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Cost-effectiveness of apixaban vs warfarin
for secondary stroke prevention in
atrial fibrillation

Hooman Kamel, MD
J. Donald Easton, MD
S. Claiborne Johnston,

MD, PhD
Anthony S. Kim, MD,

MAS

ABSTRACT

Objective: To compare the cost-effectiveness of apixaban vs warfarin for secondary stroke pre-
vention in patients with atrial fibrillation (AF).

Methods: Using standard methods, we created a Markov decision model based on the estimated
cost of apixaban and data from the Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation (ARISTOTLE) trial and other trials of warfarin therapy for AF. We
quantified the cost and quality-adjusted life expectancy resulting from apixaban 5 mg twice daily
compared with those from warfarin therapy targeted to an international normalized ratio of 2–3.
Our base case population was a cohort of 70-year-old patients with no contraindication to antico-
agulation and a history of stroke or TIA from nonvalvular AF.

Results: Warfarin therapy resulted in a quality-adjusted life expectancy of 3.91 years at a cost of
$378,500. In comparison, treatment with apixaban led to a quality-adjusted life expectancy of
4.19 years at a cost of $381,700. Therefore, apixaban provided a gain of 0.28 quality-adjusted
life-years (QALYs) at an additional cost of $3,200, resulting in an incremental cost-effectiveness
ratio of $11,400 per QALY. Our findings were robust in univariate sensitivity analyses varying
model inputs across plausible ranges. In Monte Carlo analysis, apixaban was cost-effective in
62% of simulations using a threshold of $50,000 per QALY and 81% of simulations using a
threshold of $100,000 per QALY.

Conclusions: Apixaban appears to be cost-effective relative to warfarin for secondary stroke
prevention in patients with AF, assuming that it is introduced at a price similar to that of
dabigatran. Neurology® 2012;79:1428–1434

GLOSSARY
AF � atrial fibrillation; ARISTOTLE � Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrilla-
tion; CPT � Current Procedural Terminology; DRG � diagnosis-related group; FDA � US Food and Drug Administration;
ICER � incremental cost-effectiveness ratio; ICH � intracerebral hemorrhage; INR � international normalized ratio; MI �
myocardial infarction; QALY � quality-adjusted life-years; RE-LY � Randomised Evaluation of Long-Term Anticoagulation
Therapy; TTR � time in a therapeutic INR range; VKA � vitamin K antagonist.

Anticoagulation reduces the risk of stroke from atrial fibrillation (AF) more effectively than
antiplatelet therapy.1 For decades, vitamin K antagonists (VKAs) such as warfarin have been
the standard oral anticoagulant drugs for this indication, but they require close monitoring to
ensure effectiveness and to reduce the risk of associated hemorrhage. Several new oral anticoag-
ulant drugs have more predictable metabolism and fewer drug and dietary interactions than
VKAs, eliminating the need for laboratory monitoring. Dabigatran appears superior to warfa-
rin and rivaroxaban is noninferior to warfarin for stroke prevention in patients with AF,2,3 and
both drugs have been approved by the US Food and Drug Administration (FDA) for this
indication. Apixaban appears to reduce rates of stroke, major hemorrhage, and death compared
with warfarin in patients with AF4 and is awaiting FDA review.

By addressing some of the limitations of VKAs, these drugs may improve thromboprophylaxis
for patients with AF, but questions remain regarding their widespread adoption. In addition to
raising concerns about a lack of antidotes and reliable laboratory measures of their anticoagulant
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activity, the introduction of these agents also
raises issues related to cost. Given the strong per-
formance of apixaban for secondary stroke pre-
vention in the Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial
Fibrillation (ARISTOTLE) trial,5 it may be-
come a compelling agent for preventing recur-
rent stroke in patients with AF. However, the
cost-effectiveness of apixaban in this role is un-
known. Using a decision model similar to that
in our previously reported cost-effectiveness
analysis of dabigatran vs warfarin,6 we compared
the cost-effectiveness of apixaban and warfarin
for stroke prevention in patients with AF and
prior stroke or TIA.

METHODS Decision model. We used a Markov model to
compare 2 strategies of anticoagulation after stroke or TIA in
patients with AF: adjusted-dose warfarin with a goal interna-
tional normalized ratio (INR) of 2–3 vs apixaban 5 mg twice
daily. Our base case population was a hypothetical cohort of
70-year-old patients with no contraindication to anticoagulation
and a history of stroke or TIA from nonvalvular AF.

The base case included the following health states: no dis-
ability (history of TIA or ischemic stroke with full recovery),

TIA, ischemic stroke (fatal or resulting in moderate to severe,

mild, or no disability), intracerebral hemorrhage (ICH) (fatal or

resulting in moderate to severe or mild disability), recurrent

stroke or combined stroke and ICH, extracranial hemorrhage,

myocardial infarction (MI), and death (figure 1).

Our model adopted a societal perspective. We excluded costs

unrelated to our treatment strategies and disease states because

our focus was on the incremental cost-effectiveness of apixaban

compared with that of warfarin. Estimates of quality-adjusted

life expectancy were obtained by multiplying the probability of

adverse events in our model by their expected utilities, which

quantify the quality of life associated with an event or health

state, ranging from 0 for death to 1 for perfect health.7

We applied costs and utilities in 1-month cycles for each

outcome over its expected duration. Quality-adjusted life expec-

tancy and net costs were quantified over 20 years or until death,

whichever occurred first. We discounted life-years and costs at

3% per year7 and report them as quality-adjusted life-years

(QALYs) and 2010 US dollars (rounded to the nearest $100).8

We built our model and performed all analyses using TreeAge

Pro Suite 2011 (TreeAge Software, Williamstown, MA). The

methods and reporting of our study follow guidelines for the

conduct of cost-effectiveness analyses.7

Standard protocol approvals, registrations, and patient
consents. This study did not involve human subjects and there-

fore did not require approval by our ethics committees.

Probability of outcomes in the decision model. Rates of

outcomes in our model were primarily based on a substudy of

the ARISTOTLE trial involving patients with prior stroke or

TIA.5 Outcomes not included in our model were assumed to

occur with equal frequency in both treatment groups. We

adjusted mortality rates for age, the presence of AF and prior

stroke or TIA, and type of antithrombotic therapy (table e-1

on the Neurology® Web site at www.neurology.org). In our

base case, the time in a therapeutic INR range (TTR) for

patients receiving warfarin therapy was 66%, the average

TTR in the ARISTOTLE trial.4 In sensitivity analyses, the

risks of adverse events with apixaban relative to warfarin were

adjusted for quartiles of TTR.9

The rate of ischemic stroke in our base case was 2.23% per

year among those receiving warfarin and 1.92% per year among

those receiving apixaban.5 All ischemic stroke rates were in-

creased by a factor of 1.4 per decade of life, compounded

monthly.10 TIAs represented 28% of ischemic events.

In our base case, 1.49% of patients receiving warfarin devel-

oped ICH per year, compared with 0.55% of patients receiving

apixaban.5 Rates of ICH were increased by a factor of 1.97 per

decade of life, compounded monthly.11 We assumed that pa-

tients who developed ICH stopped anticoagulation and began

lifelong aspirin therapy, which was associated with a 0.3% an-

nual rate of ICH and a 6.3% annual rate of ischemic stroke.12,13

Conversely, because our cohort represented a high-risk group

with prior thromboembolism, patients who had a major ex-

tracranial hemorrhage resumed anticoagulation therapy after 1

month. Rates of major extracranial hemorrhage were 2.39%

with warfarin and 2.29% with apixaban.5

The rate of MI was 0.91% per year among patients receiving

warfarin and 0.57% per year among patients receiving apixa-

ban.5 The rate of MI among patients receiving aspirin was

0.5%.14 MI risk was increased by a factor of 1.3 per decade of

life, compounded monthly.15 The short-term mortality of MI

was 7.8%.16

Figure 1 Schematic depiction of a Markov decision model comparing warfarin
with apixaban for secondary stroke prevention in patients with
atrial fibrillation (AF)

All patients start with AF and prior stroke or TIA and then move between health states in
30-day cycles for 20 years or until death. From any of the health states shown, patients
may die or transiently develop TIA, myocardial infarction, or extracranial hemorrhage. Po-
tential health states are the same for both apixaban and warfarin, but the probability of
transitions differ. ICH � intracerebral hemorrhage.
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Quality-of-life estimates. Utilities for ischemic stroke and

ICH were based on their severity (table e-1). Ischemic stroke was

classified as fatal or resulting in moderate to severe, mild, or no

disability. ICH was classified as fatal or resulting in moderate to

severe or mild disability. We assigned a temporary (1 month)

decrement in utility to patients who developed TIA, nondis-

abling stroke, MI, or major extracranial hemorrhage.

Based on published data from a survey of patients receiving

warfarin, we assigned warfarin therapy a utility of 0.987, given

its associated bleeding risk and need for laboratory testing.17

No direct data regarding the utility of apixaban are available.

Ximelagatran, an older direct thrombin inhibitor, was esti-

mated to have a utility of 0.994 by physicians with expertise

in anticoagulation,17 and recent cost-effectiveness analyses

have assigned dabigatran the same utility as ximelegatran.6,18,19

To maintain consistency across studies, we used the same

estimate of utility of apixaban in our base case and varied it

widely in sensitivity analyses.

Costs. Because apixaban is not yet approved for use in the

United States, we estimated its cost from its European price

($210 per month20) and added the cost of office visits for routine

clinical monitoring (Current Procedural Terminology [CPT]

code 99211). The cost of warfarin therapy was its wholesale

cost21 plus Medicare reimbursement (CPT code 99363)22 and 14

laboratory tests to check the INR23 for each 90-day period of

anticoagulation management. In sensitivity analyses, we exam-

ined the costs of patients initiating warfarin therapy, which re-

quired up to 8 additional laboratory tests and was reimbursed at

a higher rate (CPT code 99364).22

The one-time costs of hospitalization for TIA, ischemic

stroke, ICH, MI, and major extracranial hemorrhage were esti-

mated from costs published by the Agency for Healthcare Re-

search and Quality Healthcare Cost and Utilization Project

under the relevant diagnosis-related group (DRG).24 Chronic

costs of care for these adverse events were calculated from the

median value of published studies and Medicare reimbursement

rates for the appropriate DRG.24–29

Sensitivity analyses. In one-way sensitivity analyses, we varied

all model inputs over plausible ranges based on confidence intervals

from the ARISTOTLE substudy5 or the variation in published val-

ues. In addition, we examined the effects of baseline stroke and ICH

risk by varying them in both treatment groups over the same range.

For ischemic stroke, this range of baseline relative risk varied from

0.25 to 2, corresponding approximately to CHADS2 scores of 1 to

5.30 To address concerns about the real-world bleeding risk of apixa-

ban and other new oral anticoagulant drugs,31 we varied the baseline

risks of ICH and extracranial hemorrhage to 4 times the base case

risks and also varied the relative risks of bleeding with apixaban vs

warfarin to 25% higher than the 95% confidence intervals reported

in the ARISTOTLE substudy.5 Given emerging data about an in-

creased short-term risk of stroke upon discontinuation of rivaroxa-

ban,32 we explored the possibility of a similar effect with apixaban by

ranging the relative short-term risk of stroke after apixaban discon-

tinuation to 4 times the risk after warfarin discontinuation. Last, a

probabilistic sensitivity analysis was performed using a first-order

Monte Carlo simulation over 10,000 iterations. For each iteration,

the values for all input variables were randomly sampled from their

respective distributions. A normal distribution was used for age, a

log-normal distribution for costs and relative risks, a beta distribu-

tion for utilities, and a Dirichlet distribution for mutually exclusive

categorizations of stroke and ICH severity.

RESULTS Base case. Warfarin therapy resulted in a
quality-adjusted life expectancy of 3.91 years at a cost
of $378,500. In comparison, treatment with apixa-
ban led to a quality-adjusted life expectancy of 4.19
years at a cost of $381,700. Therefore, apixaban pro-
vided a gain of 0.28 QALYs at an additional cost of
$3,200, resulting in an incremental cost-effectiveness
ratio (ICER) of $11,400.

Sensitivity analyses. Variables with the greatest influ-
ence on our results were the monthly cost of recurrent
stroke or combined stroke and ICH, the starting age of
the cohort, the relative risk of ischemic stroke with
apixaban vs warfarin, and the cost of apixaban (figure
2). First, the cost-effectiveness of apixaban improved as
the monthly cost of care for patients with recurrent
stroke or combined stroke and ICH increased. Above a
monthly cost of $4,100, the ICER for apixaban
dropped below $50,000 per QALY and above $8,200,
apixaban was dominant. Second, our model was mod-
erately sensitive to the cost of apixaban, but apixaban
remained cost-effective at monthly costs up to $350,
which would be roughly 175% of the current wholesale
price of dabigatran.33 Conversely, at a monthly cost of
less than $170, apixaban was cost-saving compared with
warfarin. Third, the cost-effectiveness of apixaban rela-
tive to that of warfarin varied with the starting age of
our cohort. At age older than 87 years, the competing
risk from background mortality overwhelmed the rela-
tive reductions in adverse events with apixaban. Last,
apixaban was dominant if its relative risk of ischemic
stroke compared with that of warfarin was less than
0.75 and remained cost-effective until its relative risk
exceeded 1.09.

Varying other inputs across their plausible ranges
did not significantly affect the ICER of apixaban
compared with that of warfarin (figure 2). Changes
in the utility of warfarin or the cost and number of
INR checks throughout reasonable ranges had negli-
gible effects on our results. Apixaban remained ro-
bustly cost-effective relative to warfarin across the
spectrum of TTR. Plausible variations in the baseline
risk of ICH or extracranial hemorrhage or their rela-
tive risks with apixaban vs warfarin did not negate
the cost-effectiveness of apixaban. Similarly, apixa-
ban remained cost-effective throughout a wide range
of baseline stroke risk. Apixaban was cost-effective
even if its discontinuation due to poor tolerability led
to 4 times the short-term risk of stroke as discontin-
uation of warfarin. In addition, although missed
doses would affect clinical outcomes more adversely
with apixaban than with warfarin given the longer
half-life of warfarin, imperfect compliance with twice
daily dosing in a substantial proportion of patients
did not significantly affect the ICER of apixaban.
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Probabilistic sensitivity analysis. Given a willingness-
to-pay threshold of $50,000 per QALY, apixaban
was cost-effective in 62% of Monte Carlo simula-
tions (figure 3). This proportion increased to 81%
using a threshold of $100,000 per QALY.

DISCUSSION Based on subgroup results from the
ARISTOTLE trial, our analysis indicates that apixa-
ban is cost-effective relative to VKAs for throm-
boprophylaxis in patients with AF and prior stroke or

TIA. Our findings were robust across a reasonable
range of model inputs.

Cost-effectiveness analyses of rivaroxaban or sub-

group analyses of rivaroxaban in patients with prior

stroke or TIA are not yet available. To ensure the

comparability of this analysis with prior cost-

effectiveness analyses of dabigatran, we used the same

decision model as our analysis of dabigatran vs warfa-

rin,6 which was broadly similar to that for other anal-

Figure 2 Incremental cost-effectiveness ratio of apixaban vs warfarin over plausible ranges of model inputs

The solid vertical black lines represent values in the base case. ICH � intracerebral hemorrhage; INR � international normal-
ized ratio; MI � myocardial infarction.
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yses of dabigatran.18,19 Our estimated ICER for

apixaban ($11,400 per QALY) is lower than our pre-

vious estimate for dabigatran ($25,000 per QALY).

Apixaban also appears more robustly cost-effective in

sensitivity analyses than dabigatran. For example, al-

though the relative cost-effectiveness of dabigatran

depends on the quality of warfarin management in

the comparator group,6,18 the cost-effectiveness of

apixaban for secondary stroke prevention does not

appear to be sensitive to the TTR of warfarin. How-

ever, whereas the baseline characteristics of patients

with prior stroke or TIA in the Randomised Eval-

uation of Long-Term Anticoagulation Therapy

(RE-LY) and ARISTOTLE trials appear broadly

similar,5,34 caution should be used when estimates of

the cost-effectiveness of these 2 drugs are compared,

because directly comparative data are lacking.

Our study should be interpreted in the context of

several important limitations. First, many of our

model inputs were derived from a substudy of a sin-

gle randomized clinical trial. This resulted in a fair

amount of uncertainty in our model, as reflected in

the fact that only 62% of Monte Carlo simulations

supported the base case finding that apixaban is cost-

effective at a threshold of $50,000 per QALY. Larger

sample sizes would provide more precise parameter

estimates and greater certainty, as can be seen in the

analysis of Freeman et al.19 of the entire RE-LY co-

hort, in which dabigatran was cost-effective (at

$50,000 per QALY) in �80% of simulations.

Therefore, although apixaban appears to be cost-

effective for secondary stroke prevention based on

currently available evidence, further data would al-

low this to be assessed more definitively. Second, our

model represented a population of patients with

prior stroke or TIA, and therefore our results cannot

necessarily be extrapolated to all patients with AF.

Third, our model quantified costs and QALYs over a

20-year horizon, but many of our inputs were de-

rived from studies with much shorter follow-up, such

as the median 1.8 years of follow-up achieved in the

ARISTOTLE trial. Last, we used the European price

of apixaban to estimate its US cost if it were to be

approved, and therefore our results may change de-

pending on the final US price of apixaban.

In this dynamic area of medicine, further data

about the real-world patterns of use, effectiveness,

and adverse event rates of new oral anticoagulant

Figure 3 Proportion of simulations in probabilistic sensitivity analysis resulting in a favorable incremental
cost-effectiveness ratio of apixaban vs warfarin

Points below the diagonal dotted line represent iterations in which apixaban was cost-effective at a threshold of $50,000
per quality-adjusted life-year. The ellipse encompasses 95% of all iterations.
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drugs are anticipated, and such data will allow more

refined estimates of the relative cost-effectiveness of

these agents. In the meantime, however, questions

about these drugs’ costs already factor into the deci-

sions of physicians, patients, insurers, and health sys-

tems, and therefore our results may be helpful in

determining optimal strategies of anticoagulation to

prevent stroke from AF. Based on available data,

apixaban appears to be a cost-effective alternative to

VKAs for secondary stroke prevention in patients

with AF.
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Do You Know What is Happening to Neurology on
Capitol Hill?

Congress is making decisions that affect neurologic research funding and the way neurology is practiced
in the United States. Only Capitol Hill Report on AAN.com takes you behind Washington’s closed doors
and shines a light on how your federal legislators are working for—or against—your interests. Read
Capitol Hill Report on AAN.com the second and fourth Wednesday of each month. Stay informed. Your
work depends on it.

Editor’s Note to Authors and Readers: Levels of Evidence in Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology®

that report on clinical therapeutic studies must state the study type, the primary research ques-
tion(s), and the classification of level of evidence assigned to each question based on the AAN
classification scheme requirements. While the authors will initially assign a level of evidence, the
final level will be adjudicated by an independent team prior to publication. Ultimately, these levels
can be translated into classes of recommendations for clinical care. For more information, please
access the articles and the editorial on the use of classification of levels of evidence published in
Neurology.1-3
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