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Abstract

Background Strokes attributed to atrial fibrillation (AF)
represent a major cause of adult disability and a great
burden to society and healthcare systems.

Objectives Our objective was to assess the cost effective-
ness of apixaban, a direct acting oral anticoagulant
(DOAC), versus warfarin or aspirin for patients with AF in
the Greek healthcare setting.

Methods We used a previously published Markov model to
simulate clinical events for patients with AF treated with
apixaban, the vitamin K antagonist (VKA) warfarin, or
aspirin. Clinical events (ischemic and hemorrhagic stroke,
intracranial hemorrhage, other major bleed, clinically rele-
vant non-major bleed, myocardial infarction, and cardio-
vascular [CV] hospitalizations) were modeled using efficacy
data from the ARISTOTLE and AVERROES clinical trials.
The cohort’s baseline characteristics also sourced from these
trials. Among VKA-suitable patients, 64.7% were men with
a mean age of 70 years and average CHADS, (cardiac fail-
ure, hypertension, age, diabetes, stroke,) score of 2.1,
whereas 58.5% of VKA-unsuitable patients were men with a
mean age of 70 years and a CHADS, score of 2.0. A panel of
experts (cardiologists and internists) provided information
on the resource use associated with the management of AF.
Cost calculations reflect the local clinical setting and a third-
party payer perspective (€, discounted at 3%).
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Results Based on a simulation of 1000 VKA-suitable pa-
tients over a lifetime horizon, the use of apixaban versus
warfarin resulted in 26 fewer strokes and systemic embo-
lisms in total, 65 fewer bleeds, 41 fewer myocardial
infarctions, and 29 fewer CV-related deaths, with an
incremental cost-effectiveness ratio (ICER) of €14,478/
quality-adjusted life-year (QALY). For VKA-unsuit-
able patients, apixaban versus aspirin resulted in 72 fewer
strokes and systemic embolisms and 57 fewer CV-related
deaths, with an ICER of €7104/QALY. Sensitivity analyses
indicated that results were robust.

Conclusions Based on the present analysis, apixaban rep-
resents a cost-effective treatment option versus warfarin and
aspirin for the prevention of stroke in patients with AF from a
Greek healthcare payer perspective over a lifetime horizon.

Key Points

The novel oral anticoagulant apixaban represents a
cost-effective option versus aspirin and warfarin for
the prevention of stroke and systemic embolism in
patients with atrial fibrillation (AF) in the Greek
healthcare setting.

Use of apixaban versus warfarin in the treatment of
AF leads to an incremental quality-adjusted life-year
(QALY) gain of 0.222 and an incremental cost-
effectiveness ratio (ICER) of €14,478/QALY from a
Greek healthcare payer perspective.

For VKA-unsuitable patients with AF treated in the
Greek healthcare setting, apixaban compared with
aspirin resulted in an incremental QALY gain of
0.284 and an estimated ICER of €7104/QALY.
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1 Introduction

Atrial fibrillation (AF) is a heart rhythm disorder that
causes poor blood flow and increases the likelihood of
heart failure and stroke events [1]. It is very often inter-
mittent, and its symptoms, such as irregular pulse, short-
ness of breath, and palpitations, are unspecific and sporadic
[2, 3]. As a result, about one-third of patients with AF
remain undiagnosed and untreated, with inestimable con-
sequences to their health and quality of life [4].

The ever-increasing aging population, with associated
increases in hypertension, diabetes, and thyroid disease,
which represent underlying causes of AF, inevitably
increase the prevalence of AF, which is expected to double
by 2050 compared with 2004, to reach 4% of the global
population [5, 6]. Worldwide, there were an estimated 33.5
million patients with AF in 2010, with 5 million new cases
occurring each year [7]. In Greece, the overall AF preva-
lence was estimated to be about 3.9% of the general pop-
ulation in 2002-2003, showing an increasing trend with
increasing age [8, 9].

AF is associated with a fivefold risk of stroke and a
threefold incidence of congestive heart failure and higher
mortality [10, 11]. About 15-20% of all strokes are
attributed to AF and result in severe disability and
increased probability of death [12, 13]. Furthermore, car-
dioembolic stroke events are much more severe in patients
with AF than in non-AF patients and increase the risk of
remaining disabled by 50% [12, 13]. Indeed, strokes
attributed to AF represent a major cause of adult disability
and are more likely to be fatal, inflicting a greater burden to
society and healthcare systems.

The number of hospitalized patients with AF has
increased by 60% in the past 20 years, and this, in com-
bination with the severity of the stroke events experienced
by patients with AF, inevitably leads to a substantial
increase of the associated healthcare costs [14]. The mean
cost of a severe stroke was estimated to be about three
times higher than that of a mild stroke, mainly because
severe stroke extends the hospitalization length by 20%
(4-8 days in European countries) and requires intensive
hospital care. More specifically, in Greece, the mean cost
per patient and per day in an acute stroke unit was calcu-
lated at €2864 and €244, respectively [15]. One study
estimated that the mean inpatient cost of a patient with AF
could reach €6445 with the total cost of stroke in Europe
being estimated at about €38 billion and the total annual
cost of AF in Greece was €272 in 2007, with 1-year follow-
up assessed at €1507 per patient and mean inpatient
admission at €1363 [16, 17]. Therefore, to reduce the
overall burden of stroke, the main target should be AF
management.
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Management of AF consists of relieving symptoms and
controlling the risk of stroke [11, 18]. Pharmaceutical
treatment includes administering heart rate and/or
antiarrhythmic agents, and international guidelines rec-
ommend antithrombotic therapy in both cases depending
on the risk of stroke [19]. The most recent European
guidelines recommend that patients with AF who have
more than one stroke risk factor should receive effective
stroke-prevention therapy, either with oral anticoagulants
(OACG:s), such as vitamin K antagonists (VKAs) with well-
controlled VKA therapy, or one of the direct acting oral
anticoagulants (DOACs) [11]. Regarding antiplatelet
drugs, acetylsalicylic acid (aspirin) is widely used in
patients with AF and a low risk of stroke or in those who
are unable to receive warfarin [20]. However, both ther-
apies present several limitations that restrict their
administration.

Warfarin has been shown to be very effective in pre-
venting stroke. Several systematic reviews have revealed
that warfarin can reduce the risk of stroke by 62-68% and
the risk of death by 26-33% [21]. Nevertheless, warfarin is
characterized by a very narrow therapeutic window, and
regular blood pressure monitoring is required to ensure
patients remain within optimal ranges, i.e., between 2.0 and
3.0 as defined by the international normalized ratio (INR)
[19]. Thus, patients in whom the INR is too high are at
increased risk of bleeding, whereas patients in whom the
INR is too low are inadequately protected from stroke.
Moreover, warfarin has been found to strongly interact with
food and other drugs, further complicating its maintenance
within the therapeutic ranges, and justifying its underuse
[22, 23]. On the other hand, aspirin reduces the risk of all
strokes by approximately 22% compared with placebo but
is associated with an increased risk of bleeding and is less
effective than warfarin [24, 25]. Hence, these limitations
highlight the need for more effective and safer OACs.

Apixaban is a direct factor Xa inhibitor approved by the
European Medicines Agency and is used to prevent stroke
as well as blood clots in other organs in patients with AF
who present one or more risk factors (previous stroke,
hypertension, diabetes, heart failure) or are aged >75 years
[26]. Two primary clinical studies, ARISTOTLE (Apixa-
ban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation) and AVERROES (Apixaban
Versus Acetylsalicylic Acid to Prevent Stroke in Atrial
Fibrillation Patients Who Have Failed or Are Unsuit-
able for Vitamin K Antagonist Treatment), have high-
lighted the efficacy of apixaban. ARISTOTLE compared
apixaban with warfarin, whereas AVERROES compared
apixaban with aspirin in patients unable to tolerate war-
farin. In both trials, apixaban proved superior in preventing
stroke or systemic embolism [27, 28].
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Healthcare systems must prioritize effective and high-
quality management of AF to alleviate the economic and
societal burden it engenders [29] and are therefore obliged
to restrain their expenses as well as provide patients with
the most efficacious treatments. In countries under financial
constraints, such as Greece, adequate resource allocation is
key factor in achieving this, especially for diseases asso-
ciated with high clinical and economic burden such as AF.
In that context, economic evaluations of new treatments
provide evidence of their value from clinical and economic
viewpoints.

The present study aimed to perform a cost-effectiveness
analysis of apixaban versus treatment strategies using
warfarin for VKA-suitable or aspirin for VKA-unsuit-
able patients in a setting under fiscal restraints, as in the
case of Greece.

2 Methods
2.1 Model Structure

We adapted a previous Markov decision tree model [30]
for the Greek healthcare setting to analyze the cost
effectiveness of apixaban versus warfarin or aspirin for
VKA-suitable or VKA-unsuitable patients, respectively.
The model included the following mutually exclusive
health states: non-valvular AF (NVAF), ischemic stroke
(mild, moderate, severe), hemorrhagic stroke (mild,
moderate, severe), myocardial infarction (MI), systemic
embolism (SE), NVAF without anticoagulation, and
death, which was considered as an absorbing health state
in which patients remained for the rest of the simulation.
All patients started at the NVAF state and could remain
in the NVAF state until one stroke, bleed (intracranial
hemorrhage [ICH], other major bleed, or clinically rel-
evant non-major [CRNM] bleed), systemic embolism,
MI, cardiovascular hospitalization unrelated to the
events modelled, or death. We applied half-cycle cor-
rection to avoid overestimation or underestimation of the
expected values.

We used a lifetime horizon and discounted costs and
health outcomes after the first year at 3%. The perspective
was that of the Greek healthcare system.

2.2 Model Population

The base-case model simulated a cohort of 1000 patients
with NVAF and different stroke risks per treatment arm.
Patients were assigned to receive apixaban if they were
considered ‘VKA suitable’ and aspirin if ‘“VKA unsuit-
able’. The model also allowed a mixed analysis of the two
subpopulations.

Baseline characteristics for VKA-suitable and VKA-
unsuitable patients were sourced from AVERROES and
ARISTOTLE, respectively [26, 27]. The inputs required
were mean age, seXx, and CHADS, (cardiac failure,
hypertension, age, diabetes, stroke,) score distribution
information. Mean age and sex reflect predicted life
expectancy, whereas CHADS; is an index that assesses the
risk of patients experiencing a stroke event and is therefore
used to guide anticoagulation therapy. In the analysis, 77%
of patients were VKA suitable: males 64.7%, mean age
70 years, mean CHADS, score 2.1. The rest were VKA
unsuitable: males 58.5%, mean age 70 years, average
CHADS, score 2.0.

2.3 Risk of Clinical Events

Data concerning clinical event rates also derived from
AVERROES (apixaban 5 mg twice daily vs. aspirin
81-324 mg/day) and ARISTOTLE (apixaban 5 mg twice
daily vs. warfarin, dose-adjusted to maintain an INR of
2.0-3.0) [27, 28]. Table 1 depicts the clinical event rates
for apixaban per 100 patients and the hazard ratios (HRs)
of the comparators versus apixaban obtained from these
studies.

The model allows stroke, bleeding, and MI risks to be
adjusted, taking into account their increased risk with ageing.
These risks were increased by 1.40 for stroke, 1.97 for bleeding,
and 1.30 for MI per decade, as reported in the literature.
Severity distributions for stroke and hemorrhagic stroke
according to the modified Rankin scale (mRS) score were also
obtained from AVERROES and ARISTOTLE (Table 2).

2.4 Resource Use and Cost

As Greek-specific data were lacking, we obtained infor-
mation on resource use from an expert panel of healthcare
practitioners (cardiologists and internists) to reflect local
clinical practice (additional detail is provided in the elec-
tronic supplementary material). The costs associated with
patient monitoring and resource use are reported in €, year
2015 values, and only direct medical costs are considered.
The analysis was undertaken from a third-party payer
perspective, with a lifetime horizon, and costs and out-
comes were discounted at a rate of 3% per annum.
Treatment prices were sourced from the most recent
official price list available at the time of model adaptation
(December 2015, Price Bulletin, Greek Ministry of Health
[31]). A cost was attributed to the occurrence of each acute
clinical event and to the recommended monthly mainte-
nance treatment. Costs for acute care episodes were derived
from the Greek diagnosis-related group (DRG) price list
and a study by Gioldasis et al. [35]. Maintenance costs
were calculated based on the proportion of acute to total
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Table 1 Clinical event rates for apixaban and warfarin/aspirin [27, 28, 32-34]

Clinical events VKA suitable

VKA unsuitable

Apixaban (rate/100 PY) Warfarin (HR vs. apixaban) Apixaban (rate/100 PY) Aspirin (HR vs. apixaban)

Stroke 0.981 1.087
Intracranial hemorrhage 0.330 2.381
Other major bleed 1.790 1.266
CRNM bleed 2.083 1.433
Myocardial infarction 0.530 1.136
Systemic embolism 0.090 1.110
Other CV hospitalization 10.460 1.000
Other death rate 3.0825 1.084
Other treatment discontinuation 13.177 1.089

1.374 2.270
0.344 1.013
1.066 0.535
3.113 0.762
0.760 1.163
0.060 6.83
10.460 1.155
2.9668 1.212
17.310 1.099

CRNM clinically relevant non-major, CV cardiovascular, HR hazard ratio, PY patient years, VKA vitamin K antagonist

Table 2 Stroke and hemorrhagic stroke severity distribution and case
fatality rate (modified Rankin scale 6) for each treatment [27, 28]

Severity VKA suitable (%) VKA
unsuitable (%)
Apixaban Warfarin Apixaban  Aspirin
Stroke
Mild (mRS 0-2) 53 45 40 36
Moderate (mRS 3-4) 21 30 28 38
Severe (mRS 5) 8 10 12 15
Fatal (mRS 6) 18 15 20 11
Hemorrhagic stroke
Mild (mRS 0-2) 23 20 7 7
Moderate (mRS 3-4) 32 15 20 20
Severe (mRS 5) 10 12 27 27
Fatal (mRS 6) 35 53 46 46

mRS modified Rankin scale, VKA vitamin K antagonist

per year costs, as previously reported [36], and the allo-
cation of (the remaining) maintenance costs were calcu-
lated on a monthly basis (Table 3).

2.5 Utilities

Utility inputs were sourced from a UK-based utility catalog
[37] and assigned to patients according to their health
states. Utility estimations were calculated by applying a
baseline AF-specific utility score and subtracting the
disutility decrements associated with each event, modeled
for a particular duration of time [37, 38] (Table 4).

2.6 Model Outcomes
For each treatment strategy, model outcomes included

cardiovascular events as well as the number of life-years

A\ Adis

and quality-adjusted life-years (QALYs) gained. Cost
outcomes per treatment alternative comprised costs attrib-
uted to therapy, routine care, monitoring, cardiovascular
events, and management.

Treatment alternatives were compared by estimating the
incremental cost-effectiveness ratios (ICERs), expressed as
the cost per QALY gained, comparing apixaban with
warfarin for VKA-suitable patients or with aspirin for the
VKA-unsuitable population.

2.7 Sensitivity Analysis

We conducted extensive univariate and probabilistic sen-
sitivity analyses (PSA) to test the robustness of the model
and the corresponding results.

Univariate sensitivity analysis was used to examine
the effect on results of changes in key model parame-
ters. Each parameter was varied according to 95%
confidence intervals and standard deviations when
applicable, with keeping other parameters constant. If
confidence intervals and standard deviations were
unavailable, the standard deviation was assumed to be
25% of the mean.

We also conducted a PSA to test the robustness of the
findings. A series of ICERs were calculated by running a
PSA for 2000 simulations during which event rates,
costs, and utilities were varied simultaneously by
drawing random values based on a set of pre-specified
types of distributions. The time horizon, population
characteristics, and model settings were kept constant.
We used Beta distributions for probabilities and utilities
of clinical events, Gamma distributions for cost inputs
and, finally, Dirichlet distributions for patient distribu-
tion among a number of different occurrences, such as
stroke severity.
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Table 3 Treatment and clinical event costs from a third-party payer perspective

Medications Cost/tablet (€)* Daily dosage (mg)h
Apixaban 5 mg/TAB BT x 60 1.25 10
Warfarin 5 mg/TAB BT x 20 0.10 5
Aspirin 800 mg/TAB BT x 20 0.04 185.5
Clinical event costs® (€) Acute cost/episode Maintenance cost/month
Ischaemic/hemorrhagic stroke
Mild 2900.50 295.42
Moderate 3204.20 326.35
Severe 6061.80 617.41
Fatal 4168.80 -
Systemic embolism 3069.00 312.58
Other ICH 2161.00 -
Other major bleeds (excluding ICH)
Gastrointestinal bleed 654.50 -
Non gastrointestinal-related bleed 2209.50 -
Clinically relevant non-major bleed 345.00 -
Myocardial infarction 1443.50 4.61¢
Other cardiovascular hospitalization 1218.30 -

DRG diagnosis-related group /CH intracranial hemorrhage, SPC summary of product characteristics

* Cost of drugs was based on most recent available price bulletin issued from the Greek Ministry of Health [31] (Retail prices, 31 December

2015) at the time of model adaptation

° The daily dosage was as per the approved SPC for apixaban [53] and based on expert opinion for mean daily dose of warfarin and aspirin,

respectively

¢ Clinical event costs were based on the most recent published DRG list available

9 As per the ratio reported in Beswick et al. [54]

Table 4 Utility scores of health states and utility decrements asso- 3 Results

ciated with clinical events [37, 38]

Health states

Utility score 3.1 Base-Case Analysis

Non-valvular atrial fibrillation (baseline)

Stroke
Mild
Moderate
Severe
Systemic embolism

Myocardial infarction

0.7270 Based on a simulation of a cohort of 1000 VKA-suit-

able patients over a lifetime, the use of apixaban versus
06151 warfarin was predicted to reduce the number of cardio-
ngjg vascular events, increase the number of life-years and

QALYs gained, and yield an ICER less than an implicit
0.6265 threshold of €30,000/QALY. Currently, there is no official
06098 willingness-to-pay threshold in Greece. The World Health

Clinical events

Utility decrement Duration ~ Organization recommends a threshold corresponding to

Other ICH (excluding hemorrhagic
stroke)

Other major bleed
Clinically relevant non-major bleed

Other cardiovascular hospitalization

0.1511

0.1511
0.0582
0.1276

three times per capita gross domestic product (GDP), i.e.,

6 weeks €72,918/QALY in Greece [39, 40]. However, we adopted a
2 weeks more conservative implicit threshold of €30,000/QALY,
2 days reflecting the context of economic crisis. The drug-acqui-
6 days sition cost is higher for apixaban, but this is offset because

the clinical event costs are lower than for warfarin and

ICH intracranial hemorrhage

aspirin (Table 5).
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Table 5 Number of clinical
events, life-years, quality-
adjusted life-years gained, and
attributed costs by treatment

Number of events (per cohort of 1000 patients)

VKA suitable VKA unsuitable

strategy over a lifetime horizon Apixaban ~ Warfarin Apixaban  Aspirin
for' vitamin K anta'gonist- Event
suitable and -unsuitable cohorts
Ischemic stroke (incl. recurrent) 258 270 286 346
Hemorrhagic stroke (incl. recurrent) 29 41 18 19
Systemic embolism 24 26 25 36
Other ICH 13 24 17 15
Other major bleeds 147 160 108 73
Clinically relevant non-major bleeds 268 309 333 263
Myocardial infarction (non-fatal) 73 76 84 81
Myocardial infarction (fatal) 11 11 12 12
Other CV hospitalization 1182 1154 1185 1148
Other treatment discontinuation 636 579 704 669
Deaths (event-related) 372 401 403 460
Deaths (total) 1000 1000 1000 1000
Health outcomes (per patient)
Life-years gained 9.069 8.849 9.052 8.731
QALYs gained 6.450 6.228 6.421 6.137
Costs (€ discounted per patient)
Anticoagulants 4170.00 223.49 3587.65 216.06
Routine care 183.70 311.66 181.42 136.06
Monitoring 25.12 242.41 32.22 36.90
CV event costs 5210.51 5601.62 5522.77 7289.03
Management costs 11.78 11.82 11.75 11.08
Total cost 9601.11 6391.00 9335.63 7316.39
ICER (cost/QALY gained, apixaban vs. comparator) — 1447755 - 7104.31

CV cardiovascular, /ICER incremental cost-effectiveness ratio, /CH intracranial hemorrhage, QALY quality-
adjusted life-year, VKA vitamin K antagonist

More specifically, when compared with warfarin, apix-
aban resulted in 26 fewer strokes (ischemic and hemor-
rhagic, including recurrent strokes) and systemic
embolisms in total, 65 fewer bleeds (including other ICH,
major bleeds, and CRNM bleeds), 41 fewer MlIs, and 29
fewer cardiovascular-related deaths, but 28 more cardio-
vascular-related hospitalizations (Table 5). The incremen-
tal gain in QALYs with apixaban versus warfarin was
estimated to be 0.222 at an incremental cost of €3210.11,
resulting in an ICER of €14,477.55/QALY

For the cohort of VKA-unsuitable patients, apixaban
resulted in 72 fewer strokes (ischemic and hemorrhagic,
including recurrent strokes) and systemic embolisms and
57 fewer cardiovascular-related deaths than did aspirin.
However, it also engendered 107 more bleeds (including
other ICHs, major bleeds, and CRNM bleeds) and 37
more cardiovascular-related hospitalizations. The incre-
mental gain in QALY for that population was 0.284 at an
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incremental cost of €2019.24, and the respective ICER
was therefore estimated at €7104.31/QALY (Table 5).

3.2 Univariate Sensitivity Analysis

According to the results of the univariate sensitivity
analysis, the daily cost of apixaban and that of the com-
parator, and the utility values for AF, were the key
parameters that influenced the ICER for the VKA-suit-
able cohort. Apixaban always remained a cost-effective
strategy, with ICERs ranging from €7172.54/QALY to
€20,281/QALY (Fig. 1).

For VKA-unsuitable patients, the stroke risk for apixa-
ban was the key driver of the model, while the daily cost of
apixaban and the age of patients also significantly influ-
enced the ICERs. As previously, the outcomes of the
analysis were favorable for apixaban, with the relevant
ICERs ranging from €4554.53/QALY to €13,551.80/
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(@) Tornado chart for ICER for VKA suitable cohort

14,477.55
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MI_Utility 055 12,920.57 NN 14,629.65 0.7
ICHRiskApixaban 050 12,928.66 - 14,615.37 0.36
FemaleAge £300 13,177.38 I 14,527.07 77.00
MaleAge 6300 13,062.12 WM 14,408.45 27700
MildStrokeUtility - 13,222.81 Wl 1427154 055
CFRStrokeApixaban 016 13,485.51 I 13,990.08 0.20
SE_Utility g6 13.481.04 W 13,982.46 063
ModerateStrokeUtility 051 13,482.12 I 13,981.29 0.62
%Male 058 13,518.78 . 13,945.80 071
(b) Tornado chart for VKA unsuitable cohort
7,104.31
StrokeRiskApixaban 079 4,554.53 _ 13,551.80 5975
DailyCostApixaban i 4,669.22 NN 9,539.39 150
IMaleAge T 5,816.98 NN 8,393.57 77.00
FemaleAge 6300 6,084.81 _ 8,167.48 77.00
ICHRiskApixaban 0420 6,564.15 M 7,905.20 053
MIRiskApixaban 4 6,638.56 I 7,854.92 T
BaseUtilityAF Z:: 6,820.99 - 7,419.01 071
SEFUCost 7,533.27 - 7,971.85
200.28 ’ | 85.46
OMBRiskApixaban 061 6,943.03 W 7,312.91 165
HR_DeathMildStroke iBi 7,007.47 l 7,335.55 142
ModerateStrokeUtility 051 6,944.21 I 7,269.36 0.62
MildStrokeUtility 56 6,969.97 I 7,239.96 -
CRNMBRiskApixaban 178 7,026.28 I 7.203.64 481

Fig. 1 Tornado charts illustrating results from the univariate sensi-
tivity analysis for the incremental cost-effectiveness ratio for
(a) vitamin K antagonist-suitable and (b) VKA-unsuitable cohorts.
AF atrial fibrillation, CFR case-fatality rate, CRNMB clinically

QALY, well below a willingness-to-pay threshold of
€30,000/QALY.
3.3 Probabilistic Sensitivity Analysis

The results of the PSA suggest that the findings of the cost-
effectiveness analysis were robust. Apixaban was found to

relevant non-major bleed, HR hazard ratio, /CER incremental cost-
effectiveness ratio, /CH intracranial hemorrhage, MI myocardial
infarction, OMB other major bleed, SE systemic embolism, SEFU
systemic embolism follow-up, VKA vitamin K antagonist

be more effective and more costly than warfarin and
aspirin, as suggested by the cost-effectiveness planes in
which the PSA iterations were concentrated in the north-
east quadrant. Given a willingness-to-pay threshold of
€30,000/QALY, apixaban was cost effective in 79 and 76%
of cases compared with warfarin and aspirin, respectively
(Fig. 2).
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Fig. 2 Cost-effectiveness planes and acceptability curves by treatment strategy for (a) vitamin K antagonist-suitable and (b) vitamin K
antagonist-unsuitable cohorts. /CER incremental cost-effectiveness ratio, QALY quality-adjusted life-year

4 Discussion

This analysis was performed to assess whether apixaban can be
considered a first-line cost-effective alternative to warfarin and
aspirin for the prevention of stroke in patients with AF, par-
ticularly in a setting under financial constraints where a plethora
of health cost-containment policies have been implemented
over the last few years. Indeed, in a time where health resources
are becoming even scarcer, healthcare systems are obliged to
operate in an unfavorable economic environment. Implemen-
tation of adequate health policies and processes to ensure access
to efficacious treatments is crucial, particularly when consid-
ering highly complex disorders such as AF that are character-
ized by an ever-increasing prevalence. In that context, cost-
effectiveness analyses represent an indispensable tool for
evaluating new pharmaceutical technologies.

Our findings suggest that apixaban is the optimal option
for stroke prevention in patients with AF compared with
standard of care. The ICERs of the analysis were estimated
well below the willingness-to-pay threshold of €30,000/
QALY, at €14,477.55/QALY and €7104.31/QALY versus
warfarin and aspirin, respectively. In most cases, apixaban
was associated with fewer cardiovascular events and better
health outcomes.

In our study, apixaban was related to 107 more bleeds in
total, in VKA-unsuitable patients, as well as with 37
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cardiovascular-related hospitalizations. The first finding
was mainly driven by non-major bleeding events (see
Table 5), which is in line with the findings of AVERROES.
More specifically, in this study, there was a non-significant
difference with respect to major bleeding events between
apixaban-treated and aspirin-treated VKA-unsuitable pa-
tients with AF. Moreover, non-major bleeds do not need
hospitalization and thus do not encumber the national
health system. With respect to the 37 more cardiovascular-
related hospitalizations, one could hypothesize that these
were of minor importance, since the number of strokes was
significantly lower and the number of MIs was equal in
apixaban-treated versus aspirin-treated patients. Last but
not least, apixaban led to 57 fewer cardiovascular-related
deaths than did aspirin.

The results of our analysis seem to generally be in line
with other published studies. However, differences in
methodology mean results may not always be directly
comparable [30, 44-49]. Stevanovi¢ et al. [41] compared
apixaban with warfarin from the perspective of the
Netherlands healthcare system. The analysis resulted in an
estimated ICER of €10,576/QALY, highlighting a lower
number of events with apixaban [41], whereas the respec-
tive ratio from a French perspective was €12,227/QALY
[42]. Kongnakorn et al. [43] compared apixaban with
aspirin and found apixaban to be a cost-effective
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alternative to aspirin from a Belgian viewpoint, with an
ICER of €7423/QALY, which is remarkably close to our
findings. Several other studies have evaluated the com-
parative cost effectiveness of apixaban from European, US,
and Canadian perspectives. As mentioned, differences in
methodology and currencies do not allow direct compar-
ison with our results [30, 44—-49]. However, a systematic
review of the economic models for newer anticoagulants
highlighted that apixaban was dominant compared with
aspirin from an economic viewpoint and cost effective
when compared with warfarin, with ICERs ranging from
$US11,400 to $US25,059 (year 2010-2011 values) [50].

Like all cost-effectiveness studies, our analysis may
involve some limitations. First, because Greek-specific
references are lacking, data for utilities and clinical inputs
were sourced from ARISTOTLE and AVERROES or other
references. These trials were multinational, so all the
estimates derived from several countries. As such, some of
the limitations of the present study derive from the limi-
tations of ARISTOTLE and AVERROES. The main limi-
tation of AVERROES was its early termination, which
could eventually have inflated the benefit estimations.
However, as stated by the investigators, the robustness of
the findings was ensured as the statistical threshold for
stopping the trial was very high [28]. The main limitations
of ARISTOTLE could be considered to be that the obser-
vation period was 1.8 years and that it did not provide
long-term information on the effects of apixaban. Never-
theless, these remained consistent over the study period.
Moreover, about 31% of patients were also treated with
aspirin [27]. Furthermore, although clinical trials are the
gold standard for evaluating the outcomes of a therapy,
they do not reflect real-world clinical practice. Patients are
highly selected according to strict criteria and are moni-
tored in a very tightly controlled environment, thus data do
not represent real-world outcomes. Another limitation is
the use of CHADS, rather than CHA,DS,-VASC (con-
gestive heart failure, hypertension, age >75 years,, dia-
betes, stroke, or transient ischemic attack,, vascular
disease, age 65-74, sex) for stroke risk stratification.
CHA,DS,-VASC overcomes the limitations of CHADS,,
which is more likely to under-evaluate patient risk, by
integrating more common risk factors. Finally, as stated,
the analysis was undertaken from a third-party payer per-
spective and therefore does not include societal costs such
as productivity losses and informal care costs, which can
account for up to 21-25% of total costs for patients who
have experienced cardiovascular events [51, 52]. There-
fore, the benefits of apixaban may have been underesti-
mated, as the inclusion of such costs in the analysis usually
favors the treatment that averts the most clinical events
compared with treatment alternatives.

5 Conclusions

Apixaban can be regarded as an optimal first-line treat-
ment option for stroke prevention in the Greek healthcare
setting. Reduced morbidity and mortality are the main
advantages that can enhance adequate management of this
condition. In that context, healthcare systems should be
sufficiently prepared for the arrival of innovative drugs,
albeit associated with high treatment costs. Indeed, health
systems in settings with scarce health resources, an ageing
population, and increased multiple comorbidities face
new challenges. Therefore, the evidence for each treat-
ment option should be considered meticulously with a
view to wise resource allocation, not only for the sus-
tainability of healthcare but also to ensure patient access
to such therapies.
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