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BACKGROUND: The decision as to whether to use
more expensive novel oral anticoagulants (NOACs) or
invest resources for quality improvement of warfarin
therapy requires input from both clinical and
economic analyses.
OBJECTIVE: Cost-effectiveness of NOACs compared to
warfarin therapy at various levels of patient-time in
therapeutic range (TTR) in patients with atrial fibrilla-
tion was examined, from the healthcare provider’s
perspective.
DESIGN, SUBJECTS AND INTERVENTION: A Markov
model was used to compare life-long economic and
treatment outcomes of warfarin and NOACs in a
hypothetical cohort of 65-year-old atrial fibrillation
patients with CHADS2 scores of 2 or above. Model
inputs were derived from clinical trials published in
the literature.
MAIN MEASURES: The outcome measure was incre-
mental cost per quality-adjusted life-year (QALY) gained
(ICER).
KEY RESULTS: Using United States Dollar (USD)
50,000 as the threshold of willingness-to-pay per
QALY, NOACs therapy was cost-effective when TTR of
warfarin therapy was 60 % or below, or monthly cost of
warfarin management increased by two-fold or more to
achieve 70 % TTR. Warfarin therapy was cost-effective
when TTR of warfarin was 70 % with up to a 1.5-fold
increment in monthly cost of care, or when TTR
reached 75 % with monthly cost of warfarin care
increased up to three-fold. At TTR 60 %, 70 % and
75 %, NOACs was cost-effective when monthly drug
cost was < USD 200, < USD 122–185 and < USD 85–
145, respectively. 10,000 Monte Carlo simulations
showed NOACs to be cost-effective 83.6 %, 50.7 %
and 32.7 % of the time at TTR of 60 %, 70 % and 75 %,
respectively.
CONCLUSIONS: The acceptance of NOACs as cost-
effective was highly dependent upon drug cost,
anticoagulation control for warfarin, and anticoagulation
service cost.
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INTRODUCTION

Warfarin is a vitamin K antagonist, and for many decades it
had been the only effective oral anticoagulant to reduce the
risk of ischemic stroke in patients with atrial fibrillation.1

The anticoagulation effect of warfarin, measured by the
international normalized ratio (INR), is subject to wide
inter-individual and intra-individual variability that possibly
leads to hemorrhagic events despite careful dosage titra-
tion.2 Recently, novel oral anticoagulants (NOACs), includ-
ing direct thrombin inhibitor (dabigatran) and direct factor
Xa inhibitors (rivaroxaban and apixaban) became available.
All three NOACs have shorter half-life than warfarin.
Dabigatran and rivaroxaban are mostly (> 60 %) excreted
by renal elimination, whereas apixaban is eliminated mainly
by fecal route, with 25 % renal excretion. Both apixaban
and dabigatran are administered twice daily and rivaroxaban
is taken once daily. It is anticipated that, because of the
short half-life periods, in combination with the lack of
specific requirement on coagulation monitoring, patients on
NOAC therapy would need follow-up to ensure drug
adherence.3

The efficacy and safety of the NOACs were compared
with warfarin in randomized clinical trials for prevention of
stroke in patients with atrial fibrillation.4–6 The data showed
that the NOACs were either associated with lower rates of
stroke and systemic embolism,4,5 or were non-inferior to
warfarin for stroke prevention.6 Major bleeding rates of
the NOACs and warfarin were similar. Indirect compara-
tive studies mostly reported no profound significant
difference in efficacy between these three NOACs, and
apixaban was consistently found to be associated with
significantly less major bleeding than dabigatran (150 mg
twice daily) and rivaroxaban.7–9
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Warfarin underuse is common due to the complexity of
anticoagulation care. Warfarin therapy with good INR
control (patient-time in therapeutic range (TTR) > 75 %)
is associated with lower event rates when compared to poor
INR control (TTR<60 %).10 The majority of patients on
warfarin achieve only suboptimal INR control, as indicated
by the mean TTR 60 % (range 55–64 %) of 22,000 patients
in warfarin arms of three NOAC clinical trials.4–6 The cost-
effectiveness analyses based upon the treatment outcomes
of these trials reported that NOACs were more cost-
effective than warfarin when anticoagulation control was
suboptimal.11–17

For anticoagulation centers with average TTR of 60 % or
below, the possible options are either the use of more
expensive NOACs, or providing additional resources to
improve TTR. Various therapeutic strategies to improve
TTR have been examined and the findings suggest that
employment of a clinical factor-guided dosing algorithm,18

frequent INR monitoring,19–21 and management of
anticoagulation care by specialists in the use of anticoagu-
lants22,23 are effective interventions. Each alternative has
different economic and clinical implications for patients,
clinicians and decision-makers to consider. The objective of
the present study was to evaluate the cost-effectiveness of
NOACs compared to warfarin therapy at various levels of
TTR in patients with atrial fibrillation, from the perspective
of healthcare provider.

METHODS

Decision Model

The life-long outcomes of two types of anticoagulants in a
hypothetical cohort of 65-year-old patients with newly
diagnosed atrial fibrillation were simulated by a Markov
model (Fig. 1): (1) Adjusted-dose vitamin K antagonist
(warfarin) and (2) NOACs. Markov modeling is a form of
decision analysis in which hypothetical patients proceed
through different Markov health states over time, based on
probability inputs of the model. The Markov states of this
model included well, post-myocardial infarction, post-extra-
cranial bleeding, major, mild or no neurologic deficit as a
result of ischemic stroke or intra-cranial bleeding, and dead.
Patients of all treatment arms entered the model at the
“well” Markov state. In each cycle, they might or might not
experience an event (myocardial infarction, ischemic stroke
or major bleeding) and transit to other Markov health states.
Two tiers of outcomes were simulated for each study arm:
Total direct medical cost and quality-adjusted life-years
(QALYs) gained were calculated over a maximum period of
25 years with monthly cycles. Comparisons of cost and
QALYs between NOACs and warfarin therapy were
performed at different TTR levels.

The patient selection criteria were adopted from those of the
NOACs clinical trials.4–6 Patients with atrial fibrillation aged
65 years or above with high risk for stroke (CHADS2 score of
2 or above) were included. Exclusion criteria included
presence of severe heart-valve disorders or severe stroke
within 6 months, and creatinine clearance of < 30 ml per
minute. The warfarin dose was adjusted to an INR of 2–3. The
INR control might be in, below or above the target range, and
patients might consequently experience bleeding or ischemic
events. In the NOACs arm, patients were initiated on a NOAC
(dabigatran 150 mg twice daily, rivaroxaban 20 mg daily, or
apixaban 5 mg twice daily). Patients who survived ischemic
stroke resumed the initial anticoagulation therapy. Those who
survived an intra-cranial bleeding event stopped the current
anticoagulation therapy and started on aspirin alone. Patients
who experienced extra-cranial bleeding might resume the
initial anticoagulation therapy or switch to aspirin.24

Clinical Inputs

The clinical inputs of the model were retrieved from the
literature. A Literature search on MEDLINE over the period
from 1990 to 2013 was performed using keywords “atrial
fibrillation”, “warfarin”, “dabigatran”, “rivaroxaban”,
“apixaban”, “bleeding”, “thromboembolism”, “QALY” and
“INR”. The selection criteria of clinical trials on anticoagulation
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Figure 1. a–b Markov model.
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treatment and related events were: (1) reports in English; (2)
patients were at least 18 years of age; and (3) control of INR
and/or the incidence of major events (bleeding or ischemic
event) were reported. All articles retrieved by this process were
screened for relevance to the present model. Case reports were
excluded. A publication was included if it had data relevant to
the model inputs. The preferred types of studies were meta-
analyses and randomized controlled trials. When there were
multiple sources available for amodel input, the base-case value
of this variable would be estimated using the pooled average
weighted against the number of patients in each study. When
both randomized and observational trials provided data for a
model input, the base-case value of this variable was derived
from randomized trials. Data from both randomized and
observational trials provided the range of this variable for
sensitivity analysis.
Clinical inputs are shown in Table 1. Outcome analysis

reported that TTR>75 % was associated with lower event
rates, whereas TTR<60 % had higher event rates.10 In the
three clinical trials of NOACs versus warfarin for patients
with atrial fibrillation, the weighted mean TTR in warfarin
groups of was estimated to be 60 %.4–6 Comparisons of cost
and QALYs between NOACs and warfarin therapy were
therefore performed at TTR levels of 60 %, 70 % and 75 %.
Out-of-range INR was defined as < 1.8 or > 3.2. The rates of

major bleeding (including intracranial and extracranial hemor-
rhage) and ischemic stroke in therapeutic range of INR (INR≤3
and INR≥2) and the risks for stroke in under-coagulated patients
(INR<2) and major bleeding in over-coagulated patients (INR>
3) were estimated in a meta-analysis of outcomes of warfarin
anticoagulation for patients with atrial fibrillation.25 The risk of
major bleeding in under-coagulated patients and major thrombo-
embolic events in over-coagulated patients were both assumed to
be the same as patients with in-range INRs.
The relative risks of major bleeding, ischemic event and

myocardial infarction of the NOAC groups, compared to
warfarin, were obtained from the results of the meta-analysis.26

The rate of ischemic stroke and percentage of ischemic strokes
with major, minor or no deficit on aspirin were derived from
prospective trials.4,27–29 The rate of major bleeding on aspirin
was estimated from relative risk of bleeding on aspirin versus
warfarin and the bleeding rate.30,31 The mortality rates of
intracranial hemorrhage, extracranial hemorrhage, ischemic
stroke and acute myocardial infarction within 30 days of an
event were estimated from observational studies.29,32,33

Utility and Cost Inputs

The QALYs gained in each study arm were estimated from
the time spent in different states (on warfarin, NOAC or
aspirin, myocardial infarction, major neurologic deficit,
mild neurologic deficit, no neurologic deficit, major
hemorrhage and dead) and the utility score of each health
state (Table 1).34–37 The QALYs were discounted with a

rate of 3 % annually.38 The one-time treatment cost and
monthly cost of major events (extracranial hemorrhage,
intracranial hemorrhage, stroke and myocardial infarction)
were estimated from the perspective of healthcare payers.39–42

The monthly cost of anticoagulation care management,
including staff time, laboratory tests and administrative cost,
was estimated from economic analyses on anticoagulation
care.43 The potential increment of anticoagulation service cost
to improve anticoagulation control was examined from a range
of no increment to three-fold of the anticoagulation service
cost, for extra costs due to increased INR testing frequency
and hiring more experienced clinicians to the service. The
monthly warfarin drug cost was estimated from retail pricing
of generic warfarin.44 The costs of apixaban, dabigatran and
rivaroxaban were retrieved from retail pricing and were found
to be comparable (United States Dollar [USD] 150 per month).
The drug cost of the NOACs was examined over a wide range
(USD 109-240) to identify the threshold value.44 The monthly
monitoring cost for NOACs (including drug therapy compli-
ance and safety) was estimated from the cost for medication
therapy management.45 All costs were discounted to 2013
costs with an annual rate of 3 %.

Cost-Effectiveness Analysis and Sensitivity
Analysis

The incremental cost per QALY gained (ICER) of a more
effective option compared to the less effective arm was
calculated using the following equation: Δcost/ΔQALYs.
Using the threshold of USD 50,000 as the willingness-to-
pay per QALY, the most effective strategy with an ICER of
USD 50,000 or less was considered as cost-effective.46

Sensitivity analysis was performed by TreeAge Pro 2009
(TreeAge Software, Inc., Williamstown, MA, USA) and
Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA,
USA), to examine the robustness of the model results, with
variation of all parameters. Threshold values of influential factors
were identified by one-way sensitivity analysis over the high/low
values. To evaluate the impact of the uncertainty in all variables
simultaneously, a probabilistic sensitivity analysis was performed
using Monte Carlo simulation. The cost and QALYs of each
study arm were recalculated 10,000 times by randomly drawing
each of the model input from a triangular probability distribution.

RESULTS

The expected life-long cost and QALYs in the NOACs arm
were USD 98,524 and 9.970, respectively. Both cost and
QALYs of the NOACs arm were consistently higher than
those of warfarin at various levels of TTR and at different
increments of monthly cost of anticoagulation care (Table 2).
Using the threshold of USD 50,000 as the willingness-to-pay
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per QALY, the NOACs group was more cost-effective than
warfarin arm when the TTR of warfarin therapy was 60 %, or
the monthly cost of warfarin care was increased by two-fold or

above to achieve 70 % TTR. Warfarin therapy was more cost-
effective than the NOACs when TTR of warfarin was 70 %
with up to 1.5-fold increment in monthly cost of care, or when

Table 1. Model Inputs

Variables Base-case value Range References

INR control on warfarin
Patient time in therapeutic range (TTR)(%) 60 %, 70 %, 75 % − 4–6,10,48

Proportion of below-range time among out-of-range time 52 % 42–62 % 1

Stroke
Rate of ischemic stroke: warfarin at in-range INR (per patient year) 1.3 % 1.1–1.6 % 25

Relative risk of ischemic stroke: warfarin at below-range INR 1.90 1.70–6.88 25

Relative risk of ischemic stroke: warfarin at above-range INR 1 − Assumption
Rate of ischemic stroke: aspirin (per patient year) 2.7 % 0.8–13.7 % 28

Relative risk of stroke: NOACs vs warfarin 0.77 0.70–0.86 26

Ischemic stroke oral anticoagulant (warfarin or NOACs) (%) 4,27,29

Fatal (within 30 days) 8.2 % 8.2–10.1 %
Major deficit 40.2 % 40.2–41.7 %
Minor deficit 42.5 % 34.8–42.5 %
No residual deficit 9.1 % 9.0–13.3 %

Ischemic stroke on aspirin (%) 4,27,29

Fatal (within 30 days) 17.9 % 10.1–17.9
Major deficit 30 % 30.0–41.7
Minor deficit 41 % 34.8–41.0
No residual deficit 11 % 11.0–13.3

Major bleeding
Rate of major bleeding: warfarin at in-range INR (per patient year) 1.5 % 1.3–1.5 % 25

Relative risk of major bleeding: warfarin at above-range INR 7.1 3.21–8.28 25

Relative risk of major bleeding occurred at below-range INR 1 − Assumption
Relative risk of major bleeding: aspirin vs. warfarin 0.64 0.50–0.80 30,31

Relative risk of major bleeding: NOACs vs. warfarin 0.86 0.80–0.93 26

Proportion of Intracranial hemorrhage (ICH) in major bleeding
Warfarin 22 % 18–25 % 4–6,48

NOACs 12.2 % 9.8–14.7 % 4–6,48

Aspirin 21 % 16–25 % 30,31

Mortality rate of ICH 48.6 % 36–61 % 32,33

Mortality rate of extracranial hemorrhage (ECH) 5.1 % 0.1–10.1 % 32

Percentage of patients with history of ECH to resume anticoagulation therapy 58.8 % 0–100 % 24

Myocardial infarction (MI)
Rate of MI (per patient year)

Warfarin 0.64 % 0.51–0.77 % 4,48

Aspirin 0.53 % 0.40–0.60 % 49,50

Relative risk of MI: NOACs versus warfarin 0.99 0.85–1.15 26

Mortality rate of MI 15 % 10.3–24.6 % 51

Utility inputs
Warfarin therapy 0.987 0.950–1 34

NOACs 0.994 0.975–1 Assumption, 52

Aspirin 0.988 0.970–1 34

Major bleeding
Intracranial 0.51 0.15–0.85 34–36

Extracranial 0.80 0.79–0.84 36

Ischemic stroke
Major deficit 0.39 0–0.50 34–36

Minor deficit 0.75 0.50–0.99 34–36

Myocardial infarction 0.84 0.67–0.96 37

Cost inputs (USD)
Monthly cost of usual AC per patient 32 22–37 43

Monthly cost of warfarin 6 4–21 44

Monthly cost of NOACs 150 109–240 44

Monthly cost of NOACs monitoring 14 11–17 45

One-time cost of major event 39

ICH 47,338 22,325–56,805
ECH 24,512 17,968–40,487

Ischemic stroke
Moderate to severe 67,964 54,840–81,086
Mild 45,364 36,291–54,438
Transient ischemic attack (TIA) 20,099 16,079–24,120

Myocardial infarction
Survived 28,839 21,573–45,039
Dead 21,274 14,880–45,833

Monthly cost 39–42

ICH 5,912 2,163–10,300
Ischemic stroke with major deficit 5,593 2,163–9,270
Ischemic stroke with mild deficit 2,575 1,030–4,429
ICH and ischemic stroke 7,498 3,275–14,204
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TTR reached 75 % with monthly cost of warfarin care
increased up to three-fold.
Using TTR of 60 % and no increment in monthly cost of

anticoagulation care as the base-case model input, one-way
sensitivity analysis was performed, and the results showed
that the cost-effectiveness of NOACs group (base-case

ICER=USD 35,804) was sensitive to: (1) TTR of the
warfarin anticoagulation control, (2) monthly drug cost of
NOACs, (3) relative risk of ischemic stroke with NOACs
versus warfarin, and (4) utility value of NOACs. Figure 2
shows the variation of ICER of the NOACs over the ranges
of these four variables. The ICER of NOACs would
become > USD 50,000 (and warfarin would be more
cost-effective) when TTR of warfarin anticoagulation
control was > 67 %, monthly drug cost of NOACs was >
USD 200, relative risk of ischemic stroke with NOACs
was > 0.831, or the utility value of NOACs was < 0.981.
The variation of these four model inputs would change the
ICER of NOACs from USD 22,386 to as high as > USD
79,000.
Three-way sensitivity analysis was further conducted to

examine the effect of NOAC monthly cost and increment of
monthly cost of anticoagulation care on the cost-effective-
ness of the two study arms at three levels of TTR (60 %,
70 % and 75 %) (Fig. 3a–c). The results indicated that the
NOACs would be more cost-effective than warfarin therapy
managed at TTR of 60 % if the monthly cost of NOACs
was < USD 200. At higher TTR levels (70 % and 75 %),
lower monthly drug cost was needed (< USD 122–185 and
< USD 85–145, respectively) for the NOACs to be more
cost-effective than warfarin therapy.
The probabilistic sensitivity analysis was performed by 10,000

Monte Carlo simulations at TTR=60 %, 70 % and 75 %. The
probabilities of each strategy to be cost-effective at different TTR
levels were examined in the acceptability curve over awide range
of willingness-to-pay per QALY, from USD 0 to USD 150,000
(Fig. 4a–c). Using USD 50,000 as the threshold willingness-to-
pay, the NOACs were cost-effective 83.6 %, 50.7 % and 32.7 %
of the time at TTR of 60 %, 70 % and 75 %, respectively. If the

Table 2. Expected Cost and QALYs of Warfarin and ICER of
Novel Oral Anticoagulants (NOACs)

Increment of monthly
AC costa

Costc QALYsd ICER of NOACse

TTRb=60 %
No increment 84,274 9.572 35,804
1.5-fold 86,046 9.572 31,352
2-fold 87,819 9.572 26,897
2.5-fold 89,592 9.572 22,442
3-fold 91,365 9.572 17,987

TTR=70 %
No increment 80,241 9.666 60,141
1.5-fold 82,051 9.666 54,188
2-fold 83,861 9.666 48,234
2.5-fold 85,671 9.666 42,280
3-fold 87,482 9.666 36,322

TTR=75 %
No increment 78,152 9.713 79,268
1.5-fold 79,981 9.713 72,152
2-fold 81,810 9.713 65,035
2.5-fold 83,639 9.713 57,918
3-fold 85,469 9.713 50,798

aAC=Anticoagulation care
bTTR=Time-in-therapeutic range
cCost=Total cost in warfarin arm
dQALYs=Quality-adjusted life-years gained in warfarin arm
eThe incremental cost per QALY gained (ICER) by NOACs versus
warfarin, using the equation: (Cost of NOACs – Cost of warfarin)/
(QALYs of NOACs – QALYs of warfarin). Cost of NOACs=USD
98,524; QALYs of NOACs=9.970. Using the threshold of USD 50,000
as the willingness-to-pay per QALY, the NOACs arm is cost-effective
in scenarios with ICER USD 50,000 or less (bold)

0 10 20 30 40 50 60 70 80 90 100 110

Increment cost per QALY gained by new OACs (in USD1000)

Horizontal bars: Variation of incremental cost per quality-adjusted life-year gained (ICER) by NOACs when the labeled variable varied over the 
range indicated
Solid vertical line: ICER of NOACs at base-case scenario (TTR=60%; no increment in monthly cost of anticoagulation service) = USD35,804
Dotted vertical line: Threshold of willingness-to-pay (USD50,000)

Time-in-range of warfarin anticoagulation control (%)

Utility of NOACs

55 75

109 240 

0.7 0.86

1 0.975

Figure 2. One-way sensitivity analysis on incremental cost per quality-adjusted life-year (ICER) gained by NOACs versus warfarin.
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willingness-to-pay threshold further extended to USD 100,000
per QALY, the probabilities of NOACs to be cost-effective at

TTR of 60%, 70% and 75%would become 98.6%, 87.7% and
74.0 % of time, correspondingly.

Figure 3. a–c Three-way sensitivity analysis of NOACs monthly cost versus increment in monthly cost of anticoagulation care (AC) at three
levels of time-in-therapeutic range (TTR).
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DISCUSSION

In the present study, the potential life-long cost and
effectiveness of NOACs versus warfarin therapy controlled
at different levels of TTR for patients with atrial fibrillation
were examined. The ICER of NOACs (USD 35,804) was

well below the threshold of cost-effectiveness (USD 50,000
per QALY) at low TTR (60 %). These results were
compatible with a recent cost-effectiveness analysis of
apixaban, dabigatran, rivaroxaban, and warfarin for stroke
prevention in atrial fibrillation, in which the ICERs of each
NOAC versus warfarin ranged between USD 3,190 and USD
15,026 per QALY.17 In this study, Harrington et al. compared
each NOAC with warfarin using the event rates from three
NOAC clinical trials on patients with atrial fibrillation.4–6 The
mean TTRs of warfarin arms in these trials were 55–64 %,
similar to the base-case anticoagulation control in the warfarin
arm of present study. Harrington’s data therefore supported the
base-case analysis results of NOACs versus warfarin (at TTR
level of 60 %).
If warfarin therapy was controlled at high TTR (75 %), the

additional cost versus the marginal gain in QALYs of NOACs
exceeded the threshold of USD 50,000 per QALY, even when
the increment in monthly cost for anticoagulation service was
as high as three-fold. The 10,000 Monte Carlo simulations
verified the cost-effectiveness results at different TTR levels;
the probability of NOACs to be cost-effective was high
(83.6 % of the time) at low TTR (60 %), and it decreased to
32.7 % of the time at high TTR levels (75 %).
The one-way sensitivity analysis also found a threshold

value for utility of NOACs (< 0.981) that would weaken the
cost-effectiveness of NOACs. It is believed that all NOACs
requiring less periodic blood testing and follow-ups would
have better quality of life (thus higher utility value) than
warfarin therapy. The base-case utility value for all NOACs
(0.994) was therefore higher than that of warfarin (0.987).
The current finding is consistent with previously reported
cost-effectiveness analyses of dabigatran versus warfarin, in
which the ICER of dabigatran would increase as its utility
score decreased.13,47

The three-way sensitivity analysis explored the interaction
of two cost-driving factors (monthly cost of NOACs and
increment in monthly cost of anticoagulation service), as well
as different levels of INR control on the cost-effectiveness of
warfarin and NOACs. The results showed that at no increment
in monthly service cost, warfarin therapy would be the cost-
effective option at TTR 60 %, 70 % and 75 % if the monthly
drug cost of NOACs was >USD 200, >USD 122 and >USD
85, respectively. When the cost of service increased, better
anticoagulation control of warfarin therapy with higher TTR
would be required for it to be cost-effective.
The present results were supported by the findings

reported by Shah and Gage, that dabigatran would be more
cost-effective than warfarin therapy when the TTR was <
57.1 %, and warfarin therapy would be more cost-effective
than dabigatran when the average TTR was > 72.6 %.16 It is
understood that additional resources would be required to
improve anticoagulation control, yet the impact of increment in
cost of service for higher TTRwas not factored in previous cost-
effectiveness studies of warfarin versus NOAC. The cost of
service to achieve better anticoagulation control could have
important influence on the cost-effectiveness comparison

Figure 4. a–c Variation in probability of each treatment option to
be cost-effective against willingness-to-pay per QALY.
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between NOACs andwarfarin. In the present study, the effect of
various levels of service cost and anticoagulation control were
examined thoroughly in both base-case analysis and sensitivity
analyses, and these findings provided crucial information for
the cost-effectiveness consideration between improving
anticoagulation control of warfarin and the use of NOACs.
This study is an example of decision analysis to compare

the potential changes in economic and clinical outcomes of
using NOACs versus investing resources on anticoagulation
service to improve INR control of warfarin therapy. The
results demonstrated a number of influential factors (relative
risk reduction of stroke by NOACs, drug cost of NOACs,
TTR of an anticoagulation service and the corresponding
cost) that indicated the target values for warfarin manage-
ment and the NOACs to be cost-effective, and therefore
assisted clinicians and administrators to be better informed
on the decision of resource allocation for anticoagulation
therapy.
The present model was limited by projecting life-long

events using key model inputs from clinical trials of 2-year
follow-up. Projecting life-long outcomes using short-term
clinical trial data may weaken the robustness of the model
findings. Continuing monitoring the post-market surveil-
lance data of NOACs is warranted to update the decision
model. The cost items were limited to the resources of
anticoagulation therapy and related complications. The
current model only simulated benefits of investing resources
in anticoagulation service for patients with atrial fibrillation,
and outcomes of other warfarin users (such as patients with
mechanical heart valve replacement) were not considered.
The full benefits of investing resources on anticoagulation
service might therefore be underestimated. All the model
inputs were examined in sensitivity analysis and probabi-
listic sensitivity analysis over a wide range to test for
robustness of the results.
In conclusion, the NOACs appeared to gain higher life-long

QALYs and to cost more than warfarin therapy. The
acceptance of the NOACs as a more cost-effective option
than warfarin therapy is highly dependent upon the level of
anticoagulation control for warfarin, cost for anticoagulation
service, and drug cost of the NOACs.
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