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Abstract

Background and Objective Evidence indicates that vita-
min K antagonists (VKAs) and oral anticoagulant therapy
are under-utilised for stroke prevention in patients with
non-valvular atrial fibrillation (AF), and patients who
decline or cannot tolerate such treatment are often pre-
scribed aspirin instead. Apixaban has been shown in the
AVERROES trial to be superior to aspirin in preventing
stroke and systemic embolism without significantly
increasing the risk of major bleeding among patients with
AF who are unsuitable for VKA therapy. This study esti-
mates the economic implications and potential cost effec-
tiveness of apixaban compared with aspirin in such
individuals from the perspective of healthcare payers in
Belgium.

Methods A Markov model was developed to evaluate the
clinical and economic impact of apixaban compared with
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aspirin in patients unsuitable for VKA therapy. The clinical
events modelled include ischaemic and haemorrhagic
stroke, systemic embolism, intracranial haemorrhage, other
major bleeding, clinically relevant non-major bleeding,
myocardial infarction, cardiovascular hospitalisation and
treatment discontinuations obtained from AVERROES.
Outcomes included life-years and quality-adjusted life-
years (QALYSs) gained, costs and incremental cost-effec-
tiveness ratios (ICERs) over a lifetime.

Results Apixaban was projected to increase life expec-
tancy and QALYs compared with aspirin, with an associ-
ated increase in drug acquisition costs. The estimated ICER
was €7,334 per QALY gained with apixaban compared
with aspirin.

Conclusions Apixaban is a cost-effective alternative to
aspirin for patients with AF in Belgium who decline or
cannot tolerate VKA treatment.
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Key Points

Apixaban is the only new oral anticoagulant that has
been investigated in a randomised controlled trial in
patients for whom vitamin K antagonist therapy was
unsuitable, and this cost-effectiveness study adds key
evidence for assessing its value as a treatment option
in this population.

Our analysis shows higher incremental costs for
patients treated with apixaban attributable to higher
drug acquisition costs that are partly offset by a
reduction in medical costs.

Due to an increase in life expectancy and quality-
adjusted life expectancy with apixaban, the drug is
predicted to be a cost-effective alternative to aspirin
over a range of scenarios.

1 Introduction

An estimated one in every 45 people in Belgium has atrial
fibrillation (AF) [1], and, consequently, a fivefold increased
risk of experiencing stroke and other thromboembolic
events [2]. Belgium’s standard of care for preventing these
vascular outcomes is conventional oral anticoagulant
(OAC) therapy involving vitamin K antagonists (VKAs)
[3]. However, such use of VKA therapy is complicated by
its various well-known limitations, including multiple
drug—food and drug—drug interactions, the high risk of
adverse events and the need for frequent monitoring [3].
The result is that many patients with AF decline or cannot
tolerate VKA therapy and, if considered to be at low
thromboembolic risk, might be prescribed aspirin instead
[4-7]. Tt is not surprising, therefore, that evidence indicates
underutilisation of OAC therapy for AF in Belgium [4-7].
For example, a prospective study involving 885 people
with a CHADS, [congestive heart failure, hypertension,
age >75 years old, diabetes mellitus, prior stroke or tran-
sient ischaemic attack (TIA) or thromboembolism] score of
1 or more found that only 47 % overall were on OACs
(ranging from 39 % of those with a score of 1 to 69 % with
a score of 6) [7]. In addition, antiplatelet monotherapy was
being used even in a significant proportion (35 %) of those
at moderate to high thromboembolic risk [7].

Such treatment patterns are challenged by current
guidelines from the European Society of Cardiology
(ESC), which take into account the availability of the new
generation of OACs (NOACs). Specifically, these guide-
lines recommend a shift in practice to treating low-risk
patients with OACs, rather than antiplatelet therapy, on
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the grounds that aspirin is supported only by weak evi-
dence of effective stroke prevention in AF [8] and has
bleeding risks similar to those of the NOACs [9]. The
guidelines also recommend antiplatelet therapy, such as
acetylsalicylic acid (referred to as aspirin), only for those
patients who refuse to take or cannot tolerate any form of
OAC [9].

Key evidence underlying these recommendations
includes a large multinational randomised study of the
NOAC apixaban (an orally active inhibitor of coagulation
factor Xa)—the AVERROES (Apixaban [5 mg twice
daily] Versus Acetylsalicylic Acid [81-324 mg] to Prevent
Stroke in Atrial Fibrillation Patients Who Have Failed or
Are Unsuitable for Vitamin K Antagonist Treatment) trial
[10]. This showed that, compared with aspirin, apixaban
significantly reduced the risk of stroke or systemic embo-
lism with no statistically significant difference in the
incidence of major bleeding [10], making it an attractive
alternative when VKA therapy is unsuitable for patients.

While the AVERROES study and ESC guidelines
offer straightforward therapeutic messages regarding care
for AF in Belgium, the health economic consequences of
using apixaban in this setting are much less clear. Pre-
vious cost-effectiveness studies have demonstrated that
the drug is a dominant treatment option or cost-effective
treatment option to aspirin in the USA and UK, respec-
tively [11, 12] but this evidence cannot be assumed to
hold for other countries, as geographic variations in
healthcare resource use and clinical practice suggest that
findings may not be generalisable in this way [13].
Ultimately, assessing how closely health economic out-
comes for different countries correlate with each other
requires specific evaluations to be conducted for those
territories.

Therefore, the primary objective of this study was to
estimate the economic implications of using apixaban
compared with aspirin for the prevention of stroke in the
management of patients with non-valvular AF (NVAF)
who decline or cannot tolerate VKA treatment in Belgium.

2 Methods

A previously developed economic model [12] was utilised
for the purposes of this study, to estimate the long-term
clinical outcomes for Belgian patients with AF receiving
NOAC or antiplatelet therapy to prevent thromboembolic
events over their lifetime. This evaluation was conducted
from the perspective of the National Institute for Health
and Disability Insurance (RIZIV/INAMI) in Belgium. The
model was adapted by updating background mortality
estimates, treatment patterns as well as resource use and
cost items to reflect a Belgian setting.
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2.1 Model Design

Like earlier cost-effectiveness studies in AF [14-16], this
analysis used a Markov model approach. In such a model,
patients are considered to be in distinct, mutually exclu-
sive, states of health. They may remain in their current
state or experience a specific event that puts them into a
subsequent state, during a discrete period of time known as
a model cycle. The likelihood that a patient will experience
one of these outcomes during a cycle is referred to as the
transition probability for that consequence. By applying the
relevant transition probabilities to the cohort over a series
of cycles, the model can predict how the patients would be
distributed between the different health states at the end of
each cycle, and the consequent costs, life-years and qual-
ity-adjusted life-years (QALYSs) that would have accrued at
that point.

In the current analysis, the model (schematically
depicted in Fig. 1) had a cycle length of 6 weeks to ade-
quately capture the significant risk of AF-related events
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Moderate IS
Ischemic
Severe IS Stroke
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Apixaban
M
Moderate HS NVAF
M — P—
Aspirin
M
Severe HS
Bleeding

Systemic embolism

Myocardial infarction

even within this short timeframe. Patients start in the
NVAF state and can transition to the specific health states
based on their risks of experiencing the following events:
ischaemic or unspecified stroke (referred to as ‘ischaemic
stroke’); myocardial infarction (MI); systemic embolism;
intracranial haemorrhage (ICH) including haemorrhagic
strokes; other major bleeds; clinically relevant non-major
bleeds (CRNMBs); or death. The transition probability for
haemorrhagic strokes was derived by assuming that cases
of this condition accounted for a proportion of all cases of
ICH, with the remaining cases being regarded as ‘other
ICHs’. Major bleeds other than ICHs are referred to as
‘other major bleeds’.

Patients experiencing non-fatal ischaemic or non-fatal
haemorrhagic stroke are classified into one of three
categories of severity based on the score on the modified
Rankin Scale (mRS)—mild (mRS: 0-2), moderate
(mRS: 3-4) and severe (mRS: 5)—and are subjected to
the risk of one recurrent stroke event in subsequent
model cycles. Those experiencing a recurrent stroke are
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Fig. 1 Schematic representation of the Markov model. All patients
remain in the ‘NVAF’ state until one of stroke, bleed, systemic
embolism, MI, treatment discontinuation or death occurs. The
transition probabilities of these events occurring depend on the
treatment. For patients on second-line aspirin, ‘NVAF subsequent
ASA’, the events are identical; however, patients cannot experience
any further discontinuation. Triangles indicate which health state the

4 NVAF
subsequent ASA

patient enters after an event. Health states coloured in grey are
absorbing health states. AC anticoagulant, ASA aspirin, CRNM
clinically relevant non-major, HS haemorrhagic stroke, /CH intracra-
nial haemorrhage, IS ischaemic stroke, M represents a Markov
process with 11 health states that are identical for each of the two
treatment options, NVAF non-valvular atrial fibrillation, 7m¢
treatment
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transitioned to the most severe health state between
primary and recurrent strokes and remain there until
death, i.e. if a patient in the mild stroke health state
experiences a severe recurrent stroke the patient would
transition to the severe stroke health state after the
recurrent event. Only one recurrent event is modelled.
Patients experiencing MI or systemic embolism are not
subjected to the risk of any further events and remain in
that health state until they die. As stroke, MI or systemic
embolism are modelled as semi-absorbing health states,
patients experiencing these events are no longer of a risk
of experiencing another other event, i.e. a patient who
experiences a stroke cannot experience an MI.

Patients are also subjected to the risk of discontinuing
their first-line treatment, and if this happens, they transition
to the ‘NVAF with subsequent aspirin treatment’ state, in
which their risks of events in the following cycle are
updated to those of their second-line therapy. Patients can
also transition to this state upon treatment discontinuation
resulting from other ICH or other major bleeds. That is,
after other ICH, patients can either stay on current treat-
ment or discontinue, and after other major bleeds patients
can have a 6-week treatment interruption or discontinue to
second-line treatment.

In addition to the above-mentioned events, cardiovas-
cular hospitalizations are modelled in the background, i.e.
patients in the NVAF health states are exposed to the risk
of cardiovascular hospitalization and on occurrence are
applied a cost and utility decrement. Patients experiencing
a cardiovascular hospitalization do not transition to any
health state but remain in the NVAF health state.

The model iterates through multiple cycles until all
patients in the cohort end up in the death state.

2.2 Population

The model considers patients with AF who are known or
expected to be unsuitable for VKA, and are treated with
aspirin. Patient characteristics were matched to those of
participants in the AVERROES trial (Table 1) [10]. Of
note, the proportion of patients in this trial with a high
baseline risk for stroke (CHADS, >2) was similar to that
in a volunteer screening study in Belgium (64 vs. 58 %)

[1].
2.3 Risk of Clinical Events

Key inputs for the model included the risks of clinical
events associated with apixaban and aspirin for patients for
whom VKA therapy is unsuitable. These values were
obtained by secondary analysis of the AVERROES trial
[10], as detailed in the earlier publication of this model
[12]. Table 1 presents the absolute risks, severity and case-
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fatality rates of events by population and treatment. The
increase of the risk of stroke and bleeding over time was
presented by increasing the rates of these events progres-
sively from cycle to cycle per decade of life, an approach
similar to those used in other models [16, 17]. In the base
case, stroke risks were increased by a factor of 1.46 and
bleeding risks by 1.97 per decade [18, 19]. The risk of
recurrent stroke, which was not dependent on treatment,
was based on a 10-year cumulative recurrence risk, as
presented in a 2009 population-based study, and is reported
in the Electronic Supplementary Material, Appendix A
[20].

2.4 Second-Line Treatment

Upon the occurrence of stroke or systemic embolism,
patients treated with apixaban were assumed to continue
on their initial treatment whilst patients treated with
aspirin or second-line aspirin were assumed to switch to
VKA treatment. This assumption is based on discussions
with two national experts, advising that despite unsuit-
ability, patients experiencing stroke whilst on aspirin
treatment would require anticoagulation with higher
stroke prevention power. As this would only impact
costs and would have no impact on subsequent transi-
tions, VKA treatment was considered a conservative
assumption due to the lower associated costs. Patients in
whom first-line treatment with apixaban was discontin-
ued owing to bleeding events (e.g. other ICH, other
major bleeds) or reasons unrelated to the events mod-
elled were assumed to be subsequently treated with
aspirin. Patients in whom first-line treatment with
aspirin was discontinued were assumed to be restarted
on aspirin (second-line), to ensure a fair comparison
between apixaban and aspirin: the alternative of starting
such patients on second-line treatments other than
aspirin would obscure the outcomes of first-line treat-
ments. The estimated proportions of patients who switch
treatment after temporary bleeding events came from six
clinical experts surveyed in an advisory board (2012) in
Belgium. Based on this consultation, it was assumed
that, after the occurrence of other ICHs, 20 % of
patients would have a temporary interruption of treat-
ment for a period of a cycle (i.e. 6 weeks), while the
remaining 80 % would be switched to aspirin therapy. It
was also assumed that among people on first-line
apixaban who experienced other major bleeds, 50 %
would then be switched to treatment with aspirin, while
the rest would continue on apixaban. Clinical event
rates for second-line aspirin (Table 1) were based on a
subgroup of patients in the AVERROES trial who were
previously prescribed but failed to continue on VKA
and, hence, were treated with aspirin.
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Table 1 Demographic characteristics and clinical event rates by treatment
Model inputs Apixaban Aspirin Hazard ratio Subsequent Source
(5 mg bid) (75 mg bid) 95 % CI) treatment (aspirin)
Starting age (y) 70 70 [10]
Sex (%)
Males 58.5 58.5 [10]
Females 41.5 41.5 [10]
CHADS, distribution
CHADS;: 0-1 (%) 36.2 36.2 [10]
CHADS;: 2 (%) 35.7 35.7 [10]
CHADS,: 3-6 (%) 28.1 28.1 [10]
Average CHADS, score 2.1 2.1
Ischaemic stroke rate per 100 PYs (V)
CHADS,: 0-1 0.830 (10) 1.410 (17) 1.70 (0.78-3.71) [12]
CHADS;: 2 1.525 (18) 3.361 (36) 2.21 (1.25-3.88) [12]
CHADS,: 3-6 1.956 (15) 5.192 (44) 2.66 (1.48-4.78) [12]
Average stroke rate® 1.394 (43) 3.168 (97) 2.27 (1.59-3.23) 3.453 (43)
Stroke severity distribution (%)
Mild (mRS 0-2) 40 36 36 [12]
Moderate (mRS 3-4) 28 38 38 [12]
Severe (mRS 5) 12 15 15 [12]
Fatal (mRS 6) 20 11 11 [12]
ICH rate per 100 PYs 0.344 0.348 0.322 [12]
% of HS among ICH 55 55 55 [12]
HS severity distribution (%)
Mild (mRS 0-2) 7 7 7 [12]
Moderate (mRS 3-4) 20 20 20 [12]
Severe (mRS 5) 27 27 27 [12]
Fatal (mRS 6) 46 46 46 [12]
Other major bleed rate per 100 PYs (V) 1.066 (34) 0.571 (18) 0.54 (0.30-0.95) 0.887 [12]
% of GI bleeds among other major bleeds (V) 35 % (12) 39 % (7) 39 % [12]
CRNM bleed rate per 100 PYs (V) 3.113 (96) 2.371 (84) 0.76 (0.56-1.03) 2.936 [12]
MI rate per 100 PYs (N) 0.760 (24) 0.890 (28) 1.16 (0.68-2.00) 1.110 [12]
Systemic embolism rate per 100 PYs (N) 0.060 (2) 0.410 (13) 6.83 (1.47-33.33)  0.400 [12]
Other CV hospitalisation rate per 100 PYs 10.460 12.087 1.16 (0.99-1.35) 12.087 [12]
Other treatment discontinuation rate per 100 PYs (V) 17.310 (495) 19.012 (537) 1.11 (0.99-1.24) N/A [12]
Other death rate per 100 PYs (N) 2.9668 (94) 3.5935 (114) 1.21 (0.92-1.59). N/A [12]
Case-fatality rates after event [% (N)]
Other ICH 13.0 (8) [12]
Other major bleed 2.0 (15) [12]
Systemic embolism 9.4 (3) [12]
MI (%) Males: 10.8 [12]

Females: 15.6

CHADS, congestive heart failure, hypertension, age >75 years old, diabetes mellitus, prior stroke or transient ischaemic attack or thrombo-
embolism, CV cardiovascular, CRNM clinically relevant non-major, G/ gastrointestinal, HS haemorrhagic stroke, /CH intracranial haemorrhage,

MI myocardial infarction, mRS modified Rankin scale, N/A not applicable, PY patient-year

% Average stroke rate was weighted by CHADS, distribution
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Table 2 Utility estimates for

cach health state Health states Utility (standard error) Source
NVAF 0.7270 (0.0095) [23]
Ischaemic or haemorrhagic stroke
Mild 0.6151 (0.0299) [23]
Moderate 0.5646 (0.0299) [23]
Severe 0.5142 (0.0299) [23]
MI 0.6098 (0.0190) [23]
Systemic embolism 0.6265 (0.0191) [23]
Transient health states/AC use (duration) Utility decrement Source
Other ICH (6 weeks) 0.1511 (0.0401) [23]
AC anticoagulant, CRNM Other major bleeds (2 weeks) 0.1511 (0.0401) [23]
clinically relevant non-major, CRNM bleeds (2 days) 0.0582 (0.0173) [23]
ICH intracranial haemorrhages, Other cardiovascular hospitalisation (6 days) 0.1276 (0.0259) [23]
MI myocardial infarcti(')n, Treatment with warfarin (while on treatment) 0.0120 (0.00-0.08) [34]
NVAF non-valvular atrial Treatment with apixaban or aspirin (while on treatment) 0.0020 (0.00-0.04) [34]

fibrillation

2.5 Mortality

Mortality was modelled as being either a direct conse-
quence of events related to AF or its treatment, or due to
other causes. Patients in the NVAF health state were ini-
tially exposed to a background risk of death based on the
pattern of all-cause mortality observed in the AVERROES
trial having excluded deaths attributable to stroke, bleeding,
MI and systemic embolism within a period equivalent to the
duration of the trial (i.e. 1.12 years). Beyond this initial trial
period, background mortality was estimated using a Gom-
pertz function that had been fitted to general mortality rates
from the Belgian life tables [21] and a hazard ratio (HR) of
death that reflected the increased mortality in patients with
AF, attributable to causes other than those modelled, com-
pared with the general population [22].

Case-fatality rates and the long-term HR of mortality
versus the general population were applied to patients
experiencing ischaemic stroke, haemorrhagic stroke, other
ICHs, other major bleeds, systemic embolism and MI as
detailed in the earlier publication.

2.6 Utilities

Quality-adjusted life expectancy was estimated as the
product of the time spent in each health state and the
corresponding utility for that state (where a utility of 1
denotes full health and O denotes death). Utilities were
obtained from a UK-based utility catalogue [23], as
detailed in Table 2.

2.7 Costs

Direct healthcare costs, at 2012 prices, were applied in the
model. A daily price of €2.53 (5 mg twice daily) was
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considered for apixaban and €0.09 for aspirin [24]. The
average daily dose of aspirin in the AVERROES trial was
close to 150 mg; thus, the costs of two tablets of Asaflow®
80 mg were considered. Also applied in the model were
routine care costs for disease monitoring [excluding inter-
national normalized ratio (INR) monitoring], and these
were estimated to be €91 annually,' by using the RIZIV/
INAMI tariffs [24] corresponding to four annual general
practitioner (GP) visits—a consultation rate indicated by
seven Belgian experts during an advisory board conducted
in 2012.

The costs of care related to acute events were based on
the average amount reimbursed by the public payer to the
Belgian hospitals by All Patients Refined Diagnosis Rela-
ted Group (APR-DRG) [25], and are detailed in Table 3.
Costs of fatal strokes were calculated by assuming that the
relative ratio of the costs of fatal strokes to the mean costs
of stroke was equal to the relative ratio of costs of fatal MI
to the mean costs of MI [16, 26]. Long-term maintenance
costs of stroke and MI were obtained from published
estimates [27].

For patients switching to VKA treatment due to a stroke
event, a daily treatment price of €0.28 was applied and
costs of routine care and INR monitoring were estimated to
be €609 annually [3]. The daily treatment price reflected an
average of the costs for various VKA treatments weighted
according to their market share (IMS data, MAT 1Q2013).
Monitoring costs with VKA treatment were calculated
using unit costs per monitoring visit obtained from RIZIV/
INAMI tariffs [24] and resource use from a recent health
technology assessment [3], corresponding to an average of
17.6 annual GP visits. The face validity, technical validity

' This cost was set to 0 for patients switching to VKA treatment to
avoid double counting with INR monitoring costs.
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Table 3 Cost estimates for each health state

Health states Acute care cost APR-DRG Long-term
maintenance

cost per month

N/A
APR-DRG 045 and 046; minor used for mild; €147 [27]
moderate for moderate; average major and €268 [27]
extreme used for severe; 82.12 % [26] of €518 [27]
average used for fatal
APR-DRG 044; minor used for mild; €147 [27]
moderate for moderate; average major and €268 [27]
extreme used for severe; 82.12 % [26] of
€518 [27]
average used for fatal
APR-DRG 190 €202 [27]
APR-DRG 134 €0

APR-DRG 047, 203, 195, 194, 197, 207

NVAF N/A
Stroke
Mild* €3,444 [25]
Moderate® €6,283 [25]
Severe® €12,121 [25]
Fatal €6,953 [25, 26]
HS
Mild* €3,634 [25]
Moderate” €6,654 [25]
Severe® €10,151 [25]
Fatal €6,789 [25, 26]
MI €4,570 [25]
Systemic embolism® €6,080 [25]
Other CV hospitalisations €4,436 [25]
CRNM bleeds €19 [24]
Other major bleeds
GI bleeds €2,208 [27]
Non-ICH- and non-GlI-related major bleeds €2,208 [27]

N/A

N/A
N/A

Acute care period determines the time of initiation of the maintenance costs

APR-DRG All Patients Refined Diagnosis Related Group, CV cardiovascular, CRNM clinically relevant non-major, GI gastrointestinal, HS
haemorrhagic stroke, /CH intracranial haemorrhage, M/ myocardial infarction, N/A not applicable, NVAF non-valvular atrial fibrillation

* Acute care period for mild strokes, HS and systemic embolism assumed to be 1 week [34]

® Acute care period for moderate strokes and HS assumed to be 2 weeks [34]

¢ Acute care period for severe stroke assumed to be 4 weeks [34]
4" Acute care period for severe HS assumed to be 3 weeks [34]

and outcomes validity of the model was examined prior to
adaptation [12].

2.8 Analyses

The analyses compared apixaban with aspirin among
patients with NVAF who declined or were unable to tol-
erate VKA treatment. Event counts were predicted for a
cohort of 1,000 such patients over their lifetime. The model
also calculated life-years, QALYs, costs and incremental
cost-effectiveness ratios (ICERs), in terms of cost per
QALY gained, per average patient. Health outcomes and
costs were discounted at 1.5 and 3.0 % per annum,
respectively [28].

The primary analysis, known as the base case, involved
using the model inputs and assumptions described above.
Additionally, a one-way sensitivity analysis was performed
in order to capture the effect of varying several model
inputs of interest, such as the risk of ischaemic and
unspecified stroke for aspirin. Furthermore, scenario

analyses were also conducted to test the robustness of the
base-case results. This included exploring the effect of
changes in various model parameters, including the fol-
lowing: (1) initial CHADS, scores of patients entering the
model (i.e. for different subgroups classified by this score,
and using estimated CHADS, scores specific for the Bel-
gian population); (2) discount rates (i.e. 0 and 5 % for both
health and cost outcomes, as recommended in Belgian
guidelines for pharmacoeconomic analysis) [28]; (3)
assumptions around treatment discontinuation; (4) second-
line treatment set to no treatment (i.e. instead of aspirin);
and (5) assuming that apixaban provides no mortality
benefit beyond that attributable to the events modelled, i.e.
use of the same background mortality rates for patients
treated with apixaban and aspirin.

In addition to these analyses using predetermined
input values (so-called deterministic analyses), probabi-
listic sensitivity analysis was conducted to assess how
the uncertainty around the input values affects the
model’s prediction of the cost effectiveness of apixaban
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compared with aspirin. This involved running 2,000
iterations of the model while simultaneously varying key
inputs for each iteration, by randomly selecting values
from probability distributions of these inputs. Details on
distributions used for each input in these sensitivity
analyses are given in the Electronic Supplementary
Material, Appendix A.

The results of the probabilistic sensitivity analysis were
used to produce a scatter plot of the additional gain in
QALYSs versus the additional cost for apixaban compared
with aspirin (i.e. the ICER for each simulation)—a
graphical presentation known as the cost-effectiveness
plane. The results were also used to generate a cost-
effectiveness acceptability curve (CEAC), in which the x-
axis represented threshold values of the ICER (i.e. the
amount a decision maker would be willing to pay for an
additional QALY) and the y-axis represented the propor-
tion of simulations for which the ICER was below a given
threshold. The CEAC therefore indicated the probability
that apixaban would be considered cost effective at dif-
ferent levels of willingness to pay for the treatment
advantage over aspirin.

3 Results
3.1 Deterministic Analyses

The model predicted that 1,000 patients treated with
apixaban rather than aspirin would collectively experience
fewer strokes (281 vs. 339 first and recurrent ischaemic
strokes and 21 vs. 19 first and recurrent haemorrhagic
episodes) and fewer systemic embolisms (24 vs. 35) over a
lifetime horizon. However, they would have additional
other ICHs (16 vs. 15), major bleeds (121 vs. 87),
CRNMBs (324 vs. 258), MIs (94 vs. 92), treatment dis-
continuations (686 vs. 664) and cardiovascular hospitali-
sations (1,163 vs. 1,126).

The predicted increase in bleeding events was offset
by a reduction in stroke and systemic embolism events
that translated into gains of 0.42 life-years and 0.32
QALYs, and a reduction of €889 in all event-related
costs, as detailed in Table 4. Similarly, monitoring and
routine care-related costs were reduced by €245
because there were fewer strokes and, therefore, fewer
patients switching to VKA treatment. The higher drug
acquisition costs for apixaban resulted in an incre-
mental total cost of €2,311 per patient treated with the
drug. The ICER of apixaban relative to aspirin was
estimated to be €7,334 per QALY gained, thus dem-
onstrating apixaban to be a cost-effective alternative to
aspirin when considering a threshold of €30,000 per
QALY gained.
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3.1.1 Sensitivity Analysis

Figure 2 depicts the deterministic sensitivity analysis
results and, more specifically, the top ten parameters that
had the most impact on the ICERs. The ICERs from all
scenarios varied from €3,760 to €14,082 per QALY.

3.1.2 Scenario Analyses

The results from the scenario analyses are detailed in
Table 4. The ICERs for comparisons of apixaban with
aspirin from all scenarios varied between €3,625 and
€16,829, with the most influential parameters being the
distribution of patients amongst different levels of stroke
risk as determined by CHADS, scores.

3.2 Probabilistic Analysis

Results from the probabilistic sensitivity analysis are
detailed in Fig. 3. The cost-effectiveness plane for apix-
aban versus aspirin shows a cluster around the north-east
quadrant, suggesting that apixaban was both more effective
and more costly than aspirin. Using a threshold of €30,000
per QALY gained, apixaban was a cost-effective alterna-
tive to aspirin in 97 % of the iterations. Results from the
CEAC suggest that apixaban offers a greater net benefit, at
a willingness-to-pay threshold above €7,500 per QALY, in
patients for whom VKA therapy is unsuitable.

4 Discussion

This study translated the health benefits observed in the
AVERROES trial into predicted long-term health and
economic outcomes among patients with AF for whom
VKA therapy is unsuitable, from the perspective of
healthcare payers in Belgium. Specifically, the analysis
showed that the reduction in clinical events with the
use of apixaban compared with aspirin led to an
increase in life-years and QALYs. Although the use of
apixaban over a lifetime increased drug acquisition
costs due to a longer expected life span and lower
treatment discontinuation rates, most of this additional
expenditure was offset by a reduction in the avoided
event-related costs. The resulting ICER was €7,334 per
QALY, indicating that the added benefits from treat-
ment with apixaban can be achieved at reasonable
additional cost, and is cost effective in comparison
with aspirin for stroke prevention assuming healthcare
decision makers have a willingness-to-pay threshold of
€30,000 per QALY gained.

In comparison with aspirin, the lifetime model simulates
that patients treated with apixaban experienced somewhat



Cost Effectiveness of Apixaban Versus Aspirin 717
Table 4 Base-case results: lifetime per patient life-years, quality-adjusted life-years and costs, and results from scenario analysis
Base-case results Apixaban Aspirin
Health outcomes (per patient)
Life-years (undiscounted) 10.84 10.42
QALYs (discounted) 6.93 6.61
Costs (€; discounted per patient)
Anticoagulants 3,787 342
Monitoring and routine care 1,064 1,309
Clinical events 8,862 9,751
Total 13,713 11,402
ICER per QALY gained (€; apixaban vs. aspirin) 7,334

Scenario

ICER per QALY gained
[€ (% change from base case)]

Discount rates for cost and outcomes set to 0 %

Discount rates for cost and outcomes set to 5 %

In subgroup of patients with mild risk of stroke (CHADS, score = 0-1)

In subgroup of patients with moderate risk of stroke (CHADS, score = 2)

In subgroup of patients with severe risk of stroke (CHADS, score = 3-6)

CHADS; scores set to match the subgroup of AF Belgian population with hypertension [7]
Second-line treatment choice set to no treatment (no switch to aspirin)

Treatment discontinuation rate set to be 0 beyond the trial period (1.12 years)

Treatment discontinuation rate for patients treated with aspirin set to be equal to that in patients treated

with apixaban beyond the trial period (1.12 years)

Exclusion of mortality benefit for apixaban beyond that of events modelled during the trial period

7,196 (—1.88)
9,327 (27.17)
16,829 (129.47)
6,964 (—5.04)
3,625 (—50.57)
5,840 (—20.37)
7,525 (2.60)
7,965 (8.6)
7,270 (—0.87)

8,349 (13.84)

(1.12 years), i.e. equal rates of other death for patients treated with apixaban and aspirin

Use of general background mortality for patients in NVAF health state (HR = 1)

6,455 (—11.99)

AF atrial fibrillation, CHADS, congestive heart failure, hypertension, age >75 years old, diabetes mellitus, prior stroke or transient ischaemic
attack or thromboembolism, HR hazard ratio, ICER incremental cost-effectiveness ratio, NVAF non-valvular atrial fibrillation, QALY quality-

adjusted life year

more bleeds, MIs, cardiovascular hospitalisations and
treatment discontinuations. However, compared with
aspirin, apixaban carries a slightly lower risk of ICH (0.344
vs. 0.348 per 100 patient-years) and patients treated with
apixaban are projected to live longer; thus, the number of
predicted ICHs was slightly higher (16 vs. 15 in a cohort of
1,000 patients) due to longer exposure to risk. Subse-
quently, those taking apixaban are also more likely to
experience bleeding that necessitates switching to second-
line aspirin: this treatment change exposes them to a higher
risk of MI overall, even though apixaban carries a lower
risk of MI. The higher number of cardiovascular hospital-
isation events with apixaban can be attributed partly to the
longer life expectancy associated with use of the drug (and,
therefore, the longer exposure to risk). It may also reflect
that, owing to treatment discontinuations, more patients in
the apixaban group are potentially exposed to second-line
aspirin, which is associated with a higher rate of cardio-
vascular hospitalisations than first-line treatment with
either apixaban or aspirin, as detailed in Table 1.

In sensitivity testing, the predicted ICER was lower than
for the base case in a scenario that incorporated CHADS,
scores derived from a subgroup of patients in Belgium with
AF and hypertension (i.e. around 50 % of the total AF
population [1]). Therefore, the base-case results can be
regarded as conservative. Scenario analysis also demon-
strated that even in patients with a very low risk of stroke,
apixaban was still a cost-effective alternative to aspirin,
with an ICER of €16,829.

Overall, our model was comparable to earlier versions
that have evaluated the cost effectiveness of treatment
options for prevention of thromboembolic events in
patients with AF, by taking account of the risks of stroke
and bleeding events as well as the influence of these out-
comes on treatment discontinuation [11, 14-16, 29].
However, distinguishing strengths of our model include its
detailed design for considering the severity of strokes and
bleeding events and mimicking the use of anticoagulants
under real-world conditions. In addition, its projections
with regards to the burden caused by thromboembolic
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Risk of ischemic and unspecified

stroke for Aspirin(Rate/100 PY's) 4.44 €3,760

Risk of ischemic and unspecified
stroke for apixaban (Rate/100 PYs)  0.79

Risk of cardiovascular (CV)
hospitalization for apixaban 5.98
(Rate/100 PYs)

Daily cost of apixaban 2.04
Risk of Ml for apixaban (Rate/100PYs) 0.43

Risk of M| for Aspirin(Rate/100PY's) 1.52

Risk of intracranial hemorrhage
(ICH) for Aspirin(Rate/100 PYs)  1.05

Mean age for males 63

Risk adjustment factor
for stroke per decade 2.16

Mean age for females g3

€5,134

Base Case €7,196/QALY

€14,082 218

€12,928 213

-€5,000

€5,0585 €10,228 16.17
€5,044 €9,622 3.04
€6,218 1.18
€5,814 0.51
€5,398 0.15
€6,354 €8,361 77
€6,628 €8,467 0.8
€6,546 €8,241 71
€5,600 €1 5:000 €25:000

ICER of Apixaban vs Aspirin (Cost per QALY)

Fig. 2 One-way sensitivity analysis of apixaban versus aspirin. The
vertical line appearing in the middle of the graphs represents the base-
case ICER for apixaban versus aspirin and the horizontal bars

events over a lifetime are more advanced than in earlier
models adapted to the Belgian setting [30], as a result of
the inclusion of long-term maintenance costs for patients
with stroke, systemic embolism and MI. Our model did not
include TTAs as these were not reported as outcomes in the
AVERROES trial. However, a costing component in rela-
tion to TIAs was captured through inclusion of cardio-
vascular hospitalisations. Earlier anticoagulation models
used background mortality life tables to estimate survival
of patients with AF [14-16, 29]. By contrast, our study
included an HR of 1.34 to adjust for mortality in the NVAF
health state, to take into account the increased mortality in
patients with AF beyond that related to the modelled events
[22, 31]. If, instead, we had used general mortality for
patients in the NVAF health state, like the earlier models,
scenario analysis suggested that the generated results
would be expected to favour apixaban because of this
drug’s higher incremental gains in QALYs compared with
aspirin. Similarly, the estimates in our evaluation represent
improvements over previous studies because of the inclu-
sion of treatment-specific other-cause mortality rates dur-
ing the initial 1.1 years of time elapsed in the model to
reflect the mortality benefit that occurred over the same
duration in the AVERROES trial, beyond what was
attributable to the reduction in the modelled clinical events.
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represent the ICER ranges for each scenario that is varied. /CER
incremental cost-effectiveness ratio, MI myocardial infarction, QALY
quality-adjusted life-year, PY person-year

Finally, the analysis used conservative approaches in
modelling the effects of apixaban, by assuming that
continuing the use of OACs after a first stroke offered no
protection against recurrence of such an event.

Only limited trial data were available from trials on the
efficacy of the modelled treatments in preventing recurrent
strokes. Consequently, model inputs for rates of stroke
recurrence were derived from published UK population
estimates [20]. These rates were in the lower range of such
values compared with those used in other studies [32], and
so resulted in conservative estimation of the number of
recurrent strokes, which was likely to favour aspirin with
poorer efficacy in preventing these outcomes. Of note, a
recent study on patients with prior TIA or stroke enrolled in
the AVERROES trial found that the benefits of apixaban in
reducing stroke and systemic embolism events in such
individuals were consistent with, and possibly greater than,
those seen in patients without a prior stroke or TIA [33],
indicating that use of treatment-specific recurrence rates in
the model would benefit apixaban.

Our analysis had several limitations. Firstly, clinical
event rates were derived from the AVERROES trial, and so
might not reflect efficacy of apixaban under real-world
conditions. Secondly, no Belgian-specific utilities were
identified. Instead, in keeping with Belgian guidelines
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Fig. 3 Results of the probabilistic sensitivity analysis for apixaban
versus aspirin. a Scatter plot representing incremental costs and
QALYs for apixaban versus aspirin. The line represents a cost-
effectiveness threshold representing the maximum amount society is
willing to pay for a QALY gain (i.e. €30,000). Apixaban is a cost-

encouraging consistency between the methodology used to
derive utilities for all health states, particularly the EQ-5D,
utilities for our analysis were based on a UK EQ-5D cat-
alogue [23], on the assumption that they would be similar
to those specifically for a Belgian population. Thirdly,
CHADS; risk scores in the model were not updated over
time. An alternative way of reflecting the increase in the
risks of stroke and bleeding over time was adopted, as
mentioned in the Methods section. Fourthly, in line with
the AVERROES trial, an average daily dose of aspirin
160 mg was considered, which might be higher than the
daily dose in current Belgian practice. The impact on the
acquisition cost of aspirin was, however, minimal. Finally,
the number of treatment lines allowed in the model was

effective alternative in cases that fall to the right of this line; apixaban
is not a cost-effective alternative in cases that fall to left of this line.
b Cost-effectiveness acceptability curve for apixaban and aspirin.
QALY quality-adjusted life-year

limited to two to avoid overcomplicating the model and
also due to the unavailability of data on the efficacy of
these treatments when being used as the third or subsequent
treatment.

5 Conclusion

Overall, our model indicates that apixaban has demon-
strated an advantage over aspirin with regards to the pre-
vention of stroke events and gain in QALYs among
patients in Belgium with AF who decline or cannot tolerate
VKA treatment. Also, these added benefits appear to be
achieved at a reasonable additional cost. We therefore
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conclude that apixaban is a cost-effective alternative to
aspirin in this setting.
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