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Abstract

Atrial fibrillation is an irregular heart rhythm, and it is one of the most common cardiac arrhythmias. It is
associated with a five times increase in the risk of stroke. Anti-coagulants are prescribed routinely to prevent
strokes, especially in patients with atrial fibrillation for many years decreasing the risk of stroke among
patients with atrial fibrillation. Non-vitamin K oral anticoagulants especially apixaban and rivaroxaban are
frequently used and they are considered to be safe and more effective than warfarin. The aim of this meta-
analysis is to compare the efficacy and safety of apixaban and warfarin in preventing stroke among patients
with non-valvular arterial fibrillation. The current meta-analysis was conducted using the guidelines
established by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). A
systematic search was done using databases, including PubMed, EMBASE, and Cochrane Library, with no
restrictions on language and year of publication. The current meta-analysis included randomized control
trials and non-randomized control trials (prospective and retrospective cohort studies) comparing the
efficacy and safety of apixaban and warfarin in preventing stroke in patients with non-valvular atrial
fibrillation. The primary efficacy outcome was stroke or systemic embolism while the primary safety
outcome was major bleeding events. Overall, nine articles were included in the current meta-analysis with a
pooled sample size of 267998 patients with non-valvular atrial fibrillation. The administration of apixaban
was associated with a significant decrease in stroke or systemic embolism (RR: 0.77, 95% CI: 0.67-0.90) and
major bleeding events (RR=0.63, 95% CI: 0.58-0.68) as compared to warfarin. However, no significant
difference was reported in all-cause mortality (RR=0.80, 95% CI: 0.30-2.14) between the two groups. The
current meta-analysis concluded that apixaban, compared to warfarin in patients with non-valvular atrial
fibrillation showed a reduction in stroke and systemic embolism. Apixaban has also a better safety profile in
terms of reduction in overall major bleeding events.
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Introduction And Background

Atrial fibrillation is an irregular heart rhythm, and it is one of the most common cardiac arrhythmias. It is
associated with a five times increase in the risk of stroke [1]. In the United States, the estimated prevalence
of atrial fibrillation was more than 5 million [2]. Anti-coagulants are prescribed routinely to prevent strokes,
especially in patients with atrial fibrillation for many years decreasing stroke among patients with atrial
fibrillation by 64% as compared to placebo [3]. However, the risk of bleeding is also higher in patients
receiving warfarin [4]. Thus, the use of warfarin needs regular international normalized ratio (INR) testing,
and it has frequent interactions with multiple medicines and food items [5]. In recent times, a new class of
anticoagulants known as non-vitamin K oral anticoagulants has been introduced by scientists [6]. Different
clinical trials have shown that non-oral anti-coagulants are equivalent to warfarin in terms of efficacy and
safety and thus are routinely prescribed to patients with atrial fibrillation [7-8].

Among the non-vitamin K oral anticoagulants, there are factor Xa inhibitors, including edoxaban,
rivaroxaban, and apixaban [9]. A meta-analysis conducted in 2014 to compare warfarin and factor Xa
inhibitors found that lower incidence of bleeding and stroke were associated with factor Xa. Among all these
medications, apixaban is highly effective in preventing major bleeding events [10]. Apixaban exerts
anticoagulant activity by the direct inhibition of the Xa factor that is formed by both extrinsic and intrinsic
pathways of coagulation [11]. This prevents the conversion of prothrombin to thrombin, which is needed for
the prevention of the formation of fibrin from fibrinogen [11]. Apixaban is approved by the food and drug
authority (FDA) in 2011 based on the findings of ARISTOTLE (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation) [12].
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As non-vitamin K oral anticoagulants especially apixaban and rivaroxaban are frequently used, new studies
are continuously being reported. A meta-analysis including observational studies found a low risk of
systemic embolism of stroke and major bleeding with apixaban as compared to warfarin [13]. However, many
retrospective observational studies have also been conducted to compare the safety and effectiveness of
different non-vitamin K oral anticoagulants. Therefore, we chose to conduct a combined systematic review
of experimental and observational studies to further examine and incorporate this new evidence into clinical
practice. Our goal was to compare the efficacy and safety of apixaban and warfarin in preventing stroke
among patients with non-valvular arterial fibrillation.

Review
Methodology

The current meta-analysis was conducted using the guidelines established by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).

Study Selection

A systematic search was done using databases, including PubMed, EMBASE, and Cochrane Library, with no
restrictions on language and year of publication. The current meta-analysis included randomized control
trials and non-randomized control trials (prospective and retrospective cohort studies) comparing the
efficacy and safety of apixaban and warfarin in preventing stroke in patients with non-valvular atrial
fibrillation. Studies including participants of 18 years or more with nonvalvular atrial fibrillation using
apixaban or warfarin were included. Studies with a follow-up period of fewer than six months after the
inception of apixaban or warfarin were excluded from the current meta-analysis. In addition, studies
assessing the efficacy of apixaban and warfarin on valvular atrial fibrillation and dialysis patients were also
excluded.

A systematic search was performed on July 14, 2022, using the keywords “atrial fibrillation”, “stroke

prevention”, “warfarin” and “apixaban”. Keywords were combined using Boolean operators (AND, OR).
Keywords were inserted in the medical terms (MeSH) search in PubMed.

Data Collection

Two reviewers independently reviewed the titles and abstracts of each study. Researchers accessed the full
text of studies in order to assess whether they fulfilled the eligibility criteria before the process of data
extraction. Any disagreement between the two authors was resolved through consensus or discussion with a
third investigator if required.

A data collection form was formed on Microsoft Excel (Microsoft Corporation, Redmond, WA) and was
shared with other authors. Data related to study type, sample size, intervention, dose, outcomes, inclusion
criteria, and follow-up were documented on the data collection form. Outcome data were extracted by two
authors independently on a standardized data extraction tool. The data was then transformed to Review
Manager (RevMan; [Computer program]. Version 5.4. The Cochrane Collaboration, 2020) and STATA

(Stata Statistical Software. College Station, TX: StataCorp LP) for data analysis.

Study Outcomes

The primary efficacy outcome was stroke or systemic embolism while the primary safety outcome was major
bleeding, including intracranial bleeding, gastrointestinal bleeding, and bleeding from any other body site.
The secondary safety outcome was all-cause mortality.

Assessment of Risk of Bias

Risk is a bias for each article that was assessed by two authors independently. Any disagreement between
the two authors was resolved through consensus or discussion with a third investigator if required. For the
randomized control trial, the risk of bias was assessed using the Cochrane Risk of Bias tool. To assess the risk
of bias in cohort studies, the SIGN methodology was used. Each possible source of bias was categorized as
low, moderate, or high.

Statistical Analysis

Statistical analysis was done using the Cochrane Collaboration Review Manager Software (RevMan version
5.4.0) and STATA version 16.0 (Version 16, StataCorp, College Station, Texas). The Mantel-Haenszel (M-H)
random-effects meta-analysis model was used and forest plots were utilized to present treatment effect as
risk ratio (RR) and 95% confidence interval (CI). A p-value < 0.05 was considered statistically significant. For
quantitative measurement of inconsistency, 12 statistics were used. Cochran's Q test was used for statistical
testing of heterogeneity. A p-value less than 0.1 will be considered significant for heterogeneity. To assess
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publication bias, Egger’s regression test was used and a p-value < 0.05 was considered significant for
publication bias.

Results

Through a systematic database search, 233 studies were identified. After removing duplicates, the titles and
abstracts of 208 articles were screened. A PRISMA flow diagram representing the selection of studies is
shown in Figure 1. Overall, the full texts of 32 articles were retrieved for assessment of eligibility. Overall,
nine articles were included in the current meta-analysis with a pooled sample size of 267998 patients with
atrial fibrillation (96,631 in the apixaban group and 171,367 in the warfarin group). Characteristics of the
eligible studies are presented in Table 1.

[ Included ] [Eligibilit.\'] [ Screening ] [ Identification ]

Records identified through
database searching
(n =233)

l

Records after duplicates removed
(n=208)

P

Records screened Records excluded
(n =208) (n=176)
Full-text articles assessed Full-text articles excluded,
for eligibility with reasons:
(n=32) s Studies comparing
L other non-vitamin oral
anticoagulants: 12
Studies included in * Studies including
quantitative synthesis secondary analysisof
(meta-analysis) ARISTOTLE study: 6
(n =9) s Other: 5

FIGURE 1: PRISMA flow chart of selection of studies
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Apixaban
Fu et al 2021 Retrospective
[14] cohort
Warfarin
Apixaban
Granger Randomized
2011
etal [12] trial
Warfarin
Apixaban
Gupta et Retrospective
2018
al [15] cohort
Warfarin

Dose
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or
standard
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Reduced
or
standard
dose

Reduced
or
standard
dose

Standard
dose

Reduced
or
standard
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Standard
dose
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up
12 ' )
Adult patients with non-valvular AF.
Months
24 Eligible patients had atrial fibrillation or flutter at
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fibrillation or flutter and age of at least 75 years
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Adult patients with non-valvular AF.
Months

Reduced
dose of
apixaban

915
(56.31%)

428
@.7%)

2428
(21.7%)

30of9


https://assets.cureus.com/uploads/figure/file/422987/lightbox_92e0eb700f6911eda75311e11a5b6b1c-resize-1659118042991450652Capture.png

Cureus

Larsen 2016
etal [16]
Lietal
2017

[17]
Kohsak
ohsaka 2018
etal [18]
Niel

ielsen 2017
etal[19]
Staerk

3T 2017
etal [20]
W

anat — oo1g
etal [21]

Observational
cohort

Observational
cohort

Retrospective
cohort

Observational
cohort

Observational
Cohort

Retrospective
cohort

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban

Warfarin

TABLE 1: Study characteristics

AF: atrial fibrillation; OAC: oral anticoagulants; NVAF: non-valvular atrial fibrillation

Reduced dose: 2.5 mg

Standard dose: 5.0 mg

Standard
dose

Standard
dose

Reduced
or
standard
dose

Standard
dose

Reduced
or
standard
dose

Standard
dose

Reduced
dose

Standard
dose

Standard
dose

Standard
dose

Standard
dose

Standard
dose

6349

35436

38470

38470

11972

11972

4400

38893

6899

18094

10189

10189

30
Months

12
Months

6
Months

30
Months

24
Months

12
Months

Patients with atrial fibrillation who had not
previously taken an oral anticoagulant.

Patients age >=18 years with atrial fibrillation

Patient of age of 18 years or more and
diagnosis of atrial fibrillation and prescribed one
of the two study drugs (apixaban or warfarin)
after diagnosis of atrial fibrillation

Patients with atrial fibrillation who had not
previously taken an oral anticoagulant.

AF patients with no previous OAC treatment
before the study period were included on the
day

Patients were included if they were aged 18
years or older with a diagnosis of NVAF and
receiving either warfarin or apixaban

NA

6568
(17.1%)

7,251
(60.6%)

4400
(100%)

NA

NA

Among all the included studies, only one article was a randomized control trial [12] while other studies were
either observational cohorts [16-18,20] or retrospective cohorts [14-15,19,21]. One study was published in
2011 [12] while other studies were published between 2016 and 2021 [14-21]. One study included patients in
which only a reduced dose (2.5 mg) of apixaban was given [19] while the majority of studies included
patients in which patients taking both reduced (2.5 mg) and standard (5 mg) of apixaban [12,14-15,17-18].

Risk of Bias Evaluation

Table 2 shows the risk of bias evaluation of all nine studies. Five of the included studies have low overall
bias while four studies reported moderate overall bias. No significant publication bias was found in the
primary efficacy endpoint and secondary efficacy endpoint, for comparison between warfarin and apixaban
as a p-value of the Egger regression test was >0.05.
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Study Id Selection bias  Attrition bias Performance bias  Detection bias  Reporting bias  Overall bias
Fu et al, 2012 [14] High Low Low Low Low Moderate
Granger et al, 2011 [12] Low Low Low Low Low Low

Gupta et al, 2018 [15] Low Low Low Low Low Low

Larsen et al, 2016 [16] High Low Low Low Low Moderate
Lietal, 2017 [17] Low Low Low Low Low Low
Kohsaka et al, 2018 [18] Low Low Moderate Low Low Moderate
Nielsen et al, 2017 [19] High Low Moderate Low Low Moderate
Staerk et al, 2017 [20] Low Low Low Low Low Low

Wanat et al, 2019 [21] Low Low Low Low Low Low

TABLE 2: Risk of bias assessment

Efficacy Outcome

All the included articles reported the primary efficacy outcome [12,14-21], including 267998 patients with
available data in terms of stroke or systemic embolism. The risk of stroke or systemic embolism is 23% lower
in patients receiving apixaban as compared to patients receiving warfarin (RR: 0.77, 95% CI: 0.67-0.90).
Heterogeneity was significant among the studies (12 = 84%, p-value=0.001) as shown in Figure 2.

Apixaban Warfarin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fuetal, 2021 [14] 115 1625 175 1625 106% 0.66 [0.52,082] s
Granger etal, 2011 [12] 212 9120 265 9081 11.7% 0.80[0.67,0.95)
Guplaetal 2018 [15] 50 7607 98 7607 81% 0.511(0.36,0.72)
Kohsaka et al, 2018 [18] 80 119872 1M1 11972 9.2% 0.72[0.54, 0.96]
Larsen etal, 2016 [16] 225 6349 1447 35436 125% 0.87(0.76,1.00) =
Lietal, 2017 [17] 404 38470 635 38470 128% 0.64[0.56,0.72] =
Nielsen et al, 2017 [19] 263 4400 2322 38893 128% 1.00[0.88,113) = =
Staerk etal, 2017 [20] 171 6899 419 18094 11.7% 1.071(0.90,1.28) o
Wanat et al, 2019 [21] 121 10189 167 10189 105% 0.72[0.57,091) ———
Total (95% Cl) 96631 171367 100.0% 0.77 [0.67, 0.90] -
Total events 1641 5639
Heterogeneity: Tau®= 0.04, Chi*= 48.51, df= 8 (P = 0.00001); F= 84% 055 u?? 1?5 é

Test for overall effect: Z= 3.40 (P = 0.0007) Apixaban Warfarin

FIGURE 2: Comparison of the effect of apixaban and warfarin on the risk
of stroke and systemic embolism

Source: References [12,14-21]

Safety Outcome

All the included studies reported primary safety outcomes, i.e. major bleeding, including 267998 patients
with atrial fibrillation [12,14-21]. The administration of apixaban was associated with a significant reduction
in major bleeding events compared with warfarin (RR=0.63, 95% CI: 0.58-0.68). Heterogeneity was
significant among the studies (12 = 51%, p-value=0.040) as shown in Figure 3.
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Apixaban Warfarin Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fuetal, 2021 [14) 122 1625 183 1625 8.4% 0.67 [0.54, 0.83]
Grangeretal, 2011 [12] 327 9120 462 9081 139% 070(061,081) —
Guptaetal 2018 [15] 145 7607 237 7607 9.2% 0.61[0.50,0.75) e
Kohsaka et al, 2018 [18] 99 11972 134 11972 6.7% 0.74[0.57, 0.96] e
Larsen etal, 2016 [16] 109 6349 1198 35436 098% 051[042,062] .
Lietal 2017 [17] 753 38470 1303 38470 188% 0.58 [0.53,0.63) S
Nielsen et al, 2017 [19] 160 4400 2136 38893 123% 066 [0.57,0.78] —
Staerk et al, 2017 (20] 29 6899 150 18094  33% 0.511[0.34,0.75)
Wanat et al, 2019 [21] 600 10189 887 10189 17.6% 0.68 [0.61,0.75) -
Total (95% CI) 96631 171367 100.0% 0.63[0.58, 0.68] <&
Total events 2344 6690
Heterogeneity: Tau®= 0.01; Chi*= 16.22, df= 8 (P = 0.04), F=51% UIE DET 1%5 é

Testfor overall effect Z= 11.54 (P < 0.00001) Apixaban Warfarin

FIGURE 3: Comparison of the effect of apixaban and warfarin on the risk
of major bleeding events

Sources: [12,14-21]

All-Cause Mortality

Three studies compared all-cause mortality in patients with atrial fibrillation receiving apixaban and
warfarin [12,16,19]. No significant difference was found in the incidence of all-cause mortality between
patients who received apixaban and patients who received warfarin (RR=0.80, 95% CI: 0.30-2.14) as shown

in Figure 4.
Apixaban Warfarin Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Grangeretal, 2011 [12] 603 9120 699 9081 33.3% 0.86[0.77,0.95] u
Larsenetal, 2016 [186] 274 6349 4460 35436 33.3% 0.34[0.30,0.39] -
Nielsen etal, 2017 [19] 1040 4400 5366 38893 33.4% 1.7101.62,1.82] -
Total (95% Cl) 19869 83410 100.0% 0.80 [0.30, 2.14] i
Total events 1917 10534

- Tau®= 0.76; Chi* = = e ; ; : |
Heterogeneity: Tau*= 0.76; Chi*= 688.69, df= 2 (P < 0.00001); *= 100% b0 oh o T00

Testfor overall effect Z= 0.45 (P = 0.65) Apixaban Warfarin

FIGURE 4: Comparison of the effect of apixaban and warfarin on all-
cause mortality

Sources: [12,16,19]

Heterogeneity

A high level of statistical heterogeneity was noted in the current meta-analysis for all the outcomes assessed
in the study. One of the major reasons for high heterogeneity among the study results is the type of study
design. Only one RCT was present [12] while four studies were retrospective cohorts [14-15,19,21] and four
studies were observational cohorts [16-18,20]. Second, two studies included only a standard dose [16,20-21]
while the majority of studies used both a standard dose and a reduced dose of apixaban [12,14-15,17-18]. It
might be another cause of high heterogeneity among the study results.

Sensitivity Analysis

Table 2 shows the results of sensitivity analysis of the risk of stroke or systemic embolism and major
bleeding events. We performed a sensitivity analysis of the risk of stroke or systemic embolism by excluding
the randomized control trial and retrospective studies and the results were inconsistent as compared to the
overall analysis (RR=0.87, 95% CI: 0.69-1.10). When including only retrospective cohort studies,
heterogeneity was reduced to 6%, and results found that apixaban is better in reducing strokes or systemic
embolism as compared to warfarin (RR=0.66, 95% CI: 0.58-0.76). On the other hand, when it comes to major
bleeding events, results reported in sensitivity analysis are consistent with the overall analysis as shown in
Table 2.
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Outcome Included Studies RR (95% CI) 12

Stroke or systemic embolism Randomized trial 0.80 (0.67-0.95)* -
Observational cohort 0.87 (0.69-1.10) 89%
Retrospective cohort 0.66 (0.58-0.76)* 6%

Major bleeding events Randomized trial 0.70 (0.61-0.81)* -
Observational cohort 0.58 (0.52-0.64)* 39%
Retrospective cohort 0.67 (0.62-0.73)* 0%

TABLE 3: Results of sensitivity analysis

Significant at p-value<0.05

RR: risk ratio; Cl: confidence interval

Discussion

The current meta-analysis was conducted to compare the efficacy of apixaban and warfarin in the
prevention of stroke among patients with atrial fibrillation. Overall nine studies were included in the current
meta-analysis, including a pooled sample size of 267998 patients with atrial fibrillation. The study found
that patients who were taking apixaban had less stroke or systemic embolism and fewer major bleeding
events as compared to patients taking warfarin, and the results were statistically significant.

Previous meta-analyses conducted by Proietti et al. [13] and Siddiqui et al. [10] favored apixaban over
warfarin in terms of safety. However, no significant differences were reported in terms of the prevention of
stroke between apixaban and warfarin. However, a meta-analysis conducted by Proietti et al. did not include
the ARISTOTLE trial in which apixaban had a significant impact on the reduction of stroke or systemic
embolism along with events of major bleeding compared to warfarin [13]. On the other hand, Siddiqui et al.
did not include retrospective studies that found similar results [10]. Compared to a meta-analysis conducted
in the past, we have included retrospective studies in the current meta-analysis. However, outcomes have
remained the same. Standard-dose apixaban is discovered to have comparable efficacy but improved safety
when compared to warfarin, supporting earlier meta-analyses. There is still controversy around the efficacy
of reduced-dose apixaban, and more prospective studies are required.

The dose of apixaban is a significant influencing factor in its safety and efficacy. Even though the apixaban
label shows a dose of 5 mg twice daily for patients with non-valvular atrial fibrillation, patients who meet
any of the two following criteria are recommended to take a dose of 2.5 mg twice daily: age 80 years or more,
a body weight of fewer than 60 years, and serum creatinine of 1.5 mg/dl or more [22]. The secondary analysis
of the ARISTOTLE trial showed that no significant difference was there in terms of prevention of stroke
between warfarin and reduced-dose apixaban, but on comparison between reduced dose and standard dose
apixaban, the risk of stroke or systemic embolism was 23% lower in standard-dose apixaban [23]. Our meta-
analysis had four studies that compared reduced-dose apixaban with warfarin. As discussed in individual
articles included in the current meta-analysis, reduced dose apixaban is prescribed in individuals with old
age or patients with at least two comorbidities. Gupta et al. conducted a study also found that no significant
difference was there between in incidence of stroke between warfarin and reduced dose apixaban while
standard dose apixaban is more effective in preventing stroke or systemic embolism than warfarin [15].

From our analysis, the superiority of apixaban over warfarin in reducing the rate of stroke and systemic
embolism is evident. To date, only one randomized control trial has been conducted on this topic, which also
shows the clinical benefit of apixaban over warfarin in atrial fibrillation patients [12]. However, several new
prospective cohort studies and retrospective studies have been conducted. Besides this, the superiority of
several other novel oral anticoagulants over warfarin in decreasing stroke and systemic embolism is evident
in different studies [24-25]. Due to this, nowadays, novel oral anticoagulants are being utilized in practice
settings and are being recommended by several professional organizations [26].

The current meta-analysis has certain limitations. First, there is a lack of prospective studies and
randomized trials. Second, heterogeneity was high in the included studies as shown by the value of 12. Third,
only three studies were included in the meta-analysis that compared the impact of apixaban and warfarin on
all-cause mortality. In the future, more prospective studies need to be conducted to study the effect of
apixaban and warfarin on different subgroups, including patients with valvular atrial fibrillation and various
valve diseases.
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Conclusions

The current meta-analysis demonstrated that apixaban, compared to warfarin, in patients with atrial
fibrillation showed a reduction in stroke and systemic embolism. Apixaban has also a better safety profile in
terms of reduction in overall major bleeding events. However, the current study did not report any
significant difference between all-cause mortality between apixaban and warfarin. The current meta-
analysis included randomized trials, prospective cohorts, and retrospective studies on this topic. This
reviewer reinforces apixaban's superiority in comparison to warfarin in patients with non-valvular atrial
fibrillation.
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