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ABSTRACT

Background: Apixaban is increasingly being used for anticoagulation. The primary risk of treatment with Apixaban is bleeding.
Overall patients treated with Apixaban have fewer bleeding events than those treated with warfarin. Apixaban is a substrate of
P-glycoprotein (P-gp) and P-gp inhibition increases drug exposure.

Strong P-gp inhibitors are commonly used in combination with Apixaban.

Methods: We retrospectively studied patients who had been prescribed Apixaban using a hospital informatics database. We
compared patients prescribed Apixaban without any cardiac P-gp inhibitors (Amiodarone, Carvedilol and Verapamil) to those who had
received one of them. Our primary outcome was any bleeding event which included blood transfusion, gastrointestinal bleeding and
intracranial haemorrhage. Patients were followed for one year. Cox regression analysis was used to model the impact of P-gp inhibitor
use on any bleeding event controlling for potential confounders.

Results: 1350 patients received a prescription for Apixaban. 291 of these patients were treated with a cardiac P-gp inhibitor. There
were no significant differences in bleeding rates between the groups. There were 103 (9.73%) bleeds in patients not receiving a P-gp
inhibitor compared to 32 bleeds (11.00%) in patients receiving a P-gp inhibitor (p = 0.522). P-gp inhibitor use was not a significant

predictor for any bleeding event.

Conclusions: There was no evidence of increased bleeding when Apixaban was co-administered with commonly utilized rate and
rhythm control agents that inhibit P-gp. These findings are consistent with the limited data available to date. Our findings add to
evidence that Amiodarone, Carvedilol and Verapamil can be safely co-administered with Apixaban
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INTRODUCTION

The direct oral anticoagulants including apixaban were introduced
to the market in the past decade, marking a significant step forward in
drug discovery. For more than 60 years, vitamin K antagonists were
the only oral anticoagulation option. Apixaban is increasingly used
to prevent strokes and systemic embolism in atrial fibrillation and
for the prevention and treatment of venous thromboembolism [1-3].

Apixaban is a potent, highly selective reversible Factor Xa
inhibitor with antithrombotic activity [4]. It has a high affinity for
Factor Xa and low affinity for thrombin which made it an attractive
compound for development [5]. Apixaban is used in stroke and
systemic embolism prevention in patients with atrial fibrillation
and for the treatment and prevention of venous thromboembolism.
Compared to warfarin, it has favorable outcomes in terms of both
efficacy and safety [6,7].

The P-glycoprotein (P-gp) transporter is an important potential
site of significant drug-drug interactions for all the Direct Oral Anti-
Coagulants (DOACs) [8-10]. P-gp is a transporter present in multiple
tissue sites including the gut, kidney, blood-brain barrier and liver
[9]. P-gp transporters in the intestinal lumen and the renal tubules
are believed to be the sites of pre-dominant importance for potential
apixaban interaction [8]. P-gp inhibition will lead to increased
apixaban exposure, potentially increasing the anticoagulation effect.
Several commonly prescribed antiarrhythmic agents including
amiodarone, verapamil and carvedilol are all strong P-gp inhibitors.
Amiodarone and verapamil also inhibit Cytochrome P450 (CYP450)
enzymes [11]. CYP450 enzyme modulation is of minimal importance
for apixaban as there is little potential for clinically significant
interaction [12]. The Apixaban metabolite M2 is formed via CYP3A4
and co-administration of CYP-450 inhibitors reduces metabolite
formation. However, there are multiple metabolic pathways that exist
and thus there is a low likelihood of clinically significant drug-drug
interaction. Despite this, co-administration of apixaban with other
dual CYP 450/P-gp inhibitors, such as Ketoconazole or Diltiazem can
lead to increased apixaban exposure in healthy subjects [13].

Data from ARISTOTLE did not demonstrate increased bleeding
rates in patients who were treated with both apixaban and amiodarone
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as compared to those treated with apixaban alone [14]. The FDA
Clinical Pharmacology and Biopharmaceutics review recommends
dose reduction when there is evidence of a greater than 50% increase
in apixaban exposure [15].

STUDY OBJECTIVE

Experience with P-gp and CYP450 inhibitors is modest and so
we aimed to evaluate commonly used medications in the treatment
of atrial fibrillation that modulate these pathways. It is not possible to
isolate the effect of P-gp from CYP450 modulation when a drug (such
as verapamil or amiodarone) inhibits. However, P-gp inhibition has
a much greater impact on apixaban pharmacokinetics by increasing
exposure as described above.

We hypothesized that there is an increased risk of bleeding with
apixaban therapy when one of the P-gp inhibitors amiodarone or
verapamil or carvedilol are co-administered.

METHODS
Data source

In this retrospective study, data was obtained from a hospital
network located in the Bronx, New York. Montefiore is the University
Hospital for the Albert Einstein College of Medicine (AECOM). A
diverse range of patients are treated in this hospital system. Diagnoses
are coded using ICD-9 (international classification of diseases, 9™
revision) until September 2015 after which point ICD-10 diagnostic
codes are used. Clinical Looking Glass™ software was utilized to
obtain data from the electronic medical record system.

Subjects

Ethics approval was obtained from the Institutional Review Board
(IRB) at AECOM. Inclusion criteria included all patients prescribed
apixaban between 2013 and 2015. This group was then divided into
those treated with apixaban alone and those treated with apixaban co-
administered with carvedilol or verapamil or amiodarone. Patients
included were aged 18 years or older at the time of their apixaban
prescription. The index date for the study was the first date they were
prescribed apixaban. We then searched for all patients who were
prescribed amiodarone or carvedilol or verapamil within 365 days
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of their first apixaban prescription. There was, therefore, a group of
patients prescribed apixaban only to compare with a separate group
of patients prescribed apixaban in addition to any one of the included
P-gp inhibitors.

Outcomes

The primary outcome was any bleeding event defined as the need
for a blood transfusion, gastrointestinal bleeding, or intracranial
haemorrhage. Due to possible overlap between gastrointestinal bleed-
ing and blood transfusion any blood transfusion that occurred within
72 hours of a gastrointestinal bleeding diagnosis was considered as
a single bleeding event. The ICD-9 and ICD-10 codes used to define
both gastrointestinal bleeding and intracranial haemorrhage are in-
cluded in the supplementary materials.

Variables

Data was collected on variables that had a potential impact on
bleeding. Demographic data on patients were collected including age,
sex and ethnicity. Other variables included weight, height, and diastolic
Blood Pressure (BP) and medications that increase bleeding risk
such as aspirin, clopidogrel, prasugrel and ticagrelor. Comorbidities
were recorded using the Charlson comorbidity index [16]. ICD-9
and ICD-10 codes that make up the Charlson index were collected
including congestive heart failure, peripheral vascular disease,
myocardial infarction, cerebrovascular disease, peptic ulcer disease,
renal disease and diabetes mellitus (with or without complication).
For purposes of analysis myocardial infarction, peripheral vascular
disease and cerebrovascular disease were combined to a new variable
of any Cardiovascular (CV) disease. Additional variables included
hypertension and atrial fibrillation.

Statistical analysis

Baseline characteristics were presented and compared between
groups using appropriate statistical tests (Chi-squared/ Fishers/
unpaired t-tests and Mann-Whitney tests). Comparisons in bleeding
events between the unexposed and exposed groups (i.e. no P-gp
inhibitor versus any P-gp inhibitor) were made using chi-squared
testing. Cox proportional hazards modelling was used to explore the
relationship between use of any P-gp inhibitor and any bleeding events
while adjusting for significant co-variables. A process of backward
elimination was utilized, retaining only those variables with a p-value
of less than 0.05 in the final model. To ensure adequate power of the
model, ten outcome events (i.e. bleeding events) per variable included
were required. Otherwise univariate analysis was undertaken prior to
multivariate analysis to eliminate non-significant variables.

RESULTS
Baseline characteristics

A total of 1350 patients received apixaban between 2013 and 2015
with 291 (21.56%) of these patients receiving a prescription for one of
the cardiovascular P-gp inhibitors. Baseline characteristics between
groups are shown in table 1. Patients treated with both apixaban and
P-gp inhibitor agents tended to be older and have significant co-
morbidities as compared to those treated with apixaban alone. These
included cardiac and renal disease.

Bleeding risk

The primary outcome, any bleeding event, occurred at a rate of
10.29 per 100 patient-years with apixaban only compared to 11.48 per
100 patient-years with apixaban and P-gp inhibitor. These differences
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were not statistically significant (p = 0.529, Chi-squared). Likewise,
there were no significant differences between groups in any bleeding
sub-type as shown in table 2. Values were missing for BMI in 123
patients and 142 patients for diastolic blood pressure. A univariate
analysis of each variable was undertaken prior to multivariate analysis
as described in the methods.

A univariate analysis of each predictor variable was undertaken
prior to multivariate analysis as described in the methods. Table
3 shows the hazard ratios with p-values for each of the predictor
variables derived from Cox proportional hazards modelling for the
primary outcome (any bleeding event). Variables with a p-value
of less than 0.2 on univariate analysis were included in the initial
multivariate model. These included ethnicity, renal disease, aspirin
use, other anti-platelet use, hypertension, Charlson index, any
cardiovascular disease and heart failure. After backward elimination,
heart failure was the only significant predictor of any bleeding event
when treated with apixaban as shown in table 4. However, given the
violation of the proportional hazards model for this Cox regression
model we do not conclude heart failure to be a significant predictor
of any bleeding event. P-gp inhibitor use did not significantly impact
the hazard of any bleeding event (HR 0.89 (0.59-1.34) p = 0.585) with
apixaban.

DISCUSSION
Interpretation of results

This study provides real world data suggesting that co-
administration of amiodarone, or carvedilol or verapamil with
apixaban does not significantly increase bleeding. Several studies
have demonstrated safety with co-administration of apixaban and
amiodarone therapies. Our study also evaluated bleeding risk when
co-administration of other commonly used cardiac P-gp inhibitor
medications were co-administered with apixaban.

Table 1: Baseline characteristics of apixaban group by P-gp inhibitor use.
Apixaban/ No | Apixaban/Any
Pgp inhibitor | Pgp inhibitor | p-value
(%) (%)
p:t(i)etilts 1059 (78.44) 291 (21.56)

Age (years) 7016:5?)3 - 72192$)D - 0.009
Gender Male 472 (44.57) 154 (52.92) 0.011
Ethnicity White 333 (31.44) 95 (32.65) 0.587

African-American 318 (30.03) 76 (26.12)
Hispanic 104 (9.82) 33 (11.34)
Other or unknown 304 (28.71) 87 (29.90)
in:i-gi’t)or Amiodarone - 147
Carvedilol - 148
Verapamil - 22
mor(tzic(’i-ities Atrial Fibrillation 709 (66.95) 231(79.38) | <0.001
Myocardial infarction| 108 (10.20) 62 (21.31) <0.001
Stroke 233 (22.0) 60 (20.62) 0.612
Any cardiovascular | 7 77 135 46.39)  0.008
disease’
Heart Failure 339 (32.01) 177 (60.82) | <0.001
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Table 2: Bleeding with apixaban by P-gp inhibitor use.
. Apixaban and P-gp
Al | -val
pixaban only inhibitor p-value
Event rate
(per 100 Event rate
N (%) satiem N(%) | (per100
years) patient-years)
Blood Transfusion | 54 (5.10) 5.29 19 (6.53) 6.74 0.339
Gastrointestinal
astointestinal | 6y (5.67) 590 | 17 (5.84) 591 0.909
bleeding
Int ial
niracrania 6(060) 057  5(1.82) 1.72 0.066
Haemorrhage
Any bleeds? 103 (9.73)| 10.29 |32 (11.00) 11.48 0.523
Table 3: Univariate Cox proportional hazards modelling for each variable for any
bleeding event with apixaban.
5 "
Variable HR (9&'? % confidence sl
interval)
Any p-gp inhibitor 1.07 (0.72-1.59) 0.736
Age 0.99 (0.98-1.01 0.374
Gender 0.92 (0.65-1.29) 0.619
- . . 1.99 (1.28-3.11)/1.36
Eth Af -A
! n'c'}:‘?s( a:icszthg: fiean - 0.71-2.61)11.40(0.87- 0.022
P 2.26)
Renal disease 1.68 (1.19 - 2.37) 0.003
Aspirin use 1.87 (1.33 - 2.64) <0.001
Other anti-platelet use 1.71 (0.99 - 2.98) 0.056
Atrial fibrillation 1.16 (0.79 - 1.69) 0.451
Hypertension 1.44 (0.96 - 2.14) 0.077
2.08 (1.44 - 3.00)/ 2.07
Charlson index (5-10/10 +) ((1 .16-3.70)) 0.003
Any CV disease 1.44 (1.02-2.01) 0.036
CHF 1.81(1.29-2.54) 0.001
BMI 0.99 (0.97-1.01) 0.434
Diastolic BP value 0.99 (0.98-1.01) 0.359
Table 4: Hazard ratios for any bleeding event with apixaban.
H d rati 9
Variable a.zar ra ,IO (52 p-values
confidence intervals)
Any P-gp occurred 0.89 (0.59-1.34) 0.585
Heart failure [1] 1.86 (1.31-2.63) <0.001

Population characteristics: In our study there were significant
differences in the prevalence of atrial fibrillation between groups
when stratified by P-gp inhibitor use. This is likely explained by the
dual indication of apixaban (stroke prevention in AF and treatment/
prevention VTE). The ARISTOTLE population was similar in age to
this study population but had fewer males. The rates of heart failure in
this population were much higher than those in the GARFIELD-AF
and PREFER-AF registries where rates were around 20% compared
to rates as high as 61% in our study [1,2]. The increased rate of heart
failure in our study is most likely due to the fact that patients with
congestive heart failure are more likely to be treated with carvedilol
and amiodarone therapy. The percentage of patients usingamiodarone
with apixaban was 10.89% which is similar to the percentage use in
the ARISTOTLE population. However, rates of amiodarone use
in the PREFER-AF are much higher, as high as 40% in France. As
amiodarone is one of the only rhythm control medications that is safe
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for use in atrial fibrillation with heart failure there may be higher rates
with real-world use as seen in the PREFER-AF population.

Bleeding events: For the primary outcome, any bleeding event,
there were no significant differences by P-gp inhibitor use with
apixaban. With apixaban, any bleeding occurred at a rate 18.1%
per year in ARISTOTLE and major bleeding occurred in 2.33 per
100 patient years in US Medicare data compared to an event rate of
10.29 per 100 patient-years in this study with apixaban only [17].
The finding that P-gp inhibitor use did not affect bleeding events
with apixaban is consistent with an analysis of bleeding rates by
amiodarone use from the ARISTOTLE trial [14]. While the study
was aimed at comparing efficacy and safety outcomes between
amiodarone users with apixaban versus warfarin, data is presented
on bleeding rates for those treated with apixaban only and those
with apixaban and amiodarone. There is no statistical comparison of
this data. The major bleeding incidence was similar: with apixaban
and amiodarone major bleeding occurred with a rate of 1.86% per
year compared to 2.18% per year when apixaban was given without
amiodarone. There were also similar rates of clinically relevant non-
major bleeds and intracranial hemorrhage.

To our knowledge, the effect of carvedilol and verapamil use
on bleeding events with apixaban has not previously been studied.
It is known from pre-clinical work that apixaban is a substrate of
P-gp. P-gp inhibitors increase apixaban exposure however this is
unlikely clinically relevant and CYP450 inhibition likely has little
clinical impact given the multiple metabolic pathways for apixaban
metabolism. The lack of impact on the primary outcome with
apixaban and P-gp inhibitor use is consistent with available clinical
data.

Limitations

This was a retrospective study using a hospital database and as
such these findings can be used to generate further hypotheses and
study in this area. Limiting event follow-up to one year may have
limited the number of bleeding events and diminished the differences
between groups observed. This study did not by its retrospective
nature confirm medication adherence nor did it consider the
dose or formulation of apixaban or P-gp inhibitor. This study
considered three P-gp inhibitors but did not evaluate other P-gp
inhibitors that the patients included may have been taking. These
factors may have led to unmeasured confounding biases. There is a
limited ability to compare this data with other data given differing
definitions of bleeding. Other commonly used definitions such as
the International society on thrombosis and Haemostasis include
a drop in haemoglobin of 2g/DL as part of their definition. This
dynamic change in laboratory data could not be obtained from our
Hospital database. The majority of patients in the P-gp inhibitor
group were treated with either amiodarone or carvedilol. Data
regarding Verapamil co-administration with apixaban is limited to 22
individuals. This may have diminished any increased risk of bleeding
associated with verapamil.

Future directions

This retrospective study provides supporting evidence for the safe
use of the strong cardiac P-gp inhibitors: amiodarone, or verapamil
or carvedilol with apixaban. The low event rate of intracranial
haemorrhage in randomized trials and this study means that larger
studies with greater patient numbers are needed to understand if
P-gp inhibitors (which may impact central nervous system drug
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concentrations) impact its risk. While largely reassuring regarding
clinically relevant bleeding, pharmacokinetic data had confirmed
the interaction of P-gp inhibitors when used with apixaban. There
is a paucity of evidence for real-world use of apixaban with P-gp
inhibitors and pharmacovigilance for these interactions is required.
Large international registries for the atrial fibrillation and venous
thromboembolism, such as GARFIELD and PREFER-AF, exist and
perhaps data will be available from these populations to further
evaluate apixaban and P-gp inhibitor interactions. Prospective
clinical trials with apixaban and P-gp inhibitors would also help with
developing guidelines for apixaban use. These data sources would
allow for higher levels of evidence to make more comprehensive and
robust recommendations.

CONCLUSIONS

In this study we found no increased risk of any bleeding events
when apixaban was co administered with the cardiac P-gp inhibitors:
amiodarone or verapamil or carvedilol. We therefore reject the
hypothesis that co-administration of apixaban and P-gp inhibitors
increases the risk of bleeding. To our knowledge this is the first
study to compare apixaban bleeding rates between those who are
treated with cardiac P-gp inhibitors and those who are not. Further
prospective study and registry data in the future should help with
developing informed guidelines for management of patients needing
these combinations of drugs to maximize benefit and minimize harm
[18].
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