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ABSTRACT

Background In patients with normal renal function or early stage CKD, the risk-benefit profile of direct oral
anticoagulants (DOACs) is superior to that of vitamin K antagonists (VKAs). In patients on hemodialysis, the
comparative efficacy and safety of DOACs versus VKAs are unknown.

Methods In the Valkyrie study, 132 patients on hemodialysis with atrial fibrillation were randomized to a
VKA with a target INR of 2-3, 10 mg rivaroxaban daily, or rivaroxaban and vitamin K2 for 18 months.
Patients continued the originally assigned treatment and follow-up was extended for at least an additional
18 months. The primary efficacy end point was a composite of fatal and nonfatal cardiovascular events.
Secondary efficacy end points were individual components of the composite outcome and all-cause death.
Safety end points were life-threatening, major, and minor bleeding.

Results Median (IQR) follow-up was 1.88 (1.01-3.38) years. Premature, permanent discontinuation of anti-
coagulation occurred in 25% of patients. The primary end point occurred at a rate of 63.8 per 100 person-years
in the VKA group, 26.2 per 100 person-years in the rivaroxaban group, and 21.4 per 100 person-years in the
rivaroxaban and vitamin K2 group. The estimated competing risk-adjusted hazard ratio for the primary end
point was 0.41 (95% ClI, 0.25 to 0.68; P=0.0006) in the rivaroxaban group and 0.34 (95% ClI, 0.19 to 0.61;
P=0.0003) in the rivaroxaban and vitamin K2 group, compared with the VKA group. Death from any cause,
cardiac death, and risk of stroke were not different between the treatment arms, but symptomatic limb
ischemia occurred significantly less frequently with rivaroxaban than with VKA. After adjustment for compet-
ing risk of death, the hazard ratio for life-threatening and major bleeding compared with the VKA group was
0.39 (95% ClI, 0.17 to 0.90; P=0.03) in the rivaroxaban group, 0.48 (95% Cl, 0.22 to 1.08; P=0.08) in the
rivaroxaban and vitamin K2 group and 0.44 (95% Cl, 0.23 to 0.85; P=0.02) in the pooled rivaroxaban groups.

Conclusions In patients on hemodialysis with atrial fibrillation, a reduced dose of rivaroxaban significantly
decreased the composite outcome of fatal and nonfatal cardiovascular events and major bleeding com-
plications compared with VKA.
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demonstrate that VKAs reduce thromboembolic risk in the
hemodialysis population.?3 Further, patients on hemodialysis
treated with VKAs have a disproportionately increased risk of
bleeding, in particular of hemorrhagic stroke.>* Finally, cir-
cumstantial evidence suggests that VKAs accelerate vascular
calcification in patients on hemodialysis, although this was not
proven by evidence from a recent randomized controlled trial
(RCT).»

In the past few years, the use of direct oral anticoagulants
(DOAC:s) has steadily increased, despite few data on their
safety and effectiveness and the lack of validated dosing guide-
lines in the hemodialysis population. Theoretically, DOACs
are expected to have a better risk-benefit profile than VKAs.
DOAC:s deliver more predictable and dose-proportional anti-
coagulation, which is particularly relevant in patients on he-
modialysis who are known for having poor anticoagulation
control with VKAs. In addition, DOACs are associated with a
lower risk of intracerebral bleeding and do not interfere with
vascular calcification biology. In patients with AF and normal
renal function, DOACs are recommended over VKAs, given
their favorable efficacy profile and reduced risk of bleeding.®
In moderate CKD, postanalyses of the key efficacy RCTs in AF
also demonstrated equivalent or superior efficacy and safety of
DOACs compared with VKAs, provided the recommended
dose reductions are made.”-® Moreover, the risk reduction in
major bleeding with apixaban versus VKA seemed to increase
as renal function decreased.!%-11

Although it is tempting to assume the advantages of
DOACs versus VKAs can be extrapolated to the ESKD and
hemodialysis populations, robust evidence is currently lack-
ing. Observational studies in patients on hemodialysis reveal
that apixaban is associated with a lower risk of major bleeding
and a similar risk of stroke compared with VKAs,'213 and with
a higher risk of fatal or intracranial bleeding and a similar risk
of stroke compared with no anticoagulation.!# Results from
observational studies have to be interpreted with caution be-
cause residual confounding due to selective prescribing and
healthy user bias cannot be excluded. Three RCTs assessing the
safety of apixaban versus VKAs in patients on hemodialysis
with AF are currently ongoing or have recently been com-
pleted. AXADIA (NCT02933697) intends to randomize 222
patients to VKAs or 2.5 mg apixaban twice daily for 6-24
months.!> SAFE-D (NCT03987711) is a feasibility study of
150 participants, followed over 26 weeks, and compares
VKA with 5 mg apixaban twice daily (or 2.5 mg twice daily
in patients meeting the criteria for reduced dose) and no anti-
coagulation. RENAL-AF (NCT02942407) aimed to recruit 760
patients, with a follow-up of 15 months, comparing VKAs
with 5 mg apixaban twice daily (or 2.5 mg twice daily in pa-
tients meeting the criteria for reduced dose), but this trial was
halted prematurely after inclusion of 154 patients.!® Prelimi-
nary data did not show a difference with respect to stroke,
bleeding, and mortality between the treatment arms. The Val-
kyrie trial was designed to study the effect of vitamin K status
on progression of vascular calcification and randomized 132
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Significance Statement

Direct oral anticoagulants (DOACs) have a superior risk-benefit
profile compared with vitamin K antagonists (VKAs) in patients
with normal renal function or early stage CKD, but whether this can
be extended to the hemodialysis population is unknown. The au-
thorsreport the first randomized controlled trial of thromboembolic
and bleeding risk in patients on hemodialysis with atrial fibrillation
on long-term treatment with a VKA or DOAC therapy. After a me-
dian follow-up of 1.88 years, the VKA and DOAC groups had a
similar risk of stroke. However, the composite outcome of fatal and
nonfatal cardiovascular events occurred more frequently with a VKA
than with a DOAC, as did major bleeding complications. These
findings support a superior risk-benefit profile of DOACs versus
VKAs and suggest that VKAs should be avoided in patients on

hemodialysis.

patients on hemodialysis with AF who were treated with VKA
or qualified for anticoagulation to either VKA, rivaroxaban,
or rivaroxaban plus a vitamin K2 supplement for 18 months.>
In this prospective observational follow-up study of this RCT,
patients who completed the Valkyrie trial continued the orig-
inally assigned treatment, and follow-up was extended for
at least 18 months to further record efficacy and safety
measures.

METHODS

Trial Design and Participants

The Valkyrie study was a randomized, prospective, open-label
interventional clinical trial, conducted at three sites in Bel-
gium (AZ Sint-Jan Brugge, OLV Hospital Aalst, ZNA Hospital
Antwerpen) from February 2015 to January 2019.> The study
had a three-arm, parallel-group design with a 1:1:1 allocation
ratio. A total of 132 adults on chronic hemodialysis with non-
valvular AF and a CHA,DS,-VASc score of two or more were
included and followed for 18 months. All patients who com-
pleted the Valkyrie study were eligible to enter the extension
study and were followed for at least an additional 18 months.
The common closeout was on July 23, 2020, when the last
enrolled patient achieved a total follow-up of 3 years. All pa-
tients provided written informed consent. The study was ap-
proved by appropriately authorized ethics committees in all
participating sites.

Interventions and Measurements

Patients in the first treatment arm received a VKA, with dose
adjustments to achieve an international normalized ratio
(INR) of 2-3 on the basis of at least weekly INR measure-
ments. More frequent INR sampling was implemented when
the INR was outside the therapeutic range. Patients in the
second treatment arm received a daily dose of 10 mg rivarox-
aban. The choice of this dose was determined on the basis of a
pharmacokinetic and pharmacodynamic analysis, which re-
vealed that a dose of 10 mg in patients on hemodialysis
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provided a similar exposure than a dose of 20 mg in healthy
individuals.!” Patients in the third treatment arm received a
daily dose of 10 mg rivaroxaban and 2000 ug menaquinone-7
thrice weekly after dialysis. Concurrent use of antiplatelet
agents was at the discretion of the treating physicians. Patients
entering the extension study continued the originally assigned
treatment without interruption.

Routine clinical and biochemical follow-up was per-
formed. For each patient, the CHA,DS,-VASc score and
HAS-BLED score were calculated (Supplemental Appendix
1). In patients treated with a VKA, time in the therapeutic
range (TTR) was recorded. The primary efficacy outcome
measure was a composite of fatal cardiovascular disease and
nonfatal stroke, cardiac events, and other vascular events. Sec-
ondary efficacy outcome measures were the individual com-
ponents of the composite outcome (Supplemental Appendix
1) and all-cause death. Life-threatening bleeding was defined
as fatal bleeding; symptomatic intracranial bleeding; a de-
crease in hemoglobin of =5 g/dl; or a requirement for trans-
fusion of four or more units of blood, inotropic agents, or
surgery. Major bleeding was defined as a requirement for
transfusion of two or more units of blood or a decrease in
hemoglobin of =2 g/dl and not fulfilling the criteria for life-
threatening bleeding. All other bleedings were regarded
as minor.

Statistical Methods

Distributions of patient characteristics and outcomes were
summarized using means, SDs, medians, interquartile ranges,
numbers, proportions, and incidence rates per 100 person-
years. Distributions were compared between treatment arms
or other subgroups according to the Fisher exact test for cat-
egoric variables and the Kruskal-Wallis and Mann—Whitney U
tests for continuous variables. Event-free survival times and
times to the first bleeding episode occurring during the total
observation period were compared between the treatment
arms using Cox proportional hazards models. To account
for competing noncardiovascular death, the Cox model anal-
yses of the primary efficacy end point and safety outcomes
were adapted according to the Fine-Gray method.!® There
were no or minimal violations of the proportional hazards
assumptions, as assessed visually on the basis of plotted
Schoenfeld residuals. A comparison of the pooled rivaroxa-
ban arms with the VKA arm was conducted as an additional
post hoc analysis. To assess the net clinical benefit associated
with rivaroxaban, the incidence rate of the composite of the
primary end point and of life-threatening and major bleeding
was expressed as the number of events per 100 person-years.
The net clinical benefit was expressed as the hazard ratio (95%
CI) from a Cox model comparing this event rate per
100 patient-years in the rivaroxaban group with the similar
event rate in the VKA group.'® We considered a two-sided P
value <0.05 to indicate statistical significance. All analyses
were performed on the basis of the intention-to-treat
principle.
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RESULTS

Participants

The Valkyrie trial enrolled 132 patients on hemodialysis with
documented AF (Figure 1). Baseline demographic, clinical,
and biochemical characteristics and baseline maintenance
medication have been published previously® and are summa-
rized in Table 1. The CHA,DS,-VASc score was two or more in
all 88 men and three or more in all 44 women. The proportion
of patients on aspirin was 34.8% (46 of 132 patients) and not
different between the treatment arms. A total of 77 patients
completed 18 months follow-up and entered the extension
study for at least 18 months or until death. The 132 patients
represented 290.5 person-years of observation over the course
of the study. Median (interquartile range) follow-up was 1.88
(1.01-3.38) years.

Premature, permanent discontinuation of anticoagulation
occurred in 25% (33 of 132) of patients, of which 31.8% (14 of
44) were in the VKA and 21.6% (19 of 88) were in the pooled
rivaroxaban groups (P=0.21), mainly as a consequence of a
bleeding event (Table 2). The mean ratio between the time on
anticoagulation and the total observation time was 0.89 in the
VKA group versus 0.88 in the pooled rivaroxaban groups
(P=0.47). Overall, 35.6% (47 of 132) of patients were oralan-
ticoagulant naive, meaning they had not previously been ex-
posed to oral anticoagulation or VKA had been initiated
<3 months before randomization; this proportion was not
different between the treatment arms. Discontinuation of
anticoagulation was not significantly different in patients
who were stable on oral anticoagulation at randomization
(22.4%, 19 of 85) versus those who were anticoagulant naive
at randomization (29.8%, 14 of 47) (P=0.40). In patients
who were anticoagulant naive, discontinuation was 42.9%
(six of 14) in the VKA group, 27.8% (five of 18) in the rivar-
oxaban group, 20.0% (three of 15) in the rivaroxaban and
vitamin K2 groups (P=0.39 for difference between the three
arms), and 24.2% (eight of 33) in the pooled rivaroxaban
groups (P=0.30 for difference with the VKA arm). Baseline
characteristics were similar in patients who discontinued
anticoagulant treatment versus those who did not
(Supplemental Table 1).

In the VKA group, mean TTR was 48.0% during the first 6
months, and this increased progressively over the course of the
study (Figure 2). Overall, patients spent more time in the sub-
therapeutic range than in the supratherapeutic range.

Primary Efficacy Outcome

The primary end point was a composite of fatal cardiovascular
disease and nonfatal stroke, cardiac events, and other vascular
events. This end point occurred in 35 patients in the VKA
group (63.8 per 100 person-years), in 23 patients in the rivar-
oxaban group (26.2 per 100 person-years), and in 17 patients
in the rivaroxaban and vitamin K2 group (21.4 per 100 per-
son-years). Kaplan—Meier event-free survival curves are de-
picted in Figure 3 (for the 3 groups) and Supplemental
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Figure 1. CONSORT diagram. *Patients discontinued rivaroxaban, but continued vitamin K2.

Figure 1 (for the VKA arm versus the pooled rivaroxaban
arms). The estimated competing risk—adjusted hazard ratios
in comparison to the VKA group were 0.41 (95% CI, 0.25 to
0.68; P=0.0006) in the rivaroxaban group and 0.34 (95% CI,
0.19 to 0.61; P=0.0003) in the rivaroxaban and vitamin K2
group. The latter groups were not significantly different
(P=0.55).

4 JASN

Secondary Efficacy Outcomes

Overall, the rate of all-cause death was 30.6 per 100 person-
years, with 33.7 per 100 person-years in the VKA group, 28.3
per 100 person-years in the rivaroxaban group, 30.2 per
100 person-years in the rivaroxaban and vitamin K2 group
(P=0.66 for difference between the three arms), and 29.2
per 100 person-years in the pooled rivaroxaban groups
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Table 1. Baseline patient characteristics
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Rivaroxaban

Rivaroxaban and Vitamin K2

Baseline Characteristics VKA (h=44) (n=46) (n=42) P?
Age (yr), median (IQR) 80.3 79.9 (74.4-83.9) 79.6 (73.2-83.1) 0.92
(71.5-84.3)

Male, n (%) 25 (56.8) 35(76.1) 28 (66.7) 0.16
History of stroke, n (%) 16 (36.4) 15 (32.6) 9(21.4) 0.30
History of gastrointestinal bleeding, n (%) 12 (27.3) 9(19.6) 16 (38.1) 0.16
Diabetes, n (%) 20 (45.5) 20 (43.5) 2 (52.4) 0.74
History of AMI, n (%) 21(47.7) 1(45.7) 9 (45.2) 0.98
Congestive heart failure, n (%) 9(20.5) 17 (37.0) 5(35.7) 0.18
Preexisting vascular disease, n (%) 28 (63.6) 25 (54.3) 17 (40.5) 0.10
Dialysis vintage (yr), median (IQR) 1.8 (0.4-5.5) 2.7 (0.9-5.9) 2.7 (0.6-5.1) 0.64
Incident dialysis (<3 mo), n (%) 9 (20.5) 4(8.7) 9(21.4) 0.18
CHAD,DS,-VASC score®

Mean (SD) 4.8 (1.5) 4.7 (1.4) 4.5(1.4)

Median (IQR) 5 (4-6) 5 (4-5) 4 (4-5) 0.52

Score of =2 (men) or =3 (women), n (%) 44 (100) 46 (100) 42 (100) _
HAS-BLED score® 0.61=P value for

Mean (SD) 4.7 (0.9) 4.6(0.8) 4.7 (0.9) median

Median (IQR) 5 (4-5) 4 (4-5) 5 (4-5)
VKA vintage (yr), median (IQR) 0.9 (0.1-4.7) 1.1(0.0-2.8) 1.5(0.0-6.3) 0.46
VKA naive (<3 mo), n (%) 14 (31.8) 18 (39.1) 15 (35.7) 0.87
Aspirin, n (%) 14 (31.8) 15 (32.6) 17 (40.5) 0.67
Amiodarone, n (%) 9 (20.5) 5(10.9) 8(19.0) 0.41

IQR, interquartile range; AMI, acute myocardial infarction.
?According to the Fisher exact test or the Kruskal-Wallis test.

PThe CHADS,D,-VASc score ranges from two (minimum score to be included) to nine, with higher scores indicating an increased risk.
“The HAS-BLED score ranges from one (because patients have renal failure by definition) to eight (because we did not include labile INR), with higher scores in-

dicating an increased risk.

(P=0.43 for difference with the VKA arm). The main causes of
death were withdrawal of dialysis, cardiovascular disease, and
sudden death (Supplemental Table 2).

Table 2. Premature permanent discontinuation of
anticoagulation

VKA  Rivaroxaban UL EE

Parameter (n=44) (n=46) and Vitami:\ K2 P°
(n=42)

Any withdrawal, n 14 9(19.6) 10 (23.8) 0.42
(%) (31.8)

Time on 0.89 0.88 0.87 0.71
anticoagulation/
total observation
time

Bleeding, n 8 8 9

Calciphylaxis, n 2 0 0

Labile INR, n 3 — —

Clinical 1 0 0
deterioration, n

Registration on 0 1 0
transplant list, n

Wish of the patient, 0 0 1
n

?Only rivaroxaban was withdrawn and vitamin K2 supplements were
continued.
bAccording to Fisher exact or Kruskal-Wallis test.
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An ischemic or uncertain type of stroke occurred in 13 of
132 patients, corresponding with a stroke rate of 4.7 per
100 person-years. Hemorrhagic stroke was diagnosed in two
of 132 patients, corresponding with a stroke rate of 0.7 per
100 person-years. The incidence of stroke was not different
between the treatment groups (Table 3 and Supplemental
Table 3 for the VKA arm versus the pooled rivaroxaban
arms). The mean=*SD CHA,DS,-VASc score was not different
among patients who developed a stroke (4.9*1.1) versus
those who did not (4.7%=1.4) (P=0.55). The proportion of
patients with a history of stroke was numerically, but not sig-
nificantly, higher in the patients who subsequently developed a
stroke (38.5%, five of 13) versus those who did not (29.4%, 35
of 119) (P=0.53).

Symptomatic limb ischemia occurred significantly more
frequently in the VKA than in the rivaroxaban groups (Table 3
and Supplemental Table 3 for the VKA arm versus the pooled
rivaroxaban arms). The other cardiovascular end points were
not different between the groups.

Safety Outcomes

After adjustment for competing risk of death, the hazard ratio
for any bleeding as compared with the VKA group was 0.77
(95% CI, 0.43 to 1.39; P=0.39) in the rivaroxaban group, 0.93
(95% CI, 0.52 to 1.66; P=0.81) in the rivaroxaban and vitamin
K2 group, and 0.85 (95% CI, 0.52 to 1.39; P=0.56) in the

Oral Anticoagulation in Hemodialysis 5
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Figure 2. Degree of anticoagulation in the VKA group. Proportion of time in the subtherapeutic range (INR<2, blue bar), within the
therapeutic range (INR=2-3, orange bar), and above the therapeutic range (INR>3, red bar) per 6-month interval.

pooled rivaroxaban groups. A total of 53 life-threatening
or major bleeding episodes occurred in the 132 patients,
corresponding with a rate of 18.2 per 100 person-years. The
number of life-threatening and major bleeding episodes was
significantly greater, and the time to first bleeding episode
significantly shorter, in the VKA versus the rivaroxaban groups
(Table 4 and Supplemental Table 4 for the VKA arm versus the
pooled rivaroxaban arms). After adjustment for competing
risk of death, the hazard ratio for life-threatening and major
bleeding as compared with the VKA group was 0.39 (95% CI,
0.17 to 0.90; P=0.03) in the rivaroxaban group, 0.48 (95% CI,

100 T — VKA
- — Rivaroxaban
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S 60
c
>
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e 40+
20
O T T T T 1
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Figure 3. Kaplan-Meier curve for the primary end point. Survival
free of fatal and nonfatal cardiovascular events in the VKA (blue
line), rivaroxaban (red line), and rivaroxaban and vitamin K2 (or-
ange line) groups.
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0.22 to 1.08; P=0.08) in the rivaroxaban and vitamin K2
group, and 0.44 (95% CI, 0.23 to 0.85; P=0.02) in the pooled
rivaroxaban groups. The risk of minor bleeding and of gastro-
intestinal bleeding was not different between the groups.

The HAS-BLED score did not predict subsequent bleeding:
the hazard ratio per unit increase was 1.17 (95% CI, 0.91 to
1.51; P=0.22). A history of gastrointestinal bleeding was pre-
dictive for subsequent bleeding with a hazard ratio of 1.84
(95% CI, 1.11 to 3.03; P=0.02). In patients treated with rivar-
oxaban, the frequency of bleeding episodes was comparable in
those treated with amiodarone (46.2%, 6/13) versus those that
were not (49.3%, 37/75). However, the average time to first
bleeding event was shorter in the 6 patients on amiodarone
(1.9 years) compared to the 37 patients not using amiodarone
(2.9 years, P=0.060).

Net Clinical Benefit

The incidence rate of the composite of the primary end point
and of life-threatening and major bleeding was 84.2 per
100 person-years in the VKA arm and 35.3 per 100 person-
years in the pooled rivaroxaban arms. The net clinical benefit
for rivaroxaban, expressed as the ratio of these event rates, was
0.45 (95% CI, 0.29 to 0.69; P<<0.0001).

DISCUSSION
Our study is the first RCT to report on thromboembolic and

bleeding risk in patients on hemodialysis with AF during long-
term treatment with VKAs or DOACs. The salient finding is
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Table 3. Secondary efficacy outcomes
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Outcome Parameter VKA (n=44) Rivaroxaban (n=46) Rivaroxaban and Vitamin K2 (n=42) P?
Death from any cause, n (%) 32(72.7) 30 (65.2) 27 (64.3) 0.66
Sudden death, n 5 7 4 0.75
Stroke or systemic embolism, n
Ischemic or uncertain type of stroke 7 4 2 0.20
Hemorrhagic stroke 2 0 0 0.21
Systemic embolism 0 0 0 —
Cardiac disease, n
Acute coronary syndrome 6 9 2 0.12
Symptom-driven revascularization® 2 6 1 0.15
Hospitalization for heart failure 5 2 2 0.47
Symptomatic aortic-valve stenosis 2 0 0 0.21
Death from cardiac cause 5 4 2 0.58
Other vascular disease, n
Symptomatic lower-limb ischemia 20 10 9 0.02
Calciphylaxis 2 0 0.14
Bowel ischemia 1 2 2 0.87

?According to Fisher exact test.
PIncluding acute coronary syndrome.

that rivaroxaban significantly reduced the composite outcome
of fatal and nonfatal cardiovascular events and major bleeding
complications compared with VKAs.

Opverall, ischemic stroke risk was 4.7 per 100 person-years
in our study population, with a median CHA,DS,-VASc score
of five and a 30% history of stroke. Our data are commensu-
rate with those of a racially mixed cohort of 8410 patients on
dialysis with AF that had a median CHA,DS,-VASc score of six
and a 24% history of stroke; this study revealed stroke rates in
patients treated and not treated with oral anticoagulation of
5.3 and 4.0 per 100 person-years, respectively.?® We did not
find a statistically significant difference in the incidence of
ischemic stroke between the rivaroxaban and VKA groups.
In accordance, a retrospective cohort study of 25,523 patients
on dialysis with AF and a mean CHA,DS,-VASc score of 5.24
reported stroke rates of 12.4 and 11.8 per 100 person-years in
patients treated with apixaban and VKA, respectively, with no
difference in survival free of stroke.!?

The major finding of our study is that VKAs were asso-
ciated with a shorter survival free of fatal and nonfatal car-
diovascular end points than rivaroxaban. In particular, the
incidence of symptomatic lower-limb ischemia was signifi-
cantly higher in patients on hemodialysis treated with VKAs
than in those treated with rivaroxaban. Emerging data bolster a

Table 4. Bleeding outcomes in the entire patient population

role of DOACs in the prevention of cardiovascular events, in
particular of peripheral vascular disease. In the COMPASS trial,
the combination of low-dose rivaroxaban and aspirin was as-
sociated with a better cardiovascular outcome than aspirin
alone among patients with stable atherosclerotic vascular dis-
ease,!? a benefit that was preserved in patients with moderate
renal dysfunction.?! A subanalysis of the COMPASS trial in
patients with symptomatic lower-extremity peripheral artery
disease revealed the combination of rivaroxaban and aspirin
led to a large absolute reduction in vascular risk compared with
aspirin alone.?? An observational study matching 27,552 new
DOAC users to 27,552 new VKA users found a lower risk of
cardiovascular events and mortality, which was most apparent
among patients with CKD.23 Taken together, our findings ex-
tend the superiority of DOACs versus VKAs in the prevention
of cardiovascular events in the hemodialysis population. Be-
cause we did not include a placebo arm, we cannot deter-
mine whether our observations result from a deleterious
effect of VKAs or from a protective effect of rivaroxaban.
However, the absence of an additional beneficial effect of the
vitamin K supplements suggests that vitamin K status does
not explain the disparity between the VKA and rivaroxaban
groups and implies an intrinsic, vasculoprotective effect of
rivaroxaban.

Outcome Parameter VKA (n=44) Rivaroxaban (n=46) Rivaroxaban and Vitamin K2 (n=42) Pcox Pcox-adj
Total bleeding 24 (49) 21 (38) 22 (34) 0.03 0.19
Life-threatening bleeding 11(12) 3Q) 6(8) 0.05 0.08
Major bleeding 10 (18) 6(8) 4(4) 0.12 0.19
Life-threatening or major bleeding 17 (30) 8 (11) 9(12) 0.04 0.05
Minor bleeding 13(19) 16 (27) 16 (22) 0.85 0.64
Gastrointestinal bleeding 12 (23) 9 (16) 13(19) 0.35 0.48

Cell entries are number of patients with at least one bleeding episode (total number of bleeding episodes). Pcoy, significance of differences in time to first bleeding
episode according to Cox proportional hazard model analysis; Pcox-adj, Pcox adjusted for competing risk of death.
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In our study, the overall incidence of life-threatening or
major bleeding was 18.2 per 100 person-years, taking into
account a median HAS-BLED score of five and a 28% history
of gastrointestinal bleeding. History of gastrointestinal bleed-
ing, but not the HAS-BLED score, predicted subsequent
bleeding in our population.

Severe bleeding complications adjusted for competing risk
of death occurred significantly less frequently with rivaroxa-
ban than with VKAs in our patient population. In a large
observational study of patients on hemodialysis with AF, the
rates of major bleeding were also lower for apixaban than for
VKAs (19.7 and 22.9 per 100 person-years, respectively;
P<C0.001).!2 In contrast, a preliminary report of RENAL-AF
revealed the proportion of patients with major and clinically
relevant, nonmajor bleeding was 25.6% (21 of 82) in the apix-
aban and 22.2% (16 of 72) in the VKA group after a median
follow-up of <1 year.!® However, about a half of the bleeding
events were related to the hemodialysis access site. In our view,
prolonged access-site bleeding is determined by underlying
mechanical problems of the vascular access rather than by
the type or degree of anticoagulation. Further, a large majority
(71%) of patients in the apixaban group received the standard
dose of 5 mg twice daily, which is shown to be associated with
supratherapeutic levels in patients on hemodialysis.?* Con-
versely, TTR was only 44.3% in the VKA group, and patients
were three times more likely to be subtherapeutic than supra-
therapeutic. Taken together, inclusion of vascular access bleeding
and an imbalance in the degree of anticoagulation between the
treatment arms may have obscured any potential differences in
bleeding risk between apixaban and VKAs in RENAL-AF.

In our study, the risk of minor bleeding and gastrointestinal
bleeding was not decreased in the rivaroxaban groups. It is
tempting to speculate that, in this fragile population with el-
evated baseline bleeding risk, rivaroxaban causes a shift in
bleeding severity from severe to less severe by providing
more stable and on-target anticoagulation than VKAs. Indeed,
despite our best efforts and at least weekly INR measurements,
TTR was only 48% during the first 6 months in the VKA arm.
The subsequent increase in TTR likely resulted from discon-
tinuation of VKA in patients with labile INR or after a bleeding
episode, and from selective survival of patients with a more
stable INR. Patients on hemodialysis characteristically have a
low TTR, which is attributed to interference with VKA me-
tabolism by uremia, drug interactions, multiple comorbid
conditions, and subclinical vitamin K deficiency. Studies gen-
erally report a TTR of around 50%,2>-27 with subtherapeutic
values more likely in those out of range. Patients with a low
TTR generally experience more thrombotic and bleeding
complications,?>2¢ but also have a higher mortality.2” Con-
versely, rivaroxaban has a lower pharmacokinetic variability
and little interaction with food and drugs, leading to more
predictable and dose-proportional anticoagulation.'” How-
ever, a word of caution should be mentioned for the combi-
nation with amiodarone. In the rivaroxaban groups, we found
a shorter time to bleeding in patients taking amiodarone,
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which is in accordance with reports from the general
population.28

Premature, permanent discontinuation of oral anticoagu-
lation is characteristically high in patients on hemodialysis,
running up to 34%-70% within 1 year of initiation,!?-20-2%
reflecting the poor tolerability of anticoagulation in this pa-
tient population. The relatively low withdrawal rate in our
study (overall 25% after a median follow-up of 1.88 years)
may have resulted from selection bias, because more than
two thirds of patients were stable on oral anticoagulation at
the time of randomization. We could not confirm the higher
rates of premature, permanent discontinuation in patients
randomized to VKAs versus apixaban as observed in the AR-
ISTOTLE trial,3® most likely because of insufficient power.

Effective risk stratification is a prerequisite for adequate
prevention of AF-related stroke. Oral anticoagulation is rec-
ommended when patients with AF have CHA,DS,-VASc
scores of two or more for men and three or more for women.3!
Nearly all patients on hemodialysis with AF qualify for oral
anticoagulation when these criteria are applied.?° For the gen-
eral population, the increment of baseline stroke risk is im-
portant enough to derive a benefit from anticoagulation, but
this may not hold for patients on dialysis. The high risk of
mortality due to bleeding®? may outweigh stroke risk in a sub-
stantial proportion of patients on dialysis with AF. Risk strat-
ification in patients on dialysis should, therefore, shift from
the assessment of stroke risk alone to an integrated evaluation
of cardiovascular and bleeding hazard. Compared with VKAs,
treatment with rivaroxaban was associated with a substantial
net clinical benefit in our patients on hemodialysis.

In conclusion, our findings support a superior risk-benefit
profile of DOACs versus VKAs in the hemodialysis popula-
tion. The differences in major bleeding complications are clin-
ically relevant and suggest VKA should be avoided in patients
on dialysis. Because the study had no placebo arm, we cannot
make conclusions about the cardiovascular benefits of DOACs
versus no anticoagulation in patients on hemodialysis.
The differences in symptomatic limb ischemia between VKA
and rivaroxaban are notable and may point to a protective
effect of rivaroxaban in peripheral vascular disease.
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Supplemental methods

Definition of secondary endpoints

Sudden death was defined as sudden and unexpected death within an hour of symptom onset. If
unwitnessed, the patient was seen alive and clinically stable less than 24 hours prior to being found
dead without any evidence supporting a specific cause of death.

Stroke was defined as the sudden onset of a focal neurological deficit lasting at least 24 hours,
consistent with the territory of a major cerebral artery, and categorized as ischemic, hemorrhagic,
or of uncertain type. Hemorrhagic transformation of ischemic stroke was not deemed to be
hemorrhagic stroke. An event matching this definition but lasting less than 24 hours was considered
to be a transient ischemic attack. Systemic embolism was defined as an acute vascular occlusion of
a limb or organ documented by imaging, surgery, or autopsy.

Acute coronary syndrome was defined by typical symptoms and cardiac biomarker elevation above
the upper limit of normal or new pathological Q waves in at least 2 contiguous electrocardiogram
leads.

Symptom-driven revascularization was defined as an acute coronary syndrome or symptoms
suggestive of coronary insufficiency leading to invasive coronary artery assessment and a
subsequent revascularization procedure (percutaneous coronary intervention or coronary artery
bypass grafting).

Hospitalization for heart failure was defined as an unscheduled hospital admission for heart failure,
characterized by typical signs and symptoms and diagnostic testing consistent with a diagnosis of
heart failure, including elevated natriuretic peptides, radiological evidence of congestion or
echocardiographic evidence of elevated filling pressures.

Symptomatic aortic valve stenosis was defined as aortic valve stenosis resulting in symptoms such
as angina, syncope or heart failure, and leading to the consideration of surgical aortic valve
replacement or transcatheter aortic valve implantation.

Death from cardiac cause was defined as death resulting from acute coronary syndrome, sudden
cardiac death, death due to heart failure or death due to an identified arrhythmia (captured on an
electrocardiogram, witnessed on a monitor, or recorded on an implantable cardioverter-
defibrillator).

Symptomatic lower limb ischemia was defined as clinical evidence of limb ischemia due to
atherosclerotic vascular disease requiring revascularization or amputation. In patients undergoing
multiple consecutive revascularization or amputation procedures, only the first episode was
considered.

Calciphylaxis was defined as (an) active skin lesion(s) with a morphological appearance consistent
with calciphylaxis (including but not limited to livedo, induration, ulceration, necrosis) or



histological features consistent with calciphylaxis (including but not limited to soft tissue
calcification, arteriolar thrombosis, medial calcific necrosis of terminal arterioles).

Bowel ischemia was defined as clinical (abdominal pain), biochemical (lactic acidosis) or imaging
evidence of interruption of the blood supply to a segment of the intestine.

Calculation of risk scores

The CHA,DS,-VASc score was calculated by assigning 1 point each for age between 65 and 74 years,
history of hypertension, diabetes, congestive heart failure, vascular disease (defined as prior
myocardial infarction, aortic plaque or peripheral artery disease) and female gender, and 2 points
each for a history of stroke/TIA and age 275 years.

The HAS-BLED score was calculated by assigning automatically 1 point for abnormal renal function
and 1 point each for uncontrolled hypertension (systolic blood pressure >160 mmHg), abnormal
liver function, history of stroke/TIA, history of bleeding, age >65 years, concomitant use of drugs
that enhance bleeding risk and excessive use of alcohol. Labile INR was not included in the HAS-
BLED score as this would hamper comparison of patients on VKA and not on VKA.



Supplemental Tables

Supplemental Table 1: Baseline characteristics by anticoagulant discontinuation

Baseline characteristics Anticoagulant No anticoagulant p3
discontinuation discontinuation
(n=33) (n=99)

Age —yr. 77.2 (68.6-82.9) 80.6 (76.1-84.1) P=0.033
Male — % (no.) 69.7% (23/33) 65.7% (65/99) P=0.832
History of stroke — % (no.) 27.3% (9/33) 31.3% (31/99) P=0.827
History of gastrointestinal bleeding — % (no.) 36.4% (12/33) 25.3% (25/99) P=0.264
Diabetes — % (no.) 48.5% (16/33) 46.5% (46/99) P=0.844
History of AMI — % (no.) 45.5% (15/33) 46.5% (46/99) P=0.999
Congestive heart failure — % (no.) 27.3% (9/33) 32.3% (32/99) P=0.668
Preexisting vascular disease — % (no.) 42.4% (14/33) 56.6% (56/99) P=0.166
Dialysis vintage — yr. 2.4 (0.8-5.9) 2.6 (0.6-5.7) P=0.838
Incident dialysis (<3 mo.) — % (no.) 12.1% (4/33) 18.2% (18/99) P=0.591
CHAD,D,-VASc score!

Mean + SD 43(1.3) 4.3(1.4)

Median score = IQR 4.0 (3.5-5.0) 5.0 (4.0-6.0) P=0.061

Number >2 (men) or 23 (women) 100% (33/33) 100% (99/99) -
HAS-BLED score?

Mean + SD 4.8 (1.0) 4.6 (0.9)

Median score = IQR 5.0 (4.0-5.5) 5.0 (4.0-5.0) P=0.257
VKA vintage — yr. 0.9 (0.0-4.4) 1.2 (0.0-4.6) P=0.693
VKA naive (<3 mo.) — % (no.) 42.4% (14/33) 33.3% (33/99) P=0.524
Aspirin — % (no.) 42.4% (14/33) 32.3% (32/99) P=0.300

Numbers displayed are median (interquartile range) unless otherwise specified; ‘the CHAD,D,-VASc score ranges from 2
(minimum score to be included) to 9, with higher scores indicating an increased risk; 2the HAS-BLED score ranges from 1 (as

patients by definition have renal failure) to 8 (as we did not include labile INR), with higher scores indicating an increased

risk; 3according to the Fisher’s exact test or the Kruskal-Wallis test.



Supplemental Table 2: Causes of death

VKA Rivaroxaban Rivaroxaban+vit K2 p*
(n=44) (n=46) (n=42)

Death from any cause

—no. (%) 32 (72.7%) 30 (65.2%) 27 (64.3%) P=0.656

— per 100 person-years 33.7 28.3 30.2
Sudden death — no. 5 7 4
Cardiovascular disease

Ischemic stroke — no. 1 0 1

Acute coronary syndrome — no. 2 3 1

Terminal heart failure — no. 3 1 1

Ischemic colitis 0 2 2

Limb ischemia — no. 1 0 1
Bleeding

Intracerebral bleeding — no. 1 0 0

Gastrointestinal bleeding — no. 2 0 0
Infectious disease

Endocarditis — no. 1 0 1

Sepsis — no. 3 6 2

Respiratory infection — no. 1 3 2
Malignancy — no. 1 2 4
Multiorgan failure — no. 1 0 0
Lactic acidosis — no. 1 0 0
Accident — no. 0 0 2
Withdrawal of dialysis — no. 9 6 6

VKA, vitamin K antagonist; *according to Fisher’s exact test.



Supplemental Table 3: Secondary efficacy outcomes for the VKA arm versus the
pooled rivaroxaban arms

Outcome Parameter VKA Pooled Rivaroxaban p**
(n=44) (n=88)

Death from any cause — no. (%) 32 (72.7%) 57 (64.8%) P=0.432

Sudden death — no. 5 11 P=0.850

Stroke or systemic embolism

Ischemic or uncertain type of stroke — no. 7 6 P=0.124
Hemorrhagic stroke — no. 2 0 P=0.109
Systemic embolism — no. 0 0 --
Cardiac disease
Acute coronary syndrome — no. 6 11 P=0.854
Symptom-driven revascularization* — no. 2 7 P=0.717
Hospitalization for heart failure — no. 5 4 P=0.159
Symptomatic aortic valve stenosis — no. 2 0 P=0.109
Death from cardiac cause — no. 5 6 P=0.505
Other vascular disease
Symptomatic lower limb ischemia— no. 20 19 P=0.0080
Calciphylaxis — no. 4 2 P=0.095
Bowel ischemia — no. 1 4 P=0.664

*Including acute coronary syndrome; **according to Fisher’s exact test; VKA, vitamin K antagonist

Supplemental Table 4: Bleeding outcomes for the VKA arm versus the pooled
rivaroxaban arms

Outcome Parameter VKA Pooled Rivaroxaban Pcox Pcox-adj
(n=44) (n=88)

Total bleeding 24 (49) 43 (72) P=0.793 P=0.561
Life-threatening bleeding 11 (12) 9(11) P=0.036 P=0.033
Major bleeding 10 (18) 10(12) P=0.085 P=0.081
Life-threatening or major bleeding 17 (30) 17 (23) P=0.017 P=0.015
Minor bleeding 13 (19) 32 (49) P=0.379 P=0.407
Gastrointestinal bleeding 12 (23) 22 (35) P=0.738 P=0.744

Cell entries are number of patients with at least one bleeding episode (total number of bleeding episodes); Pcox, significance of
differences in time to first bleeding episode according to Cox proportional hazard model analysis; Pcox-adj, Pcox adjusted for competing
risk of death; VKA, vitamin K antagonist



Supplemental Figure

Supplemental Figure 1: Kaplan-Meier curve for the primary endpoint in the VKA
arm versus the pooled rivaroxaban arms

Survival free of fatal and non-fatal cardiovascular events in the VKA (blue line) and pooled
rivaroxaban (red line) groups. The primary endpoint occurred in 35 patients in the VKA group (63.8
per 100 person-years) and in 40 patients in the pooled rivaroxaban groups (23.8 per 100 person-
years). The estimated competing risk adjusted hazard ratio (95% Cl, P-value) was 0.37 (0.24-0.58,
P<0.0001) in the pooled rivaroxaban groups in comparison to the VKA group.
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