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Background: Atrial fibrillation (AF) is one of the most common arrhythmias in clinical practice, which brings great economic burden to patients. This study evaluated the economics of the new antiarrhythmic drug dronedarone and provides suggestions for allocation of health resources.

Methods: Amiodarone was selected as the control group, and the Markov model of AF was established using nine states. The total cost and quality-adjusted life year (QALY) of dronedarone and amiodarone groups were calculated and compared. The incremental cost effectiveness ratio (ICER) value was calculated and compared with the willingness to pay (WTP) and the sensitivity analyses was conducted.

Results: For China's healthcare system, the ICER of the dronedarone group compared with the amiodarone group was RMB 81,741 Yuan/QALY, which is lower than the current recommended WTP (3 times GDP per capita). Sensitivity analyses showed that the model was robust, and the drug price of dronedarone significantly impacted the results.

Conclusions: Compared with amiodarone, dronedarone is more economical in the Chinese healthcare system. However, due to the lack of data on the Chinese population for some parameters, the model needs further improvement and discussion. Real-world studies on the effects of dronedarone on Chinese patients with AF would be beneficial.
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INTRODUCTION

Atrial fibrillation (AF) is one of the most common arrhythmias in the clinic. As of 2017, there were an estimated 37.57 million patients with AF worldwide (1). The lifetime risk of AF in people over the age of 14 years is 26% for men and 23% for women (2). According to an epidemiological survey of 726,451 people in 31 provinces and regions in China in 2017, the standardized incidence of AF among people over 40 years old in China was 2.31%, and with increasing age, the prevalence in women (2.72%) was significantly higher than that in men (1.90%) (3).

The disease burden of AF is heavy, as it may lead to complications such as stroke, thromboembolism, heart failure (HF), myocardial infarction (MI), cognitive decline, dementia, and renal impairment, which can seriously affect patients' quality of life (QoL) and increase their financial burden. The utility value of patients with AF (≥35 years old) measured by the European Five Dimension Health Scale (EQ-5D) scale is 0.53, and the total disability-adjusted life year (DALY) lost due to AF is 665,400 DALY (4).

Zhang et al. (5) found that stroke is the primary cause of the direct economic burden of AF in China, and the treatment cost of stroke caused by AF reaches 4.9 billion RMB every year, of which 89% is from patients with AF and stroke over 60 years old. Therefore, the QoL of patients with AF in China is low, and the economic burden is heavy. Current treatment of AF includes stroke prevention, ventricular rate control, rhythm control, and surgical and hybrid surgical treatment (6). Rhythm control is one of the important strategies for the treatment of AF, and the recovery and maintenance of sinus rhythm is also an indispensable part of the treatment. Currently, commonly used drugs for the maintenance of sinus rhythm include amiodarone, dronedarone, propafenone, sotalol, and flecainide. Among them, dronedarone is used for long-term rhythmic control of paroxysmal and persistent AF. Dronedarone is a new antiarrhythmic drug on the market, which went on the market in 2009. Its chemical structure is similar to amiodarone and clinical trials are numerous. ATHENA trial have shown that dronedarone can reduce the rate of first cardiovascular hospitalization and cardiovascular mortality in patients with non-permanent AF (7). The incidence of the main safety endpoint (MSE: the first occurrence of thyroid-, hepatic-, pulmonary-, neurologic-, skin-, eye-, or GI-specific events, or premature study drug discontinuation following an adverse event) was in the dronedarone group compared with amiodarone group (8).

In recent years, several economic evaluations in various countries have compared dronedarone with other antiarrhythmic drugs (9–13), and most of them have shown that dronedarone is more economical (9–12) than similar drugs for maintaining sinus rhythm. However, no studies on the economic evaluation of dronedarone have been based on the Chinese population; thus, it is unknown if the same conclusions can be applied to China. Therefore, the Markov model was used in this study to evaluate the economic performance of dronedarone in China. Amiodarone was selected as the control group based on the advice and guidelines of clinical experts, quality-adjusted life year (QALY) was used as output, and the incremental cost-effectiveness ratio (ICER) was calculated. The results may provide policy makers and health care providers with practical recommendations to help them make decisions and promote the rational and efficient allocation of health resources.



METHODS


Overview

We evaluated the cost-effectiveness of dronedarone. The Markov model was used in this study, which can simulate disease progression process through the transfer probability. The outputs in the model were QALY and ICER. The model was conducted from the perspective of the health care system in China. Therefore, only direct health care costs were included and expressed as 2020 values. Both costs and outcomes were discounted by 5% per year (14).

The study group was dronedarone, and the control group was amiodarone. The baseline characteristics of patients were determined based on a multicenter cross-sectional epidemiological survey from the Chinese Atrial Fibrillation Registry published by Sun et al. (15). The initial age was set at a mean age of 68.3 years old, and the female proportion was set at 46.9%.

The Markov model was established in Excel (Microsoft, Redmond, WA, USA) to simulate outcomes and costs. Based on the disease diagnosis and treatment guidelines and the opinions of clinical experts, the model was in a lifetime simulation and the cycle period was set at 1 year.



Model Structure and Assumptions

The model was based on a simulation of 1,000 individuals in the dronedarone and amiodarone groups. According to “The Understanding and Treatment of AF: Current Recommendations” (6), patients with AF could also face some complications such as HF, stroke, and MI. According to the opinions of clinical experts, the previous pharmacoeconomic evaluation model, the severity and frequency of the complications and the availability of data, other complications were not considered. Therefore, the above mentioned three complications were included in the model, and the additional complications were no longer considered. Most patients with paroxysmal or persistent AF are still at high risk of recurrence after restoration of sinus rhythm, so recurrence was included in the model as a separate state, and the risk of a patient's acute episode (recurrence) was considered in each cycle. Moreover, the adverse reactions of patients were taken into account in each cycle.

Based on the existing economic evaluation of AF, the 9-state Markov model was constructed: AF, off treatment, stroke, post-stroke, MI, post-MI, HF, post-HF, and death. The patient enters the model circulation from the state of “AF,” In each cycle, patients with AF are likely to have adverse reactions related to antiarrhythmic drugs. Acute episodes of AF may occur during each cycle in patients with AF, patients in off treatment and patients with each complication. We assumed that only one recurrence of atrial fibrillation occurred per patient per cycle. The model structure and cycle events are shown in Figures 1, 2.


[image: Figure 1]
FIGURE 1. Markov model diagram.



[image: Figure 2]
FIGURE 2. Cycle path within the period.


In the process of maintaining sinus rhythm, the treatment plan will be adjusted due to adverse reactions, efficacy, and other reasons. However, according to the guidelines, amiodarone is a relatively backline option, so the model assumed that patients would enter the state of off treatment when they had poor efficacy or intolerance. In addition, the model's assumptions are as follows: (1) Patients will remain in the state of stroke, MI, and HF for one cycle, and then enter the state of post-stroke, post-MI, or post-HF. (2) All disutility and increased utility are calculated one time. (3) Since AF generally does not directly cause death, it is assumed that the mortality of atrial fibrillation is the same as the natural mortality. (4) The costs of rate control drugs were included in off treatment and complication status. Patients discontinued the use of the antiarrhythmic drugs in off treatment, then using rate control drugs. The patients were not taking the rate control drugs while taking the rate control drugs.



Model Inputs


Transition Probabilities

The transition probability between disease states in the model includes drug withdrawal rate related to drug treatment order, the incidence of various types of complications, and mortality. The transition probability parameters are shown in Table 1. The discontinuation rate in the study was based on the annual discontinuation rate of patients in the dronedarone group in the ATHENA study (7), and the discontinuation rate of amiodarone was calculated based on the odds ratio (OR) in an indirect comparative study by Freemantle et al. (16) that included dronedarone, amiodarone, and placebo. When the drug is stopped, the patient will go into off treatment status.


Table 1. Values and distribution of model parameters.
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Due to the lack of complication data in the head-to-head clinical studies of dronedarone and amiodarone, the incidence of stroke and HF was derived from a real-world study published by Gao et al. (17) in 2014 based on a United States healthcare database. The study reported the incidence of stroke, HF, and interstitial lung disease among patients taking antiarrhythmic drugs including dronedarone, amiodarone, and propafenone. The incidence of MI was based on real-world data from a Korean pharmacoeconomic evaluation (13). The incidence of the three complications in the discontinuation status was determined by amiodarone complication rate and was adjusted by rate-controlled versus rhythmically controlled hazard ratio (HR) (18) for complications.

The mortality rate of patients with AF is the same as the Chinese population natural mortality rate Stroke and post-stroke mortality rates were adjusted for the relative risk derived from a long-term survival study of stroke patients (19). MI and post-MI mortality were derived from a Danish study. Mortality in patients with new MI was based on mortality within 1 year of MI, and the mortality of post-MI was based on mortality after 1–3 years (20). The mortality rate of patients with HF was derived from a retrospective study of HF patients in Sweden, and the mortality rate of newly emerging patients with HF was based on the 1-year mortality. The mortality rate of post-HF was derived from a retrospective analysis of the SOLVD trial (21). The relative risk of interstitial pulmonary disease mortality was derived from an 11-year national patient-based study (22). The mortality rate of acute liver injury was derived from a retrospective study in China (23).



Recurrence

Relapse parameters are summarized in Table 1. The probability of AF recurrence during treatment was derived from the data of the DIONYSOS trial (8) and the probability of recurrence during off treatment was adjusted by OR from an indirect comparative study by Freemantle et al. (16).



Adverse Events

Adverse reaction parameters are shown in Table 1. Based on published economic evaluations, efficacy comparisons, and clinical trial data, the high-risk and clinically severe adverse reactions in the use of dronedarone and amiodarone were considered including interstitial pulmonary disease, acute liver injury, and thyroid dysfunction. The incidence of adverse reactions was derived from Hohnloser et al. (7), Le Heuzey et al. (8), and Gao et al. (17).



Cost

The cost parameters are shown in Table 1. Since the research perspective is China's healthcare system, the cost considered in the model was direct healthcare. Based on the clinical treatment needs of patients with AF and the opinions of clinical experts, the direct medical cost in this study included drug cost, cost of routine diagnosis and treatment, cost of treatment of complications, cost of adverse reactions, and cost of treatment for recurrent AF (acute AF episode).

The drugs included in the cost were dronedarone, amiodarone, rate-control drugs, and anticoagulants. The drug price is the median bidding price in the bidding database of Minet. It should be noted that since the original drug of dronedarone has not been used clinically in China, we used the price of the generic version of dronedarone (Daxinning, CSPC Ouyi Pharmaceutical Co., Ltd.). Because there are more amiodarone manufacturers, we weighted the cost of amiodarone according to the market share. Patients who stop treatment will use rate-control drugs whose drug cost is included in the total cost. In addition, a certain percentage of patients with AF receive anticoagulant therapy including warfarin, dabigatran, and rivaroxaban. Based on expert advice, we assumed that 60% of patients received anticoagulant therapy and that warfarin, dabigatran, and rivaroxaban were used at 70, 20, and 10% rates.

The relevant medical items and frequency of use of medical items in the model were determined by “Atrial Fibrillation: Current Knowledge and Treatment Recommendations” (6) and expert consultation. The price of related medical services comes from the medical price documents formulated by the health departments of different cities. In the medical price documents, the median price was taken and weighted according to the proportion of medical institutions of different levels.

Among the costs of complications, stroke and post-stroke costs were derived from an economic evaluation by Ming et al. (24). MI and post-MI costs were derived from economic evaluations of interventional treatment and conservative treatment with drugs of acute non-ST-segment elevation MI based on a Markov model (25). The cost of HF was derived from China Health Statistics Yearbook 2020 (26). Post-HF cost was based on a pharmacoeconomic study published by Sun et al. (27).

Among the costs of adverse reactions, the cost of interstitial lung disease was derived from a study on the etiological classification and disease burden of interstitial lung disease in Fujian, China (28). The cost of acute liver injury was derived from a study measuring the cost associated with drug-induced liver injury, in which we used the cost data of patients hospitalized and whose treatment outcome was improved or cured (29). The cost of hyperthyroidism was derived from China Health Statistics Yearbook 2020 (26).

According to the treatment approach of cardioversion for patients with AF recurrence as stipulated in the guidelines (6), the median price from the medical price documents formulated by the health departments of different cities was taken to calculate the recurrent cost including cardioversion cost, amiodarone treatment cost, consultation fee, bed fee, nursing fee, and intravenous injection fee.



Utilities

The utility value parameters are shown in Table 1 and were derived from existing health-related outcome studies of AF or other diseases. The utility value of AF status (without obvious symptoms or complications) was derived from a study of health-related QoL (HRQoL) in 743 patients with AF with an average age of 70.2 years in Taiwan, using the EQ-5D (30). The utility value of patients with AF in the model was 0.81 ± 0.25.

The stroke utility value was derived from a prospective multi-center study conducted by Yeoh et al. (31) in Singapore in 2018. In the study, the changes in health utility values at 3 and 12 months after stroke were −0.25 (−0.18, −0.32) and −0.09 (−0.03, −0.15), respectively. Therefore, the model assumes that the utility value will be reduced by 0.25 and maintained for 1 year after the occurrence of stroke, and the utility value will be reduced by 0.09 at 1 year after the occurrence of stroke (post-stroke state).

The value of MI was derived from a longitudinal study by Munyombwe et al. (32) based on data from the EMMACE-3 and EMMACE-4 trials, which measured the value of EQ-5D-3L scale in patients with AF in the United Kingdom at 1, 6, and 12 months of enrolment. The results showed that the mean utility value was 0.62 (standard deviation: 0.28) during hospitalization and 0.78 at 12 months. At the same time, the average utility value of the British population was 0.86. Based on this, it was calculated that the health utility value of the patients was decreased by 0.14 and 0.08, respectively, after MI and at 1 year after the occurrence of MI. Therefore, in the model, the utility value of patients after MI was decreased by 0.14 and maintained for 1 year, and the utility value after 1 year (post-MI) was decreased by 0.08.

The utility value of HF was derived from Jianwei et al. (33) in a study on the disease burden of Chinese patients with HF, in which EQ-5D-5L was used to measure the QoL of patients. The results showed that the average value of utility in patients with HF was 0.725. Since the utility of the normal population was not reported in the study, the QoL of the elderly (people over 60 years) measured by Yu et al. (34) served as the utility value of the healthy population (0.85 ± 0.20) and made a difference in obtaining the disutility value of HF. Therefore, the disutility value for patients with HF used in the study was 0.125. The value of utility after HF was derived from a study that used EQ-5D to measure the change in health utility value of Swedish patients with HF after 1 year, and the results showed that the health utility value of patients with HF after 1 year was increased by 0.06 compared to baseline (35).

The utility value of interstitial lung disease was derived from a study by Szentes et al. (36), and the utility value of patients with interstitial lung disease was reduced by 0.19. The utility value of thyroid dysfunction was from a health outcomes study based on the Korean population (37). Because utility values for acute liver injury have not yet been retrieved, it was assumed that adverse events would reduce them by 0.1 QALY in patients with AF, based on the study by Nilsson et al. (11).



Analytical Methods

First, a basic case analysis was performed, and a deterministic model was run. The values of all necessary parameters were input, the total cost and QALY of the dronedarone and amiodarone groups were calculated and compared, and the ICER value was calculated and compared to the willingness to pay (WTP). The model set WTP as 3 times per capita GDP. According to the statistical data released by the National Bureau of Statistics in 2021, 3 times per capita GDP in 2020 is RMB 217,341 Yuan.

Second, sensitivity analyses were carried out, a one-way sensitivity analyses model and probabilistic sensitivity analysis model were run. In one-way sensitivity analyses, the influence of uncertainty on ICER was tested by changing the value of the parameters. The upper limit or lower limit of the parameter was first determined according to the value and standard deviation in the literature. If neither of the two was determined, the upper limit was assumed to increase by 20%, and the lower limit was assumed to decrease by 20%. The range of the parameters for the one-way sensitivity analysis is shown in Table 1. To further verify the robustness of the model 1,000 Monte Carlo simulations were used to conduct probabilistic sensitivity analyses on the cost and utility, and a scatter plot and cost-effectiveness acceptability curve were drawn.





RESULTS


Base-Case Analyses

For the Chinese healthcare system, patients in the dronedarone group received an average of 5.41 QALYs per person during the study period, with a total direct medical cost of RMB 81,862 Yuan per person. Patients in the amiodarone group received an average of 5.14 QALYs per person over the study period, with a direct medical cost of RMB 59,492 Yuan per person.

Compared with amiodarone, the incremental utility of the dronedarone group was 0.27 QALY and the incremental cost was RMB 22,370 Yuan; Compared with amiodarone, patients in the dronedarone group received more health outcomes and spent more, with an incremental cost-effectiveness ratio of RMB 81,740 Yuan/QALY, which is lower than the current commonly recommended WTP (3 times per capita GDP: RMB 217,341 Yuan) in China.



Sensitivity Analyses


One-Way Sensitivity Analyses

The tornado diagram of one-way sensitivity analysis is shown in Figure 3. According to the results of one-way sensitivity analysis, the drug price of dronedarone, the discount of utility, the HR value of amiodarone vs. dronedarone in patients with stroke, the utility of AF, the discount of cost all greatly influenced the results. The decrease of the drug price of dronedarone and the discount of utility may cause the decrease of ICER. In the other hand, The decrease of the HR value of amiodarone vs. dronedarone in patients with stroke, the utility of AF and the discount of cost may cause the increase of ICER, making dronedarone an uneconomical regimen.


[image: Figure 3]
FIGURE 3. Tornado diagram.




Probabilistic Sensitivity Analyses

Through 1,000 Monte Carlo simulations, we obtained the scatter in Figure 4. Most scatter points are in the first quadrant, which represents dronedarone having higher utility values but also higher costs. The red line in the figure represents the threshold of 3 times GDP per capita, and it can be seen that most of the points were below the threshold, verifying that dronedarone is more economical. The acceptable cost-effectiveness curve is shown in Figure 5, where the horizontal axis represents the range of the WTP threshold. The cost-effectiveness acceptability curve showed that when the WTP was 3 times GDP per capita, the dronedarone plan had an 92% probability of becoming more economical than the amiodarone plan. The stability of the basic analysis results was verified.


[image: Figure 4]
FIGURE 4. Scatter diagram.
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FIGURE 5. Cost-effectiveness acceptability curve.






DISCUSSION

This study was the first to evaluate the economics of dronedarone and amiodarone in Chinese patients with AF, which is of significance for the selection of drugs for sinus rhythm maintenance in Chinese patients with AF and provides evidence of resource allocation for government departments. Based on the results of this study, the dronedarone treatment group had higher cost and utility than the amiodarone treatment group, with an incremental cost-effectiveness ratio lower than 3 times GDP per capita currently commonly used in China, and a higher probability of becoming a more economical regimen.

Many studies have been conducted on the economics of dronedarone in various countries using QALY as health outcome. Åkerborg et al. (9) analyzed the economics of adding dronedarone to the standard care of atrial fibrillation from the perspective of health care payers in Canada, Italy, Sweden and Switzerland. The results showed that dronedarone could increase QALYs by 0.10–0.11, and the incremental cost-effectiveness ratio (ICER) of dronedarone per QALY in Canada, Italy, Sweden and Switzerland were 5,828, 5,873, 14,970, and 8,554 euros respectively, which are less than the thresholds of these countries. Uncertainty analysis shows that the use of dronedarone for lifelong treatment and discount rates have a great impact on the research results. Reynolds et al. (12) and Berg et al. (10) conducted the same study from the perspective of health care payers in the United States and Canada, respectively, and obtained similar results. Nilson et al. (11) analyzed the economics of dronedarone and other antiarrhythmic drugs from the perspective of health insurance payers in Canada, Italy, Sweden and Switzerland. The results showed that compared with amiodarone, sotalol and flecainide, dronedarone can increase 0.68–1.90 QALYs, among which, compared with amiodarone, dronedarone can increase 0.86–1.02 QALYs, and ICER value is lower than the threshold of these countries, compared with other antiarrhythmic drugs, dronedarone may be economical. The results of uncertainty analysis showed that RR of mortalities for amiodarone, sotalol, flecainide to dronedarone, discount rates had a greater impact on the research results. Kim et al. (13) analyzed the economics of rhythm control drugs and rate control drugs from the perspective of Korean medical insurance payers, propranolol and pilsicainide were the most economical of rhythm control drugs and rate control drugs, respectively. Uncertainty analysis showed that the basic analysis results were robust. Table 2 showed the detailed information. The basic analysis results of this study showed that, when the simulation time was lifetime, compared with amiodarone, dronedarone produced 0.27 more QALYs, and Similar to the results of other studies in which dronedarone could produce more QALYs. In these countries, changes in cost would make ICER significantly different, and more cost would determine whether dronedarone was relatively economical.


Table 2. Information on the economic evaluations of dronedarone.
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From the perspective of clinical efficacy, dronedarone has certain advantages in stroke, HF, myocardial infarction, and other complications as well as thyroid adverse reactions compared with amiodarone, but at the same time, clinical data showed that the RR of dronedarone was higher than that of amiodarone. The RR data were from the DYONISOS trial, but it is important to note that patients in the trial had persistent AF, and according to the applicable scope of the dronedarone, dronedarone was applied to patients with paroxysmal and persistent AF, especially paroxysmal AF. However, due to the uncomprehensive understanding of dronedarone, the trial was not reasonable for the group settings. This may have led to a higher relapse rate among patients in the DYONISOS trial. Due to inclusion of the DYONISOS trial in the meta-analysis of efficacy data and the relatively large sample size, the results of the meta-analysis may be influenced to some extent, which may also lead to a high RR of dronedarone and an underestimation of the health output of dronedarone.

In addition, according to the results of one-way sensitivity analysis, the HR value of stroke incidence in amiodarone patients compared with the dronedarone patients may have a greater influence on the results, which may be related to the higher incidence and mortality of stroke. Moreover, in the basic analysis, the difference of utility value between the two groups was small, making ICER more sensitive to the change of utility value. Similarly, the incidence and mortality of stroke were higher, so the HR of HF incidence in the amiodarone group compared to the dronedarone group may have also influenced the results.

In terms of cost, the annual drug price of dronedarone was much higher than amiodarone. It can also be seen from the results of the basic analysis that the drug cost in the dronedarone group was much higher than that in the amiodarone group, which became the decisive factor of the cost difference. Although the cost in the dronedarone group was reduced in terms of complications and adverse reactions, it was far from enough to offset the difference in drug costs. Based on the current results, a modest reduction in the price of dronedarone would benefit the health benefits of patients with AF and reduce their financial burden.

This study had some limitations. First, due to the lack of complication comparison in the head-to-head clinical studies of dronedarone and amiodarone, the incidence probability of complications included in the model was mainly derived from real-world studies based on the United States population. Therefore, our study had some population heterogeneity issues, which might result in overestimation or underestimation of results. Second, due to the limitation of data and simplifying the model, we assumed that if patients had intolerance or poor curative effect with the current treatment, they would enter a state of drug withdrawal; this setting may have certain differences in clinical practice. However, after two groups of patients are in the same stopped state, the setting for the effect on two groups of patients is the same; thus, when calculating the incremental cost-effectiveness, the effect on the results was limited. At the same time, most of the utility data in the study came from the health output studies of foreign patients, and the situation of QoL in different states in the Chinese population needs to be explored. Finally, the treatment of complications such as stroke, HF, and myocardial infarction in the study was complex, and the cost data were derived from the literature and adjusted for the first year, second year, and beyond. However, this method was not derived from the burden of disease study in Chinese patients and needs to be further optimized in terms of accuracy.

In addition, our study will continue to conduct follow-ups, and the results will be updated according to the follow-up data.



CONCLUSIONS

According to the constructed Markov model, the economic evaluation of Chinese patients with AF receiving dronedarone or amiodarone to maintain sinus rhythm was conducted. The results showed that the incremental cost-effectiveness ratio of dronedarone compared to amiodarone was RMB 81,741 Yuan/QALY, lower than the WTP (3 times per capita GDP) commonly recommended in China at present, which was RMB 217,341 Yuan. The drug price of dronedarone, the HR value of HF in patients with amiodarone compared with dronedarone, and the HR value of stroke in patients with amiodarone compared with dronedarone were significant influencing factors of ICER. When the WTP was three times GDP per capita, the dronedarone plan had an 89% probability of being more economical than the amiodarone.



DATA AVAILABILITY STATEMENT

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



AUTHOR CONTRIBUTIONS

LT, LW, and JJ designed this study, supervised the data collected, and proposed suggestions for revising the manuscript. Literature analysis were done by MZ, YR, and LW. MZ, YR, and LW built the model using software, collected the data for model, and operated model. MZ drafted the manuscript. All authors critically reviewed the manuscript and approved the final version of the manuscript. All authors agree to be accountable for the content of the work.



FUNDING

The authors declare that this study received funding from CSPC Ouyi Pharmaceutical Co., Ltd; under contract No. 2020-business 023. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



ACKNOWLEDGMENTS

We acknowledge CSPC Ouyi Pharmaceutical Co., Ltd for sponsoring this study. We acknowledge all the participants in the data collection and model building.



REFERENCES

 1. Dai H, Zhang Q, Much AA, Maor E, Segev A, Beinart R, et al. Global, regional, and national prevalence, incidence, mortality, and risk factors for atrial fibrillation, 1990–2017: results from the global burden of disease study 2017. Eur Heart J Qual Care Clin Outcomes. (2020). doi: 10.1093/ehjqcco/qcaa061. [Epub ahead of print].

 2. Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan RS, et al. Lifetime risk for development of atrial fibrillation: the Framingham heart study. Circulation. (2004) 110:1042–6. doi: 10.1161/01.Cir.0000140263.20897.42

 3. Wang X, Fu Q, Song F, Li W, Yin X, Yue W, et al. Prevalence of atrial fibrillation in different socioeconomic regions of China and its association with stroke: results from a national stroke screening survey. Int J Cardiol. (2018) 271:92–7. doi: 10.1016/j.ijcard.2018.05.131

 4. Wang Z, Chen Z, Wang X, Zhang L, Li S, Tian Y, et al. The disease burden of atrial fibrillation in China from a national cross-sectional survey. Am J Cardiol. (2018) 122:793–8. doi: 10.1016/j.amjcard.2018.05.015

 5. Zhang L, Yin C, Hu S. The disease burden of atrial fibrillation in China. Health Econ China. (2013) 32:5–7. doi: 10.7664/CHE20131201

 6. Huang C, Zhang S, Huang D, Hua W. Atrial fibrillation: current understanding and treatment recommendations. Chin J Arrhythm. (2018) 279–342. doi: 10.3760/cma.j.issn.1007-6638.2018.04.002

 7. Hohnloser SH, Crijns HJ, van Eickels M, Gaudin C, Page RL, Torp-Pedersen C, et al. Effect of dronedarone on cardiovascular events in atrial fibrillation. N Engl J Med. (2009). 360:668–78. doi: 10.1056/NEJMoa0803778

 8. Le Heuzey JY, De Ferrari GM, Radzik D, Santini M, Zhu J, Davy JM. A short-term, randomized, double-blind, parallel-group study to evaluate the efficacy and safety of dronedarone versus amiodarone in patients with persistent atrial fibrillation: the DIONYSOS study. J Cardiovasc Electrophysiol. (2010) 21:597–605. doi: 10.1111/j.1540-8167.2010.01764.x

 9. Åkerborg Ö, Nilsson J, Bascle S, Lindgren P, Reynolds M. Cost-effectiveness of dronedarone in atrial fibrillation: results for Canada, Italy, Sweden, and Switzerland. Clin Ther. (2012) 34:1788–802. doi: 10.1016/j.clinthera.2012.06.007

 10. Berg J, Sauriol L, Connolly S, Lindgren P. Cost-effectiveness of dronedarone in patients with atrial fibrillation in the ATHENA trial. Can J Cardiol. (2013) 29:1249–55. doi: 10.1016/j.cjca.2013.01.016

 11. Nilsson J, Åkerborg Ö, Bégo-Le Bagousse G, Rosenquist M, Lindgren P. Cost-effectiveness analysis of dronedarone versus other anti-arrhythmic drugs for the treatment of atrial fibrillation—results for Canada, Italy, Sweden and Switzerland. Eur J Health Econ. (2013) 14:481–93. doi: 10.1007/s10198-012-0391-x

 12. Reynolds MR, Nilsson J, Akerborg O, Jhaveri M, Lindgren P. Cost-effectiveness of dronedarone and standard of care compared with standard of care alone: US results of an ATHENA lifetime model. Clinicoecon Outcomes Res. (2013) 5:19–28. doi: 10.2147/ceor.S36019

 13. Kim M, Kim W, Kim C, Joung B. Cost-effectiveness of rate- and rhythm-control drugs for treating atrial fibrillation in Korea. Yonsei Med J. (2019) 60:1157–63. doi: 10.3349/ymj.2019.60.12.1157

 14. Guoen Liu SHJW Research group of Guideline of Economic Evaluation in China. Guideline of economic evaluation in China (2011 edition). China Econ Evaluation. (2011) 11–48.

 15. Sun Y, Zhu J, Ma C, Liu S, Yang Y, Hu D. Stroke risk status, anticoagulation treatment, and quality-of-life in Chinese patients with atrial fibrillation: China registry of atrial fibrillation (CRAF). Cardiovasc Ther. (2019) 2019:7372129. doi: 10.1155/2019/7372129

 16. Freemantle N, Lafuente-Lafuente C, Mitchell S, Eckert L, Reynolds M. Mixed treatment comparison of dronedarone, amiodarone, sotalol, flecainide, and propafenone, for the management of atrial fibrillation. Europace. (2011) 13:329–45. doi: 10.1093/europace/euq450

 17. Gao S, Dai W, Zhang L, Juhaeri J, Wang Y, Caubel P. Risk of cardiovascular events, stroke, congestive heart failure, interstitial lung disease, and acute liver injury: dronedarone versus amiodarone and other antiarrhythmics. J Atr Fibrillation. (2013) 6:890. doi: 10.4022/jafib.890

 18. Kim D, Yang PS, You SC, Sung JH, Jang E, Yu HT, et al. Treatment timing and the effects of rhythm control strategy in patients with atrial fibrillation: nationwide cohort study. BMJ. (2021) 373:n991. doi: 10.1136/bmj.n991

 19. Dennis MS, Burn JP, Sandercock PA, Bamford JM, Wade DT, Warlow CP. Long-term survival after first-ever stroke: the Oxfordshire community stroke project. Stroke. (1993) 24:796–800. doi: 10.1161/01.str.24.6.796

 20. Norgaard ML, Andersen SS, Schramm TK, Folke F, Jørgensen CH, Hansen ML, et al. Changes in short- and long-term cardiovascular risk of incident diabetes and incident myocardial infarction—a nationwide study. Diabetologia. (2010) 53:1612–9. doi: 10.1007/s00125-010-1783-z

 21. Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA, Stevenson LW. Atrial fibrillation is associated with an increased risk for mortality and heart failure progression in patients with asymptomatic and symptomatic left ventricular systolic dysfunction: a retrospective analysis of the SOLVD trials. Studies of left ventricular dysfunction. J Am Coll Cardiol. (1998) 32:695–703. doi: 10.1016/s0735-1097(98)00297-6

 22. Choi WI, Park SH, Dauti S, Park BJ, Lee CW. Interstitial lung disease and risk of mortality: 11-year nationwide population-based study. Int J Tuberc Lung Dis. (2018) 22:100–5. doi: 10.5588/ijtld.17.0167

 23. Shen T, Liu Y, Shang J, Xie Q, Li J, Yan M. Incidence and etiology of drug-induced liver injury in mainland China. Gastroenterology. (2019) 156:2230–41.e2211. doi: 10.1053/j.gastro.2019.02.002

 24. Ming J, Wei Y, Sun H, Wong G, Yang G, Pong R. Cost-effectiveness of cryoballoon ablation versus radiofrequency ablation for paroxysmal atrial fibrillation in China: results based on real-world data. Value Health. (2019) 22:863–70. doi: 10.1016/j.jval.2019.02.001

 25. Yigui L, Jinlian L, Shixuan X. Pharmacoeconomic evaluation of interventional therapy and pharmacoconservative treatment for acute non-ST elevation myocardial infarction based on Markov model. Pharm Econ China. (2018) 13:5–12. doi: 10.12010/j.issn.1673-5846.2018.03.001

 26. Xiaowei M, Xuejun Y, Jingjin Y, Haidong W, Qunan M, Jinfeng L. In: N.H. Commission, editor. China Health Statistics Yearbook. Beijing: Peking Union Medical College Press (2020).

 27. Sun XR, He SN, Lin ZY, Zhang L, Wang YJ, Zeng LJ, et al. Radiofrequency catheter ablation versus cryoballoon ablation in the treatment of paroxysmal atrial fibrillation: a cost-effectiveness analysis in China. Clin Ther. (2019) 41:78–91. doi: 10.1016/j.clinthera.2018.11.008

 28. Xiaoting L, Haibo D. Etiological classification and disease burden of 359 cases of interstitial pulmonary disease in Fujian. Med Inf. (2014) 94. doi: 10.3969/j.issn.1006-1959.2014.16.110

 29. Cuicui Y. Calculation of Related Cost of Drug-Induced Liver Injury and Construction of Risk Assessment Index System. Zhengzhou: Zhengzhou university (2017).

 30. Wang KL, Wu CH, Huang CC, Wu TC, Naditch-Brûlé L, Steg PG, et al. Complexity of atrial fibrillation patients and management in Chinese ethnicity in routine daily practice: insights from the RealiseAF Taiwanese cohort. J Cardiol. (2014) 64:211–7. doi: 10.1016/j.jjcc.2014.01.010

 31. Yeoh YS, Koh GC, Tan CS, Tu TM, Singh R, Chang HM, et al. Health-related quality of life loss associated with first-time stroke. PLoS ONE. (2019) 14:e0211493. doi: 10.1371/journal.pone.0211493

 32. Munyombwe T, Hall M, Dondo TB, Alabas OA, Gerard O, West RM, et al. Quality of life trajectories in survivors of acute myocardial infarction: a national longitudinal study. Heart. (2020) 106:33–9.doi: 10.1136/heartjnl-2019-315510

 33. Jianwei X, Libao T, Shuiqing Z, Milun Z, Qian N. Study on indirect medical cost and quality of life of heart failure patients in the real world. China Med Insur. (2017) 61–4. doi: 10.19546/j.issn.1674-3830.2017.3.013

 34. Yu Q, Hairui Z, Lina Z, Li M, Junfeng C. The application of the European five-dimensional health scale in the quality of life assessment of people over 60 years old in Dalian. Chin J Prev Med. (2014) 48:805–8. doi: 10.3760/cma.j.issn.0253-9624.2014.09.012

 35. Berg J, Lindgren P, Mejhert M, Edner M, Dahlström U, Kahan T. Determinants of utility based on the EuroQol five-dimensional questionnaire in patients with chronic heart failure and their change over time: results from the Swedish heart failure registry. Value Health. (2015) 18:439–48. doi: 10.1016/j.jval.2015.02.003

 36. Szentes BL, Kreuter M, Bahmer T, Birring SS, Claussen M, Waelscher J, et al. Quality of life assessment in interstitial lung diseases:a comparison of the disease-specific K-BILD with the generic EQ-5D-5L. Respir Res. (2018) 19:101. doi: 10.1186/s12931-018-0808-x

 37. Han M, Choi S, Kim S, Ko A, Son JS, Park SM. Association of thyroid status with health-related quality of life in Korean older adults. Korean J Fam Med. (2020) 41:38–44. doi: 10.4082/kjfm.19.0054

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.

Copyright © 2021 Zhang, Ren, Wang, Jia and Tian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-726294-g005.gif
CBAC

%
)
0
0%
o 1

O S000 100000 150000 200000 250000 300000 350000 400000

DN e AR .

nes GDP per copita (2020)





OPS/images/fpubh-09-726294-t001.jpg
Parameter

Mortality
Stroke vs. natural mortality (RR)
Post-stroke vs. natural mortality (RR)
Ml-male vs. natural mortality (RR)
Mi-female vs. natural mortality (RR)
Post-MI male vs. natural mortality (RR)
Post-MI female vs. natural mortality (RR)
HF 65-74

HF male > 75

HF female > 75

Post-HF vs. natural mortality (RR)

IPD vs. natural mortality (RR)

ALl
Complications
AF 1o Stroke: dronedarone

AF 1o Stroke: amiodarone vs. dronedarone (HR)
AF to MI: dronedarone

AF o MI: amiodarone

AF to HF: dronedarone

AF 1o HF: amiodarone vs. dronedarone (HR)

Off treatment to Stroke vs. AF to Stroke (HR)
Off treatment to M vs. AF to MI (HR)

Off treatment to HF vs. AF to HF (HR)

Off treatment.

Off treatment: dronedarone

Off treatment: amiodarone vs. dronedarone (OR)
Recurrence

Recurrence: dronedarone

Recurrence: amiodarone

Off treatment Recurrence vs. dronedarone (OR)
Incidence of adverse reactions

IPD: dronedarone

P
ALL: dronedarone

: amiodarone vs. dronedarone (HR)

ALL: amiodarone vs. dronedarone (HR)
Hyperthyroidism: dronedarone
Hyperthyroidism: amiodarone
Cost (Yuan)
Dronedarone

Amiodarone

Examination: dronedarone
Examination: amiodarone
Anticoagulant

Rate control drugs

Stroke

Post-stroke

M

Post-MI

HF

Post-HF

Recurrence (per time)

IPD

AU

Hyperthyroicism

Utility

AF

Stroke

Post-Stroke

M

Post-MI

HF

Post-HF

Disutiity: recurrence
Disutiity: IPD

Disutiity: ALI

Disutiity: Hyperthyroidism

Base analysis value

7.4000
2.3000
6.1700
8.6700
1.4700
2.0200
0.2200
0.3500
0.3000
1.7400
2.1000
0.0028

0.0396
2.0000
0.0320
0.0420
0.1209
2.7000
13514
1.6949
1.2668

0.1860
1.0000

0.6345
0.4196
1.6949

0.0219
1.0000
0.0076
2.2000
0.0080
0.0588

13140
1145
2992
2300
1620
983

25796
8696

65736
8544
9189
3038
213

21380
9735
5837

0.8100
0.5600
0.7200
0.6700
0.7300
0.6850
0.741

0.0840
0.1900
0.1000
0.1000

Indicates the missing data; IPD, Interstitial puimonary disease; ALI, Acute liver injury.

Lower limit

10512
916
2394
1840
1296
786
20837
6967
52589
6835
7352
2431
171
17104
3011
4670

Upper limit

15768
1134
3590
2760
1944
1179

30955

10436

78883

10253

11027
3646
256

25656

16459
7005

Distribution

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Beta
Beta
Beta
Lognormal
Lognormal
Beta

Beta
Lognormal
Beta
Beta
Beta
Lognormal
Lognormal
Lognormal
Lognormal

Beta
Lognormal

Beta
Lognormal
Lognormal

Beta
Lognormal
Beta
Lognormal
Beta
lognormal

Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma





OPS/images/fpubh-09-726294-g003.gif
ey o s 23
ey oot e i
T
s
st

ey ke B2
iy s
i e
P
vy AL






OPS/images/fpubh-09-726294-g004.gif
Incremental cost

Scatter diagram

10000000
000000
@000
000090

2000000

20

w10 o, o0 060

2000000
4000000

6000000
Incremental QALY





OPS/images/fpubh-09-726294-t002.jpg
Study Country

Akerborg et al. (9)  Canada, ltaly,
Sweden,
Switzerland

Bergetal. (10) Canada

Nilsson etal. (11) ~ Canada, ltaly,
Sweden,
Switzerland

Reynolds etal. (12) US

Kim etal. (13) Korea

SOC, standard of care.

Comparators

Dronedarone +
SOC vs. SOC

Dronedarone
+8O0C vs. SOC
Dronedarone vs.
amiodarone,
flecainide, sotalol

Dronedarone
+80C vs. SOC

Rate-control drugs
vs. rhythm-control
drugs

Perspective

Health care
payer

Health care
payer
Health care
payer

Health care
payer

Health care
payer

Patient
population

ATHENA
patients

ATHENA
patients
ATHENA
patients

ATHENA
patients

AF patients
who were
aged 18
years or older

Time
horizon

Lifetime

Lifetime

Lifetime

Lifetime

20 years

Incremental
QALYs
0.10-0.11

0.13

0.68-1.9

0.1

2

ICER

€5,828-
€14,970

CAD$7560

€2,290-
€6,140

$19,520

$1,618

Major influence
factors

Lifetime therapy with
dronedarone, discount
rates.

Cost of cardiovascular
hospitalization

RR of mortalites for
amiodarone, sotalol,
flecainide to
dronedarone, discount
rates, cost of AF.
Lifetime therapy with
dronedarone, no cost
associated with AF
recurrence on standard
of care, discount rates.
Discount rates, annual
drug prices.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cost-Effectiveness of Dronedarone and Amiodarone for the Treatment of Chinese Patients With Atrial Fibrillation



		Introduction



		Methods



		Overview



		Model Structure and Assumptions



		Model Inputs



		Transition Probabilities



		Recurrence



		Adverse Events



		Cost



		Utilities



		Analytical Methods













		Results



		Base-Case Analyses



		Sensitivity Analyses



		One-Way Sensitivity Analyses



		Probabilistic Sensitivity Analyses













		Discussion



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Cost-Effectiveness of Dronedarone
and Amiodarone for the Treatment of
Chinese Patients With Atrial
Fibrillation





OPS/images/fpubh-09-726294-g001.gif
aiscontinve






OPS/images/fpubh-09-726294-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





