of the mean

=+ 10% of the mean

=+ 10% of the mean

=+ 10% of the mean

=+ 10% of the mean

=+ 10% of the mean

Local data
Local data
Local data
Local data

Local data

=+ 20% of the Mean

=+ 20% of the Mean

Local data

95% CI
95% CI





OPS/images/fcvm-09-1022020-g003.jpg
-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

4000.00

3500.00

3000.00
£ 2500.00

—

}s

2000.00

O

0.00

500.00
-500.00
-1000.00
-1500.00

o
Q
o
S
O
e

1000.00

9 |ejusWAIOU|

Incremental effectiveness (QALYs)





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cost-effectiveness of empagliflozin for the treatment of heart failure with reduced ejection fraction in China



		Introduction



		Patients and methods



		Clinical data



		Rationale and structure of the model



		Markov model parameters



		Transitional probability



		Cost, utilities, and discount







		Sensitivity analysis







		Results



		Model validation and clinical results



		Cost-effectiveness analysis



		Sensitivity analysis



		One-way sensitivity analysis



		Scenario analysis



		Probability sensitivity analysis











		Discussion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fcvm-09-1022020-g002.jpg
Transitional probability of stable heart failure to CV death of standard group (0.00723 to 0.00592)
Transitional probability of stable heart failure to CV death of empagliflozin group (0.00561 to 0.00686)
Cost of Empagliflozin plus standard treatment (44.06 to 66.09)

Cost of HF hospitalization (3243.21 to 974.2)

Cost of standard treatment (42.13 to 28.09)

Transitional probability of stable heart failure to hospitalization of standard group (0.02388 to 0.01954)
Transitional probability of stable heart failure to hospitalization of empagliflozin group (0.01304 to 0.01594)

Utility of stable heart failure (0.07992 to 0.06525)

Transitional probability of hospitalization to CV death of standard group (0.04831 to 0.03953)
Discount rate (0.01 to 0.08)

Transitional probability of hospitalization to CV death of empagliflozin group (0.03478 to 0.04251)

Utility of HF hospitalization (0.00342 to 0.03242)

EV: 31842.20 .
1 Q‘Q
> M High value M Low value
QQ
)

D
22
‘Q+
Al
%+

ICER ($ per QALY)





OPS/images/fcvm-09-1022020-g004.jpg
% Interations of cost-effective

- Empagliflozin group
-A- Standard group

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
0.00 10000.00 20000.00 30000.00 40000.00

Willingness to pay ($)






OPS/images/fcvm-09-1022020-t003.jpg
Scenario Value ($) ICER ($ per QALY)

Cost of empagliflozin

Descend by 10% 17.96 3,247.74
Descend by 20% 15.97 2,650.30
Descend by 40% 11.98 1,458.39
Descend by 60% 7.98 266.49
Cost of different level hospitals

Town hospital 974.20 4,649.63
County hospital 1,132.53 4,355.02
Municipal hospital 1,804.13 3,105.35
Provincial hospital 1,853.54 3,013.41
Ministerial hospital 3,243.21 427.61
Time horizon

10 years 5,223.66
15 years 4,237.51
20 years 3,842.20
25 years 3,695.45

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years.





OPS/images/fcvm-09-1022020-g001.jpg
| Hospitalization | )

Stable heart
failure






OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Cost-effectiveness
of empagliflozin
for the treatment of heart
failure with reduced ejection
fraction in China












OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







