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Introduction
Atrial fibrillation (AF) is associated with a four- to five-fold increase in
risk of stroke and thrombo-embolic events,1 resulting in significant
morbidity, mortality, and costs.2 Until recently, vitamin K antagonists
(VKA) were the only oral anticoagulants recommended for antithrombotic therapy in patients with moderate-to-high risk of stroke.3
Although VKAs are effective in preventing thrombo-embolic
events,4 therapeutic management is complicated by variable dose

requirements, multiple drug– food and drug– drug interactions and
the need for frequent monitoring of international normalized ratios
(INR). As a result, bleeding complications are relatively frequent,
and a high proportion of patients discontinues or receives suboptimal
therapy in clinical practice.5 In patients who cannot tolerate VKA or in
whom VKA treatment is contraindicated , aspirin, a modestly effective treatment option,4 has often been prescribed instead.6 Recent
guidelines from the European Society of Cardiology recommend
the use of novel oral anticoagulants (NOACs) as alternatives to
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Warfarin, a vitamin K antagonist (VKA), has been the standard of care for stroke prevention in patients with atrial fibrillation (AF). Aspirin is recommended for low-risk patients and those unsuitable for warfarin. Apixaban is an oral anticoagulant that has demonstrated better efficacy than warfarin and aspirin in the ARISTOTLE and AVERROES studies,
respectively, and causes less bleeding than warfarin. We evaluated the potential cost-effectiveness of apixaban against
warfarin and aspirin from the perspective of the UK payer perspective.
.....................................................................................................................................................................................
Results and
A lifetime Markov model was developed to evaluate the pharmacoeconomic impact of apixaban compared with warfarin
methods
and aspirin in VKA suitable and VKA unsuitable patients, respectively. Clinical events considered in the model include
ischaemic stroke, haemorrhagic stroke, intracranial haemorrhage, other major bleed, clinically relevant non-major
bleed, myocardial infarction, cardiovascular hospitalization and treatment discontinuations; data from the ARISTOTLE
and AVERROES trials and published mortality rates and event-related utility rates were used in the model. Apixaban
was projected to increase life expectancy and quality-adjusted life years (QALYs) compared with warfarin and aspirin.
These gains were expected to be achieved at a drug acquisition-related cost increase over lifetime. The estimated incremental cost-effectiveness ratio was £11 909 and £7196 per QALY gained with apixaban compared with warfarin and
aspirin, respectively. Sensitivity analyses indicated that results were robust to a wide range of inputs.
.....................................................................................................................................................................................
Conclusions
Based on randomized trial data, apixaban is a cost-effective alternative to warfarin and aspirin, in VKA suitable and VKA
unsuitable patients with AF, respectively.
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conventional VKA therapy or anti-platelet therapy in most patients
requiring stroke prevention in AF.3
Apixaban, an orally active inhibitor of coagulation factor Xa, has
been approved by European Medicines Agency7 for stroke prevention in AF patients. Apixaban has been studied vs. dose-adjusted warfarin and aspirin, in the VKA suitable and unsuitable populations,
respectively, in two large multinational randomized trials, the ARISTOTLE and the AVERROES trials.8,9 Apixaban was superior to warfarin in the prevention of stroke and systemic embolism, bleeding
outcomes and mortality.8 In VKA unsuitable patients, apixaban
reduced the risk of stroke and systemic embolism without significantly increasing the risk of major bleeding compared with aspirin.9
In view of the increasing demand from healthcare providers and
payers to assess the economic value of new therapies, the clinical
benefits of apixaban need to be weighed against increases in drug
treatment costs. The objective of this study was to assess costeffectiveness of apixaban vs. current standard of care for stroke prevention in patients with non-valvular AF (NVAF) from the United
Kingdom (UK) National Health Service payer perspective.

Methods
Model

mutually exclusive health ‘states’ and the possible transitions among
them, accruing direct healthcare costs, life years, and quality-adjusted
life years (QALYs) (Figure 1). The health states considered were NVAF
(i.e. the starting health state for all patients), ischaemic or unspecified
strokes (referred hereafter as ischaemic stroke), systemic embolism, myocardial infarction (MI), intracranial haemorrhage, other major bleed, clinically relevant non-major bleed, cardiovascular hospitalization unrelated
to the events modelled or death. A detailed description of the model can
be found in Supplementary material online, Appendix SC.

Population
Two populations were included: patients with NVAF who are suitable
and unsuitable for VKA (Table 1). Inputs on patient characteristics were
drawn from patient characteristics in the ARISTOTLE and the AVERROES trials, respectively.8,9

Risk of clinical events
Clinical event rates were obtained from the AVERROES and the ARISTOTLE trials (Supplementary material online, Appendices SA and SB)
(Table 1). Rates of ischaemic stroke, bleedings, and MI were adjusted
over time to account for the increased risk associated with ageing by a
factor (95% confidence interval) of 1.46 (0.80– 2.16), 1.97 (1.79– 2.16),
and 1.30 (0.74 –2.01) per decade of life, respectively.11 – 13 Risk of recurrence after any stroke was assumed to be independent of treatment and
estimated to be 2.72 (95% confidence interval 1.68– 4.01) per 100
patient-years (PYs) based on subgroup analysis on patients with prior
stroke or transient ischaemic attack from ARISTOTLE.14

Figure 1 Schematic representation model. ASA, aspirin CRNM, clinically relevant non-major; ICH, intracranial haemorrhages; NVAF, nonvalvular atrial fibrillation; AC, anticoagulant; IS, ischaemic stroke; HS, haemorrhagic stroke. ‘M’ represents a Markov process with 11 health states
that are identical for each of the treatment options. All patients remain in the ‘NVAF’ state until one of stroke, bleed, SE, MI, treatment discontinuation,
or death occurs. The transition probabilities of these events 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 patient enters after
an event. Health states coloured in blue are permanent health states, with the remainder being transient health states occurring for a maximum
period of 6 weeks before returning to the prior or subsequent health state.
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A Markov cohort model was developed, in accordance with good modelling practices,10 conceptualizing the course of the disease in terms of
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Demographic characteristics and clinical event rates (per 100 patient-years)
VKA suitable

..........................................................................

VKA unsuitable

Source

Patient characteristics (n/min –max)

.............................................................................................................................................................................................................................................
70 (63–76)

70 (48–100)

8,9

64.7% (11 785)
35.3% (6416)

58.5% (3277)
41.5% (2321)

8,9

CHADS2: 0– 1
CHADS2: 2

34.0% (6183)
35.8% (6516)

38.2% (2142)
35.2% (1973)

8,9

CHADS2: 3– 6

30.2% (5502)

26.6% (1483)

8,9

Average
CHADS2 score

2.1

2.0

Starting age
Gender
% males
% females

8,9

CHADS2 distribution
8,9

.............................................................................................................................................................................................................................................
Clinical event ratesa(n)

Apixaban

Warfarin

Intention to treat population (N)

9120

On treatment population (N)
Ischaemic stroke rate

9088

Hazard ratio
(95% CI)

Apixaban

Aspirin

Hazard ratio (95% CI)

Aspirin (Subsequent
treatment)

9081

2807

2791

1107

9052

2798

2780

1104

CHADS2: 0– 1

0.52 (31)

0.46 (27)

0.88 (0.52 –1.47)

0.83 (10)

1.41(17)

1.70 (0.78 –3.71)

CHADS2: 2
CHADS2: 3– 6

0.95 (57)
1.53 (74)

0.93 (56)
1.94 (92)

0.98 (0.68 –1.42)
1.27 (0.93 –1.72)

1.53 (18)
1.96 (15)

3.36 (36)
5.20 (44)

2.21 (1.25 –3.88)
2.66 (1.48 –4.78)

Average stroke rate

0.98 (162)

1.08 (175)

1.09 (0.89 –1.35)

1.37 (43)

3.10 (97)

2.27 (1.59 –3.23)

Mild (mRS 0 –2)
Moderate (mRS 3– 4)

53% (57)
21% (23)

45% (49)
30% (32)

40% (17)
28% (12)

36% (35)
38% (37)

36% (35)
38% (37)

Severe (mRS 5)

8% (9)

10% (11)

12% (5)

15% (15)

15% (15)

Fatal (mRS 6)

18% (19)

15% (16)

20% (9)

11% (10)

11% (10)

0.33 (52)
77% (40)

0.80 (122)
64% (78)

0.34 (11)
55% (6)

0.35 (13)
55% (9)

Mild (mRS 0– 2)

23% (7)

20% (13)

7% (1)

7% (0)

7% (0)

Moderate (mRS 3– 4)
Severe (mRS 5)

32% (10)
10% (3)

15% (10)
12% (8)

20% (1)
27% (0)

20% (2)
27% (4)

20% (2)
27% (4)

Fatal (mRS 6)

35% (11)

53% (34)

46% (4)

46% (3)

46% (3)

Cost-effectiveness of apixaban vs. current standard of care

Table 1

3.45 (43)

.............................................................................................................................................................................................................................................
Stroke severity distribution:

.............................................................................................................................................................................................................................................
Intracranial haemorrhage rate
% of haemorrhagic strokes among intracranial
haemorrhage
Haemorrhagic stroke severity distribution

2.38 (1.72 –3.33)

1.01 (0.44 –1.26)

0.32 (4)
55%

.............................................................................................................................................................................................................................................
Continued
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Table 1

Continued
VKA suitable

..........................................................................

VKA unsuitable

Source

Patient characteristics (n/min –max)

.............................................................................................................................................................................................................................................
Other major bleed rate

1.79 (274)

2.27 (340)

% of gastrointestinal bleeds among
other major bleeds

38% (105)

35% (119)

1.27 (1.08 –1.47)

1.07 (34)

0.57 (18)

35% (12)

39% (7)

0.54 (0.30 –0.95)

0.89 (11)
39% (7)

Clinically relevant non-major bleed rate

2.08 (318)

2.99 (444)

1.43 (1.24 –1.66)

3.11 (96)

2.37 (84)

0.76 (0.56 –1.03)

2.94 (36)

Myocardial infarction rate
Systemic embolism rate

0.53 (90)
0.09 (15)

0.61 (102)
0.10 (17)

1.14 (0.86 –1.52)
1.11 (0.57 –2.27)

0.76 (24)
0.06 (2)

0.89 (28)
0.41 (13)

1.16 (0.68 –2.00)
6.83 (1.47 –33.33)

1.11 (14)
0.41 (13)

Other cardiovascular hospitalization rate

10.46

10.46

1.00 (0.90 –1.10)

10.46

12.09

1.16 (0.99 –1.35)

12.09

Other treatment discontinuation rate

13.18 (2047)

14.41 (2182)

1.08 (1.02 –1.15)

17.31 (495)

19.01
(537)

1.11 (0.99 –1.24)

% of patients experiencing dyspepsia
Other death rate*

1.67% (152)
3.08 (528)

1.81% (164)
3.34 (568)

1.08 (0.96 –1.22)

1.67% (26)
2.97 (94)

1.58% (44)
3.59 (114)

1.21 (0.92 –1.59).

1.58% (44)
N/A

.............................................................................................................................................................................................................................................
Case-fatality rates after event (n)

Source

Other intracranial haemorrhage**

13.0% (8)

a

Other major bleed**
Systemic embolism**

2.0% (15)
9.4% (3)

a

Myocardial infarction

Males: 10.8%; females:
15.6%

25

a

Rates are displayed per 100 patient-years; the number of patients experiencing each event is detailed in parenthesis.
mRS, modified Rankin scale; VKA, vitamin K antagonists; CI, confidence interval.
*Based on all-cause mortality excluding deaths attributable to stroke, bleeding, myocardial infarction, and systemic embolism.
**Pooled sample percentages.
a
Supplementary material online, Appendices SA and SB.
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Table 2

Utility and mortality estimates

Health states

Utility (standard error)

Source

Hazard ratios vs. general
population (95% CI)

Source

...............................................................................................................................................................................
0.7270 (0.0095)

26

1.34 (1.20–1.53)

27

0.6151 (0.0299)
0.5646 (0.0299)

26

3.18 (1.82–4.92)
5.84 (4.08–7.60)

24,28,29

0.5142 (0.0299)

26

15.75 (13.99– 17.51)

24,28,29

0.6151 (0.0299)
0.5646 (0.0299)

26

4.16 (2.27–2.88)
2.56 (3.44–5.03)

30,31

Systemic embolism

0.6265 (0.0299)

26

1.34 (1.20–1.53)

Assumption

Transient health states/anticoagulation use
Other intracranial haemorrhage

Utility decrement (standard error/95% CI)
0.1511 (0.0401)

Utility decrement duration
6 weeks

Source
Assumption

Other major bleeds

0.1511 (0.0401)

26

2 weeks

Assumption

Clinically relevant non-major bleed
Other cardiovascular hospitalization

0.0582 (0.0173)
0.1276 (0.0259)

26

2 days
6 days

Assumption
Assumption

Apixaban or aspirin

0.0020 (0.00– 0.04)

32

While on apixaban or aspirin

Warfarin

0.0120 (0.00– 0.08)

32

While on warfarin

Non-valvular atrial fibrillation
Stroke or haemorrhagic stroke
Mild
Moderate
Severe

26

24,28,29

...............................................................................................................................................................................
Myocardial infarction
Females
Males

26

30,31

...............................................................................................................................................................................
Source
26

26

CI, confidence interval.

Utilities

Clinical event rates for ‘subsequent aspirin’ (i.e. aspirin used in case of
post-treatment discontinuation) were based on a subgroup of patients
in AVERROES that were previously prescribed but failed to continue
on VKA and hence were treated with aspirin (Table 1, Supplementary material online, Appendix SB).
After experiencing other intracranial haemorrhages, 56% (n ¼ 29)
of the patients switched treatment to aspirin.15 The remaining 44%
(n ¼ 23) had a 6-week treatment interruption and resumed the assigned
anticoagulant. For other major bleeds, we assumed 25% of the patients
switched treatment to aspirin, similarly to other models.16
When ischaemic stroke or systemic embolism occurred, patients initially assigned aspirin were assumed to switch to warfarin, while patients
on apixaban or warfarin were assumed to continue on their initial treatment. Patients experiencing haemorrhagic stroke or MI were assumed to
discontinue the treatment permanently.

Utility decrements associated with permanent events were applied for
the remainder of patients’ lifetime, vs. those for temporary events were
applied only for the respective duration (Table 2). As patients treated
with apixaban had a similar safety profile to aspirin,9 the same utility
losses associated with the use of the treatment were assumed.

Mortality
On the occurrence of each event, an acute case-fatality rate was applied
and a hazard ratio (HR) to account for an increased risk of mortality associated with stroke, systemic embolism, or MI was applied to the non-fatal
cases (Tables 1 and 2).
Treatment-specific rates of death for patients in the NVAF health state
(due to reasons other than clinical events modelled) were derived from
the published trials and applied for 1.8 and 1.1 years for the VKA suitable
and unsuitable populations, respectively (i.e. mean follow-up for the two
trials, respectively). Beyond that, mortality was modelled based on ageand gender-specific general UK life tables,17 and an HR adjusted for the
impact of AF, including the increased risk of mortality vs. the general
population after accounting for events modelled.

Costs
Costs and sources are detailed in Table 3 (2011 prices). For strokes, MI,
and systemic embolism, costs were segregated by acute care costs, consisting of time spent in hospital and rehabilitation facilities (assumed to be
2 weeks) and maintenance costs applied over a lifetime.
Health and cost outcomes were discounted at 3.5% per annum.18

Analyses
The relative clinical benefit of apixaban vs. standard of care was assessed
using the incremental cost-effectiveness ratio (ICER), which assessed if
the benefit was accrued within UK payers’ willingness to pay £20 000
(a commonly used threshold value) per added QALY.18
The effects of change in various model inputs were examined in
univariate sensitivity analyses. Subgroup analyses were also performed to examine the potential cost-effectiveness of apixaban
among specific groups of patients based on CHADS2 score distribution or patients being managed in centres with different levels of INR
control. Event rates calculated by the CHADS2 score and HRs
by cTTR quartile are detailed in Supplementary material online,
Appendices SA and SB.
Probabilistic sensitivity analysis was conducted where values of key
input parameters were assigned a probability distribution and varied
concurrently. The analysis was run for 2000 simulations by randomly
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Table 3
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Resource use and costs
Cost (minimum–maximum)

Daily dose

Source

Apixaban (daily)

£2.20

10 mg

33

Warfarin (daily)
Aspirin (daily)

£0.04
£0.02

5 mg average
150 mg

33

Monitoring (monthly)

£20.69 (£17– £25)

34

Dyspepsia (yearly)
Stroke (ischaemic and haemorrhagic)

£83.19 (£48– £129)
Acute cost per episode (95% CI)

33,34

Maintenance cost per month (95% CI)

Mild

£6815.00 (£5993–£7410)

£145.24 (£86–£200)

35

Moderate
Severe

£6436.88 (£5793–£6870)
£14 107.41 (£12 589 –£15 166)

£158.31 (£98–£216)
£445.82 (£375– £200)

35

Fatal

£9063.23 (£7158–£12 978)

–

35

Other intracranial haemorrhage
Other major bleeds

£3010.00 (£2190–£3456)

–

34

Gastrointestinal bleeds

£1493.68 (£1237–£1825)

–

34

Non-gastrointestinal related
Clinically relevant non-major bleed

£3947.92 (£2508–£4554)
£1133.93 (£751– £1284)

–
–

34

Myocardial infarction

£2018.84 (£1596–£2554)

£6.45 (£4–£10)

34,36

Systemic embolism
Other cardiovascular hospitalization

£6815.00 (£5993–£7410)
£1570.89 (£1140–£1798)

£145.24 (£86–£200)
–

35

...............................................................................................................................................................................

33

35

34

34

CI, confidence interval.

The reduction in events resulted in 0.181 QALYs gained at an incremental cost of £2157 when compared with warfarin leading to
an ICER of £11 909 per QALY gained. Similarly, comparing with
aspirin, apixaban led to 0.268 QALYs gained at an incremental cost
of £1930, resulting in an ICER of £7196 per QALY gained (Table 4).

Results

Sensitivity analyses

Base –case analysis
Among a cohort of 1000 VKA suitable patients over a lifetime, compared with warfarin, use of apixaban is predicted to result in 20 fewer
strokes (including first and recurrent ischaemic and haemorrhagic
strokes) or systemic embolism, 44 fewer major bleeds (including
first and recurrent haemorrhagic strokes other intracranial haemorrhages and other major bleeds), and 21 fewer cardiovascular-related
deaths (Table 4). The model estimates that 56 patients need to be
treated with apixaban over a lifetime to avoid one stroke compared
with warfarin, and that apixaban is a dominant treatment in terms of a
reduction in bleeding events.
In the VKA unsuitable population, 1000 patients treated with apixaban compared with aspirin over a lifetime are predicted to experience 66 fewer strokes (including first and recurrent ischaemic and
haemorrhagic strokes) or systemic embolism and 57 fewer
cardiovascular-related deaths. There are an additional 38 major
bleeds (including first and recurrent haemorrhagic strokes other
intracranial haemorrhages and other major bleeds) and 38 cardiovascular hospitalizations. Over a lifetime, 18 patients needed to be
treated with apixaban to avoid one stroke and 26 additional patients
need to be treated to cause one major bleed event.

Figure 2 presents the results from the deterministic sensitivity analyses, on the top 15 parameters that had the most impact on the
ICERs. The results comparing apixaban to warfarin showed that
the ICERs from all scenarios varied between £4901 and £24 033
per QALY (Figure 2A). Only one of the scenarios tested, increasing
the stroke risk to 1.52 per 100 PYs for apixaban (55% higher than
that observed in ARISTOTLE), resulted in an ICER above the commonly accepted threshold of £20 000 per QALY.18 Compared with
aspirin, the ICERs from all scenarios varied between £3368 and
£14 290 (Figure 2B).
Subgroup analysis for varying baseline CHADS2 scores demonstrated that in patients with low risk of stroke (CHADS2 ≤ 1) the
ICERs were £13 152 (£7467– £27 676) and £16 744 (£3923– £86
518) per QALY, when compared with warfarin and aspirin, respectively, and in those with CHADS2 ¼ 2 they were £13 262 (£7094–
£31 240) and £6,848 (£754–£24 341). The ICERs were most favourable in high-risk patients (CHADS2 ≥ 3), £9769 (£4979 –£20 769),
and £3331 (dominant–£15 241).
The ICER from the subgroup analysis on quality of INR control for
each of the different cTTR ranges varied from £7 194 (£3777 –£15
002) to £17 826 (£5 462–£115 681). This indicated that even
when compared with patients who managed in a well-controlled
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drawing sets of inputs from their respective distributions and producing
numerous pairs of incremental QALYs and costs.
Further details on the model structure, inputs, uncertainty
analysis and results are included in Supplementary material online,
Appendix SC.

Deterministic cost and health outcomes predicted over lifetime per patient results (2.5 and 97.5th percentiles observed in probabilistic analysis)
VKA suitable population

...........................................................................................

Apixaban

Warfarin

Difference

VKA unsuitable population

............................................................................................

Apixaban

Aspirin

Difference

.............................................................................................................................................................................................................................................
Health outcomes (per patient)
Life years (undiscounted)
QALYs (discounted)

11.14 (10.53–11.87)

10.88 (10.28–11.64)

0.26 (0.10– 0.44)

11.09 (10.45– 11.86)

10.65 (9.91– 11.49)

0.44 (0.19– 0.83)

6.26 (5.83 –6.57)

6.08 (5.65 –6.39)

0.18 (0.09– 0.28)

6.22 (5.78– 6.55)

5.95 (5.48– 6.32)

0.27 (0.13– 0.48)

.............................................................................................................................................................................................................................................
Costs (£ discounted per patient)
Anticoagulant and management

£3555 (£2729– £4547)

£3455 (£2636– £4439)

£3071 (£2334 –£4101)

Monitoring
Clinical events

£106 (£58 –£174)
£5417 (£4208– £6993)

£1065 (£807– £1426)
£5755 (£4542– £7375)

£100 (£92 –£111)

2£959 (2£1324 –£703)
2£338 (2£873– £209)

£123 (£69– £198)
£5731 (£4434 –£7497)

£256 (£171–£383)
£6662 (£5070– £8967)

£78 (£72 –£85)

2£133 (2£238–£76)
2£931 (2£1974– £387)

£2993(£2257–£4021)

£9078 (£7639– £10812)

£6920 (£5669– £8594)

£2158 (£1453– £3033)

£8925 (£7458 –£10 883)

£6995 (£5342– £9397)

£1930 (£892–£2891)

.............................................................................................................................................................................................................................................
Total

Incremental cost-effectiveness ratio (apixaban vs. comparator)
£ per quality-adjusted life year gained

£11 909 (£7151– £24 596)

Cost-effectiveness of apixaban vs. current standard of care

Table 4

£7196 (£2437 –£17 395)

1903

Figure 2 (A) One-way sensitivity analysis of apixaban vs. warfarin. (B) One-way sensitivity analysis of apixaban vs. aspirin. Rates are displayed per 100 patient-years. The solid vertical line represents the
base – case incremental incremental cost-effectiveness ratio for apixaban compared with warfarin or aspirin. Horizontal bars indicate the range of incremental incremental cost-effectiveness ratios
obtained by setting each variable to the values shown in the white boxes while holding all other values constant.
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Figure 3 (A) Probabilistic sensitivity analyses for apixaban vs. warfarin. (B) Probabilistic sensitivity analyses for apixaban vs. aspirin. Each line represents a cost-effectiveness threshold representing the maximum amount society is willing to pay for a QALY gain. Apixaban is a cost-effective alternative in cases that fall to the right of this line; apixaban is not a cost-effective alternative in cases that fall to the left of this line.

setting (cTTR .76.5%), apixaban was considered cost-effective with
an ICER relative to warfarin of £11 321 (£5959 –£29 542) per QALY
gained.

Probabilistic sensitivity analysis

Discussion
This study estimated an ICER of £11 909 and £7 196 per QALY gained
with apixaban as a first-line treatment in the prevention of
stroke and systemic embolism for patients with AF, compared with
warfarin and aspirin, respectively, within the range considered to
be cost-effective.18 Fewer thrombo-embolic events with apixaban
translated into life expectancy and QALYs gained. Moreover, a
reduced number of clinical events led to lower medical care costs.
Increased drug treatment costs were observed in patients treated
with apixaban due to the higher drug acquisition costs and additional
time spent on treatment, due to a longer expected life span and lower
treatment discontinuation rates as observed in the trials (including
discontinuation due to bleeding, stroke, as well as other reasons).8,9
Our model expanded on the structural similarities with other
earlier cost-effectiveness studies by modelling strokes and bleeding
events in detail and accounting for the impact of treatment discontinuation and stroke severity in a comprehensive manner.16,19 – 21
Three earlier studies have assessed the cost-effectiveness of apixaban
relative to warfarin, two in the context of primary prevention,21,22and
one in secondary prevention.20 These studies concluded apixaban to
be a cost-effective alternative to warfarin from a United States payer
perspective; our study assessed the cost-effectiveness of apixaban
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The cost-effectiveness plane suggests that apixaban was more effective and more costly than warfarin or aspirin (Figure 3). At a willingness
to pay of £20 000 per QALY, apixaban was considered to be a costeffective treatment representing maximum net benefit over warfarin
in 93% of the trials and in 99% of the trials when compared with
aspirin. At a willingness to pay threshold of £30 000 per QALY 99%
of trials comparing apixaban with warfarin and 100% of trials comparing apixaban with aspirin showed apixaban being a cost-effective
alternative18

from a UK perspective. Our study enables the assessment of convergent validity of results across different countries and healthcare
systems. Unlike these studies, we also compared apixaban with
aspirin in patients who are unsuitable for VKA, and also, report on
results according to different levels of INR control, an area of uncertainty in earlier models evaluating NOACs.21 – 23 Our study demonstrated that apixaban remains a cost-effective alternative to warfarin
across all cTTR levels. These results imply that even for regions or
centres where patients are well-managed, either due to better
systems of anticoagulant care or comprehensive stroke risk management, apixaban will yield higher stroke and bleeding risk reduction,
thus, retaining its cost-effectiveness against warfarin. Our study is
further strengthened through reporting of results stratified by baseline risk of stroke using CHADS2 scores, highlighting that apixaban
remains a cost-effective alternative to current standard of care regardless of baseline stroke risk, attributed to the higher stroke and
bleeding risk in patients with higher CHADS2 and relatively constant
effect size of apixaban vs. warfarin and aspirin.
Our study used data from large blinded clinical trials and trialspecific detail surrounding treatment discontinuation patterns. We
allowed for treatment patterns to vary based on type and severity
of bleeding event and treatment discontinuation unrelated to
stroke and bleeding events, thus mimicking how antithrombotics
are used in real-life. Estimates around the risks of subsequent
events for patients on aspirin after treatment discontinuation were
based on secondary analysis of patients who had previously failed
warfarin enrolled in AVERROES, thus yielding more accurate modelling of stroke and bleeding risk in these patients compared with earlier
studies.16,19 – 22 We assumed that all patients received aspirin as a
second-line treatment, although it is likely that some patients could
have permanent discontinuation. However, scenario analysis assuming permanent discontinuation after major bleeds or reasons
unrelated to the modelled events, highlighted that the model conclusions remained unaltered regardless of changes in subsequent treatment, resulting in an ICER of £11 773 and £7276 per QALY when
compared with warfarin and aspirin, respectively.
In other studies, rates of recurrent stroke were assumed to be
treatment specific.19,21 Our study assumed no additional protective

1905

Cost-effectiveness of apixaban vs. current standard of care

Supplementary material
Supplementary material is available at European Heart Journal online.

Acknowledgements
The authors thank Jack Mardekian, Pfizer, for providing secondary
analyses of the ARISTOTLE and AVERROES trial data. The authors
would also like to thank Pamela Pei and Gethin Griffith (Pfizer) for
their support in the model design and identification of model inputs.

Funding
This study was funded by a grant from Pfizer and Bristol-Myers Squibb.
Funding to pay the Open Access publication charges for this article was
provided by Pfizer and Bristol Myers Squibb.

Conflict of interest: This research including the development of the
model, its design, construction, and identification of model inputs was
supported by Pfizer and Bristol-Myers Squibb. P.D. has received honoraria and research support from BMS, Pfizer, Boehringer Ingelheim, and
Bayer. He served on the Steering Committee of the ARISTOTLE trial.
T.K., T.L., and L.H. are employees of Evidera who were paid consultants
to Bristol-Myers Squibb and Pfizer in connection with conducting this
study. H.P. is an employee of Bristol-Myers Squibb with ownership of
stocks in Bristol-Myers Squibb. At the time, the study was conducted.
U.I. was an employee of Bristol-Myers Squibb with ownership of stocks
in Bristol-Myers Squibb. A.K., D.R., and L.L. are full-time employees of
Pfizer, Inc. with ownership of stocks in Pfizer, Inc. G.Y.H.L. has served
as a consultant for Bayer, Astellas, Merck, Sanofi, BMS/Pfizer, DaiichiSankyo, Biotronik, Portola, and Boehringer Ingelheim and has been on
the speakers bureau for Bayer, BMS/Pfizer, Boehringer Ingelheim, and
Sanofi Aventis.

References
1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor to stroke in
the elderly. The Framingham Study. Arch Intern Med 1987;147:1561 –1564.
2. Di Carlo A. Human and economic burden of stroke. Age Ageing 2009;38:4 –5.
3. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH, Hindricks G,
Kirchhof P, Guidelines ESCCfP, Bax JJ, Baumgartner H, Ceconi C, Dean V,
Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J,
Kolh P, McDonagh T, Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA,
Tendera M, Torbicki A, Vahanian A, Windecker S, Document R, Vardas P,
Al-Attar N, Alfieri O, Angelini A, Blomstrom-Lundqvist C, Colonna P, De Sutter J,
Ernst S, Goette A, Gorenek B, Hatala R, Heidbuchel H, Heldal M, Kristensen SD,
Kolh P, Le Heuzey JY, Mavrakis H, Mont L, Filardi PP, Ponikowski P, Prendergast B,
Rutten FH, Schotten U, Van Gelder IC, Verheugt FW. 2012 focused update of the
ESC Guidelines for the management of atrial fibrillation: an update of the 2010
ESC Guidelines for the management of atrial fibrillation. Developed with the
special contribution of the European Heart Rhythm Association. Eur Heart J 2012;
33:2719 –2747.
4. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to prevent
stroke in patients who have nonvalvular atrial fibrillation. Ann Intern Med 2007;
146:857–867.
5. Gallagher AM, Setakis E, Plumb JM, Clemens A, van Staa TP. Risks of stroke and mortality associated with suboptimal anticoagulation in atrial fibrillation patients. Thromb
Haemost 2011;106:968 –977.
6. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of oral anticoagulants in atrial fibrillation: a systematic review. Am J Med 2010;123:638 – 645 e4.
7. Wallentin L, Lopes RD, Hanna M, Thomas L, Hellkamp A, Nepal S, Hylek EM,
Al-Khatib SM, Alexander JH, Alings M, Amerena J, Ansell J, Aylward P, Bartunek J,
Commerford P, De Caterina R, Erol C, Harjola VP, Held C, Horowitz J, Huber K,
Husted S, Keltai M, Lanas F, Lisheng L, McMurray JJ, Oh BH, Rosenqvist M,
Ruzyllo W, Steg PG, Vinereanu D, Xavier D, Granger CB. on behalf of the AI. Efficacy
and safety of apixaban compared with warfarin at different levels of predicted INR
control for stroke prevention in atrial fibrillation. Circulation 2013;127:2166 –76.
8. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M,
Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD,
Ezekowitz JA, Flaker G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto S,
Hermosillo AG, Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS,
Lopez-Sendon JL, Pais P, Parkhomenko A, Verheugt FW, Zhu J, Wallentin L. Committees A, Investigators. Apixaban versus warfarin in patients with atrial fibrillation.
N Engl J Med 2011;365:981 –992.
9. Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S, Flaker G,
Avezum A, Hohnloser SH, Diaz R, Talajic M, Zhu J, Pais P, Budaj A,
Parkhomenko A, Jansky P, Commerford P, Tan RS, Sim KH, Lewis BS, Van
Mieghem W, Lip GY, Kim JH, Lanas-Zanetti F, Gonzalez-Hermosillo A, Dans AL,
Munawar M, O’Donnell M, Lawrence J, Lewis G, Afzal R, Yusuf S. Committee AS,
Investigators. Apixaban in patients with atrial fibrillation. N Engl J Med 2011;364:
806 –817.
10. Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, Kuntz KM. Force
I-SMGRPT. State-transition modeling: a report of the ISPOR-SMDM Modeling Good
Research Practices Task Force--3. Value Health 2012;15:812 –820.
11. Pisters R, Lane DA, Marin F, Camm AJ, Lip GY. Stroke and thromboembolism in atrial
fibrillation. Circ J 2012;76:2289 –2304.
12. Ariesen M, Claus S, Rinkel G, Algra A. Risk factors for intracerebral hemorrhage in
the general population: a systematic review. Stroke 2003;34:2060 –2065.

Downloaded from by guest on March 17, 2015

power of anticoagulants for secondary stroke prevention, This assumption is considered conservative and likely to favour aspirin
and warfarin with a poorer efficacy in stroke prevention, particularly
in light of evidence that apixaban is a cost-effective alternative to warfarin for secondary prevention.20
As with all models; however, there are limitations. First, given ARISTOTLE and AVERROES were multinational trials, clinical and safety
estimates were derived from multiple countries rather than a UK or
European population. Furthermore in a controlled clinical trial setting
patients may receive improved care and enhanced adherence to the
drug. Thus the efficacy, and safety and tolerability observed may not
reflect outcomes outside a trial setting. This is of particular importance around the projection of treatment discontinuation unrelated
to stroke and bleeding events. Although contributing factors to
such discontinuation such as severe renal dysfunction are included
in the calculated treatment discontinuation rates, an explicit projection of the proportion of patients with discontinuation has not been
included, and these rates may vary outside the trial setting. Univariate
sensitivity analysis, however, highlighted that apixaban remained a
cost-effective alternative to warfarin and aspirin over a wide range
of treatment discontinuation rates. Secondly, the number of
changes in antithrombotic therapies allowed was limited to two
due to the unavailability of the data to support efficacy of these treatments when being used as third-line treatment or beyond. Third, no
transitions from one disability level to another were modelled for
stroke and/or intracranial haemorrhage health states as there are
little data to support these transitions. Fourthly, these cost–benefit
assumptions do not take into account the intangible aspects of new
oral anticoagulants including convenience and fewer drug–drug
interactions. Fifthly, our analysis utilized the CHADS2 rather than
the CHA2DS2-VASC currently recommended,3 as CHADS2 was
the recommended risk classification scheme at the time, the trials
were conducted. Finally, the analyses were based on costs and resource use data specific for the UK, thus results are not necessarily
generalizable to other European countries due to differences in practice settings.
In conclusion, the choice of an optimal anticoagulant in AF patients
should involve careful consideration of stroke prevention efficacy,
bleeding risk, tolerability profile, and resource burden associated
with therapeutic management. Our analysis demonstrates that apixaban, when compared with the current standard of care provides a
cost-effective alternative for prevention of thrombo-embolic events.

1906

24. Huybrechts K, Caro J, Xenakis J. The prognostic value of the modified rankin scale
score for long-term survival after first-ever stroke. Cerebrovasc Dis 2008;26:
381 –387.
25. Scarborough P BP. Coronary Heart Disease Statistics 2010 edition. British Health Foundation Health Promotion research group, Department of Public Health, University
of Oxford.
26. Sullivan P, Slejko J, Sculpher M, Ghushchyan V. Catalogue of EQ-5D scores for the
United Kingdom. Med Decis Making 2011;31:800 – 804.
27. Friberg L, Hammar N, Pettersson H, Rosenqvist M. Increased mortality in paroxysmal atrial fibrillation: report from the Stockholm Cohort-Study of Atrial Fibrillation
(SCAF). Eur Heart J 2007;28:2346 –2353.
28. Henriksson K, Farahmand B, Johansson S, Asberg S, Terent A, Edvardsson N. Survival
after stroke: the impact of CHADS2 score and AF. Intl J Cardiol 2010;141:18 –23.
29. Brønnum-Hansen H, Davidsen M, Thorvaldsen P. Long-term survival and causes of
death after stroke. Stroke 2001;32:2131 – 2136.
30. Bronnum-Hansen H, Jorgensen T, Davidsen M, Madsen M, Osler M, Gerdes LU,
Schroll M. Survival and cause of death after myocardial infarction: the Danish
MONICA study. J Clin Epidemiol 2001;54:1244 –1250.
31. Stewart S, Hart CL, Hole DJ, McMurray JJ. A population-based study of the long-term
risks associated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley
study. Am J Med 2002;113:359–364.
32. Gage BF, Cardinalli AB, Owens DK. The effect of stroke and stroke prophylaxis with
aspirin or warfarin on quality of life. Arch Intern Med 1996;156:1829 – 1836.
33. Monthly Index of Medical Specialties (MIMS), October 2011. http://www.mims.
co.uk
34. Department of Health, National Schedule of Reference Costs Year: ‘2009 –10’ NHS Trusts and PCTs combined. http://www.dh.gov.uk/en/Publicationsand
statistics/Publications/PublicationsPolicyAndGuidance/DH_131140 (11
February 2013).
35. Youman P, Wilson K, Harraf F, Kalra L. The economic burden of stroke in the United
Kingdom. Pharmacoeconomics 2003;21(Suppl. 1):43 –50.
36. Beswick AD, Rees K, Griebsch I, Taylor FC, Burke M, West RR, Victory J, Brown J,
Taylor RS, Ebrahim S. Provision, uptake and cost of cardiac rehabilitation programmes: improving services to under-represented groups. Health Technol Assess
2004;8:1 –152.

Downloaded from by guest on March 17, 2015

13. Expert Panel on Detection Evaluation Treatment of High Blood Cholesterol in
Adults. Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of
High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA 2001;285:
2486 –2497.
14. Easton JD, Lopes RD, Bahit MC, Wojdyla DM, Granger CB, Wallentin L, Alings M,
Goto S, Lewis BS, Rosenqvist M, Hanna M, Mohan P, Alexander JH, Diener HC. Committees A, Investigators. Apixaban compared with warfarin in patients with atrial fibrillation and previous stroke or transient ischaemic attack: a subgroup analysis of the
ARISTOTLE trial. Lancet Neurol 2012;11:503 –511.
15. Claassen D, Kazemi N, Zubkov A, Wijdicks E, Rabinstein A. Restarting anticoagulation therapy after warfarin-associated intracerebral hemorrhage. Arch Neurol 2008;
65:1313 –1318.
16. Sorensen SV, Dewilde S, Singer DE, Goldhaber SZ, Monz BU, Plumb JM. Costeffectiveness of warfarin: trial versus ‘real-world’ stroke prevention in atrial fibrillation. Am Heart J 2009;157:1064 –1073.
17. Human Mortality Database. 2009 UK life tables. http://www.mortality.org/cgibin/hmd/country.php?cntr=GBR&level=2 (May 2011).
18. National Institute for Health and Clinical Excellence (January 2009) The Guidelines
Manual. London: National Institute for Health and Clinical Excellence. Available
from: www.nice.org.uk
19. Freeman JV, Zhu RP, Owens DK, Garber AM, Hutton DW, Go AS, Wang PJ,
Turakhia MP. Cost-effectiveness of dabigatran compared with warfarin for stroke
prevention in atrial fibrillation. Ann Intern Med 2011;154:1–11.
20. Kamel H, Easton JD, Johnston SC, Kim AS. Cost-effectiveness of apixaban vs. warfarin for secondary stroke prevention in atrial fibrillation. Neurology 2012;79:
1428 – 1434.
21. Lee S, Mullin R, Blazawski J, Coleman CI. Cost-effectiveness of apixaban compared
with warfarin for stroke prevention in atrial fibrillation. PLoS One 2012;7:e47473.
22. Harrington AR, Armstrong EP, Nolan PE Jr, Malone DC. Cost-effectiveness of apixaban, dabigatran, rivaroxaban, and warfarin for stroke prevention in atrial fibrillation.
Stroke 2013;44:1676 –81.
23. National Institute of Clinical Excellence (NICE). Atrial fibrillation: dabigatran etexilate; final appraisal determination; 01 November 2011.

P. Dorian et al.

