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Bleeding in patients receiving non-vitamin K
oral anticoagulants: clinical trial evidence

Arthur Bracey, Wassim Shatila and James Wilson

Abstract: In optimizing anticoagulation therapy, it is essential to balance treatment efficacy
with the major adverse effect of anticoagulant treatment, bleeding risk. This narrative review
examines the efficacy and safety of the non-vitamin K antagonist oral anticoagulants (NOACs])
dabigatran, rivaroxaban, apixaban, and edoxaban compared with standard anticoagulation or
placebo. NOAC therapies provide equivalent to superior protection versus standard therapy,
with similar or superior safety, and potential benefits in convenience. We will review the phase
[Il evidence for each of the available NOACs in different antithrombotic indications, including
atrial fibrillation (in the absence of significant mitral stenosis or mechanical heart valves);
prophylaxis of venous thromboembolism (VTE] in patients undergoing orthopedic surgery;

and acute and long-term treatment of VTE. Further, we will illustrate scenarios in which the
evidence is stronger for a particular agent in the context of the overall positive safety and
efficacy profile of NOACs in general. Limitations of the factor Xa inhibitors include the lack of a
specific antidote in case of a bleeding emergency (an approved agent is available for reversing
the effect of the direct thrombin inhibitor]). We discuss the options for mitigating bleeding

and describe the ongoing developments towards specific reversal agents. In conclusion, the
available data for efficacy and safety, together with reliable pharmacokinetics obviating the
need for regular monitoring, indicate that NOACs may offer substantial benefits for patients

with nonvalvular atrial fibrillation or VTE.
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Introduction

Classical anticoagulation approaches, while effec-
tive in reducing thrombus propagation, are ham-
pered by several drawbacks. Heparins, in the
form of unfractionated heparin or low-molecular-
weight heparin (LMWH), must be administered
parenterally, are associated with variable antico-
agulant response, and carry a risk for heparin-
induced thrombocytopenia, albeit small.! Vitamin
K antagonists (VKAs), most notably warfarin,
have been the standard of care for oral anticoagu-
lation for over 50 years, but anticoagulation with
VKA therapy has several specific limitations that
can contribute to its underuse.? Multiple food
and drug interactions exist, complicating VKA
management. VKAs have a narrow therapeutic
window, which contributes to bleeding risk and

suboptimal anticoagulation in a significant num-
ber of patients. Frequent monitoring and dose
adjustment to maintain treatment within the ther-
apeutic range [which in the case of venous throm-
boembolism (VTE) and nonvalvular atrial
fibrillation (NVAF) is an international normal-
ized ratio (INR) 2.0-3.0] are imperative.?
Although advanced systems have been developed
to address these management concerns, even
well-controlled trials report that the time in the
therapeutic range is only ~60%.%14 Factors such
as these contribute to almost half of patients eligi-
ble for VKA use not receiving it.!> Attempts were
made to address these clinical shortcomings with
ximelagatran, darexaban, and otamixaban, but
these agents were unsuccessful.1-18 Subsequently,
four non-vitamin K oral anticoagulants (INOAC:s;
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dabigatran, rivaroxaban, apixaban, and edoxa-
ban) were developed and are now in use in the
United States (US), European Union, and
numerous other countries.!®27 A fifth agent,
betrixaban, has been approved for the indication
of VTE prophylaxis in medically ill patients.?8

The availability of the NOACSs in recent years has
broadened the choice of anticoagulants used to
manage thrombotic disease and thromboprophy-
laxis. This advance mandates reassessment of the
risk—benefit ratios used in decision making regard-
ing treatment and prophylaxis of VTE disorders
and in reducing the risk of stroke in patients with
NVAF. Mandate is a strong word, not often used
in the field of evidence-based medicine. However,
the changes in pharmacokinetics, pharmacody-
namics, and monitoring frequency represented by
the new drugs have truly altered our calculus of
risk-benefit ratios. The NOACs offer the poten-
tial for more convenient management without
requiring routine laboratory monitoring.19-26 The
need to optimally manage bleeding associated
with these new agents prompts thorough exami-
nation of clinical trial evidence of the likelihood of
each NOAC to cause bleeding events and the
severity of such events when they occur. There
are no trials directly comparing the NOACs, and
therefore care must be taken when making com-
parisons between agents.

The aim of this review is to characterize the risk of
bleeding associated with each of these agents
(Figure 1 shows major bleeding rates across phase
IIT trials5:6:8-1429-43) " and to provide a narrative of
the published phase III efficacy and safety evidence
for each of the NOACs available in the US across
the different antithrombotic indications (Table 1).
Additionally, we describe the results of subgroup
analyses from these trials, with particular attention
to results among elderly patients and those with
decreased renal function, along with the agents
available for the reversal of NOAC activity.

Trials of NOACs for reducing the risk of
stroke in patients with NVAF

Primary efficacy and safety outcomes

All of the evaluated NOACs (dabigatran, rivar-
oxaban, apixaban, and edoxaban) were either
noninferior or superior to VKA therapy in reduc-
ing the risk of stroke or systemic embolism (SE)
in patients with NVAF.4 730 The risk of major
bleeding (generally defined in accordance with

International Society of Thrombosis and
Haemostasis standards (see captions to Table 2
and subsequent tables for details) in these patients
was significantly reduced compared with VKAs
by dabigatran 110 mg twice daily,3! apixaban
5 mg twice daily,> and edoxaban 60 or 30 mg
once daily,” with an equivalent risk of major
bleeding for dabigatran 150 mg twice daily3! and
rivaroxaban 20 mg once daily.® In addition,
apixaban was found to be superior to aspirin for
reduction in the risk of stroke or SE in patients
with NVAF with an equivalent risk of major
bleeding.3? Efficacy and bleeding results from the
phase III trials of the NOACs for reducing the
risk of stroke or SE in patients with NVAF are
summarized in Table 2.47:303145-47 Compared
with standard warfarin therapy, each NOAC was
associated with reduced rates of intracranial hem-
orrhage in patients with NVAF. However, dabi-
gatran 150 mg twice daily, rivaroxaban 20 mg
once daily, and edoxaban 60 mg once daily were
associated with higher rates of gastrointestinal
bleeding than warfarin, while edoxaban 30 mg
once daily was associated with lower rates of gas-
trointestinal bleeding than warfarin.

Subgroup analysis of bleeding events

Dabigatran. In further analyses of bleeding out-
comes in RE-LY, among 7258 patients aged
=75 years, those receiving dabigatran 150 mg
were at increased risk of extracranial bleeding ver-
sus those receiving warfarin [relative risk (RR)
1.39; 95% confidence interval (CI) 1.13-1.70],
while those receiving dabigatran 110 mg showed
extracranial bleeding rates similar to those receiv-
ing warfarin.*® No significant interaction was seen
between treatment and creatinine clearance (CrCl)
for major bleeding, suggesting that age-related
decline in kidney function was not responsible for
the different results in older patients. Further, no
significant interactions were seen between the
treatment effect of dabigatran versus warfarin and
CHADS, [Cardiac failure, Hypertension, Age
>75 years, Diabetes, Stroke/transient ischemic
attack (TTA) history (2 points)] category (0-1, 2,
or 3-6) for the outcomes of major or intracranial
bleeding; rates of both bleeding endpoints
increased with CHADS, score for patients receiv-
ing either dose of dabigatran or warfarin.*®

Among 4591 patients in RE-LY undergoing sur-
gery, major bleeding rates were similar in warfarin-
treated patients (4.6%) and in dabigatran-treated
patients (3.8% and 5.1% for the 110-mg and
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Dabigatran 110 mg BID Dabigatran 150 mg (see footnote for frequency) [l Dabigatran 220 mg QD Edoxaban 30 mg QD
Il Edoxaban 60 mg QD Rivaroxaban 10 mg QD [l Rivaroxaban 20 mg QD Apixaban 2.5 mg BID
I Apixaban 5 mg BID [l Warfarin, target INR 2.0-3.0 [l Aspirin (see footnote for dosing)

I Enoxaparin (see footnote for dosing) Enoxaparin/VKA (see footnote for dosing) [ Placebo

NVAF VTE prevention in THR/TKR
0 2 4 0 1 2 3

RE-NOVATE |

RE-LY 3.4 RE-NOVATE I

3.6

RE-MODEL
36 RE-MOBILIZE
ROCKET AF
3.4 RECORD-1
RECORD-2
ARISTOTLE RECORD-3

RECORD-4

ADVANCE 1
AVERROES

ADVANCE 2
ADVANCE 3
ENGAGE AF STARS-J-V 20
34 STARS E-3
Acute VTE VTE recurrence
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EINSTEIN
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0.5
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AMPLIFY ik CHOICE
HOKUSAI AMPLIFY
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Figure 1. Major bleeding in phase Il trials of NOACs.56:8-14.29-43.67

*p < 0.05 for NOAC versus control. Data in NVAF trials were given as annual rates per 100 patients; other trials provided rates over
the course of the trial. In general, criteria for major bleeding were in accordance with recommendations from the International
Society on Thrombosis and Haemostasis: acute, clinically overt bleeding accompanied by =1 of the following events: a decrease

in the hemoglobin level of =2 g/dl within a 24-h period; a transfusion of =2 units of packed red cells; bleeding at a critical site

(i.e. intracranial, intraspinal, intraocular, pericardial, or retroperitoneal bleeding); intramuscular bleeding with compartment
syndrome; or fatal bleeding. Additionally, in RE-LY, bleeding events requiring inotropic agents or surgery were included in life-
threatening bleeding (a subcategory of major bleeding),* and in ROCKET AF bleeding events associated with permanent disability
were included.® In the ADVANCE trials, RECORD, RE-NOVATE trials, RE-MODEL, RE-MOBILIZE, and STARS E-3, bleeding requiring
reoperation was also included; bleeding requiring treatment cessation was also included in RE-NOVATE trials, RE-MODEL, and
RE-MOBILIZE.32-35.37-44 All patients in RE-COVER,'® RE-COVER II,'2 and Hokusai-VTE' received initial parenteral anticoagulation.
Dabigatran 150 mg was given QD in VTE prevention trials and BID otherwise. Aspirin dose was 81-325 mg in AVERROES and 100
mg in EINSTEIN CHOICE. Rivaroxaban was given at 15 mg BID for the first 3 weeks of the EINSTEIN trials; apixaban was given at
10 mg BID during the first 10 days of AMPLIFY. The enoxaparin dose was 40 mg QD in RE-NOVATE |, RE-NOVATE I, RE-MODEL,
RECORD-1, RECORD-2, RECORD-3, ADVANCE 2, and ADVANCE 3; 30 mg BID in RE-MOBILIZE, RECORD-4, and ADVANCE 1;

and 2000 IU (equivalent to 20 mg BID) in STARS-J-V and STARS E-3. In EINSTEIN-DVT, EINSTEIN-PE, and AMPLIFY, the dose of
enoxaparin was 1.0 mg/kg BID for =5 days, and the dose of VKA was adjusted to a target INR of 2.0-3.0.

BID, twice daily; DVT, deep vein thrombosis; INR, international normalized ratio; NOAC, non-vitamin K oral anticoagulant;
NVAF, nonvalvular atrial fibrillation; PE, pulmonary embolism; QD, once daily; THR, total hip replacement; TKR, total knee
replacement; VKA, vitamin K anticoagulant; VTE, venous thromboembolism.
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150-mg doses, respectively; p > 0.05 for both versus
warfarin).50 Dabigatran was last given an average of
49 (interquartile range, 35-85) hours before the
procedure, versus an average of 114 (87-144) hours
in patients receiving warfarin (p < 0.001).

Rivaroxaban. Among ROCKET AF patients in
the =75-years category (n = 6229), the hazard
ratio (HR) for major bleeding (rivaroxaban wversus
warfarin) was 1.11 (95% CI 0.92-1.34); among
the younger subgroup (z = 8035), the HR was
0.96 (95% CI 0.78-1.19); p = 0.34 for interac-
tion. Hemorrhagic stroke rates were similar in
both age groups; there was no interaction between
age and rivaroxaban response.’! No significant
interaction was seen between CHADS, category
(2,3,4,5, or 6) and treatment difference in major/
clinically relevant nonmajor (CRNM) bleeding.®
Patients with moderate renal insufficiency at
enrollment (CrCl 30-49 ml/min; n = 2950)
assigned to rivaroxaban received a reduced dose
(15 mg). Rates of major bleeding were similar
with rivaroxaban 15 mg and warfarin in patients
with moderate renal insufficiency (4.49% versus
4.70%, respectively; HR 0.95; 95% CI 0.72—
1.26), and rivaroxaban 20 mg and warfarin in
patients with normal renal function (3.39% versus
3.17%; HR 1.07;95% CI1 0.91-1.26; p = 0.48 for
interaction).52

In the ROCKET AF study, 968 patients assigned
to rivaroxaban and 1162 assigned to warfarin had
a temporary interruption of study drug for pur-
poses of a surgical/invasive procedure without
adverse event bleeding; study drug was stopped
=3 days before the procedure in 90% of these
cases.>®> Major bleeding occurred at similar rates
in both groups (0.99/30 days and 0.97/30 days in
rivaroxaban and warfarin groups, respectively;
HR 1.02; 95% CI 0.50-2.06; p = 0.96).

Apixaban. In a subgroup analysis of ARISTOTLE
by age (<65 years, 65-<<75 years, and =75 years),
the rates of stroke, all-cause death, and major
bleeding were shown to increase with increasing
age; however, the benefit of apixaban versus warfa-
rin was consistent, regardless of age.5* This sug-
gests that the absolute benefits of apixaban were
greater in elderly patients with higher risks.

In analyses of data from ARISTOTLE, the level
of renal function showed a significant interaction
with treatment effect for the outcome of major
bleeding (p = 0.03 for interaction); patients with
severe or moderate renal impairment showed

reduced major bleeding with apixaban versus war-
farin (3.2% wversus 6.4%, respectively) and those
with no impairment showed similar rates of major
bleeding between treatment groups (1.5% versus
1.8%, respectively). To note, patients with two
out of three criteria, including age =80 years,
body weight <60 kg, or serum creatinine level =
1.5 mg/dl (133 wmol/l) assigned to apixaban (n =
428) received a reduced (2.5 mg twice daily)
dose.> Other subgroup analyses by CHADS,
score showed no significant interaction with treat-
ment. Additional analyses found that apixaban
consistently reduced major bleeding and intra-
cranial hemorrhage versus warfarin across catego-
ries of risk level as indicated by CHADS,,
CHA,DS,VASc (Congestive heart failure,
Hypertension, Age =75, Diabetes, Stroke/TIA,
Vascular disease, Age 65-74, Sex), and HAS-
BLED (Hypertension, Abnormal renal and liver
function, Stroke, Bleeding, Labile INRs, Elderly,
Drugs or alcohol) scores.55

In ARISTOTLE, 5439 patients underwent 9260
invasive procedures within 7 days of having taken
a dose of study drug; the study drug was inter-
rupted before 5792 of these procedures. Major
bleeding rates were 1.62% for apixaban and
1.93% for warfarin [odds ratio (OR) 0.846; 95%
CI0.614-1.166].5¢

In analyses of bleeding rates between aspirin and
apixaban groups in AVERROES, RRs of major or
CRNM bleeding were similar for apixaban and
aspirin in key subgroups based on baseline char-
acteristics. There were no significant interactions
among age, sexX, body mass index, study dose of
aspirin or aspirin-placebo, or estimated glomeru-
lar filtration rate and randomized treatment for
the outcome of major and CRNM bleeding.>”
Sites of bleeding events were similar with apixa-
ban and aspirin.

Edoxaban. No significant interaction was seen
between treatment (edoxaban 30 mg versus warfa-
rin or edoxaban 60 mg versus warfarin) and sub-
groups defined according to age <75 or =75 years
in a subgroup analysis of ENGAGE AF for the
primary safety endpoint of major bleeding. In
another analysis, there was no significant effect
modification by age group (<65, 65-74, and
=75 years) on the relative treatment effect of
edoxaban 60 mg as compared with warfarin for
this endpoint.”5® Comparisons of the efficacy and
safety of edoxaban and warfarin among patients
<80 or =80 years were similar to analyses
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considering the three age groups. The HRs for
high-dose edoxaban wversus warfarin for major
bleeding were lower in patients with CrCl =
80 ml/min (HR 0.70; 95% CI 0.55-0.89), com-
pared with patients with mild renal impairment
(CrCl >50 and <80 ml/min; HR 0.90; 95% CI
0.74-1.08).>° Among those with moderate renal
dysfunction (CrCl 30-50 ml/min), the HR for
patients randomized to the high-dose edoxaban
regimen (the dose was reduced for 84% of these
patients) was 0.76 (95% CI 0.58-0.98; p = 0.036),
while among those with CrCl >50-95 ml/min the
HR was 0.89 (95% CI 0.75-1.04; p = 0.15).90

Summary. In general, in patients with NVAF,
clinical trial evidence indicates that the NOACs
are as effective as standard therapy without the
requirement for routine monitoring or dose
adjustment; dabigatran 110 mg twice daily,3!
apixaban,> and edoxaban’ have shown safety
advantages over standard therapy. There may be
certain subpopulations or clinical situations in
which assessment of exposure may prove useful
(for instance, to test for compliance, or in the case
of a bleeding event or VTE, overdose, or emergent
surgical intervention). Generally, NOACs are
associated with reduced risks of intracranial hem-
orrhage compared with warfarin in patients with
NVAF.

Trials of NOACs for VTE prevention in
orthopedic surgery

Primary efficacy and safety outcomes

The NOACSs have been studied in several phase III
trials for VTE prevention after orthopedic surgery;
either total knee replacement (TKR) or total hip
replacement (THR) as shown in Table 3.32-3537-
43,4461 The majority of trials had the primary effi-
cacy endpoint of VTE or all-cause death, with the
exception of the edoxaban trials in which VTE
alone was the primary efficacy endpoint. Dabigatran
220 mg once daily was found to be noninferior to
enoxaparin 40 mg once daily for the primary effi-
cacyoutcomeinthe RE-ENOVATEI RE-NOVATE
II, and RE-MODEL trials, but did not meet nonin-
feriority criteria versus enoxaparin 30 mg twice
daily in the RE-MOBILIZE trial (dabigatran
150 mg once daily was found to be noninferior to
enoxaparin in RE-NOVATE I and RE-MODEL,
but did not meet noninferiority in
RE-MOBILIZE).32:33:3538  Rivaroxaban 10 mg
once daily was found to be superior to enoxaparin
for the primary efficacy endpoint in RECORD-1,

RECORD-2, RECORD-3, and RECORD-4
(enoxaparin was given 40 mg once daily in
RECORD-1, -2, and -3, and 30 mg every 12 h in
RECORD-4).34:39:40:44 I the ADVANCE-1 trial,
apixaban 2.5 mg twice daily did not meet the crite-
ria for noninferiority to enoxaparin 30 mg every
12 h for the primary efficacy endpoint,*! while in
the ADVANCE-2 and ADVANCE-3 trials, apixa-
ban 2.5 mg twice daily was found to be superior to
enoxaparin 40 mg once daily.#243In ADVANCE-1,
apixaban 2.5 mg twice daily was associated with
significantly lower rates of the combined endpoint
of major and CRNM bleeding (2.9% versus 4.3%;
p = 0.03).41 Edoxaban 30 mg once daily was found
to be superior to enoxaparin 2000 IU (equivalent
to 20 mg) twice daily for the primary endpoint of
symptomatic and asymptomatic deep vein throm-
bosis (DVT) and pulmonary embolism (PE) in the
STARS-J-V and STARS E-3 trials.37:6! Rates of
bleeding were generally similar in the NOAC and
LMWH arms, expect for the reduction in bleeding
seen with apixaban in ADVANCE-1.4

The efficacy and safety for each agent are given in
detail in Table 3.32-35:37-43,44,61 \When interpreting
the rates of major bleeding in the NOAC VTE
prevention trials, it is important to note that the
apixaban and dabigatran trials included surgical-
site bleeding in their definition of major bleeding,
whereas the rivaroxaban trials did not.

Subgroup analysis of bleedings

Dabigatran. Pooled results from the RE-
NOVATE, RE-MOBILIZE, and RE-MODEL
studies found a significant reduction in major
bleeding with dabigatran 150 mg versus enoxapa-
rin in patients >75 years of age (OR 0.38; 95%
CI 0.15-0.99) despite higher rates of major bleed-
ing in this subgroup across all treatment groups. 2
No significant differences were seen between dab-
igatran and enoxaparin in major bleeding rates in
subgroups divided by renal function.

Rivaroxaban. In pooled results of the four
RECORD studies comparing rivaroxaban and
enoxaparin, no significant interaction between
treatment and subgroup was seen for the endpoint
of major and CRNM bleeding for subgroups strat-
ified by age, sex, body weight, and CrCl.3

Apixaban. Inapooled analysis ofthe ADVANCE-2
and ADVANCE-3 studies, univariate analyses
identified statistically significant (at the prespeci-
fied p < 0.10 threshold) interactions for both age
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(p = 0.07) and body weight (p = 0.07) with treat-
ment effect for the outcome of major bleeding,
and for CrCl (p = 0.03) with treatment effect for
the composite outcome of major and CRNM
bleeding.®* Apixaban was associated with abso-
lute risk reductions versus enoxaparin in major
bleeding of —0.41% (95% CI —0.90-0.08) in
patients aged <65 years and —0.14% (95% CI
—0.53-0.25) in patients >60 kg. However, apixa-
ban was associated with absolute risk increases
compared with enoxaparin of 0.13% (95% CI
—0.49-0.75) in those aged 65—74 years, 1.02%
(95% CI —0.18-2.22) in those aged =75 years,
and 1.04% (95% CI -0.02-2.10) in patients
<60 kg. For major or CRNM bleeding, apixaban
was associated with an absolute risk reduction of
—2.46% (95% CI —4.21 to —0.70) in those with
CrCl 51-80 ml/min, but an absolute risk increase
of 1.17% (95% CI —3.21-5.55) in those with
CrCl =50 ml/min and 0.44% (95% CI —0.63-
1.51) in those with CrCl >80 ml/min. It should
be noted that patients with severe renal impair-
ment made up a small (<5%) portion of the
population.

Edoxaban. No data have been published discuss-
ing edoxaban use in renally impaired or elderly
patients undergoing prophylaxis after orthopedic
surgery.

Summary. Based on the available evidence,
NOAC: offer generally similar safety to enoxaparin
in patients undergoing orthopedic surgery, and
dabigatran may have a safety advantage over enoxa-
parin in patients over 75 years of age undergoing
orthopedic surgery. Subgroup analyses of the
ADVANCE trials suggest there may be a link
between age, body weight, and renal function and
the relative benefit of apixaban versus enoxaparin.

Trials of NOACs for VTE treatment

Primary efficacy and safety outcomes

The efficacy and safety results from phase III tri-
als of NOACs for acute treatment of VTE are
shown in Table 4 and summarized briefly below.8-
10,12-14 \With regard to efficacy in the phase III tri-
als of NOAC:s for treatment of VTE (RE-COVER
I and II, EINSTEIN-DVT and EINSTEIN-PE,
AMPLIFY and Hokusai-VTE), dabigatran
150 mg twice daily, apixaban 10 mg twice daily
for 7 days, followed by 5 mg twice daily, and
edoxaban 60 mg once daily were found to be
noninferior to VKA for the primary efficacy

endpoint of recurrent VTE or VTE-related death
and rivaroxaban 15 mg twice daily for 3 weeks,
followed by 20 mg once daily was found to be
noninferior to warfarin for the outcome of recur-
rent VTE alone.8-10:12-14 Differences in treatment
regimens should be noted, in that the dabigatran
and edoxaban protocols included a lead-in of at
least 5 days of parenteral anticoagulation prior to
NOAC treatment whereas the apixaban and
rivaroxaban protocols did not require prior hepa-
rin treatment.

The primary safety outcomes differed between
trials, with the RE-COVER I, RE-COVER 1II,
and AMPLIFY trials having major bleeding as
the primary safety outcome, and the EINSTEIN-
DVT/PE and Hokusai-VTE trials having major
or CRNM bleeding. Dabigatran showed no sig-
nificant difference versus warfarin in major bleed-
ing in the RECOVER 1 and II trials (pooled
analysis showed a reduction in major bleeding
after the parenteral lead-in period).10:12
Significantly fewer instances of major bleeding
were reported with apixaban versus LMWH/VKA
in AMPLIFY.!# Rivaroxaban showed no signifi-
cant difference in rates of the composite of major
and CRNM bleeding in patients with acute DVT
or PE compared with standard therapy. This was
true irrespective of whether patients experienced
an acute DVT or an acute PE event.?° Edoxaban
was found to be superior to warfarin for reduction
in the risk of major or CRNM bleeding in
Hokusai-VTE.13

Patient subgroups

Dabigatran. Pooled data from the RE-COVER I
and RE-COVER 1I trials showed that the risk
reduction of major or any bleeding with dabiga-
tran versus warfarin was similar across subgroups
including CrCl, sex, ethnicity, body mass index,
and previous VTE.!?2 Analysis by age group
(<75 years or =75 years) found major bleeding,
major or CRNM bleeding, and any bleeding were
less frequent with dabigatran than warfarin in
both age groups during the double-dummy, oral-
only treatment period. Additionally, regression
analysis showed no significant interaction between
treatment and baseline CrCl for such bleeding
events. 53

Rivaroxaban. Analysis of subgroups in the EIN-
STEIN-DVT and EINSTEIN-PE trials, includ-
ing age and renal function found generally
consistent results in both trials.8° A pooled
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analysis of data from both trials examined effects
in subgroups including ‘fragile’ patients (fragility
was defined as =1 of the following criteria: age
>75 years, CrCl <50 ml/min, or body weight
<50 kg).%¢ In fragile patients (z = 1567), a statis-
tically significant difference for major bleeding in
favor of rivaroxaban (1.3%) versus standard ther-
apy (4.5%) was observed (HR 0.27; 95% CI
0.13-0.54), while no such difference was seen in
nonfragile patients (n = 6679; 0.9% versus 1.1%;
p = 0.01 for interaction).

Apixaban. A subgroup analysis of the AMPLIFY
trial showed that the RR of major bleeding was
lower with apixaban compared with warfarin
across age subgroups (<65, 65-<75, and
=75 years) with no significant treatment—sub-
group interaction.!4

Edoxaban. A subgroup analysis of the Hokusai-
VTE trial showed that age and renal function
subgroups showed consistent benefit in major or
CRNM bleeding risk for edoxaban over warfarin;
however, a significant interaction was seen
between treatment and sex, race, and center-level
time in therapeutic range, with results suggesting
greater benefit for edoxaban in male patients,
Asian patients, and patients at centers at which
the time in therapeutic range for warfarin was
<60%.13

Summary. Compared with standard therapy, in
the general population of patients being treated
for VTE, apixaban was associated with reduced
major bleeding, and edoxaban was associated
with reductions in the composite of major and
CRNM bleeding.

Trials of NOACs for VTE extended therapy

Overall, five trials have reported the efficacy and
safety results of the NOACs for the extended
treatment of VTE (Table 5); however, it should
be noted that the study designs of these trials dif-
fer between agents.811:29:67 Rates of bleeding were
low in all trials investigating the use of NOACs
for the extended treatment of VTE.811,29,67
Dabigatran 150 mg twice daily was noninferior to
warfarin for the outcome of VTE or VTE-related
death in patients at increased risk of recurrent
VTE who had previously received 3—12 months
of anticoagulation (RE-MEDY), and significantly
reduced the risk of recurrent or fatal VITE or
unexplained death compared with placebo in
patients who had completed 6—18 months of

treatment (RE-SONATE); both studies enrolled
patients who had been treated with an approved
anticoagulant or had received dabigatran in
RE-COVER or RE-COVER II.'! In RE-MEDY,
major bleeding was rare in both the dabigatran
and warfarin groups; dabigatran was associated
with less major or CRNM bleeding compared
with warfarin.!! Major bleeding was rare in the
dabigatran and placebo groups in RE-SONATE,
and dabigatran was associated with significantly
more major or CRNM bleeding compared with
placebo.!! After an initial 6-12 months of antico-
agulant treatment, rivaroxaban 20 mg once daily
significantly reduced the risk of recurrent VTE
compared with placebo in the EINSTEIN exten-
sion, and rivaroxaban 20 mg and 10 mg both sig-
nificantly reduced the risk of recurrent VTE
compared with aspirin 100 mg in EINSTEIN
CHOICE.%%” Major bleeds were rare across
groups in both trials; rivaroxaban was associated
with an increased rate of first major or CRNM
bleeds compared with placebo (6.0% versus 1.2%;
p < 0.001), with no significant difference in major
or CRNM bleeding rate between aspirin and
rivaroxaban 20 mg or 10 mg.8%7 Both doses of
apixaban (2.5 mg and 5 mg twice daily) reduced
the risk of recurrent VTE or all-cause death after
an initial 6-12 months of treatment compared
with placebo in the AMPLIFY-EXT trial.?®
Major bleeds were again rare; both the 2.5-mg
and the 5-mg dose of apixaban achieved efficacy
without increasing major or CRNM bleeding
(3.2%, 4.3%, and 2.7% for apixaban 2.5 mg,
5 mg, and placebo, respectively).2?

Subgroup analysis of bleedings

Dabigatran. No significant differences in the risk
of bleeding according to study treatment in pre-
defined subgroups were seen in RE-MEDY; sub-
group bleeding results were not presented in
RE-SONATE.!!

Rivaroxaban. The relative safety in the EIN-
STEIN extension study was generally consistent
across subgroups, although 25/371 (6.7%) of
patients on rivaroxaban with normal renal func-
tion (CrCl =80 ml/min) had major or CRNM
bleeding wversus 3/373 (0.8%) of patients on pla-
cebo; corresponding rates among patients with
CrCl <50 ml/min were 1/37 (2.7%) for rivaroxa-
ban and 2/49 (4.1%) for placebo.® In EINSTEIN
CHOICE, subgroup analyses of the composite
outcome of major or CRNM bleeding provided
results that were consistent with the overall
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treatment effects.” However, among patients
with CrCl =80 ml/min rates of major or CRNM
bleeding were 21/774 (2.7%) wversus 13/790
(1.6%) for rivaroxaban 10 mg and aspirin 100 mg
respectively, while corresponding rates among
patients with CrCl <50 ml/min were 0/51 (0%)
for rivaroxaban 10 mg versus 4/64 (6.3%) for
aspirin 100 mg.57

Apixaban. RRs indicated no significant difference
in major and CRNM bleeding between either
apixaban dose and placebo for all predefined sub-
groups, including those defined by age or renal
function.?®

Summary. Rates of major bleeding were low across
NOAC trials for the long-term treatment of VTE,
with no subgroups identified that had an effect on
the rate of major bleeding in any of the NOAC tri-
als. Overall, dabigatran and rivaroxaban, but not
apixaban, were associated with an increased rate of
major or CRNM bleeding wersus placebo. Sub-
group analyses suggested an effect of renal function
on major or CRNM bleeding for rivaroxaban.

Betrixaban in medically ill patients

An additional recent trial (APEX) evaluated
another NOAC, betrixaban 80 mg once daily,
compared with enoxaparin 40 mg once daily for
the prevention of VTE among acutely ill medical
patients.®® Among the initial cohort of patients
with an elevated baseline D-dimer level, the com-
posite endpoint of asymptomatic proximal DVT
(days 32-47), symptomatic proximal or distal
DVT, symptomatic nonfatal PE, or death from
VTE (days 1-42) occurred in 6.9% and 8.5% of
the betrixaban and enoxaparin groups, respec-
tively (RR 0.81; 95% CI 0.65-1.00; p = 0.054).
Major bleeding in the safety population occurred
at rates of 0.7% and 0.6% in the betrixaban and
enoxaparin groups, respectively (RR 1.19; 95%
CI 0.67-2.12; p = 0.55). It should be noted that
this included major bleeding until 7 days after
discontinuation of study medication, and that
betrixaban was given for 35-42 days compared
with 10 * 4 days for enoxaparin.

NOAC reversal strategies

NOACs have relatively short half-lives and their
anticoagulant effects are significantly reduced
within 24 h of the last dose.19-26 However, some
situations can require emergency reversal; the
International Society for Thrombosis and

Haemostasis identifies ‘life-threatening bleeding,
bleeding into a critical organ or closed space, pro-
longed bleeding despite local hemostatic measures,
high risk of recurrent bleeding because of overdose
or delayed clearance of [NOACs], and need for an
urgent intervention associated with a high risk of
bleeding.’®® In such emergency cases, validated,
specific antidote therapy is available for the direct
thrombin inhibitor dabigatran.”® Idarucizumab, a
humanized monoclonal antibody fragment, was
approved in 2015 for the use in patients treated
with dabigatran when reversal of the anticoagulant
effect is needed for emergency surgery or urgent
procedures, and in life-threatening or uncontrolled
bleeding.’%7! A recombinant protein (andexanet
alfa) for the reversal of factor Xa inhibitors, includ-
ing the LMWH enoxaparin, an indirect factor Xa
inhibitor, has recently been approved,’>74 and a
small synthetic molecule (PER977, also known as
ciraparantag or aripazine) is in development for the
reversal of all the NOAC:s as well as unfractionated
heparin and LMWH.75-77

Other potential approaches for reversing the anti-
coagulant effects of NOACs have been proposed.
Fresh frozen plasma is not likely to be of benefit.”8
Strategies such as prothrombin complex concen-
trate (PCC), activated PCC (aPCC), or recombi-
nant factor VIIa (rFVIIa) have not been proven
effective in clinical trials to reverse emergency
bleeding or overdose associated with NOAC use.
However, cohort studies have found PCC to be
effective in most cases for reversing major bleeds in
patients who had received dabigatran or apixaban,
and that aPCC might provide benefit over sup-
portive care in some patients with major bleeding
who had received dabigatran.’®-8° There has also
been positive human i vitro evaluation of aPCC
for reversal of dabigatran, evidence for reversal of
rivaroxaban by PCC in healthy volunteers and by
aPCC 1 vitro, and i vitro evidence for PCC to
reverse the effects of apixaban; additionally, i vitro
evidence for rFVIIa exists for all three
agents.19-22,25:26,81-84 Tt has been shown that PCC,
aPCC, and rFVIIa reverse the effect of edoxaban
on prothrombin time in a rat model.?5 rFVIIa and
factor VIII inhibitor bypass activity rapidly reverse
edoxaban-mediated anticoagulation effects as per
prothrombin time and activated partial thrombo-
plastin time in ex vivo human blood, but have min-
imal effect on intrinsic factor X activity.8¢

While idarucizumab (if readily available) is the
preferred approach for life-threatening bleeding in
a patient who has taken dabigatran, expert
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recommendations and European Heart Rhythm
Association guidelines suggest that PCC or aPCC,
starting at a dose of 50 U/kg, can be considered in
a patient with life-threatening bleeding who has
taken NOAC therapy if immediate hemostatic
support is required.?’’® QOral activated charcoal
may be considered for reducing the absorption of
apixaban or rivaroxaban.19:20,25:26,87 In healthy vol-
unteers, activated charcoal reduced the apixaban
area under the concentration—time curve (AUCyr)
by 50% and 27% when administered 2 h and 6 h
after a 20-mg dose, respectively;2%87 activated
charcoal has also been shown to reduce dabigatran
concentrations i vitro.888% Hemodialysis can
remove dabigatran; based on limited clinical evi-
dence including case studies, this may be associ-
ated with a reduction in duration and/or severity of
bleeding.2:90 Apixaban, rivaroxaban, and edoxa-
ban are not dialyzable.19,20,23-26

Conclusions

While the majority of patients may be anticoagu-
lated with VKAs with reasonable efficacy, man-
agement of these agents is complicated by the
need for frequent phlebotomy, dose adjustment,
and drug and dietary restrictions. The narrow
therapeutic window of VKA therapy also makes
anticoagulation with these agents unsuitable for a
substantial number of patients. NOAC therapies
are established to provide equivalent to superior
protection in multiple indications, with similar or
superior safety without these inconvenient draw-
backs and limitations. In NVAF trials, dabigatran
110 mg, apixaban, and edoxaban reduced the
risk of major bleeding compared with VKA ther-
apy, while the risk of major bleeding seen with
dabigatran 150 mg and rivaroxaban was similar
to that with VKA, and apixaban had a risk of
major bleeding similar to aspirin. Compared with
warfarin, all NOAC therapies have a marked
impact in reducing the risk of the most dreaded
bleeding complication, intracranial hemorrhage,
in patients with NVAF. When compared with
standard therapy for prophylaxis of VTE in
patients undergoing orthopedic surgery, NOACs
have generally been associated with comparable
bleeding rates. In VTE treatment trials, dabi-
gatran, edoxaban, and apixaban each reduced the
risk of major and CRNM bleeding compared
with standard therapy; major bleeding was
reduced versus standard therapy by rivaroxaban
(in patients with PE) and by apixaban. The safety
and convenience benefits associated with NOAC
therapy, as well as the emergence of specific

antidotes, may prove useful in ensuring that
patients who are appropriate candidates for oral
anticoagulation receive adequate treatment.
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