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Objective: This study aimed to investigate the cost-effectiveness of low-dose rivaroxaban plus aspirin versus aspirin alone for patients with stable cardiovascular diseases in the China.
Methods: We used TreeAge 2019 to construct a Markov model to assess the direct healthcare costs and quality-adjusted life years for three therapies, namely low-does rivaroxaban plus aspirin, rivaroxaban alone, and aspirin alone. Transitional probabilities were derived from the COMPASS trial, and the costs and utilities were obtained from the Chinese Health Care Statistical Yearbook and published studies. Use the Incremental cost-effectiveness ratio to describe the results. The willingness-to-pay threshold is set at US$11,000 (China’s 2020 Gross National Product per capita).
Result: In patients with stable cardiovascular disease, the increased cost per quality-adjusted life year gained in the low-dose rivaroxaban combined with aspirin group compared to the aspirin alone group was US$7937.30. The increased cost per quality-adjusted life year gained in the rivaroxaban alone group versus the aspirin alone group was US$15,045.78.
Conclusion: A low-does rivaroxaban plus aspirin therapy may be cost-effective in the secondary prevention of stable cardiovascular disease in patients.
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INTRODUCTION
Cardiovascular diseases (CVDs) is the leading cause of death in China (Zhao et al., 2019). Inadequate secondary prevention, however, is an important reason why patients with stable CVDs repeatedly experience adverse cardiovascular events and contribute to out-of-hospital deaths (Mega et al., 2012). Aspirin is often used in clinical practice for the secondary prevention of adverse cardiovascular events in stable CVDs populations (Antithrombotic Trialists' Collaboration, 2002). Even so, the risk of adverse CVDs events in people with stable CVDs remains high (Baigent et al., 2009). This risk may be related in part to excess thrombin generation that persists beyond the acute presentation in such patients (Merlini et al., 1994). Rivaroxaban, an oral anticoagulant that directly and selectively inhibits factor Xa, has been proven to reduce CVDs mortality and the risk of stroke and myocardial infarction (MI) in patients with acute coronary syndromes (Mega et al., 2012). In the recent randomized controlled trial (RTC) entitled “Cardiovascular Outcomes in People Using Anticoagulation Strategies” (COMPASS trial), a combination of low-dose rivaroxaban (2.5 mg twice daily) and aspirin (100 mg once daily) was found to help significantly reduce the risk of major adverse cardiovascular events in patients with stable heart disease compared to aspirin alone risk of major adverse cardiovascular events in patients with stable CVDs (Eikelboom et al., 2017).
The RCT confirmed the advantage of low-does rivaroxaban plus aspirin in the secondary prevention of stable CVDs patients. However, low-dose rivaroxaban plus aspirin in the COMPASS trial was associated with more non-fatal bleeding times and the cost of rivaroxaban was much higher than that of aspirin. Rivaroxaban for stroke prevention in atrial fibrillation and secondary prevention in patients with continuing coronary syndrome has been shown to be cost-effective in studies in high-income countries and regions (Ademi et al., 2018; de Jong et al., 2019). However, the cost-effectiveness of this therapeutic schedule in low- and middle-income countries, particularly in mainland China, is uncertain.
MATERIALS AND METHODS
Model Structure
The main outcome of interest in this study is the incremental cost-effectiveness ratio (ICER) in terms of the cost per quality-adjusted life year (QALY) gained and the cost per year of life saved (YoLS) (Ademi et al., 2018). A Markov decision model was developed to assess the cost-effectiveness of three treatment regimens, low-dose rivaroxaban (2.5 mg twice daily) plus aspirin (100 mg once daily); rivaroxaban alone (5 mg twice daily); and aspirin alone (100 mg once daily), for secondary prevention in patients with stable CVDs. A Markov model with a cycle length of 1 month was constructed from the results of the COMPASS trial (Eikelboom et al., 2017). For each cycle in the Markov model there are two components, acute event state and pre-acute event state (Harrington et al., 2013; Krejczy et al., 2014). Pre-acute events state include six states, including ‘stable CVDs without clinical events’, ‘myocardial infarction (MI)’, ‘ischemic stroke (IS)’, ‘hemorrhagic stroke (HS)’, ‘heart failure (HF)’ and ‘death’. Acute events state includes ‘non-recurrent CVDs’, ‘recurrent CVDs (MI, IS, HS and cardiovascular death)’, ‘HF’, ‘venous thromboembolism (VTE)’, ‘major bleeding’, ‘minor bleeding’ and ‘death.’ Also included in each state is the patient’s non-CVDs mortality event. All analyses were operated by TreeAge 2019 and Microsoft Excel. The patient can transfer between the states by pressing the arrow, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Schematic representation of the Markov model.
Model Population
Assume a cohort population size of 1,000 people and set their initial age at 65 years, with a maximum cohort age of 78 years (the life expectancy of the Chinese population in 2020). They have coronary artery disease (CAD), peripheral artery disease (PAD) or a combination of both. They are not at high risk of bleeding, recent stroke or previous hemorrhagic or lacunar stroke, severe heart failure or advanced chronic kidney disease (estimated GFR <15 ml/min). In addition, it was assumed that they were not receiving antiplatelet therapy, anticoagulation or other antithrombotic treatment and did not have non-CVDs associated with poor prognosis.
Transition Probabilities
The transition probabilities used in this study were derived from the COMPASS trial (Eikelboom et al., 2017), which followed participants for an average of 23 months, and were converted into monthly transition probabilities using the formula below (Sonnenberg and Beck, 1993). All-cause mortality probabilities were obtained from the Chinese Yearbook of Health Statistics (Guo, 2020a). All transition probabilities were assumed to remain constant over the observation time and each subject in the model was followed up to their death based on the transition probabilities. Age-dependent non-CV deaths were all from the Report on China’s Cause of Death 2020, which is published by the China Center for disease Control and Prevention.
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Among them, S is the rate, t is the time, and P is the transition probability converted into every 1 month (Table 1).
TABLE 1 | Monthly transitional probability of the clinical events.
[image: Table 1]Disease Costs and Health Utility
This analysis was conducted from the perspective of the Chinese healthcare system. In the analysis medical costs are taken from the Chinese Health Care Statistical Yearbook (Guo, 2020a) and the costs of rivaroxaban and aspirin are the market retail prices of the drugs (Table 2). Data on health utility values are taken from relevant data in the University of Oxford’s Health Economics Strategy (Table 3) (Briggs et al., 2006). The length of each cycle of the model was 1 month (30 days), so the model was run for a total of 156 cycles. The total cost is accumulated by multiplying the cohort size with the sum of the costs for each health state. Total costs are accumulated by multiplying the cohort size by the sum of the costs for each health state. The QALYs for each cycle are calculated using the utility value associated with each health state multiplied by the proportion of years lived in that state. The total QALY and life year is the accumulation of QALY and life year values over all cycles. icer includes cost per QALY gained and cost per life year saved, calculated by dividing the incremental cost by the incremental QALY and life year.
TABLE 2 | Input parameters for the costs in the model.
[image: Table 2]TABLE 3 | Input parameters for the utilities.
[image: Table 3]Model Outcome
Notably, the following is according to the recommendation of the World Health Organization (WHO) for the evaluation of pharmacoeconomic (Eichler et al., 2004): ICER <1 fold of gross domestic product (GDP) per capita, the increased cost is completely worth it and very cost-effective; 1 fold of GDP per capita < ICER <3 fold of GDP per capita, the increased cost is acceptable and cost-effective; ICER >3 fold of GDP per capita, the increased cost is not worth it and not cost-effective. China’s GDP per capita in 2020 (Guo, 2020b) (US$11,000) is used as the threshold for willingness-to-pay (WTP) (Marseille et al., 2014; Bertram et al., 2016).
Treatment Cost
The cost of treatment with rivaroxaban is based on the latest national negotiation price in 2020 (Table 2). As rivaroxaban is currently only available in 10, 15 and 20 mg from the Chinese Essential Drug List, the cost per mg of 10 mg rivaroxaban was adjusted in this study: 2.5 mg rivaroxaban twice daily cost US$1.14 per day; 5 mg rivaroxaban twice daily cost US$2.28 per day. The cost of aspirin (100 mg per day) also comes from the National Essential Medicines List: US$0.08. Costs of treatment are discounted at an annual rate of 5% according to the Chinese Pharmacoeconomic Assessment Guidelines (Wang et al., 2015).
Uncertainty and Scenario Analysis
Many of the parameters used in this study have considerable uncertainty. For this reason, one-way sensitivity analysis and probabilistic sensitivity analysis were conducted to assess the effect of uncertainty on the robustness of the results (Moayyedi, 2007).
The impact of each input parameter on the results was assessed by a deterministic sensitivity analysis (DSA) with a one-way sensitivity analysis (± 20% of the input parameter), using tornado plots to present the results for each parameter.
Probabilistic sensitivity analysis (PSA) was used to determine the uncertainty of the input parameters (Briggs et al., 2003). PSA was performed using Monte Carlo simulation simulations with 1,000 iterations. Each parameter was specified a certain distribution, where the mean of the distribution is typically equal to the point estimate. where the transfer probability uses and the utility value uses the Beta distribution and the treatment cost using the gamma distribution. Additional scenario analyses were undertaken to explore other model assumptions:
1) The time range is set at 2, 5 and 13 years.
2) Different discount rates are set: 3 and 5%.
3) Halve the cost of rivaroxaban.
The Cost-Effectiveness Acceptable Curve (CEAC) and the Incremental Cost and Incremental Quality Adjusted Life Year cost-effectiveness (CE) plane are used to present the results of the probabilistic sensitivity analysis.
RESULTS
Cost-Effectiveness Analysis
Table 4 reports the base case analysis. Subjects in the low-does rivaroxaban plus aspirin cohort spent an average of 11.72 years at an average total cost of US$4,909.59; subjects in the aspirin group lived an average of 11.45 years at an average total cost of $1,454.32; subjects in the rivaroxaban group lived an average of 11.60 years at an average total cost of $7771.67. The ICERs for low-dose rivaroxaban and rivaroxaban groups compared to aspirin are US$7937.30 and US$15045.77 for aspirin respectively. The low-dose rivaroxaban and aspirin combination regimens are below China’s 2020 GDP per capita of US$11,300. the low-dose rivaroxaban regimen is more cost effective in comparison. Compared to the aspirin group, the ICERs per YoLS gained were US$12,494.79 and US$42,192.37 for the low-dose rivaroxaban and rivaroxaban groups, respectively.
TABLE 4 | The result of base-case cost-effectiveness analysis and scenario sensitivity analyses.
[image: Table 4]Patients using low-dose rivaroxaban in combination with aspirin achieved more total QALYs and a lower number of adverse events compared to those receiving aspirin alone or rivaroxaban alone.
Sensitivity Analyses
The Tornado diagram (Figure 2) demonstrates the one-way sensitivity analysis for the low-dose rivaroxaban and aspirin groups. The ICER was within three times the GDP per capita when all parameters were varied within the range of variation. Utility score of stable CVDs in the one-way sensitivity analysis for the rivaroxaban and aspirin groups had a greater impact on the results, well over three times GDP per capita, but the impact of other parameters was not significant (Figure 3).
[image: Figure 2]FIGURE 2 | Tornado diagram showing the deterministic sensitivity analysis of the Markov model simulation (Low-does rivaroxaban plus aspirin group vs. Aspirin alone group).
[image: Figure 3]FIGURE 3 | Tornado diagram showing the deterministic sensitivity analysis of the Markov model simulation (Rivaroxaban alone group vs. Aspirin alone group).
Figure 4 shows the CEAC for the two prevention options compared to aspirin. the CEAC at a WTP of $110,000 shows probabilities of 56.2 and 40.9% for the low dose rivaroxaban and rivaroxaban groups respectively. Figure 5 is the CE plane of the PSA results based on 1,000 Monte Carlo simulations, where the scatter is mainly in the first quadrant and mostly below the WTP threshold line. the PSA results are similar to the basic analysis: the low-dose rivaroxaban regimen is more cost effective.
[image: Figure 4]FIGURE 4 | (A) Cost-effectiveness acceptability curve showing the maximum willingness to pay and the corresponding probability of cost-effectiveness for Low-does rivaroxaban plus aspirin group vs. Aspirin alone group. (B) Cost-effectiveness acceptability curve showing the maximum willingness to pay and the corresponding probability of cost-effectiveness for Rivaroxaban alone group vs. Aspirin alone group.
[image: Figure 5]FIGURE 5 | (A) Scatter plot showing the incremental costs and incremental quality-adjusted life-year of a thousand simulations for Low-does rivaroxaban plus aspirin group vs. Aspirin alone group. (B) Scatter plot showing the incremental costs and incremental quality-adjusted life-year of a thousand simulations for Rivaroxaban alone group vs. Aspirin alone group.
Scenario Analyses
Based on the scenario analysis, in the low-dose rivaroxaban and rivaroxaban alone groups compared to the aspirin group, the ICER decreased gradually with increasing duration of dosing and the decrease in ICER was very significant when the price of rivaroxaban was halved. The results of the scenario analysis are presented in Table 4.
DISCUSSION
To our knowledge this is the first cost-effectiveness analysis to assess low-does rivaroxaban plus aspirin therapy compared to aspirin alone in the treatment of patients with stable CVDs in mainland China. Our study showed that low-dose rivaroxaban in combination with aspirin was more cost-effective than treatment with aspirin alone, with an ICER of $7937.3 per QALY gained.
In the base case analysis rivaroxaban plus aspirin therapy delivered an average of 0.43 additional QALYs over 13 years for 1,000 patients over aspirin therapy, with an ICER per QALY gained below China’s GDP per capita in 2020, and the best benefit from rivaroxaban plus aspirin therapy in a range of scenario analyses. This suggests that the cost effect of rivaroxaban plus aspirin therapy is superior to that of aspirin therapy in patients with stable CVDs in the base case.
In China 2.5 mg rivaroxaban is not yet available and the ICER per QALY gained will be further reduced if the cost of the twice-daily regimen is lower in the future when 2.5 mg rivaroxaban is available than the cost per mg assumption set in this study.
To our knowledge this is the first cost-effectiveness analysis to evaluate low-does rivaroxaban plus aspirin therapy in the treatment of patients with stable CVDs in China. The COMPASS trial enrolled 27,395 patients with stable CVD from 602 centers in 33 countries and currently provides the highest level of evidence on the efficacy of rivaroxaban plus aspirin for secondary prevention of CVD. The data for this study were obtained from the COMPASS trial, which enrolled 27,395 patients with stable CVD from 602 centers in 33 countries. the COMPASS trial currently provides the highest level of evidence on the efficacy of rivaroxaban plus aspirin for secondary prevention of CVD. The use of data from the COMPASS trial as parameters for a Markov model makes this study highly representative of the target population (de Jong et al., 2019; Zomer et al., 2019; Soini et al., 2020). Low-does rivaroxaban plus aspirin therapy is cost-effective in preventing adverse cardiovascular events compared with aspirin alone in high-income countries. However, the ICER values per QALY obtained in the rivaroxaban plus aspirin group in these studies were higher than the results of this study. The main reason for this is the relatively low cost of treatment for stable CVDs and rivaroxaban in mainland China, resulting in a lower ICER for rivaroxaban plus aspirin therapy in China compared to higher income countries. For example, the cost of treatment for rivaroxaban in Australia is US$1,205 per year (Zomer et al., 2019). The cost-effectiveness of low-dose rivaroxaban in combination with aspirin in other low- and middle-income countries and regions cannot be determined due to the lack of cost-effectiveness analyses in other low- and middle-income countries and regions.
As the economics of low-does rivaroxaban plus aspirin therapy regimens have not been evaluated in China, we compared cost-effectiveness studies of relevant regimens with rivaroxaban in comparisons of other anticoagulants (Dong et al., 2020; Wei et al., 2021). A cost-effectiveness analysis based on mainland China showed that rivaroxaban proved to be more cost-effective in comparison with dabigatran etexilate, enoxaparin and warfarin under similar assumptions (Zomer et al., 2019). In our study we found that rivaroxaban alone was not cost effective compared to aspirin, therefore we believe that low-does rivaroxaban plus aspirin therapy is cost-effective in preventing all types of adverse cardiovascular events compared to other anticoagulants.
In the scenario analysis, we observed the cost-effectiveness of the three treatments at different dosing lengths by varying the cycle. In this study, we observed the cost-effectiveness of the three treatments at different dosing lengths by varying the cycle. The ICER per QALY gained for the rivaroxaban plus aspirin group decreases over time, as has been widely demonstrated in studies in other countries and regions (Zomer et al., 2019; Soini et al., 2020; Lee et al., 2021). This suggests that the use of rivaroxaban plus aspirin therapy as a long-term secondary prevention drug for stable CVDs would be more cost-effective. However, it is worth noting the increased probability of non-fatal major bleeds in the rivaroxaban plus aspirin group in the COMPASS trial and in the Australian study. Reducing non-fatal major bleeds may further reduce the ICER per QALY gained in the rivaroxaban plus aspirin therapy.
There are also some unavoidable limitations to this study. The length of observation in the COMPASS trial was only 2 years, and the observed benefits of rivaroxaban plus aspirin during this time are hardly sustainable over a long period of time (Liew et al., 2002; Briggs et al., 2006). While rivaroxaban plus aspirin therapy is still cost-effective over a 2-year period in the scenario analysis, any negative factors in the real world will affect cost-effectiveness. Secondly, the impact of non-adherence on the cost-effectiveness of drugs in the real world is real, although it is generally accepted that this impact is very limited for cost-effectiveness analysis (Ademi et al., 2018). To compensate for this, this study uses uncertainty analysis to determine the effect of changes in parameters on the final results, which goes to some extent to compensate for the effects of these experimental limitations. Thirdly, the results of the COMPASS trial were limited to non-fatal major bleeds, and differences in the site of bleeding can lead to differences in the final cost of treatment and therefore have some impact on cost-effectiveness (He et al., 2016). In addition, we acknowledge that clinical trial populations are often not representative of ‘real-world’ populations, notably with their being selected for having high risk of the conditions of interest.
The inclusion of rivaroxaban in the secondary prevention programme for stable CVD in China is still in the exploratory stage. Further economic evaluation in real-world settings is necessary for future policy makers to improve secondary prevention programmes for stable CVD.
CONCLUSION
In summary, our analysis provides the cost-effectiveness of adding low-dose rivaroxaban to a prophylactic regimen for patients with chronic CVDs compared to a conventional aspirin prophylaxis regimen. The use of low-does rivaroxaban plus aspirin for secondary prevention in patients with stable CVDs should be considered cost-effective from the perspective of the Chinese public healthcare system. This study provides evidence for the cost-effectiveness of low-does rivaroxaban plus aspirin therapy for secondary prevention in patients with stable CVDs in low- and middle-income countries and regions.
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.
AUTHOR CONTRIBUTIONS
TF and XY design research and draft paper. Data collection and analysis is done by ZZ and SG. PC, HJ, and JX revised the article and put forward suggestions. All authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.
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.
ACKNOWLEDGMENTS
The authors thank XY for his support of this study.
REFERENCES
 Ademi, Z., Zomer, E., Tonkin, A., and Liew, D. (2018). Cost-effectiveness of Rivaroxaban and Aspirin Compared to Aspirin Alone in Patients with Stable Cardiovascular Disease: An Australian Perspective. Int. J. Cardiol. 270, 54–59. doi:10.1016/j.ijcard.2018.06.091
 Antithrombotic Trialists' Collaboration (2002). Collaborative Meta-Analysis of Randomised Trials of Antiplatelet Therapy for Prevention of Death, Myocardial Infarction, and Stroke in High Risk Patients. BMJ 324 (7329), 71–86. doi:10.1136/bmj.324.7329.71
 Baigent, C., Baigent, C., Blackwell, L., Collins, R., Emberson, J., Godwin, J., et al. (2009). Aspirin in the Primary and Secondary Prevention of Vascular Disease: Collaborative Meta-Analysis of Individual Participant Data from Randomised Trials. Lancet 373 (9678), 1849–1860. doi:10.1016/S0140-6736(09)60503-1
 Bertram, M. Y., Lauer, J. A., De Joncheere, K., Edejer, T., Hutubessy, R., Kieny, M. P., et al. (2016). Cost-effectiveness Thresholds: Pros and Cons. Bull. World Health Organ 94 (12), 925–930. doi:10.2471/BLT.15.164418
 Briggs, A., Sculpher, M., and Claxton, K. (2006). Decision Modelling for Health Economic Evaluation. Oxford, United Kingdom: Oup Oxford. 
 Briggs, A. H., Ades, A. E., and Price, M. J. (2003). Probabilistic Sensitivity Analysis for Decision Trees with Multiple Branches: Use of the Dirichlet Distribution in a Bayesian Framework. Med. Decis. Mak. 23 (4), 341–350. doi:10.1177/0272989X03255922
 de Jong, L. A., Gout-Zwart, J. J., van den Bosch, M., Koops, M., and Postma, M. J. (2019). Rivaroxaban for Non-valvular Atrial Fibrillation and Venous Thromboembolism in the Netherlands: a Real-World Data Based Cost-Effectiveness Analysis. J. Med. Econ. 22 (4), 306–318. doi:10.1080/13696998.2018.1563404
 Dong, S. J., Wu, B., Zhai, S. D., Zhang, Y. J., Chu, Y. B., Gupta, P., et al. (2020). Cost-effectiveness of Dabigatran Compared with Rivaroxaban for Prevention of Stroke and Systemic Embolism in Patients with Atrial Fibrillation in China. Clin. Ther. 42 (1), 144–e1. doi:10.1016/j.clinthera.2019.11.011
 Eichler, H. G., Kong, S. X., Gerth, W. C., Mavros, P., and Jönsson, B. (2004). Use of Cost-Effectiveness Analysis in Health-Care Resource Allocation Decision-Making: How Are Cost-Effectiveness Thresholds Expected to Emerge?Value Health 7 (5), 518–528. doi:10.1111/j.1524-4733.2004.75003.x
 Eikelboom, J. W., Connolly, S. J., Bosch, J., Dagenais, G. R., Hart, R. G., Shestakovska, O., et al. (2017). Rivaroxaban with or without Aspirin in Stable Cardiovascular Disease. N. Engl. J. Med. 377 (14), 1319–1330. doi:10.1056/NEJMoa1709118
 Guo, R. (2020). China Ethnic Statistical Yearbook 2020. Berlin, Germany: Springer Nature. 
 Guo, R. (2020). China Health Statistical Yearbook 2020. Beijing: China Union Medical University Press. 
 Harrington, A. R., Armstrong, E. P., Nolan, P. E., and Malone, D. C. (2013). Cost-effectiveness of Apixaban, Dabigatran, Rivaroxaban, and Warfarin for Stroke Prevention in Atrial Fibrillation. Stroke 44 (6), 1676–1681. doi:10.1161/STROKEAHA.111.000402
 He, Y., Wong, I. C., Li, X., Anand, S., Leung, W. K., Siu, C. W., et al. (2016). The Association between Non-vitamin K Antagonist Oral Anticoagulants and Gastrointestinal Bleeding: a Meta-Analysis of Observational Studies. Br. J. Clin. Pharmacol. 82 (1), 285–300. doi:10.1111/bcp.12911
 Krejczy, M., Harenberg, J., Marx, S., Obermann, K., Frölich, L., and Wehling, M. (2014). Comparison of Cost-Effectiveness of Anticoagulation with Dabigatran, Rivaroxaban and Apixaban in Patients with Non-valvular Atrial Fibrillation across Countries. J. Thromb. Thrombolysis 37 (4), 507–523. doi:10.1007/s11239-013-0989-6
 Lee, M. C., Liao, C. T., Toh, H. S., Chou, C. C., Chang, W. T., Chen, Z. C., et al. (2021). Cost-effectiveness Analysis of Rivaroxaban Plus Aspirin versus Aspirin Alone in Secondary Prevention Among Patients with Chronic Cardiovascular Diseases. Cardiovasc Drugs Ther. 35 (3), 539–547. doi:10.1007/s10557-020-07059-w
 Liew, D., McNeil, J. J., Peeters, A., Lim, S. S., and Vos, T. (2002). Epidemiological Modelling (Including Economic Modelling) and its Role in Preventive Drug Therapy. Med. J. Aust. 177 (7), 364–367. doi:10.5694/j.1326-5377.2002.tb04839.x
 Marseille, E., Larson, B., Kazi, D. S., Kahn, J. G., and Rosen, S. (2014). Thresholds for the Cost-Effectiveness of Interventions: Alternative Approaches. Bull. World Health Organ 93, 118–124. doi:10.2471/BLT.14.138206
 Mega, J. L., Braunwald, E., Wiviott, S. D., Bassand, J. P., Bhatt, D. L., Bode, C., et al. (2012). Rivaroxaban in Patients with a Recent Acute Coronary Syndrome. N. Engl. J. Med. 366 (1), 9–19. doi:10.1056/NEJMoa1112277
 Merlini, P. A., Bauer, K. A., Oltrona, L., Ardissino, D., Cattaneo, M., Belli, C., et al. (1994). Persistent Activation of Coagulation Mechanism in Unstable Angina and Myocardial Infarction. Circulation 90 (1), 61–68. doi:10.1161/01.cir.90.1.61
 Moayyedi, P. (2007). The Health Economics of Helicobacter pylori Infection. Best. Pract. Res. Clin. Gastroenterol. 21 (2), 347–361. doi:10.1016/j.bpg.2006.11.004
 Soini, E., Virtanen, O., Väätäinen, S., Briere, J. B., Bowrin, K., and Millier, A. (2020). Cost-Effectiveness of Coronary and Peripheral Artery Disease Antithrombotic Treatments in Finland. Adv. Ther. 37 (7), 3348–3369. doi:10.1007/s12325-020-01398-8
 Sonnenberg, F. A., and Beck, J. R. (1993). Markov Models in Medical Decision Making: a Practical Guide. Med. Decis. Mak. 13 (4), 322–338. doi:10.1177/0272989X9301300409
 Wang, X., Wang, Z. F., Xie, Y. M., Zhang, W., Liao, X., and Chang, Y. P. (2015). Guideline for Postmarketing Chinese Medicine Pharmacoeconomic Evaluation. Chin. J. Integr. Med. 21 (6), 473–480. doi:10.1007/s11655-014-1749-y
 Wei, H., Cui, C., Cui, X., Liu, Y., and Li, D. (2021). Cost‐effectiveness Analysis of Dabigatran, Rivaroxaban and Warfarin in the Prevention of Stroke in Patients with Atrial Fibrillation in China. BMC Health Serv. Res. 21 (1), 1–10. doi:10.1186/s12913-021-06084-1
 Zhao, D., Liu, J., Wang, M., Zhang, X., and Zhou, M. (2019). Epidemiology of Cardiovascular Disease in China: Current Features and Implications. Nat. Rev. Cardiol. 16 (4), 203–212. doi:10.1038/s41569-018-0119-4
 Zomer, E., Si, S., Hird, T. R., Liew, D., Owen, A. J., Tonkin, A., et al. (2019). Cost-effectiveness of Low-Dose Rivaroxaban and Aspirin versus Aspirin Alone in People with Peripheral or Carotid Artery Disease: An Australian Healthcare Perspective. Eur. J. Prev. Cardiol. 26 (8), 858–868. doi:10.1177/2047487318817910
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.
Copyright © 2022 Feng, Zheng, Gao, Xu, Cao, Jia and Yu. 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/fphar-13-921387-g005.gif





OPS/images/fphar-13-921387-t001.jpg
Riv +
Aspirin

Myocardial infarction 0000853589
Ischernic stroke 00003242

Hemorrhagic stroke 0000713162
Venous thromboembolism 0000118923
Heart failure 0000945657
Major bleeding 0001213227
Minor bleeding 0004166562
Cardiovascular death 0000766538
All-cause death 0001511842

Riv, rivaroxaban alone; Asp, aspirin alone; Riv + Asp: low-does rivaroxaban plus aspirin

Asp

0.000988299
0.000633898
0.000477143
0.000195948
0.000924984
0.000629063
0.002464437
0.000978553
0.001839395

Riv

0.000876724
0.000436152
0.000128952
0.000172021
0.000920541
0.001164774
0.003685666
0.000940029
0.001924851

Distribution

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

Reference

COMPASS (Mega et al, 2012)
COMPASS (Mega et al, 2012)
COMPASS (Mega et al, 2012)
COMPASS (Mega et al., 2012)
COMPASS (Mega et al., 2012)
COMPASS (Mega et al, 2012)
COMPASS (Mega et al, 2012)
COMPASS (Mega et al, 2012)
COMPASS (Mega et al, 2012)





OPS/images/fphar-13-921387-g003.gif





OPS/images/fphar-13-921387-g004.gif





OPS/images/fphar-13-921387-t004.jpg
Base-case analysis

Time horizon (2 years)

Time horizon (5 years)

Discounting rate (3%)

Half monthly costs of rivaroxaban

Asp
Riv
Riv + Asp
Asp
Riv
RV + Asp
Asp
Riv
Riv + Asp
Asp
Riv
Riv + Asp
Asp
Riv
Riv + Asp

Cost

1,445.06
7773.92
4,818.65
253.39
1,352.58
833.96
617.61
3,284.32
2044.19
1,488.72
7994.24
4,943.66
1,451.16
4,374.09
2,872.88

ICER cost

6,328.86
3,373.59

1,099.19
580.57

2,666.71
1,426.59

6,505.51
3,454.94

2,922.93
1,421.73

EFF

48.20
48.63
48.63
16.61
16.65
16.66
34.07
34.25
34.25
47.92
48.40
48.42
47.84
48.26
48.24

ICER EFF

042
043

0.04
0.04

0.18
0.18

048
0.50

042
041

ICER

15045.78
7937.30

27722.28
13609.23

14622.52
7822.49

135583.72
6,953.40

6,902.18
3,503.17

QALY, quality-adjusted life-year; ICER: incremental cost-effectiveness ration; Riv, rivaroxaban alone; Asp, aspirin alone; Riv + Asp: low-does rivaroxaban plus aspirin





OPS/images/fphar-13-921387-t002.jpg
Variables

Monthly costs of rivaroxaban (5 mg twice per day)
Monthly costs of aspirin (100 mg once per day)
Monthly costs of rivaroxaban (2.5 mg twice per day)
Myocardial infarction

Ischemic stroke

Hemorrhagic stroke

Venous thromboermbolism

Heart failure

Maior bleeding

Minor bleeding

Cost

68.5
25
34

4,127

1,344

2,735
1252.5

1,183
716
286

Range

54.8~82.2
2-3
27.2~40.8
3,301.6~4,952.4
1,075.2-1,612.8
2,188~3,282
1,002~1,503
946.4~1,419.6
572.8~859.2
228.8~343.2

Distribution

Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
Gamma

Reference

Local data

Local data

Local data

Guo, (2020a)
Guo, (2020)
Guo, (2020a)
Guo, (2020a)
Guo, (2020a)
Guo, (2020z)
Guo, (2020a)





OPS/images/fphar-13-921387-t003.jpg
Variables

Stable cardiovascular disease
Decrement for age
Myocardial infarction
Ischemic stroke

Hemorrhagic stroke

Venous thromboermbolism
Heart failure

Decrement for major bleeding
Decrement for minor bleeding

Utility Estimates

0.738
-0.0016
0.704
0.65
0.65
0.727
0.636
-0.1814
-0.0582

Standard Error

0.0153
0.0001
0.0658
0.0954
0.0954
0.0663
01015
0013
0017

Distribution

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

Reference

Briggs et al.

Briggs et al

Briggs et al.

Briggs et al
Briggs et al
Briggs et al
Briggs et al.
Briggs et al
Briggs et al





OPS/xhtml/nav.xhtml
Contents

		Cover

		Cost-Effectiveness Analysis of Rivaroxaban in Chinese Patients With Stable Cardiovascular Disease		Introduction

		Materials and Methods		Model Structure

		Model Population

		Transition Probabilities

		Disease Costs and Health Utility

		Model Outcome

		Treatment Cost

		Uncertainty and Scenario Analysis





		Results		Cost-Effectiveness Analysis

		Sensitivity Analyses

		Scenario Analyses





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Acknowledgments

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-921387-g001.gif





OPS/images/fphar-13-921387-g002.gif
A AP W gt R,

P i o ——

B ey
PSS
iy g kg e





OPS/images/math_qu2.gif





OPS/images/math_qu1.gif
In(S)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





