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1 | INTRODUCTION

Vitamin K antagonists (VKAs) are known to increase vascular calcification, suggesting increased car-
diovascular disease events. Apixaban is an oral direct factor Xa inhibitor superior to warfarin at pre-
venting stroke or systemic embolism and may stabilize coronary atherosclerosis. The potential
benefits of avoiding VKA therapy and the favorable effects of factor Xa inhibitors could contribute
to cardiovascular disease event reduction. We hypothesized that apixaban inhibits vascular calcifica-
tion and coronary atherosclerosis progression compared with warfarin in patients with atrial fibrilla-
tion (AF). This study is a single-center, prospective, randomized, open-label study. From May 2014
to December 2015, 66 patients with nonvalvular AF who experienced VKA therapy were enrolled.
Patients were randomized into either warfarin or apixaban cohorts and followed for 52 weeks. The
primary objective is to compare the rate of change in coronary artery calcification (CAC) from base-
line to follow-up in apixaban vs warfarin cohorts. The key secondary objective is to compare the rate
of incident plagues and quantitative changes in plaque types between patients randomized to either
warfarin or apixaban cohorts using serial coronary computed tomography angiography. Expert read-
ers will blindly assess CAC and coronary artery plaques. It is thought that this trial will result in signif-
icant differences in CAC and coronary artery plaque progression between the VKA and apixaban.
The results are anticipated to provide a novel insight into treatment selection for AF patients. The
study is registered at http://www.clinicaltrials.gov (NCT 02090075).
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recently been shown to not only increase calcification but also con-

tribute to atherosclerotic plagues in both animals and humans, which

Warfarin and other vitamin K antagonists (VKAs) have been widely
used for many decades to achieve a reduced thrombotic risk. How-
ever, evidence indicates that VKAs inhibit not only post-translational
activation of vitamin K-dependent coagulation factors, but also syn-
thesis of functional extrahepatic vitamin K-dependent proteins,
thereby eliciting undesired side effects.? Several studies have
revealed that calcification of the coronary arteries and heart valves
increased in patients on VKA, whereas intake of vitamin K was asso-
ciated with less progression of coronary artery calcification (CAC).23~>
CAC is strongly associated with atherosclerotic burden and predicts

cardiovascular disease (CVD) events and mortality.‘{"7 VKAs have

may impact long-term risk.8?

Apixaban is an oral direct factor Xa inhibitor that is superior to war-
farin in preventing stroke or systemic embolism. The rate of myocardial
infarction (M) was reported to be 12% lower in the apixaban group com-
pared with the warfarin group in the Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)
trial.’° A study using rivaroxaban, which is also a direct factor Xa inhibitor,
reported an increase in the stability of atherosclerotic plaques in apolipo-
protein E-deficient mice, as suggested by the presence of thicker protec-
tive fibrous caps and decreased plaque erosion.!* Factor Xa inhibition

reduces the expression of inflammatory mediators, such as tumor
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necrosis factor-a TNF-o and matrix metallopeptidase 9 (MMP-9), sug-
gesting atherosclerotic plaque stabilization.*?> The antiatherosclerotic
effects of factor Xa inhibitors could be effective at reducing CAC. The
potential benefit of avoiding VKA therapy and the favorable effects of
factor Xa inhibitors may also contribute to a reduction in CVD events.
The hypothesis of the current study is that use of apixaban inhi-
bits progression of vascular calcification and coronary atherosclerosis

compared with warfarin therapy in patients with atrial fibrillation (AF).

2 | METHODS

2.1 | Overall study design

This study is a single-center, prospective, randomized, open-label
study designed to compare apixaban 5 mg oral twice daily (with a
dose of 2.5 mg b.i.d. in selected patients) with warfarin (target inter-
national normalized ratio [INR], 2.0-3.0) for 52 weeks on coronary
calcification and coronary plaque composition and volume in patients
with nonvalvular AF. This study is registered at http://www.clinical
trials.gov (NCT 02090075).

2.2 | Study objectives

The hypothesis of our research is that treatment with apixaban ther-
apy will slow the progression of calcified plaques, as determined by
CAC score, and coronary artery atherosclerosis, as assessed using
coronary computed tomography angiography (CCTA), compared with
warfarin therapy in patients with AF.

The primary objective is to examine the rate of change in CAC from
baseline to follow-up in apixaban vs warfarin cohorts. This analysis is
performed using CAC score. The key secondary objective is to examine
the rate of incident plaques and quantitative changes in plaque types in
patients randomized to either warfarin or apixaban cohorts using CCTA
at 12 months after an initial evaluation. We will determine whether

TABLE 1 Inclusion and exclusion criteria

Inclusion criteria

participants treated with apixaban have slower rates of progression
compared with participants treated with warfarin, after controlling for
all cardiovascular risk factors and demographics. Further, we will assess
the differential effects of the 2 agents on inflammatory, serologic, and
lipid parameters including total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides, very low-
density lipoprotein, matrix Gla protein (MGP), and high-sensitivity C-
reactive protein and their associations with incident plaques or quanti-
tative plaque progression or regression. For assessment of MGP, we will
measure desphospho-uncarboxylated MGP, which could serve as a bio-

marker of vascular vitamin K status.®

2.3 | Ethical considerations

The investigator followed all appropriate requirements, including
Good Clinical Practice, International Conference on Harmonization,
and Code of Federal Regulations. The study was conducted by quali-
fied personnel and was approved by the local institutional review
board/institutional ethics committee. All participants provided written

informed consent for inclusion.

2.4 | Targeted population

The targeted population included patients age 18 to 84 years with
AF/flutter at enrollment or 22 episodes of AF (as documented by
electrocardiography) 22 weeks apart in the 12 months before enroll-

ment. Inclusion and exclusion criteria are shown in Table 1.

2.5 | Participating centers

All participants were enrolled at Los Angeles Biomedical Research
Institute at Harbor UCLA (Torrance, CA). Data-collection activity
began in May 2014 with the goal of enrolling 66 patients. This was
achieved in December 2015.

1. Age 18 to 84 years, willingness to participate in the study, and ability to sign informed consent

2. Patients with AF/flutter at enrollment or 22 episodes of AF, as documented by ECG, 22 weeks apart in the 12 months before enroliment

3. On a stable dose of warfarin for 6 months prior to enrollment

Exclusion criteria

1. AF due to a reversible cause, moderate or severe mitral stenosis, or conditions other than AF that require anticoagulation
2. A need for ASA at a dose of >165 mg/d or for both ASA and a P2Y inhibitor

3. Serious bleeding event in the previous 6 months or a high risk of bleeding (eg, active peptic ulcer disease, a platelet count of <100&thinsp;000/
mm? or Hgb <10 g/dL, stroke within the previous 10 days, documented hemorrhagic tendencies, or blood dyscrasias)

Weight >325 pounds

History of active malignancy requiring concurrent chemotherapy

© N o v A

ability to complete the study

9. Known allergy to iodinated contrast material

Renal insufficiency (sCr of 12.5 mg/dL or calculated CrCl <50 mL/min)

Resting hypotension (SBP <90 mm Hg) or resting HTN (SBP >170 mm Hg or DBP >110 mm Hg)

Any unstable medical, psychiatric, or substance-abuse disorder that, in the opinion of the principal investigator, is likely to affect the subject's

10. Pregnancy, women of childbearing potential unwilling to use adequate contraception

Abbreviations: AF, atrial fibrillation; ASA, acetylsalicylic acid (aspirin); CrCl, creatinine clearance; DBP, diastolic blood pressure; ECG, electrocardiography;
Hgb, hemoglobin; HTN, hypertension; SBP, systolic blood pressure; sCr, serum creatinine.
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TABLE 2 Patient characteristics at baseline
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All, N = 66 Warfarin Group, n = 33 Apixaban Group, n = 33 P Value

Age, y 57.8 +11.8 554 + 13.0 60.1 + 10.0 0.12
Male sex 44 (67) 25 (76) 19 (58) 0.04
BMI, kg/m2 32.8 + 9.3 34.6 + 11.1 30.9 + 6.7 0.11
HTN 64 (97) 31 (94) 33 (100) 0.15
Dyslipidemia 43 (38) 22 (67) 21 (64) 0.80
DM 25 (38) 11 (33) 14 (42) 0.45
Current smoking 6(9) 4(12) 2 (6) 0.39
Family history of CAD 24 (36) 10 (30) 14 (42) 0.31
Medication use

Lipid-lowering agents 39 (59) 19 (58) 20 (61) 0.80

Antihypertensive agents 60 (91) 29 (88) 31 (94) 0.39

Antidiabetic agents 22 (33) 11 (33) 11 (33) 1.00

ASA 19 (29) 10 (30) 11 (33) 0.79
Duration of warfarin use, y 6.3 £53 57 + 4.6 68 +£ 59 041

Abbreviations: ASA, acetylsalicylic acid (aspirin); BMI, body mass index; CAD, coronary artery disease; DM, diabetes mellitus; HTN, hypertension; SD,

standard deviation.

Data are presented as n (%) or mean + SD.

2.6 | Patient recruitment and evaluation

The study randomized patients currently taking warfarin into 2 groups,
one group to continue on warfarin and the other group to be switched
to apixaban. The Figure 1 shows the schema of this study. Baseline
examination includes patient demographics, coronary risk factors, serum
biomarkers, coronary calcification, and coronary plaque volume/compo-
sition. All participants were educated on a low-cholesterol diet at entry
to the study. Standard lipid-lowering therapy and/or antiplatelet ther-
apy was provided based on risk assessment and lipid parameters at
baseline according to current guidelines'*'> before randomization.
Baseline information was gathered regarding risk factors for atheroscle-
rotic CVD (cigarette-smoking status, systemic hypertension, family his-
tory of premature atherosclerosis, menopausal and hormone-
replacement status in women, sedentary lifestyle, current medications,
chest-pain questionnaire, and measures of obesity). After the observa-
tion period, eligible participants were randomized by computer-
generated numbers to one of 2 groups, either the apixaban group or
the warfarin group. Patients in the apixaban group received 5 mg apixa-
ban oral twice daily, with a dose of 2.5 mg twice daily for a subset of
patients with 22 of the following: age 280 years, body weight <60 kg,
and serum creatinine 21.5 mg/dL (133 pmol/L). Patients in the warfarin
group simply stayed on warfarin at their current dose. When significant
coronary stenosis was confirmed by CCTA at baseline, invasive treat-
ment was performed according to the judgment of the attending physi-
cian. Baseline characteristics are shown in Table 2. The warfarin group
had a higher proportion of males. There was no significant difference in

the duration of warfarin treatment between the 2 groups.

2.7 | Patient follow-up

After randomization, participants returned quarterly (at 13, 26, 39, and
52 weeks) to assess compliance with medication and to receive any
additional supply of medicine. Patients randomized to the warfarin group

continued their monthly study visits focusing on control of the INR at

2-3 at the warfarin clinic, with research study visits every 3 months to
include an INR check and an assessment of clinical outcomes and
adverse events. At 52 weeks' follow-up, CCTA was scheduled to evalu-
ate coronary calcification and coronary plaque volume/composition by

readers blind to the randomization and clinical activities.

2.8 | Safety

The primary safety outcome was major bleeding, which is defined by
International Society on Thrombosis and Haemostasis criterial® as
clinically overt bleeding accompanied by a decrease in the hemoglo-
bin level of 22 g/dL or transfusion of =2 units of packed red cells,
occurring at a critical site, or resulting in death. An additional safety
outcome was clinically relevant nonmajor bleeding, defined as clini-
cally overt bleeding that did not satisfy the criteria for major bleeding
and that led to hospital admission, physician-guided medical or surgi-
cal treatment, or a change in antithrombotic therapy. Other safety
measures included any bleeding, other adverse events, and liver-

function abnormalities.

2.9 | The CCTA scan protocol

All CT scans were performed with a 64-slice CT scanner (Lightspeed
VCT; GE Healthcare, Milwaukee, WI) or a 256-slice CT scanner
(Revolution CT; GE Healthcare). Before CCTA, a prospective none-
nhanced coronary calcium scan was performed. For quantitative
assessment of CAC, the Agatston score was calculated using a 3-mm
CT slice thickness and a detection threshold of 2130 HU involving
>1 mm? area/lesion (3 pixels).!” The CCTA was performed and inter-

preted by consensus of experts blind to all clinical data.

2.10 | Assessment of CCTA

The CT images were transferred to a dedicated workstation for image

analysis. Images were postprocessed in an independent workstation
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Patient Population
66 eligible patients to be

Intervention Period (52 weeks): 66 patients

Study Completion

recruited from Harbor UCLA

Warfarin clinic

Recruitment Rate

66 patients in 1 year

Group A: (n=33)
Warfarin

Once daily as per Warfarin clinic management

60 patients are expected to
complete the intervention period.

Observation period Tests

Lab tests:, H&P by MD, Lipid
profile, Matrix Gla Protein,
inflammatory biomarkers and
computed tomography
angiography (once at baseline)

sdnoud |enba g ojul syuaned a|q181j2 99 aziwopuey

Group B: (n=33)
Apixaban

5mg PO BID == \atrix Gla Protein, computed

(or 2.5 mg PO BID for frail patients and those
with drugs requiring dose adjustment)

End of study Tests

Lab tests, inflammatory biomarkers,

tomography angiography

| Safety & Tolerance monitoring: per visit H&P |

4 Weeks

— l

sl 52 Weeks, quarterly visits s I |

Week 52 / Month 12

FIGURE 1 Study schema. Abbreviations: BID, twice daily; H&P, history and physical; MD, medical doctor; PO, orally.

(AW 4.6; GE Healthcare) by the reader independently during a
dynamic reading process. Curved maximum intensity projection multi-
planar reconstructions were performed for each coronary artery seg-
ment at the end-diastolic frame or the frame with the least motion
artifacts. Multiplanar reformatting was also used to generate cross-

sectional images of coronary segments.

2.11 | Assessment of coronary artery plaques

All coronary images were transferred to the workstation using a dedicated
software tool for semi-automated plaque analysis software (QAngioCT
Research Edition, version 2.1.2; Medis Medical Imaging Systems, Leiden,
the Netherlands). Each coronary segment was assessed for the presence
of plaques, plaque type, plaque features, and plaque attenuation pattern.
Coronary plaques are categorized as calcified plaques, noncalcified pla-
ques (fibrous, fibrous-fatty, and low-attenuation plaques). Studies were
blind to warfarin or apixaban use, and expert readers assessed all coronary
arteries. The protocol for quantitative plaque assessment has been previ-
ously published.® According to a modified 17-segment American Heart
Association coronary tree model, detected plaques were allocated accord-
ing to plaque location.!’ Vessel and plaque volumes were measured in
segments with sufficient image quality and 21.5 mm in lumen diameter.
Segments with coronary artery stents were excluded for plague analysis.
Coronary plaques as well as vessel and lumen volumes at baseline and
follow-up were measured, and plaque changes over time between warfa-

rin and apixaban groups were evaluated.

2.12 | Statistical analysis

Baseline variables are compared using an independent t test (2-tailed)
after performing the Levene test for equality of variances for all normally
distributed continuous variables and the Mann-Whitney test (2-tailed)

for all non-normally distributed variables. ANCOVA analysis, controlling

for baseline demographics and baseline CAC score values, was used to
assess the effect of apixaban and warfarin on calcium score. Models both
unadjusted and adjusted for age, sex, race/ethnicity, and baseline choles-
terol, lipid-lowering medication, hypertension medication, smoking, dia-
betes, family history, and baseline CAC score were used to compare
2 treatment conditions between apixaban and warfarin. Post hoc power
calculations were performed at a 2-tailed significance level of 0.05.
Power calculations strictly depend on the proposed sample size and
assumed calcification progression difference ranges. As a result, 65%
power will detect annualized relative change differences in the noncalci-
fied plaque for 20% (10% vs 30%) based on the proposed study sample
size. All statistical analyses use SAS 9.4 statistical software (SAS Institute,
Inc., Cary, NC). A P value <0.05 is considered statistically significant.

213 |

A Data Safety Monitoring Board (DSMB) comprising individuals with

expertise in each of the efficacy areas (anticoagulation therapy, AF, and

Data Safety Monitoring Board

cardiac CT) as well as in anticoagulation trials and statistics are established.
The DSMB chair prepares interim reports for the DSMB on a regular
basis: every 6 months or more often, as deemed appropriate. Interim
reports to the DSMB focus on analyses of the safety data: primarily bleed-
ing, but other safety-related outcomes, such as CT-related adverse effects,
are also reviewed in a nonblind fashion. The DSMB decides on the basis
of these data whether to recommend modifying or stopping the trial and

makes recommendations to the sponsor and the study leadership.

2.14 | Study limitations

This study will have some limitations. First, it is a single-center, open-
label study with a small number of patients. Second, no differentiation
between atherosclerotic calcification and vascular (both medial and inti-
mal) calcification can be made with CCTA. Thus, the effect of the 2 trial
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drugs on these 2 types of CAC will remain to be elucidated in the study.
Third, the study enrolled and randomized patients currently taking VKA
therapy. It potentially may be better to have randomized VKA-naive
patients because the difference in duration of VKA therapy before ran-
domization could become a source of bias. However, in this study, there
is no significant difference in duration of prior VKA therapy between
VKA and apixaban cohorts from patients’ baseline characteristics.
Finally, we will use 65% power for calculating the sample size, which
could be relatively small. A 0.35 type Il error is based on the mean dif-
ference value of calcification progression between the 2 different
groups from the reference; however, if progression rates are more

divergent, the power will be better to see differences between groups.

3 | DISCUSSION

This study aims to assess the rate of change in CAC and incident pla-
ques and quantitative changes in different plaque types from baseline
to follow-up in apixaban vs warfarin cohorts. The results could be
used to power an outcome study looking at the effect of apixaban
and warfarin on cardiovascular outcomes with AF and established
CVD and encourage clinicians to make a comprehensive decision on
anticoagulation therapy based on both stroke outcome and coronary
atherosclerosis progression, regression, and stabilization under the
influence of the 2 different therapies.

VKA use is known to be associated with increased vascular calcifi-
cation, which may impact long-term risk. The potential mechanisms
promoting calcification by VKA may be explained by inhibition of
y-glutamylation of matrix Gla protein, which is a vitamin K-dependent
protein for preventing arterial calcification,?® and its effects could be
blocked by VKA and result in excessive calcification of the
arteries.?%?? In the experimental data, VKA treatment also tends to

3 and both increased peripheral

show more valvular calcification,?
artery calcification?* and CAC.2° A larger CAC indicates a greater risk
of coronary heart disease (CHD) and CVD. Long-term follow-up data
of >10 years for CAC recently have been validated in multiple studies,
demonstrating the significant association between increased CAC and
a higher incidence of future adverse outcomes.?4?” CAC progression
also shows a strong association with CHD events and total mortal-
ity.28 The current study investigates if patients with VKA treatment
have a higher CAC score and greater CAC progression after 52 weeks
of follow-up, which may mean that VKA treatment is high-risk com-
pared with apixaban treatment for major adverse cardiac events.

CAC progression is associated with adverse clinical outcomes.
The Multi-Ethnic Study of Atherosclerosis (MESA) reported a linear
relationship between CAC progression and risk for cardiovascular
events; it identified a 3- to 6-fold increased rate of events in those
with an annual progression 2300 units.2’ CAC progression parallels
overall plaque progression, leading to increased atherosclerosis and
greater cardiovascular risk. In contrast, high-intensity statin treat-
ment, which can stabilize coronary artery plaques, promotes a signifi-
cant increase in CAC.2° A key factor to resolving these paradoxical
results might be each component of the CAC score, including volume
and density of CAC. CAC density score showed a significantly

stronger predictive value compared with CAC volume score for CHD

WILEY (e

and CVD.3! In our subanalysis, we will investigate the association
between the 2 different therapies with CAC density or volume score.
Several studies have performed serial assessment of coronary artery

plaque progression or regression with intravascular ultrasound (IVUS)*2%3

and optical coherence tomography,3*3°

which potentially require inva-
sive coronary angiography. In contrast, CCTA can assess coronary artery
plague composition in a noninvasive manner. Several studies have
revealed the potential of CCTA in quantifying plaque burden to quantify
progression or regression of coronary artery disease.*®3¢ CCTA has been
shown to accurately determine atherosclerotic plaque size, remodeling,
and plaque morphology compared with IVUS as a reference standard.3”
For quantitative atherosclerotic plaque analysis, we will use a semiauto-
mated method with novel plaque-analysis software for the assessment of
progression/regression of CAC and noncalcified plaques. The strength of
semiautomated quantitative plaque software is its excellent reliability and
reproducibility.3® We previously reported good correlations between
total plague volume measurements and 2 observers (correlation coeffi-
cient: 0.94, 95% confidence interval: 0.80-0.98).38

Papadopoulou et al reported the natural history of coronary artery
plaques on CCTA at a median follow-up of 39 months in 32 patients
with known coronary artery disease.>¢ The researchers found that pla-
que progression closely fitted the regression line illustrated by numer-
ous studies examining the relationship between mean low-density
lipoprotein cholesterol levels and plaque volume changes on IVUS,
indicating the potential of serial CCTA to assess plaque progression as
a substitute for IVUS. Importantly, the population of the current study
includes patients who all have a history of AF, which may potentially
affect image quality of CCTA. However, technical improvements in
CCTA can provide sufficient image quality, and its use has expanded
into assessing coronary atherosclerosis, cardiac volumes, or treatment
strategy before ablations in AF patients.3?*° The current study will be
the first to evaluate the quantitative assessment of coronary artery

plague burden using serial CCTA in apixaban vs warfarin cohorts.

4 | CONCLUSION

This study will investigate differences between VKA and apixaban on
CAC progression in a randomized controlled trial. We hypothesize
that apixaban will show less CAC progression and fewer CT angio-
graphic plagues compared with VKA in patients with AF. The study
might provide a novel direction for treatment selection for AF

patients. The results of this study are expected in late 2017.
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