
Editorial
Apixaban Dosing in Patients With Kidney Failure

Treated With Peritoneal Dialysis
Benjamin Lidgard and Jenny I. Shen
As randomized controlled studies in the general popu-
lation have continued to demonstrate the greater safety

of direct oral anticoagulants over warfarin, a growing
number of patients with kidney failure have been initiated
Related article, p CCC
on direct oral anticoagulants for treatment of nonvalvular
atrial fibrillation. However, patients with kidney failure
have an increased risk of both bleeding and clotting,
making the risk–benefit calculation of anticoagulant use
more complicated than it is for patients with normal
kidney function. Despite this uncertainty, few studies have
been conducted to explore the pharmacokinetics of direct
oral anticoagulants in patients treated with maintenance
hemodialysis (HD), and less still is known regarding pa-
tients treated with peritoneal dialysis (PD).

In this issue, Fung et al1 describe the results of an open-
label pharmacokinetics study of apixaban in 10 patients
treated with PD. The authors recruited patients treated with
PD with nonvalvular atrial fibrillation and no significant
residual kidney function from a single center in the Hong
Kong area, excluding those with increased risk of bleeding
or contraindications to anticoagulation. Participants were
given a total of 14 doses of apixaban, dosed 2.5 mg twice
daily for 1 week, and venous blood was collected at
multiple time points. The 12-hour steady-state area under
the curve (AUC0-12) for these participants was 2,574
ng$h/mL, which the authors noted was markedly higher
than AUC0-12 values found in previous studies of apixaban,
both in patients receiving HD and in patients without
kidney disease.

To understand these findings, we must first consider the
basic pharmacokinetics, distribution, and elimination of
apixaban. Absolute oral bioavailability of apixaban is
roughly 50%.2,3 Apixaban has a volume of distribution of
roughly 21 L, which is modified by body mass.3,4 Multiple
studies have noted that the AUC of apixaban is increased in
patients with low body weight (<60 kg) and decreased in
those with higher body weight.5,6 Apixaban is extensively
(roughly 87%) protein-bound, with albumin accounting
for most of this protein binding.7 The majority of apixaban
is eliminated in stool, with renal elimination accounting
for only around 27% of the total elimination.4 Age is also
significantly associated with apixaban AUC, irrespective of
kidney function. A population pharmacokinetics study
pooling data from phase 1-3 studies found that older pa-
tients (age greater than or equal to 65 years) had higher
AUC than younger populations (age 18-40 years).6 In
accordance with these findings, the recommended dose for
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apixaban in nonvalvular atrial fibrillation in the United
States is 5 mg by mouth twice daily, with a reduction to
2.5 mg twice daily in patients with 2 or more of the
following: age greater than or equal to 80 years,
weight ≤60 kg, and serum creatinine ≥1.5 mg/dL.8 By
contrast, in Europe, the reduced 2.5 mg twice daily dose is
recommended for patients with creatinine clearance 15-
29 mL/min, regardless of age or weight, and apixaban is
not recommended for those with creatinine clear-
ance <15 mL/min or undergoing dialysis.9

The recommended dose in the United States of apixaban
for individuals receiving dialysis was based on a pharmaco-
kinetic study of 8 patients treated with maintenance HD who
were given a single dose of 5 mg of apixaban; these in-
dividuals had a 36% higher AUC compared with participants
without kidney disease (Table 1).10 Since then, more studies
have been conducted examining the pharmacokinetics of the
drug at steady state, when drug levels would be expected to
be higher than after a single dose. Mavrakanas et al11

recruited 7 maintenance HD patients and administered a
reduced dose of 2.5 mg of apixaban twice daily for 8 days. In
this group, with an average age of 62 years and mean body
mass index of 32.9 kg/m2, the AUC0-12 was 1,010 ng$h/
mL, comparable to the AUC0-12 of healthy individuals who
had received multiple doses of 5 mg twice daily.12

The recently-published Renal Hemodialysis Patients
Allocated Apixaban Versus Warfarin in Atrial Fibrillation
trial was a prospective, randomized, open-label, blinded
outcome evaluation of apixaban versus warfarin in patients
receiving HD with atrial fibrillation and a CHA2DS2-VASc
score ≥2.13 Participants were randomly assigned to 5 mg of
apixaban twice daily, with this dose reduced to 2.5 mg
twice daily for those participants who were greater than or
equal to 80 years of age or weighed ≤60 kg. Patents were on
average 68 years old, and the mean weight was 86 kg.
Among participants taking apixaban 5 mg twice daily, the
median steady-state AUC0-12 was 2,475 ng$h/mL, whereas
among participants taking 2.5 mg twice daily, the median
steady-state AUC0-12 was 1,269 ng$h/mL. These studies
suggest that steady-state concentrations of apixaban are
significantly higher in those treated with HD than in those
with normal kidney function. Of note, the apixaban levels in
patients treated with HD in the Renal Hemodialysis Patients
Allocated Apixaban Versus Warfarin in Atrial Fibrillation
study are still lower than those in patients treated with PD
reported by Fung et al1 (Table 1).

Several factors may explain the difference in pharma-
cokinetics between this study of patients treated with PD
and the previous studies focused on patients treated with
HD. First, participants in this study had a mean weight of
1

Delta:1_given name
Delta:1_surname
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xkme.2023.100699&domain=pdf


T
a
b
le

1
.
S
um

m
ar
y
of

A
U
C

of
ap

ix
ab

an
ob

ta
in
ed

in
st
ud

ie
s
of

pa
tie

nt
s
tr
ea

te
d
by

us
in
g
di
al
ys
is

S
tu
dy

Fu
ng

et
al

1
P
ey

ro
-S

ai
nt
-P
au

l
et

al
15

W
an

g
et

al
10

M
av

ra
ka

na
s
et

al
11

M
av

ra
ka

na
s
et

al
11

R
E
N
A
L-
A
F1

3
R
E
N
A
L-
A
F1

3

D
ia
ly
si
s
m
od

al
ity

P
D

P
D

H
D

H
D

H
D

H
D

H
D

N
10

12
8

7
7

20
43

M
ea

n
ag

e
(y
)

70
63

47
62

62
6
8a

6
8a

M
ea

n
w
ei
gh

t
(k
g)

61
74

9
6

M
ea

n
B
M
I,

33
kg
/m

2
M
ea

n
B
M
I,

33
kg
/m

2
8
6a

8
6a

A
pi
xa
ba

n
do

se
2.
5
m
g
2×

/d
S
in
gl
e
5
m
g

do
se

S
in
gl
e
5
m
g

po
st
-H

D
2.
5
m
g
2×

/d
5
m
g
2×

/d
2.
5
m
g
2×

/d
5
m
g
2×

/d

A
U
C

0-
12

2,
57

4
N
A

N
A

1,
01

0
3,
02

7
1,
26

9
2,
47

5
A
U
C

in
f
(n
g$

h/
m
L)

N
A

3,
11

5
1,
71

7
N
A

N
A

N
A

N
A

A
bb

re
vi
at
io
ns
:
A
U
C
,a

re
a
un

de
r
th
e
cu

rv
e;

B
M
I,
bo

dy
m
as
s
in
de

x;
H
D
,h

em
od

ia
ly
si
s;

in
f,
in
fin
ity
;P

D
,p

er
ito

ne
al

di
al
ys
is
;N

A
,n

ot
as
se
ss
ed

;R
E
N
A
L-
A
F,
R
en

al
H
em

od
ia
ly
si
s
P
at
ie
nt
s
A
llo
ca

te
d
A
pi
xa
ba

n
Ve

rs
us

W
ar
fa
rin

in
A
tr
ia
l

Fi
br
illa

tio
n.

a R
ep

or
te
d
m
ea

n
ag

e
an

d
w
ei
gh

t
fo
r
R
E
N
A
L-
A
F
is
fo
r
th
e
en

tir
e
st
ud

y
po

pu
la
tio

n
an

d
no

t
lim

ite
d
to

pa
rt
ic
ip
an

ts
in

th
e
ph

ar
m
ac

ok
in
et
ic

su
bs

tu
dy
.

Lidgard and Shen

2

60.5 kg, barely above the 60 kg threshold for dose
reduction to 2.5 mg twice daily and 20 kg lighter than the
mean weight of patients in Renal Hemodialysis Patients
Allocated Apixaban Versus Warfarin in Atrial Fibrillation
(Table 1). Second, the mean age of participants in this
study was 70 years, older than those in the HD studies
(who were on average 62 and 68 years old), which may
have also been associated with increased AUC. Third,
participants had very low residual kidney function by 24-
hour urine output collection (mean, 1.26 mL/min/
1.73 m2), which may have eliminated any potential renal
clearance of apixaban, thereby increasing the observed
AUC. Finally, participants in this study were recruited
exclusively from a single clinic affiliated with the Uni-
versity of Hong Kong. It has been hypothesized that
polymorphisms in CYP3A5 and P-glycoprotein might be
associated with decreased elimination and increased AUC
in Asian populations as compared with primarily White
populations; however, population-based pharmacokinetic
studies have suggested that this results in only modest
decreases in clearance (roughly 12%), which are not
thought to be clinically-significant.6 These characteristics
may in part explain the findings.

An additional possibility is that the dialysis procedure itself
may clear apixaban differently in PD versus in HD. Despite
being extensively protein-bound, a small amount of apixaban
(roughly 4% of a dose given immediately before dialysis) is
removed by the HD procedure,11 although shorter times
between apixaban administration and dialysis may augment
HD clearance of apixaban.14 By contrast, PD is associated
with very low clearance of apixaban (0.67 ± 0.16% of an
administered dose).15 These dialysis effects would tend to
increase the apixaban AUC in PD compared with HD,
although the overall difference in clearance may be small.

This hypothesis is corroborated by a recent single-dose
study of 5 mg of apixaban conducted in 12 patients
treated with PD.15 The average age was 63 years, and
mean weight was 74 kg. Patients had a mean residual
kidney clearance of 2.27 mL/min. The mean AUC in
patients treated with PD was 73% higher than the mean
AUC of healthy controls matched by age, weight, and sex.
This was about twice as high as the 36% increase seen in
the single-dose HD study. As opposed to the study by
Fung et al1, the difference in AUC cannot be explained by
older age or lower weight, suggesting that PD may indeed
clear apixaban less well than HD, independent of patient
characteristics.

An important consideration in interpreting these
findings, though, is whether the higher AUC described in
this study of PD patients is concerning or not. Data from
the Apixaban for Reduction in Stroke and Other Throm-
boembolic Events in Atrial Fibrillation trial, which
established the use of apixaban in nonvalvular atrial
fibrillation, noted median (IQR) steady-state AUC of
3,566 (2,926-4,286) ng$h/mL in participants with
weight >60-120 kg.16 It is important to note that rates of
major bleeding were much lower in the apixaban arm of
Kidney Med Vol 5 | Iss 8 | August 2023 | 100699
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Apixaban for Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation trial than the warfarin
arm.17 Similarly, in the Renal Hemodialysis Patients
Allocated Apixaban Versus Warfarin in Atrial Fibrillation
trial, despite a median AUC of 2,475 ng$h/mL, there
were only 9 major bleeding events observed in 82 par-
ticipants allocated apixaban over a median follow-up time
of 330 days, which was not significantly greater than the
bleeding events observed in the warfarin arm. Although
we typically do not follow AUC as a clinical marker for
apixaban dosing and there are no suggested AUC goals, it
is unclear based on these data whether the median AUC
reported in present analyses are concerning given that
these AUC ranges do not seem to be associated with
increased bleeding risk when compared with warfarin.

In conclusion, Fung et al1 described the pharmacokinetics
of apixaban 2.5 mg twice daily in a Chinese population of PD
patients; the reported AUC0-12 was much higher than has
been reported in patients on maintenance HD, which may be
due, in part, to the older age and lower weight of the study
participants, but also signals decreased clearance of apixaban
in PD versus HD. It is unclear if these findings translate into
an increased risk of bleeding. However, these results un-
derscore the importance of dose reduction for apixaban in
elderly patients with low body weight. Moreover, they
suggest that it would be prudent to also reduce the dose of
apixaban to 2.5 mg twice daily for stroke prevention in atrial
fibrillation in patients treated with PD, no matter their age or
weight. Notably, although this may be lower than what the
United States has approved for patients with advanced kidney
failure who are younger than 80 years of age and weigh at
least 60 kg, it is already the recommended dose in Europe for
all patients with stage 4 chronic kidney disease. Future studies
in more diverse populations are clearly indicated to further
assess the safety and effectiveness of apixaban among patients
with kidney failure treated with PD.
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