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ABSTRACT

Background: Warfarin use for stroke prevention in atrial fibrillation
(AF) patients with chronic kidney disease is debated. Apixaban was
shown to be safer than warfarin, with superior reduction in the risk of
stroke, systemic embolism, mortality, and major bleeding irrespective
of kidney function. Objectives: To evaluate the cost-utility of apixaban
compared with warfarin in AF patients at different levels of kidney
function. Methods: A Markov model was used to estimate the cost
effectiveness of apixaban compared with warfarin in AF patients at
three levels of kidney function: estimated glomerular filtration rate
(eGFR) of more than 80 ml/min, 50 to 80 ml/min, and 50 ml/min or less.
Event rates and associated utilities were obtained from previous
literature. The model adopted the US health care system perspective,
with hospitalization costs extracted from the Healthcare and Utiliza-
tion Project. Treatment costs were obtained from official price lists.
Univariate and probabilistic sensitivity analyses were performed to
evaluate the robustness of results. Results: Apixaban was a dominant

treatment strategy compared with warfarin in AF patients with eGFR
levels of 50 ml/min or less and 50 to 80 ml/min. In patients with an
eGFR of more than 80 ml/min, apixaban was cost-effective compared
with warfarin, costing $6307 per quality-adjusted life-year gained.
Results were consistent assuming anticoagulant discontinuation after
major bleeding events. Compared with dabigatran and rivaroxaban,
apixaban was the only cost-effective anticoagulant strategy relative to
warfarin in both mild and moderate renal impairment settings.
Conclusions: Apixaban is a favorably cost-effective alternative to
warfarin in AF patients with normal kidney function and potentially
cost-saving in those with renal impairment.

Keywords: apixaban, atrial fibrillation, cost-utility, kidney disease,
warfarin
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia and
is associated with a fivefold increase in the risk of stroke [1]. Oral
anticoagulation with vitamin K antagonists such as warfarin re-
duces the risk of thromboembolism and stroke in patients with AF
[2]. Nevertheless, warfarin clinical use is challenging. Novel oral
anticoagulants (NOACs) have been shown to be at least as effec-
tive as or superior to warfarin in the reduction of stroke and
intracranial bleeding in patients with AF [3]. In addition, these
agents provide consistent anticoagulation without the need for
routine monitoring and are associated with less drug and food
interaction [4,5]. Even though NOACs are substantially more
expensive as compared with warfarin, economic evaluations have
shown that these agents could be cost-effective options [6—9].
Patients with chronic kidney disease (CKD) have a higher
prevalence of AF than the general population [10]. It was esti-
mated that AF is present in about 18% of patients with advanced

CKD [11]. In addition, patients with CKD are at higher risk for
treatment complications, especially thromboembolic and major
bleeding events [12,13]. Conflicting findings regarding stroke and
major bleeding risks were reported in AF patients with CKD
treated with warfarin [14,15]. Warfarin has been shown to carry
extra risk in patients with CKD compared with AF patients
without CKD [15]. Recent observational studies suggested that
warfarin use may be associated with increased rates of bleeding
and mortality, especially in patients with end-stage renal disease
(ESRD) [16]. NOACs are increasingly being prescribed for patients
with impaired renal function as an alternative to warfarin [17].
They have been shown to be at least as effective and safe as
standard warfarin therapy in AF patients with renal impairment
[18,19]. The optimal anticoagulation strategy in this patient pop-
ulation is, however, unclear and requires further assessment.
Apixaban is an NOAC that acts by the direct inhibition of factor
Xa and can be safely used in patients with ESRD [20]. Apixaban
may be a preferable choice in patients with moderate to severe
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CKD because it has less renal elimination (27%) compared with
other NOACs such as dabigatran (80%), rivaroxaban (36%), or
edoxaban (50%) [17,21,22]. Extensive renal elimination is a draw-
back in the use of anticoagulant agents in patients with kidney
impairment because of increased risk of accumulation and
consequently bleeding. Even in patients with renal impairment
in whom dose adjustment might be appropriate, increased
sensitivity to renal impairment is problematic because renal
function can decline quickly and suddenly because of acute renal
injury [23].

In the Apixaban for Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation (ARISTOTLE) trial, apixaban
was shown to be safer than warfarin with superior reduction in
the risk of stroke, systemic embolism, mortality, and major
bleeding irrespective of kidney function [24,25]. Various analyses
assessed the cost effectiveness of apixaban versus other antico-
agulants in nonvalvular AF in multiple countries and showed that
apixaban is the most cost-effective therapeutic option for stroke
prevention [26—33]. In the general AF population, apixaban was
the most cost-effective NOAC agent, costing less than $50,000 per
quality-adjusted life-year (QALY) gained [34]. Nevertheless, the
cost effectiveness of apixaban was not investigated in AF patients
with renal impairment.

With higher AF risk in patients with CKD and the high cost of
illness in this patient population, use of a cost-effective antico-
agulant agent is essential. Furthermore, the higher acquisition
cost of apixaban makes full economic evaluation more helpful in
guiding clinical practice decisions. To our knowledge, this is the
first study evaluating the cost-utility of apixaban versus warfarin
specifically in AF patients at varying kidney function levels.

Methods

The Primary Decision Model Structure and Analysis

A Markov model was constructed using TreeAge Pro 2016 (TreeAge
Software, Inc., Williamstown, MA) to estimate the incremental
costs and quality-adjusted life expectancy associated with apix-
aban (5 mg twice a day) compared with warfarin (with standard
clinic monitoring) in the AF patient population at three levels of
kidney function. Treatment alternatives were compared among
subgroups of patients with an estimated glomerular filtration rate
(eGFR) of more than 80 ml/min (no renal impairment), 50 to 80 ml/
min (mild renal impairment), and 50 ml/min or less (moderate
renal impairment); patients with calculated creatinine clearance
of less than 25 ml/min were excluded from the ARISTOTLE study.
The incremental cost-effectiveness ratio (ICER), the final outcome
of the decision model, was computed for each eGFR subgroup to
determine costs per QALY gained for apixaban compared with
warfarin. The model adopted the US health care system
perspective, with all costs in 2014 US dollars. Future costs and
QALYs were discounted by 3% according to the recommendations
of the US Panel on Cost-Effectiveness in Health and Medicine
[35,36].

Cohorts were simulated in base-case analyses and transi-
tioned in 1-month cycles through five distinct health states
including AF without complications (without cerebrovascular
or systemic embolism events), postischemic stroke, post-
hemorrhagic stroke, postsystemic embolism, and death (Fig. 1).
Parameter mean values used in base-case analyses are presented
in Table 1. Each cohort was followed over a 45-year time horizon
(with a starting age of 40 years and up to 85 years) to evaluate long-
term effects and costs. During each 1-month cycle, patients could
survive or die from ischemic stroke, hemorrhagic stroke, systemic
embolism, or major bleeding. Additional risk of age-based mor-
tality was incorporated using US life tables.
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Fig. 1 - Schematic presentation of the Markov model.
Patients transitioned through five clinical health states:
atrial fibrillation (without cerebrovascular or systemic
embolism events), postischemic stroke, posthemorrhagic
stroke, postsystemic embolism, and death. *Major bleeding
is assumed to be a transient health state.

Primary Model Sensitivity Analyses

Univariate sensitivity analyses were conducted to test the
robustness of our base-case results and to identify the most
influential parameters affecting the decision. Each parameter was
varied over its plausible range while keeping all other parameters
constant at their base-case values. Parameter ranges were
assigned either on the basis of reported 95% confidence intervals
or otherwise by using the 95% confidence intervals produced from
integer parameter distributions.

In addition, the robustness of base-case results was evaluated by
conducting a probabilistic sensitivity analysis (PSA) using Monte-
Carlo simulation with 5000 iterations. In PSA, uncertainty was eval-
uated by simultaneously varying all model parameters through
random sampling from their respective distributions (Table 1). Beta,
uniform, and gamma distributions were assigned to event proba-
bilities, utilities, and cost estimates, respectively. PSA results are
presented in terms of probabilities of being favored at various
willingness-to-pay (WTP) levels in cost-effectiveness acceptability
curves.

Primary Model Assumptions

Certain assumptions were made in the decision model. First, pa-
tients surviving modeled events including stroke, thromboem-
bolic, or bleeding events were assumed to stay on the same
assigned anticoagulant medication. Second, a maximum of one
event could occur in each monthly cycle. Third, we assumed 100%
adherence to anticoagulant medications without discontinuation
or medication switch. Fourth, persons in the postevent states can
still have other events occur because previous events do not
prevent subsequent events from occurring. Finally, only acute
event costs were included in the analyses. Long-term costs were
not included because of the lack of reliable recent data that are
specific for events modeled in this study, which would bias the
analysis against an intervention with fewer negative events.

Primary Model Event Rates and Mortality

Event probabilities in both treatment arms were derived from
event rates reported in the ARISTOTLE trial for each eGFR level
[24]. Mortality associated with ischemic stroke, hemorrhagic
stroke, systemic embolism, and major bleeding was obtained
from previous literature [31,37,38].

Primary Model Costs

The study was conducted from the US health care system perspec-
tive, where only direct medical costs in US dollars were considered.
Costs of apixaban (5 mg twice daily) and warfarin were obtained
from an official price list (www.goodrx.com) and were $404 and $10/
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Table 1 - Base-case model variables and ranges: event probabilities, mortality estimates, costs, and utilities

Model parameters Estimate Range Assumed distribution
Event probabilities (annual %)
eGFR of <50 ml/min
Ischemic stroke, warfarin [24] 1.6 1.2-2.2 Beta
Ischemic stroke, apixaban [24] 1.7 1.3-23 Beta
Hemorrhagic stroke, warfarin [24] 0.88 0.56—1.3 Beta
Hemorrhagic stroke, apixaban [24] 0.27 0.11-0.5 Beta
Systemic embolism, warfarin [24] 0.12 0.02—0.29 Beta
Systemic embolism, apixaban [24] 0.08 0.01-0.22 Beta
Major bleeding, warfarin [24] 6.2 5.4-7.5 Beta
Major bleeding, apixaban [24] 3.2 2.5-4.0 Beta
eGFR of 50—80 ml/min
Ischemic stroke, warfarin [24] 1.08 0.85-1.35 Beta
Ischemic stroke, apixaban [24] 0.93 0.71-1.15 Beta
Hemorrhagic stroke, warfarin [24] 0.52 0.37-0.71 Beta
Hemorrhagic stroke, apixaban [24] 0.23 0.13—0.35 Beta
Systemic embolism, warfarin [24] 0.07 0.023-0.14 Beta
Systemic embolism, apixaban [24] 0.09 0.032—0.16 Beta
Major bleeding, warfarin [24] 3.16 2.8-3.65 Beta
Major bleeding, apixaban [24] 2.42 2.08—2.83 Beta
eGFR of >80 ml/min
Ischemic stroke, warfarin [24] 0.79 0.59-1.01 Beta
Ischemic stroke, apixaban [24] 0.73 0.55—-0.94 Beta
Hemorrhagic stroke, warfarin [24] 0.27 0.16—0.40 Beta
Hemorrhagic stroke, apixaban [24] 0.22 0.13-0.33 Beta
Systemic embolism, warfarin [24] 0.06 0.02—0.12 Beta
Systemic embolism, apixaban [24] 0.03 0.003—0.08 Beta
Major bleeding, warfarin [24] 1.82 1.51-2.17 Beta
Major bleeding, apixaban [24] 1.45 1.18-1.76 Beta
Probability of death after event (%)
Ischemic stroke [38] 8.0 7.1-9.6 Beta
Hemorrhagic stroke [37] 16.4 9.14—24.7 Beta
Systemic embolism [31] 9.0 5.0-13.7 Beta
Major bleeding [31] 2.0 1.13-3.0 Beta
Costs ($)
Treatment cost warfarin (per month) [54] 15.35 7.68—23.03 Gamma
Treatment cost apixaban (per month) [54] 404 202—606 Gamma
Ischemic stroke hospitalization [40] 15,790 15,320—16,260 Gamma
Hemorrhagic stroke hospitalization [40] 21,623 20,761—22,485 Gamma
Systemic embolism hospitalization [40] 15,976 13,942—18,010 Gamma
Major bleeding hospitalization [40] 9,818 4,909—14,727 Gamma
Status utilities (0—1)
AF and CKD without complications [42] 0.81 0.678—0.914 Uniform
Postischemic stroke [41] 0.443 0.426—0.460 Uniform
Posthemorrhagic stroke [41] 0.431 0.414—0.448 Uniform
Postsystemic embolism [41] 0.627 0.589—-0.664 Uniform
Acute utility decrements (0—1)
Ischemic stroke [42] 0.139 0.118-0.160 Uniform
Hemorrhagic stroke [42] 0.139 0.118—0.160 Uniform
Systemic embolism [42] 0.12 0.102—-0.139 Uniform
Major bleeding [42] 0.18 0.155—0.209 Uniform

AF, atrial fibrillation; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; INR, international normalized ratio.

* Treatment cost includes $5.35 for monthly INR monitoring test.

month for apixaban and warfarin, respectively. The cost of one in-
ternational normalized ratio test was obtained from the Medicare
Reimbursement Handbook 2015 and included in the monthly warfarin
cost ($5.35) [39]. All event hospitalization costs were obtained from
the Healthcare and Utilization Project for 2014 [40].

Primary Model Utilities

Health state utilities for patients with AF were obtained from
previous literature and applied to the model baseline states

(Table 1) [41,42]. Chronic state utilities were adjusted with acute
utility decrements associated with the occurrence of stroke, sys-
temic embolism, and major bleeding events (Table 1) [42].

Sensitivity Analysis Model with Anticoagulant
Discontinuation Assumed after Major Bleeding

In comparison with the primary analysis that assumes restarting
the anticoagulants after major bleeding events as supported by
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some of the literature [43,44|, this sensitivity model assumes
anticoagulant discontinuation after major bleeding because no
definite evidence-based recommendations are available [43]. In
this model, a new health status of “post major bleeding” was
added. Event probabilities for patients entering this new health
status were extracted from the literature. These are presented in
Appendix Table 1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.06.009.

Sensitivity Analysis Model with Composite Stroke/Systemic
Embolism Outcome, and with Dabigatran and Rivaroxaban
Included in the Model

The primary analysis model was limited to warfarin and apixaban
because apixaban is the preferred NOAC agent in patients with
impaired renal function, and because of the limited data on the
other available NOAC agents in the modeled scenario (by eGFR
level and for stroke, systemic embolism, and major bleeding). In
this sensitivity model, combined strokes and systemic embolism
in addition to major bleeding event probabilities were extracted
from the ARISTOTLE [24], the Randomized Evaluation of Long-
term Anticoagulation Therapy [45], and the Rivaroxaban Once
Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atrial
Fibrillation (ROCKET-AF) [13] trials. The incremental costs and
quality-adjusted life expectancy associated with the four antico-
agulants were compared in the AF patient population within two
patient groups of mild and moderate renal impairments. Antico-
agulant discontinuation after major bleeding events was also
assumed in this model. The parameters are presented in
Appendix Table 2 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.06.009.

Results

Base-Case Analysis (Primary Model)

Under base-case conditions, apixaban is a dominant treatment
strategy compared with warfarin (was less expensive and more
effective) in AF patients with eGFR levels of 50 ml/min or less and 50
to 80 ml/min. The incremental QALYs with apixaban compared
with warfarin expectancy were 0.7 QALY with an eGFR of 50 ml/min
or less and 0.54 QALY with an eGFR of 50 to 80 ml/min. In com-
parison with apixaban, warfarin was associated with higher total
costs of $5,607 with an eGFR of 50 ml/min or less and $814 with an
eGFR of 50 to 80 ml/min. Treatment with apixaban was more costly
than with warfarin only in patients with normal kidney function
(eGFR >80 ml/min); nevertheless, apixaban was very cost-effective
compared with warfarin when considering the commonly cited
benchmark WTP thresholds for US health care interventions, that
is, $50,000 to $100,000/QALY gained [46]. Treatment with apixaban
cost $6307/QALY gained compared with warfarin (Table 2).

Sensitivity Analysis (Primary Model)

Table 3 presents the effect of underlying parameter values and
assumptions for which the base-case results were sensitive
within each eGFR subgroup. Univariate sensitivity analyses
showed that apixaban was robustly favored across all parameter
ranges included in the model for patients with an eGFR of 50 ml/
min or less. Apixaban was economically favored after varying of
all input parameters in patients with an eGFR of 50 to 80 ml/min.
Variation of some parameters, including probabilities of ischemic
stroke, major bleeding, and treatment cost for apixaban-treated
patients, were all associated with warfarin no longer being
dominated. Nevertheless, apixaban remained favorably cost-

effective (costlier, more effective) when a WTP threshold of
$50,000/QALY was used. For example, a 15% increase in major
bleeding probability for apixaban-treated patients (of >0.0278)
results in warfarin no longer being dominated (i.e., makes it less
expensive, but still less effective than apixaban). Apixaban was,
however, still cost-effective when considering a WTP threshold of
$50,000/QALY, with a cost of $3,872/QALY at the upper limit of its
plausible probability range (3.63%).

Nevertheless, preference for apixaban was less robust in pa-
tients with normal kidney function (eGFR >80 ml/min). Apixaban
was dominated with a 19% decrease in probabilities of ischemic
stroke in warfarin-treated patients. Furthermore, apixaban was
dominated with a 20% increase in probability of ischemic stroke for
apixaban-treated patients. Results were also sensitive to increased
probability of hemorrhagic stroke for apixaban; apixaban ICER was
exceeding the WTP of $50,000/QALY at probabilities of 0.00319 or
higher. All one-way sensitivity analysis thresholds for changing
base-case decisions are presented in Table 3.

PSA (Primary Model)

Apixaban was a dominant strategy in 99% of the Monte-Carlo
simulations and was cost-effective in 98% of the simulations at
a WTP threshold of $50,000/QALY. Likewise, in patients with an
eGFR of 50 to 80 ml/min, apixaban was the favored strategy in 76%
of the simulations and cost-effective in 97% of the simulations at a
WTP threshold of $50,000/QALY. Given an eGFR of more than 80
ml/min, apixaban was dominant only in 17% of the Monte-Carlo
simulations, but apixaban was still cost-effective in 75% of the
iterations at a WTP threshold of $50,000/QALY. Figure 2 displays
the cost-effectiveness acceptability curves.

Sensitivity Analysis Model with Anticoagulant
Discontinuation Assumed after Major Bleeding

Similar to the primary analysis results, in this model in which
anticoagulant discontinuation after major bleeding events was
assumed, apixaban was a dominant treatment strategy compared
with warfarin in AF patients with eGFR levels of 50 ml/min or less
and 50 to 80 ml/min. In patients with normal kidney function
(eGFR >80 ml/min), apixaban treatment was a cost-effective
alternative to warfarin with an ICER of $695/QALY gained.
Detailed results are presented in Appendix Table 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.06.009.

Univariate sensitivity analyses showed that apixaban was
dominant across all parameter ranges included in the model for
patients with eGFR levels of 50 ml/min or less and 50 to 80 ml/min.
In patients with normal kidney function (eGFR >80 ml/min), apix-
aban was dominant in the following cases: probabilities of
ischemic stroke in warfarin-treated patients exceeding 0.001;
probabilities of ischemic stroke in apixaban-treated patients being
less than 0.0058; probabilities of major bleeding in warfarin-treated
patients exceeding 0.02; probabilities of major bleeding in
apixaban-treated patients being less than 0.013; and when apix-
aban treatment costs per month are less than $299.

Sensitivity Analysis Model with Composite Stroke/Systemic
Embolism Outcome, and with Dabigatran and Rivaroxaban
Included in the Model

In this model, base-case results showed that apixaban was the
only cost-effective anticoagulant strategy and was dominant in
relative to warfarin, dabigatran, and rivaroxaban in both mild and
moderate renal impairment settings. Detailed costs and effec-
tiveness estimated for the four anticoagulants are presented in
Appendix Table 4 in Supplemental Materials found at https://doi.
0rg/10.1016/j.jval.2018.06.009.
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Table 2 - Base-case analysis results

Strategy Cost Incremental cost QALYs Incremental QALYs ICER
eGFR of <50 ml/min

Apixaban $17483 = 15.76 = =

Warfarin $23,090 $5,607 15.06 -0.7 Dominated

eGFR of 50—80 ml/min

Apixaban $12,362 - 16.66 - -

Warfarin $13,176 $814 16.12 —0.54 Dominated
eGFR of >80 ml/min

Warfarin $8,158 — 16.82 — —

Apixaban $9,168 $1,010 16.98 0.16 $6,307.25

eGFR, estimated glomerular filtration rate; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

In patients with moderate renal impairment, univariate
sensitivity analyses showed that apixaban was dominant across
all plausible parameter ranges. In patients with mild renal
impairment, warfarin and dabigatran were undominated with
varying variables as detailed in Appendix Table 5 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.06.009.
Nevertheless, apixaban was still cost-effective with ICERs less
than $50,000/QALY in all cases.

Discussion

This study primarily evaluated the cost effectiveness of apixaban
versus warfarin for prevention of stroke and other thromboem-
bolic events in AF patients at different levels of kidney function.
Overall, study results point toward the preference of apixaban in
AF patients with renal impairment, which was supported by both
deterministic analyses and PSAs. In addition, considering both the
cost and effectiveness of available NOACs, dabigatran and rivar-
oxaban were also inferior to apixaban in patients with mild and
moderate renal impairment.

Our analysis showed that in patients with an eGFR of less than
80 ml/min, warfarin was absolutely dominated, with modeled
patients treated with warfarin incurring higher costs and

achieving fewer QALYs. Results were robust when varying base-
case parameter values over plausible ranges, particularly when
eGFR was less than 50 ml/min. Apixaban was favored on the basis
of event rates obtained from the ARISTOTLE trial, which found
apixaban to be more effective in preventing stroke, systemic
embolism, and major bleeding events compared with warfarin
among all kidney function levels, with apixaban’s superiority
increasing as the eGFR decreased, primarily for major bleeding
risk reduction [24]. Apixaban decreased bleeding risk by 50% with
moderately decreased kidney function (eGFR 30—49 ml/min) [24],
and may be even applicable to patients with ESRD [47]. In our
study, the superiority of apixaban in alleviating economic burden
related to hemorrhagic stroke, systemic embolism, and major
bleeding events decreased total cost, despite the higher acquisi-
tion cost of apixaban. Similarly, mortality associated with these
events and event-related disutility decreased, contributing to the
production of more QALYs with apixaban in this population.

In AF patients with normal kidney function (eGFR >80 ml/min),
apixaban was a very cost-effective alternative to warfarin. Apix-
aban, compared with warfarin, costs only $6307/QALY gained. In
agreement with our results, previous investigations conducted on
the basis of ARISTOTLE data have demonstrated the cost-effective
nature of apixaban versus warfarin for stroke prevention in the
general AF patient population [33,48,49|. This also has been clearly

Table 3 - Univariate sensitivity analyses results and thresholds for changing base-case decision

Sensitivity Base-case Threshold Decision change
parameters value value
eGFR of 50—80 ml/min
Probability of (%)
Ischemic stroke, 0.93 >1.123 Warfarin not dominated, but apixaban is cost-effective (ICER up to $20,350/
apixaban QALY at probability of 1.39%)
Major bleeding, 2.42 >2.781 Warfarin not dominated, but apixaban is cost-effective (ICER up to $3,872/
apixaban QALY at probability of 3.63%)
Treatment cost, 404 >529 Warfarin not dominated, but apixaban is cost-effective (ICER up to $944/QALY
apixaban at monthly cost of $606)
eGFR of >80 ml/min
Probability of (%)
Hemorrhagic stroke, 0.22 >0.319 Apixaban ICER >$50,000/QALY
apixaban
Ischemic stroke, 0.79 <0.639 Apixaban-dominated
warfarin
Ischemic stroke, 0.73 >0.87 Apixaban-dominated
apixaban

eGFR, estimated glomerular filtration rate; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
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Fig. 2 - CE acceptability curves showing probabilities of treatments being cost-effective at a range of willingness-to-pay
values. CE, cost effectiveness; eGFR, estimated glomerular filtration rate.

supported in a recent systematic review on the cost effectiveness
of apixaban in AF, and suggested that apixaban is cost-effective
compared with warfarin with ICERs ranging from €5,607 to
€57,245/QALY ($6,663—$68,027/QALY gained) [50]. Nevertheless, in
contrast with renal impaired subgroups in this study, results were
quite sensitive to variation in persons with normal kidney
function.

Irrespective of renal function, both dabigatran and rivarox-
aban were associated with significantly higher risks of stroke,
systemic embolism, and major bleeding and lower related medi-
cal costs compared with apixaban [51,52]. In comparison with
dabigatran and rivaroxaban in the present study, apixaban was
consistently the only cost-effective treatment strategy in patients
with mild and moderate renal impairment.

Our study has limitations. Event rates derived from the
ARISTOTLE clinical trial, with highly monitored protocols, may
not be representative of real-world practice. Furthermore, event
rates based on a 1.8-year average follow-up period in the
ARISTOTLE trial may not be accurately applied to a 45-year time
horizon. In addition, the results cannot be extrapolated to pa-
tients with severe CKD (creatinine clearance <25 ml/min) or
with ESRD, because they were excluded from the ARISTOTLE
trial. Assumptions such as those of 100% compliance to medi-
cation, maintaining the same efficacy of apixaban over the 45-
year follow-up, and similar costs of apixaban over the time
period might not be completely valid. Finally, because we did
notinclude long-term costs of adverse events, our results would

tend to bias against the intervention associated with fewer
events, in this case apixaban, making the case favoring apix-
aban even stronger.

Overall, treatment with anticoagulants is of paramount
importance in patients with CKD who are at a higher risk of stroke
and mortality because of prevalent AF [10]. Increased bleeding and
thromboembolic risks associated with decreased kidney function
make appropriate oral anticoagulant selection challenging [20].
The optimal choice for preventing stroke in this population should
consider efficacy, safety, and cost. In particular, apixaban has
shown preferable outcomes over warfarin regarding reduced
major hemorrhagic events [24,53]. Building on this evidence, the
present study demonstrates that apixaban is an economically
favorable alternative to warfarin in AF patients with normal kid-
ney function and potentially cost-saving in those with renal
impairment. This study reinforces previous evidence of the
favorable cost effectiveness of apixaban in populations with
normal kidney function and provides new evidence to consider
guideline revision to acknowledge apixaban as a first-line treat-
ment in patients with CKD.

Conclusions

This study demonstrates that apixaban is a cost-effective alter-
native anticoagulant to warfarin in patients with AF irrespective
of kidney function. The cost effectiveness of apixaban is most
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evident in patients with lower eGFR levels in whom warfarin is not
economically favorable.
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