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Abstract: Until about 4 years ago, warfarin was the only oral anticoagulant approved in
the United States, and switching between oral anticoagulants has become an option since
the emergence of the novel oral anticoagulants dabigatran, rivaroxaban, and apixaban. What
are the reasons one may switch between the agents and how is this done? Discussed in this
article are the 4 agents approved in the United States, their characteristics, reasons one may
switch, and methods for conversion. After a thorough search of original trial data and recent
expert review articles, we have summarized the most recent recommendations below and briefly
discuss upcoming oral anticoagulants that show promise.

Keywords: NOAC; new oral anticoagulants; switching agents

Introduction

There are 4 US Food and Drug Administration (FDA)-approved oral anticoagulants
available in the United States. Warfarin was approved in 1954,' and until about
4 years ago no other oral anticoagulants were available. These new agents are the novel
oral anticoagulants (NOACs) dabigatran, rivaroxaban, and apixaban, and they do not
share all of the same indications. They also have different side effects, costs, risks,
pharmacodynamics, and pharmacokinetics, which may make them more or less desir-
able in certain populations. Given their different characteristics and the ever-changing
patient, switching between the agents may become necessary. The objectives of this
review are to interpret original trial data, manufacturers’ suggested dosing, and expert
opinion to simplify converting between oral anticoagulants as well as provide some
reasons patients may be switched.

Materials and Methods

A PubMed search was performed to find recent review articles from the world literature
on the subjects of NOACs and switching between agents. We included review articles
from experts in hematology as well as cardiology. Original trial articles and data from
each of the agents were also utilized. Package inserts from the manufacturers were
reviewed for indications, warnings, pharmacokinetics, and pharmacodynamics. Search
terms used were NOAC, new oral anticoagulants, and switching agents.

The Agents

Warfarin is a vitamin K—dependent factor inhibitor. It is FDA approved for the treat-
ment and prevention of deep vein thrombosis (DVT)/pulmonary embolism (PE),
prevention of systemic emboli/stroke related to nonvalvular atrial fibrillation, and
after myocardial infarction (MI) to reduce the risk of recurrent MI, stroke, and death.?
Three other oral agents have been approved within the last 4 years. Dabigatran, a direct
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thrombin/factor I1A inhibitor is FDA approved for prevention
of stroke related to nonvalvular atrial fibrillation, preven-
tion of recurrent DVT and PE, and to treat DVT and PE in
patients who have already received parenteral anticoagulant
for 5 to 10 days.? There are 2 direct factor Xa inhibitors on
the market. Rivaroxaban is FDA approved for prevention
of stroke related to nonvalvular atrial fibrillation, and more
recently its indication was expanded to include the treatment
and prevention of DVT/PE. It is also approved to prevent
DVT after total hip or knee replacements.* The other direct
factor Xa inhibitor is apixaban. This agent is indicated for
prevention of systemic emboli/stroke in nonvalvular atrial
fibrillation patients.’ Table 1 summarizes the approved
indications of the oral non—vitamin K antagonists as well as
other characteristics.

Considerations for Warfarin

Warfarin is the only agent of the 4 oral anticoagulants
approved for prophylaxis of systemic emboli related to
mechanical heart valves.>® It is the only one that can be
casily and somewhat predictably reversible. This may be
desirable for patients who are at higher risk of bleeding
for other reasons and who need anticoagulant therapy. It
is dosed daily, unlike dabigatran and apixaban. Warfarin is
inexpensive and costs much less than the other oral agents.’
It is also the anticoagulant of choice for those with renal
impairment and creatinine clearance (CrCl) < 30 mL/min.¢
Warfarin has undesirable qualities as well. It requires routine
lab monitoring and international normalized ratio (INR)
levels can be difficult to control in certain patients, including
those with VKORC1 and CYP2C9 gene mutations.® There is
the potential for multiple drug—drug interactions (as well as
food—drug interactions).

Regarding compliance, due to the short half-lives of the
non—vitamin K antagonists, warfarin may be more desirable
as monitoring is possible. With the non—vitamin K antago-
nists, missing 1 dose will cause the antithrombotic effects
to wear off quickly. Conversely, the long half-life (around
40 hours) of warfarin enables some anticoagulant effect even
with missed dose(s).?

Importantly, regarding efficacy, when comparing dabiga-
tran in the Randomized Evaluation of Long-Term Anticoagu-
lation Therapy (RE-LY) trial, rivaroxaban in the Rivaroxaban
Once-Daily Oral Direct Factor Xa Inhibition Compared
with Vitamin K Antagonism for Prevention of Stroke and
Embolism Trial in Atrial Fibrillation (ROCKET-AF), and
apixaban in the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)
trial, these drugs were not inferior to warfarin in prevent-
ing stroke in patients with nonvalvular atrial fibrillation.” !
According to the RE-LY trial, warfarin has a higher risk of
intracranial bleeding when compared with dabigatran.®1
Intracranial bleeding occurred twice as much with warfarin
when compared with the other non—vitamin K antagonists
as well in their respective trials.5%1

Considerations for Dabigatran

Unlike warfarin, dabigatran does not require routine
lab testing. It can be dose reduced for CrCl as low as
15 mL/min, but, like the other non—vitamin K antagonists,
it is not recommended by experts in the field for patients
with CrCl < 30 mL/min. It is, however, FDA approved
with dosage adjustments for CrCl as low as 15 mL/min.°
Dabigatran does not have a specific antidote, just like the
other non—vitamin K antagonists, but due to the drugs binding
to protein, 60% to 68% can be removed by hemodialysis.®!?

Table I. Characteristics of Warfarin and Non—Vitamin K Antagonists (VKA)>68123!

Agent Warfarin Dabigatran Rivaroxiban Apixaban Edoxaban
Action VKA Thrombin/IIA XA XA XA

inhibitor inhibitor inhibitor inhibitor
FDA-approved Atrial fibrillation Nonvalvular atrial fibrillation  Nonvalvular atrial fibrillation ~ Nonvalvular atrial fibrillation  Pending
indication DVT/PE treat/prevent  DVT/PE treat/prevent DVT/PEtreat/prevent DVT prevent after hip/knee

DVT prevent after hip/knee

Dosing Daily Twice daily Daily Twice daily Daily
Peak 2 hours 2—4 hours 3 hours | hour
Half-life 40 hours 12-17 hours 7-13 hours 8—13 hours 8-10 hours
Renal adjustment  No Yes Yes Yes Yes
Liver adjustment  No No Yes Yes No
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
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When compared with warfarin to prevent stroke in the
RE-LY trial, dabigatran showed equal or superior efficacy
but was associated with twice as many gastrointestinal (GI)
bleeds.!*!4 Extracranial bleeding was higher in older patients
when compared with warfarin but lower in younger patients.
Also, the greatest side effect of dabigatran reported in RE-LY
was dyspepsia, and this was the most common reason the
drug was discontinued.!® Dabigatran is encapsulated with
tartaric acid (the reason dyspepsia is a frequent complaint),
and it cannot be crushed, so patients requiring medication
administered via feeding tubes cannot receive this drug. It
requires storage in moisture-free areas and should not to be
removed from packaging until it is used, which may deter
elderly patients from using it as they may rely on pill boxes
to organize and remember their medications.” In a meta-
analysis, dabigatran, when compared with apixaban and
rivaroxaban, showed an increased risk of coronary events.'
There are also some drug—drug interactions but fewer than
with warfarin. These include P-glycoprotein transport inhibi-
tors like the commonly administered drugs amiodarone and
verapamil.

Considerations for Rivaroxaban
Rivaroxaban is dosed daily, which may be more convenient for
patients with difficult compliance. Although it is dosed daily,
its half-life is shortest. Missing a dose of rivaroxaban, as with
dabigatran or apixaban, may put a patient at increased risk of
thrombosis.® It also has a higher risk of GI bleed, along with
dabigatran, when compared with warfarin, and is not easily
reversed. In populations with preexisting GI conditions, includ-
ing inflammatory bowel disease or angiodysplasias, use of the
non—vitamin K antagonists may be cautioned.® Rivaroxaban is
best absorbed in the stomach with food.'® Unlike dabigatran,
it can be crushed and given through feeding tubes.® It is 33%
renally excreted and therefore should not be given to patients
with CrCl < 30 mL/min.? It is 67% metabolized by the liver
and made inactive by the CYP3A4 system, so it should not
be given concurrently with strong inhibitors of this system.
Common inhibitors include HIV protease inhibitors, antiepi-
leptics such as phenytoin and carbamazepine, St. John’s wort,
and ketoconazole. It also has interactions with P-glycoprotein
transport inhibitors, as with dabigatran, but not as strongly.
Inhibitors of both this system and the CYP3A4 should not be
given to patients taking rivaroxaban. Rivaroxaban should not
be given in patients with moderate to severe hepatic impair-
ment (Child-Pugh B or C).* As with dabigatran, extracranial
bleeds were more common with rivaroxaban than warfarin in
its head-to-head ROCKET-AF trial.’

Considerations for Apixaban

Apixaban, when compared to warfarin in the ARISTO-
TLE trial, showed a decreased rate of major bleeding with
a hazard ratio of 0.69.%!! It also showed a decrease in all-
cause mortality when compared with warfarin, and subgroup
analysis showed the population that benefited most was
those with previous transient ischemic attack or stroke.'
Like rivaroxaban, it is hepatically metabolized, but only
partially by the CYP3A4 system, and has some interaction
with P-glycoprotein transport inhibitors. There can be a
dose reduction in apixaban, however, if strong CYP3A4 and
P-glycoprotein transport inhibitors are to be taken together
with the drug. Like rivaroxaban, it should not be given to
patients with moderate to severe hepatic impairment (Child-
Pugh B or C). As with rivaroxaban and dabigatran, patients
with renal impairment should use it with caution. In ARIS-
TOTLE, patients with CrCl < 25 mL/min were excluded
(CrCl < 30 mL/min in RE-LY and ROCKET-AF).* Again,
there is currently no factor Xa inhibitor-reversing agent, but
this is being studied, as discussed later.

Switching Between the Agents

Patients may switch between agents due to convenience or
cost, risk factors for bleeding, or need for reversibility. When
comparing warfarin with the new oral anticoagulants and
excluding the cost of the drugs themselves, the new agents
may have lower medical costs based on the costs of clini-
cal events occurring with warfarin.!” Previously outlined as
well are some of the pros and cons of each of the approved
anticoagulants. We discuss the current data supporting
the conversion of each of the anticoagulants to the others
in the following sections. Table 2 is a simplified chart for
converting between agents that includes data supported in
the United States.

Limitations to Switching

The non—vitamin K antagonists do not require laboratory
monitoring, which is often a desirable quality. When switch-
ing from the new agents to warfarin, it is difficult to ensure
a proper and safe anticoagulant effect based on laboratory
studies as the parameters are affected by these medications.
After dabigatran is ingested, activated partial thromboplastin
time can be prolonged but also can be normal even while a
significant circulating dose is present. The INR and thrombin
time may also be elevated after ingestion.'® Laboratory INR
testing during dabigatran development showed INR levels of
1.1 to 1.7 with therapeutic dabigatran doses.!” Rivaroxaban
prolongs prothrombin time variably and only temporarily.'s2
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Table 2. Conversion Suggestions in the United States?®'?

Conversion Warfarin Dabigatran Rivaroxaban Apixaban
Warfarin INR < 27 INR = 3” INR <27
Dabigatran CrCl > 50D -3" At next dose! At next dose’
CrCI 31-50 D -2
CrCl 15-30 D -1
Rivaraxaban CrCl > 50 D —4t At next dose’ At next dose!
CrCI31-50D -3
CrCl I5-30 D -2
FDA: start bridge in 24 hours*
Apixaban FDA: start bridge in 24 hours? At next dose! At next dose?

“Stop dabigatran on day 0 and begin warfarin based on CrCl. No recommendations for CrCl < |5.

“Start new agent 24 hours after previous warfarin dose (manufacturer INR cutoffs).

*Stop rivaroxaban on day 0 and begin warfarin based on CrCl. No recommendations for CrCl < |5.
#If anticoagulation cannot be interrupted, start parenteral anticoagulation with warfarin and bridge 24 hours after agent has been discontinued.

$Start new agent when previous agent’s next dose was due.
Abbreviations: CrCl, creatinine clearance; D, day.

If using rivaroxaban-sensitive reagents, the prothrombin time
will increase linearly but not consistently between reagents.?!
Apixaban has less effect on INR, usually causing levels
to be < 1.2.18 These variations make accurate laboratory
monitoring of these agents difficult, and, regardless, wide
therapeutic ranges at the fixed doses have been deemed both
safe and effective.”? Recommendations on switching from
non—vitamin K antagonists to the newer agents is based on
trial data as well as expert opinion.'® Switching from the
newer agents to warfarin is based on pharmacokinetics and
drug elimination.?

Warfarin to Dabigatran

Warfarin should be discontinued and dabigatran started when
the patient’s INR is < 2, according to the manufacturer’s
suggestion.'® In the RE-MEDY trial, however, in which
warfarin and dabigatran were compared for prevention of
recurrent thromboembolism, some patients with INR of up
to 2.3 switched to dabigatran without any adverse events
reported.'®% In the opinion of some, patients with INRs of up
t0 2.5 can be transitioned to dabigatran.'® If the INR is between
2 and 3, some authors suggest starting dabigatran 48 hours after
the last warfarin dose and if INR > 3, to check INR again in
48 hours." To summarize, the manufacturer and some experts
recommend starting dabigatran when INR < 2 and others
recommend transition is safe for an INR of up to 2.5.3¥ No
prediction can be made on blindly discontinuing warfarin and
starting dabigatran, or on a dedicated amount of time later, due
to the variations in metabolism of warfarin patient to patient.

Warfarin to Rivaroxaban
Warfarin is discontinued and rivaroxaban is started when
INR = 3, which was done in the ROCKET-AF trial,’ and

which the manufacturer suggests.'® There was no mention
of significant bleeding with this technique in the trial. The
reason the INR cutoff is higher in patients who were tak-
ing rivaroxaban than those who were taking dabigatran or
apixaban reflects poststudy data from ROCKET-AF, which
showed an increase in thrombotic events in those transition-
ing to warfarin after being unblinded from rivaroxaban.*
This is thought to have occurred due to the longer time for
those who had been on rivaroxaban to reach therapeutic INRs
when compared with those who had been taking warfarin and
who were restarted on this therapy.'? The increase in events
has also created caution when transitioning to rivaroxaban
from warfarin, yielding the recommendation of using INR
= 3 as the guideline.

Warfarin to Apixaban

Apixaban is started when INR < 2 after the discontinua-
tion of warfarin, as is recommended by the manufacturer.'®
In the ARISTOTLE trial, patients who had been taking
warfarin were randomized to either warfarin or apixaban
after discontinuing warfarin for 3 days and when INR < 2,
which is likely the source of this recommendation.!! There
was no mention of adverse outcomes when switching with
this method, and overall apixaban caused less major bleeding
and less stroke, so we can conclude that those who switched
were neither over- or under-anticoagulated significantly at
transition time."" In the opinion of some authors, patients can
be started on apixaban when INR = 2.5.18

Dabigatran to Warfarin

As previously stated, dabigatran and the factor Xa inhibitors
interfere with INR assays by raising INR, and thus are not
helpful in determining the optimal time to switch to warfarin.

© Hospital Practice, Volume 42, Issue 3,August 2014, ISSN — 2154-833 |
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It takes 2 days off of these drugs for the INR to accurately
assess the effect of warfarin on INR, so measuring is not
recommended.® Instead, suggested changes are proposed
based on pharmacokinetics. Dabigatran’s peak activity is
after 2 hours of administration. Its half-life in individuals
with normal renal function is 12 to 17 hours. Thus, it is
recommended that those with a CrCl = 50 mL/min should
start warfarin 3 days before they discontinue dabigatran;
for CrCl between 31 and 50 mL/min, warfarin should be
started 2 days before stopping dabigatran; and for CrCl
15 to 30 mL/min, warfarin should be initiated 1 day prior to
stopping dabigatran.®'> A serious warning from the manu-
facturer notes that care must be taken when switching from
dabigatran, as patients are at increased risk for stroke if there
is not proper anticoagulation.’

Rivaroxaban to Warfarin

There are no clinical trials with patients converting from
rivaroxaban to warfarin. There is also no suggestion from
the manufacturer, which reports that if rivaroxaban must be
discontinued and anticoagulation is needed uninterrupted,
then bridging with parenteral anticoagulation to warfarin
should occur as recommended by the American College of
Chest Physicians guidelines. The parenteral agent should
be started when the next dose of rivaroxaban would have
been due.*!?

According to the American College of Chest Physicians,
warfarin should be started on day 1 or 2 of heparin and
continuing parenteral therapy for = 5 days and until INR
= 2 for = 24 hours.” There are 2 other suggestions in the
literature. The first one, from the European Medicines Agency
and adopted in European practice, includes continuing
rivaroxaban and starting warfarin until the INR = 2.2
The agency recommends concurrent use for = 2 days.
Because rivaroxaban affects INR, the agency suggests not
checking INR until = 24 hours after the prior rivaroxaban
dose. The second, is based on pharmacokinetics; because
the short half-life of rivaroxaban is 7 to 13 hours in patients
with normal renal and hepatic function, and its peak activ-
ity is within 2 to 4 hours of administration,*® it is suggested
that warfarin be initiated 4 days prior to discontinuing
rivaroxaban in patients with CrCl = 50 mL/min, 3 days
prior to stopping rivaroxaban in those with CrCl between
31 and 50 mL/min, and 2 days before stopping rivaroxaban
in patients with CrCl of 15 to 30 mL/min.® As with the other
oral non—vitamin K antagonists, those with severe renal
impairment are not recommended to use rivaroxaban, and
so there is no suggestion on converting to warfarin in those

with CrCl of < 15 mL/min. An important warning from the
manufacturer states that switching from rivaroxaban must
be done carefully because any lapse in anticoagulation will
render the patient at increased risk for thrombosis and this
includes even missing 1 dose of the agent.*

Apixaban to Warfarin

There is no clinical trial and no data available in the United
States for converting from apixaban to warfarin, but the
manufacturer suggests starting warfarin and a parenteral anti-
coagulant when the next dose of apixaban would have been
due.’ The American College of Chest Physicians guidelines
are detailed above. The European Medicines Agency sug-
gests that apixaban be continued for > 2 days after starting
warfarin and then obtaining the INR before the next dose of
apixaban would be due and to discontinue it when INR = 2.12
The half-life of apixaban is 8 to 13 hours,* and based on the
assessments of switching to warfarin from rivaroxaban and
dabigatran based on pharmacokinetics, we can assume that
there will be a method of switching to warfarin from apixaban
based on renal function at some point. As with rivaroxaban,
the manufacturer warns that a patient will be at increased risk
of thrombosis if not properly anticoagulated while switching
from apixaban.’

Switching Between the Non—Vitamin K
Antagonists

Switching between the non-warfarin agents is simple and
much less controversial. The new agent should be started
at the time the next dose of the previous agent was due. For
example, dabigatran is dosed twice daily, so rivaroxaban
should be started that evening if the last dose of dabigatran
was that morning. Rivaroxaban is dosed daily. When con-
verting to apixaban, which is dosed twice daily, a patient
should wait 24 hours after taking rivaroxaban before starting
apixaban.> !

Upcoming Anticoagulants
Betrixaban and edoxaban are other oral direct factor Xa
inhibitors currently in development.

Betrixaban

Betrixaban’s safety was compared with that of warfarin in
patients with nonvalvular atrial fibrillation in EXPLORE-Xa
and showed good tolerability and equal or less bleeding
risk.?® It is currently being studied in a phase III trial,
APEX, enrolling through 2015, comparing its efficacy to
that of enoxaparin in preventing DVT/PE in medically
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ill patients.”” The drug has many desirable characteristics
including once-daily dosing with minimal cytochrome
P450 metabolism (fewer drug interactions) and little renal
excretion (5%—7%).2%?7 It has been used in patients with
severe renal dysfunction (although not dialysis dependent).
Betrixaban has a longer half-life than the other agents, at
around 20 hours, and it peaks 3 to 4 hours after administration.”’
The manufacturer is also simultaneously working on
“recombinant factor Xa inhibitor antidote,” currently called
PRT4445, or andexanet alfa, to be approved at the time of
betrixaban’s approval, but that could possibly be used with
the other oral direct factor Xa inhibitors.” Phase II studies
using this antidote with rivaroxaban and apixaban show great
promise.”’ In EXPLORE Xa, patients were required to have
an INR = 2.2 before randomization. There were no systemic
emboli, PEs, or MIs during the study, and 1 stroke each in the
60-mg and 80-mg Betrixaban arms of the trial and none in
the 40-mg and warfarin arms. As there was similar bleeding
between the groups, we could conclude that when patients
were switched from warfarin to betrixaban at INRs < 2.2,
there was no significant bleeding or increased risk of throm-
bosis. When switching from betrixaban to warfarin, a model
may develop based on pharmacokinetics, as with dabigatran
or rivaroxaban, but renal clearance will likely not be a factor
given its low renal excretion.

Edoxaban

Edoxaban has been recently studied in a phase III trial,
ENGAGE AF-TIMI 48, against warfarin comparing effi-
cacy in preventing embolism in patients with nonvalvular
atrial fibrillation. In this trial, edoxaban was shown not to
be inferior to warfarin and had less major bleeding.’® In a
phase I trial comparing the safety of edoxaban with that of
warfarin, patients on warfarin were randomized to continue
warfarin or switch to edoxaban for 5 days, starting 24 hours
after the last dose of warfarin. Overall, adverse effects and
tolerability was similar to that of warfarin. The INRs were
2.0 to 3.0 prior to the randomization, with a mean INR of 2.3
at switch. The authors note there was evidence of transient
“overcoagulation” risk on lab tests 2 hours after edoxaban
was initiated (24 hours after switching from warfarin). In
ENGAGE AF-TIMI, patients were required to have an
INR < 2.5, and so data from this phase III trial may give
more evidence for the optimal time to switch patients from
warfarin to edoxaban. Switching to warfarin from edoxaban
had no reported adverse effects, and so the likely recom-
mendation would be to switch to edoxaban from warfarin
from INR = 3.3! Edoxaban is dosed daily, has a half-life of

8 to 10 hours, and peaks about 1 hour after administration.
It is 33% renally excreted, 67% fecally.’> There may be a
method of transitioning from edoxaban to Coumadin based
on kinetics after edoxaban’s approval.

Conclusion

Four oral anticoagulants are FDA approved for use in the
United States. They have different characteristics, bleed-
ing risks, indications, pharmacokinetics, and elimination,
which make them more or less suitable for certain patients.
The non—vitamin K antagonists are currently not reversible
and can affect laboratory parameters. Switching between
anticoagulants is based on pharmacokinetics and elimination
from the body as well as data from different trials and prac-
tical opinion. Two direct factor Xa inhibitors are currently
undergoing phase III trials with promising results and more
desirable characteristics, including less renal excretion and
once daily dosing. There also is a factor Xa inhibitor being
studied in patients, which will assist in reversing the previ-
ously irreversible factor Xa inhibitors. Recommendations in
switching to and from these agents and warfarin will likely
come from the current phase III trials as well as data from
pharmacokinetics and dynamics.
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