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Abstract

Objective:

The randomized clinical trials, RE-LY, ROCKET-AF, and ARISTOTLE, demonstrate that the novel oral

anticoagulants (NOACs) are effective options for stroke prevention among non-valvular atrial fibrillation

(AF) patients. This study aimed to evaluate the medical cost reductions associated with the use of individual

NOACs instead of warfarin from the US payer perspective.

Methods:

Rates for efficacy and safety clinical events for warfarin were estimated as the weighted averages from the

RE-LY, ROCKET-AF and ARISTOTLE trials, and event rates for NOACs were determined by applying trial

hazard ratios or relative risk ratios to such weighted averages. Incremental medical costs to a US health

payer of an AF patient experiencing a clinical event during 1 year following the event were obtained from

published literature and inflation adjusted to 2010 cost levels. Medical costs, excluding drug costs, were

evaluated and compared for each NOAC vs warfarin. Sensitivity analyses were conducted to determine the

influence of variations in clinical event rates and incremental costs on the medical cost reduction.

Results:

In a patient year, the medical cost reduction associated with NOAC usage instead of warfarin was estimated

to be �$179, �$89, and �$485 for dabigatran, rivaroxaban, and apixaban, respectively. When clinical

event rates and costs were allowed to vary simultaneously, through a Monte Carlo simulation, the 95%

confidence interval of annual medical costs differences ranged between �$424 and þ$71 for dabigatran,

�$301 and þ$135 for rivaroxaban, and �$741 and �$252 for apixaban, with a negative number

indicating a cost reduction. Of the 10,000 Monte-Carlo iterations 92.6%, 79.8%, and 100.0% were

associated with a medical cost reduction4$0 for dabigatran, rivaroxaban, and apixaban, respectively.

Conclusions:

Usage of the NOACs, dabigatran, rivaroxaban, and apixaban may be associated with lower medical

(excluding drug costs) costs relative to warfarin, with apixaban having the most substantial medical cost

reduction.

Introduction

Atrial fibrillation (AF) is the most common significant cardiac rhythm disorder,
affecting �5 million people in the US and independently increasing the risk of
ischemic stroke 5-fold1,2. Stroke was the fourth leading cause of death in
2008 in the US and remains a leading cause of serious long-term disability3.
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With AF-related strokes accounting for between 6–24% of
ischemic strokes4,5 and a total US healthcare cost of all
strokes of $53.9 billion in 2010, AF-related strokes are esti-
mated to have had an economic burden from $3.2 billion
to nearly $13 billion in 20106. Several risk factors contrib-
ute to AF-related stroke occurrence with age being a
predominant factor7,8. With the growing elderly popula-
tion in the US, the prevalence of AF is expected to dou-
ble or possibly triple by 20502,9. Future projections
estimate the US economic burden of AF in 2050 at
�$30 billion10.

The principal anticoagulant used to manage stroke risk
in AF patients for decades has been warfarin. Warfarin is a
broad spectrum anticoagulant that inhibits the synthesis of
multiple factors in the clotting cascade and is effective in
decreasing stroke risk and reducing mortality in AF
patients as long as it is kept in a proper therapeutic
range7,11. The therapeutic range, as monitored by interna-
tional normalized ratio (INR), however, is narrow, and
patients on warfarin must be regularly monitored via
blood testing. Additional complications of warfarin arise
because of multiple drug–drug interactions and drug–
nutrient interactions which result in out of control INRs.

Randomized clinical trials have demonstrated that sev-
eral new anticoagulant pharmacotherapies, referred to
as Novel Oral Anticoagulants (NOACs), are effective
alternatives to warfarin for stroke prophylaxis in AF
patients12–14. These include dabigatran, a direct thrombin
inhibitor, and rivaroxaban and apixaban, both of which
directly inhibit factor Xa in the coagulation cascade with-
out using antithrombin as a mediator.

The efficacy and safety of dabigatran was demonstrated
in the Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial12. In this open-
labeled trial, dabigatran, at a dose of 110 mg twice daily,
was shown to be comparable to warfarin in efficacy for
reducing stroke risk, and demonstrated a reduction in
major bleeding events. At a dose of 150 mg twice daily,
dabigatran was associated with lower rates of stroke and
systemic embolism, but similar rates of major hemorrhage
in comparison to warfarin. In the US, currently, dabigatran
is approved for stroke prophylaxis in AF patients at a dose
of 150 mg twice daily and for those with severe renal
impairment at a dose of 75 mg twice daily.

The efficacy and safety of rivaroxaban was demon-
strated in the randomized, double-blind 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. In
patients with AF, rivaroxaban, at a dose of 20 mg once
daily, was similar in efficacy relative to warfarin for the
prevention of stroke or systemic embolism, and there was
no significant difference in the risk of major bleeding. In
the US, currently, rivaroxaban is approved for stroke pro-
phylaxis in AF patients at a dose of 20 mg once daily.

The efficacy and safety of apixaban was demonstrated
in the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation
(ARISTOTLE) trial14. In this randomized, double-blind
trial, apixaban, at a dose of 5 mg twice daily, was shown
to be superior to warfarin in preventing stroke or systemic
embolism in patients with AF. Additionally, patients trea-
ted with apixaban had a significantly reduced risk for major
bleeding events in comparison to patients treated with
warfarin.

The reduction in clinical events associated with
NOACs may impact the medical costs of AF patients,
although it is unclear whether there will be differences
among the NOACs in this regard. Alongside improving
healthcare access and quality, the reduction of medical
costs is a priority of healthcare reform and evaluation of
whether certain therapeutic interventions are associated
with reductions in medical costs are important to consider,
as those that do demonstrate a relative medical cost reduc-
tion have the potential to improve healthcare delivery
while controlling cost. This study aimed to evaluate from
a US payer perspective the medical cost reductions asso-
ciated with the use of individual NOACs instead of war-
farin based on data from clinical trials.

Methods

Estimation of clinical event rates

The relative risks of clinical events, expressed as either
hazard ratios or relative risk ratios, associated with
NOACs were taken directly from each original trial pub-
lication. The clinical events evaluated included ischemic
or uncertain type of stroke (IS), hemorrhagic stroke (HS),
systemic embolism (SE), myocardial infarction (MI), pul-
monary embolism (PE) or deep vein thrombosis (DVT),
major bleedings excluding hemorrhagic stroke (MBEHS),
clinically relevant non-major bleeding, and other minor
bleeding events. HS was considered both as an efficacy
end-point and a safety end-point in the NOAC vs warfarin
clinical trials. In order to avoid double counting, HS
events in this cost analysis were excluded from major
bleeding, but kept as a component of efficacy end-points.
When the relative risk of a particular clinical event was
not reported in a clinical trial, the relative risk of an end-
point containing this clinical event was used. For example,
the relative risk of SE was not reported in the RE-LY trial,
and for the purpose of this study it was assumed to be equal
to the reported relative risk of stroke and/or SE12.

For warfarin, the rates of clinical events were estimated
as the averages, weighted by patient sample size from the
RE-LY, ROCKET-AF, and ARISTOTLE trials12–14. This
approach reflects that, from a US drug indication perspec-
tive, all three NOACs are likely to be used in the same
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real-world AF population despite different clinical trial
designs and risk profiles of clinical trial populations. For
example, dabigatran and rivaroxaban are both approved
for stroke prophylaxis in AF patients in the US despite
differences in their corresponding trial designs15,16. The
absolute risk of events, i.e., the clinical event rate, associ-
ated with each NOAC, was derived by applying the esti-
mated relative risks to the weighted averages of warfarin
event rates. In this study, we did not evaluate the medical
cost avoidance related to dabigatran 75 mg dose once daily
since the clinical event rates for such dosage were not
reported in the RE-LY trial12.

Estimation of medical cost reductions

Values for incremental medical costs, defined as the incre-
mental costs to a US health payer of an AF patient
experiencing a clinical event during 1 year following the
event were obtained from published literature or based on
input from clinical experts when such literature was not
available. The cost of a clinically relevant non-major
bleeding event was assumed to be the cost of four office
visits and the cost of a minor bleeding event was assumed
to be the cost of one office visit17. The medical costs of
clinical events were inflation adjusted to 2010 cost levels
via the CPI Medical Care Index18. Based on the absolute
risks determined for each of the clinical events, the reduc-
tion in total medical costs associated with each NOAC vs
warfarin was determined. Our study focuses on the medical
cost reduction driven by clinical outcomes, with drug costs
and other additional monitoring-related expenses not
included in this analysis.

Sensitivity analyses

Univariate sensitivity analyses were conducted to deter-
mine the effects of varying a single clinical event rate or
the corresponding incremental cost on the medical cost

reductions associated with NOAC vs warfarin usage.
Clinical event rates were varied between the ranges of
their respective 95% confidence intervals and the incre-
mental cost estimates were varied �30%. Since these var-
iables are often interdependent, a Monte Carlo analysis
was also performed as multivariate sensitivity analysis
with Gaussian distributions assumed for the estimates of
clinical event rates and the corresponding cost estimates.
For each cycle of the Monte Carlo analysis, the value of the
clinical event rates was taken randomly from a Gaussian
distribution of the mean and standard deviation of the
corresponding variables, and the value of the correspond-
ing incremental cost taken randomly from a Gaussian dis-
tribution of the corresponding mean with a coefficient of
variation of 0.30. Ten thousand such iterations were con-
ducted for each NOAC vs warfarin comparison.
Descriptive statistics of the total cost reductions were mea-
sured from the results of 10,000 random Monte-Carlo
cycles. The 95% confidence intervals of the mean medical
cost reduction were evaluated as the range between the 2.5
and 97.5 percentile of medical costs evaluated from the
10,000 random cycles of Monte-Carlo simulation for
each NOAC vs warfarin comparison.

Results

Relative risks for efficacy and safety end-points

Based on the published results of clinical trials for each
NOAC, the estimated relative risks (95% confidence
interval) for key study end-points were 0.76 (0.60 –0.98),
0.94 (0.75–1.17), and 0.92 (0.74–1.13) for IS, and 0.93
(0.81–1.07), 1.04 (0.90–1.20), and 0.69 (0.60–0.80) for
MBEHS for dabigatran, rivaroxaban, and apixaban,
respectively, relative to warfarin (Table 1). The relative
risks for the other evaluated clinical events are reported in
Table 1.

Table 1. Relative risks for efficacy and safety end-points associated with warfarin and novel oral anticoagulants (NOACs).

Drug name Warfarin relative risk Dabigatran-150 mg
relative risk [CI]

Rivaroxaban
relative risk [CI]

Apixaban relative
risk [CI]

Trial name Control arms
of 3 trials

RE-LY12,34 ROCKET-AF13,35 ARISTOTLE14

Primary efficacy end-points
Ischemic or uncertain type of stroke 1.0 0.76 [0.60–0.98] 0.94 [0.75–1.17] 0.92 [0.74–1.13]
Hemorrhagic stroke 1.0 0.26 [0.14–0.49] 0.59 [0.37–0.93] 0.51 [0.35–0.75]
Systemic embolism 1.0 0.65 [0.52–0.81] 0.23 [0.09–0.61] 0.87 [0.44–1.75]

Secondary efficacy end-points
Myocardial infarction 1.0 1.27 [0.94–1.71] 0.81 [0.63–1.06] 0.88 [0.66–1.17]
Pulmonary embolism or deep-vein thrombosis 1.0 1.61 [0.76–3.42] 0.86 [0.74–0.99] 0.78 [0.29–2.10]

Safety end-points
Major bleedings 1.0 0.93 [0.81–1.07] 1.04 [0.90–1.20] 0.69 [0.60–0.80]
Clinically relevant non-major bleedings 1.0 0.91 [0.85–0.97] 1.04 [0.96–1.13] 0.68 [0.61–0.75]
Other minor bleedings 1.0 0.91 [0.85–0.97] 1.16 [0.97–2.39] 0.71 [0.68–0.75]
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Absolute risks for efficacy and safety end-points

Based on the combined results of the three clinical trials,
the per patient year event rates of key clinical events for
warfarin treatment were estimated at 1.24% for IS, and
2.88% for MBEHS (Table 2). When the NOAC relative
risks were applied to these estimated warfarin rates, the
estimated event rates were 0.94%, 1.17%, and 1.14% for
IS, and 2.97%, 3.20%, and 2.07% for MBEHS for dabiga-
tran, rivaroxaban and apixaban, respectively (Table 2).
The estimated event rates for the other evaluated clinical
events are reported in Table 2.

Medical cost reductions

Based on previously published literature, the incremental
1-year medical costs of patients with clinical end-points
relative to patients who did not have a clinical event in
2010 dollars were estimated as the following: IS¼ $39,511,
HS¼ $51,659, SE¼ $19,756, MI¼ $37,446, PE/DVT¼
$19,532, and MBEHS¼ $34,617 (Table 3). In a year,
the total medical cost reductions associated with NOAC
usage instead of warfarin were estimated to be �$179,
�$89, and �$485 for dabigatran, rivaroxaban, and apix-
aban, respectively (Table 4).

For dabigatran, cost avoidance was mainly associated
with reductions in the cost of HS (�$167) and IS
(�$118), but dabigatran usage was associated with
increased costs of MI (þ$79) and MBEHS (þ$31). For
rivaroxaban, cost avoidance was mainly associated with
reductions in the cost of HS (�$92) and MI (�$56), but
rivaroxaban usage was associated with increased costs of
MBEHS (þ$108). For apixaban, cost avoidance was
mainly associated with reductions in the cost of MBEHS
(�$282) and HS (�$110), with smaller contributions
from the cost of IS (�$39) and MI (�$35).

Sensitivity analyses

Univariate and multivariate sensitivity analysis demon-
strated consistent medical cost reductions associated
with NOAC usage relative to warfarin. Figure 1a indicates
how variations in clinical event rates influenced the esti-
mated cost reductions of NOACs. The clinical event rates
with major impact on the estimated cost reductions asso-
ciated with dabigatran usage instead of warfarin were
MBEHS, MI, and IS, with the corresponding medical
cost difference ranges of (�$299, �$53), (�$275,
�$50), and (�$257, �$71), with negative numbers indi-
cating a cost reduction. The clinical event rates with major
impact on the estimated cost reductions associated with
rivaroxaban usage instead of warfarin were MBEHS, IS,

Table 2. Estimated absolute risks for efficacy and safety end-points associated with warfarin and novel oral anticoagulants (NOACs).

Drug name Warfarin, %/yr [CI] Dabigatran-150 mg,
%/yr [CI]

Rivaroxaban,
%/yr [CI]

Apixaban,
%/yr [CI]

Trial name Combined
from 3 trials

RE-LY12,34 ROCKET-AF13,35 ARISTOTLE14

Primary efficacy end-points
Ischemic or uncertain type of stroke 1.24 [1.24–1.24] 0.94 [0.74–1.22] 1.17 [0.93–1.45] 1.14 [0.92–1.40]
Hemorrhagic stroke 0.44 [0.44–0.44] 0.11 [0.06–0.21] 0.26 [0.16–0.41] 0.22 [0.15–0.33]
Systemic embolism 0.13 [0.13–0.14] 0.09 [0.07–0.11] 0.03 [0.01–0.08] 0.12 [0.06–0.23]

Secondary efficacy end-points
Myocardial infarction 0.78 [0.78–0.78] 0.99 [0.73–1.34] 0.63 [0.49–0.83] 0.69 [0.52–0.91]
Pulmonary embolism or deep-vein thrombosis 0.07 [0.07–0.07] 0.11 [0.05–0.23] 0.06 [0.05–0.07] 0.05 [0.02–0.14]

Safety end-points
Major bleedings-excluding hemorrhagic stroke 2.88 [2.88–2.89] 2.97 [2.63–3.34] 3.20 [2.83–3.58] 2.07 [1.84–2.33]
Clinically relevant non-major bleedings 4.85 [4.85–4.85] 4.41 [4.12–4.70] 5.04 [4.66–5.48] 3.30 [2.96–3.64]
Other minor bleedings 13.16 [13.16–13.17] 11.98 [11.19–12.77] 15.27 [12.77–31.46] 9.35 [8.95–9.87]

Table 3. Incremental 1-year healthcare costs of patients with clinical end-
points.

Incremental
1-year

cost, mean
(2010 dollars)c

Primary end-points
Ischemic or uncertain type of stroke26 $39,511.02
Hemorrhagic stroke26 $51,658.58
Systemic embolism26 $19,755.51

Secondary end-points
Myocardial infarction36 $37,446.31
Pulmonary embolism or deep-vein thrombosis37 $19,531.78

Safety end-points
Major bleedings-excluding hemorrhagic stroke26 $34,617.35
Clinically relevant non-major bleedingsa $521.60
Other minor bleedingsb $96.61

aAssumed to be the cost of four office visits based on inputs from clinical
experts. Office visits with CPT code 99215 (2010 cost)17.
bAssumed to be the cost of one office visits with CPT code 99214
(2010 cost)17.
cAll costs were adjusted to the cost of 2010 by CPI Medical Care Index18.
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HS, and MI, with the corresponding medical cost differ-
ence ranges of (�$216, þ$44), (�$182, þ$24), (�$138,
�$12), and (�$16, �$141). The clinical event rates with
major impact on the estimated cost reductions associated
with apixaban usage instead of warfarin were IS, MBEHS,
and MI, with the corresponding medical cost difference
ranges of (�$573, �$382), (�$564, �$395), and
(�$549, �$400).

Figure 1b shows how variations in the incremental med-
ical costs of AF patients with events influenced the esti-
mated cost reductions associated with NOACs. The
incremental medical costs with major impact on the esti-
mated cost reductions associated with dabigatran usage
instead of warfarin were HS (�$229, �$129), IS
(�$214, �$144), and MI (�$203, �$155). The incre-
mental medical costs with major impacts on the estimated
cost reductions associated with rivaroxaban usage instead
of warfarin were MBEHS (�$121, �$56), HS (�$116,
�$61), and MI (�$105, �$72). The incremental medical
costs with major impacts on the estimated cost reductions
associated with apixaban usage instead of warfarin were
MBEHS (�$570, �$400) and HS (�$518, �$452).

The Monte-Carlo multivariate analysis, in which each
variable of the univariate analysis was allowed to vary
simultaneously for 10,000 cycles, was used to further test

the consistency of the medical cost reduction estimates for
NOACs in comparison to warfarin (Figure 2). The means
of medical cost reductions (with 95% confidence interval)
associated with NOACs were as follows: dabigatran
(�$180); (95% CI, þ$71 to � $424), rivaroxaban
(�$89); (95% CI, þ$135 to �$301), and apixaban
(�$485); (95% CI, �$252 to �$741). Of the 10,000
random Monte-Carlo simulation cycles, 92.6%, 79.8%,
and 100.0% had a cost reduction4$0 for dabigatran, riv-
aroxaban, and apixaban, respectively.

Discussion

Based on our economic analysis of the three clinical trials,
1-year medical costs were estimated to be lower for AF
patients taking a NOAC vs warfarin. In particular, the
medical cost reductions in a patient year associated with
dabigatran, rivaroxaban, and apixaban were�$179,�$89,
and �$485, respectively. Our cost comparison was done
within a 1-year time frame as among the three NOAC vs
warfarin trials, the median duration of follow-up ranged
between 1.6–2.0 years and an annual perspective is a com-
monly used time-frame by US payers to assess the cost
consequence of new therapies. The estimated medical

Table 4. Medical costs and differences associated with usage of novel oral anticoagulants (NOACs) in comparison to warfarin*.

Drug name Warfarin
$/patient-yr

Dabigatran-150 mg
$/patient-yr & cost

difference
vs warfarin

Rivaroxaban
$/patient-yr &
cost difference

vs warfarin

Apixaban
$/patient-yr &
cost difference

vs warfarin

Trial name Control arms
of 3 trials

RE-LY ROCKET-AF ARISTOTLE

Primary efficacy end-points
Ischemic or uncertain type of stroke 490.23 372.58 460.82 451.02

Cost difference �117.66 �29.41 �39.22
Hemorrhagic stroke 225.23 58.56 132.88 114.87

Cost difference �166.67 �92.34 �110.36
Systemic embolism 26.50 17.23 6.10 23.06

Cost difference �9.28 �20.41 �3.45
Sum of cost differences �293.61 �142.16 �153.03
Secondary efficacy end-points

Myocardial infarction 292.44 371.39 236.87 257.34
Cost difference 78.96 �55.56 �35.09

Pulmonary embolism or deep-vein thrombosis 12.88 20.74 11.08 10.05
Cost difference 7.86 �1.80 �2.83
Sum of cost differences 86.82 �57.36 �37.92
Safety end-points

Major bleedings-excluding hemorrhagic stroke 998.27 1029.51 1106.11 715.97
Cost difference 31.24 107.85 �282.30

Clinically relevant non-major bleedings 25.30 23.02 26.31 17.20
Cost difference �2.28 1.01 �8.09

Other minor bleedings 12.72 11.57 14.75 9.03
Cost difference �1.14 2.03 �3.69
Sum of cost differences 27.82 110.89 �294.08
Total costs 2083.56 1904.60 1994.92 1598.53
Total cost differences �178.96 �88.64 �485.03

*Negative cost difference values indicate a cost reduction in comparison to warfarin.
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Figure 1. Univariate Sensitivity Analyses Examining the Influence of Variations in (a) Clinical Event Rates and (b) Incremental Costs on the Medical Cost
Reduction of Novel Oral Anticoagulant (NOAC) Usage Relative to Warfarin. IS: ischemic or uncertain type of stroke, HS: hemorrhagic stroke, SE: systemic
embolism, MI: myocardial infarction, MBEHS: major bleedings excluding hemorrhagic stroke CRNB: clinically relevant non-major bleeding and Minor bleeds:
other minor bleeding events.
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cost reductions associated with NOAC usage, relative to
warfarin, can be helpful in determining the overall cost
impacts of the usage of NOACs for the growing population
of AF patients in the US.

Our economic analysis was based on clinical trial
data and therefore the direct application of the results
to the real-world setting, where many factors including
local healthcare cost, drug adherence, population risk,
and health behaviors may vary, will require further
assessment. However, prior to the broad exposure of
NOACs to the real world, clinical trial results are con-
sidered the best basis for conducting this type of
research19,20. Our study results are consistent under addi-
tionally evaluated scenarios, such as when the median
costs instead of mean costs of incremental medical costs
of AF patients with clinical events were used in the
analysis, as well as when the clinical event rates of war-
farin were taken separately from each original NOAC
trial instead of estimated as the weighted average. These
scenarios in addition to the sensitivity analyses were put
in place to reflect the variety of the real-world settings
and demonstrated the consistency of the study results.

The current American College of Cardiology/
American Heart Association/European Society of
Cardiology (ACC/AHA/ESC) guidelines recommend

oral anticoagulation therapy, with a vitamin K antagonist
or dabigatran for AF patients and patients with atrial flut-
ter who have more than one moderate risk factor for stroke,
such as age �75, hypertension, moderately or severely
impaired left ventricular systolic function, heart failure,
and diabetes7.This group of patients comprises �90% of
the AF population21,22. Although anticoagulation therapy
is recommended for the majority of the AF population, it is
under-utilized for various reasons, including the frequent
monitoring of blood concentrations, wide variation in war-
farin pharmacokinetics across the AF population, and
increased risk of bleeding associated with warfarin usage.
A retrospective database analysis evaluating 171,393
patients in the real world reported that, even among AF
patients with high stroke risk, only 42.1% were prescribed
warfarin23. The low compliance in clinical practice with
the recommended guidelines occurs despite the fact that
the net clinical benefit of anticoagulation therapy out-
weighs the risk for the vast majority of AF patients24. In
clinical trials, NOACs were demonstrated to have compa-
rable or better efficacy and safety than warfarin in AF
patients. They also have another clear advantage over war-
farin in that they have a predictable pharmacological
response with no need for frequent, long-term laboratory
testing or dose titration.

Figure 2. Distribution of Total Medical Cost Reductions from 10,000 Cycles of Monte Carlo Simulation (Novel Oral Anticoagulants - NOACs vs. Warfarin).
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In the real-world setting, stroke incidence has been
observed to be higher among AF patients than reported
in clinical trials, although this requires further study, espe-
cially among different racial groups and those at higher risk
for stroke, such as patients with type 2 diabetes. For exam-
ple, Wolf et al.25 reported an incidence of stroke of 4.5%
among AF patients, who were not administered anticoa-
gulation therapy. A real-world analysis conducted in the
US on 119,764 Medicare patients with AF (mean
age¼ 79.3 years) reported an incidence of ischemic
stroke of 3.9% per patient per year and that warfarin
usage was associated with a 27% reduction in this inci-
dence26. The results of the study by Mercaldi et al.26 suggest
the incidence of ischemic stroke (2.9%) may be greater
among AF patients treated with warfarin in the real
world than observed in clinical trial AF patients using
warfarin (1.2%)12–14.

The efficacy of warfarin for stroke prophylaxis in the
real world26, which is about half that observed in clinical
trials, is likely the result of several factors including a wide
range of drug–drug and drug–food interactions, low treat-
ment adherence of warfarin, and fluctuation of time in
therapeutic range. As none of these factors, nor the asso-
ciated costs of warfarin monitoring and dose adjustments
were taken into account in our study, the medical cost
reductions associated with NOAC usage relative to warfa-
rin treatment may be much more substantial when exam-
ined in the real world, although again further study is
required in this regard.

The fact that warfarin usage increases the risk for major
bleeding events is of great concern, especially among AF
patients with a high risk of bleeding in the first place. The
average absolute risk for major bleeding events in clinical
trial patients using warfarin was �2.8%12–14. In the real
world major bleeding events can be higher, and exception-
ally so in patients with greater comorbidities, and in those
not serviced by anticoagulation clinics27,28. A retrospec-
tive database study reported that, of 9186 AF patients with
CHADS2 scores of 0–1, 2, and 3–6, annual major bleeding
event rates were 2.26%, 3.11%, and 4.42%, respectively27.
Annual rates of major bleeds have been reported to be
substantially greater in routine medical clinics, averaging
10.9% in comparison to anticoagulation clinics, which
average 2.8%28. The probable increased risk for major
bleeds in the real world may imply that NOACs with
lower bleeding risk may fare even better in the real
world, where warfarin’s time in therapeutic range is fre-
quently lower29.

Generic warfarin in comparison to NOACs is less
expensive when only drug costs are taken into account.
However, to assist clinicians and health policy-makers in
determining a cost-effective pharmacotherapy for stroke
prevention in AF, apart from drug costs, it is important
to consider whether certain medical costs are avoided with
new therapies in comparison to the standard therapy.

Additionally, when cost-effective analyses consider treat-
ment costs along with outcome costs, the cost and fre-
quency of monitoring and dose adjustment and its
relationship to clinical outcomes on warfarin should be
appropriately incorporated within the context of the clin-
ical data from the randomized control trials. At the time of
completing this analysis, only the cost-effectiveness of
dabigatran, which has been on the market for longer
than a year, has been evaluated in hypothetical real-
world AF populations. The cost-effectiveness analyses of
dabigatran, which have been published to date30–33, con-
sistently reported that dabigatran, despite its higher drug
cost, is cost-effective relative to warfarin for stroke preven-
tion in real world AF populations.

Limitations

In this study, costs of delivering stroke risk reduction,
including drug costs, office visit, and laboratory monitor-
ing costs for warfarin were not taken into account. While
drug costs would be higher for NOACs relative to warfarin,
inclusion of costs for dose adjustment and routine moni-
toring would further increase the medical cost reduction
with NOACs relative to warfarin. Due to the relationship
between frequency of warfarin monitoring, quality of INR
control, and rates of clinical outcomes, further studies are
needed to incorporate the costs of treatment, inclusive of
drug costs and monitoring, into the medical costs of out-
comes. The two NOACs, dabigatran and rivaroxaban, in
the US market are priced higher than warfarin. At the
time of this analysis, apixaban has not yet been approved
by the FDA in the US and the drug price has not been
established. Other limitations to this study and warranting
further analysis among the AF population are the long-
term burden of clinical events, indirect costs, and
quality-of-life, all of which may be impacted by more effi-
cacious pharmacotherapies for stroke prophylaxis or reduc-
tion of major bleeds. As mentioned above, major bleed
rates may be greater in the real world and our cost esti-
mates may have under-estimated the medical cost reduc-
tions, especially in the case of apixaban in the real-world
setting. Another limitation of this cost analysis is that
when the relative risk of a particular clinical event was
not reported in a clinical trial, the relative risk of an
end-point containing this clinical event was used. For
example, the relative risk of SE was not reported in the
RE-LY trial, and for the purpose of this study it was
assumed to be equal to the reported relative risk of stroke
and/or SE12. Finally, due to a substantial overlap between
patients with clinical events (e.g., stroke, major bleeds)
and patient deaths, patient death was not included in
our cost analysis. This may have led to an under-estimation
of the benefits of NOACs vs warfarin.
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Conclusion

Based on the data from three NOAC clinical trials, usage
of the NOACs, dabigatran, rivaroxaban, and apixaban
may be associated with a reduction in medical costs
when used instead of warfarin. Apixaban usage may poten-
tially be associated with the most substantial medical cost
reduction, as its cost reduction is mainly driven by signif-
icant reductions in the risks for both stroke and major
bleeding events.
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