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Cost-Effectiveness Analysis of Oral Anticoagulants
in Stroke Prevention among Patients with Atrial
Fibrillation in Taiwan

Chia-Te Liao,”? Mei-Chuan Lee,? Zhih-Cherng Chen,*” Li-Jung Elizabeth Ku,? Jung-Der Wang® and Han Siong Toh>°

Background: Non-vitamin K oral antagonist anticoagulants (NOACs) have been widely used in stroke prevention in
atrial fibrillation (SPAF). The aim of this study was to compare the pharmacoeconomic impact of oral anticoagulants
(OACs) including warfarin, dabigatran, rivaroxaban, apixaban, and edoxaban in SPAF in Taiwan.

Methods: A decision tree, Markov model, and multiple sensitivity analyses were used to project the lifetime costs
and quality-adjusted life years (QALYs) of OACs. Transitional probabilities were derived from a systematic review
and network meta-analysis for Asian populations. Utilities and costs were obtained from published studies and the
Taiwan National Health Insurance Research Database. Threshold of the willingness to pay (WTP) at USD 20,000 was
applied to evaluate the results.

Results: In base-case analysis, warfarin had the lowest cost at $13,363 + 4,036, and edoxaban 60 mg produced the
most QALYs at 11.92 + 1.98. The incremental cost-effectiveness ratios of dabigatran 150 and 110 mg, rivaroxaban
20 and 15 mg, apixaban 5 mg, and edoxaban 60 mg versus warfarin were $6,415, $4,225, $4,115 and $5,458 per
QALY gained, respectively. Monte Carlo analysis revealed that dabigatran 150 and 110 mg, rivaroxaban 20 and 15
mg, apixaban 5 mg and edoxaban 60 mg were most cost-effective at 21.9%, 27.1%, 23.6%, and 27.4% of $20,000
compared to warfarin.

Conclusions: From a Taiwan national payer perspective, all NOACs are cost-effective substitutes for warfarin in
SPAF. However, the likelihood of cost-effective iterations for NOACs is highly driven by their market prices at the

time and different WTP thresholds of policymakers.
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INTRODUCTION

Atrial fibrillation (AF) is the most common arrhy-
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thmic disorder, and is associated with a 2- to 7-fold in-
creased risk of stroke and 5-fold increased risk of death
compared with a normal heart rhythm.* Approximately
15 million people suffer from stroke annually world-
wide, of whom one-third die and another third suffer
from a permanent disability.” Yearly expenditures on
stroke treatment and care are close to $34 billion in the
US and €64 billion in Europe.*>* AF may cause more than
15% of strokes,” and the costs of AF-related stroke on
average are higher than costs of non-AF-related stroke.®
Warfarin, a vitamin-K antagonist, has been widely used
as an oral anticoagulant (OAC) in stroke prevention in AF
(SPAF).” However, it needs to be tailored to each patient
depending on their diet and co-existing medical condi-
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tions because it easily interacts with certain food and
drugs.8 In addition, patients receiving warfarin treat-
ment need regular blood monitoring to ensure the level
of anticoagulation reaches the optimal level as specified
by the international normalized ratio (INR). As a result,
only two-thirds of these patients achieve the required
INR therapeutic range,’ and only 10% of them attain a
stable INR therapeutic range for one year.'® This means
that although warfarin has clinical efficacy, it is still
underused in the real-world due to its limitations, incon-
venience and side effects.

Non-vitamin K antagonist oral coagulants (NOACs),
including dabigatran, rivaroxaban, apixaban, and edo-
xaban, have been approved for SPAF. They have been
shown to be able to overcome some of the limitations
of warfarin, and to be at least as efficacious as warfarin
without incurring a significant risk of bleeding in four
large-scale international trials (ROCKET AF, RE-LY, ARIS-
TOTLE, and ENGAGE AF-TIMI 48)."*"* However, the pri-
ces of NOACs are much higher than warfarin, which
might result in less willingness to use NOACs. Despite
their higher costs, studies performed in the United
States and Europe have concluded that NOAC treatment
is more cost-effective than warfarin in SPAF at the th-
resholds implemented in these countries.” ™

In Taiwan, the prevalence rates of AF are around
1.4% in men and 0.7% in women, with incidence rates of
1.68 and 0.76 per thousand person-years for men and
women respectively.”® The incidence of ischemic stroke
(1S) has been reported to be 46.2% among AF patients in
the three years post-diagnosis, and 86.3% of strokes
have been reported to occur in the first year.’> Most of
these cases used warfarin for SPAF, however the pre-
scription rate was only 10.8%.?%*" This low rate may be
due to concerns of the risk of bleeding in Taiwanese pa-
tients and the drawbacks of warfarin.”> NOACs are now
available as an alternative to warfarin in Taiwan, and
they are expected to be able to overcome these prob-
lems.

Nevertheless, the monthly cost of NOACs is on aver-
age 10 times higher than warfarin in Taiwan, and this is
likely to be the main restriction of their use. In addition,
the results of cost-effectiveness analyses from other
countries may not be applicable in Taiwan because of
different disease progression, treatment patterns, heal-
thcare systems, and healthcare financing structures. Un-
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der the Taiwan National Health Insurance (NHI) pro-
gram, for instance, the cost of INR monitoring is cheap,
and the costs of long-term care of stroke patients are
also lower than in other developed countries. As such, it
is uncertain whether or not NOACs would be a cost-
effective alternative to warfarin treatment in Taiwan.
Therefore, the aim of this study was to develop a deci-
sion and Markov model and perform cost-utility analysis
to compare dabigatran, rivaroxaban, apixaban, edoxa-
ban and warfarin in stroke prevention among AF pa-
tients from a Taiwan national payer perspective.

METHODS

This economic evaluation was a cost-utility analysis
with cost-effectiveness assessed by incremental cost per
quality-adjusted life year (QALY) gained. Since dabiga-
tran 150 mg and 110 mg, rivaroxaban 20 mg and 15 mg,
apixaban 5 mg, and edoxaban 60 mg are the approved
doses for SPAF according to the Taiwan Food and Drug
Administration, we constructed a decision model to
evaluate the pharmacoeconomic benefits of dabigatran
150 and 110 mg, rivaroxaban 20 and 15 mg, apixaban 5
mg, edoxaban 60 mg, and dose-adjusted warfarin in pre-
venting AF-related stroke in Taiwan. The Markov model
was adopted from that used in previous studies (Figure
1).1>1%2324 \We then performed a systematic review to
identify relevant trials, and performed a network meta-
analysis to obtain the relevant input parameters (details
in the supplement).

The target population was a hypothetical cohort of
1000 Taiwanese patients aged 65 years with non-valvu-
lar AF (NVAF). For the base case analysis, typical patient
profiles and treatment strategies were obtained from
the trials and the rules of the indicated dose prescrip-
tions according to the Taiwan NHI program.'*™* The
health statuses and outcomes in the model included:
NVAF-only; mild, moderate, severe and fatal IS; mild,
moderate, severe, and fatal hemorrhagic stroke (HS);
myocardial infarction (Ml); major hemorrhage; and death
(Figure 1).***® The severity of IS and HS was classified as
independence, moderate disability, total dependence,
and fatal status, and was based on the study by Chang
et al. calculating the proportions from the NHI Research
Database.” The time horizon in this model was 30 years
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Schematic representation of the decision tree and Markov model. It illustrates that all patients start at 65 years old with non-valvular

atrial fibrillation (NVAF) with CHADS, (congestive heart failure, hypertension, age > 75 years, diabetes mellitus, stroke [double weight]) > 1, normal

renal function, and no contraindication to anticoagulation therapy. Patients cycle between health statuses until death occurs or the 30-year model

time-horizon is reached. The length of each cycle is one month. Depicted in the diagram are the decision node (square), Markov nodes (circles with

‘M’), chance nodes (black circles) directed by transition probabilities, and terminal nodes (triangles). Markov branches for the other 4 anticoagulants

are identical to the warfarin branch shown. HS, hemorrhagic stroke; ICH, intracerebral hemorrhage; IS, ischemic stroke; MI, myocardial infarction.

(up to 95 years of age), and one month was set as each
cycle length. The yearly discount rate was set at 3% for
costs and utilities of the base cases according to the
guidelines of methodological standards for pharmaco-
economic evaluations.

In this model, all eligible patients receiving antico-
agulant therapy were assumed to start from a status of
NVAF-only, and to move or remain according to the
transition probabilities after one cycle length. Tempo-
rary status included the health status IS, HS, MI, and
major hemorrhage, and one-off treatment costs were
calculated only for the acute stage. None of the patients
remained at the acute stage for more than one cycle;
that is, all of them moved to the next status after the
acute stage. None of the patients were assumed to have
discontinued anticoagulant therapy, and the treatment
effect remained constant over time. Namely, the dose of
anticoagulants was assumed not to need adjustment by
age. If the patients experienced an HS and major hemor-
rhage, it was assumed that anticoagulants would be
stopped for one-month and restarted the next month. It
was also assumed that the patients who received inter-
rupted anticoagulant therapy would not receive any
other clinical benefit.

All-cause mortality was calculated from network
analysis, and it was assumed that there were no differ-
ences in age. In addition, all parameters in the model
were assumed to be independent of each health status.
Model outcomes included the number of clinical events,
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QALYs, total costs including drugs, clinical events, fol-
low-up fees and long-term care costs, and incremental
cost per QALY gained. QALYs were weighted by their
quality of life in different health status, and ranged from
1 (perfect health) to 0 (death). Costs were presented in
US dollars (USD). This study was granted exemption
from review by the Ethics Committee of the London
School of Hygiene and Tropical Medicine (Ref. 10955).

Transition probability

Transition probabilities in the model were divided
into three groups: clinical outcome events, mortality
rates of acute Ml and stroke, and severity of the stroke.
For the clinical outcome events, the systematic review
identified six studies targeting Asian population, and the
indicated doses of NOACs in Taiwan were dabigatran
150 and 110 mg twice daily, rivaroxaban 20 and 15 mg
once daily, apixaban 5 mg twice daily, and edoxaban 60
mg once daily according to the trials and the Taiwan NHI
program.”®>! The probabilities of the clinical events for
warfarin were obtained by pooling the identified trials.”*>!
Subsequently, odds ratios with 95% confidence intervals
for NOACs versus warfarin, including IS, HS, MI, major
bleeding, and all-cause mortality were obtained from
the network meta-analysis (Table 1 and Supplementary
Material). For mortality due to Ml and stroke and sever-
ity of stroke progress, this model assumed that the esti-
mates were only divided into NOACs and warfarin, and
the estimates were adopted from Chang et al.”



Cost-Effectiveness of NOACs in Taiwan

Table 1. Estimates, standard errors and distributions of the
variables used in the model

Variables Base 95% Cl.  Distribution References
case

Efficacy of NOACs

0Odds ratio for ischemic stroke, NOACs versus warfarin*
Dabigatran 0.80 0.52-1.25 Lognormal 26-31
Rivaroxaban 0.67 0.39-1.10 Lognormal 26-31
Apixaban 1.19 0.73-1.85 Lognormal 26-31
Edoxaban 0.61 0.29-1.26 Lognormal 26-31

Od(ds ratio for hemorrhagic stroke, NOACs versus Warfarin#

Dabigatran 0.18 0.06-0.49 Lognormal 26-31
Rivaroxaban 0.47 0.19-1.08 Lognormal 26-31
Apixaban 0.24 0.09-0.56 Lognormal 26-31
Edoxaban 0.37 0.14-0.86 Lognormal 26-31
0Odds ratio for myocardial infarction, NOACs versus warfarinf
Dabigatran 0.91 0.42-2.10 Lognormal 26-31
Rivaroxaban 1.22 0.49-3.03 Lognormal 26-31
Apixaban 1.18 0.40-3.45 Lognormal 26-31
Edoxaban 0.88 0.31-2.42 Lognormal 26-31
Od(ds ratio for major bleeding, NOACs versus wa'rfarini
Dabigatran 0.57 0.41-0.81 Lognormal 26-31
Rivaroxaban 0.82 0.61-1.11 Lognormal 26-31
Apixaban 0.51 0.33-0.78 Lognormal 26-31
Edoxaban 0.59 0.39-0.86 Lognormal 26-31
Od(ds ratio for all-cause death, NOACs versus Warfarin§
Dabigatran 0.90 0.69-1.18 Lognormal 26-31
Rivaroxaban 0.82 0.48-1.34 Lognormal 26-31
Apixaban 1.03 0.68-1.52 Lognormal 26-31
Edoxaban 0.61 0.39-0.99 Lognormal 26-31

Cl., confidence interval; NOACs, non-vitamin K oral antagonist
anticoagulants. Dose for dabigatran includes 150 and 110 mg,
rivaroxaban includes 20 and 15 mg; apixaban is 5 mg, and
edoxaban is 60 mg.

* Annual risk of ischemic stroke for warfarin: 0.033. * Annual
risk of hemorrhagic stroke for warfarin: 0.0184. " Annual risk of
myocardial infarction for warfarin: 0.0092. ¥ Annual risk of
major bleeding for warfarin: 0.0775. 5 Annual risk of all-cause
death for warfarin: 0.0609.

Utility and cost

Utility scores were derived from four studies which
identified the sources of the utility by considering the
sample size, the quality of methodology, and the re-
porting of the statistics analysis (with standard error,
standard deviation or confidence interval) (Table 2).3>*°
QALYs were calculated by multiplying the utility value
associated with each health status by the proportion of
the year living in that status. Drug costs, event costs,
and status costs were obtained from the official drug
price, the diagnosis-related groups system, Taiwan NHI
claims system, and the study by Chang et al. (Table
3).% All costs in this model were converted into USD in
2016.

Reporting of results

The model was run for 360 cycles (30 years). The
costs and QALYs for each treatment option were calcu-
lated by multiplying the number of patients in each
health status and the utility (QALYs) or the costs in the
corresponding status. Incremental cost-effectiveness ra-
tios (ICERs) were obtained by dividing the incremental
cost by the incremental QALYs for the NOAC therapy
groups versus the warfarin treatment groups. We used
USD 20,000 as the threshold of willingness to pay (WTP)
to assess the results, because Taiwan gross domestic
product (GDP) per capita in 2016 was reported to be
USD 22,540 by the International Monetary Fund. The
ICER per QALY gained was calculated as:

ICER per QALY = (total costs (S,NOACs) — total costs
(S,warfarin)) + ((total QALYs (NOACs) — total QALYs
(warfarin))

Table 2. Utilities, standard errors and distributions of the variables used in the model

Annual utility Estimates Standard error Distribution Reference
Atrial fibrillation 0.81 0.067 Beta 32
Decrement for age -0.00029 0.00002 Beta 32
Decrement for IS -0.1385 0.010 Beta 32
Decrement for HS -0.1385 0.010 Beta 32
Decrement for Mi -0.1247 0.009 Beta 32
Decrement for major bleeding -0.1814 0.013 Beta 32
Neurological deficit

Mild 0.75 0.040 Beta 34

Moderate 0.39 0.036 Beta 34

Severe 0.11 0.024 Beta 34

HS, hemorrhagic stroke; IS, ischemic stroke; MI, myocardial infarction.
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Table 3. All costs, standard errors and distributions of the variables used in the model

Costs in USD (S) Estimates Range Distribution References
Monthly cost of the drug
Warfarin 5 N/A Fixed NHI
Dabigatran 150 or 110 mg 89 N/A Fixed NHI
Rivaroxaban 20 or 15 mg 63 N/A Fixed NHI
Apixaban 5 mg 64 N/A Fixed NHI
Edoxaban 60 mg 80 N/A Fixed NHI
Monitor costs per year
Warfarin monitor 39 20 Gamma NHI
One time event costs
Ischemic stroke
Minor 2,420 1,210 Gamma NHI, 25
Moderate 12,635 6,318 Gamma NHI, 25
Major 17,495 8,748 Gamma NHI, 25
Fatal 8,967 4,484 Gamma NHI, 25
Hemorrhagic stroke
Minor 6,448 3,224 Gamma NHI, 25
Moderate 11,607 5,804 Gamma NHI, 25
Major 15,476 7,738 Gamma NHI, 25
Fatal 15,054 7,527 Gamma NHI, 25
Myocardial infarction
Non-fatal 10,737 5,369 Gamma NHI, 25
Fatal 15,032 7,516 Gamma NHI, 25
Major bleeding 7,494 3,747 Gamma NHI, 25
Long-term event costs of the ischemic strokes
Mild 1,116 5,58 Gamma NHI, 25
Moderate 1,825 913 Gamma NHI, 25
Severe 2,050 1,025 Gamma NHI, 25
Long-term event costs of the hemorrhagic strokes
Mild 858 429 Gamma NHI, 25
Moderate 1,785 893 Gamma NHI, 25
Severe 2,419 1,210 Gamma NHI, 25

Sensitivity analysis

Multiple sensitivity analyses were performed. First,
deterministic sensitivity analysis (DSA) with one-way
sensitivity analysis was performed to evaluate the im-
pact of each input parameter of the probabilities, costs,
and utilities on the results of the model. A tornado dia-
gram was used to present the influence of each model
parameter and the model assumptions (Figure 2). Sec-
ond, scenario analysis took the different drug prices and
discount rates into account. We assumed that the monthly
costs of all NOACs were the same at $63, (i.e., the low-
est drug price of the NOACs at that time), and then com-
pared the ICERs per QALY gained versus warfarin. In ad-
dition, we used 0% and 10% for the different discount
rates to evaluate the impact. Third, we conducted pro-
babilistic sensitivity analysis (PSA) using Monte Carlo
Simulation (MCS) to evaluate intraindividual and param-
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eter uncertainty. The lognormal distribution for transi-
tional probabilities, beta distribution for utilities, and
standard error for range were used (i.e., probabilities
and utilities must range between 0 and 1) (Table 1 and
2).24’36 Furthermore, £50% of the costs were considered
as the upper and lower range, and the gamma distribu-
tions for costs were used because the costs could not be
less than O (Table 3).2*3® The MCS used random sam-
pling and was repeated 1000 times to simulate the out-
comes. The results of the PSA were depicted as cost-ef-
fectiveness acceptability curve (Figure 3).

RESULTS

Base case analysis
In the base-case analysis, dabigatran 150 and 110
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Figure 2. The tornado diagram depicts the impact of inputs on the net monetary benefit. The vertical black dot line represents an expected cost
from the preferred treatment for all input variables being analyzed. Each horizontal bar represents net monetary benefit value expected from a range
of the variable we assessed.
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Figure 3. The cost-effectiveness acceptability curve illustrates the probability of a treatment becoming cost-effective at varying willingness-to-pay

thresholds for a patient. Y-axis: percentage of iterations for which the treatment is cost-effective; X-axis: the amount, in US dollars, that a decision
maker is willing to pay to achieve an additional quality-adjusted life-year.

mg (535,686 + 15,138) was the costliest treatment, fol-  the highest among all oral anticoagulants (OACs) (11.92
lowed by edoxaban 60 mg (533,232 + 14,091), rivaro- + 1.98). Dabigatran 150 and 110 mg (11.76 £ 2.1),
xaban 20 and 15 mg (527,645 + 11,821) and apixaban 5  rivaroxaban 20 and 15 mg (11.66 £ 1.82) and apixaban 5
mg (526,656 + 10,516), while dose-adjusted warfarin  mg (11.51 + 1.84) all produced more QALYs than warfa-
was the least expensive (513,363 + 4,036) (Table 4). The  rin (8.28 + 1.58) (Table 4). All of the NOACs had ICERs
total number of QALYs gained with edoxaban 60 mg was  less than $20,000. Apixaban 5 mg versus warfarin had
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the lowest ICER at $4,115/ QALY gained, while dabi-
gatran 150 and 110 mg versus warfarin had the highest
ICER at $6,415/QALY gained. The ICERs for edoxaban 60
mg and rivaroxaban 20 and 15 mg were $5,458/ QALY
gained and $4,225/QALY gained, respectively.

Sensitivity analyses

Utility for AF was the most influential input in the
model (Figure 2). Probabilities contributing the most sig-
nificant impact on the model were the probabilities of
death for edoxaban 60 mg, HS and major bleeding for
apixaban 5 mg, and IS and all-cause death for rivaroxaban
20 and 15 mg. The costs that significantly affected the re-
sults included the monthly costs of edoxaban 60 mg and
dabigatran 150 and 110 mg, and also the costs of major
bleeding, HS, IS and MI. The scenario test using discount
rates at 0 and 10% showed that the ICER of each NOAC
was still lower than $20,000. Given that all of the NOACs
had the same monthly cost at $63, edoxaban 60 mg had
the lowest ICER at $3,934 per QALY gained, followed by
dabigatran 150 and 110 mg ($3,963), apixaban 5 mg
(S4,000), and rivaroxaban 20 and 15 mg ($4,225) (Table 4).

The mean QALYs and costs derived from PSA are
presented in Table 4, and Figure 3 depicts the likelihood
of the cost-effectiveness of all OACs in SPAF according to
WTP threshold. With the WTP threshold at $20,000/
QALY gained, edoxaban 60 mg, rivaroxaban 20 and 15
mg, apixaban 5 mg, dabigatran 150 and 110 mg, and
warfarin were cost-effective at 27.4%, 27.1%, 23.6%,
21.9%, and 0, respectively (Figure 3).

DISCUSSION

This economic study used data of Asian populations

from a systematic review and network meta-analysis,
and constructed a decision tree and Markov model to
compare the pharmacoeconomic benefits of OACs avail-
able in Taiwan for stroke prevention among NVAF pa-
tients aged > 65 years. Although using NOACs was more
expensive, they produced more QALYs than warfarin. In
comparisons of the ICER per QALY gained, all of the
NOACs were highly cost-effective substitutes for warfa-
rin in SPAF in Taiwan. In PSA, all of the NOACs were eco-
nomically attractive at a WTP threshold of $20,000, and
the iteration of cost-effectiveness differed according to
the threshold. For example, apixaban 5 mg and rivaro-
xaban 20 and 15 mg appeared to be more economically
attractive when the WTP threshold was lower than
$10,000. However, edoxaban 60 mg and dabigatran 150
and 110 mg were more attractive with a higher threshold.

In our network meta-analysis, we found that none
of the NOACs had statistically significant differences in
odds for IS and MI. However, dabigatran 150 and 110
mg, apixaban 5 mg, and edoxaban 60 mg had reduced
significantly odds compared to warfarin and rivaroxaban
20 and 15 mg for HS and major bleeding, while only
edoxaban 60 mg significantly reduced the odds of all-
cause mortality among all NOACs. The clinical efficacies
and adverse event rates of the OACs critically influenced
their pharmacoeconomic impact. In one-way DSA, api-
xaban 5 mg might not have been an optimal replace-
ment for warfarin among the NOACs. For example, when
the clinical efficacy and safety of rivaroxaban 20 and 15
mg increased and the efficacy of apixaban 5 mg de-
creased, rivaroxaban 20 and 15 mg was the most eco-
nomically attractive. Likewise, the impact of apixaban 5
mg and rivaroxaban 20 and 15 mg was also sensitive to
the efficacy and safety of dabigatran 150 and 110 mg
and edoxaban 60 mg. Therefore, when more clinical

Table 4. Total costs, QALYs and ICER of base case analysis, scenario analysis, and probabilistic sensitivity analysis

Base case analysis

Scenario analysis*

Probabilistic sensitivity analysis

Strategy Total cost £ S QALY £SD ICER Total cost QALY ICER Total cost + SD QALY £+SD ICER
Warfarin $13,363 + 4,036 8.28+1.58 N/A $13,363 8.28 N/A $13,076 + 12,187 8.27 £5.66 N/A
Dabigatran 635,686 + 15,138 11.76+2.1 $6,415 $27,156 11.76 $3,964 $34,123+19,018 10.78+6.01 $8,385
Rivaroxaban $27,645+11,821 11.66+1.82 $4,225 $27,645 11.66 $4,225 S$27,260+ 15,196 11.08+5.98 S5,047
Apixaban $26,656 +10,517 11.51+1.84 $4,115 $26,284 11.51 $4,000 $27,848+ 15,172 11.20+5.97 S5,041
Edoxaban $33,232+14,091 11.92+1.98 $5,458 $27,684 1192 $3,934 $32,599+17,627 11.17+5.98 $6,732

ICER, incremental cost-effectiveness ratio (S/QALY gained); QALY, quality-adjusted life year; SD, standard deviation.
Dose for dabigatran includes 150 and 110 mg, rivaroxaban includes 20 and 15 mg; apixaban is 5 mg, and edoxaban is 60 mg.
* Dabigatran 150 and 110 mg, apixaban 5 mg and edoxaban 60 mg were assumed to have the same monthly cost as rivaroxaban 20

and 15 mg at $63.

Acta Cardiol Sin 2020;36:50-61
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data are available, the preferred substitutes for warfarin
may differ according to the small differences in QALY be-
tween the NOACs. In addition, apart from the clinical ef-
ficacy and risk of adverse events, monthly drug costs
were likely to greatly influence the pharmacoeconomic
consideration of using NOACs. In our scenario analysis,
given that all of the NOACs had the same monthly cost
of $63, edoxaban 60 mg had the lowest ICER, meaning
that edoxaban had the best pharmacoeconomic benefit.
It is important to note that one of the reasons why
apixaban 5 mg and rivaroxaban 20 and 15 mg had lower
ICERs may have been due to their lower monthly market
costs, even though edoxaban 60 mg and dabigatran 150
and 110 mg produced more QALYs. This result strength-
ens the finding that the pharmacoeconomic benefit of
NOACs was quite sensitive to monthly drug costs. There-
fore, our model may provide a reference for policyma-
kers when negotiating for discounts and concessions for
NOACs.

This study is the first to evaluate the pharmaco-
economics of all OACs available on the market from a
Taiwan payer’s perspective. Chang et al. and Vilain et al.
evaluated the cost-effectiveness of a single NOAC versus
warfarin, i.e., dabigatran versus warfarin and edoxaban
2338 |ikewise, by directly extracting esti-
mates from trials, including all races, Liu et al. demon-
strated that dabigatran, rivaroxaban, and apixaban were
cost-effective substitutes for warfarin.>” Our results are

versus warfarin.

consistent with the previous studies in that all of the
NOACs were cost-effective alternatives to warfarin in
SPAF in Taiwan, and also improved some weaknesses of
the previous studies, i.e., obtaining estimates from ob-
servational studies or extracting input parameters with
mixed races may cause greater uncertainty. First, al-
though direct comparisons of cost-effectiveness be-
tween NOACs were not available due to a lack of head-
to-head trials, our network meta-analysis allowed for
comparisons of each OAC. Second, in order to lower the
uncertainty caused by different ethnicities, we extracted
the transitional probability of clinical events by targeting
Asian populations instead of extracting the data from
the clinical trials directly. Third, the severity of stroke
and mortality of MI and stroke were adopted from
Chang et al., who analyzed data from the NHI Research
Database.” This method could decrease the uncertainty
compared to estimates assumed or extracted from for-
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eign databases in the previous studies. Therefore, com-
pared to the previous studies, the discrepancy in ICER
values mainly resulted from the different model design
and the sources of estimates.

In addition, our study showed that the ICER of all
NOACs versus warfarin was much lower than in studies
from the US.?*** NOACs were a cost-effective replace-
ment for warfarin at a WTP threshold of $20,000/QALY
gained and even at $10,000/QALY gained in Taiwan, but
they were rational choices at a WTP of up to $100,000/
QALY gained in the US. Moreover, PSA in the previous
studies showed that apixaban was the preferred ther-
apy, whereas rivaroxaban and edoxaban were the opti-
mal choices in our study. This may be due to the fact
that NOACs are more cost-effective in patients with
higher risks, and our model focused on those with a
higher stroke risk, such as elderly patients. On the other
hand, NOACs have been shown to have better effective-
ness and safety in Asian than in non-Asian populations.**°
Furthermore, the medical costs in the US are much higher
than the costs in Taiwan. For example, the monthly costs
of NOACs in the US are approximately four times higher
than the monthly costs in Taiwan.

The results of cost-effectiveness iterations for NOACs
may change at different WTP thresholds. To date, there
is no consensus in Taiwan for a WTP threshold for cost-
effectiveness analysis. In this study, we used $20,000 as
the threshold because it is close to the GDP per capita in
Taiwan at $22,540 [around New Taiwan Dollars (NTD)
$698,740] in 2016. The ICER values of each NOAC versus
warfarin were $4,115 (NTD $127,565)/QALY gained for
apixaban 5 mg, $4,225 (NTD $130,975)/QALY gained for
rivaroxaban 20 and 15 mg, $5,458 (NTD $169,198)/QALY
gained for edoxaban 60 mg, and $6,415 (NTD $198,865)/
QALY gained for dabigatran 150 and 110 mg, respec-
tively. Although all of the ICER values were much lower
than $20,000 (NTD $698,740), national payers may need
to take into account of the social context and relative
consensus of the WTP threshold, as well as opportunity
costs and equity issues.

A notable limitation of this study is the need for pa-
rameters from multiple sources, which may have led to
uncertainty, although we performed a systematic re-
view, network analysis, and sensitivity analysis. For ex-
ample, pooling dabigatran 150 mg and 110 mg, and
rivaroxaban 20 mg and 15 mg would increase the uncer-
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tainty of the ICERs. Nevertheless, the sample size of in-
dividual doses for each NOAC among Asians meant that
we could not perform network meta-analysis. This may
have resulted in a lack of comparisons of each NOAC in
the cost-effectiveness model, given the traditional meta-
analysis. Although a recent retrospective study using
Taiwan NHI database showed that rivaroxaban 15 mg
might had a higher risk of all-cause death than dabi-
gatran 110 mg,*" all doses of dabigatran and rivaroxaban
were the indicated dose for SAPF for Taiwanese. As the
daily drug price for both doses were the same, pooling
both doses of dabigatran and rivaroxaban may have re-
flected real-world practice when only comparing the dif-
ferent type of NOACs. The uncertainty may have been
reduced if local head-to-head randomized controlled tri-
als or more real-world data were available. Another limi-
tation is the simplification of disease complexity, which
may have contributed to different results. In our mo-
del, the hypothetic cohort of patients aged 65 years
was assumed to receive the indicated doses of NOACs
throughout their lifetime. Nevertheless, in Taiwan, re-
duced doses of NOACs are also prescribed for older pa-
tients and those with more comorbidities, and the ar-
ticle by Chan et al. showed the effectiveness and safety.*
Given that the estimates from Chan et al. were input to
the model, the ICER per QALY gained for reduced-dose
NOAC versus warfarin was still lower than the WTP
threshold, because the estimates for the clinical events
were within or lower than the range of our input pa-
rameters. Therefore, reduced-dose NOACs may still
have pharmacoeconomic benefits for SPAF in Taiwan.
Moreover, we did not consider minor bleeding and gas-
trointestinal bleeding in our model. Relevant clinical
trials have shown that NOACs have better safety profile
than warfarin in Asian populations.***° Taking the safety
data into account, NOACs would be much more cost-
effective due to their smaller ICERs than warfarin. Fi-
nally, our model used all-cause mortality rather than
age-adjusted mortality as the outcome input because
of a lack of the associated mortality rate among the AF
patients who received OACs in the NHI Research Data-
base. This may have resulted in uncertainty around the
model. A multivariate statistical analysis of age-ad-
justed mortality for each NOAC from the NHI Research
Database may help to provide a more accurate estima-
tion of this model.

Acta Cardiol Sin 2020;36:50-61

CONCLUSIONS

In the current study, all NOACs were cost-effective
alternatives for warfarin in SPAF in Taiwan from a na-
tional payer’s perspective. The difference in cost-effec-
tiveness of the NOACs was highly dependent on their
market prices at the time and the threshold of WTP set
by policymakers. The findings of our study may provide
an estimation for clinical decision making and health-
care policy.
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SUPPLEMENTARY MATERIAL

Method of systematic review and network
meta-analysis

Search strategy and study selection

This study systematically searched the relevant studies
describing the outcome of the NOACs in SPAF among Asians
until July 2017 in Medline/PubMed, EMBASE, and Cochrane
databases. The citations were also included if they in-
volved in the outcome of NOACs utilization in SPAF
among Asian-based population. The following Medical Sub-
ject Headings terms were used as: “new oral anticoagulant”
or “new oral anticoagulants” or “NOAC” or “NOACs” or
“novel oral anticoagulant” or “novel oral anticoagulants” or
“non-warfarin oral anticoagulants” or “non-warfarin oral an-
ticoagulant” or “non-vitamin k antagonist oral anticoagu-
lant” or “non-vitamin k antagonist oral anticoagulants” or
“dabigatran” or “rivaroxaban” or “edoxaban” or “apixaban”,
and “Asian” or “China” or “Japan” or “Taiwan” or “Korea” or
“Hong Kong” or “Indian” or “Malaysia” or “Philippines” or

|Il

“Singapore” or “Thailand”, and “atrial” or “fibrillation” or
“atrial fibrillation”. In addition, we identified other studies
by using the reference sections of relevant papers and
by corresponding with subject experts. Finally, unpub-
lished studies were collected from the ClinicalTrials. gov

registry (http://clinicaltrials.gov/).

Treatment 1 vs. Treatment 2 O.R. (95% C.l.)
60mg versus Apixaban 5mg 052 (0.21-1.20)
Rivaroxaban 20/15mg versus Ap 5mg 0.56 (0.29 - 1.09)
Edoxaban 60mg versus Warfarin —_—— 0.61(0.29 - 1.26)
Rivaroxaban 20/15mg versus Warfarin =0t 0.67 (0.39 - 1.10)
Dabiagatran 150/110mg versus Apixaban 5mg — 0.68 (0.36 - 1.29)
Edoxaban 60mg versus Dabigatran 150/110mg o 0.76 (0.32 - 1.81)
Dabiagatran 150/110mg versus Warfarin L 0.80 (0.52-1.25)
Rivaroxaban 20/15mg versus Dabigatran 150/110mg =—O1=" 084 (0.42-162)
Warfarin versus Apixaban 5mg L ) 0.84 (0.54 - 1.34)
60mg versus Ri: 20/15mg —— 091 (0.37-2.12)

0.1 1 10

Favours Treatment 1 Favours Treatment 2

—o— FixedEfiects
Figure S1. The forest plot presents the odds ratio for ischemic stroke
between the different oral anticoagulants. Dabigatran means pooling
dabigatran 150 mg and 110 mg, rivaroxaban means pooling rivaro-
xaban 20 mg and 15 mg, apixaban means apixaban 5 mg, and edoxaban
means edoxaban 60 mg. Cl, confidence interval; OR, odds ratio.
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Inclusion and exclusion criteria

We selected the randomized controlled trials (RCTs)
reporting the inclusion and exclusion criteria for SPAF, in-
cluding warfarin, dabigatran, rivaroxaban, apixaban, and
edoxaban. Besides, we excluded the trials with at least
one of the following criteria: (1) population under 18
years old, (2) follow-up period below two years, (3) lack
of the Asian people data, and (4) the duplicate cohorts.

Dabiagatran 150/110mg versus Warfarin ——t— 0.18 (0.06 - 0.49)
Apixaban 5mg versus Warfarin —C— 0.24(0.09-0.56)
Edoxaban 60mg versus Warfarin —_— 0.37(0.14-0.86)
Dabiagatran 150/110mg versus Rivaroxaban 20/15mg —_— 0.38(0.09-1.49)
Rivaroxaban 20/15mg versus Warfarin —— 0.47 (0.19-1.08)
Dabiagatran 150/110mg versus Edoxaban 60mg e S T 0.49(0.11-2.03)
Apixaban 5mg versus Rivaroxaban 20/15mg ——0—i= 050(0.14-1.72)
Apixaban 5mg versus Edoxaban 60mg —_—— 0.65(0.18-2.34)
Dabiagatran 150/110mg versus Apixaban 5mg —_— 0.75(0.19-3.12)
60mg versus 20/15mg E—r 0.76 (0.21-2.79)

0.01 01 1 10

Favours Treatment 1 Favours Treatment 2

—O— Fixed Effects
Figure S2. The forest plot presents the odds ratio for hemorrhagic
stroke between the different oral anticoagulants. Dabigatran means
pooling dabigatran 150 mg and 110 mg, rivaroxaban means pooling
rivaroxaban 20 mg and 15 mg, apixaban means apixaban 5 mg, and
edoxaban means edoxaban 60 mg. Abbreviations are in Figure S1.

60mg versus 20/15mg 0.72(0.18-2.80)

60mg versus Apixaban 5mg 0.74(0.16-3.32)

Dabiagatran 150/110mg versus Rivaroxaban 20/15mg —_— 0.77(0.23-2.56)

Dabiagatran 150/110mg versus Apixaban 5mg 0.78(0.21-2.99)

Warfarin versus Rivaroxaban 20/15mg < 0.82(0.33-2.04)

Warfarin versus Apixaban 5mg ———— 0.85(0.29-2.49)

Edoxaban 60mg versus Warfarin L 0.88(0.31~-242)

Dabiagatran 150/110mg versus Warfarin —— 091(0.42-2.10)

Edoxaban 60mg versus Dabigatran 150/110mg D 0.93(0.24-3.60)

Apixaban 5mg versus Rivaroxaban 20/15mg —_— 098 (0.25-3.91)
01 1 10

Favours Treatment 1 Favours Treatment 2

—O— Fixed Effects
Figure S3. The forest plot presents the odds ratio for myocardial infarc-
tion between the different oral anticoagulants. Dabigatran means pool-
ing dabigatran 150 mg and 110 mg, rivaroxaban means pooling rivaro-
xaban 20 mg and 15 mg, apixaban means apixaban 5 mg, and edoxaban
means edoxaban 60 mg. Abbreviations are in Figure S1.
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Treatment 1 vs. Treatment 2 O.R. (95% C.I.)
Apixaban 5mg versus Warfarin —o—i 051(033-0.78)
Dabiagatran 150/110mg versus Warfarin —— 0.57(0.41-0.81)
Edoxaban 60mg versus Warfarin ——i 0.59(0.39 - 0.86)
Apixaban 5mg versus Rivaroxaban 20/15mg —o—t 062(036-1.05)
Dabiagatran 150/110mg versus Rivaroxaban 20/15mg —— 0.70 (045 -1.11)
Edoxaban 60mg versus Rivaroxaban 20/15mg e 0.72 (0.42-1.16)
Rivaroxaban 20/15mg versus Warfarin g i 0.82(0.61-1.11)
Apixaban 5mg versus Edoxaban 60mg = 0.87(0.48-1.57)
Apixaban 5mg versus Dabigatran 150/110mg —— 0.89(0.50-1.52)
Dabiagatran 150/110mg versus Edoxaban 60mg = 0.97(0.59-1.68)

01 1 10
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—O— Fixed Effects
Figure S4. The forest plot presents the odds ratio for major bleeding
between the different oral anticoagulants. Dabigatran means pooling
dabigatran 150 mg and 110 mg, rivaroxaban means pooling rivaro-
xaban 20 mg and 15 mg, apixaban means apixaban 5 mg, and edoxaban
means edoxaban 60 mg. Abbreviations are in Figure S1.

Data extraction

The baseline data and outcomes were independ-
ently abstracted by two reviewers. The study designs,
study population characteristics, inclusion and exclusion
criteria, drug administration strategies and doses, time
to intervention, follow up time and complications were
extracted. Decisions individually recorded by the review-
ers were compared, and disagreements were resolved
by a third reviewer. There were six RCTs identified, in-
cluding Hori M, et al., Wong KSL, et al, Hori M, et al.,
Mao L, et al.,Goto S, et al., and Yamashita T, et arye

Methodological quality appraisal

Two reviewers independently assessed the method-
ological quality of each study with utilization the risk of
bias method recommended by the Cochrane Collabora-
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Treatment 1 vs. Treatment 2 O.R. (95% C.l.)
Edoxaban 60mg versus Apixaban 5mg —— 059(0.32-1.15)
Edoxaban 60mg versus Warfarin —— 0.61(039-099)
Edoxaban 60mg versus Dabigatran 150/110mg —o— 068 (0.40-1.18)
Edoxaban 60mg versus Rivaroxaban 20/15mg et 0.75(0.38 - 1.53)
20/15mg versus Apixaban 5mg —or— 0.79(0.43-1.51)
Rivaroxaban 20/15mg versus Warfarin L ) 0.82(0.48 - 1.34)
Dabiagatran 150/110mg versus Apixaban 5mg L 0.88 (0.55 - 1.46)
Dabiagatran 150/110mg versus Warfarin = 0.90(0.69 - 1.18)
Rivaroxaban 20/15mg versus Dabigatran 150/110mg —o— 0.91(0.50-1.60)
Apixaban 5mg versus Warfarin S 1.03(0.68-1.52)

01 1 10

Favours Treatment 1 Favours Treatment 2

—O— Fixed Effects

Figure S5. The forest plot presents the odds ratio for all-cause death
between the different oral anticoagulants. Dabigatran means pooling
dabigatran 150 mg and 110 mg, rivaroxaban means pooling rivaro-
xaban 20 mg and 15 mg, apixaban means apixaban 5 mg, and edoxaban
means edoxaban 60 mg. Abbreviations are in Figure S1.

tion. Several domains were assessed, including the ade-
quacy of randomization, concealment of allocation,
blinding of the patients and outcome assessors, length
of follow-up, information provided to the patients re-
garding study withdrawals, whether intention-to-treat
analysis was performed, and freedom from other biases.

Statistical analysis

The data extracted were entered and analyzed by
Winbugs. The network meta-analysis was performed in
concordance with the PRISMA guidelines. Standard devi-
ations (SD) were estimated from the provided confidence
interval (Cl) limits or standard error (SE). Furthermore, di-
chotomous outcomes were analyzed, and the odds ratios
(ORs) were presented as the summary statistics. The pre-
cision levels of the effect sizes were reported as 95% Cls.
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