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Cost-effectiveness of pharmacogenetic-guided dosing of
warfarin in the United Kingdom and Sweden
TI Verhoef1,2, WK Redekop3, S Langenskiold4,5, F Kamali6, M Wadelius7, G Burnside8, A-H Maitland-van der Zee2, DA Hughes9 and
M Pirmohamed8

We aimed to assess the cost-effectiveness of pharmacogenetic-guided dosing of warfarin in patients with atrial fibrillation (AF) in
the United Kingdom and Sweden. Data from EU-PACT, a randomized controlled trial in newly diagnosed AF patients, were used to
model the incremental costs per quality-adjusted life-year (QALY) gained by pharmacogenetic-guided warfarin dosing versus
standard treatment over a lifetime horizon. Incremental lifetime costs were £26 and 382 Swedish kronor (SEK) and incremental
QALYs were 0.0039 and 0.0015 in the United Kingdom and Sweden, respectively. The corresponding incremental cost-effectiveness
ratios (ICERs) were £6 702 and 253 848 SEK per QALY gained. The ICER was below the willingness-to-pay threshold of £20 000 per
QALY gained in 93% of the simulations in the United Kingdom and below 500 000 SEK in 67% of the simulations in Sweden. Our
data suggest that pharmacogenetic-guided dosing of warfarin is a cost-effective strategy to improve outcomes of patients with AF
treated with warfarin in the United Kingdom and in Sweden.

The Pharmacogenomics Journal (2016) 16, 478–484; doi:10.1038/tpj.2016.41; published online 7 June 2016

INTRODUCTION
Warfarin is widely used to decrease the risk of stroke in patients
with atrial fibrillation (AF).1 Warfarin dosing requires frequent
monitoring of the International Normalised Ratio (INR), because of
the narrow therapeutic window and inter-patient and intra-patient
variability in dose requirement. INR values below the therapeutic
range (usually 2.0-3.0 in patients with AF) lead to loss of efficacy
and an increased risk of thromboembolic events, while INR values
above the therapeutic range are associated with an increased risk
of bleeding. Major bleeding events associated with warfarin, such
as intra-cranial haemorrhage (ICH), can cause high morbidity and
mortality, and are costly to manage.2

Genetic polymorphisms have been shown to be associated with
warfarin dose requirement and also with the risk of adverse
treatment outcomes.3 Polymorphisms in the VKORC1 gene, coding
the main target enzyme for warfarin, and the CYP2C9 gene, coding
the main enzyme responsible for warfarin metabolism, together
account for approximately 40% of the inter-individual variability in
warfarin dose requirement.4 Several dosing algorithms have been
constructed; these have included genetic information, together
with patient characteristics such as age, gender, height and
weight.4–6

By the end of 2013, three large randomized controlled trials of
pharmacogenetic-guided dosing of coumarin anticoagulants had
been published.7–9 None of these trials was powered to show a
significant difference in clinical endpoints, such as bleeding and
stroke, and therefore the main outcome measure in all trials was
the percentage time spent in therapeutic INR range (PTIR).
However, PTIR is a relevant surrogate measure since it has been

shown that a 6-10% improvement in PTIR can have clinically
significant impact of the risk of bleeding and stroke.10,11

One of the trials (EU-PACT) included patients starting warfarin
in the United Kingdom and Sweden8 and compared a pharma-
cogenetic-based algorithm12 with standard dosing. This trial
demonstrated that pharmacogenetic-guided dosing increased the
PTIR in the first 12 weeks of therapy by 7.0 percentage points (95%
confidence interval 3.3 to 10.6). However, since pharmacogenetic-
guided dosing requires genotyping which incurs additional costs, it
is important to investigate whether this would be cost-effective if it
is implemented in routine clinical practice. The aim of this study
was therefore to assess the cost-effectiveness of pharmacogenetic-
guided dosing versus standard dosing of warfarin in newly
diagnosed patients with AF in the United Kingdom and Sweden.
We performed two country-specific cost-effectiveness analyses
because of between-country differences in the health-care system
(that is, structure, cost) and quality of standard anticoagulant care.13

MATERIALS AND METHODS
Model structure
A Markov model was used to analyse the cost-effectiveness of
pharmacogenetic-guided dosing versus standard dosing in the United
Kingdom and Sweden. The model was similar to the model used in
previous studies on this topic14–16 and developed using Microsoft Excel.
The model was used to compare the incidence of adverse events, quality-
adjusted life-years (QALYs), and direct medical costs of the two treatment
options over a lifetime time horizon. In the EU-PACT trial, the effect of
pharmacogenetic-guided dosing was assessed for warfarin, acenocou-
marol and phenprocoumon.7 However, data from only the warfarin arm of
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this trial were used to populate this model, as the warfarin trial was
conducted in the United Kingdom and Sweden, and differed in design
from the acenocoumarol and phenprocoumon trials. The base-case cohort
in the analysis was a hypothetical cohort of patients with AF initiating
warfarin treatment; their mean ages were 70.9 in the United Kingdom and
72.5 in Sweden, reflecting the mean ages at start of AF treatment in the
EU-PACT trial. Figure 1a shows the different health states according to the
Markov model. All patients entered the model in the ‘well’ state and could
move to other states at monthly intervals. When an event occurred, the
patient would stay in that state for 1 month and then move to ‘well’,
‘disability’ or ‘death’. Patients with a permanent disability after stroke or
ICH were assigned to the ‘disability’ state. Patients who recovered from an
event were assigned back to the ‘no event state’ but with the possibility of
having a ‘recurrent event’ later.
Thromboembolic events consisted mainly of ischaemic strokes, but 28%

were assumed to be transient ischaemic attacks.17,18 Patients with a stroke
had a 10% chance of dying and a 47% chance of disability14,19 while
patients with a transient ischaemic attack were assumed to fully recover.
The majority of haemorrhagic events (80%) were assumed to be extra-
cranial haemorrhage, and 20% were ICH.19,20 The risk that an ICH would
result in permanent disability was 50% and the chance that it would be
fatal was 45%;19,20; these values were zero for an extra-cranial haemor-
rhage. Patients were assumed to switch to aspirin after an ICH.21,22 Input
parameters of the model for both the United Kingdom and Sweden are
shown in Table 1. Age-specific mortality rates were included in the
model using country-specific mortality data, excluding cerebrovascular
deaths.23,24 Country-specific input parameters are presented in Table 2.

Clinical inputs
The percentage time within therapeutic INR range (PTIR) is commonly used
as the primary outcome in clinical trials investigating the effect of
genotype-guided warfarin dosing.9,15,16 We analysed the EU-PACT trial
data to determine the percentage time within different INR ranges (o2.0,
2.0–3.0, 3.0–5.0 and 45.0) in the first 3 months of the treatment using the
linear interpolation method as described by Rosendaal et al.25 In general,
the PTIR was higher in Sweden than in the United Kingdom, mainly due to
patients spending less time above the therapeutic range. However, the
difference in PTIR between pharmacogenetic-guided dosing and standard
care was larger in the United Kingdom than in Sweden (see Table 3). For
example, in the first month the PTIR was 52.8% in the pharmacogenetic-
guided arm versus 42.6% in the control arm in the United Kingdom,
compared with 60.6 versus 56.5% in Sweden. By month 3 the difference
was small (approximately 1%) in both countries. We used estimates from
literature for the percentage time in the different INR ranges after the first
3 months26 and assumed that this percentage is stable from month
3 onwards and the same in the two arms (conservative assumption of no
difference between the two arms after month 3). The risks of adverse
events associated with each of the four INR ranges were derived from a

meta-analysis of 19 randomized trials and observational studies of
coumarin anticoagulants27 (Table 1). The percentages of time spent in
the different INR ranges were multiplied by the monthly risk of events
associated with these ranges to calculate the incidence of thromboembolic
and haemorrhagic events in every cycle.
In the first 3 months of treatment, the INR is measured frequently. In the

EU-PACT trial, approximately seven INR measurements were made on
average in the first month, followed by three measurements in the
second and third months. We assumed one measurement per month
thereafter.28,29

Health state utilities
The baseline utility value in our model was 0.81 for patients with AF.30 To
reflect the disutility of blood sampling for INR measurement, a decrement
of 0.013 was applied for warfarin use and a decrement of 0.002 for aspirin
use31 to reflect the disutility of gastrointestinal effects. Decrements were
also ascribed when patients experienced an adverse event (Table 1). In the
case of a non-disabling event, these decrements were assumed to last

Figure 1. Schematic representation of the Markov model. Patients
initiating warfarin entered the model in the ‘well’ state and faced
different chances of developing adverse events depending on
dosing algorithm.

Table 1. Model input parameter estimates that are common to both
countries

Parameter Base case Rangea Distribution Source

Risk of ICH (% per month)b

INRo2 0.025 0.012-0.051 Beta 27

INR within range 0.023 0.015-0.039 Beta 27

INR 3.0-5.0 0.063 0.037-0.108 Beta 27

INR45 0.597 0.269-1.565 Beta 27

Aspirin 0.020 0.013-0.032 Beta 21

Risk of ECH (% per month)b

INRo2 0.101 0.047-0.203 Beta 27

INR within range 0.094 0.060-0.155 Beta 27

INR 3.0-5.0 0.251 0.148-0.434 Beta 27

INR45 2.387 1.076-6.260 Beta 27

Aspirin 0.080 0.054-0.128 Beta 21

Risk of stroke (% per month)c

INRo2 0.507 0.264-0.982 Beta 27

INR within range 0.146 0.072-0.301 Beta 27

INR 3.0-5.0 0.164 0.072-0.384 Beta 27

INR45 0.455 0.239-0.877 Beta 27

Aspirin 0.183 0.121-0.270 Beta 21

Risk of TIA (% per month)c

INRo2 0.197 0.103-0.382 Beta 27

INR within range 0.057 0.028-0.117 Beta 27

INR 3.0-5.0 0.064 0.028-0.149 Beta 27

INR45 0.177 0.093-0.341 Beta 27

Aspirin 0.071 0.047-0.105 Beta 21

Outcome of ICH and stroke (proportion)
Fatal ICH 0.45 0.42-0.49 Dirichlet 19

Disability after ICH 0.50 0.46-0.54 Dirichlet 20

Fatal stroke 0.10 0.08-0.12 Dirichlet 19

Disability after stroke 0.47 0.44-0.51 Dirichlet 14

Mortality after
disability

0.056 0.045-0.067** Beta 14

Utilities
Atrial fibrillation 0.810 0.778-0.843 Beta 30

Warfarin use − 0.013d − 0.005 to − 0.021 Beta 31

Aspirin use − 0.002d − 0.000 to − 0.006 Beta 31

ECH − 0.060d − 0.020 to − 0.100 Beta 14

ICH − 0.181d − 0.155 to − 0.209 Beta 30

TIA − 0.103d − 0.088 to − 0.119 Beta 30

Stroke − 0.139d − 0.118 to − 0.160 Beta 30

Disability − 0.374d − 0.160 to − 0.588 Beta 30

Abbreviations: ECH, extra-cranial haemorrhage; ICH, intra-cranial haemor-
rhage; INR, International Normalised Ratio; TIA, transient ischaemic attacks.
aTo define the range, we used 95% confidence intervals or a plausible
range (e.g., ± 20%) if a confidence interval was not available (indicated
by **). bWe assumed 20% of haemorrhagic events are ICH, 80% are ECH.
cWe assumed 72% of thromboembolic events are stroke, 28% are TIA.
dThese are decrements from 0.810 (utility of people with atrial fibrillation).
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1 month. For patients in the disability state, a permanent decrement was
applied. QALYs were estimated by summing all utility values multiplied by
the time spent in each health state.

Costs
The cost of a point-of-care genotyping test, which was used in the
EU-PACT trial, was estimated to be approximately US$50 (approximately

£35 or 440 SEK),32 although this particular form of testing has not been
used in clinical practice yet. The occurrence of a clinical event gave rise to
one-time, event-related costs. For less disabling events (transient ischaemic
attacks, extra-cranial haemorrhage and non-disabling stroke or ICH), no
subsequent costs were applied. Patients with disabling stroke or ICH were
assumed to incur monthly costs relating to the management of disability
for the remainder of their lifetime. Costs were determined from the
perspectives of the National Health Service in the United Kingdom and the

Table 2. Country-specific model input parameter estimates

Parameter United Kingdom Sweden Distribution

Base case (rangea) Source Base case (rangea) Source

Age at start of treatment (years) 70.9 (69.8–72.1) EU-PACT 72.5 (69.9–75.2) EU-PACT Normal
Number of INR measurements
First month 6.7 (6.6–6.9) EU-PACT 7 (6.8–7.2) EU-PACT Normal
Per month - months 2 & 3 2.7 (2.6–2.8) EU-PACT 3.1 (2.9–3.3) EU-PACT Normal
Per month - after month 3 1 (0.67–1.33**) Assumption 1 (0.67–1.33**) Assumption Normal
Proportion time in range after month 3 0.72 (0.67–0.77) 26 0.77 (0.72–0.82) 26 Normal

Costs
Genotyping £35.03 (17.51–52.54**) 32 440 SEK (220–661**) 32 Gamma
Warfarin tablets, monthly £3.20 (2.56–3.85**) 414.5 mg/day 45 SEK (36–54**) 422 × 2.5 mg/day Gamma
Aspirin tablets, monthly £1.72 (1.37–2.06**) 412 × 75mg/day 21 SEK (17–25**) 422 × 75mg/day Gamma
INR measurement+visit to
anticoagulant clinic

£24.20 (19.36–29.04**) 43,44 221 SEK (177–265**) 45 Gamma

ECH £1145 (916–1374**) 46 32 231 SEK (25 785–38 677**) 47 Gamma
ICH £12 341 (9873–

14 810**)

48 171 638 SEK (137 310–205 966**) 49 Gamma

TIA £944 (755–1133**) 46 19 942 SEK (15 954–23 930**) 50 Gamma
Stroke £12 527 (10 022–

15 033**)

48 171 638 SEK (137 310–205 966**) 49 Gamma

Disability, monthly £662 (530–795**) 48 3288 SEK (658–5918**) 49 Gamma

Discount rate, yearly
Costs 3.5% (0–6**) 33 3.0% (0–6**) 34

—

Effects 3.5% (0–6**) 33 3.0% (0–6**) 34
—

Abbreviations: INR, International Normalised Ratio; ICH, intra-cranial haemorrhage; ECH, extra-cranial haemorrhage; TIA, transient ischaemic attacks. aTo define
the range, we used 95% confidence intervals or a plausible range (e.g., ± 20%) if a confidence interval was not available (indicated by **).

Table 3. Proportion of time spent in different INR ranges during the first 3 months of treatment - country-specific EU-PACT analysis

INR United Kingdom Sweden

Standard care
Base case (rangea)

Pharmacogenetics
Base case (rangea)

Standard care
Base case (rangea)

Pharmacogenetics
Base case (rangea)

Month 1
o2 0.293 (0.274–0.312) 0.278 (0.257–0.300) 0.344 (0.298–0.390) 0.339 (0.290–0.387)
2-3 0.426 (0.389–0.464) 0.528 (0.491–0.564) 0.565 (0.506–0.623) 0.606 (0.550–0.663)
3-5 0.233 (0.218–0.248) 0.188 (0.174–0.203) 0.091 (0.078–0.103) 0.055 (0.047–0.063)
45 0.048 (0.045–0.051) 0.006 (0.006–0.006) 0.001 (0.001–0.001) 0.000 (0.000–0.000)

Month 2
o2 0.210 (0.183–0.238) 0.177 (0.148–0.206) 0.195 (0.127–0.263) 0.1265 (0.084–0.17)
2-3 0.603 (0.551–0.654) 0.722 (0.677–0.767) 0.752 (0.666–0.839) 0.797 (0.727–0.866)
3-5 0.170 (0.148–0.192) 0.098 (0.082–0.114) 0.052 (0.034–0.070) 0.077 (0.050–0.103)
45 0.017 (0.015–0.019) 0.003 (0.003–0.003) 0.001 (0.001–0.001) 0.000 (0.000–0.000)

Month 3
o2 0.149 (0.126–0.173) 0.164 (0.140–0.187) 0.091 (0.052–0.130) 0.079 (0.052–0.106)
2-3 0.694 (0.645–0.742) 0.709 (0.668–0.751) 0.852 (0.788–0.916) 0.862 (0.815–0.909)
3-5 0.154 (0.130–0.179) 0.120 (0.103–0.137) 0.054 (0.031–0.077) 0.059 (0.039–0.079)
45 0.003 (0.003–0.003) 0.007 (0.006–0.008) 0.003 (0.002–0.004) 0.000 (0.000–0.000)

aTo define the range, we used 95% confidence intervals.
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health-care sector in Sweden for the year 2014 in the local currency (UK£
and Swedish SEK). Costs and effects were discounted at an annual rate of
3.5% for the United Kingdom and 3.0% for Sweden, in accordance with
national guidelines.33,34

Sensitivity analyses
One-way sensitivity analyses were conducted to evaluate the influence of
input parameters on the economic results. The parameters were varied
over their 95% confidence intervals or a plausible range (for example,
± 20%) if a confidence interval was not available. The costs of genotyping
were varied by ± 50% because this test is not yet used in clinical practice
and there is more uncertainty around this estimate. Annual discount rates
applied to costs and effects were varied from 0 to 6% in both countries.
A probabilistic sensitivity analysis was performed using 1000 Monte

Carlo simulations to assess the combined uncertainty of multiple model
parameters on the estimated cost-effectiveness of genotyping. Values
were drawn from Dirichlet distributions for the probabilities of different
outcomes of stroke and ICH, beta distributions for all other probabilities
and QALYs, and gamma distributions for costs. A normal distribution was
used to vary the PTIR, frequency of INR measurements and age.
In the United Kingdom, NICE applies a cost-effectiveness threshold

range of £20 000–£30 000 per QALY gained.33 In Sweden, a threshold of
500 000 SEK (approximately £40 000) has been mentioned.35 The
probabilistic sensitivity analysis yielded probabilities of genotyping being
cost-effective at different threshold values of willingness-to-pay and the
results are presented using a cost-effectiveness acceptability curve.36 Given
the uncertainty about genotyping costs, we also performed a threshold
analysis to identify the highest cost at which genotyping would still be
cost-effective, given cost-effectiveness thresholds of £20 000 and 500 000
SEK per QALY gained in the United Kingdom and Sweden, respectively.

RESULTS
Base case
Supplementary figure S1 shows the cumulative risk of haemor-
rhage (ICH and extra-cranial haemorrhage) and thromboem-
bolism (stroke and transient ischaemic attacks) during the first
year of warfarin treatment for standard care and pharma-
cogenetic-guided dosing algorithms in the United Kingdom and
Sweden. The modelled difference between standard care and
pharmacogenetic-guided dosing in haemorrhagic event rate was
higher in the United Kingdom, where the difference appeared
within the first two months and was stable thereafter.
Table 4 presents the first-year incidence of clinical events per

100 patient-years. Genotyping decreased the risk of haemorrhagic
events by 0.18% in the United Kingdom and by 0.2% in Sweden.
The risk of thromboembolic events decreased by 0.04% in both
countries. In the United Kingdom, genotyping increased lifetime
costs by £26 and QALYs by 0.0039 (equivalent to1.4 days of full
health), resulting in an incremental cost-effectiveness ratio (ICER)

of £6 702 per QALY gained (Table 4). In Sweden, the incremental
costs and QALYs were 382 SEK and 0.0015 (0.5 days in full health),
respectively, with an ICER of 253 848 SEK per QALY gained. Life
expectancy (without quality adjustment) in the pharmacogenetic-
guided group was 0.0047 years (1.7 days) longer in the United
Kingdom and 0.0018 years (0.7 days) longer in Sweden than in the
standard care group.

One-way sensitivity analysis
In the UK analysis, none of the parameters increased the ICER
above the £20 000 per QALY threshold when they were varied
within the specified range. The parameter with the largest
influence on the ICER was the risk of stroke when INR was within
the therapeutic range. The ICER was £4890 when risk of stroke was
set to its lower limit (0.07%) but increased to £14 284 per QALY
gained when the risk of stroke was set to its upper limit (0.30%).
The costs of genotyping also had a large influence; when these
were varied from £17.51 to £52.54 the ICER ranged from £2273 to
£11 231 per QALY gained. In Sweden, several parameters changed
the results appreciably and led to ICERs higher than the 500 000
SEK per QALY threshold. When INR was in the therapeutic range
for 83.9% of the time by month 2 with standard care, the ICER
increased to 972 000 SEK per QALY gained. Other parameters with
a large influence were: risk of stroke when INR was o2.0, PTIR in
month 1 with both pharmacogenetic-guided dosing and standard
care, PTIR in month 2 with pharmacogenetic-guided dosing and
PTIR in month 3 with standard care. The effect of uncertainty
around the 15 most influential parameters on the ICER in the
United Kingdom and Sweden is presented in the tornado plot in
Figure 2. The one-way sensitivity analyses are especially useful to
test the model, that is, to see if the changes in the variables
influence the results as expected, which they did for our model.

Probabilistic sensitivity analysis
In the probabilistic sensitivity analysis, the incremental costs per
QALY gained were below £20 000 in 93% of the simulations in the
United Kingdom and below 500 000 SEK in 67% of the simulations
in Sweden. The probability that genotyping would be cost-
effective at different thresholds of willingness-to-pay is shown in
Figure 3.

Threshold analysis
Pharmacogenetic-guided dosing is cost-effective if genotyping
costs would be no higher than £86 in the United Kingdom
(given a cost-effectiveness threshold of £20 000 per QALY gained)
or 809 SEK (approximately £64) in Sweden (given a threshold of
500 000 SEK).

Table 4. Base case results for total costs, QALYs and costs per QALY gained in the United Kingdom and Sweden

Country Strategy First-year incidence per
100 patients

Lifelong outcomes

HE TE Discounted costs
(non-discounted costs)

Discounted QALYs
(non-discounted QALYs)

Discounted ICER
(non-discounted ICER)

UK Standard care 2.108 3.424 £8614 (£11 437) 7.9141 (10.5220)
Pharmacogenetics 1.930 3.383 £8640 (£11 464) 7.9180 (10.5272)
Increment − 0.18 − 0.04 £26 (£27) 0.0039 (0.0052) £6702 (£5223)

Sweden Standard care 1.782 3.256 88 072 SEK (109 465 SEK) 7.5321 (9.3908)
Pharmacogenetics 1.766 3.212 88 453 SEK (109 850 SEK) 7.5336 (9.3927)
Increment -0.02 -0.04 382 SEK (385 SEK) 0.0015 (0.0019) 253 848 SEK (202 941 SEK)

Abbreviations: HE, haemorrhagic event; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; TE= thromboembolic event. Results using
the country-specific discount rates are shown. Figures in parentheses indicate non-discounted results.
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DISCUSSION
Our study shows that pharmacogenetic-guided dosing of warfarin
can be cost-effective in the management of patients with AF in
both the UK and Swedish health-care settings. As the EU-PACT
trial demonstrated a larger relative effect of the pharmacogenetic-
guided dosing algorithm in comparison to standard care on PTIR
in the United Kingdom than in Sweden, the ICER was more
favourable in the United Kingdom. The results of our analysis
therefore suggest that pharmacogenetic-guided warfarin dosing

has a greater likelihood of being cost-effective in the United
Kingdom. In the base case analysis, genotyping was also
cost-effective in Sweden, but uncertainty around some para-
meters such as the time spent with an INRo2.0 or time spent
within therapeutic INR range led to more uncertainty around the
estimated cost-effectiveness. However, the probability that
pharmacogenetic-guided dosing would be cost-effective in
Sweden, given a threshold of 500 000 SEK per QALY gained, was
still 67%.

Figure 2. Tornado plots showing the effect of uncertainty around the most influential parameters on the incremental cost-effectiveness ratio.
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A limitation to our study was the fact that we were very reliant
on modelled extrapolation. First, we extrapolated the results of the
EU-PACT study (12 weeks) over a lifetime time horizon (assuming
no difference between the two arms after 12 weeks). Second, we
extrapolated the intermediate outcome (PTIR) to incidence of
clinical events and obtained data on costs, utilities and
probabilities from multiple sources which may not necessarily
be appropriate for the study population. Although previous
studies on this topic14,37 have relied on the same assumptions,
we used more robust evidence to assess the impact of genetic
testing on treatment outcomes. It is also however important to
note that a recent analysis of the warfarin arm of the ENGAGE
AF-TIMI 48 trial showed that patients who carry variants in CYP2C9
and/or VKORC1 were more likely to have unstable INRs and were
at increased risk of bleeding events,38 which provides support for
our assumptions. Furthermore, it has been shown from the RELY
trial that a 10% improvement in PTIR can lead to a 20%
improvement clinical outcomes.11 Another limitation is that new
direct oral anticoagulants, such as dabigatran or apixaban, can be
used instead of warfarin in some but not all AF patients. An
assessment of cost-effectiveness of pharmacogenetic-guided
warfarin dosing versus these drugs was outside the scope of
this study.
To estimate the cost of the genetic test we used a commercial

rate for point-of-care testing, although local rates for this test may
vary and costs may change (decrease) over time. We therefore
performed a threshold analysis and found that pharmacogenetic-
guided dosing is cost-effective if genotyping costs would be no
higher than £86 in the United Kingdom or 809 SEK in Sweden.
Several studies on the cost-effectiveness of genotyping patients

before warfarin initiation have been published, but the results of
these studies vary widely.14,37,39 In one UK study, the ICER of
pharmacogenetic-guided dosing versus clinical dosing was
£13 226.39 In a US study by Meckley et al., the costs per QALY
gained were $60 750 and the chance that the ICER was below the
$50 000 threshold was estimated to be 46%.14 Two other studies
reported considerably higher costs per QALY gained than the
previous studies ($171 000 to $34 700).37 This variation is mainly
due to uncertainty around the effectiveness of genotyping
because of the small number of randomized controlled trials,
and the heterogeneity of patient populations, trial design,
outcome definitions and reporting of results among these
randomized controlled trials.37 Our economic evaluation for
warfarin is the first one based on an appropriately powered
randomised controlled trial, which resulted in considerably less
uncertainty around the estimated effectiveness.
The quality of standard treatment in Sweden is high. In the

current study, the PTIR in the standard treatment arm varied from
57% in month 1 to 85% in month 3 in Sweden compared with
43% in month 1 to 69% in month 3 in the United Kingdom. This
might also explain the lower benefit of pharmacogenetic-guided

dosing in Sweden compared with the United Kingdom. This is
supported by our one-way sensitivity analysis, where we found
that the results were especially sensitive to the PTIR in Sweden.
The total QALY gain in the present study was small (1.4 or

0.5 days in full health in the United Kingdom and Sweden
respectively), due to the small difference in incidence of adverse
events (patients in both study arms were monitored for 3 months
only). We recently conducted a systematic review of economic
evaluations of pharmacogenetic tests,40 which identified 10
studies that considered the cost effectiveness of testing prior to
prescription of warfarin, eight of which were conducted in the
United States. Although the results were mixed (please see
Plumpton et al40 for details), the QALY gains ranged from 0.2 to
1.1 days in full health, consistent with our finding.
In summary, our cost-effectiveness analysis based on a real-

world clinical trial suggests that genotype-guided dosing of
warfarin is cost-effective in both United Kingdom and Sweden,
where the trial was conducted. Although pharmacogenetic-
guided dosing yields a small health gain when compared with
standard care, it would still help to improve the quality of warfarin
treatment in the United Kingdom and Sweden. Our study also
highlights the fact that small average improvements for the whole
population (because the costs are spread among the many
patients receiving therapy) hide the fact there will be large health
gains in a few individuals – this is an important point in relation
to economic evaluation of personalised medicine that needs to be
appreciated by all stakeholders, in particular regulators and
payers.
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