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Abstract

Objective: To review the safety and efficacy of apixaban for the treatment of nonvalvular atrial fibrillation or venous
thromboembolism in patients receiving peritoneal dialysis (PD). Data Sources: A PubMed and MEDLINE search was
conducted through December 2020 using the following keywords and Medical Subject Headings (MeSH) terms alone or in
various combinations: apixaban, peritoneal dialysis, continuous ambulatory peritoneal dialysis, end-stage renal disease, and
hemodialysis. Study Selection and Data Extraction: English-language studies evaluating clinical outcomes pertaining
to the use of apixaban in end stage renal disease (ESRD), which included patients receiving peritoneal dialysis were eligible
for inclusion. Data Synthesis: Four studies were identified that met inclusion for this review, all retrospective in nature.
These studies compared the safety and efficacy of apixaban with standard therapy in ESRD included patients on dialysis,
with a very limited number of subjects receiving PD. In these studies, apixaban was shown to be potentially safer and
more effective than warfarin. Outcomes did not differentiate between patients receiving PD or not. Conclusions: Use
of apixaban in patients receiving PD may be safe and effective based on data from limited patients. Pharmacokinetics and
pharmacodynamics of apixaban in the PD setting is an important question that clinicians should consider with use of this
medication in the ESRD population. More studies focusing on the PD population are needed to better assess the use of
apixaban in this understudied population.
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end-stage renal disease (ESRD) undergoing dialysis, IHD
and PD add additional considerations to disease state man-
agement, including medication management, specifically
renal dose adjustments.

Introduction

According to the National Institute of Health, more than
661 000 Americans in the United States have chronic kid-

ney disease and 468 000 are on dialysis.! Approximately
11% of dialysis is performed via peritoneal dialysis (PD),
an alternative method to intermittent hemodialysis (IHD) in
the treatment of renal failure.? Basic principles of dialysis
include 2 separate compartments—blood and dialysate—
separated by a semipermeable membrane that allows the
solute and fluid to be transferred. In PD, the dialysate com-
partment is the peritoneal cavity, which is separated by the
peritoneal membrane, a semipermeable membrane.’> The
peritoneal cavity is utilized as the dwell space for the fluids
and solutes to be exchanged before the dialysate fluid is
removed.? A major difference between IHD and PD include
the duration of time. Peritoneal dialysis utilizes a pro-
longed dwell time that allows for the removal of solutes
and fluids to occur over many hours, while IHD typically
occurs over 3 to 5 hours thrice a week.>* In patients with

Along with ESRD, patients undergoing dialysis might
have concomitant disease states such nonvalvular atrial
fibrillation (NVAF) and/or venous thromboembolism
(VTE). Patients with NVAF require anticoagulation ther-
apy to prevent cardioembolic stroke depending on their
CHA,DS,VASc score.” Stroke prevention for NVAF and
treatment of VTE occur with an anticoagulant, which may
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include warfarin or a direct oral anticoagulant (DOAC).>°
DOACs describe a class of medications composed of
anti-Xa inhibitors including apixaban, rivaroxaban, and
edoxaban, and the direct thrombin inhibitor, dabigatran.
Traditionally, warfarin has been the medication of choice
for stroke prevention in NVAF. In the setting of ESRD,
anticoagulation for NVAF is controversial as patients are
at high risk of both stroke and systemic thromboembolism
and bleeding.” Information regarding both safety and effi-
cacy in this population is vital. Warfarin has been shown
to significantly lower stroke risk in patients on IHD in
some studies, but DOACs may be preferred for numerous
reasons, including ease of dosing, lack of routine monitor-
ing, and fewer drug-drug and drug-food interactions for
patients with NVAF.” Specifically, the 2019 American
College of Cardiology/American Heart Association/Heart
Rhythm Society Focused Update of the 2014 Guideline
for the Management of Patient with Atrial Fibrillation rec-
ommend either warfarin or apixaban in patients requiring
anticoagulation who have ESRD and/or are on dialysis.®
Conversely, for VTE, the American Society of Hematology
2020 Guidelines for Management of VTE cite that renal
insufficiency must be considered when selecting an antico-
agulant and that ongoing studies evaluating apixaban use
in ESRD will further establish its use for VTE.!? At pres-
ent, apixaban is the only DOAC indicated for use in patients
with a creatinine clearance (CrCl) of <30 mL/min."

Dosing of apixaban is dependent on indication: for pre-
vention of stroke in patients with NVAF apixaban is dosed
at 5 mg twice daily, unless they have 2 of the 3 following
criteria: age >80 years, weight <60 kg, and/or SCr >1.5
mg/dL, wherein then the dose is 2.5 mg twice daily.!! For
initial treatment of acute VTE, apixaban is dosed at 10 mg
twice daily for 7 days, followed by 5 mg twice daily. Dosing
recommendations for patients with NVAF undergoing
hemodialysis align similarly, with recommended doses of 5
mg twice daily unless the patient is above 80 years of age or
weighs less than 60 kg. For treatment of patients with VTE
on hemodialysis, there are no dose adjustment recommen-
dations provided by the manufacturer.'!

Currently, limited studies exist regarding the pharma-
codynamics of use of apixaban in dialysis. Wang and
colleagues'? revealed that THD has very little impact on
apixaban clearance, as only 27% of apixaban is eliminated
by renal mechanisms.'? Stanton and colleagues'> showed
apixaban to have comparable safety and efficacy to warfa-
rin in preventing stroke and other cardiac complications in
patients with severe renal impairment or ESRD on IHD."
While apixaban may be safe and efficacious in patients
receiving IHD, the question remains regarding its use in
patients receiving PD. This remains an important clinical
question, as patients on dialysis are often excluded from
studies that these guidelines for therapy are based on, and
PD makes up about 11% of all dialysis types, yet has a

varied mechanism and impact on medications.>'* The pur-
pose of this study is to review the safety and efficacy of
apixaban for treatment of NVAF or VTE in the setting of PD.

Data Sources

An English language PubMed and MEDLINE search was
conducted through December 2020 using the following
keywords and Medical Subject Headings (MeSH) terms
alone or in various combinations: apixaban, peritoneal dial-
ysis, continuous ambulatory peritoneal dialysis, end stage
renal disease, and hemodialysis. All published human stud-
ies evaluating clinical outcomes pertaining to the use of
apixaban in ESRD which included patients receiving PD
were eligible for inclusion. Articles from the literature
search were evaluated for study inclusion by at least 2
reviewers to eliminate the possibility of selection bias.
References from published articles were reviewed for addi-
tional citations for study inclusion.

Results

Four studies evaluating apixaban in PD met the inclusion
criteria for this review. Figure 1 highlights the inclusion and
exclusion of literature.

A retrospective cohort study of Medicare beneficiaries
completed by Siontis and colleagues included in the US
Renal Data System (a national system that collects, analyzes,
and distributes information about kidney disease) character-
ized the use of apixaban in patients with NVAF or atrial flut-
ter and ESRD on dialysis. This study included the largest
subpopulation of patients receiving PD.'* This study also
aimed at determining apixaban’s clinical efficacy outcomes
when compared with warfarin. A total of 25 523 patients
with ESRD on dialysis were included in the study and a sub-
set of 1377 (5.4%) patients were receiving PD. Although the
interventions included the DOACs rivaroxaban, dabigatran,
apixaban, and edoxaban, only apixaban was used in the com-
parative analysis with warfarin due to the lack of utilization
of the other agents. Overall, 23 172 patients were on warfarin
whereas 2351 were on apixaban (either 2.5 mg or 5 mg twice
daily). Although there were no differences in safety outcomes
such as bleeding between both doses, the 5 mg apixaban dose
was associated with lower risks of stroke/systemic embolism
(hazard ratio [HR] = 0.61, 95% confidence interval [CI] =
0.37-0.98, P = .04) when compared with warfarin, unlike
the 2.5-mg dose, which was not statistically significant
(HR =1.11,95% CI = 0.82-1.50; P = .49). When com-
pared with warfarin, the apixaban 5 mg twice daily dose
and the apixaban 2.5 mg twice daily dose resulted in signifi-
cantly lower risk of major bleeding (HR = 0.72, 95% CI =
0.69-1.12, P = 0.29; HR = 0.71, 95% CI = 0.56-091, P =
.007). Subgroup analyses for patients on PD was not reported
by the investigators.'*
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Additional publications excluded:
Did not include patients on peritoneal dialysis or
did not report (n=16)

Figure 1. Flowchart of publication inclusion.

A retrospective, single-center matched-cohort study was
conducted by Stanton and colleagues'® to evaluate the
safety and efficacy of apixaban in patients with severe renal
impairment. Patients were matched by age (=18 years) and
admission date to the study institution (between January 30,
2014, and December 31, 2015). In addition to patients on
dialysis (IHD and PD), this study also included patients
with severe renal impairment (creatinine clearance <25
mL/min and SCr >2.5 mg/dL). All patients received at least
1 dose of apixaban or warfarin during the study period. One
hundred and forty-six patients were included in the study
with an equal amount of patients in each arm (73 in the
warfarin arm and 73 in the apixaban arm); however, only 42
patients on dialysis made up the patient population, 4 of
whom were receiving PD. Outcomes of this study revealed
that there was a higher rate of major bleeding in the warfa-
rin arm than apixaban (17.8% vs 9.6%). Composite bleed-
ing rates were also higher with warfarin than apixaban
(27.4% vs 21.9%); however, these results were not found to
be significant (P = .149 and P = .442). Similar results were
seen in major bleeding or composite bleeding risk when
comparing patients on IHD or PD to those not receiving
dialysis, and these results were not statistically significant.
Stroke risk was shown to be similar between the warfarin
and apixaban group, with only 8 patients experiencing a
stroke. This outcome was not broken down into patient
receiving dialysis or not. Recurrent VTE did not occur in
either of the treatment groups. !

A retrospective, single-center study of 375 patients with
ESRD receiving IHD or PD evaluated clinical outcomes of
patients taking either apixaban or warfarin.'”> Of the 375
patients with ESRD screened for inclusion for any

indication requiring anticoagulation, 74 were included in
the apixaban group and 50 in the warfarin group. There was
only one patient receiving PD included (in the warfarin
arm). Outcomes revealed that warfarin had a higher risk
of bleeding events compared with apixaban (42% vs 18.9%;
P = .01). Of these 35 bleeding events, major bleeding
occurred in 15 of these cases, and was more prevalent in
the warfarin group (22%) than apixaban group (5.4%).
Recurrent VTE was also shown to have a more frequent
occurrence in the warfarin group than the apixaban group
(28.6% vs 4.4%, respectively; P = .99).13

Another retrospective, single-center study conducted at a
Veterans Affairs Hospital compared safety and efficacy out-
comes between apixaban and warfarin in patients with
chronic kidney disease (CKD) stage 4, CKD stage 5, and on
dialysis.'® A total of 111 patients were included, 54 in the
apixaban group with 1 patient receiving PD, and 57 in the
warfarin group with no patients receiving PD. No differ-
ences were found between groups in major bleeding or inci-
dence of stroke or thromboembolism; however, there were
increased rates of minor bleeding (26% vs 6%, P = .004)
and composite bleeding (46% vs 20%; P = .004) in the
warfarin group. There were also no significant differences
in major bleeding when patients were sorted by CKD stage.
Individual outcomes for the patient receiving PD was not
reported. '

Discussion

There are a limited amount of studies that have incorporated
or reported on apixaban-related outcomes in patients receiv-
ing PD. Two large retrospective studies reviewed compared
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apixaban with warfarin use in patients on dialysis.'>'* The
percentage of patients receiving PD in each study was very
low, with 5.4% of patients receiving PD being the highest
percentage of the population. Outcomes of these studies
showed that apixaban was potentially safer and more effec-
tive than warfarin.!>!41¢ Although the increased bleeding
risk with warfarin use was deemed insignificant in some
studies, they did not differentiate outcomes in IHD versus
PD and grouped patients together as “dialysis” patients.'31¢

Dosing recommendations for apixaban vary based on
age, weight, and renal function.!! Both of the studies includ-
ing patients receiving PD utilized the 2 possible dosing rec-
ommendations of 2.5 mg or 5 mg twice daily.">!* Studies
did not differentiate if patients receiving IHD or PD received
a different dose based on any criteria other than the 3 char-
acteristics previously mentioned, indicating that dosing in
dialysis patients may not differ significantly from patients
without renal impairment.'>'* This lack of data available
for patients receiving PD leaves many questions regarding
the pharmacokinetic and pharmacodynamic properties of
apixaban.

In an open-label, parallel group, single-dose study, the
pharmacokinetic and pharmacodynamic of apixaban was
studied in patients with ESRD.'? The study included 8
healthy patients and 8 patients with ESRD on IHD. In this
study, healthy patients received 1 dose of apixaban 5 mg
and the patients with ESRD received 2 doses of apixaban 5
mg separated by 7 days, which was given 2 hours before
IHD and immediately after IHD. The half-life was 13 hours
versus 20 hours in patients with ESRD and healthy patients,
respectively. When comparing C_, (maximum concentra-
tion) and AUC, . (area under the curve, measuring exposure
to drug) with healthy subjects, it was found to be 10% lower
and 36% higher. About 6.7% of apixaban dose was recov-
ered in the dialysate. Pharmacodynamic studies showed
only a small change in international normalized ratio, pro-
thrombin time, and activated partial thromboplastin time
between the 2 groups. The study concluded that since CLr
in ESRD subjects was negligible, apixaban was eliminated
by other routes as well. About 27% of total clearance was
due to renal clearance. Due to the pharmacokinetics, phar-
macodynamics, and safety findings of this study, the authors
concluded that apixaban can be used without dose modifi-
cation in patients with ESRD maintained on IHD. This
study aids in understanding the usage and possible difficul-
ties in patients with ESRD maintained on dialysis.'?

Another study by Mavrakanas and colleagues'” found in
comparison that the 5 mg twice daily dose would accumu-
late, leading to supratherapeutic levels after multiple doses
of apixaban.!” Unlike the study completed by Wang and
colleagues,'> Mayrakanas and colleagues'’ evaluated the
use of apixaban in 7 patients receiving 2.5 mg twice daily
for 8 days rather than only 2 doses. Drug concentrations
were measured on days 1 and 8 (non-dialysis days) to

compare area under the curve. On day 9 after the first dose
of the day, apixaban levels were monitored hourly during
dialysis, which resulted in the apixaban levels reducing by
4%. After a 5-day washout period, 5 of the 7 patients
received 5 mg twice daily for 8 days. The area under the
curve concentration and trough levels were above the 90th
percentile for patients on the 5 mg dose with preserved
renal function. The authors concluded that patients receiv-
ing THD should receive the 2.5 mg twice daily dose of apix-
aban as this achieved drug concentrations similar to the
median level of patients receiving 5 mg twice daily dose
with preserved renal function.!’

Nevertheless, the current recommendation for renal dose
adjustments for patients with NVAF on hemodialysis are
5 mg twice daily unless the patient is 80 years and older, or
has a weight less than 60 kg.!! This is supported by the ret-
rospective cohort study from Sionis, which showed that
while 2.5 mg twice daily has a significant lower risk in
major bleeding events compared with warfarin, only the
5 mg dose has a significant lower risks of stroke/systemic
embolism when compared with warfarin.'*

There have been several studies evaluating the use of
apixaban in [HD, but the use in PD still remains a question.
Both ITHD and PD work in a relatively similar manner to
filter blood. As studies have concluded that apixaban can be
safely used in IHD and renal excretion represents a smaller
portion of the total excretion, then it may be reasonable to
conclude that apixaban use in PD would be safe and effec-
tive as well.

Although studies reviewed were specific to patients with
ESRD, there were very few patients receiving PD included,
limiting the applicability of such studies to the specific PD
patient population. In the study by Siontis and colleagues'*
mentioned above, out of the 25 553 participants, only 1377
were receiving PD.'* Studies by Reed and colleagues,'®
Herndon and colleagues,'® and Stanton and colleagues'
only included 1, 1, and 4 patients receiving PD, respec-
tively. Globally, among trials, demographics are likely rep-
resentative of a PD population as a whole but it is important
to note that the majority of patients were above 55 years of
age. A multicenter approach for future studies on this topic
would provide a larger study population including PD pop-
ulation. In addition to the reduced combined sample size, all
4 studies were retrospective studies examining the expo-
sures to risk and the outcomes. Although this type of study
design might be easier to conduct, results can be subject to
bias and confounding if the study is not well controlled.

Apixaban is a frequently used alternative to warfarin in
patients with ESRD receiving dialysis due to pharmacoki-
netic data and increasing experience with its use in this
patient population. Many providers have become com-
fortable with the use of apixaban in renal dysfunction,
including with its dose adjustments and use of apixaban
may continue to grow with time. While ESRD patients,
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regardless of whether they are receiving IHD or PD, would
have a similar lack of renal function, the differences in apix-
aban clearance in between type of dialysis used could vary
and is not well known. Additionally, patients receiving PD
may be subject to other effects pertaining to safety outcomes
of bleeding rates. It remains important to identify how the
clinical response to apixaban may vary in patients receiving
PD. Overall, questions still remain regarding safety and effi-
cacy, given limited patients receiving PD included in studies
and other trials not reporting on dialysis modalities.

Conclusion

The majority of studies comparing the safety and efficacy
of apixaban to standard therapy in ESRD included patients
on IHD and very few participants receiving PD. Apixaban
appears to be safe and effective within these studies and
pharmacokinetic studies in IHD may potentially be extrapo-
lated with caution to patients receiving PD. Despite this,
further studies specific for patients receiving PD are needed
to evaluate the pharmacokinetics, pharmacodynamics, and
safety and efficacy as well as recommended dose of apixa-
ban in PD.
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