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Abstract

Introduction New oral anticoagulants (NOACs) are approved for use in nonvalvular atrial fibrillation (AF).

Objectives This study aimed to evaluate the efficacy and safety of NOACs compared with warfarin in AF and valvular heart
disease (VHD).

Methods We identified randomized controlled trials (RCTs) and post-hoc analyses comparing NOACs and warfarin in
AF and VHD, including biological and mechanical heart valves (MHV). Through systematic review and meta-analysis,
with the aid of the “Rev Man” program 5.3, the primary effectiveness endpoints were stroke and systemic embolism (SE).
The primary safety outcome was major bleeding, and the secondary outcome included intracranial hemorrhage. Data were
analyzed using risk ratios (RRs) and 95% confidence intervals (CIs), and heterogeneity was assessed using the I statistic.
Results Six RCTs were included, involving 13,850 patients with AF and VHD. NOAC:S significantly reduced the risk of
stroke/SE (RR 0.78; 95% CI 0.66-0.91; P=0.002) and intracranial hemorrhage (RR 0.51; 95% CI 0.33-0.79; P=0.003) and
lowered the risk of major bleeding (RR 0.77; 95% CI 0.58-1.02; P=0.07) compared with warfarin.

Conclusions The efficacy and safety of NOACs as thromboprophylaxis for AF and VHD are similar to those of warfarin.

NOACS significantly reduced the risk of stroke/systemic
embolism in AF and VHD.

NOACS have similar safety when compared to Warfarin
in AF and VHD.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s40268-019-0274-z) contains

supplementary material, which is available to authorized users. There are innumerable advantages of the use of the
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1 Introduction

Department of Medicine, University of California San Diego, Valvular heart disease (VHD) affects more than 100 mil-
San Diego, USA . .
& lion people worldwide [1]. At least 0.5-1% of the general

Federal University of Uberlandia, Uberlandia, Minas Gerais, population experience atrial fibrillation (AF), a sustained
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arrhythmia frequently seen in clinical practice, that signifi-
cantly increases the incidence of thromboembolism when
associated with VHD [2]. This association often requires
the use of oral anticoagulation (OAC) to reduce the risk of
thromboembolism.

Among the most commonly prescribed OACs in the
prophylaxis of primary and secondary thromboembolism
events are vitamin K antagonists (VKAs), particularly war-
farin [3-5]. Over the last few years, alternatives to VKAs
have been explored in thromboprophylaxis for AF, with and
without VHD. These new oral anticoagulants (NOACs) do
not require regular monitoring of hemostatic parameters. To
date, the US FDA has approved dabigatran (the direct inhibi-
tor of Factor Ila—thrombin) and rivaroxaban, apixaban and
edoxaban (inhibitors of Factor Xa) [6]. Studies of NOACs
in nonvalvular AF have demonstrated efficacy and safety
similar to that of warfarin [7].

Recent guidelines regarding anticoagulation have sup-
ported the use of NOAC: in specific native valve conditions
when associated with AF, including aortic stenosis (AS),
aortic regurgitation (AR), tricuspid regurgitation (TR) and
mitral regurgitation (MR). NOACs are not currently rec-
ommended in moderate to severe mitral stenosis (MS) and
mechanical heart valves (MHVs), where the use of VKAS for
the prevention of thromboembolic events is the only estab-
lished option. NOAC:s are considered reasonable alternatives
to VKAs in patients with bioprosthetic valves (after the third
month of implantation) and AF, particularly in the 2017
European Society of Cardiology (ESC)/European Associa-
tion for Cardio-Thoracic Surgery (EACTS) guidelines [8],
given their previously demonstrated efficacy in AF (class
ITA; level of evidence: C). The lack of robust data on this
issue justifies the absence of specific recommendations in
the American Heart Association (AHA)/American College
of Cardiology (ACC) guidelines [9].

Published meta-analyses have concluded that the safety
and efficacy of NOACs are similar to those of VKA in
patients with VHD and AF [10-12], but patients with MHVs
were excluded from these analyses. Given this gap in knowl-
edge, we performed a quantitative and qualitative analysis of
publications related to AF and VHD using systematic review
and meta-analysis to evaluate the use of NOACs, focusing on
efficacy (reduction of stroke and systemic embolism [SE])
and safety (rates of major bleeding and intracranial hemor-
rhage), compared with warfarin in adult patients with AF
and VHD.

2 Methods

This is a systematic review and meta-analysis carried out
according to the standards established by the PRISMA
(Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses) guidelines [13]. More details are available
in Table E1 in the Electronic Supplementary (ESM).

2.1 Eligibility Criteria

We included randomized controlled trials (RCTs) that com-
pared NOACs (dabigatran, rivaroxaban, apixaban and/or
edoxaban) and warfarin in adult humans with AF and VHD
(including patients with MHV > 3 months postoperatively).

2.2 Exclusion Criteria

Exclusion criteria were as follows: articles not focused on
the use of NOACs in VHD and AF, observational studies,
nonrandomized controlled trials, studies performed in ani-
mals, reviews and duplicate publications reporting the same
trials.

2.3 Research Strategy for Identification of Studies

We searched the PubMed, LILACS, MEDLINE, SciELO
and Cochrane Library (October 2017-June 2018) databases
without year restrictions. We also reviewed pharmaceutical
industry sites for additional data and the references of the
selected publications to identify other potentially eligible
articles. The search strategy is detailed in the ESM.

2.4 Data Collection

Two reviewers (YdSLB and ARD) independently evaluated
the list of titles and abstracts from each data source. We
obtained the full text of articles considered eligible to verify
that they met inclusion criteria prior to data extraction. A
data extraction form was prepared for the retrieval of infor-
mation, including year of publication, authors, type of RCT,
main population characteristics, types of VHD included and
excluded, type and dose of NOAC, outcomes (total efficacy
rate and safety) and follow-up time. The data were extracted
and summarized independently by the same reviewers.

2.5 Evaluated Outcomes

We considered the primary endpoint of efficacy, stroke com-
position and SE, and the primary safety outcome was the
presence of major bleeding (according to the International
Society of Thrombosis and Haemostasis definition) [14].
Intracranial hemorrhage was a secondary outcome.

2.6 Risk of Bias in Individual Studies

We used the Cochrane Collaboration’s tool to assess the
risk of bias and the methodological quality of the included
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trials. The following domains were evaluated: selection bias
(random sequence generation method and allocation con-
cealment), performance bias (blinding of participants and
personnel), detection bias (blinding of outcome assessment),
attrition bias (incomplete outcome data) and reporting bias
(selective reporting) [15]. The quality of each item was clas-
sified as either “yes” (low risk of bias), “no” (high risk of
bias) or “unclear” (unclear risk of bias).

2.7 Statistical Analysis

Statistical analysis was performed using the Review Man-
ager tool (version 5.3; The Cochrane Collaboration, 2011).
We used the random-effects model as the standard in our
meta-analysis, with data analyzed using risk ratios (RRs)
and 95% confidence intervals (CIs). The results were con-
sidered statistically significant when the P value was <0.05.
Studies that presented the use of different dosages were inde-
pendently grouped in different estimates using the random-
effects model in the meta-analysis. As a quantitative meas-
ure of inconsistency, the I-squared (/%) statistic was used to
assess heterogeneity.

2.8 Certainty in the Evidence and Strength
of Recommendations

In our meta-analysis, we assessed the certainty of evidence
and strength of recommendations for the outcomes stroke
and SE composition, the presence of major bleeding and
intracranial hemorrhage after the use of NOACs and war-
farin using the GRADEpro (Grading of Recommendations,
Assessment, Development and Evaluation profiler) software
[16]. The GRADE approach classifies the quality of evi-
dence as high, moderate, low, or very low based on the fol-
lowing considerations: risk of bias, consistency, directness,
precision and publication bias [17].

The evidence for each item was classified as “none” (no
reduction in points), “serious” (reduction of 1 point) or “very
serious” (reduction of 2 points) according to the interference
biases detected in these items. We resolved disagreements
between reviewers during the data extraction and assess-
ments of risk of bias or quality of evidence by discussion
and, if needed, by third-party adjudication.

3 Results

We identified six studies that met the eligibility criteria
[18-23]. Two studies tested two different doses, so we per-
formed specific analyses for each, giving rise to four sub-
studies and a total of eight studies (Fig. E1 in the ESM).

3.1 Study Characteristics

Four (66.6%) of the included studies were phase III RCTs
and two (33.3%) were experimental studies characterized
as phase II RCTs and a prospective pilot study. Table 1
describes the main characteristics of the included studies.

Three of the included publications evaluated the use of
dabigatran (the RE-ALIGN study [18], post-hoc analysis of
the RE-LY study [22] and the DAWA study [21]), with the
first exclusively involving patients with MHV and the third
involving a group of patients with bioprostheses (aortic or
mitral). The remaining studies are as follows: one evaluated
the use of apixaban through a post-hoc study of ARISTO-
TLE [20], one evaluated the use of rivaroxaban (post-hoc
analysis of the ROCKET-AF study [19]) and one analyzed
the use of edoxaban (post-hoc analysis of the ENGAGE AF-
TIME-48 trial) [23].

3.2 Patient Characteristics

Table 2 describes the main clinical characteristics and risk
factors for bleeding and thromboembolism events in patients
with AF and VHD who used some type of NOAC. Overall,
approximately 13,850 subjects with different VHD status
were involved in these studies. Of these, 13,826 were from
post-hoc analyses of phase III clinical trials that compared
NOAC:S and warfarin in nonvalvular AF.

The lowest and highest mean (+ standard deviation)
ages were 45.7+6 and 71.8 +9.4 years, respectively. The
most frequent comorbidities reported and risk factors for
thromboembolism events were systemic arterial hyperten-
sion (SAH), heart failure (HF), prior stroke, SE or transient
ischemic attack (TTA), coronary artery disease (CAD) and
diabetes mellitus (DM). The most commonly cited classes
of medications concomitant with chronic and/or continuous
use of NOAC therapy included antihypertensives, diuretics,
B-blockers and antiplatelet agents.

The subtype of VHD most frequently identified in the
populations involved in these studies were as follows: 7842
individuals with MR and 2559 with AR, 3303 with TR, 1235
with AS, 708 with MS, 393 with some type of valve repair or
repair, 252 with MHV and 218 with bioprostheses.

3.3 Outcomes

The primary and secondary outcomes included the safety
and efficacy of dabigatran 150 and 110 mg twice daily com-
pared with warfarin in the prevention of thromboembolism
in those with AF and VHD (Table E3 in the ESM). Table E4
in the ESM describes the outcomes of the other available
NOAC:Ss in AF and VHD.
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(A) STROKE/SE

Study or Subgroup

Risk Ratio

Weight M-H, Random, 95% CI

Avezum et al, 2015
Breithardt et al, 2014

de Caterina30 etal, 2017
de Caterina60 et al, 2017
Duraes etal, 2016
Eikelboom et al, 2013
Ezekowitz110 et al, 2016
Ezekowitz150 et al, 2016

Total (95% CI)
Total events

Heterogeneity: Tau®= 0.00; Chi*=5.21,df =7 (P=063); F=0%

256%
14.7%
13.5%
16.8%

0.3%

0.3%
16.3%
12.6%

100.0%

0.70 [0.51, 0.96]
0.83 [0.55, 1.26]
0.69 [0.44, 1.08]
0.96 [0.65, 1.42]
0.27 [0.01, 6.11]

1.58[0.07, 37.02]
0.97 [0.65, 1.44]
0.59 [0.38, 0.93]

0.78 [0.66, 0.91]

Testfor overall effect: 2= 3.07 (P=0.002)

(B) MAJOR BLEEDING *

Risk Ratio
M-H, Random, 95% CI
|
-
-
¢+
0.01 0.1 10 100

Favou ré [MOACS] Favours [Wafarin]

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avezum et al, 2015 17.2% 0.80 [0.61,1.05] —
Breithardt et al, 2014 16.1% 1.49[1.08, 2.06] —
de Caterina30etal, 2017 14.8% 0.40[0.27, 0.58] =
de CaterinaB0 etal, 2017 16.0% 0.73[0.52,1.01] —
Duraes etal, 2016 1.2% 0.36 [0.03, 4.50]
Ezekowitz110 et al, 2016 17.3% 0.73[0.55, 0.95] —+
Ezekowitz150 et al, 2016 17.5% 0.81 [0.63, 1.09] —
Total (95% CI) 100.0% 0.77 [0.58, 1.02]
Total events
Heterogeneity: Tau®=0.10; Chi®*= 28.07, df= 6 (P = 0.0001); F=79% o o1 10 100

Testfor overall effect: Z=1.83 (P=0.07)

(C) INTRACRANIAL HEMORRHAGE *

Favours [NOACS] Favours [Warfarin]

Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avezum et al, 2014 18.8% 0.40[0.18, 0.86] —
Breithardt et al, 2014 18.5% 1.21 [0.55, 2.65] I
de Caterina30 et al, 2017 13.3% 0.61[0.22,1.69] I
de CaterinaBl et al, 2017 13.3% 0.64[0.23,1.76] e
Ezekowitz110 et al, 2016 17.0% 0.29[0.12, 0.67] -
Ezekowitz150 et al, 2016 19.1% 0.36[0.17,0.78] —
Total (95% CI) 100.0% 0.51[0.33, 0.79] -
Total events
Heterogeneity: Tau*=0.11; Chi*=7.85, df=5{P=0.16);, F= 36% '0.01 Df1 1’0 100'

Testfor overall effect: £=2.99 (P =0.003)

Fig. 1 Forest plot with individual and pooled estimates of the risk
of stroke/systemic embolism, major bleeding and intracranial hem-
orrhage in patients with atrial fibrillation and valvular heart disease
using new oral anticoagulants at different dosages compared with
warfarin. CI confidence interval, M—H Mantel-Haenszel, NOAC

3.4 Stroke and Systemic Embolism

NOACs were more effective than warfarin, with a lower
relative risk of stroke and SE, in patients with VHD (RR
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Favours [NOACS] Favours [Warfarin]

new oral anticoagulant, SE systemic embolism. Asterisk indicates in
the RE-ALIGN study performed by Eikelboom et al. [18], events in
major bleeding and intracranial hemorrhage, for both Warfarin and
Dabigatran groups, were not reported for population B (late postop-
erative period), therefore, they were not included in this analysis

0.78; 95% CI 0.66-0.91; P=0.002; high-quality evidence;
see Table E2 in the ESM) (Fig. 1a). Heterogeneity among
the studies was low.
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3.5 Major Bleeding

The use of NOACs had a statistically significant favorable
effect on the risk of major bleeding in patients with VHD
compared with warfarin (RR 0.77; 95% CI 0.58-1.02;
P=0.07; low-quality evidence; Table E2 in the ESM), and
the I* was 79% (P <0.0001), demonstrating a high level of
heterogeneity (Fig. 1b).

3.6 Intracranial Hemorrhage

NOAC use was associated with a significant reduction in
the risk of intracranial hemorrhage in patients with VHD
compared with the use of warfarin (RR 0.51; 95% CI
0.33-0.79; P=0.003, moderate-quality evidence; Table E2
in the ESM), with an estimated I?> of 36% (P=0.16)
(Fig. 1c).

3.7 Risk of Bias Across Studies and Quality
of Evidence

The overall risk of reporting bias was low according to our
analysis using the Cochrane Collaboration Tool (details in
Table E2 in the ESM). Table ES5 in the ESM presents the
quality of evidence according to the GRADE system, and
Table E6 in the ESM summarizes the main pharmacologi-
cal characteristics of NOACs approved by the FDA for use
in the USA.

4 Discussion

Our meta-analysis suggests that NOACs significantly
reduced the risk of stroke/SE and intracranial hemorrhage
in patients with AF and VHD compared with warfarin, even
after inclusion of patients with MHV. In addition, the overall
risk of major bleeding was lower. To our knowledge, this is
the first systematic review and meta-analysis to separately
evaluate subgroups of patients with VHD stratified by dif-
ferent doses of anticoagulants and to include patients with
MHYV > 3 months postoperatively.

Prior RCTs included more than 72,000 individuals and
compared the use of NOACs with warfarin in nonvalvular
AF [24]. Post-hoc analyses of these studies revealed that a
significant number of study individuals had at least some
degree of VHD associated with AF, with our evaluation
verifying the presence of at least 13,826 patients with AF
and VHD.

Recent meta-analyses of these studies, as well as the
results presented here, indicate that NOACs are as effective
as warfarin in OAC in reducing the risk of thromboembolism
events in AF and VHD. Furthermore, NOACs appear to have
a lower association with major bleeding, when considering

the analyses of the combined results [10, 11, 25]. In particu-
lar, apixaban appears considerably safer in this regard [7].

Regarding safety outcomes, the high heterogeneity identi-
fied in the present study is due to the results obtained through
the ROCKET-AF study, in which rivaroxaban was associ-
ated with a higher risk of major bleeding than was warfarin,
especially in patients with VHD. Intracranial hemorrhage did
not reach statistical significance [10]. The VHD population
involved in this study, in addition to having a higher thrombo-
embolic risk, with a mean CHA,DS,-Vasc score of 3.5, was
older (mean 75 years) and had a mean HAS-BLED score of
2.8, indicating considerable risk of bleeding.

On the other hand, Caldeira et al. [10] reported that
NOAC: such as apixaban, dabigatran and edoxaban, unlike
rivaroxaban, offer an advantage in reducing the risk of
intracranial bleeding compared with warfarin, independent
of the presence or absence of VHD. These same authors,
after analysis of cumulative evidence assessed through trial
sequential analysis, identified a robust relation in stroke
prevention and reduction of intracranial hemorrhage events.
Similarly, our study showed a protective effect of approxi-
mately 50% with NOACs compared with warfarin in the case
of intracranial hemorrhage, despite the moderate nonsignifi-
cant heterogeneity.

Notably, the current evidence argues against the use of
dabigatran in MHYV, because of the study by Eikelboom et al.
[18] (RE-ALIGN), which ended prematurely after finding an
absence of benefit and an increased risk of thromboembo-
lism events with dabigatran in this population. However, the
negative results of that study may result from subtherapeutic
dosing, with dabigatran 50 ng/mL as a target level. In addi-
tion, this study included patients early postoperatively (a
population in which the negative effects were fundamentally
observed), a period with a high incidence of thromboembo-
lism events.

Finally, it is possibile that dabigatran induced downstream
effects in the coagulation cascade that impaired its ability to
bypass the hypercoagulable state of the postoperative period
in relation to warfarin. According to Ahmad and Wilt [26],
the pathogenesis of thrombus formation in MHV does not
resemble the mechanism involved in AF.

In vitro and animal models have shown promising results
in the efficacy of rivaroxaban as thromboprophylaxis in
MHYV [27, 28]. Recently, we reported promising results from
the first experience of a Factor Xa inhibitor (rivaroxaban) in
humans, where we followed seven patients with MHV over
3 months [29]. An RCT is currently comparing rivaroxaban
and warfarin in patients with MHV [30].

According to Ha et al. [31], the use of NOACsS in the
prevention of thromboembolism events in bioprostheses
and AF remain a gray zone in contemporary practice. To
date, only three RCTs (involving 280 patients) describe this
group of patients in relation to the use of NOACs and VKA
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(ARISTOTLE [interim report], ENGAGE AF [high-dose
edoxaban vs. warfarin; conference paper], DAWA study
[dabigatran 110 mg twice daily vs. warfarin]), finding that
NOACSs were similar to VKA in terms of thromboembolic
events and risks of major bleeding [10].

Recent guidelines have not yet made formal recommen-
dations about the use of NOACs in AF and VHD, although
they are not contraindicated. In this sense, in 2015, the Euro-
pean Heart Rhythm Association [32] stated that patients
with AF and bioprostheses could be eligible for NOACs as
long as they are > 3 months postoperative. However, studies
regarding the efficacy in this population are lacking [31].

Given that patients with moderate to severe MS were not
included in the RCTs in our meta-analysis, it was not possi-
ble to obtain specific results for this population. The current
AHA/ACC and ESC/EACTS recommendations maintain the
use of VKAs, in line with existing evidence. Further studies
are necessary to elucidate the safety and efficacy of NOACs
compared with VKASs in this population [8, 9].

Kim et al. [33] recently conducted an observational, retro-
spective study of patients with AF associated with MS, with
the objective of validating the efficacy of NOACsS (off-label)
compared with warfarin. The authors found that the inci-
dence of ischemic stroke/embolisms was lower with NOACs
than with warfarin (2.2 vs. 4.19% per year, respectively;
P <0.0001). Furthermore, the incidence of intracranial
hemorrhage was estimated at 0.49 and 0.93% per year with
NOACSs and warfarin, respectively [33]. This retrospective
study supports our findings that NOACs appear to be more
effective than and have a similar safety profile to warfarin.
However, such results require reproduction in future RCTs
to evaluate the efficacy of NOAC:s in patients with MS and
AF. Until then, VKA remains the only proven alternative for
the prevention of thromboembolic events in this population
and for patients with MHV.

Indications for NOAC use in those without AF are still
not completely established, primarily in the context of VHD.
However, emerging evidence highlights practical consid-
erations in the presence of certain patient characteristics
(elderly, polypharmacy, presence of gastrointestinal bleed-
ing, presence of CAD, etc.) that may guide the selection of a
certain NOAC in AF, with or without VHD, for the purpose
of reducing thromboembolism events.

As with previously published analyses, the lack of spe-
cific details in the literature regarding valve disease or sur-
gery made it difficult to analyze the efficacy and safety of
NOACSs compared with warfarin by subtype of native valve
disease or valve surgery.

4.1 Study Limitations

Our study has several important limitations. First, in the
absence of absolute consensus regarding the terms “valvular
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AF” and “nonvalvular AF”, the lack of inclusion and exclu-
sion criteria homogeneity in the included studies may
underlie the presence of heterogeneity in some evaluated
outcomes.

Most of our results were produced through information
obtained in post-hoc analyses of large RCTs. The only stud-
ies that focused on patients with VHD were the DAWA
study, which evaluated the use of dabigatran versus warfa-
rin in patients with bioprosthesis, and the RE-ALIGN study,
evaluating dabigatran versus warfarin in patients with MHV.
We recognize that the populations involved in the studies
included in our analysis are relatively heterogeneous and
analyze different drugs, albeit of the same class. Combined
outcome analyses may overestimate or underestimate the
benefit of the results found.

Our results highlight the possible efficacy of NOAC:sS,
though less convincingly the safety profile because of the
moderate and high heterogeneities identified in our investi-
gation. Further studies are required to establish prospectively
the efficacy and safety of NOACs in patients with AF and
VHD with careful consideration of the implications of dif-
ferent subtypes of disease.

4.2 Future Directions

NOACs emerged as an excellent alternative to VKAs,
mainly because of their practicality of use, limited drug
interactions, and similar efficacy and safety profile in the
prevention of stroke and SE. Patients with heart valve pros-
theses may be the last frontier to overcome, especially with
the use of Factor Xa inhibitors. An ongoing open-label, non-
inferiority phase II RCT at our institution is evaluating the
efficacy and safety of rivaroxaban compared with warfarin in
patients with AF and MHV. In the future, the use of NOACs
in AF and VHD may significantly influence the quality of
life of millions of individuals through thromboembolism
prevention.

5 Conclusion

NOAC:Ss have a number of advantages over VKAs and appear
to significantly reduce the risk of stroke/SE and intracra-
nial hemorrhage compared with warfarin in patients with
AF and VHD, with a lower overall risk of major bleeding.
New RCTs are needed to establish the efficacy and safety of
NOACs compared with VKAs, particularly in patients with
MS and those with mechanical and bioprostethic valves.
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