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Background: In the clinical setting, the economic benefits of direct oral anticoagulants (DOACs) in elderly patients with atrial fibrillation (AF) remain unclear. This study aimed to estimate and compare the cost-effectiveness of DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban) and vitamin K antagonists (VKAs; warfarin) in preventing stroke among AF patients aged >75 years in real-world practice.

Methods: A Markov model with a 10-year span was constructed to estimate the long-term clinical and economic outcomes among AF patients aged >75 years treated with DOACs and warfarin. The study was populated with a hypothetical cohort of 10,000 AF patients aged >75 years. Probabilities of clinical outcomes were obtained from the pooled observational studies (OSs), comparing DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban) with VKAs. Other model inputs, including the utilities and the costs, were all estimated from public sources and the published literature. The costs, quality-adjusted life-years (QAYLs), and incremental cost-effectiveness ratios (ICER) were estimated for each treatment strategy. Subgroup analyses of individual DOACs and the scenario analysis were performed. Uncertainty was evaluated by deterministic sensitivity analysis and probabilistic sensitivity analysis (PSA).

Results: Compared to warfarin, DOACs were associated with a gain of 0.36 QALY at an additional cost of $15,234.65, resulting in an ICER of $42,318.47 per QALY. Sensitivity analysis revealed that the ICER was sensitive to the cost of DOACs. Direct oral anticoagulants also shifted from dominating to dominated status When their annual costs of DOACs were over $3,802.84 or the risk ratio of death compared to warfarin was over 1.077%/year. Probabilistic sensitivity analysis (PSA) suggested that DOACs had a 53.83 and 90.7% probability of being cost-effective when the willingness-to-pay threshold was set at $50,000 and $100,000, respectively. Among all the four individual DOACs, edoxaban treatment was revealed as the preferred treatment strategy for the AF patients aged over 75 years by yielding the most significant health gain with the relatively low total cost.

Conclusions: Despite the high risk for major bleeding in elderly patients with AF, DOACs are more cost-effective treatment options than warfarin in real-world practice. Edoxaban was the preferred treatment strategy among four kinds of DOACs for AF patients aged over 75 years. Furthermore, beyond their safety profiles, the treatment benefits of DOACs assumed greater relevance and importance in older adults.
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INTRODUCTION

Atrial fibrillation (AF) is the most common type of cardiac arrhythmia in adults, affecting approximately 33 million individuals worldwide (1). Epidemiological studies have shown that advancing age is a major risk factor for AF, with its prevalence almost doubling with every 10-year increase in age (from 0.1% among patients aged <35 years to 14% among those aged >75 years) (2–4). Age is also a non-modifiable risk factor for ischemic stroke in patients with AF. More than 50% of ischemic stroke cases diagnosed in patients with AF occur in those aged >80 years (5). Given the high mortality and disability rates associated with AF-induced ischemic stroke, it is considered major public health, social, and economic burden in the elderly population (6).

Traditionally, stroke in AF has been prevented by using vitamin K antagonists (VKAs), such as warfarin. Owing to their efficacy profiles, which have been recently reported by several large, randomized controlled trials (RCTs), direct oral anticoagulants (DOACs), such as dabigatran, rivaroxaban, apixaban, and edoxaban, are viable alternatives for VKAs and have been established as cornerstones in AF management for the prevention of stroke (7, 8). Based on the results of a meta-analysis of RCTs, DOACs have been reported to be more cost-effective than VKAs (9–11). However, since no RCT was designed to focus on the elderly population specifically, there is little clarity regarding the health and economic benefits of DOACs in the said population (12). Although subgroup analyses of RCTs have usually been conducted for the elderly population, there remain many uncertainties about the relevance of the results of these RCTs in the real-world setting, given that the elderly population is known in real practice to be at high risk for bleeding (13). Furthermore, given the poor prognosis and heavy burden of major bleeding events in elderly patients with AF, it remains unknown whether the benefits of DOACs will be offset by the high incidence rates of intracranial bleeding in real clinical settings. Therefore, using data from a comprehensive meta-analysis of high-quality OSs and RCTs, we performed a cost-effectiveness evaluation comparing DOACs and VKAs to assess the expected costs and benefits of using the former in the elderly population with AF in real-world settings.



METHODS


Model

A decision-analysis Markov model with a 1-year cycle and a 10-year horizon was constructed to compare the cost-effectiveness of DOACs (including dabigatran, apixaban, rivaroxaban, and edoxaban) and VKAs in elderly AF patients in real-world settings. A simplified schematic represents the model structure in Figure 1. Eight mutually exclusive health states were included in the Markov model: AF without complications, major ischemic stroke, minor stroke, major intracranial hemorrhage (ICH) on aspirin, minor ICH on aspirin, stroke and ICH on aspirin, myocardial infarction (MI), and death. The following assumptions were made to reflect the approximate progression of AF in older age: The starting age of the patient cohort was set at 75 years, and all were assumed to begin in the state of AF without complications. In each cycle, patients may either remain in their current health state or transition to the next due to a clinical event. Four types of stroke (reversible, major, minor, and fatal) and three types of ICH (major, minor, and fatal) were included in the model. To reflect the treatment pattern of AF and to approximate the AF disease progression in real-world practice, we made the following assumptions in the model. Due to the high case fatality rate in the hospitalized stroke, which reflects the immediate severity of the condition, transition to death was assumed after two major neurological events (stroke or ICH) (14, 15). Patients with two minor neurological were supposed to proceed to the major event state (15). After any ICH, patients were assumed to discontinue the therapy of anticoagulants and switch to aspirin in case of recurrent ICH. This estimate of drug switch is widely used in previously published cost-effectiveness analyses of anticoagulants (15–17). Considering that the risk of MI is usually greatly reduced with anticoagulant therapy, no MI event was considered after any neurological events. TreeAge Pro Suite TM software 2019 (Williamstown, MA. USA) was used for the model construction and analysis.


[image: Figure 1]
FIGURE 1. Schematic representation of the Markov model. AF, atrial fibrillation; Stroke, ischemic or hemorrhagic stroke; SE, systemic embolism; GI Bleeding, gastrointestinal bleeding; ICH, intracranial hemorrhage; MI, myocardial infarction.




Date and Sources
 
Treatment Effectiveness

A targeted literature review was performed to identify the appropriate parameter inputs. The probabilities of the clinical outcomes associated with VKAs were obtained from the included OSs or RCTs, respectively (Table 1 and Supplementary Table 1). The comparative probabilities of clinical outcomes relative to DOACs were calculated based on the corresponding rates of VKAs and the pooled hazard ratios reported in our previous work (21) (Table 1 and Supplementary Table 1). The relative risks for clinical outcomes for aspirin compared to warfarin were obtained from a network meta-analysis reported previously (34). The age-dependent baseline death rates for stroke, ICH, and MI were derived from the Global Burden of Disease Study 2017 (35), which were assumed to be similar in DOACs and VKAs (Table 2). All clinical event rates were ultimately converted into probabilities per cycle and then input into the model.


Table 1. Parameters inputs.
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Table 2. Annual long-term death rate at given age.
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Health State Utilities and Cost

Health utility values, scored from 0 (death) to 1 (perfect health), were obtained from previous studies to describe the quality of life for each health state. The utility of 0.81 was reported for AF patients with an average age of 67 (22). Thus, the adjusted weight of 0.997 (age group >70 compared to 60–69) was further applied as a multiplying factor to calculate the baseline utilities of the cohort aged >75 years approximately (22). A permanent annual disutility of −0.2916, −0.4455, and −0.1351 were assumed for minor, major neurological events and MI. −0.0486 and −0.2916 were assessed as one-time dis-utilities for gastrointestinal bleeding (GIB) and the reversible stroke (23, 24). Anticoagulant therapies were also assumed to cause slight derogation of the health utilities, which were assessed to be from −0.002 to −0.03 for DOACs, warfarin, and Aspirin, respectively (Table 1) (16, 17, 25–28).

From the perspective of the US private payer, the model incorporated only direct healthcare costs for the therapies and treatments of the associated acute clinical events and the costs for long-term maintenance after experiencing the first non-fatal events. The costs of DOACs, warfarin, and aspirin were obtained from real-world pharmacy costs or the 2018 National Average Drug Acquisition cost in the US (Table 1). The clinical event costs were all obtained from the published literature and were inflated to reflect the 2020 value of the US dollar. Maintenance costs for major and minor neurological events were assumed to be similar, respectively. Annual maintenance costs for MI were derived from the average costs incurred during the 2–5-year period after diagnosis (32). All cost and utility inputs were discounted at 3 and 2% per annum to account for the effects of inflation and increasing economic valuation of health gains over time.




Base-Case Analysis

The base-case analyses were conducted incorporating data of RCTs and OSs, respectively. The main outcomes of this analysis were the incremental costs, quality-adjusted life-years (QALYs) gained, and the incremental cost-effectiveness ratio (ICER). Cost-effectiveness was evaluated using the United States' conservative willingness-to-pay threshold of $50,000 and $100,000 per QALY (36). It was also assessed annually to determine the point at which the treatment options had achieved acceptable levels.



Scenario and Sensitivity Analyses

Scenario, One-way sensitivity analysis, and the probabilistic sensitivity analysis (PSA) were performed to assess the impact of parameter uncertainty on the results. In one-way sensitivity analysis, the model parameters were varied over their 95% confidence intervals (CI). If the CI was not available, a variation of ±5% from the mean was assumed for the parameters of utility and ±20% for the parameters of probability and cost. In scenario analysis, the variations in the time horizons and the cost reduction of DOACs after patent expiry were conducted. In PSA, beta distributions were assumed for the clinical outcomes and health utilities, while gamma or log-normal distributions were assumed for the drug and healthcare costs. Hazard or risk ratios of DOACs compared to VKAs were assigned to beta or log-normal distributions. A 10,000-subject Monte Carlo simulation was conducted based on the variable distributions, and all the parameter inputs were allowed to vary stochastically in PSA. The PSA results are presented graphically as scatterplots.




RESULTS


Base-Case Analysis

Over a 10-year projected time of a cohort with 10,000 patients, treatment with DOACs rather than with warfarin was predicted to result in fewer incidences of strokes, ICH, MI, and death, according to the simulation based on the real-world evidence (Table 3). Patients treated with warfarin were predicted to obtain 5.17 QALYs at the cost of $14,280.35, while treatment with DOACs resulted in 5.53 QALYs at the cost of $29,515.10. Therefore, the DOACs' additional benefit in reducing the number of total clinical events was associated with a gain of 0.36 QALYs at an additional cost of $15,234.65, resulting in an ICER of $42,318.47 per QALY. In the simulation incorporating the evidence of RCTs, a further reduction of ICH and death was predicted in both DOACs and warfarin but with increased stroke events. It is broadly consistent with the real practice because that regular follow-up of random control trials could help discover the asymptomatic stroke event but is more likely to screen out the patients with high bleeding risk by the rigorous inclusion and exclusion criteria. A slight rise of QALYs was predicted in RCTs than in OSs but with the increased ICER of $47,544.19 per QALY. It might due to the relatively higher drug cost of stroke compared to ICH, after which the patient is more likely to discontinue the therapy of anticoagulants and switch to aspirin (Table 3).


Table 3. Projected clinical events, costs, health benefits, and incremental ICER for base-case analysis over a 10-years life horizon in OSs and RCTs.
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The total costs and QALYs of four individual DOACs (rivaroxaban, edoxaban, apixaban, and dabigatran) were also predicted. It indicated that the costs were lowest for warfarin ($14,280.45) and highest for rivaroxaban ($32,270.73). Edoxaban had the highest QALYs (6.04 QALYs), followed by apixaban, dabigatran, rivaroxaban, and warfarin. Compared to warfarin, the ICERs were $112,439.3, $71,587.32, $52,800.16, and $15,864.9 for rivaroxaban, dabigatran, apixaban, and edoxaban, indicating that edoxaban was the preferred therapy for stroke prevention in the elderly with AF.



Scenario and One-Way Sensitivity Analysis

Variations in the time horizons were conducted in scenario analyses (Table 4). At 5-, 10-, and 15-year follow-ups, the ICER per QALY gained decreased from $55,451.94 to $33,301.50, indicating that long-term use of DOACs may provide additional benefits. The decrease of ICER was also predicted for dabigatran, edoxaban, and apixaban with the extension of the time horizon. However, a slight increase in cost-effectiveness estimates was obtained with the long-term use of rivaroxaban. This finding could be explained by the higher drug cost and moderate intensity in reducing the clinical events of rivaroxaban, leading to the lower health gain but increased overall costs.


Table 4. Base case analysis and one-way sensitivity analysis on the time horizon.
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Figure 2 presents the sensitivity analyses of the vital parameter inputs that had the most significant impact on the ICERs, in the order of their respective influences. It was found that the cost of DOACs had an immense impact on the ICER, followed by the probability of ICH, the risk ratio of death, cost of warfarin and INR monitoring, and the risk ratio of MI. When the annual costs of DOACs were over $3,802.84 or the risk ratio of death was over 1.077%/year, the ICERs shifted from dominating to dominated status. As for the other vital parameters, the study found that varying the inputs across their plausible ranges resulted in changes in the ICER values. However, this had no significant effect on the results because DOACs was still more cost-effective than warfarin.


[image: Figure 2]
FIGURE 2. Scenario analysis on the cost of DOACs (Dabigatran, Rivaroxaban, Apixaban, and Edoxaban).


By reducing the price of four DOACs from 10 to 90%, the potential impact of DOACs patent expiry on the outcomes was assessed (Figure 3). Rivaroxaban, dabigatran, and apixaban would become cost-effective compared to warfarin if their prices were cut down to 58.7, 77.7, and 95.5%, using a WTP threshold of $50,000/QALY. When $100,000/QALY was applied as a WTP threshold, apixaban and dabigatran would become cost-effective for stroke prevention in the elderly with AF, and about 92.5% of price reduction should be considered for rivaroxaban being undominated. Considering that the price of a given drug might drop by about 9–42% after the patent expiry in the competitive market (37), these four DOACs would probably become the preferred therapy for stroke prevention in the elderly population compared to warfarin in the further. In addition to the drug cost, deterministic sensitivity analysis showed that ICH event rate was another critical drive of the outcomes in the cost-effectiveness analysis between DOACs and warfarin. Using a WTP threshold of $50,000/QALY, dabigatran, rivaroxaban, and apixaban would be cost-effective compared to warfarin if the ICH rate dropped to <2.09, 3.33, and 1.47% per year, respectively. If there was a lower incidence of death and MI (<3.32 and 2.0% per year) or if the annual cost of warfarin exceeded $690.09, apixaban would shift to dominating status either.


[image: Figure 3]
FIGURE 3. Tornado analysis: ICER of DOACs vs. warfarin over plausible ranges of model inputs.




Probabilistic Sensitivity Analysis

Probabilistic sensitivity analysis simulations (Figure 4) demonstrated that over a 10-year life horizon, though requiring minimal additional costs, DOACs were more effective than warfarin. Treatment with DOACs resulted in a total cost of $29,493.82 (95% CI, 17,750.09–6,215.20), while the total cost of warfarin was estimated to be $14,021.90 (95% CI, 4,729.66–31,940.99). Over a 10-year horizon, DOACs gained an average QALY of 5.57 (95% CI, 4.18–6.79) vs. 5.21 (95% CI, 3.86–6.44) for warfarin (Table 5). The mean costs, QALYs, and ICERs of four DOACs were also estimated, and all the results were largely consistent with the base-case analysis (Table 5).


[image: Figure 4]
FIGURE 4. Results of the probabilistic sensitivity analyses.



Table 5. Estimated costs, QALYs and ICER in PSA analyses on a 10-year time horizon.
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A cost-effectiveness acceptability curve was plotted to demonstrate the proportion of simulations that were cost-effective at willingness-to-pay values (Figure 5). There was a 53.83 and 90.7% probability that DOACs were more cost-effective than warfarin when the willingness-to-pay threshold was set at $50,000 and $100,000/QALY, respectively. Compared to warfarin, dabigatran, apixaban, rivaroxaban, and edoxaban was cost-effective in 29.9, 44.27, 23.55, and 95.38% at the most conservative WTP of $50,000/QALY, and these probabilities arose to 59.37, 68.05, 52.91, and 99.40% correspondingly when the WTP of $100,000/QALY was applied (Supplementary Figure 1 and Figure 2).


[image: Figure 5]
FIGURE 5. Willingness-to-pay curve.





DISCUSSION


Main Findings and Interpretation

Based on a comprehensive overview of benefits and harms in real-life practice, this study provided a cost-effectiveness analysis and comparison of DOACs and warfarin in elderly AF patients from the perspective of the US private payer. The comparison of DOACs vs. warfarin in AF has been discussed frequently. Owing to their impressive efficacy and convincing safety profiles reported by RCTs, the economic viability of DOACs has been demonstrated in the US (9, 28), European countries (10, 11), and in some Asian countries (17, 38, 39). Despite their much higher costs, DOACs are generally more cost-effective than warfarin. However, the benefits of DOACs in the elderly population remain unclear as the elderly are generally perceived to have a high incidence of ICH, leading to a significant loss in quality of life and increased medical costs. In our previous work, a comprehensive systematic review and meta-analysis involving 27 high-quality observational studies (OSs) (519,267 patients) and three RCTs (28,152 patients) were conducted to estimate and compare the benefits and harms of DOACs and VKAs in the cohort aged >75 years (21). Compared with VKAs, DOACs significantly reduced the risk of stroke/SE and ICH without increasing the risk of GIB and all-cause mortality. In this study, based on the efficacy profiles derived from our previous work, we further conducted a comparative cost-effectiveness evaluation of DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban) and VKAs in AF patients aged >75 years to thoroughly assess the expected costs and benefits of using DOACs in the elderly population. Major findings were as follows: (I) DOACs are more cost-effective treatment options than warfarin in real-world practice; (II) among all the four individual DOACs, edoxaban was the preferred treatment strategy by yielding the most significant health gain with the relatively low total cost.



Comparison With Previous Studies

Until now, only one study has assessed the cost-effectiveness of DOACs in elderly AF patients (17). Although DOACs were generally more cost-effective than warfarin, it was concluded that the benefits appeared to be partially offset in elderly patients due to the increased bleeding risk. If the real-world risks of bleeding and ICH were factored in 4.8/1,000 person-years (40), the cost-effectiveness of DOACs relative to warfarin might end up being negated. However, only OSs on dabigatran and rivaroxaban were included in the above-mentioned study, resulting in underestimating the protective benefits of apixaban and edoxaban. In the present study, a cost-effectiveness evaluation was built upon a comprehensive meta-analysis of OSs that included all the available DOACs. Despite the high risk for major bleeding (about 13/1,000 person-years), which might be associated with the relatively loose inclusion and exclusion in OSs than in RCTs, it was concluded that DOACs was still more cost-effective than VKAs for elderly AF patients, In the sensitivity analysis, we further tripled the incidence of ICH and GIB. The ICER values did not increase over the cost-effectiveness threshold despite the significant increase in major bleeding risk, indicating that the treatment benefits of DOACs were of greater relevance and importance in older adults beyond the safety profile. In previous work, although all four individual DOACs were cost-effective compared to warfarin from the perspective of the private patient in Singapore, apixaban was found to be the preferred treatment strategy for AF patients aged over 75 years. While because of the relatively lower risk of all-cause death and MI, and the good protection effect in stroke prevention for elderly patients in real practice, edoxaban was revealed to be the optimal therapeutic strategy among all DOACs by yielding the highest health gain and comparatively lower total cost in the present study.



Pivotal Factors for Cost-Effectiveness Analysis

In sensitivity analysis, drug cost was found to be one of the crucial factors in cost-effectiveness analysis. Since drug price reduction always happened for experiencing the generic entry after the patent protection, the potential affordability of DOACs compared to warfarin after patent expiry was further assessed in scenario analysis. Using a most conservative WTP threshold of $50,000/QALY, rivaroxaban, apixaban, and edoxaban, the three dominated DOACs with the current prices, could become cost-effective only by a slight to a moderate price reduction <50%). As the price of a given drug might drop by about 9–42% after the patent expiry (37), it is plausible to suppose that all the four DOACs would become the preferred therapy in comparison with warfarin for the stroke prevention in the elderly population in the further.




STRENGTHS AND LIMITATIONS

The main strength of this study was that using data from OSs, it compared the cost-effectiveness of all available DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban) and warfarin in elderly AF patients. However, several intrinsic limitations should be addressed in this study. First, the rates of clinical events in this model were derived from OSs that had follow-up durations of up to 2.8 years. It was likely to produce a bias by extrapolating the event rates to a 10-year time horizon. Second, although medical costs are generally high for elderly patients, cost increases associated with age were not included in this study due to the lack of accurate cost information. Third, the results of this work were subject to several assumptions, such as the switch to aspirin after any ICH event, the transition to death after two major neurological events, and so on. These assumptions may help to approximate the AF disease progression in real-world practice but would probably produce conservative results to a certain extent. Fourth, specific treatment effects associated with the dosage of DOACs (including off-label and the low dosage), time-in-therapeutic ranges of warfarin, poor compliance in elderly patients, and the switch among different DOACs are not noted due to the lack of specific data in available OSs. In fact, because of the poor kidney function or some other risk of bleeding in the elderly, the reduced-dose DOACs were widely used in most populations. And the poor compliance in frail elderly patients complicates the management of antithrombotic therapy further. Time-in-therapeutic ranges of warfarin should also be noted, as they are closely related to the treatment effect of the warfarin. Thus, the results of our analysis may be conservative because of the deviations of drug administration in real practice.



CONCLUSIONS

For the elderly with AF, despite the high risk for major bleeding, DOACs are more cost-effective treatment options than warfarin in real-world practice. Edoxaban was the preferred treatment strategy among four kinds of DOACs for AF patients aged over 75 years. The treatment benefits of DOACs assumed greater relevance and importance in older adults beyond the safety profile.
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No. of Events
Non-valvular atrial fibrilation 5,069 4588 598 5523
Minor stroke 165 176 318 364
Major stroke 168 186 327 383
Minor intracranial hemorrhage 153 300 54 106
Major intracranial hemorthage 48 98 17 34
Stroke and intracranial 8 19 5 12
hemorrhage

Myocardial infarction 128 136 60 63
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Health Outcomes (Per Patient/10 Years)
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Costs (discounted) 2951510 14,280.45 32,303.67 14,712.32
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DOACs, direct oral anticoagulants; QALY, quality-adjusted life-year; ICER, incremental
cost-effectiveness ratio; NO, number; $, United States dollar:
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