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Abstract

Background: There is uncertainty surrounding use of direct oral anticoagulants (DOACS) in
patients with kidney dysfunction.

Methods: Using the COMBINE AF database, we performed an individual patient-level network
meta-analysis to evaluate the safety and efficacy of DOACs vs warfarin across the continuous
spectrum of creatinine clearance (CrCl), leveraging individual patient data from the ROCKET
AF, ARISTOTLE, RE-LY and ENGAGE AF-TIMI 48 trials. To accomplish this, a multivariable
stratified Cox proportional hazard model including a treatment-by-CrCl interaction with random
effects was fitted to estimate hazard ratios (HRs) for pairs of treatment strategies with respect to
stroke/systemic embolism (S/SE), major bleeding, intracranial hemorrhage (ICH) and death for
patients randomized to standard dose DOAC, lower dose DOAC or warfarin.

Results: Across 71,683 patients, median age was 70.6 (IQR 9.4). Of these, 37.3% (26,715)
were female, median CrCl was 75.5 (IQR 30.5) and median follow-up was 23.1 months. The
incidence of S/SE, major bleeding, ICH and death all significantly increased with worsening
kidney function. Across all CrCl values down to at least 25ml/min, the hazard of major bleeding
did not change for patients randomized to standard dose DOAC vs warfarin with changing CrCl
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(decrease in HR by 0.7% per 10mL/min decrease in CrCl, interaction p=0.61). Compared with
warfarin, standard dose DOAC resulted in significantly lower hazard of ICH at CrCl values <122
mL/min, with a trend for increased safety with DOAC as CrCl decreased (decrease in HR by 6.2%
per 10mL/min decrease in CrCl, p interaction p=0.08). Compared with warfarin, standard dose
DOAC had significantly lower hazard for S/SE when CrCl was <97 mL/min, with a significant
treatment-by-CrCl effect (decrease in HR by 4.8% per 10mL/min decrease in CrCl, interaction
p=0.01). Hazard of death was significantly lower with standard dose DOAC for patients with a
CrCl <77mL/min, with a trend towards increasing benefit with lower CrCl values (HR decrease
2.1%, interaction p=0.08). Use of lower dose DOAC rather than standard dose DOAC was not
associated with a significant difference in incidence of bleeding or ICH in patients with reduced
kidney function, but was associated with a higher incidence of both death and S/SE.

Conclusion: The use of standard dose DOAC is safer and more effective than warfarin down to
an CrCl of at least 25 ml/min. The use of lower dose DOAC does not result in significantly lower
incidence of bleeding, or ICH compared to standard dose DOAC, but is associated with higher
incidence of both death and S/SE. These findings support the use of standard dose DOAC over
warfarin in patients with reduced kidney function.

Introduction

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is a major

risk factor for stroke and systemic embolism (S/SE) as well as an independent predictor of
mortality. These risks are amplified by the presence of kidney dysfunction, which increases
the risk not only of AF,1 but also the subsequent risks of thromboembolic events, bleeding,
and death patients with AF.2:3 This makes treatment decisions surrounding stroke prevention
in patients with kidney dysfunction and comorbid atrial fibrillation of critical importance.
Direct oral anticoagulants (DOACS) are first-line therapy for the prevention of stroke in

AF, based on randomized data from multiple trials demonstrating similar or lower incidence
of stroke with DOACSs and a similar or lower risk of major bleeding in comparison to
warfarin.4-6 Currently, dabigatran is recommended for stroke prevention in AF down to a
CrCl of 30ml/min, with dose reduction for patients with CrCI of 15-30 ml/min, edoxaban
and rivaroxaban are recommended down to a CrCl of 50 ml/min (and to 15ml/min with
dose adjustment), and apixaban is recommended down to a CrCl of 25ml/min, with dose
adjustment for patients meeting at least 2 clinical criteria surrounding weight, age and
creatinine.”~10 However, DOACs are all partially renally clearance, ranging from 27%
(apixaban) to 80% (dabigatran), leading to possible safety concerns for this population. As
a result, DOAGCs are still less frequently used and often underdosed in patients with kidney
insufficiency.11:12

Though patients were eligible for inclusion in these trials down to a creatinine clearance
of 25-30 mL/min, relatively few patients in any given DOAC trial had severely reduced
kidney function,. 13-19 Sub-analyses using these smaller cohorts have supported the use
of DOAC over warfarin in patients with reduced kidney function, but these analyses were
limited by low numbers of patients with kidney dysfunction. 17:20-22 Prior meta-analyses
assessing the safety and efficacy of DOACs in patients with renal dysfunction have been
limited to categorical analyses of CrCl based on previously published summary data from
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each individual trial.23 Like all study-level meta-analyses, these studies were also impacted
by inconsistent follow-up time, absence of individual time to event results, and were unable
to robustly evaluate for heterogeneity between trials. Individual patient data meta-analyses,
which are only possible with access to granular patient data such as what is offered through
COMBINE AF, address these limitations. Given the granular nature of this data, patient
network meta-analyses are also not limited to the first event that occurred for a given patient
(e.g., stroke or bleeding event, but not both), and can reflect the time to first event for each
adjudicated patient outcome, in addition to incorporating inconsistent follow-up time better
and increasing insight and power. Perhaps most importantly, the use a network individual
patient analysis allows for both individual patient-level time to event data as well as for
analyses of continuous variables.”

The COMBINE AF database incorporates individual patient data from the 4 pivotal trials
of DOAC:s vs warfarin in AF, including 71,683 patients overall, and 24,369 patients with

a CrClI <60. This represents the largest and most complete dataset of DOACSs vs warfarin,
which we leveraged using an individual network meta-analysis in order to achieve the most
robustly powered and reliable estimate of DOAC vs warfarin use in patients with kidney
dysfunction.24 We therefore specifically evaluated safety and efficacy outcomes of DOACs
and warfarin across the continuous spectrum of kidney function (down to a CrCl of 25
ml/min) among patients in the COMBINE AF database, with a particular focus on patients
with reduced kidney function, where hesitation surrounding DOAC use may still exist.

Analysis Design

The design and rationale of COMBINE AF has been described previously.2 Briefly,
COMBINE AF incorporated individual patient data from 77,282 de-identified patients from
5 major randomized clinical trials of comparing DOACs to warfarin or aspirin in patients
with AF. We included all patients from RE-LY, ROCKET AF, ARISTOTLE, ENGAGE
AF-TIMI 48 who were randomized to warfarin or DOAC, yielding a cohort size of 71,683
for our analysis. (Patients from AVERROES, which assessed apixaban vs aspirin, were not
included in these analyses.)

Patients were analyzed according to their study drug randomization: standard dose DOAC,
lower dose DOAC, or warfarin. These analyses were not impacted by dose adjustment

due to individual clinical characteristics such as age or weight. Standard dose DOAC

was defined as standard dose used in ROCKET or ARISTOTLE (with protocol-specified
dose-adjustment based on pre-specified trial criteria of age, weight or kidney function) and
as the DOAC randomization arm with the higher dosing regimen in RE-LY (dabigatran
150mg twice daily) or ENGAGE AF-TIMI 48 (edoxaban 60mg once daily or 30mg once
daily for patients with pre-specified trial criteria for dose adjustment). Lower-dose DOAC
was defined as the DOAC randomization arm with the lower dosing regimen in RE-LY
(dabigatran 110mg twice daily) or ENGAGE AF-TIMI 48 (edoxaban 30mg once daily or
15mg once daily for patients with pre-specified trial criteria for dose adjustment).
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Outcome definitions in COMBINE AF have been described previously.2* Briefly, all
outcomes were adjudicated in each of the constituent trials, which used a time-to-first-event
design. Efficacy outcomes for our analysis included stroke/systemic embolism and all-cause
mortality. Safety outcomes for this analysis included major bleeding, as defined by the
International Society on Thrombosis and Haemostasis and intracranial hemorrhage (ICH).

Study Population

For efficacy outcomes, the intention-to-treat population was used. To account for different
follow-up durations across trials and set a comparable follow-up duration in this network
meta-analysis, subjects were censored when less than 10% of subjects were at risk in each
study.24 For safety and composite outcomes, the safety population was used, as defined by
each of the individual trials, but typically including participants who received at least one
dose of a study drug and were followed for events occurring between date the participant
began treatment with study drug and up to 2 days after participant discontinued study drug.

Statistical Analyses

The Cockcroft-Gault equation was used to calculate CrCl. Though our primary analyses
were conducted across the continuous spectrum of CrClI, we additionally prespecified

CrCl groups at baseline as follows: <30, 30-44, 45-59, 60-89, and =90 mL/min. These
pre-specified groups were used to assess baseline characteristics, and for assessment of raw
event rates.

To understand if CrCl is associated with event incidence and the treatment effects, we first
assessed raw event incidence per 100 patient-years by CrClI category. To assess the impact
of CrCl on event rates continuously, a quasi-poisson regression model including continuous
CrCl and logarithm of event time (follow-up time if censored) as offset was fitted to estimate
event rates with respect to each outcome. The quasi-poisson model was used due to the
over-dispersion of the outcomes. We considered linear and non-linear association between
CrCl and outcomes. For nonlinear associations, we considered a cubic spline with 3 knots,
and a linear piecewise model with 1 or 3 knots. The model using assuming linear CrCl-by-
outcome relationship has lowest QAIC for all outcomes. We plotted the event rates per 100
patient-year by decreasing CrCl and present here the change of event rate in percentage per
10 mL/min CrCl decrease with statistical significance assessed by the p-value.

We then performed a patient-level network meta-analysis to evaluate treatment effects
across CrCl values. A multivariable stratified Cox proportional hazard model including

a treatment-by-CrCl interaction was fitted to estimate hazard ratios (HRs) for pairs of
treatment strategies with respect to each outcome. The model allows random effects on
treatment effect coefficients to account for heterogeneity across trials. We did not add
random effects on the CrCl or treatment-by-CrCl interaction because doing so did not
improve model fit based on the Akaike information criterion. We considered continuous and
categorical CrCl in two separate models, and Cox models assuming linear and non-linear
association between CrCl and outcomes were fitted when CrCl was used continuously.

For nonlinear associations, we considered a cubic spline model with 3 knots, and a linear
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piecewise model with 1 or 3 knots. In Cox regression models, non-linear associations were
not observed and results from linear models were selected. Additionally, proportional hazard
assumptions were assessed using the Schoenfeld residuals test 25 and graphical assessment
of Kaplan-Meier curves in each trial.2® To assess if treatment effects differ with varying
kidney function, we present HR change rate per 10 mL/min CrClI decrease with statistical
significance assessed by the treatment-by-CrCl interaction. Between-study heterogeneity of
the treatment effect was assumed to differ by treatment comparison and quantified by the
standard deviation of random effects. All analyses were conducted using the coxme (version
2.2) and survival (version 3.3) packages on R, version 4.2.0 (The R Foundation).2”

Results

Baseline Characteristics

Baseline characteristics of 71,683 patients by CrCl category and overall are presented in
Table 1. Lower CrClI groups tended to include patients with older age, female sex, lower
body weight, and prior diagnoses of heart failure, coronary artery disease, and bleeding.
Patients in lower CrCl groups also tended to have higher CHA,DS,-VASC scores, to be
more likely to use antiplatelet agents, and to have permanent or persistent AF vs paroxysmal
AF. Median follow-up time was 23.1 months across all trials. For a brief list of patient
demographics and median follow-up in individual trials, see Supplemental Table 1.

Overall Event Incidence by Creatinine Clearance

When we evaluated the event incidence for safety and efficacy outcomes in the pooled
dataset of all patients, we found that the incidence of major bleeding, ICH, S/SE and death
all significantly increased with decreasing kidney function (Figure 1, Supplemental Table 2).

Hazard of Major Bleeding Events by Continuous Creatinine Clearance

Analyzing the hazard of bleeding across the spectrum of continuous kidney function, we
found that patients randomized to standard dose DOAC vs warfarin had a numerically lower
hazard of bleeding at all CrCl values, though this was not statistically significant. There was
no was no significant treatment-by-CrCl interaction for on the hazard of major bleeding for
standard dose DOAC vs warfarin (Figure 2, Supplemental Table 3).

Hazard of Intracranial Hemorrhage by Creatinine Clearance

Patients randomized to standard dose DOAC had a significantly lower risk of ICH than
patients randomized to warfarin at any CrCl <122 mL/min, with a trend towards a positive
treatment-by-CrCl interaction, such that patients tended to derive a greater relative benefit
from standard dose DOAC vs warfarin as kidney function worsened (HR decrease 6.2% for
every 10mL/min decrease in CrCl, 95% CI —0.7 to 12.6%, p=0.08, Figure 2, Supplemental
Table 3).

Hazard of Stroke and Systemic Embolism by Creatinine Clearance

Patients randomized to standard dose DOAC had a significantly lower hazard of S/SE
than those randomized to warfarin when CrCl was <87 mL/min. There was a significant
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treatment-by-CrCl interaction noted on the hazard of S/SE with standard dose DOAC

vs warfarin, such that patients derived a greater benefit from standard dose DOAC with
decreasing kidney function (HR decrease for every 10mL/min decrease in CrCl 4.8%, 95%
Cl 1.3-8.1%, p=0.01) (Figure 2, Supplemental Table 3).

Mortality Hazards by Creatinine Clearance

The hazard of death was significantly lower for patients randomized to standard dose DOAC
vs warfarin for patients with a CrCl <77 mL/min, with a trend towards increasing benefit
from standard dose DOAC as kidney function decreased (HR decrease 2.1% for every
10mL/min decrease in CrCl, 95% CI -0.3-4.4%, p=0.08, Figure 2, Supplemental Table 3).

Hazard of Composite Endpoints by Creatinine Clearance

Patients randomized to standard dose DOAC vs warfarin had a significantly lower hazard
of a composite of bleeding or death when CrCl was between 42 and 109 mL/min, and a
significantly lower hazard of a composite of bleeding, death or stroke/systemic embolism
when CrCl was between 30mL/min and 96 mL/min. However, there was no significant
interaction-by-CrCl on the hazard of either composite for patients randomized to standard
dose DOAC vs warfarin (Supplemental Table 3).

Hazard of Events by Continuous Creatinine Clearance in Patients Randomized to Lower
Dose DOAC vs Warfarin or Standard Dose DOAC

Patients randomized to lower dose DOAC vs warfarin had a had a significantly lower hazard
of bleeding compared to warfarin for across all CrCl values >35 mL/min, and a lower risk
of death for CrCl values between 30 and 76 mL/min. Similarly, a lower risk of ICH was
seen with lower dose DOAC vs warfarin for all CrCl values, though without any significant
interaction-by CrCl effect. There was no CrCl value for which lower dose DOAC had a
significantly different hazard of S/SE. (Supplemental Table 3, Supplemental Figure).

Patients randomized to lower dose DOAC vs standard dose DOAC had a lower hazard of
bleeding with CrClI values between 77 and 140 mL/min and a lower hazard of ICH with
CrCl between 47mL/min and 106mL/min. However, these patients also had a significantly
higher hazard of death (for CrCl values between 30mL/min and 42 mL/min) and of

S/SE (with CrCl values of 30 to 98 mL/min). There was no significant treatment-by-CrCl
effect observed on the hazard of bleeding, ICH, or stroke/systemic embolism for patients
randomized to lower dose DOAC vs either warfarin or standard dose DOAC. However,
patients randomized to lower dose DOAC had a significantly higher hazard of S/SE than
patients randomized to standard dose DOAC at CrCl values less than 98 mL/min, and a
significantly higher hazard of death than patients randomized to standard dose DOAC at
CrCl values less than 42mL/min. Patients taking lower dose DOAC also faced a significant
increase in hazard of death with worsening kidney function as compared to either warfarin
(3.5% increase in hazard of death with low dose DOAC vs warfarin for every 10mL/min
decrease in CrCl, p=0.03) or standard dose DOAC (5.8% increase in hazard of death with
low dose DOAC vs standard dose DOAC for every 10 mL/min decrease in Cr Cl, p=-.001)
(Supplemental Table 3, Supplemental Figure).
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Hazard Ratio of Events by Categorical Creatinine Clearance

Similar results were found when hazards of major bleeding, ICH, and S/SE and death were
assessed through Cox modeling across CrCl categories (Supplemental Table 4). For patients
randomized to standard dose DOAC vs warfarin, the hazards of major bleeding, ICH, S/SE
and death were numerically lower for each CrCl category <90 mL/min. This was statistically
significant for CrCl values between 30 and 89 mL/min for ICH and S/SE, and between

30 and 59 for death. In Cox regression models, little or no between-study heterogeneity

was observed for all outcomes with standard deviation of random effects close to zero
(Supplemental Table 5).

Discussion

In this network meta-analysis of 71,683 patients across the major AF anticoagulation trials,
we find that the benefits of DOAC over warfarin are retained in patients with reduced kidney
function. In a Cox model analysis, patients with reduced CrCl randomized to standard

dose DOAC vs warfarin had lower hazards of ICH, S/SE and death, with no difference in
incidence of bleeding, down to a CrCl of at least 25ml/min. Furthermore, patients with low
CrCl randomized to standard dose DOAC vs lower dose DOAC had a significantly lower
hazard of S/SE and death with no significantly increased hazard of bleeding or ICH. There
was no CrCl value for which standard dose DOAC use resulted in higher risk of bleeding,
ICH, S/SE, or death than warfarin in this analysis.

In the case of S/SE, there was a significant treatment-by-CrCl interaction, such that

there was a greater relative reduction in risk with standard dose DOAC vs warfarin with
worsening kidney function, with non-significant trends towards greater benefit with standard
dose DOAC over warfarin seen for reduction in risk of ICH and death with worsening
kidney function. Much more important than any CrCl cut-off, these findings suggest that
beyond being as safe and effective as warfarin in patients with diminished kidney function,
the benefits of DOACSs over warfarin are actually amplified as kidney function worsens, with
increasing efficacy as well as a trend towards greater safety.

Despite concerns regarding safety with use of drugs that are in part renally eliminated,
these results are reassuring and show that the safety of DOACSs are preserved and efficacy
even greater in patients with impaired kidney function, down to an eGFR of at least 25mL/
min. We did not appreciate significant heterogeneity between trials, despite the varying
renal clearance of different DOACSs. These results suggest that DOACs are safer and more
effective than warfarin at lower CrClI and that the benefits of DOAC over warfarin may

in fact be amplified in patients with poor kidney function. Our findings are consistent

with prior sub-analyses from individual trials, which have preserved safety and efficacy of
dabigatran,” apixaban,20 edoxaban?! and rivaroxaban.22 These findings are of particular
importance given the observed increased risk of S/SE, bleeding, ICH and death with
decreased kidney function, which we note in our results, and which have also been reported
previously, including estimates that the risk of S/SE increases by 7% with every 10mL
decrease in CrClI. 2:3.17.20-22 Ag patients with worse kidney function are at higher risk for
complications related to both AF and anticoagulation, the safety and efficacy benefits seen
with DOAC vs warfarin are even more important.
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These results also suggest that it is inappropriate, and even dangerous, to reduce DOAC dose
with kidney dysfunction unless the patient meets pre-specified criteria for dose reduction,
as doing so may result a higher incidence of stroke and death without providing any safety
benefit in terms of bleeding or ICH. Patients in RE-LY and ENGAGE AF-TIMI 48 were
randomized to either standard dose DOAC, lower dose DOAC, or warfarin. This is different
than the dose adjustment criteria used in ARISTOTLE, ROCKET and ENGAGE AF-TIMI
48, which was not random and instead based on patient criteria, including age, body weight,
and creatinine. Our analysis stratified patients based on their randomized DOAC dose
(standard vs low), not based on trial-specific dose adjustments made for kidney clearance

or other non-randomized patient factors. Our findings show that at low levels of kidney
function (below ~45mL/min), patients randomized to lower dose DOAC had significantly
higher hazards of both death and stroke/systemic embolism, with no significant difference
in risk of bleeding or ICH as compared to those randomized to standard dose DOAC.
Furthermore, we find that there was a significant interaction of kidney function on hazard
of death for patients randomized to lower dose DOAC vs both warfarin and standard dose
DOAC, such that lower dose DOAC actually became more dangerous (i.e., was associated
with a significantly higher hazard of death) with decreasing kidney function.

These findings are consistent with a prior smaller secondary analysis of patients with 0 vs 1
dose reduction criteria in ARISTOTLE, all of whom received either warfarin or to standard
dose apixaban, without any dose reduction (because they had 1 but not 2 criteria for dose
reduction). Importantly, the authors found no difference in HR for patients with 0 vs 1

dose reduction criteria for any outcome, nor did they find a significant difference based on
type of dose reduction criteria (weight, age, or kidney function).28 Taken together with our
findings, these results strongly suggest that there is no role for this reduction in patients not
meeting criteria for dose reduction, and that standard dose DOAC maintains a comparable
safety profile to lower dose DOAC while simultaneously preventing more strokes and more
deaths. This is of critical importance, since patients with kidney dysfunction who do not
meet criteria for dose reduction in their DOAC are frequently underdosed in an attempt to
reduce risk of bleeding or other complications from anticoagulation.

Limitations and Strengths

There are limitations to our work. Our analyses were conducted using baseline CrCl, and

we did not account for changes in CrClI over time. Because of natural variation in CrCl

there were patients included in our analysis with baseline CrCl as low as 11 mL/min, though
patients were only eligible for inclusion in the individual AF DOAC trials down to a CrCl

of 25 (in the case of ROCKET AF and RE-LY) to 30 mL/min (ENGAGE AF TIMI-48,

and ARISTOTLE). Therefore, there were relatively few events at the lowest values (<25
mL/min) of CrCI. However, this analysis still represents the single largest examination of
anticoagulation across kidney function in patients with AF randomized to DOAC vs warfarin
to date. Furthermore, our analysis shows linear trends towards greater, not diminishing,
benefit with decreasing kidney function. CrCl is by nature an estimated measure of kidney
function. There is also variation between DOACS in degree of kidney clearance. Despite this,
there was little heterogeneity seen between trials for hazard ratios or interaction-by-CrCl
treatment effects.
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Strengths of these analyses include that they were performed on the largest and highest
quality set of randomized data available for AF anticoagulation, and were performed using
individual patient data in a patient-level meta analysis. Furthermore, these analyses were
conducted using kidney function as a continuous variable, rather than being limited to
categorical analyses.

Conclusion

We find that standard dosing strategies with DOACs are safer and more effective than
warfarin in patients with kidney dysfunction down to a CrClI of at least 25 ml/min, with
additional evidence that patients derive a greater relative benefit from standard dose DOAC
over both warfarin and lower dose DOAC with decreasing kidney function. Furthermore,
we find that in patients with the worst kidney function (down to a CrCl of 25 mL/min),

use of lower dose rather than standard dose DOAC was associated with a higher risk of
S/SE and death without any significant reduction in incidence of bleeding or ICH. Taken
together, these results support the use of DOAC over warfarin down to a CrCl of at least 25
mL/min, and emphasize the important of prescribing guideline-supported doses of DOAC in
the prevention of S/SE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE
What is New?

. As kidney function worsens (down to a creatinine clearance of at least 25 ml/
min), patients derive a larger relative benefit from direct oral anticoagulants
(DOAC:S) vs warfarin in terms of hazard of stroke and systemic embolism,
with similar trends seen for rates of death and intracranial hemorrhage.

. Patients with kidney dysfunction randomized to lower dose DOAC did not
have a significantly lower incidence of bleeding, or intracranial hemorrhage
compared to standard dose DOAC, but did have a higher incidence of death
and stroke and systemic embolism

What Are the Clinical Implications?

. The use of standard dose DOAC is safer and more effective than warfarin
down to a CrCl of at least 25 ml/min.

. Patients should only receive dose reduction in their DOAC if they meet the
clinical criteria for dose reduction.
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