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02.04.2010
*This is the 2nd Renewal of this protocol
*A Full Protocol submission will be required in 01.31.2013

Dear Dr. Kim

“fiour Animal Use Protocol form entitied:

Pharmacokinetic analysis of OATP1B substrates in Oatp1b2 knockout and wildtype mice
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This approval is valid from 02.01.2010 to 01.31.2011
The protocol number for this project remains as 2008-123

1. This number must be indicated when ordering animals for this project.

2. Animals for other projects may not be ordered under this number.

3. i no number appears please contact this office when grant approval is received.
If the application for funding is not successful and you wish fo proceed with the project, request that an internal
scientific peer review be performed by the Animal Use Subcommittee office.

4. Purchases of animals other than through this system must be cleared through the ACVS office. Health
certificates will be required.

REQUIREMENTS/COMMENTS

Please ensure that individual(s) performing procedures on live animals, as described in this protocol, are familiar
with the contents of this document.

The holder of this Animal Use Protocol is responsible to ensure that all associated safety
components (bicsafety, radiation safety, general laboratory safety) comply with institutional safety
standards and have received all necessary approvals. Please consult directly with your
institutional safety officers.

c.c. S Lemay, W. Lagenwerf

Ihe University of Western Ontario
Animal Use Subcommuittes / University Council on Animal Care
Health Sciences Centre, » London, Ontaric « CANADA —N6A 5C1
PH: 519-661-2111 ext. 86770 » FL 519-661-2028 » www.uwo.ca / amimal
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Appendix C: Future of oral anticoagulation therapy:
Importance of pharmacokinetic profile and variability
as determinants of dose and response to dabigatran,

rivaroxaban, and apixaban®

® Reprinted with permission from Gong IY, Kim RB. 2013. Importance of
pharmacokinetic profile and variability as determinants of dose and response to
dabigatran, rivaroxaban, and apixaban. Can J Cardiol, in press. Copyright 2013 Elsevier
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Introduction

Atrial fibrillation (AF) is associated with a fivefold increase in risk of disabling stroke
(1). Therefore, antithrombotic therapy is required for stroke and systemic embolism
(SSE) prophylaxis. Until recently, the vitamin-K antagonist warfarin was the primary
treatment choice for long-term oral anticoagulation (OAC) as stroke risk is reduced by
60% in nonvalvular AF patients (1). However, warfarin has a number of limitations
including delayed onset of action, large interindividual variability in response,
unpredictable pharmacokinetics (PK), drug-drug interactions, and genetic polymorphisms
in genes affecting metabolism and pharmacodynamics (PD). Intensive monitoring using
international normalized ratio (INR) and frequent dose adjustments are necessary to

provide adequate anticoagulation within warfarin’s narrow therapeutic window.

Significant effort has been made to develop new OACs (NOACs) with direct mechanisms
of action with a sufficiently wide therapeutic window to allow for fixed dose
administrations without the need for routine response monitoring. NOACs directly inhibit
the coagulation pathway, either factor Xa or thrombin, for rapid onset of antithrombotic
effects. The PK and pharmacology of these NOACs are distinct from that of warfarin
(Table C.1, Figure C.1). In the present review, we will highlight the PK and PD features
of the three NOACs that have recently been approved for stroke prevention in AF
patients and provide NOAC selection and dosing recommendations based on their PK-PD

profiles.
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Table C.1 Comparison of pharmacokinetic features of warfarin, dabigatran,

rivaroxaban and apixaban.

Parameter

Mechanism of

action

Onset of action

Offset of action

Absorption

Bioavailability (%)

tmax (hr)

Va (L)
Protein Binding
(%)
tip (hr)
Renal excretion
Fecal excretion

CL/F (L/hr)

Accumulation in

plasma

Warfarin

Inhibition of
VKOR

Slow, indirect
inhibition of
clotting factor

synthesis

Long

Rapid

100
20-4.0
10

99

40
None
None

0.35
Dependent on
CYP2C9
metabolic

efficiency

Dabigatran
Direct

thrombin

inhibitor (free

or bound),

reversible

Fast

Short

Rapid, acid
dependent
6.5
1.0-3.0
60 - 70

35

12-17
80
20

70 - 140

None

Rivaroxaban

Factor Xa
inhibitor (free
or bound),

reversible

Fast

Short

Rapid

80"
25-4.0
50-55

95

None

Apixaban

Factor Xa
inhibitor (free
or bound),

reversible

Fast

Short

Rapid

50
1.0-3.0
21

50-70

1.3-1.9



Food effect

Age

Bodyweight

Gender

Ethnicity

Drug transporter

CYP-mediated

metabolism

Drug-drug

interactions

None

Yes, lower CL/F

as age increases

Yes, higher dose
for increased

weight

Yes, lower CL/F

in females

Lower dose in
Asians; Higher
dose in African-
Americans

None

CYP2C9,
CYP3A4,
CYP2C19,
CYP1A2

Many; affecting

metabolism

Delayed

absorption

with food with

no influence
on

bioavailability

Yes, lower
CL/F as age

increases

None

Yes, lower
CL/F in

females

None

P-gp

None

Potent P-gp
inhibitors;
affecting

absorption

Delayed
absorption
with food
with

increased

bioavailabilit

y

None

None

None

Lower dose
in Japanese

patients

P-gp, BCRP
CYP3A4/5,
CYP2J2

(equal)

Potent

CYP3A4 and

P-gp

inhibitors;
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None

Yes, lower
CL/F as age
increases
Yes, higher
exposure with
increased
weight
Yes, higher
exposure in

females

None

P-gp, BCRP
CYP3A4/5,
CYP2J2
(minor),
CYP1A2
(minor)
Potent
CYP3A4 and
P-gp

inhibitors;



affecting
absorption,
metabolism,

and excretion

Variable
. 150, 110 mg 20, 15 mg
Dosing for AF (0.5-16 mg
BID OD
OD)
TT >
Coagulation anti-FXa >
INR Hemoclot >
measurement PT
ECT > aPTT

251

affecting
absorption,
metabolism,

and excretion

5,2.5 mg BID

anti-FXa

AF, atrial fibrillation; aPTT, activated partial thromboplastin test; BCRP, breast cancer

resistance protein; BID, twice daily; CL/F, apparent clearance; CYP, cytochrom P450

isozymes; ECT, ecarin clotting time; OD, once daily; P-gp, P-glycoprotein; PD,

pharmacodynamics; PT, prothrombin time; tp,, time to maximum plasma concentration;

ti2p, terminal half-life; TT, thrombin time; V4, volume of distribution; VKOR, vitamin K

epoxide reductase enzyme.

* Bioavailability is dependent on dose (over 10 mg) and food intake. Thus, rivaroxaban

doses over 10 mg OD should be administered with food. However, 10 mg rivaroxaban is

only licensed for prophylaxis of thromboembolism following elective hip or knee

surgery.
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Figure C.1 Summary of absorption, metabolism, and excretion of dabigatran,

rivaroxaban, and apixaban.
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Clinical outcomes data comparing NOACs to warfarin

Dabigatran etexilate is the first oral direct thrombin inhibitors (DTIs) to be approved for
its clinical use in AF patients (2). In the RE-LY trial (open-label; n = 18,133), 150 mg
dabigatran twice daily (BID) was associated with lower rates of stroke/SSE, achieving
superiority, but a similar rate of major bleeding while 110 mg BID was associated with
similar rates of stroke/SSE but fewer bleeds compared to warfarin (3). Rivaroxaban and
apixaban are the first and second oral direct factor Xa (FXa) inhibitors approved for AF
(4). In the ROCKET-AF trial (double-blinded, n = 14,264), rivaroxaban was noninferior
to warfarin where 20 mg rivaroxaban once daily (OD) resulted in similar rates of
stroke/SSE and major bleeding (5). In the ARISTOTLE trial (double-blinded; n = 18,
201), the reduction in stroke/SSE by 5 mg BID apixaban was superior to warfarin (both
ischemic and haemorrhagic, driven by haemorrhagic) (6). Interestingly, all three NOACs
were associated with less intracranial bleeding compared to warfarin irrespective of time
spent in therapeutic range (TTR) in the warfarin arm. However, more gastrointestinal

(G]) bleeding was observed with dabigatran and rivaroxaban.

Importance of renal function and NOAC clearance

The extent of renal excretion is an important distinguishing feature of NOACs. Up to
80% of circulating dabigatran is eliminated renally, whereas only 33% and 25% of
unchanged rivaroxaban and apixaban is cleared by the kidney (7-9). Following 150 mg

administration, total dabigatran AUC was increased by 1.5-, 3.1-, and 6.3-fold in



254

individuals with mild, moderate and severe renal impairment, respectively, compared to
healthy individuals, leading to increased terminal half-life (tp) to 15, 18, and 27 hours
(10). For rivaroxaban, subjects with mild, moderate, and severe impairment exhibited an
increase in AUC of 44, 52, and 65 %, respectively (11). The coagulation parameter
prothrombin time (PT) was affected in a similar fashion. For apixaban, while no changes
were observed in apixaban anti-FXa activity, overall AUC increased by 16, 29, and 44 %
in individuals with mild, moderate and severe renal impairment compared to individuals

with normal renal function (12).

Importance of drug metabolism and transport processes for NOACs

Dabigatran etexilate is the prodrug of dabigatran, and a substrate of efflux transporter P-
glycogprotein (P-gp, encoded by ABCBI), with an absolute bioavailability of only 6.5%
(13, 14). Bioavailable dabigatran etexilate is converted entirely to dabigatran by
nonspecific ubiquitously expressed carboxylesterases in the enterocytes, portal
circulation, and hepatocytes (7, 13, 15). Very recently, a genome-wide subanalysis of the
RE-LY trial demonstrated that a single nucleotide polymorphism (SNP) in the
carboxyesterase 1 gene (CESI; rs2244613) attenuated dabigatran formation leading to
lower trough concentrations while the ABCBI SNP rs4148738 and CESI SNP rs8192935
were associated with higher and lower peak dabigatran concentrations, respectively (16).
Rivaroxaban’s bioavailability is dose-dependent; the absolute bioavailability of 10 mg
rivaroxaban ranged from 80 to 100 %, while bioavailability of 20 mg under fasting

conditions was 66% (17). Coadministration of 15 or 20 mg rivaroxaban with food
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increased the AUC by 39% (18). The low bioavailability in fasting conditions may result
in risk of inadequate anticoagulation and thus, rivaroxaban should be administered with

food. Apixaban’s absolute bioavailability is 50% and not affected by food intake (9).

Dabigatran is not metabolized by the cytochrome P450 (CYP) isoenzymes; rather, it is
conjugated to acylglucuronides (19). In patients with moderate hepatic impairment, the
bioconversion from prodrug to dabigatran was slightly slower when compared to healthy
subjects although the AUC and extent of dabigatran glucuronidation was unchanged (20).
Conversely, rivaroxaban and apixaban are both subject to CYP-mediated metabolism
whereby CYP3A4/5 and CYP2J2 accounts for clearance of two-thirds of rivaroxaban (8,
21), and apixaban metabolism is predominantly driven by CYP3A4/5 (22). Patients with
mild (Child-Pugh A) hepatic impairment showed no difference in rivaroxaban PK and PD
(23). However, patients with moderate (Child-Pugh B) hepatic impairment exhibited
reduced clearance of rivaroxaban. Therefore, rivaroxaban is not recommended in patients
with moderate or severe (Child-Pugh C) hepatic impairment. The PK and anti-Fxa
activity of 5 mg apixaban was not altered in subjects with either mild or moderate liver

impairment when compared to healthy individuals (12).

Both rivaroxaban and apixaban are substrates of efflux transporters P-gp and breast
cancer resistance protein (BCRP, encoded by ABCG?2); thus, active secretion likely

contributes significantly to their renal elimination and systemic exposure (24-26).
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NOAC drug-drug Interactions result from inhibitors or inducers of

CYP3A4 and P-glycoprotein

CYP3A4 located in the intestine and liver plays a pivotal role in governing metabolic
pathways of 50% of all drugs (27). Similarly, many drugs are P-gp substrates, one of the
most important efflux transporters in modulating drug disposition by preventing
absorption and enhancing excretion into the bile and urine (28). Interestingly, there is a
high degree of overlap in CYP3A4 and P-gp drug substrates (29), as the case for
rivaroxaban and apixaban. In addition, the coexpression of these proteins in the gut, liver,
and kidney means that CYP3A4 and P-gp play a concerted role in modulating excretion

of NOAC:s.

When dabigatran was coadministered with amiodarone or ketoconazole (P-gp and strong
CYP3A4 inhibitor), AUC was increased by about 50% (30). Similarly, the potent P-gp
inhibitor verapamil increased AUC by 2.4-fold when administered 1 hour before
dabigatran while AUC increased by 71% when coadministered (31). Interestingly,
patients of the RE-LY trial coadministered with amiodarone and verapamil only had a
13% and 23% increased bioavailability, respectively (3). Coadministration of
ketoconazole with rivaroxaban increased the AUC by 160% along with similar increases
in coagulation measurements (26). The strong P-gp/CYP3A4 inhibitor ritonavir elevated
rivaroxaban AUC by 150%. Coadministration of ketoconazole increased apixaban AUC
by twofold (32). Overall, coadministration of rivaroxaban and apixaban with P-

gp/CYP3A4 inhibitors (namely azoles and protease inhibitors) should be avoided while
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coadministration with moderate inhibitors (ie., erythromycin) should be exercised with

caution (Table C.2).

Inducers of CYP3A4/P-gp such as rifampin has been show to result in 65% reduction in
dabigatran bioavailbility and 50% decrease in AUC and clotting parameters for
rivaroxabin and apixaban (26, 32, 33). Thus, concomitant use of rivaroxaban/apxiaban
with strong CYP3A4/P-gp inducers is contraindicated due to concern of reduced

anticoagulation efficacy.

We note that the clinical significance of concomitant use of multiple moderate inhibitors
in the same patient, a particular concern in elderly AF patients where polypharmacy is
common, remains to be established as it is unknown whether the effect on NOAC PK-PD
would be equivalent to use of a single potent inhibitor. The full spectrum of these
interactions remains to be addressed in the real-world population. Until then, dose
lowering adjustments in conjunction with anticoagulation monitoring should be used to

ensure efficacy and safety.



258

Table C.2 List of dual substrates, inhibitors, and inducers of CYP3A4 and P-

glycoprotein.
Substrates Inhibitors Inducers
Apixaban Amiodarone Carbamazepine
Atorvastatin Cimetidine Phenobarbital
Celiprolol Clarithromycin Rifampicin
Cyclosporine Erythromycin St. John's wort
Docetaxel Fluconazole
Paclitaxel Ketoconazole
Rivaroxaban Itraconazole
Tacrolimus Nifedipine
Nelfinavir
Ritonavir
Saquinavir
Verapamil

Voriconazole
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Why understanding the pharmacokinetic profile of NOAC:s is essential

for predicting anticoagulation efficacy

The predictable PK/PD of NOACs does not necessitate routine monitoring; however, the
ability to accurately measure their efficacy is highly desirable in a variety of scenarios
including assessment of compliance, and identifying patients at risk for over-
anticoagulation/bleeding or lack of efficacy. Although standardized coagulation assays
are unavailable, several assays have been evaluated to determine their validity as a
surrogate marker of NOAC plasma exposure and anticoagulation response. Generally, a
parallel relationship exists between NOACs plasma exposure and anticoagulation effects

in a concentration-dependent manner (13, 17, 34-37).

The anticoagulant effect of dabigatran can be measured by activated partial
thromboplastin time (aPTT), PT, thrombin time (TT), ecarin clotting time (ECT), and the
diluted version of TT (Hemoclot). The TT, Hemoclot and ECT are most sensitive and
precise for measuring dabigatran anticoagulation. However, TT is likely too sensitive for
dabigatran efficacy and Hemoclot is currently considered more suitable to quantitate
dabigatran concentrations (38). Unfortunately, these assays are not widely available and
in emergency situations, aPTT may be most accessible for measuring anticoagulation.
The clinical relevance of plasma concentrations was demonstrated in the RE-LY trial
where dabigatran trough plasma concentrations were significantly associated with risk of
stroke/SSE (30). Patients with lower trough plasma levels had substantially greater

probability of ischemic stroke/SSE (<50 ng/mL) (39). Similarly, strong association was
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found between increased dabigatran trough concentrations and bleeding risk. The mean
dabigatran exposure in patients with major or minor bleeding was 50% and 20% greater
than patients without. Bleeding risk was also dependent on age and renal impairment

owing to modulation of dabigatran PK.

For rivaroxaban and apxiaban, the anti-FXa activity assay is a direct measure of
anticoagulation intensity, and thus, the most sensitive and consistent assay for
quantitating plasma concentrations (40, 41). The PT and HepTest also demonstrated
sensitivity for rivaroxaban response and may be used as a more readily available measure
of response (17). Apixaban concentrations was correlated with INR, PT, and aPTT with
less sensitivity (36). A dedicated study of 161 patients embedded into the ROCKET-AF
trial confirmed the linear relationship between PT and anti-FXa activity to rivaroxaban
plasma exposure (42). However, PT did not predict the occurrence of ischemic strokes in
the ROCKET-AF trial (42). Conversely, a linear relationship was demonstrated between
PT prolongation and risk of major bleeding (42). The linear relationship between
apixaban plasma concentrations and anti-FXa activity was confirmed in elective hip/knee

replacement patients (12).

It is important to keep in mind that the sensitivity and precision of different reagents and
instruments used for these coagulation assays is yet to be established. Further validation
of these coagulation assays in measuring NOAC anticoagulation response is required in

the real-world clinical setting. Moreover, is it evident that variability in NOAC plasma
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exposure will have significant impact on anticoagulation efficacy given the direct PK-PD
relationship and its association with clinical outcomes; thus, quantifying NOAC plasma

concentration is likely the most reliable assessment of response and bleeding risk.

Selecting the right OAC

Although the NOACs have shown similar or greater efficacy to warfarin, it is unlikely
that they will fully replace warfarin. The interindividual variability in exposure/response
of NOACs and bleeding risk associated with anticoagulation therapy remains a pertinent
issue. Indeed, even in a clinical trial setting with stringent enrollment criteria, the one-
dose-fits-all dosing regimen strategy did not appear successful for NOAC:s, likely due to
the various clinical covariates that significantly affected extent of drug exposure and
response (Figure C.2) (41, 43-46). Moreover, dabigatran and rivaroxaban use outside of
the clinical trial setting has recently been noted to exhibit large interindividual variability
in concentration and response (43, 47). The same trend is likely to be observed with

apixaban as its clinical use increases.

Nevertheless, the emergence of multiple NOACs has meant greater therapeutic options
for treating physicians. However, we are now starting to face the question of how to
select the most appropriate NOAC for individual patients. Factors to be assessed for
deciding the right anticoagulant include patient bleeding risk (HAS-BLED) and benefit
(CHADS?2) as recommended by the Canadian Cardiovascular Society (48), lack of an

antidote for NOACs, GI bleeding, renal/hepatic function, age, and concomitant
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medications, relevant genetic variations, of which all have been demonstrated to

influence the PK and PD of OACs.



263

Figure C.2 Plasma concentration profiles of dabigatran, rivaroxaban, and apixaban in
atrial fibrillation patients. (A) Mean steady-state dabigatran plasma concentrations
following 150 mg twice-daily administration is represented by the dashed black line
(digitized from Dansirikul et al.) (49). Colored solid lines represent the predicted effect
of various clinical variables and a genetic variation in the carboxylesterase 1 (CEST) gene
on dabigatran concentration based on known area under the concentration curve (AUC)
change (45). The shaded area represents Ciouen dabigatran concentrations associated with
increased antithrombotic efficacy and decreased major bleeding risk according to
population pharmacokinetics modeling of the RE-LY trial data. (B) Mean steady-state
rivaroxaban plasma concentrations following 20 mg once daily administration is
represented by the dashed black line (digitized from Mueck et al.) (44). Colored solid
lines represent the predicted effect of various clinical variables on rivaroxaban
concentration based on known AUC change (44). Although the optimal plasma Ciougn Of
rivaroxaban has not been well-defined as of yet, the shaded area represents the 5% - 95%
confidence interval (CI) of Cyouen Observed in the ROCKET-AF trial and the dashed line
represents the average Cyouen. (C) Predicted mean steady-state apixaban plasma
concentrations following 5 mg twice-daily administration is represented by the dashed
black line (digitized from Leil et al.) (46). Colored solid lines represent the predicted
effect of various clinical variables on apixaban concentration based on known AUC
change (12). The shaded area represents the population pharmacokinetics model
predicted 5% - 95% CI of Cyougn in atrial fibrillation patients. AF, atrial fibrillation; CrCl,

creatinine clearance; P-gp, P-glycoprotein.



264

A
. 5001 - = Typical AF Patient
TEI 4504 = CrCI30mL/min = Age (93 vs. 68)
B 400 CrCI50 mL/min = CES7 SNP (rs2244613)
£ P-gp Inhibition ~ — P-gp Induction
=
©
=
«©
2
o)
©
=}
©
£
[72]
)
o
Time since last dose (hr)
B
~ 6007 - = Typical AF Patient
1S = Moderate Hepatic Impairment
—
O) 5001 === CrCI 30 mL/min
£ CrCl 50 mL/min
c P-gp/CYP3A4 Inhibition
G 4001 iy
Ko Japanese Ethnicity
2 P-gp/CYP3A4 Induction
o 3004
S
g
& 2004
© -~
£ 1001 SN
g s~~-~----
m c --------l---------l--------l--- 1
0 6 12 18 24
Time since last dose (hr)
C
450 = = Typical AF Patient
400 P-gp/CYP3A4 Inhibition = Weight (< 50 Kg)
350 == CrCl < 30 mL/min = P-gp/CYP3A4 Induction
300
250

200
150
100

Plasma [Apixaban] (ng/mL)

Time since last dose (hr)

* Please refer to the figure legend for outline of data source.

Figure C.2 Plasma concentration profiles of dabigatran, rivaroxaban, and apixaban

in atrial fibrillation patients.
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A potential decision tree for selecting the right oral anticoagulant based on individual
patient characteristics (summarized in Figure C.3): The first question to address is
whether the patient is a better candidate for NOAC or warfarin. For patients requiring
new OAC therapy , the factors to consider in this regard include high cost of NOACs
(dependent on patient insurance policy), convenient and accessibility of INR response
monitoring, renal function, and potential drug-drug interactions (Table C.3). Patients who
are already stably anticoagulated on warfarin achieving optimal TTR need not to be
switched, given the familiarity of its use and ability to monitor anticoagulation efficacy.
Indeed, the benefits of NOACs over warfarin are less impressive for patients achieving
well-controlled TTR (> 65%) as evident in the finding that 150 mg BID dabigatran was
no longer superior to warfarin for prevention with stroke (50). However, we note that no
significant interaction was found between TTR and stroke/SSE rates in sub-analysis of

the RE-LY, ROCKET-AF, and ARISTOTLE trial.

In suspected noncompliant patients, warfarin will likely be the better choice because
missed doses of NOACs with short half-lives will be more detrimental to efficacy than
missed doses of warfarin. Moreover, adherence to drug therapy decreases by 10% when
comparing OD to BID dosing, leading to unknowable consequences, especially without
active monitoring of efficacy. Of the NOACsS, rivaroxaban is the only one with OD
dosing, preferred for suspected noncompliant patients. We note however, based on the
tipp of rivaroxaban (Figure C.2), when strictly considering optimal dosing interval,
splitting the total daily dose to BID dosing interval would be predicted to result in a more

consistent exposure and response.
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Since NOACs are dependent on renal excretion at varying extents, estimated CrCl
(creatinine clearance) should be determined in all patients prior to initiating NOACsS.
Moreover, risk of bleeding associated with use of the new agents is compounded by poor
renal function; more than 50% of AF patients over the age of 80 have moderate renal
impairment (51). Although dosing adjustments in renal insufficiency has been
recommended, a recent report indicated that the dose reduction did not obviate elevated
bleeding risk completely (52). Thus, patients with CrCl below 30 mL/min are not suitable
for NOACs; however, if NOAC in patients with renal impairment is preferred, apixaban
is more appropriate than rivaroxaban and dabigatran, otherwise, warfarin should be used.
Elderly patients and those with renal impairment should be assessed regularly for renal

function throughout treatment to ensure that CrCl remains greater than 30 mL/min.

Elevated GI bleeding risk is an important concern for dabigatran and rivaroxaban, and
apixaban is a better choice in patients with a recent and/or recurrent history of GI bleed as
well as patients with disease condition(s) predisposing higher risk of GI bleed (active
peptic ulcer disease, recent biopsy or trauma, gastritis). However, in the case that the site
of GI bleed is identified and the underlying condition adequately treated without
suspected recurrence, any OAC may be considered for therapy if the patient is otherwise
deemed suitable. Dose reduction is required for patients > 75 years old on dabigatran due

to increased bleeding risk with age. The stability of dabigatran may be compromised
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when stored in humid conditions, and once the bottle is opened the tablets should be used

within 4 months. Patient education in this regard may be important.

Since all NOACs depend on the liver for hepatic metabolism to some degree, patients
with hepatic dysfunction are not candidates for NOACs. Moreover, both rivaoxaban and
apixaban are substrates of CYP3A4, rendering these NOACs susceptible to drug-drug
interactions whereby dose reduction is required in presence of strong inhibitors. Lastly,
for AF patients with recent acute coronary syndrome or percutaneous coronary
intervention requiring triple therapy with antiplatelets and OAC (warfarin or NOACs),
caution is warranted as the benefit in terms of decreased stroke and myocardial infarction
risk with triple therapy may be offset by the near two-fold increase in bleeding risk (53).
Warfarin may be the better choice for these patients owing to the ability to conduct
routine INR monitoring as well as tailoring dose to a lower anticoagulant intensity (lower

INR target) to reduce bleeding risk.
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Figure C.3 Guide for choosing an oral anticoagulation based on influence of patient
characteristics on drug pharmacokinetics. API, apixaban; DAB, dabigatran; RIV,
rivaroxaban. BID, twice daily dosing, OD, once daily dosing. CrCl, creatinine clearance;
ERSD, end-stage renal disease; DDI, drug-drug interaction; GI, gastrointestinal; mod,
moderate; NOAC, new oral anticoagulant. Renal function classification based on
estimated CrCl is in accordance with the product monographs for dabigatran,
rivaroxaban, and apixaban.(12, 54, 55) TModerate renal impairment is defined as CrClI 30
— 50 mL/min for dabigatran and apixaban, while moderate renal impairment is defined as
CrCl 30 — 49 mL/min for rivaroxaban. *History of GI bleed refers to recent and/or
recurrent GI bleeding events. Disease condition(s) predisposing higher risk of GI bleed
include but not exclusive to active peptic ulcer disease, ulcerative gastrointestinal disease,

recent biopsy or trauma, and gastritis.

Disclaimer: The information presented herein represents the opinion of the authors based

on currently available data and should not serve as substitute for clinical judgment.
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Figure C.3 Guide for choosing an oral anticoagulation based on influence of patient

characteristics on drug pharmacokinetics.
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Table C.3 Summary of patient criteria for selecting warfarin vs new oral

anticoagulants (NOACs).

Select warfarin

stable and well controlled INR
CrCl < 30 mL/min

low cost to patient/lack of insurance
coverage

good compliance

history of gastrointestinal bleeding

require rapid reversal (antidote)

concomitant use of P-gp/CYP3A4

inhibitor or inducer

Select NOACs
previously on warfarin with poor INR
control
normal renal function or mild renal
dysfunction

high cost of drug affordable

inadequate access to routine INR
monitoring

require rapid onset of action

harboring multiple variant alleles in
CYP2C9 and VKORCI1 known to confer
warfarin sensitivity *

patient preference

CrCl, creatinine clearance; CYP, cytochrome P450; INR, international normalized ratio;

P-gp, P-glycoprotein; VKORCI, vitamin K epoxide reductase enzyme subunit 1.

* particularly CYP2C9 poor metabolizer genotype combined with VKORCI sensitive

genotype.
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Dosing adjustments

Dosing adjustments are summarized in Figure C.3 and Table C.4. As noted earlier,
kidney is the predominant pathway of excretion for dabigatran while to a lesser extent for
rivaroxaban and apixaban. Renal function is an important variable that must be
considered carefully in AF patients, particularly because age-related decline in renal
function and variation introduced by comorbidities has been well-characterized. The
impact of renal function and demographics has been evaluated in RE-LY AF patients.
The median CrCl of the trial was 69 mL/min; patients with CrCl of 30 and 50 mL/min
had a 1.8- and 1.2- fold increase in dabigatran AUC, respectively (45). Not surprisingly,
age reduced apparent clearance (CL/F) by 0.41% per year from median age of 72. Based
on these data, age and renal function warrants dose adjustment. The standard dabigatran
dose for AF patients with normal renal function is 150 mg BID while approved doses for
patients with CrCl < 30 mL/min differs between countries. In the United States, a dose of
75 mg is approved for patients with CrCl 15 - 29 mL/min. However, these
recommendations were approved on the basis of PK modeling studies and clinical data
supporting this is lacking, limiting the creditability of its use in real-world patients (45).
In other countries including Canada, dabigatran use is contraindicated in patients with
CrCl < 30 mL/min. For patients over 75 years old at increased bleeding risk, previous
history of Gl/intracerebral bleeding, or receiving concomitant antiplatelet or P-gp potent

inhibitor, 110 mg BID should be used (a dose not available in the United States).

The typical rivaroxaban dose for most AF patients is 20 mg OD. Based on PK modeling,
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15 mg OD of rivaroxaban in individuals with moderate or severe renal impairment would
have similar plasma levels as individuals with normal renal function taking 20 mg (42,
44). In the ROCKET-AF trial, safety and efficacy of this dosing regimen in patients with
moderate renal impairment was demonstrated in the comparable stroke and bleeding rates
irrespective of renal impairment (56). Similar to dabigatran, approved doses of
rivaroxaban is country-specific. In United States, 20 mg rivaroxaban is approved for
patients with CrCl > 50 mL/min while 15 mg is approved for patients with CrCl 15 — 49
mL/min. In all other countries, 15 mg is approved only for those with CrCl 30 — 49
mL/min and contraindicated in those with severe impairment. Unlike dabigatran, patient
age doesn’t appear to elevate bleeding risk and no dosing adjustments is suggested.
Lower dose of 15 mg should be used with coadministration of a strong CYP3A4/P-gp

inhibitor or multiple moderate inhibitors.

The dose of apixaban to be administered to the average patient is 5 mg BID. In patients
with mild or moderate renal impairment, no dose adjustment is necessary. Patients with
severe renal impairment (CrCl 15 - 29 mL/min) require 2.5 mg BID and use in patients
with CrCl < 15 mL/min is contraindicated. While no dose adjustment is required in
patients with mild or moderate hepatic impairment, apixaban use should be used with
caution in such patients. Individuals with body weight < 50 Kg had 30% greater exposure
than individuals weighing 65 to 85 kg, whom had 30% lower exposure compared to
individuals weighing > 120 kg (12). Elderly patients above 65 years-of-age exhibited
32% greater AUC than younger patients (12). Accordingly, dose reduction to 2.5 mg BID

is warranted for patients concomitantly taking CYP3A4/P-gp inhibitors or meeting at
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least two of the following criteria: > 80 years old, body weight < 60 kg, and creatinine >

133 pmol/L.

Ethnic differences in dosing requirement have only been found for rivaroxaban. The J-
ROCKET trial was conducted to evaluate rivaroxaban use in Japanese patients (57). This
was due to the observation that healthy Japanese subjects had a 20-40% increase in
rivaroxaban exposure compared to Caucasian subjects (57). Thus, 15 mg rivaroxaban in
J-ROCKET patients resulted in similar efficacy and exposures as that observed in non-
Japanese patients. Similar reductions in rivaroxaban dose should be considered for

patients of Asian ancestry, and not limited to those of Japanese ancestry.

Notably, we are starting to realize the role of genetic variation to interindividual
variability of NOAC exposure and clinical outcomes. The CES! rs2244613 SNP was not
only associated with lower dabigatran exposure but also with reduced bleeding risk,
indicating the potential for pharmacogenetics-based dosing adjustments using this
intronic SNP (16). As clinically relevant polymorphisms also exist in CYP3A4/5, P-gp,
and BCRP, these genetic variations may also play an important role in determining
NOAC exposure. Overall, the full spectrum of NOAC efficacy and safety within the
context of pharmacogenetics, demographics, concomitant medications, and comorbidities
should be characterized as the use of these new agents increase in AF patients outside of

the clinical trial setting.
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Table C.4 Dosing adjustments based on pharmacokinetic considerations.

Dabigatran Rivaroxaban Apixaban
(mg BID) (mg OD) (mg BID)

Renal impairment

Mild (CrCl1 51 — 80 mL/min) 150 20 5

Moderate (CrC1 30 — 50 110 15 5

mL/min)

Severe (CrCl < 30 mL/min) n.r. 15 2.5
Hepatic impairment

Mild (Child-Pugh A) 150 20 5

Moderate (Child-Pugh B) 150 n.r. 5

Severe (Child-Pugh C) n.r. n.r. n.r.

Hepatic dysfunction n.r. n.r. n.r.
Demographic variables

Ethnicity, Asian 150 15 5

Age,>75-80yr 110 20 2.5

Weight, < 50 kg 150 20 2.5
Drug-drug interactions

P-gp inhibitor 110 15 2.5

CYP3A4 inhibitor 150 15 2.5

P-gp/CYP3A4 inducer n.r. * n.r. n.r.

n.r., not recommended. CYP, cytochrome P450; P-gp, P-glycoprotein.

* CYP3A4 and P-gp are both transcriptionally regulated by xenobiotic sensing nuclear
receptors such as Pregnane X Receptor (PXR) and Constitutive Androstane Receptor
(CAR) (58). Therefore, inducers listed in Table C.2 would lower the plasma level of all

the NOACSs outlined in this review.
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Limitations of NOACs

A major limitation of NOAC use is the lack of standardized coagulation tests for
monitoring anticoagulation response. The need for monitoring has been heavily debated
and regulators recently stated that monitoring is necessary in specific clinical
circumstances: renal/liver dysfunction, overdose, prior to invasive surgery, non-
compliance, bleeding or thrombosis/stroke, drug-drug interaction and suspected variation
in drug exposure (59). Although some assays have been suggested as surrogate markers
of exposure, limitations in their use include accuracy and clinical experience/availability.
More importantly, meaningful interpretation of the results is difficult owing to lack of
guidance on extrapolating coagulation results to bleeding and thrombosis risk.
Accordingly, directly measuring plasma NOAC drug concentrations may be more
desirable and more accurate for monitoring anticoagulation. An important consideration
for measuring either coagulation or NOAC drug exposure is the standardization of
sampling time from the last dose. The Cyouen level is preferred over the Cpax, avoiding

misinterpretation of results due to variability in absorption phase.

The second limitation is the lack of a validated antidote for rapidly reversing NOACs’
effects. Hemodialysis of dabigatran may be an option given its relatively low protein
binding, but not for rivaroxaban and apixaban which have high protein binding. Potential
reversal agents that have shown promise for reversing NOAC anticoagulation include
prothrombin complex concentrate and recombinant factor VIIa (60, 61). Until better
guidelines are available, NOACs should be used with caution, particularly in patients

with elevated bleeding risk.
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Switching from warfarin to NOAC and vice versa

Patients without adequate INR control will likely benefit from transitioning from
warfarin to one of the NOACs for enhanced efficacy and reduced risk of intracranial
bleeding. It has been recommended that NOAC should be started after INR decreases to
< 2.3 following warfarin discontinuation (62). For patients unable to continue NOAC
therapy and require transitioning to warfarin, it is necessary to consider the delayed onset

of warfarin and allow attainment of therapeutic INR prior to discontinuation of NOAC.

Conclusions

NOACs are promising alternatives to warfarin, demonstrating at least similar
antithrombotic efficacy and decreased rate of intracranial hemorrhage. However, the
availability of multiple NOACs has introduced difficulty in deciding the best agent since
head-to-head trials are unavailable and unlikely to be performed. Rather, clinicians are
required to make informed decisions in selecting the appropriate agent based on
characteristics of the patient and OAC pharmacology. As the clinical use of NOACs
increases, surveillance using therapeutic monitoring (measurement of plasma drug
concentration or anticoagulation response) throughout the treatment period may be
valuable in minimizing risk of bleeding and lack of efficacy. Finally, due to the extent of
interindividual variation in the metabolism and clearance of NOAC:S, it is likely a greater

range of NOAC doses will be needed to more precisely treat our patients.
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