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1

Executive Summary

1.1

Introduction

Patricia P. Harlow, Ph.D.

Apixaban, an inhibitor of the coagulation Factor Xa (FXa), is being developed as an
(b) (4)
antithrombotic/anticoagulant agent
. Under NDA 202,155,
apixaban is proposed for the prevention of stroke and systemic embolism in patients
with nonvalvular atrial fibrillation. The dosing regimen in the Phase 3 trial was 5 mg of
apixaban twice a day in patients with normal renal function.

1.2

Brief Discussion of Nonclinical Findings

This addendum to the previous nonclinical review filed on 2/21/12 is limited to
documenting recommendations for the nonclinical portions of the label.

1.3
1.3.1

Recommendations
Approvability

NDA 202,155 for apixaban is approvable from a pharmacology and toxicology
perspective for the prevention of stroke and systemic embolism in patients with
nonvalvular atrial fibrillation.
1.3.2

Additional Non Clinical Recommendations

The nonclinical addendum dated 4/13/2012 recommended that the label should indicate
that apixaban is dialyzable.
1.3.3

Labeling

Sponsor’s proposal:
8.1 Pregnancy
Pregnancy Category B
(b) (4)

Reviewer’s recommendation:
8.1 Pregnancy
5
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Pregnancy Category B
There are no adequate and well-controlled studies in pregnant women. Treatment
during pregnancy may induce pregnancy-related hemorrhage and/or emergent delivery
for which a reversal agent is not available.
Demonstrated fetal exposure to apixaban during treatment of pregnant rats, rabbits and
mice after implantation until the end of gestation did not induce fetal malformations or
fetal toxicity. No maternal or fetal deaths were attributed to bleeding. Increased
incidence of maternal bleeding was observed in rats, rabbits and mice at maternal
exposures that were 4, 1, and 19 times, respectively, the human exposure of unbound
drug, based on AUC comparisons at the maximum recommended human dose (MRHD)
of 10 mg (5 mg twice daily). ELIQUIS should be used during pregnancy only if the
potential benefit justifies the potential risk to mother and fetus.
The sponsor did not propose wording for Section 8.2
Reviewer’s recommendation:
8.2 Labor and Delivery
Safety and effectiveness of apixaban during labor and delivery have not been studied in
clinical trials. Consider the risks of bleeding and of stroke in using apixaban in this
setting [see Warnings and Precautions (5.2)].
Treatment of pregnant rats from implantation (gestation Day 7) to weaning (lactation
Day 21) with apixaban at a dose of 1000 mg/kg (about 5 times the human exposure) did
not result in death of offspring or mother rats during labor in association with uterine
bleeding. However, increased incidences of bleeding signs, primarily during gestation,
occurred at apixaban doses of ≥25 mg/kg, a dose corresponding to ≥1.3 times the
human exposure.

Sponsor’s proposal:
8.3 Nursing Mothers
(b) (4)

Reviewer’s recommendation:
8.3

Nursing Mothers
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It is unknown whether apixaban or its metabolites are excreted in human milk. Data in
rats indicate a high excretion of apixaban in milk (12% of the maternal dose). A risk to
newborns and infants cannot be excluded.
A decision must be made either to discontinue breastfeeding or to discontinue/abstain
from ELIQUIS therapy.

Sponsor’s proposal:
12

Clinical Pharmacology

12.1

Mechanism of Action
(b) (4)

Reviewer’s recommendation:
Apixaban is an oral, reversible, and selective active site inhibitor of FXa. It does not
require antithrombin III for antithrombotic activity. Apixaban inhibits free and clot-bound
FXa, and prothrombinase activity. Apixaban has no direct effect on platelet aggregation,
but indirectly inhibits platelet aggregation induced by thrombin. By inhibiting FXa,
apixaban decreases thrombin generation and thrombus development. Preclinical
studies of apixaban in animal models have demonstrated antithrombotic efficacy in the
prevention of arterial and venous thrombosis.

Sponsor’s proposal:
13
13.1

Nonclinical Toxicology
Carcinogenesis, Mutagenesis, Impairment of Fertility
(b) (4)
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(b) (4)

Reviewer’s recommendation:
Apixaban was not carcinogenic when administered to mice and rats for up to 2 years.
The systemic exposures (AUCs) of unbound apixaban in male and female mice at the
highest doses tested (1500 and 3000 mg/kg/day) were 9 and 20-times, respectively, the
human exposure of unbound drug at the MRHD of 10 mg/day. Systemic exposures of
unbound apixaban in male and female rats at the highest dose tested (600 mg/kg/day)
were 2- and 4-times, respectively, the human exposure.
Apixaban was not mutagenic in the bacterial reverse mutation (Ames) assay, and not
clastogenic in Chinese hamster ovary cells in vitro, in a 1-month in vivo/in vitro
cytogenetics study in rat peripheral blood lymphocytes, or in a rat micronucleus study in
vivo.
Apixaban had no effect on fertility in male or female rats when given at doses up to 600
mg/kg/day, a dose resulting in exposure levels that are 2 and 4-times, respectively, the
human exposure.
Apixaban administered to female rats at doses up to 1000 mg/kg/day from implantation
through the end of lactation produced no adverse findings in male offspring (F1
generation) at doses up to 1000 mg/kg/day, a dose resulting in exposure that is 5-times
the human exposure. Adverse effects in the F1-generation female offspring were limited
to decreased mating and fertility indices at 1000 mg/kg/day, a dose resulting in
exposure that is 5-times the human exposure.
Sponsor’s proposal:
(b) (4)

Reviewer’s recommendation:
Section 13.2 was omitted in the dabigatran and rivaroxaban labels and should be
omitted from the apixaban label.
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2

Drug Information

2.1

Drug

CAS Registry Number: 503612-47-3
Generic Name:

Apixaban

Code Names:

BMS-562247, DPC-AG0023

Chemical Name:

1-(4-Methoxyphenyl)-7-oxo-6-[4-(2-oxopiperidin-1-yl)phenyl]4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridine-3-carboxamide

Molecular Formula/Molecular Weight: C25H25N5O4/459.50
Structure:
Figure 1: Structure of Apixaban

Pharmacologic Class: Factor Xa inhibitor

2.2

Relevant INDs, NDAs, BLAs and DMFs
(b) (4)

IND 68598, DCRP (11/09/2006)

2.3

Drug Formulation

Apixaban is formulated for oral administration as immediate release, film-coated tablets
containing either 2.5 or 5 mg of active compound. The tablets also contain anhydrous
lactose, microcrystalline cellulose, croscarmellose sodium, sodium lauryl sulfate, and
(b) (4)
magnesium stearate. The film coating for the 2.5 mg tablet is
(b) (4)
which contains hypromellose
lactose monohydrate, titanium dioxide,
(b) (4)
triacetin, and iron oxide yellow. The film coating for the 5 mg tablet is
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3.2

Patricia P. Harlow, Ph.D.

Studies Not Reviewed

None.

3.3

Previous Reviews Referenced

Please refer to the nonclinical review of NDA 202,155 by P. Harlow filed on 02/21/2012.
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1

Executive Summary

1.1

Introduction

Patricia P. Harlow, Ph.D.

Apixaban, an inhibitor of the coagulation Factor Xa (FXa), is being developed as an
(b) (4)
antithrombotic/anticoagulant agent
. Under NDA 202,155,
apixaban is proposed for the prevention of stroke and systemic embolism in patients
with nonvalvular atrial fibrillation. The dosing regimen in the Phase 3 trial was 5 mg of
apixaban twice a day in patients with normal renal function.

1.2

Brief Discussion of Nonclinical Findings

This document is an addendum to the previous nonclinical review filed on 2/21/12. The
(b) (4)
two studies reviewed in this document
could not be located in the NDA 202,155 submission.
As a follow-on study to the previous pharmacokinetic interaction study using activated
charcoal, dogs received five treatments in a Latin-square design. The treatments were
apixaban (5 mg/kg) alone, apixaban followed by oral administration of a low dose of
activated charcoal (250 mg/kg) at 3 hours after the apixaban dose, apixaban followed
by oral administration of a low dose of activated charcoal at 5 hours after the apixaban
dose, apixaban followed by oral administration of a low dose of activated charcoal at 3
and 5 hours after the apixaban dose, or apixaban followed by oral administration of a
high dose of activated charcoal (2500 mg/kg) at 3 hours after the apixaban dose. The
greatest reduction of apixaban AUC(0-24) was 45.7% for the high dose charcoal
treatment at 3 h post apixaban dose. Neither the low dose nor the high dose treatment
significantly decreased Cmax values. However, the high dose charcoal treatment
significantly increased the clearance as well as decreased the plasma trough
concentration and mean residual time. This additional study in dogs provides further
support that activated charcoal may be useful in cases of apixaban overdose.
The second study examined the effect of hemodialysis on circulating concentrations of
apixaban after oral or intravenous administration to four fasted male beagle dogs. The
dogs received the following four sequential treatments separated by at least 48 hours:
oral apixaban (5 mg/kg) without hemodialysis, intravenous apixaban (1 mg/kg) without
hemodialysis, intravenous apixaban (1 mg/kg) with hemodiaIysis, and oral apixaban (5
mg/kg) with hemodialysis. Over the total 4 hour dialysis period, approximately 19% and
5.5% of the apixaban dose was recovered in the dialysate after intravenous and oral
dosing, respectively. Although the overall AUC(0-24hr) of apixaban was not reduced, the
AUC(0-4hr) was reduced 19.8% and 6.5% during dialysis following intravenous and oral
apixaban administration, respectively. The mean plasma apixaban Cmax concentrations
for the four dogs were reduced 24% and 12% during dialysis after intravenous and oral
administration, respectively. These results indicate that apixaban is dialyzable and
dosage adjustments may be necessary for patients taking apixaban while undergoing
dialysis treatments.
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Structure:
Figure 1: Structure of Apixaban

Pharmacologic Class: Factor Xa inhibitor

2.2

Relevant INDs, NDAs, BLAs and DMFs
(b) (4)

IND 68598, DCRP (11/09/2006)

2.3

Drug Formulation

Apixaban is formulated for oral administration as immediate release, film-coated tablets
containing either 2.5 or 5 mg of active compound. The tablets also contain anhydrous
lactose, microcrystalline cellulose, croscarmellose sodium, sodium lauryl sulfate, and
(b) (4)
magnesium stearate. The film coating for the 2.5 mg tablet is
(b) (4)
, which contains hypromellose
, lactose monohydrate, titanium dioxide,
(b) (4)
triacetin, and iron oxide yellow. The film coating for the 5 mg tablet is
(b) (4)
which contains hypromellose
lactose monohydrate, titanium dioxide,
triacetin, and iron oxide red.

2.4

Comments on Novel Excipients

No novel excipients are used in the manufacture of apixaban tablets.

2.5

Comments on Impurities/Degradants of Concern

A detailed review of the apixaban impurities was filed in DARRTS on October 31, 2011.

2.6

Proposed Clinical Population and Dosing Regimen

Apixaban is being developed for the prevention and treatment of multiple thrombosismediated conditions. Under NDA 202,155, apixaban is proposed for the prevention of
7
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Study title: Effects of Activated Charcoal Administration on
Pharmacokinetics of Apixaban (BMS-562247) Following Oral Administration
in Male Dogs (follow-on)
Study no.: 930046725 (Document 930046725) (b) (4)
Conducting laboratory and location:

Drug, lot #, and % purity:

Apixaban (BMS-562247), lot 7A28071,
purity 99.6%

The pharmacokinetics of apixaban (BMS-562247) was determined in five fasted male
beagle dogs after oral administration of 5 mg/kg apixaban in 0.5% Tween 80 in Labrafil
suspension in five sequential treatments that were separated by at least three days. In a
Latin-square design, the treatments were apixaban alone, apixaban followed by oral
administration of a low dose of activated charcoal (250 mg/kg) at 3 hours after the
apixaban dose, apixaban followed by oral administration of a low dose of activated
charcoal at 5 hours after the apixaban dose, apixaban followed by oral administration of
a low dose of activated charcoal at 3 and 5 hours after the apixaban dose, or apixaban
followed by oral administration of a high dose of activated charcoal (2500 mg/kg) at 3
hours after the apixaban dose. Blood was collected at 0.5, 1, 2, 4, 6, 8, 12, 14, 20, and
24 hours after apixaban administration. After preparation of plasma, apixaban
concentrations were determined by a valid LC/MS/MS method. If the animal vomited,
the vomit was also collected for analysis.
The low dose activated charcoal treatment decreased plasma apixaban AUC(0-24) values
by 15.5%, 6.9%, and 21.5% when administered at 3 h, at 5 h, and at both 3 and 5 h,
respectively, post apixaban dose (Table 4). However, the greatest reduction of apixaban
AUC(0-24) was 45.7% for the high dose charcoal treatment at 3 h post apixaban dose.
Neither the low dose nor the high dose treatment significantly decreased Cmax values.
However, the high dose charcoal treatment significantly increased the clearance (CL/F)
as well as decreased the plasma trough concentration (C24) and mean residual time
(MRT).
The sponsor maintains that these results are consistent with the first charcoal study.
However, the reviewer notes that the low dose charcoal treatment at 3 hr post apixaban
dose was less effective in the current study than in the previous study. For example, the
low dose activated charcoal treatment at 3 hr decreased apixaban AUC(0-24) values by
15.5% in the current study and by 37% in the previous study (Table 3).
Although this study suggests that activated charcoal may be used to treat an apixaban
overdose in humans, the reviewer notes that 20-fold higher doses of apixaban (100
mg/kg) were used in the chronic dog toxicity study. However, the AUC(0-24) (97 μg•h/mL)
and Cmax (10.8 μg•h/mL) values in the absence of charcoal treatment in this study are
31- and 54-fold the total human AUC(0-24) (3.1 μg•h/mL) and Cmax (0.2 μg/mL) (clinical
pharmacology report CV185046) in patients with atrial fibrillation.
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Over the total 4 hour dialysis period, approximately 19% and 5.5% of the apixaban dose
was recovered in the dialysate after intravenous and oral dosing, respectively (Table 5).
Although the overall AUC(0-24hr) of apixaban was not reduced, the AUC(0-4hr) was reduced
19.8% and 6.5% during dialysis following intravenous and oral apixaban administration,
respectively. The mean plasma apixaban Cmax concentrations for the four dogs were
reduced 24% and 12% during dialysis after intravenous and oral administration of
apixaban. These decreases for Cmax during dialysis after intravenous and oral
administration of apixaban were 36% and 19% when the values for the one dog
exhibiting an increased Cmax value following dialysis were omitted (Figure 2). These
results indicate that apixaban is dialyzable and dosage adjustments may be necessary
for patients taking apixaban while undergoing dialysis treatments.
Table 5: Sponsor’s Tables from Study 930046779
Dialysate

Plasma pharmacokinetics

Figure 2: Sponsor's Figure from Study 930046779
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Toxicokinetics

No additional toxicokinetic study was submitted.

6

General Toxicology

No additional toxicology study was submitted.

7

Genetic Toxicology

No additional genetic toxicology study was submitted.

8

Carcinogenicity

No additional carcinogenicity study was submitted.

9

Reproductive and Developmental Toxicology

No additional reproductive and developmental toxicology study was submitted.

10

Special Toxicology Studies

No additional special toxicology study was submitted.

11

Integrated Summary and Safety Evaluation

The two studies reviewed in this document do not alter the safety assessment provided
in the previous nonclinical review of NDA 202,155 by P. Harlow filed on 02/21/2012.
The additional pharmacokinetic interaction study in dogs provides further support that
activated charcoal may be useful in cases of apixaban overdose.
The second study examined the effect of hemodialysis on circulating concentrations of
apixaban (BMS-562247) after oral or intravenous administration to dogs. The results
indicate that apixaban is dialyzable and dosage adjustments may be necessary for
patients taking apixaban while undergoing dialysis treatments. The sponsor should be
encouraged to conduct a study in patients undergoing dialysis. The label should indicate
that apixaban is dialyzable.
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1

Executive Summary

1.1

Introduction

Patricia P. Harlow, Ph.D.

Apixaban, an inhibitor of the coagulation Factor Xa (FXa), is being developed as an
(b) (4)
antithrombotic/anticoagulant agent
. Under NDA 202,155,
apixaban is proposed for the prevention of stroke and systemic embolism in patients
with nonvalvular atrial fibrillation. The dosing regimen in the Phase 3 trial was 5 mg of
apixaban twice a day in patients with normal renal function.

1.2

Brief Discussion of Nonclinical Findings

Apixaban (BMS-562247) directly inhibits the coagulation Factor Xa (FXa) in the
absence of antithrombin III with an inhibition constant (Ki) in the nanomolar range. As a
result, apixaban decreases the conversion of prothrombin to proteolytically active
thrombin thereby decreasing thrombin-mediated activation of both coagulation and
platelet aggregation. In purified in vitro systems, apixaban inhibits FXa with high affinity
and selectivity compared with related proteases involved in coagulation, fibrinolysis, and
digestion. Addition of apixaban to normal human plasma caused concentrationdependent prolongations in standard coagulation assays. Apixaban also inhibited
prothrombinase-bound and clot-bound FXa activity. Although apixaban did not inhibit
platelet aggregation induced by adenosine diphosphate, α-thrombin, thrombin receptoractivating peptide (SFLLRN-NH2) or collagen, apixaban inhibited tissue factor-induced
platelet aggregation.
Apixaban dose-dependently inhibited both arterial and venous thrombosis after
intravenous administration in rabbits, rats, and dogs. In rats and rabbits, doses of
apixaban that produced antithrombotic efficacy were lower than doses that increased
bleeding times after standardized incisions. Addition of apixaban to aspirin or
clopidogrel treatment increased blood flow and reduced thrombus weights in a rabbit
arterial thrombosis model.
Apixaban did not significantly affect the central nervous, cardiovascular, respiratory, or
renal systems based on safety pharmacology evaluations conducted as part of the
repeated dose studies in rats and dogs. In vitro studies showed that neither apixaban
nor O-desmethyl apixaban sulfate significantly inhibited peak tail hERG currents or
significantly altered action potential duration in rabbit Purkinje fibers. Studies in
conscious dogs after either oral or intravenous administration of apixabn identified no
significant changes in hemodynamic or ECG parameters, including QTc.
Pharmacokinetic studies conducted in rats, dogs and chimpanzees showed rapid
absorption of orally administered apixaban in these species. Apixaban bioavailability,
volume of distribution, clearance, and half-life varied somewhat among species;
however, the fraction not bound to serum protein varied 10-fold among species.
In vivo studies in rats, dogs and humans indicated preferential distribution of apixaban
into plasma. Tissue distribution studies in rats using radio-labeled apixaban showed that
the gastrointestinal tract (stomach, small intestine, large intestine, cecum), thyroid,
urinary bladder, adrenal glands, liver, and kidneys were exposed to the highest
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concentrations of apixaban, while the brain, heart and bone marrow were exposed to
the lowest concentrations. However, radioactivity was still present in the eyes of
pigmented rats at 168 hours after dosing. Elimination half-life estimates for apixabanequivalents were less than 5 hours for adrenal glands, blood, plasma, and testes, but
greater than 60 hours for the eyes, bone marrow, and cecum. In an acceptable neutral
red uptake phototoxicity assay using mouse fibroblasts (Balb/c 3T3), apixaban exhibited
no phototoxic potential.
In rats, dogs, rabbits and mice, excretion occurred primarily through the feces as
unchanged apixaban. An intravenous study in rats indicated that unchanged apixaban
appeared to be directly excreted into the gastrointestinal tract. Urinary excretion of orally
administered apixaban was higher in humans than in animals, although most excretion
was fecal in all species, including humans.
Apixaban is excreted into the milk of rats primarily as the parent apixaban.
Concentrations of apixaban in milk were higher than concentrations in blood and
plasma at all time points. The milk:plasma concentration ratio was 30 over the 24 hour
collection period. Assuming a milk flow of 2.75 mL/hr in Sprague Dawley rats, a
relatively high value of approximately 12% of the maternal dose is excreted into the milk
over a 24 hour period.
Evaluation of metabolites in animals and man indicated that metabolism of apixaban
primarily involves O-desmethylation and hydroxylation, followed by sulfation or
glucuronidation with sulfation predominating in humans. Although apixaban was the
predominant radioactive component in plasma samples from humans, rats, mice and
dogs, O-desmethyl apixaban glucuronide was the predominant component in rabbit
plasma.
The most predominant circulating human metabolite was O-desmethyl apixaban sulfate,
which represented 24% to 27% of the total apixaban exposure. Rats and dogs had low
circulating levels of O-desmethyl apixaban sulfate and its precursor, O-desmethyl
apixaban. However, the total exposure to O-desmethyl apixaban sulfate and Odesmethyl apixaban in dogs was higher than the exposure in man. Therefore, Odesmethyl apixaban sulfate was considered toxicologically qualified.
In vitro studies using mouse, rat, dog, monkey, and human hepatocytes showed low
rates of apixaban metabolism with O-desmethyl apixaban representing <1.5% of the
total radioactivity. Incubation of [14C]-apixaban with human intestinal microsomes,
human liver microsomes or rat liver S9 produced low amounts of O-desmethyl apixaban
and two hydroxy apixaban metabolites, but not O-desmethyl apixaban sulfate.
In vitro studies using inhibitors of sulfotransferases (SULT) indicated that SULT1Al is
involved in the formation of O-desmethyl apixaban sulfate. A study using human cDNAexpressed sulfotransfereases showed that only SULT1Al*2 and SULT1A2*1 formed Odesmethyl apixaban sulfate with the rate for SULT1Al*2 seven-fold higher than that for
SULT1A2*1.
Additional in vitro studies using a panel of recombinant human cDNA-expressed
cytochrome P450 isoforms indicated that CYP1A2, 2J2, and 3A4 formed higher
amounts of O-desmethyl apixaban (M2) and CYP3A4 and 3A5 formed higher amounts
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of hydroxy apixaban (M4) and 3-hydroxy apixaban (M7) than other P450 enzymes.
Incubation of [14C]-apixaban with human liver microsomes in the presence or absence
of CYP isoform-selective inhibitors indicated that the formation of M2, M4, and M7 was
significantly decreased by CYP3A4 inhibitors (ketoconazole and troleandomycin) and
partially inhibited by a CYP1A2 inhibitor (furafylline). The correlation between the
formation rates of M2, M4, and M7 and activities of ten P450 enzymes were evaluated
using a panel of human liver microsomes from 16 donors. Overall, the studies indicate
that the apixaban metabolites M2, M4, and M7 are primarily produced by CYP3A4 with
some contribution of CYP1A2 for formation of M2.
An in vitro study using cultured human hepatocytes indicated that apixaban is not a
significant inducer of CYP1A2, CYP2B6 or CYP3A4/5 activity or mRNA expression.
Using human liver microsomes and CYP probe substrates, the IC50 values for apixaban
inhibition of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2D6, CYP3A4 and
CYP2C19 were greater than 20 μM.
Apixaban is a substrate for P-glycoprotein (P-gp) and the multidrug transport protein
mouse breast cancer resistance protein (BCRP). In vitro studies with several types of
cultured cells indicated the absorption of apixaban may be affected by P-gp inhibitors.
However, the inability of apixaban to inhibit P-gp suggests that apixaban will not alter
the absorption of drugs that are P-gp substrates. In vitro studies indicated greater
inhibition of apixaban transport by strong inhibitors of both CYP3A4 and P-gp
(ketoconazole) than with co-administration with an inhibitor of P-gp alone (diltazem). In
Madin-Darbin canine kidney (MDCKII) over-expressing the multidrug transport protein
mouse breast cancer resistance protein (MDCKII-BCRP) apixaban efflux was
completely inhibited by Ko134, a known BCRP inhibitor.
In a pharmokinetic interaction study, dogs received apixaban alone during the first
treatment period. In the subsequent three treatment periods, apixaban administration
was followed by oral administration of activated charcoal (250 mg/kg) at 0.25, 1, and 3
hours after the apixaban dose . Although all activated charcoal treatments decreased
apixaban AUC(0-24h) values, treatment with activated charcoal at 3 hours after apixaban
administration produced the greatest decrease of 37%.
Single dose toxicology studies were conducted in mice and rats. Although the oral LD50
for apixaban was greater than 4000 mg/kg in both species, the lowest lethal intravenous
doses were 50 and 25 mg/kg in mice and rats, respectively.
The longest chronic repeat dose toxicology studies were 6 and 12 duration in rats and
dogs, respectively. Compound-related findings (prolongation of coagulation parameters,
evidence of bleeding, and effects on red cell parameters) were related to the
pharmacological activity of apixaban. Transient effects on serum potassium values were
noted in both rats and dogs. The NOAELs of 600 mg/kg/day in rats and 100 mg/kg/day
in dogs correspond to exposure ratios of 3.5-4 and 20-28 times, respectively, the human
exposure of unbound apixaban at a dose of 5 mg twice a day.
In two valid and acceptable assays, apixaban did not induce excess reverse mutations
in five recommended bacterial strains in the Ames assay in the absence and presence
of metabolic activation. In one valid and acceptable assay, apixaban did not increase
excess micronucleus formation in rats after three oral doses of 2000 mg/kg/day, the limit
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dose for the assay. Apixaban did not induce excess chromosomal aberrations in
Chinese hamster ovary cells in vitro in either the presence or absence of metabolic
activation at a concentration that produced acceptable toxicity.
Although O-desmethyl apixaban sulfate was not detected after incubation of [14C]apixaban with rat liver S9, O-desmethyl apixaban and two hydroxy apixaban
metabolites were formed. The genotoxicity of O-desmethyl apixaban and two hydroxy
apixaban metabolites were evaluated in the in vitro bacterial reversion and mammalian
chromosomal aberration assays. Separate genotoxicity testing of O-desmethyl apixaban
sulfate was not considered necessary, because 1) adequate levels of the O-desmethyl
apixaban were formed with rat liver S9 and 2) O-desmethyl apixaban sulfate is a phenol
sulfate conjugate with no pharmacological activity and no structural alerts.
In an acceptable carcinogenicity study, CD-1 male and female mice received oral
dietary doses of apixaban for up to 105 and 97-100 weeks, respectively. The incidences
of a few tumors were increased in the higher dose groups compared to those in the
control groups. However, none of these tumors had a p-value that attained the
significance level of p < 0.005 required for a common tumor to be considered positive.
Therefore, no statistically significant neoplastic findings were related to apixaban
treatment under the conditions of this study. At the maximum dosages of 1500
mg/kg/day in males and 3000 mg/kg/day in females during week 25, the exposure ratios
were 8.8 and 20.1 times, respectively, the human exposure at a dose of 5 mg twice a
day based on unbound apixaban concentrations.
In an acceptable carcinogenicity study, Sprague Dawley rats received oral dietary doses
of apixaban for up to 104 weeks. The incidences of a few tumors were increased in the
higher dose groups compared to those in the control groups. However, none of these
tumors had a p-value that attained the significance level required for the tumor to be
considered positive. Therefore, no statistically significant neoplastic findings were
related to apixaban treatment under the conditions of this study. At the maximum
dosage of 600 mg/kg/day in males and females during Week 52, the exposure ratios
were 2 and 4 times, respectively, the human exposure at a dose of 5 mg twice a day
based on unbound apixaban concentrations.
In an acceptable oral fertility and early embryo development study, male and female
rats were treated with 0, 50, 200 and 600 mg/kg/d. No drug-related effects were
observed on estrous cycling, mating or fertility in treated males or treated females,
although body weight gain decreased slightly in the high dose males. The NOAEL for
fertility, maternal toxicity and embryo toxicity was 600 mg/kg. The NOAEL for paternal
toxicity was 200 mg/kg. At the NOAEL dosages of 200 and 600 mg/kg in males and
females, the exposure ratios were 2.7 and 4.2 fold the human exposure at a dose of 5
mg BID based on unbound apixaban concentrations.
In an acceptable oral embryo-fetal development study in rats, the NOAEL for maternal
toxicity was 1000 mg/kg/day, because of a decrease in mean body weight gain and the
significantly increased incidence of signs of vaginal bleeding at 3000 mg/kg/day. The
NOAELs for fetal toxicity and malformation were 3000 mg/kg/day. At the NOAEL
dosages of 1000 and 3000 mg/kg/day, the exposure ratios were 4.2 times the human
exposure at a dose of 5 mg twice a day based on unbound apixaban concentrations. In
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a separate toxicokinetic experiment on gestation day 15, fetal exposures to apixaban at
2 to 8 hours after dosing were 5.1 to 11.7% of maternal exposures of females dosed at
3000 mg/kg.
In an acceptable oral embryo-fetal development study in mice, the NOAEL for maternal
toxicity was 1500 mg/kg/day, although the incidence of clinical signs of bleeding
increased slightly with dose. The NOAELs for fetal toxicity and malformation were 1500
mg/kg/day. The toxicokinetic evaluation indicated that mean maternal exposures were
similar at all doses, indicating saturation of exposure. At the NOAEL dosage of 1500
mg/kg, the exposure ratio of unbound apixaban concentrations was 19 times the human
exposure at a dose of 5 mg twice a day based on unbound apixaban concentrations.
In an acceptable embryo-fetal development study in rabbits, the maximum possible
dose that could be orally administered was 1500 mg/kg. The NOAEL for maternal
toxicity was 1500 mg/kg. The NOAELs for fetal toxicity and malformations were 1500
mg/kg. At the dosage of 1500 mg/kg, the exposure ratio was only 0.33 times the human
exposure at a dose of 5 mg twice a day based on unbound apixaban concentrations.
In an adequate embryo-fetal development study, apixaban was administered at 0, 1.25,
2.5 and 5.0 mg/kg intravenously once daily from gestation day 7 to 19 to New Zealand
White rabbits that were sacrificed on gestation day 29. A subsequent study evaluated
maternal and fetal toxicokinetics on GD 19 in rabbits receiving only the high dose of 5
mg/kg. The NOAELs of 5 mg/kg for maternal toxicity, fetal toxicity and malformation
corresponded to AUC(0-24h) exposures of 0.95 μg.hr/mL in the main study, and 2.6-3.2
μg.hr/mL in the extension study, which evaluated timepoints earlier than 30 minutes.
The exposure ratios at 5 mg/kg in the two toxicokinetic assessments were 0.93 and 2.9
times, respectively, the human exposure at a dose of 5 mg twice a day based on
unbound apixaban concentrations.
Results of a dose finding prenatal/postnatal development study in rats indicated that
dosing in the main study did not need to be interrupted during parturition. In the main
study, pregnant rats received a daily dose of apixaban by gavage from gestation day 6
to lactation day 20. In blood samples collected on lactation day 6 at 4 hours after dosing
with 25, 200 and 1000 mg/kg, prothrombin times (PT) were prolonged 1.65, 2.25, and
2.64 fold, respectively, compared to the control means. No drug related mortality of F0
dams occurred, although the incidence of bleeding signs, primarily during gestation,
increased in the treated groups with the incidence similar in the mid and high dose
groups. The NOAEL for F0 maternal effects, F1 pre- and peri-natal toxicity, F1 postnatal
development, F1 male mating/fertility and F2 pre-natal fetal toxicity was 1000
mg/kg/day. The NOAEL for F1 female mating/fertility was 200 mg/kg based on
decreased mating index at 1000 mg/kg that was slightly below the historical range. At
the NOAEL dosages of 200 and 1500 mg/kg, the exposure ratios were 4.9 and 5.4
times, respectively, the human exposure at a dose of 5 mg twice a day based on
unbound apixaban concentrations.
In the main juvenile toxicology study in rats, oral doses of 0, 10, 50, or 600 mg/kg/day
apixaban were administered daily for 3 months to four sets of Sprague-Dawley rats
beginning at postnatal day 4. The Set 1 animals were necropsied at the end of dosing.
The Set 2 animals were used to evaluate reproductive effects after the end of treatment
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and then were necropsied on postnatal day 120-130 after a 1 month recovery period.
The Set 3 and Set 4 animals were used to evaluate toxicokinetics on postnatal day 10
and coagulation on postnatal day 21, respectively. At the end of treatment mean body
weights and body weight gains were decreased in a dose-dependent manner relative to
the vehicle control group in the males, but not the females. Except for the expected
prolongation of coagulation times, the only potential drug-related adverse effect was the
increased incidence of unilateral or bilateral degeneration of the testicular seminiferous
tubules in the high dose Set 1 males that were necropsied at the end-of dosing. The
incidence of testicular degeneration was 33%, a value above the maximum of 26.7% in
the historical control data. Although this finding appeared reversible in the recovery
group, the reviewer believes that the testicular finding is drug-related, because of the
severity of the testicular finding and the correlation with hypospermia in the
epididymides. Mean apixaban AUC(0-24h) and Cmax values on postnatal day 21 were
1.6-2.9 and 1.9-3.8 fold higher, respectively, than those on postnatal day 87. These
increased apixaban plasma concetrations on postnatal day 21 correlated with the
increased prothrombin time values on postnatal day 21 compared to those on postnatal
day 87. The plasma concentrations at 2 or 4 hr post dose on postnatal day 10 were 1.9
to 6.6 fold higher than the plasma concentrations at the respective timepoints on
postnatal day 21. These increases in the main study are consistent with similar
increases in apixaban plasma concentrations on postnatal day 10 compared to those on
postnatal day 21 in the juvenile dose-range finding study.

1.3
1.3.1

Recommendations
Approvability

NDA 202,155 for apixaban is approvable from a pharmacology and toxicology
perspective for the prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation. Most of the toxicities identified in the non-clinical studies are
either attributable to the pharmacodynamic effect of apixaban or satisfactory safety
margins have been demonstrated relative to human therapeutic exposures. Although no
animal deaths occurred during parturition in the pre/postnatal development study, the
label needs to warn women of child-bearing potential of the high risks for bleeding
during labor and delivery
1.3.2

Additional Non Clinical Recommendations

Because of the severity of the testicular degeneration in the juvenile study, the reviewer
recommends that an additional juvenile animal study be conducted to determine if a
critical period for toxicity can be identified before any pediatric studies are conducted in
humans.
1.3.3

Labeling

A separate labeling review will be written after discussions with the reviewers in the
Division of Hematology Products.
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2

Drug Information

2.1

Drug

CAS Registry Number: 503612-47-3
Generic Name:

Apixaban

Code Names:

BMS-562247, DPC-AG0023

Chemical Name:

1-(4-Methoxyphenyl)-7-oxo-6-[4-(2-oxopiperidin-1-yl)phenyl]4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridine-3-carboxamide

Molecular Formula/Molecular Weight: C25H25N5O4/459.50

Structure:
Figure 1: Structure of Apixaban

Pharmacologic Class: Factor Xa inhibitor

2.2

Relevant INDs, NDAs, BLAs and DMFs
(b) (4)

2.3

IND 68598

Drug Formulation

Apixaban is formulated for oral administration as immediate release, film-coated tablets
containing either 2.5 or 5 mg of active compound. The tablets also contain anhydrous
14
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Studies Not Reviewed

None.

3.3

Previous Reviews Referenced

Dr. Joseph, Dr. Honchel and the reviewer of the current document previously reviewed
(b) (4)
study reports
68598 as indicated in Table 3.
Appendix 1 lists the specific study reports evaluated in each review.
Table 3: List of Previous Reviews References
Application

(b) (4)

IND 68598

Supporting Document (SD)
SD 0, 6, 11, 14, 18, 20, 24, 27
SD 74, 89, 117, 135, 150
SD 264
SD 461
SD 472
SD 513
SD 476
SD 492
SD 0
SD 2, 3
SD 0, 6

4

Pharmacology

4.1

Primary Pharmacology

Reviewer
D. Joseph
R. Honchel
R. Honchel
R. Honchel
R. Honchel
R. Honchel
R. Honchel
R. Honchel
P. Harlow
P. Harlow
P. Harlow

Review Date
07/18/05
03/31/09
02/19/09
08/31/09
10/02/09
03/19/10
03/26/10
03/30/10
09/19/05
12/02/05
03/21/07

Mechanism of action:
Apixaban (BMS-562247) binds directly to and inhibits the activity of Factor Xa, the
human plasma serine protease that converts prothrombin to thrombin, which is the
serine protease that converts fibrinogen to fibrin in forming a blood clot. The inhibition of
Factor Xa by apixaban is independent of other factors, particularly antithrombin III.
Factor Xa plays a central role in coagulation as illustrated in either the older cascade
model of coagulation (Figure 2A) or the contemporary model of coagulation involving
initiation, amplification and propagation (Figure 2B). Since FXa can be generated by
both the extrinsic and intrinsic pathways and one molecule of factor Xa can generate
more than 1,000 thrombin molecules [Mann et al. 2003], Factor Xa is considered a good
target enzyme for the inhibition of coagulation and the prevention of thrombosis.
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Figure 2: Two models of coagulation
A: Cascade model (Adams and Bird, 2009)

B: Contemporary model (Tanaka et al. 2009)

Although some free Factor Xa (FXa) exists in plasma, FXa normally combines with FVa
in a 1:1 complex in the presence of calcium on platelet phospholipid membrane
surfaces at activation-dependent receptor sites for FVa or FXa (Fager 2010). Effector
cell protease receptor-1 (EPR-1), a 65-kDa membrane receptor for FXa, is only one
component of a complex platelet receptor for the prothrombinase complex (Bouchard et
al. 1997; Tracy et al. 1992). The concentration of FXa is the rate-limiting component of
prothrombinase complex formation and ultimately the generation of thrombin activity
(Rand 1996). Prothrombinase is approximately 300,000-fold more active than FXa
alone in catalyzing the conversion of prothrombin to thrombin [Nesheim, et al. 1979].
The literature indicates that FXa not only plays a critical role in coagulation and
hemostasis, but it also mediates intracellular signaling by protease activated receptors
(PAR), which require proteolytic cleavage for activation rather than ligand binding
(Borensztajn et al. 2008). Four PAR receptors (PAR-1 to PAR-4) are currently known to
be encoded in the mammalian genome (Traynelis and Trejo 2007). Although soluble
FXa activates both PAR-1 and PAR-2, FXa in a ternary complex with TF–FVIIa primarily
activates PAR-2 (Ruf et al. 2003; Feistritzer et al. 2005). The PAR-1 and PAR-2
receptors are expressed in a large variety of tissues and cells, including the lungs, the
cardiovascular system, the epidermis, osteoblasts, the immune system, the kidney, the
nervous system, the gastrointestinal tract, the pancreas and the liver (Macfarlane et al.
2001). FXa-dependent signaling can promote cell proliferation, cell migration and
fibrosis as well as induce production of pro-inflammatory (Papapetropoulos et al 1998;
Yamaguchi et al 1999), expression of adhesion molecules (Senden et al 1998), and
tissue factor gene expression (Camerer et al 1999). Therefore, inhibition of FXa may
have additional consequences beyond direct inhibition of clot formation.
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Drug activity related to proposed indication:
In vitro studies
Apixaban binds to purified human FXa with a Ki at 250 of 0.075 nM (Table 4).
Lineweaver-Burk analysis indicates apixaban is a competitive inhibitor of FXa relative to
a tripeptide substrate. The X-ray crystal structure of apixaban in a complex with human
FXa indicated that the apixaban structure is highly complementary to the FXa enzyme
active site (Pinto et al. 2007). Therefore, the mechanism of apixaban inhibition of FXa is
independent of anti-thrombin III and is unlike that of heparin or low molecular weight
heparin. Kinetic analysis using purified human FXa indicated the inhibition of purified
FXa by apixaban was rapid and reversible (Luettgen et al 2011). Apixaban also inhibited
human FXa activity when present in the prothrombinase complex on washed human
platelets or present in clots formed in human platelet-poor plasma.
Table 4: Reviewer’s Summary – Inhibition of FXa by Apixaban
Free human FXa
enzyme assay

Ki at 25º C
Ki at 37º C
Dissociation, t½ off
kon
koff
IC50
Prothrombinase bound
Ki at 25º C
FXa
Ki at 37º C
Dissociation, t½ off
Clot-bound human FXa, IC50 at 37º C

0.075 ± 0.003 nM
0.25 ± 0.011 nM
1.4-2.3 min
1.3-2.0 X107 M-1 s-1
11.3 X10-3 s-1
0.7 nM
0.63 ± 0.06 nM
0.62 nM
1.2 min
1.3 nM

In purified systems, apixaban inhibits FXa with high affinity and selectivity compared
with related proteases involved in coagulation, fibrinolysis, and digestion (Table 5).
Table 5: Reviewer's Summary – Selectivity of Apixaban for FXa
Fold selectivity
>30,000
>100,000
>200000
>300000

Protease
thrombin, chymotrysin, plasma kallikrein,
Factor IXa, Factor VIIa, Factor XIa, urokinase
cathepsin B, cathepsin D, cathepsin G, cathepsin L, chymase, MT-SP1
Matriptas, neutrophil elastase, plasmin, trypsin
activated protein C, complement factor 1, tissue kallikrein-1, tissue
plasminogen activator,

The following study reports were not previously reviwed.
Study title: Apixaban Inhibits Human Clot-Bound Factor Xa Activity In Vitro
Study no.: 930028740 (Document 930028740)
Conducting laboratory and location: Bristol Myers Squibb, Hopewell
Drug, lot #, and % purity: BMS-56224, lot not indicated
Clots made with human platelet-poor plasma were washed extensively to remove
unbound FXa. The washed clots were incubated first with vehicle or various
concentrations of apixaban and then with Factor Va and prothrombin. Prothrombin
fragment 1+2 (F1+2) released into supernatant was measured as an indication of clot-
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bound FXa activity using an ELISA. Apixaban inhibited clot-bound FX activity with IC50
of 1.3 nM at 37º C.
Study title: Effects of Apixaban on Tissue-Factor Induced Human
Platelet Aggregation In Vitro
Study no.: 930028741 (Document 930028741)
Conducting laboratory and location: Bristol Myers Squibb, Hopewell
Drug, lot #, and % purity: BMS-56224, lot not indicated
Human platelet-rich plasma (PRP) was prepared from citrated human blood, which had
been mixed with corn trypsin inhibitor to inhibit the contact factor pathway and with
Pefabloc® FG to prevent fibrin polymerization. The PRP was then mixed with vehicle or
increasing concentrations of apixaban followed by addition of human tissue factor (TF)
with CaCl2 to trigger platelet aggregation measured with an aggregometer. The vehicletreated PRP (n=10 subjects) was aggregated 85±3% within 5 minutes. Apixaban
inhibited TF-induced platelet aggregation with IC50 (nM) of 3.5 nM (Figure 3). However,
apixaban did not directly inhibit platelet aggregation induced by adenosine diphosphate,
α-thrombin, thrombin receptor-activating peptide (SFLLRN-NH2) or collagen. Therefore,
apixaban indirectly inhibits platelet aggregation by reducing thrombin production.
Figure 3: Sponsor's Figure – Apixaban Inhibition of Tissue Factor-Induced
Platelet Aggregation
From Document 930028741

Addition of apixaban to normal human plasma causes concentration-dependent
prolongations in standard coagulation assays. Although interindividual variation was
observed, generally an apixaban concentration of 3.6 μM was required to double the
prothrombin time (PT), and a concentration of 7.4 μM was required to double the aPTT
compared to control values (Wong et al 2011). In contrast, apixaban at concentrations
up to 20 μM did not affect thrombin time.
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In vivo studies
The sponsor’s table below (Table 6) summarizes the antithrombotic and antihemostatic
effects of apixaban as evaluated in anesthetized rats, rabbits, and dogs. The models
included arterial-venous shunt thrombosis, tissue factor-stasis venous thrombosis,
FeCl2-induced vena cava thrombosis, FeCl2-induced carotid artery thrombosis,
electrically induced carotid arterial thrombosis and deep vein thrombosis (a threadinduced vena cava thrombosis model). Hemostasis was assessed in models of cuticle
bleeding time, renal cortex bleeding time, and mesenteric bleeding time.
Apixaban dose-dependently inhibited both arterial and venous thrombosis after
intravenous administration in rabbits, rats, and dogs. In rats, an apixaban plasma
concentration of 5 μM resulted in a 50% inhibition of thrombus weight in the arterialvenous shunt model in rats, but only a 34% increase in bleeding time. In rabbits, a
plasma concentration of apixaban that resulted in 80% inhibition of thrombosis in
arterial-venous shunt and arterial models produced no increase in bleeding time. In
dogs, a plasma concentration of apixaban that inhibited arterial-venous shunt
thrombosis by 40% and doubled the time to occlusion produced only a 1.1 to 1.3-fold
increase in relative prothrombin time, relative aPTT and relative bleeding time.
Table 6 : Sponsor's Summary - Apixaban Activity in Thrombosis Models

Documents 930028738, 930028749, 930028752

The following study report was not previously reviewed.
Study title: The Effects of Factor Xa Inhibitor, Apixaban, on Elevated
Thrombotic Biomarkers in Diabetic/Obese Mice
Study no.: 930028753 (Document 930028753)
Conducting laboratory and location: Bristol Myers Squibb, Hopewell
Drug, lot #, and % purity: BMS-56224, lot not indicated
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Elevated plasma levels of the thrombotic biomarkers thrombin-antithrombin III (T-AT)
and soluble CD40 ligand (sCD40L) are found in diabetic db/db mice compared to the
levels in normoglycemic C57BL/6 mice. Apixaban in vehicle (99.5% Labrafil/0.5%
Tween 80) was administered orally at 5 and 50 mg/kg to db/db mice once or twice daily
for three days. After dosing on the third day blood samples were collected and plasma
prepared for measurement of T-AT and sCD40L by ELISA assays. Administration of
apixaban twice daily at 50 mg/kg to db/db mice significantly decreased levels of T-AT
and sCD40L compared to the levels in vehicle treated db/db mice. However,
administration of apixaban at 5 mg/kg did not reduce the levels of sCD40L, but did
reduce the levels of T-AT in db/db mice. Once daily dosing of apixaban was not
effective in reducing the levels of these markers in db/db mice compared to twice daily
dosing.
Figure 4: Sponsor's Figures – Effects of Apixaban on Plasma T-AT and sCD40L in
db/db Mice
Twice daily dosing of apixaban

Once daily dosing

White bar: control C57BL/6 mice, gray bar: db/db mice treated with vehicle, darker or black bars: db/db mice treated with apixaban

4.2

Secondary Pharmacology

No significant binding or interaction (≥50%) of apixaban at ≤ 10 μM was observed on 63
receptors, ion channels, or enzymes. At 10 μM apixaban demonstrated only marginal
inhibition (20 to 30%) at histamine H2 receptors (21%), muscarinic M1 (20%) and M2
(30%) receptors, NOS second messenger neuronal binding receptors (21%), platelet
activating factor receptors (22%), neurokinin NK2 {NKA} receptors (21%), and nonselective vasoactive intestinal peptide receptors (20%).

4.3

Safety Pharmacology

The sponsor concluded that apixaban produced no significant effects on the central
nervous, cardiovascular, respiratory, and renal systems based on safety pharmacology
evaluations conducted as part of the repeated dose studies in rats and dogs. Apixaban
at maximal concentrations of 30 μM did not significantly affect peak tail hERG currents
or action potential duration in rabbit Purkinje fibers. Likewise, the M1 metabolite (Odesmethyl apixaban sulfate, BMS-730823) at maximal concentrations of 30 μM did not
significantly affect peak tail hERG currents or action potential parameters in rabbit
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Purkinje fibers. In conscious dogs after either oral or intravenous administration of
apixaban, no significant changes were produced in hemodynamic or ECG parameters,
including QTc, in two studies.

4.4

Pharmacodynamic Drug Interactions

Pharmacodynamic drug interactions of apixaban in combination with aspirin alone or
aspirin plus clopidogrel were evaluated in the rabbit arterial thrombosis model discussed
below.
Study title: Arterial Antithrombotic and Bleeding Time Effects of Apixaban
in Combination with Antiplatelet Therapy in Rabbits
Study no.: 930028739 (Document 930028739)
Conducting laboratory and location: Bristol Myers Squibb, Hopewell
Drug, lot #, and % purity: BMS-56224, lot not indicated
The effects of apixaban on antithrombotic efficacy and cuticle bleeding times were
evaluated in the rabbit arterial thrombosis model (Wong et al. 2007) during treatment in
combination with aspirin alone or aspirin plus clopidogrel. Male New Zealand White
rabbits (n = 6 per group) received clopidogrel at 3 mg/kg/d or its vehicle (0.6%
methylcellulose) orally once daily for three days. Following the third oral dose of
clopidogrel or vehicle, rabbits were anesthetized, intravenous infusion of apixaban,
aspirin, or the combination of apixaban and aspirin was initiated, and an
electromagnetic flow probe was placed on a segment of an isolated carotid artery to
monitor blood flow. Thrombosis induced by electrical stimulation of the carotid artery
and carotid blood flow was measured continuously over a 90-min period to monitor
thrombosis-induced occlusion. Integrated carotid blood flow was determined as area
under the flow versus time curve. The apixaban intravenous doses of 0.04, 0.3 and 2.1
mg/kg/h represented the antithrombotic ED20, ED50, and ED80 doses, respectively, of
apixaban alone for reduction of thrombus weight in this model (Wong et al 2008).
Aspirin was used at 1 mg/kg/h, a dose previously shown to completely block ex vivo
platelet aggregation response to arachidonic acid in rabbits.
The average carotid blood flow, thrombus weight and bleeding time in the vehicletreated animals (controls) were 20±3 mL/min, 8.6±0.9 mg and 181±12 s, respectively,
and blood flow gradually decreased with total occlusion of the artery in 35 minutes after
electrical stimulation. Aspirin alone produced some improvement in the patency of the
thrombotic artery and integrated blood flow with a slight reduction of thrombus formation
in the absence of a significant increase in bleeding time (Figure 5). Addition of apixaban
at ED20 and ED50 to aspirin produced a dose-dependent increase in integrated blood
flow, and reduced thrombus weight without a significant increase in bleeding time
compared with aspirin alone. However, bleeding time was significanly increased 1.6-fold
when apixaban at ED80 was added to to aspirin compared with aspirin alone.
The addition of aspirin and clopidogrel produced no additional increase in the integrated
blood flow or reduction of thrombus weight. However, addition of apixaban at ED20 to
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the combination of aspirin and clopidogrel produced a higher integrated blood flow and
a greater reduction of thrombus weight compared with the dual combination of aspirin
and clopidogrel. Clopidogrel alone significantly increased bleeding time by 2.6-fold
compared to vehicle. The addition of clopidogrel dose-dependently increased bleeding
time in combination with aspirin plus apixaban at the ED20, ED50, and ED80.
Figure 5: Sponsor's Figures - Effects on Blood Flow, Thrombus Weight and
Bleeding Time

Aspirin (ASA) was given at 1 mg/kg/h i.v. Apixaban (Apu) was studied at 0.04 (ED20), 0.3 (ED50) and 2.1 (ED80) mg/kg/h i.v.
Clopidogrel (Clopi) was dosed orally at 3 mg/kg/d. *P < 0.05, compared to aspirin; #P < 0.05, compared with the preceding group
and +P < 0.05, compared to ASA plus Clopi. Means ± SE and n = 6 per group.

5

Pharmacokinetics/ADME/Toxicokinetics

Drs. Joseph, Honchel, and Harlow previously reviewed most of the studies describing
the absorption, distribution, metabolism and excretion of apixaban. The sections below
briefly summarize this information. A few studies not previously reviewed are reviewed
below.

5.1

PK/ADME

Methods of analysis
Blood samples were collected with potassium EDTA as the anticoagulant.
Plasma or embryo extract was prepared and an internal standard was added. The liquid
chromatography/tandem mass spectrometry (LC/MS/MS) method used acetonitrile
extraction, while the LC-API/MS/MS (liquid chromatography atmospheric pressure
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In Caco-2 human intestinal epithelial cell monolayers, which express a number of efflux
and influx transporters, the apparent permeability coefficient of apixaban (20 to 200 μM)
was 12 to 37 fold higher in the basal-to-apical direction than the apical-to-basal direction
indicating that apixaban is a substrate for intestinal efflux pump(s). LY335979, a Pglycoprotein (P-gp) inhibitor, and probenecid, a selective multiple drug resistance
(MDR) gene-associated protein inhibitor, incompletely decreased the apixaban efflux
ratio in Caco-2 cultures. However, the known inhibitors of P-gp, cyclosporin A and
ketoconazole, reduced the efflux ratio of apixaban by 84 and 93%, respectively,
indicating that apixaban is a P-gp substrate. Since the efflux of digoxin, a known P-gp
substrate, was completely inhibited by cyclosporin A and ketoconazole, the incomplete
inhibition of apixaban efflux suggests that apixaban is also a substrate for transporters
other than P-gp.
Using parental LLC-PK1 (porcine kidney-derived) cells and LLC-PK1 cells expressing
the human P-gp protein, the efflux ratios of [14C]-apixaban indicated active basal-toapical transport across P-gp-transfected LLC-PK1 monolayers. Ketoconazole inhibited
the efflux ratio of 5 and 50 μM apixaban in P-gp-expressing LLC-PK1 cells with IC50
values of 2.9 and 5.4 μM, respectively. In parental cells lacking human P-gp, efflux
ratios of 1.4 to 4.4 were observed, suggesting non-P-gp-mediated transport of
apixaban.
The transport of apixaban was not significantly altered in MDCK cells expressing OAT1
and in HEK-293 cells expressing human OATP1B1, OATP1B3, OATP2B1, OAT3 or
OCT1 cDNA as single transporter compared to non-transfected cells. However, mean
efflux ratios of [14C]-apixaban were between 1 to 3 in parental cells Madin-Darbin canine
kidney (MDCKII) cells and between 8 and 19 in MDCKII cells over-expressing the
multidrug transport protein mouse breast cancer resistance protein (MDCKII-BCRP).
Furthermore, the known BCRP inhibitor, Ko134, completely inhibited apixaban efflux
indicating apixaban is a substrate for the BCRP transporter. In contrast, diltiazem and
naproxen did not inhibit apixaban efflux in either parental or MDCKII-BCRP cells.
Ketoconazole only partially inhibited apixaban transport by 33% in MDCKII-BCRP cells,
but almost completely inhibited (91%) the efflux of apixaban in parental MDCKII cells.
Since MDCKII cells express canine P-gp, the effects of ketoconazole in this study are
consistent with apixaban being a substrate of P-gp as well as substrate of BCRP.
Overall, apixaban is subject to both P-gp-mediated and non-P-gp-mediated efflux, which
could limit in vivo absorption.
In vivo
Following single oral doses, apixaban had a mean bioavailability (F) of 34, 88, and 51 %
in rats, dogs, and chimpanzees, respectively. The maximum concentration (Cmax)
occurred at 0.5, 1 and 2 hours following oral administration in rats, dogs, and
chimpanzees, respectively, indicating rapid absorption. Table 8 summarizes the
apixaban pharmacokinetic parameters after single dose administration to rats, dogs and
chimpanzees.
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pathways such as oxidation, exist in some species. Conjugation reactions include
glucuronidation and sulfation with the latter predominating in the human. The sponsor’s
proposed metabolic pathways for apixaban in humans and the species used for
toxicology studies are shown in Figure 6 with the principal pathway in humans
highlighted with red arrows. In humans, the principal pathway involves Odesmethylation of apixaban to O-desmethyl apixaban (M2, BMS-566665) followed by
sulfation to O-desmethyl apixaban sulfate (M1, BMS-730823).
In humans, rats, mice and dogs, apixaban was the predominant radioactive component
in plasma samples after administration of [14C]-apixaban (Table 14). In rabbits, Odesmethyl apixaban glucuronide was the predominant radioactive component. In
humans, the parent apixaban accounted for 84% of the plasma radioactivity at 6 hours
after dosing and 53 to 59% of the plasma radioactivity 48 hours after dosing.
The most predominant circulating human metabolite was O-desmethyl apixaban sulfate
(M1). Rats and dogs had low circulating levels (<1%) of O-desmethyl apixaban sulfate
whereas rabbits had higher levels, particularly at 1 hour after dosing. In humans, the
AUC(0-48 h) for O-desmethyl apixaban sulfate was 24 to 27% of the AUC(0-48 h) for the
parent apixaban (M1).
Minor human plasma metabolites include O-desmethyl apixaban (M2), 3-hydroxy
apixaban (M7), and hydroxylated O-desmethyl apixaban sulfate-1 (M10). O-desmethyl
apixaban (M2) was found circulating in plasma of mice, rats, rabbits and dogs at levels
higher than the levels in humans. The plasma of mice and rats also contained 3-hydroxy
apixaban (M7). However, hydroxylated O-desmethyl apixaban sulfate-1 (M10) was not
detected in plasma of mice, rats, rabbits or dogs.
Figure 6: Sponsor’s Figure – Apixaban Metabolism

Gluc: glucuronic acid. M3, M5: result of opening of the keto-lactam ring via oxidation and hydrolysis, respectively.
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1.7% remaining in the carcasses. The Tmax was at 1 hour postdose, indicating rapid
absorption of [14C]-apixaban in mice. The highest mean concentrations of radioactivity in
plasma (2890 ng equiv/g) rapidly decreased to below the quantifiable limits by 12 hours
after dosing.
Figure 7: Sponsor’s Figure – Apixaban Excretion in Mice

Study title: Mass Balance of Radioactivity After Intravenous and Oral
Administration of [14C]BMS-562247 to Female New Zealand White Rabbits
(MBA00222)
Study no.: MBA00222 (Document 930017359) (b) (4)
Conducting laboratory and location:
Drug, lot #, and % purity:

[14C]-BMS-562247-02, lot 002

The excretion of total radioactivity was determined after intravenous and oral
administration of [14C]-apixaban to fasted female New Zealand White rabbits. One group
of 3 female New Zealand White rabbits received a single intravenous bolus dose of 5
mg/kg [14C]-apixaban in cyclodextrin buffer. The other group received a single oral
gavage dose of 30 mg/kg of [14C]-apixaban in 0.5% (v/v) Tween 80 in Labrafil®. Blood
samples were collected from all animals prior to dosing and at 0.083, 0.25, 0.5, 1, 4, 12,
24, and 48 hours after dosing. After processing the blood for plasma, the plasma
samples were analyzed for total radioactivity. The animals were housed individually in
metabolism cages for the separate collection of urine and feces, which were collected
before dosing and over intervals through 48 hours after dosing.
Following intravenous dosing of [14C] apixaban to female New Zealand White rabbits,
62% of radioactivity was in the feces and 25% was in the urine with a total recovery of
88.00% of the administered dose. Cage residue samples only contained a combined
total of 0.77% of the dose. The highest mean plasma concentration of radioactivity at 5
minutes postdose (8990 ng equiv/g) rapidly decreased to below the quantifiable limit
(57.7 ng equiv/g) by 12 hour after dosing.
At 48 hours following oral dosing of [14C]-apixaban, 54% of radioactivity was in the feces
and 1.8% was in the urine. A combined total of 1% of the dose was found in cage
residue samples. Only 57% of the administered dose was recovered following oral
dosing of [14C]-apixaban. The report attributed this low recovery to inadequate duration
of sample collection; however, radioactivity remaining in the carcass, particularly the
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intestinal tract, was not evaluated. Following oral dosing, only the 1 and 4 hour time
points postdose had concentrations of radioactivity (314 and 404 ng equiv/g,
respectively) above the quantifiable limit (202 ng equiv/g).
Figure 8: Sponsor's Figure - Excretion in Rabbits
Intravenous dosing

Oral dosing

Pharmacokinetic drug interactions
Using human liver microsomes the potential of apixaban to inhibit or induce eight
cytochrome P450 (CYP) enzymes was evaluated using CYP probe substrates at
concentrations approximately equal to their Km values (Document 930024170). The
IC50 values for apixaban inhibition of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,
CYP2D6, and CYP3A4 were > 45 μM and the IC50 value for CYP2C19 was between 20
and 30 μM. As indicated in the review of Document 930024170 below, apixaban
concentrations up to 20 μM did not significantly induce CYP1A2, CYP2B6 or CYP3A4/5
activity or mRNA expression. Since the mean peak apixaban plasma concentration in
humans is 0.8 μM, these in vitro studies suggest that apixaban will have little effect on
the metabolism of CYP substrates.
As discussed above under absorption, apixaban is a substrate of the P-gp transporter.
Therefore, the absorption of apixaban may be affected by P-gp inhibitors. However, the
inability of apixaban to inhibit P-gp suggests that apixaban will not alter the absorption
of drugs that are P-gp substrates. In MDCKII cells or MDCKII cells expressing BCRP,
diltiazem and naproxen did not inhibit apixaban efflux. However, ketoconazole only
partially inhibited apixaban transport by 33% in MDCKII cells expressing BCRP, but
almost completely inhibited (91%) the efflux of apixaban in MDCKII cells. Since MDCKII
cells express canine P-gp, the effects of ketoconazole in this study are consistent with
apixaban being a substrate of P-gp as well as BCRP. The efflux of digoxin, a P-gp
substrate, was evaluated in P-gp-expressing Caco-2 and LLC-PK1 cell monolayers in
the presence of diltiazem. In the two cell lines, diltiazem at 30 μM inhibited digoxin efflux
by 33 and 47%, respectively, indicating that it is a P-gp inhibitor. Thus, a potential
pharmacokinetic interaction between apixaban and diltiazem is possible. Indeed, a 40%
increase in apixaban exposure was observed in humans when oral apixaban was
coadministered with oral diltiazem (Document 930022706).
The bi-directional permeability of apixaban in Caco-2 cell monolayers (Document
930037717) was inhibited by ketoconazole (71%), but to a lesser extent by naproxen

38
Reference ID: 3090266

NDA 202,155

Patricia P. Harlow, Ph.D.

Naproxen (at 3 mM and 6 mM), indomethacin (0.25 mM), sulindac (2.5 mM), meloxicam
(0.5 mM), diclofenac (2 mM), and ibuprofen (1 mM) inhibited digoxin efflux by ≤ 25% in
P-gp expressing LLC-PK1 cell monolayers. However, diltiazem (30 μM) inhibited digoxin
efflux by 33%.
Study title: Evaluation of Common NSAIDs’ Ability to Inhibit P-gp Efflux
Study no.: 930037853 (Document 930037853)
Conducting laboratory and location: Not specifically indicated
This study did not evaluate an effect of apixaban. The study evaluated a panel of nonsteroidal anti-inflammatory drugs for their ability to inhibit digoxin efflux in a Caco2 cell model. Ibuprofen, sulindac, diltiazam, fenoprofen, and naproxen inhibited digoxin
efflux by greater than 40%.

5.2

Toxicokinetics

Toxicokinetics were generally presented as part of the toxicology study reviews. The
following table (Table 21) is the sponsor’s summary of AUC values in critical toxicology
studies. The sponsor’s AUC exposure multiples are not shown because they are based
on total exposure and not unbound exposure.
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Table 21: Sponsor's Summary of Toxicokinetics

6

General Toxicology

6.1

Single-Dose Toxicity

Drs. Joseph and Honchel previously reviewed single dose toxicology studies in mice,
rats, dogs and monkeys. The oral LD50 for apixaban was greater than 4000 mg/kg in
rats and mice, greater than 1500 mg/kg in dogs, and greater than 300 mg/kg in
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Key Study Findings
Male and female Sprague Dawley rats received daily oral doses of apixaban at 50, 200,
and 600 mg/kg for 26 weeks. Two control groups received either the vehicle
(Labrafil/0.5% Tween 80) or water. On days 90 and 181, the dose of 600 mg/kg
corresponded to AUC(0-24h) values of 32.7 and 35.5 μg.hr/mL in males and 36.2 and
34.4 μg.hr/ml in females, respectively.
Relative to the water control group, findings attributed to the vehicle included salivation,
increased body weight and body-weight gain, necropsy findings of thickened nonglandular stomach, and microscopic ulceration/erosion and/or epithelial hyperplasia with
inflammation in the non-glandular stomach.
At 4 weeks, red blood cell counts (RBC) decreased significantly in the male and female
treated groups relative to the vehicle control groups. Other RBC-related parameters
(hemoglobin and hematocrit) also decreased significantly in males, but not in females.
At 13 weeks, hemoglobin and hematocrit increased significantly only in the high dose
females. These changes were not observed at the end of the study, although they are
possibly related to the pharmacodynamic effect of apixaban. Platelet counts were not
affected by treatment with apixaban. However, statistically significant increases in mean
platelet volume relative to the vehicle control groups were evident in all female treated
groups at 4, 13, and 26 weeks and in all male groups at 26 weeks.
Changes attributed to drug treatment included prolongation of coagulation times in
blood samples collected 2-3 hours after dosing at 26 weeks relative to both control
groups. PT was prolonged 1.2-1.4 fold and 1.4-1.5 fold in males and females,
respectively; aPTT was prolonged 1.4-1.5 fold and 1.5-1.7 fold in males and females,
respectively.
The sponsor did not attribute the changes in calcium, chloride, total protein and
potassium to treatment with apixaban.
The incidence of erythrophagocytosis/hemosiderosis increased in the mesenteric lymph
nodes of treated animals at all doses after 26 weeks. Following a 4-week recovery
period the incidence of this finding was similar across all groups indicating that this
finding was reversible.
Since both prolongation of clotting times and hemosiderosis are the result of the
pharmacodynamic effect of apixaban, NOAEL in this study was considered to be 600
mg/kg/day.
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Food Consumption
Individual food consumption for all animals was monitored daily by recording the
number of pellets.
Compared to the vehicle control groups, no significant effects on food consumption
were observed in the apixaban treated groups during either the treatment or recovery
periods. However, food consumption occasionally (Days 21, 84, 175, and 182)
decreased similarly up to 50% in both the vehicle control and apixaban treated groups
compared to the water control groups on days associated with urine collection.
Ophthalmoscopy
All animals were examined once prior to the start of treatment, prior to dosing once
during Weeks 13 and 26 of treatment and once during Week 30 (recovery Week 4). A
board-certified veterinary ophthalmologist performed funduscopic (indirect
ophthalmoscopy) and biomicroscopic (slit lamp) examinations after administration of
0.5% atropine sulfate.
No ocular changes were attributable to drug treatment.
Hematology
Blood samples for hematology were collected from a jugular vein of all animals during
weeks 4, 13, 26, and of recovery animals during week 30. Hematology parameters
included blood cell morphology, mean cell volume, mean cell hemoglobin, mean cell
hemoglobin concentration, and red cell distribution width (RDW), hematocrit,
hemoglobin (Hb), mean platelet volume (MPV), platelet count, red blood cell count
(RBC), reticulocyte count (absolute and percent), and white blood cell count (total,
absolute and percent differential). The coagulation parameters of prothrombin time (PT),
activated partial thromboplastin time (aPTT), and fibrinogen were determined in blood
samples collected at necropsy, which was performed 2-3 hours after dosing in week 26.
Compared to the vehicle control groups, the coagulation parameters aPTT and PT were
prolonged in both male and female treated groups in blood samples collected 2-3 hours
after dosing (Table 27). PT was prolonged 1.2-1.4 fold and 1.4-1.5 fold in males and
females, respectively; aPTT was prolonged 1.4-1.5 fold and 1.5-1.7 fold in males and
females, respectively. All individual animal PT and aPTT values for group 5 were above
the maximum individual values in the vehicle control groups.
At 4 weeks, red blood cell counts (RBC) decreased significantly in the male and female
treated groups relative to the vehicle control groups. Other RBC-related parameters
(hemoglobin and hematocrit) also decreased significantly in males, but not in females.
At 13 weeks, hemoglobin and hematocrit increased significantly in the high dose
females. These changes, although related to the pharmacodynamic effect of apixaban,
were no longer evident by the end of the study.
Mean platelet counts were not affected by treatment with apixaban. However,
statistically significant increases in mean platelet volume were evident in all female
treated groups at 4, 13, and 26 weeks and in all male groups at 26 weeks. The mean
increases in the high dose groups were 10% and 7% in males and females,
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Table 36: Reviewer’s summary of genotoxicity studies with Apixaban (BMS-562247)
In vitro
Cytogenetics Study in
Chinese Hamster Ovary
Cells

Study title

Ames Reverse- Mutation
Study in Salmonella and
Escherichia coli

Study code
Document #
Conducting
laboratory and
location
Study initiation
GLP/QA
Drug lot/purity

DS02121
930002536
Bristol-Myers Squibb,
Syracuse, NY

DS03194
930006384

BMS-562247:
Cytogenetic Study in
Chinese Hamster Ovary
Cells
DS05177
930015541

7/15/02
Yes/yes
BMS-562247, batch
2E55171, purity 98.3%
DMSO

9/17/03
Yes/yes
BMS-562247, batch
2F52153, purity 98.9%
DMSO

11/14/05
Yes/yes
BMS-562247, Batch #
4K83298, purity 99.4%
DMSO

Yes, induced rat liver S9

Yes, induced rat liver S9

Assay 1, 5000 μg/plate
Assay 2: 5000 μg/plate
Assay 1: Duplicate plates
Assay 2: Triplicate plates
Ppt and toxicity in both
assays +/- S9 at 3000/2500
and 5000 μg/plate

Assay 1, 550 μg/mL ±S9
Assay 2: 550 μg/mL -S9
Duplicate cultures for each
dose in each assay
Ppt at beginning of assay ≥
400 μg/mL. Growth
inhibition > 50% at 550
μg/mL

Assay only in absence of
S9
100, 400, and 550 μg/mL

Yes, with and without S9*

Yes, with and without S9

Yes, mitomycin C (MMC)

Five recommended strains.
*Only 2-AA with S9, but
commercial supplier tested
S9 batch with
benzo(a)pyrene)
Negative

Without S9: 4 hr exposure
in one assay & 20 hr
exposure in the other
assay. With S9, 4 hr
exposure in one assay.
4 hr assays : Negative
20 hr. assay: Equivocal
Assays are acceptable
Formulation within 6% of
nominal.

Without S9: 20 hr
exposure in one assay

Formulation or
vehicle
Metabolic
activation
Maximum dose
Appropriate
replication
Toxicity or
exposure

Appropriate
controls
Study Comments

Study result
Study evaluation

Both assays acceptable.
Formulations within 7% of
nominal

(b) (4)
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Duplicate cultures for
each dose in each assay
Ppt ≥ 600 μg/mL. Growth
inhibition 45% at 550
μg/mL

Oral Micronucleus
Study in Male Rats
DS02117
930002539
Bristol-Myers Squibb,
Syracuse, NY
7/29/02
Yes/yes
BMS-562247, batch
2E55171, purity 98.3%
0.5% Tween-80 in
Labrafil
Not applicable – in
vivo
Three doses of 500,
1000, 2000 mg/kg/day
5/sex/group in main
study.
No deaths, clinical
signs or bone marrow
toxicity. Previous TK
study indicates
saturation >300 mg/kg

In vivo
BMS-562247: 1-Month Oral
In Vivo/In Vitro Cytogenetics
Study in Rat Peripheral
Blood Lymphocytes
DS05163
930015561

(b) (4)

10/26/05
Yes/yes
BMS-562247, Batch #
4K83298, purity 99.4%
0.5% Tween-80 in Labrafil
Not applicable – in vivo
0 (vehicle), 25, 200, or 600
mg/kg/day for 30 days
10/sex/group
No deaths, clinical signs of
toxicity. In high dose
Apixaban AUC: 20550
ng.hr/mL, M1 AUC 89 and
56 ng.hr/mL in males and
females
Yes, cyclophosphamide

Negative

Yes,
cyclophosphamide
Oral administration.
Single timepoint (24
after last dose)
Evaluated 2000
PCE/animal
Negative

Negative

Assay is acceptable
Formulation within 10%
of nominal.

Acceptable
Formulations within
7.4% of nominal

Acceptable
Formulations within 9% of
nominal

24 hr after last oral dose
blood collected for
lymphocyte culture, fixation
and chromosome evaluation
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In clinical study CV185006, metabolites O-desmethyl apixaban sulfate (M1), Odesmethyl apixaban (M2), 3-hydroxy apixaban (M7), and hydroxylated O-desmethyl
apixaban sulfate-1 (M10) were observed in plasma after oral administration of [14C]
apixaban to humans (Document 930010261). Metabolite M1 was of concern because it
represented greater than 20% of the exposure of apixaban. After incubations of
apixaban with rat liver S9 (Study 930013242) metabolites M2, M7, and hydroxylated Odesmethyl apixaban (M8) were present at 37%, 6.6%, and 4.0%, respectively, of the
total radioactivity. However, metabolites M1 and M10 were not observed. Adequate
amounts of M2, but not M1, are produced by rat liver microsomes. Therefore, M1 had
not been adequately evaluated for genotoxicity. The sponsor argued that M1 is a phenol
sulfate that is unlikely to form an intermediate that could react with DNA. Such reactive
intermediates are formed from benzyl sulfates (Glatt 1997). The reviewer consulted with
the Pharmacokinetics Subcommittee to confirm that the genotoxicity of M1 did not need
to be evaluated separately. The committee concluded that additional genotoxicity
testing was not considered necessary, because 1) adequate levels of the M2 metabolite
were formed with rat liver S9 and 2) M1 is a phenol sulfate conjugate with no
pharmacological activity and no structural alerts.

8

Carcinogenicity

Two year carcinogenicity studies were conducted in CD-1 mice and Sprague Dawley
rats using multiple lots of apixaban. The complete reviews of these study reports are
below.
Study title: BMS-562247: 104-Week Dietary Carcinogenicity Study in Mice
Document no./Study no.: 930031442/DN05068
Study report location: EDR, Module 4
(b) (4)
Conducting laboratory and location:
Date of study initiation: Dec. 22, 2005
GLP compliance: Indicated
QA statement: Present
Drug: Lot used in
BMS-562247
Particle size
weeks
Process(b) (4) Lot number
% Purity
D
(b) (4)
(b) (4)
4K85835
99.9%
1-14
15-30
4K83298
100.2%
batches
31-40
4K86939
99.8%
41-56
4K89700
99.6%
(b) (4)
57-102
5L00821
99.8%
batches
103-105
6J12238
99.8%
(b) (4)

CAC
concurrence:
Protocol

On November 15, 2005, the Executive CAC concurred with the
sponsor's proposed doses of 0, 150, 500, and 1500 mg/kg/day I n
diet (ad lib feeding) in males and 0, 150, 500, and 3000
mg/kg/day by diet (ad lib feeding) in females based on saturation
of absorption with the qualification that the same form of apixaban
be used in the cancer bioassay as was used in the 13-week
toxicology studies (Appendix 2).
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On November 29, 2011, the Executive CAC discussed the study
results and concurred that the study was adequate and there
were no clearly drug-related neoplasms. The Executive CAC
meeting minutes are in Appendix 3.

Key Study Findings
Introduction
CD-1 male and female mice received oral dietary doses of apixaban for up to 105 and
97-100 weeks, respectively. At dosages of 150, 500, and 1500 mg/kg/day the mean
AUCs(0-24h) in males during Week 25 were 2850, 5120, and 7330 ng.hr/mL. At dosages
of 150, 500, and 3000 mg/kg/day the mean AUCs(0-24h) in females during Week 25 were
5180, 10400, and 16800 ng.hr/mL.
Summary of Non-neoplastic Findings
Although the sponsor concluded no non-neoplastic histology finding was related to
apixaban treatment, the reviewer noted a few statistically significant findings, particularly
in the high dose groups. The findings of extramedullary hematopoiesis in the liver in
male mice and hemorrhage in the thymus of female mice are consistent with the
pharmacodynamic effect of apixaban as a FXa inhibitor.
Adequacy of Carcinogenicity Study
The mouse carcinogenicity study for apixaban used the doses that were recommended
by the Exec CAC based on saturation of exposure at the high-dose. The study length
was acceptable since the male and female mice were treated for up to 104 weeks and
97-100 weeks, respectively. No statistically significant difference in mortality was
observed between the combined control groups and the treated groups for either sex.
No significant treatment-related effects were observed overall on food consumption or
bodyweight, although the reviewer noted that the high dose female group gained
approximately 10% less bodyweight than the control group from week 6 through 76.
Therefore, the high dose selection in this study was appropriate.
One stipulation in the Exec CAC acceptance of the protocol was that the same form of
apixaban be used in the cancer bioassay as was used in the 13-week preliminary
studies. Although the cancer bioassay used multiple apixaban lots that differed in
particle size distribution and process used for synthesis, the apixaban in all of these lots
(b) (4)
was
apixaban. Furthermore, the exposures to apixaban in the cancer bioassay were
comparable to exposures in the preliminary mouse studies.
Appropriateness of Test Models
The Crl: CD-1™ (ICR) BR strain is an appropriate model because this strain is known to
be responsive to known carcinogens and historical control data have been established.
Although the proposed metabolic pathway of apixaban in mice and man is generally
similar involving O-desmethylation with hydroxylation and sulfation, the major human
metabolite M-1 (O-desmethyl apixaban sulfate) is not detected in mouse plasma.
However, in evaluating the protocol for the mouse carcinogenicity study the Exec CAC
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concluded that the M1 metabolite, a phenolic sulfate conjugate, is more stable
thermodynamically than benzylic and aniline sulfate esters and is considered less likely
to form a reactive electrophile.
Summary of Tumor Findings
The incidences of a few tumors were increased in the higher dose groups compared to
those in the control groups. In males, the incidence of Schwannoma (nerve sheath
tumor) increased in the mandibular salivary gland; however, the p value for this tumor in
the current study did not attain the significance level of p < 0.025 required for a rare
tumor to be considered positive. The incidence of the combination of hemangiomas and
hemangiosarcomas (p = 0.0487), uterine/cervical glandular polyps alone (p = 0.0230),
and glandular polyps combined with adenocarcinomas (p = 0.0081) increased in
females. However, none of these tumors had a p-value that attained the significance
level of p < 0.005 required for a common tumor to be considered positive. Therefore,
according to the criteria in current CDER guidance, no statistically significant neoplastic
findings were related to apixaban treatment under the conditions of this study.
Evaluation of Tumor Findings
The FDA nonclinical and statistical reviewers concur with the sponsor that no significant
evidence of neoplasia related to apixaban treatment was observed in CD-1 mice.
Methods
Doses: 0, 150, 500, and 1500 mg/kg/day in males and
0, 150, 500, and 3000 mg/kg/day in females
Frequency of dosing: Daily in diet (ad lib feeding)
Dose volume: Not applicable
Route of administration: Oral (in the diet)
Formulation/Vehicle: Diet
Basis of dose selection: Saturation of absorption
Species/Strain: Mouse/Crl:CD-1® (ICR) BR
Number/Sex/Group: 60 animals/sex/group
Age: Approximately 6 weeks of age at study start
Animal housing: Individual housing
Paradigm for dietary restriction: Not applicable (ad lib feeding)
Dual control employed: Yes
Interim sacrifice: No
Satellite groups: Yes (4 groups of 25 animals/sex/group for TK
and 1 animal/sex/group as sentinel animals)
Deviation from study protocol: 1. The original map showing the location of a
palpable mass for female 1593 in the 600
mg/kg/day group was inadvertently discarded
2. The Helicobacter sp PCR assay was
conducted under a non-GLP based quality
system.
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Table 39: Reviewer's Summary – Female Body Weight Gain – Study DN05068
Dose
Week
-1
6
13
28
40
52
64
76
88
96

Control
BW,
gm
23.75
28.87
31.09
35.87
38.35
39.68
41.75
42.22
42.01
41.48

Gain,
gm

150 mg/kg
N

5.12
7.34
12.12
14.6
15.93
18.0
18.47
18.26
17.73

120
120
120
116
115
112
106
94
63
49

BW,
gm
23.72
29.09
30.73
35.25
38.05
40.15
41.04
40.73
41.99
39.93

Gain,
gm
5.37
7.01
11.53
14.33
16.43
17.32
17.01
18.27
16.21

500 mg/kg
N
60
59
59
58
57
55
51
44
27
19

BW,
gm
23.89
28.33
30.99
35.34
37.94
39.65
41.11
40.85
40.24
43.11

Gain,
gm
4.44
7.1
11.45
14.05
15.76
17.22
16.96
16.35
19.22

3000 mg/kg
N
60
60
60
60
56
53
53
42
23
23

BW,
gm
23.75
28.31
30.34
34.86
37.02
38.02
40.09
40.29
42.56
42.16

Gain,
gm
4.56
6.59
11.11
13.27
14.27
16.34
16.54
18.81
18.41

N
60
59
59
59
58
53
46
39
21
18

% of control
gain
89.1
89.8
91.7
90.9
89.6
90.8
89.6
103.0
103.8

Food Consumption
Food consumption was determined for individual animals once weekly during weeks 1
to 16 and for 1 week at monthly intervals thereafter.
No clear apixaban-related effect was observed on mean food consumption values,
except that the variation in food consumption was greater during the first 10 weeks of
the study (Figure 12). In addition, food consumption in control males and control
females during week 8 was higher than food consumption in apixaban-treated groups.
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Female

Male

Figure 12: Sponsor's Figures – Food Consumption - Study DN05068

Based on body weight, diet admixture concentration, and food consumption, achieved
doses were calculated once weekly through Week 16 and once monthly thereafter.
Overall, the calculated mean achieved doses for the entire study were 104% to 106% of
intended doses, indicating that the mice were dosed as intended (Table 40). However,
graphs (Figure 13) of the achieved doses during the study indicate the achieved doses
were more variable during the first 8 weeks of the study when the mice were growing
most rapidly.
Table 40: Reviewer's Summary – Achieved Doses - Study DN05068
Males
Achieved
Dose, mg/kg
Mean
SD
% expected
Maximum
Minimum

150
156.4
14.8
104.2
202.0
136.1

Females
500
518.7
42.3
103.7
640.8
450.1

1500
1584.6
185.4
105.6
2034.7
1217
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Achieved
Dose, mg/kg
Mean
SD
% expected
Maximum
Minimum

150
159.2
13.0
106.2
189.3
139.7

500
523.2
64.4
104.6
732.3
390.3

3000
3188.6
355.1
106.2
4494.1
2593.2
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Figure 13: Reviewer's Graphs of Achieved Doses - Study DN05068
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Gross Pathology
The surviving males in all main groups were sacrificed during week 105. In contrast, all
the female main groups were necropsied prior to the protocol-specified termination
week 105. The surviving female mice in the high-dose group and one control group
(Control 2) were sacrificed in weeks 97 and 98, respectively. All remaining female
groups (Control 1, low dose and mid dose) were sacrificed during week 100. Animals
found dead during the study were necropsied at the earliest opportunity. The animals
were subjected to systematic examination and the organs listed in Table 41 were fixed
in 10% neutral buffered formalin, except for the eye (including the optic nerve) and
testes, which were fixed using a modified Davidson’s fixative (Creasy and Jonnassen
1999). The urinary bladder and lungs were initially inflated with 10% neutral buffered
formalin prior to further fixation by immersion.
Table 41: List of Tissues Collected
Adrenal glands
Aorta
Bone with marrow (femur and
sternum) (Bone marrow smear†*)
Brain (cerebrum, mid-brain,
cerebellum, and medulla/pons)
Cecum
Colon
Duodenum
Epididymides
Esophagus
Eyes with optic nerve
Gall bladder#
Gross lesions
Harderian glands
Heart
Ileum
†

Jejunum
Kidneys
Liver#
Lungs
Lymph nodes (mandibular,
mesenteric and regional where
applicable)
Mammary gland
Nasal turbinates‡
Ovaries
Pancreas
Pituitary
Prostate
‡
Rectum
Salivary glands (mandibular)
Sciatic nerve
Seminal vesicles

Skeletal muscle (diaphragm)
Skeletal muscle (quadriceps femoris)
Skin (dorsal thorax)
Spinal cord (cervical, thoracic,
lumbar)
Spleen
Stomach (glandular and
nonglandular)
Testes
Thymus
Thyroid/parathyroids
Tissue masses
Tongue
Trachea
Urinary bladder
Uterus with cervix
Vagina

Bone marrow smears were collected at the scheduled necropsy and held.
#
Collected and preserved, not microscopically examined. Gallbladder was opened and the contents examined.

‡
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The incidences of macroscopic findings or masses were similar in all dose groups, and
therefore, not related to apixaban treatment in either males or females that died on
study or at the scheduled end of the treatment period. Calculi were found in the
gallbladder of 15 animals, but the sponsor concluded this was not a apixaban-related
effect, since the appearance and incidence of the calculi were similar in all dose groups.
Histopathology
After fixation, samples of protocol-designated tissues from all main study animals were
processed to hematoxylin and eosin-stained paraffin sections. One veterinary
pathologist examined the slides for male animals and another pathologist examined the
slides for female animals.
Peer Review
The sponsor’s pathologist evaluated all tissues sections from 10 animals per sex from
the control and high dose groups in a peer review of the histopathology. In addition, the
sponsor’s pathologist evaluated sections of neoplastic lesions and spleen from all
animals and sections of the ovary and uterus from all females.
Neoplastic
The incidences of the most notable tumors in the mouse carcinogenicity study are
summarized in Table 42 below. The statistical evaluations by the sponsor are in
Appendix 4 and Appendix 5. Historical control data provided by the sponsor are in
Appendix 6. The reader is also referred to the statistical review by Dr. Matthew Jackson.
The sponsor’s statistical evaluation of the tumors in male mice indicated only one tumor
had a p-value less than 0.05. The incidence of Schwannoma (nerve sheath tumor) in
the mandibular salivary gland of high-dose males was 3.3%, and attained a p-value of
(b) (4)
0.0269 in the Peto-Pike trend analysis. The
listing (2005) of spontaneous
tumors in CD-1 mice indicates an overall incidence of 0.16% for nerve sheath tumors
(benign and malignant combined) in the skin of male mice. Nerve sheath tumors in the
salivary gland were not listed. Although nerve sheath tumors in the salivary gland could
be considered a rare tumor, the p value for this tumor in the current study did not attain
the significance level of p < 0.025 required for a rare tumor to be considered positive.
The sponsor’s statistical evaluation of the tumors in female mice indicated several
tumors had p-values less than 0.05 for the Peto-Pike trend analysis. These tumors
included the combination of hemangiomas and hemangiosarcomas (p = 0.0487) and
uterine/cervical glandular polyps alone (p = 0.0230) and glandular polyps combined with
adenocarcinomas (p = 0.0081). Although the incidence of uterine endometrial polyps in
high dose female mice when combined with uterine adenocarcinoma approached the
critical statistical significance of 0.005 for a common tumor, the incidences of uterine
endometrial polyps (8.3%) and adenocarcinoma (1.67%) in the current study are within
the conducting laboratory’s historical ranges for this mouse strain (2 - 20% and 0 –
3.3%, respectively). No tumor in the current study had a p-value that attained the
significance level of p < 0.005 required for a common tumor to be considered positive.
Furthermore, the incidence of hyperplasia in the uterus with cervix was similar across
control and treated groups. Therefore, according to the criteria in current CDER
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Table 46: Reviewer’s Summary of Apixaban Recovery from Admixtures
Week
1
13
25/26
39/40
51/52
65
77/78
91/92
103/104

Dose,
mg/kg
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum

150
100.4
97.4
102.5
103.9
100.6
107.2
99.4
96.0
105.4
100.4
99.6
102.0
98.0
94.8
100.4
100.9
98.8
102.2
99.0
97.9
100.1
100.2
98.9
101.9
99.2
96.3
102.7

Males
500
95.7
92.5
101.3
99.6
96.6
102.9
97.9
95.7
101.5
100.4
95.7
105.8
104.4
102.2
107.2
99.3
95.9
100.1
102.4
100.4
107.0
99.4
97.7
102.8
98.5
97.1
103.8

1500
94.4
92.9
97.0
101.0
96.8
103.8
102.4
98.3
106.4
100.8
98.9
102.5
98.0
95.3
106.7
98.4
95.9
100.1
98.7
97.6
99.4
98.6
98.1
99.7
98.9
97.5
103.7

150
101.8
97.1
111.0
102
100.0
104.4
99.4
97.1
102
99.5
98.0
103.3
97.1
95.5
99.3
101.2
97.0
105.2
99.0
98.1
100.1
100.9
98.6
106.5

Females
500
94.9
88.5
101.5
95.8
94.6
100.7
97.9
89.0
105.1
99.7
95.0
103.0
99.0
96.5
104.4
100.7
99.3
102.8
101.6
100.6
103.1
98.9
96.5
100.8

Three replicates were analyzed from top, middle and bottom. The mean, minimum and maximum of the nine samples are
presented.
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97.2
98.0
94.6
100.2
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104.6
100.6
98.8
101.7
103.1
100.6
108.6
99.4
98.6
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Study title: BMS-562247: 104-Week Dietary Carcinogenicity Study in Rats
/Document no./Study no.: 930031443/DN05069
Study report location: EDR, Module 4
(b) (4)
Conducting laboratory and location:
Date of study initiation: January 21, 2006
GLP compliance: Indicated
QA statement: Present
Drug:
Lot used in
BMS-562247
Particle size
weeks
Process
Lot number
Purity
D10, 50, 90
(b) (4)
(b) (4)
(b) (4)
1-9
4K85835
99.9%
10-26
4K83298
100.2%
batches
27-35
4K86939
99.8%
36-51
4K89700
99.6%
(b) (4)
52-91
5L00821
99.8%
batches
92-105
6J12238
99.8%
(b) (4)

CAC
concurrence
protocol:

CAC
concurrence
study results:

On November 15, 2005, the Executive CAC concurred with the
sponsor’s proposed doses of 0, 50, 200, and 600 mg/kg/day by
diet (ad lib feeding) based on saturation of absorption with the
qualification that the same form of apixaban be used in the
cancer bioassay as was used in the 13-week toxicology studies.
The Executive CAC meeting minutes are in Appendix 2.
On November 29, 2011, the Executive CAC discussed the study
results and concurred that the study was adequate and there
were no clearly drug-related neoplasms. The Executive CAC
meeting minutes are in Appendix 3.

Key Study Findings
Introduction
Sprague Dawley rats received oral dietary doses of apixaban for up to 104 weeks. At
dosages of 0, 50, 200, and 600 mg/kg/day, the mean AUCs(0-24h) were 8.67, 16.0, and
19.1 μg*hr/mL in males and 11.9, 23.3, and 31.3 μg*hr/mL in females, respectively, on
day 356 of treatment.
Summary of Non-neoplastic Findings
Many of the statistically significant non-neoplastic findings did not exhibit a clear dose
relationship. Although the sponsor attributed some statistically significant findings to
normal biological variation, findings, such as increased extramedullary hematopoiesis,
increased pigment, and decreased thrombosis are consistent with the
pharmacodynamic effect of apixaban as a FXa inhibitor.
Adequacy of Carcinogenicity Study
The rat carcinogenicity study used the doses (0, 50, 200, and 600 mg/kg/d) that were
recommended by the Executive CAC. The study length was acceptable since the rats
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were treated for up to 104 weeks. No treatment-related effect on mortality was
observed.
No significant treatment-related effects were observed overall on food consumption or
bodyweight. However, the reviewer noted that mean body weight and body weight gain
decreased up to 10% and 15%, respectively, in the high dose male group from weeks
60 to 104.
One stipulation in the Executive CAC acceptance of the protocol was that the same
form of apixaban be used in the cancer bioassay as was used in the 13-week
preliminary studies. Although the cancer bioassay used multiple apixaban lots that
differed in particle size distribution and process used for synthesis, the apixaban in all of
(b) (4)
these lots was
of apixaban. Furthermore, the exposures to apixaban in the cancer bioassay were
comparable to exposures in the preliminary rat studies.
Appropriateness of Test Model
The Sprague Dawley rat strain is an appropriate model because this strain is known to
be responsive to known carcinogens and historical control data are available. Although
the proposed metabolic pathway of apixaban in rat and man is generally similar
involving O-desmethylation with hydroxylation and sulfation, the levels of the major
human metabolite M-1 (O-desmethyl apixaban sulfate) are very low in rat plasma (<2%
of parent) compared to the levels in humans (> 27% of parent). However, in evaluating
the protocol for the rat carcinogenicity study the Exec CAC concluded that the M1
metabolite, a phenolic sulfate conjugate, is more stable thermodynamically than
benzylic and aniline sulfate esters and is considered less likely to form a reactive
electrophile.
Summary of Tumor Findings
The incidence of malignant lymphoma, a common tumor, was increased in the high
dose males (pt = 0.037) and females (pt = 0.032). However, the p value for this tumor in
the trend test did not attain the significance level of pt < 0.005 required for a common
tumor to be considered positive. The only tumor with a p-value < 0.05 in the pairwise
Exact Fisher test was adrenal pheochromocytoma in the low dose male group.
However, this tumor did not exhibit a positive dose response relationship or a p-value of
< 0.005 in the trend test. Therefore, according to criteria in current CDER guidance, no
statistically significant neoplastic findings were related to apixaban treatment under the
conditions of this study.
Evaluation of Tumor Findings
The FDA nonclinical and statistical reviewers concur with the sponsor that no significant
evidence of neoplasia related to apixaban treatment was observed in Sprague Dawley
rats.
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Methods
Doses: 0, 50, 200, and 600 mg/kg/day by diet.
Individual doses were based on estimating the
mean body weight and food consumption/sex/
group from the most recent values recorded
with the exception of Weeks 1 and 2 for which
individual doses were based on data from a
(b) (4)
previous study (
Study 455-066).
Frequency of dosing: Daily (ad lib feeding)
Dose volume: Not applicable – based on diet preparation
according to weight of food consumed
Route of administration: Oral through the diet
Formulation/Vehicle: In the diet
Basis of dose selection: Saturation of absorption
Species/Strain: Rat (Crl:CD®[SD])
Number/Sex/Group: 60 rats/sex/group
Age: 6-7 weeks of age
Animal housing: 1 rat/stainless steel wire mesh cage
Paradigm for dietary restriction: Not applicable – ad lib diet
Dual control employed: Yes
Interim sacrifice: No
Satellite groups: Yes, for toxicokinetics (9 rats/sex for control,
low, mid and high dose groups) and sentinel
animals (1 rat/sex/group)
Deviation from study protocol: Although deviations from the protocol occurred,
the study director concluded these deviations
did not affect the quality or integrity of the
study.
Observations and Results
Mortality
The animals were examined visually for mortality, morbidity injury and availability of
food and water twice daily during weeks 1-52. Beginning week 53, a third mortality
check was conducted.
The overall mortality rates were not significantly different between control and apixabantreated male and female rats. Overall, 36% of control males, 33% of treated males, 27%
of control females and 26% of treated females survived until the end of the study (Table
47, Figure 15).
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Figure 18: Reviewer's Graphs of Achieved Doses - Study DN05069
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Gross Pathology
The surviving animals in all main groups were sacrificed during week 105. Animals
found dead or euthanized during the study were necropsied at the earliest opportunity.
The animals were subjected to systematic examination and the organs listed in Table
51 were fixed in 10% neutral buffered formalin, except for the eye (including the optic
nerve) and testes, which were fixed using a modified Davidson’s fixative (Creasy and
Jonnassen 1999). The urinary bladder and lungs were initially inflated with 10% neutral
buffered formalin prior to further fixation by immersion.
Table 51: List of Tissues Collected - Study DN05069
Adrenal glands
Aorta
Bone with marrow (femur and
sternum) (Bone marrow smear†*)
Brain (cerebrum, mid-brain,
cerebellum, and medulla/pons)
Cecum
Colon
Duodenum
Epididymides
Esophagus
Eyes with optic nerve
Gross lesions
Harderian glands
Heart
Ileum
Jejunum
Kidneys

#

Liver
Lungs
Lymph nodes (mandibular,
mesenteric and regional where
applicable)
Mammary gland
Nasal turbinates‡
Ovaries
Pancreas
Pituitary
Prostate
Rectum‡
Salivary glands (mandibular)
Sciatic nerve
Seminal vesicles
Skeletal muscle (diaphragm)
Skeletal muscle (quadriceps femoris)

Skin (dorsal thorax)
Spinal cord (cervical, thoracic,
lumbar)
Spleen
Stomach (glandular (fundic and
pyloric) and nonglandular)
Testes
Thymus
Thyroid with parathyroids
Tissue masses with regional lymph
node
Tongue
Trachea
Urinary bladder
Uterus with cervix
Vagina
Zymbal’s gland

The incidences of macroscopic pathology findings in males and females were generally
similar across control and treated groups and were considered unrelated to treatment
with apixaban. The pathologist noted enlarged brains in three high dose females, but
concluded the finding was not drug related upon microscopic examination, because this
change was attributed to ventricular dilatation secondary to lymphoma in one female or
pituitary adenoma in the other females.
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Study title: BMS-562247: Intravenous Study of Embryo-Fetal Development
in Rabbits
Study no.: DN05050 (Document 930016662)
Study report location: EDR Module 4
(b) (4)
Conducting laboratory and location:
Date of study initiation: Coagulation & TK – June 15, 2005
Maternal toxicity & EFD – July 3, 2005
Maternal & fetal TK – January 4, 2006
GLP compliance: Indicated
QA statement: Present
Drug, lot #, and % purity: BMS-56224, lot 4K85835, purity 99.9%
Key Study Findings
In an adequate embryo-fetal development study, BMS-56224 was administered at 0,
1.25, 2.5 and 5.0 mg/kg intravenously once daily from gestation day 7 to 19 to New
Zealand White rabbits that were sacrificed on gestation day 29. A subsequent study
evaluated maternal and fetal toxicokinetics on GD 19 in rabbits receiving only the high
dose of 5 mg/kg.
No drug-related maternal mortality or abortion occurred. No drug-related effect was
observed on body weight, body weight gain, or food consumption. The increased
incidence of purple discoloration at injection sites was related to the pharmacodynamic
effect of BMS-56224. Similarly, treatment with BMS-56224 resulted in increased
prothombin values in blood samples collected 1 hour after dosing on GD 15.
The values for cesarean section parameters (corpora lutea, implantations, litter sizes,
live and dead fetuses, early and late resorptions) were similar for all control and treated
groups. Since no drug-related changes were observed in any maternal or litter
parameters, the maternal NOAEL was 5 mg/kg. The number of live fetuses/litter, the
ratio of males to females, and mean fetal body weights were not affected by apixaban
treatment. No external, visceral or skeletal fetal alteration was considered drug-related.
The NOAELs of 5 mg/kg for fetal toxicity and malformation corresponded to AUC(0-24h)
exposures of 0.95 μg.hr/mL in the main study, and 2.6-3.2 μg.hr/mL in the extension
study, which evaluated timepoints earlier than 30 minutes. The exposure to the
metabolite, BMS-730823, was less than 1% of the parent apixaban in the high dose
rabbits. The mean AUC(0-24h) value for apixaban in fetal cord plasma was 1.0% of the
mean maternal AUC(0-24h) values, indicating that a low amount of apixaban crossed the
placenta.
Methods
Doses: 0, 1.25, 2.5, 5.0 mg/kg
The high dose of 5 mg/kg/day is the highest dose that
can be given intravenously as a bolus injection, based
on a maximum intravenous dose volume of 2 mL/kg and
the maximum concentration of 2.5 mg/mL apixaban that
can be formulated in the vehicle.
Frequency of dosing: Daily from GD 7 to 19
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Dose volume: 0.5, 1, 2 mL/kg as indicated in study design
Route of administration: Intravenous bolus injection
Formulation/Vehicle: 35% Hydroxypropyl-ß-cyclodextrin (HPBCD) in
10 mM phosphate buffer, pH 7.0,
Species/Strain: Rabbit, New Zealand White (Hra:(NZW)SPF)
Number/Sex/Group: Coagulation & TK – 5 females/group
Maternal toxicity & EFD – 22 females/group
Maternal & fetal TK – 30 females total
Satellite groups: Coagulation and TK
Study designs: Main Study:
The EFD, coagulation and initial TK evaluations were
included in the main design below.
Group
1
2
3
4
5
6
7

# assigned
Main
TK
22
5
22
5
22
5
22
5
22
5
22
5
22
5

Dose, mg/kg/d

Dose vol. ml/kg

0 (saline)
0 (vehicle)
0 (vehicle)
0 (vehicle)
1.25
2.5
5.0

2
0.5
1
2
0.5
1
2

Extension Study:
Maternal and fetal TK on GD 19 in rabbits receiving only
the high dose were evaluated in a separate study
Part 1: Maternal TK – 15 rabbits
Rabbits
assigned
First 5
Second 5
Third 5

5
X

Part 2: Fetal and
maternal TK –
15 rabbits

Minutes Post dose on GD 19
20
30
60
120
X
X
X
X
X

10

Rabbits were euthanized and
maternal and fetal blood was
collected

Time post dose
First 5 rabbits
Second 5 rabbits
Third 5 rabbits

Deviations from study
protocol:

10 min
X

30 min

60 min

X
X

1. Clinical observations were not recorded on GD2 for TK groups.
2. An extra blood sample was collected from a group 4 rabbit prior to
scheduled timepoint.
3. On GD 10, BMS-56224, instead of vehicle, was administered to two
group 4 rabbits. However, the incorrectly dosed rabbits were replaced.
4. Postdose clinical observations for 15 rabbits were performed outside
protocol specified range.
5. Additional clinical observations were collected on GD 15 and 19 for the
coagulation and TK animals.
6. During acclimation, clinical observations were not performed on 4 rabbits.
7. Clinical observations were not performed on 1 high dose rabbit on GD 14.
8. Soft tissue evaluation of the head was not performed on 1 fetus from a
group 2 rabbit.
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All rabbits, except one, appeared normal at necropsy. The finding of a misshapen right
uterine horn in one high dose rabbit was considered not drug-related, because this
finding has been observed previously in control animals at the conducting laboratory.
Cesarean Section Data
The number and distribution of corpora lutea were recorded. After removal of the uterus
of each rabbit, it was examined for pregnancy, number and distribution of implantation
sites, live and dead fetuses, and early and late resorptions. The size, color, and shape
of placentae were determined.
The values for cesarean section parameters (corpora lutea, implantations, litter sizes,
live and dead fetuses, early and late resorptions) were similar for all control and treated
groups (Table 76). The values for all groups are within the ranges reported in the 2005(b) (4)
2007
Historical Control Data for New Zealand White Hra:(NZW)SPF
rabbits in 53 full studies involving 1103 rabbits, 1022 of whom were pregnant at
sectioning. The placentae for all animals were considered normal. Since no drug-related
changes were observed in any maternal or litter parameters, the maternal NOAEL was
the high dose of 5 mg/kg.
Offspring Data
Each fetus was removed from the uterus and placed in an individual container, which
was labeled with the study number, litter number, and uterine distribution. Each fetus
was subsequently weighed and examined for gross lesions. After euthanization, live
fetuses were euthanized and examined internally to identify sex. Internal organs were
evaluated in all fetuses by dissection. The brain was examined in situ after a single
cross-section was made between the parietal and the frontal bones. Gross lesions were
retained in 10% neutral buffered formalin. All fetuses were examined for skeletal
alterations after staining with alizarin red S.
The number of live fetuses/litter, the ratio of males to females, and mean fetal body
weights were not affected by apixaban treatment (Table 77). The values for all groups
(b) (4)
are within the ranges reported in the 2005-2007
Historical Control Data
for New Zealand White Hra:(NZW)SPF rabbits.
The over-all fetal and litter incidences of fetuses with any alteration in the treated groups
were equal to or less than the incidences in the control groups (Table 78). External and
visceral alterations occurred in single fetuses, except for circumcorneal hemorrhage in
the eyes (2 fetuses in control group 2) and absence of intermediate lobe of the lung (2
fetuses in control group 1). The visceral alterations of interventricular septal defect,
enlarged heart, and distended aorta occurred in one fetus in the high dose group. The
fetal and litter incidences of each of these defects (0.6 and 4.8%, respectively) are
within the conducting laboratory’s historical control ranges collected in 62 studies using
New Zealand White Hra:(NZW)SPF rabbits from 2003 to 2005 (interventricular septal
defect - 0 to 0.7% (0 to 5.6%); enlarged heart - 0 to 0.7% (0 to 5.6%); and
distended/enlarged aorta - 0 to 0.8% (0 to 5.9%) as well as the ranges reported in the
(b) (4)
2005-2007
Historical Control Data for New Zealand White Hra:(NZW)SPF
rabbits. Although the incidences of some skeletal alterations were higher than the
incidences of external and visceral alterations, the incidences in apixaban-treated
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groups were equal to or less than the incidences in the control groups, except for the
incidences of two skeletal alterations, partially fused nasals in the skull and small arch in
thoracic vertebrae. The litter incidences of the former alteration in the low and high dose
groups (4.5% and 4.8%, respectively) and the later alteration (4.8%) are within the
(b) (4)
historical control range reported in the 2005-2007
Historical Control Data
for New Zealand White Hra:(NZW)SPF rabbits of 0-5.9% and 0-5.3%, respectively.
Since no external, visceral or skeletal fetal alteration was considered drug-related, the
NOAEL was 5 mg/kg.
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Table 76: Compilation of Sponsor's Tables - Cesarean Section Data

0 (0)
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Table 77: Compilation of Sponsor's Tables – Offspring Parameters -
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Table 78: Compilation of Sponsor's Tables - Fetal Alterations

Heart: large and interventricular septal defect; vessels: aorta distended
Lungs: intermediate lobe absent
Skull: nasals, fused (partially)
Cervical vertebrae: cervical rib present at 7th cervical vertebra
Thoracic vertebrae: hemivertebra
Thoracic vertebrae: arch, small
b. Soft tissue evaluation of the head was inadvertently not performed for fetus 2333-4. c. The alterations in Fetus 2441-4 included the indicated heart defects, thoracic vertebrae hemivertebra
and thoracic vertebrae small arch, and the absence of an intermediate lobe of the lung.
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Post-natal viability, survival, body weights, clinical signs, and physical development of
F1 pups were not affected by drug treatment of the F0 dams (Table 82). The
neurological results in the locomotor activity or water maze behavioral response studies
were not affected by drug treatment. However, the acoustic startle study showed that
the mean maximum startle voltage and the mean average startle voltage were
significantly higher (58% and 60%, respectively) for F1 males in the high dose group
compared to F1 males in the control group. Acoustic startle parameters in the female
groups were not affected by treatment. The sponsor maintained that these effects were
not drug-related because 1) the other startle parameters, startle at start voltage and
time to maximum startle, were not affected, 2) no effects were observed in the other
behavioral tests, and 3) the mid-dose group showed no significant effect even though
exposures of F0 dams to apixaban were similar in both the mid- and high dose groups.
However, the reviewer noted that in the dose-finding study the exposure for the 600
mg/kg group (36300 ng*hr/mL) was lower than the exposure in the main study for the
200 mg/kg group (43400 ng*hr/mL) and the mean values for maximum startle voltage
and the average startle voltage exhibited a dose relationship. Although the mean values
for maximum startle voltage and average startle voltage in the F1 males from F0 dams
in the mid-dose group are not statistically different from the values in F1 males from F0
dams in the control group, the values are increased compared to those for F1 males
from dams in the control and low dose groups.
To evaluate whether the changes in maximum startle voltage and the average startle
voltage can be attributed to drug treatment, the reviewer examined the individual trial
values for all male groups. One F1 male (422) from a high dose dam had markedly high
anomalous individual trial values for maximum startle voltage (6772) and average startle
voltage (1542) compared to the maximum individual trial values in the control (1685 and
536, respectively) and low dose (1787 and 350, respectively) groups. If the statistical Q
test (Dean and Dixon, 1951) is applied, these anomalous individual trial values for male
422 can be rejected. Recalculation of the time block mean for the nine remaining trial
values (Trials 2-10) for male 422 results in a time block mean of 1236 for the maximum
startle voltage and of 242 for the average startle voltage. Since these values are similar
to the corresponding values for the F1 males from mid-dose dams, the mean values for
maximum startle voltage and average startle voltage for the F1 males from high dose
dams should no longer be statistically different from the values in the control group.
Furthermore, the sponsor provided historical control data indicating the maximum time
block mean and the maximum individual trial values for maximum startle voltage and
average startle voltage for male 422 are clearly above the respective maximum
historical values. Therefore, the reviewer concludes the changes in maximum startle
voltage and the average startle voltage in the high dose group can be attributed to
aberrant values in one trial for one animal and not to drug treatment.
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Table 88: Reviewer's Overview Summary of Juvenile Toxicity Study DN09014
Study title
Document no.
Study code
Drug lot/purity
Conducting lab and location
Study dates
GLP/QA
Vehicle
Species/Strain
Number/sex/group

Doses, mg/kg
Route
Treatment duration
Cesarean section day
Study acceptability

Comments:
F1 Toxicology (Set 1)

F1 reproductive
performance (Set 2)

Apixaban (BMS-562247): Three-Month Oral Developmental Toxicity Study in Juvenile Rats
with 1-Month Recovery
930040744
DN09014
7A28071, 99.7%
Bristol Myers Squibb, New Brunswick, NJ
June - Sept 2005
Yes/Yes
99.5% Labrafil M-1944 CS/0.5% Tween 80),
Rat/Sprague Dawley
Subset 1: 9-11/sex/group (end of dosing necropsy PND 87-94, and TK on PND 21 and 87).
Subset 2: 10-12/sex/group (end of recovery necropsy PND 120-130, mating and fertility of
treated animals with untreated animals of opposite gender on PND 94)
Subset 3: 4/sex/group for groups 2-5 (toxicokinetics PND 10)
Subset 4: 7-8/sex/group for groups 2-5 (coagulation PND 21)
0 (water), 0 (vehicle), 10, 50, 600
Oral gavage
PND 4-94
Gestation day (GD) 15 for untreated females that had mated with treated males
Numbers of animals/sex/group were minimal (10/sex), but acceptable. High dose was adequate,
because PT was prolonged 1.3-2.2 fold in males and females and body weight gain decreased
7% in high dose males compared to vehicle controls

Treated males

Treated females

Decrease in overall body weight of 6.7% in and in
bodyweight gain of 6.9% high dose male group
relative to vehicle control. Dose dependent increase in
PT. At the end of dosing the incidence and severity of
testicular degeneration/atrophy increased in high dose
group (33.3%) that partially correlated with decreased
testes weight and necropsy observations of decreased
testicular size. These same males had hypospermia in
the epididymides. However, after 1 month recovery,
the finding present in both vehicle and treated groups
was decreased in severity. These recovery males
could impregnate untreated females.
In mating of treated males with untreated females,
mating and fertility indices were not affected by
treatment. Caesarean section parameters were not
significantly affected by treatment.

Body weight in treated females was not
significantly decreased. PT increased
in all treated groups with 2.1 fold
increase observed in high dose
females.

F2 offspring

Number of live F2 fetuses similar in all groups.

F1 Parental NOAEL, mg/kg

Males: 50 mg/kg for toxicology
600 mg/kg for mating and fertility

F2 Offspring NOAEL, mg/kg

600 mg/kg

In mating treated females with
untreated males, mating and fertility
indices were not affected by treatment.
Live birth parameters were not
significantly affected by treatment.
Number of live pups and their body
weight were not affected by treatment
Females: 600 mg/kg for toxicology
600 mg/kg for mating and
fertility
600 mg/kg

Due to the pharmacodynamic effect of apixaban, prolongations of coagulation
parameters were expected. At the end of dosing, PT values at 2-4 hours after dosing
were prolonged 1.3, 1.5, and 1.7 fold in Set 1 animals dosed at 10, 50 and 600 mg/kg,
respectively (Table 89). The values of 1.7 and 1.8 fold for PT at 600 mg/kg in this study
are slightly higher than the values for PT of 1.4 fold and 1.5 fold in males and females,
respectively, dosed at 600 mg/kg in the 6-month toxicology study (DN03118). However,
on PND 21, PT values at 2-4 hours after dosing were prolonged 1.5, 1.8, and 2.1 fold in
Set 4 animals dosed at 10, 50 and 600 mg/kg, respectively. The higher fold prolongation
on PND 21 compared to PND 87 is consistent with the higher plasma concentration
observed on PND 21 compared to PND 87 (see discussion below). In the dose-finding
study (DN08064), prothrombin times were still slightly prolonged 1.27 and 1.15-fold in
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toxicity of 4.2 and 4.2 fold, respectively, based on unbound exposure comparisons to
the steady state unbound AUC(0-24h) of about 0.409 mg*hr/L for the 5 mg apixaban dose
twice a day in patients with atrial fibrillation. Although the NOAEL for embryo/fetal
toxicity in the oral EFD study in rabbits was 1500 mg/kg, total exposure in rabbits was
lower than the total exposure in humans and no safety margin was achieved based on
unbound exposure. To increase the exposure in rabbits, the sponsor conducted another
EFD study in rabbits using intravenous administration of apixaban. In this intravenous
rabbit EFD study, exposure was determined initially using timepoints more appropriate
for oral dosing. In a subsequent toxicokinetic extension study using the same
intravenous doses as in the main study, exposures (values in parentheses) were
obtained using timepoints more appropriate for intravenous dosing. Using the initial
AUC(0-24h) values, the unbound exposures of apixaban in rabbits were just under the
unbound exposure in humans. Using the extension AUC(0-24h) values, the unbound
exposures of apixaban in rabbits were 3 fold the unbound exposure in humans. In
addition, the sponsor conducted yet another EFD study using mice. Again, no
malformation or embryo/fetal/offspring toxicity was observed. The NOAEL of 1500
mg/kg for embryo/fetal toxicity in the oral EFD study in mice resulted in a exposure ratio
of 5 fold the human exposure based on total concentrations of apixaban. After
correction for protein binding, the safety margin in mice was 19 fold the human
exposure based on unbound concentrations.
Prior to the definitive PPND study, the sponsor determined that interruption of dosing
during parturition was not necessary, because no death occurred in any group in the
dose range-finding study. However, the incidence of peri-vaginal bleeding signs was
slightly increased in the high dose group that was dosed during parturition compared to
the group that was not dosed during parturition. In the definitive study, dosing was not
interrupted during parturition. No apixaban treated dam was found dead or euthanized
because of bleeding during parturition. However, the incidence of bleeding signs
increased in the mid and high dose groups during gestation. Some pups did die in all
groups; however, the number of dead pups per litter and the number of live pups/litter
were similar across all groups. No adverse effect was observed on F0 maternal
parameters, F1 peri-natal toxicity or F1 postnatal development. The NOAEL was 1000
mg/kg corresponding an unbound exposure ratio of 5.4 fold compared to the unbound
human exposure.
However, when F1 males were mated with F1 females, a dose-related decrease was
observed in mean mating index and fertility index. Although the values for the F1
animals in the mid and high dose groups are not significantly different statistically from
the control values and are are close to or within historical control ranges, the sponsor
concluded the decreased mating and fertility indices were drug-related. Additional
matings of the same F1 males with naïve females indicated that the decrease in
reproductive performance could be attributed to F1 females. The sponsor concluded the
NOAEL for mating and fertility was 1000 mg/kg/day for F1 males and 25 mg/kg/day for
F1 females. However, as discussed in Section 9.3, the reviewer’s NOAEL is 200 mg/kg
and the toxic dose is 1000 mg/kg. As discussed in section 9.3, the exposure of the F0
dams at 200 mg/kg in the PPND study appears elevated relative the exposures in the
dose range-finding study. Therefore, the reviewer recommends that the label refer to
the exposure ratio at the toxic dose of 1000 mg/kg in discussion of the mating and
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respectively, for total apixaban exposure following the recommended human dosage of
5 mg twice a day. Additional work needs to be conducted to find the appropriate agent
and conditions that would reverse bleeding in humans, particularly in the peri-natal
period.
The pilot and main juvenile studies in rats with apixaban covered the period of PND 422 and PND 4-90, respectively, corresponding to the human age ranges of neonate to
toddler and neonate to young adult, respectively. Several findings require discussion.
Due to the pharmacodynamic effect of apixaban, prolongations of coagulation
parameters were expected. In the juvenile studies, blood collection for monitoring
coagulation parameters took place at an appropriate time after dose administration on
PND 21 and 87, because apixaban dosing prolonged coagulation parameters. At the
end of dosing, PT values at 2-4 hours after dosing were prolonged 1.7 and 1.8 fold in
Set 1 males and females dosed at 600 mg/kg, respectively. The values of 1.7 and 1.8
fold for PT in this study are slightly higher than the values for PT of 1.4 and 1.5 fold in
males and females, respectively, dosed at 600 mg/kg in the 6-month toxicology study
(DN03118). However, on PND 21, PT values were prolonged 2.3 and 2.1 fold in the Set
4 males and females dosed at 600 mg/kg, respectively. The higher fold prolongation of
PT on PND 21 compared to PND 87 is consistent with the higher plasma concentration
observed on PND 21 compared to PND 87. Mean apixaban AUC(0-24h) and Cmax values
on PND 21 at 600 mg/kg were 2.9 fold and 1.7-2.9 fold higher, respectively than those
on PND 87. However, on PND 10 the plasma concentrations at 2 or 4 hr post dose at
600 mg/kg were 3.1-3.3 fold higher than the plasma concentrations at the respective
timepoints on PND 21. Similar increases in apixaban plasma concentration on PND 10
compared to PND 21 were observed in the juvenile dose-range finding study (DN08064)
(Figure 20). Although PT values were not obtained on PND 10, higher PT values on
PND 10 may be expected based on higher plasma concentrations of apixaban.
The reason for the decrease in apixaban exposures in older animals is unclear;
however, but may be related to developmental changes as the animal ages. Changes in
sulfotransferase activity are unlikely to be involved in the increased apixaban exposure,
at least in humans, since SULT1A1 expression was similar among human subjects
either less than or greater than 1 year of age (Duanmu et al 2006). The elevated
exposure may be due to a combination of immature renal development in the rat (Zoetis
and Hunt, 2003) and decreased expression of CYP P450 3A4 (Asaoka et al. 2009, de
Zwart et al. 2004, de Zwart et al. 2008) in the younger animals. Additionally, apixaban is
a P-gp substrate. Pgp expression undergoes marked developmental increases in both
the central nervous system and gastrointestinal tract, but not the liver or kidney, of FVB
mice from birth through adulthood (Mahmood et al 2001; Watchko et al 2001). In
addition, the levels of many coagulation factors, including FX, in the neonate at birth are
about 40% of the adult levels (Andrew et al. 1987, Hassan et al. 1990). Any pediatric
studies in very young humans will need to be designed with caution to determine the
appropriate levels of apixaban for a therapeutic effect in neonates and infants
undergoing rapid changes in their hemostatic, renal and metabolic systems.
A toxicity in the juvenile males that was not previously observed in adults is testicular
degeneration. In the juvenile Set 1 males the incidence of testicular degeneration was
33%, an incidence that is higher than the maximum (26.7%) observed in the historical
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control data. Furthermore, the moderate or marked severity of testicular degeneration
was higher than the minimal severity observed in control animals. The testicular
degeneration in the three high dose males correlated with moderate or marked
hypospermia in the epididymides and partially correlated with reduced testes weight
relative to body weight the same males. The sponsor argues that this finding should be
considered biological variation because one vehicle control male and one male in each
of the treated groups were diagnosed with testicular degeneration after a one month
recovery period. These males were mated with naïve females beginning on PND 94 and
were able to impregnate the females in ≤4 days. However, the severity of testicular
degeneration in the recovery males on PND 130 was minimal. The reviewer believes
that the testicular finding is drug-related and is of concern, because of the severity of
the testicular finding in the high dose Set 1 males and its correlation with hypospermia
in the epididymides. Humans have a low fertility relative to animal models, particularly
rats, and consequently are more susceptible to adverse effects on gonadal function
(Working, 1988).
The sponsor also argues that in the PPND study no findings of testicular degeneration
were observed in the F1 males who were likely to have received apixaban through their
mother’s milk. The sponsor did demonstrate that approximately 12% of a maternal
apixaban dose is excreted into rat milk on PND 10. A dam receiving the high dose of
1000 mg/kg in the PPND study would transfer 42 mg of apixaban to her eight pups
through the milk. Each pup would receive an apixaban dose of 175 mg/kg on PND 10
with higher and lower doses prior to and after PND 10. However, in the PPND study,
apixaban concentrations and coagulation parameters were not measured in the pups.
No decrease was observed in the F1 testes weight relative to body weight and no gross
pathology finding indicative of testicular degeneration was observed in any F1 group in
the PPND study. Although no microscopic examination of the testes was conducted, the
high dose F1 males in the PPND study were able to impreganate naïve females. These
results provide some assurance that the mid dose of 200 mg/kg in the juvenile study is
a NOAEL for the testicular toxicity if the critical period is prior to PND 21.
The biological basis for the testicular effect is unclear. However, the neonatal period has
been shown to be critical for the development of normal spermatogenesis in the adult.
The size of the population of Sertoli cells at the end of the perinatal period determines
the final testicular size and the daily sperm production in sexually mature animals
(França et al 2000, Orth et al 1988). Treatment of rats during the critical period of testis
development PND 1-20 can change the proliferation of Sertoli cells and ultimately
sperm production in the adult. For example, neonatal hypothyroidism causes delayed
Sertoli cell maturation and impaired germ cell development in rats treated with
propylthiouracil (de França et al 1995; Simorangkiret al 1997). In contrast, neonatal
treatment with naloxone increased the number of Sertoli cells and sperm production in
the adult (da Silva et al 2006). Since FXa-dependent signaling can promote cell
proliferation (Marfarlane et al. 2001, Borensztajn et al 2008), signaling via FXa may be
important during Sertoli cell proliferation in the neonatal period or during an alternative
stage in testicular development.
Given the uncertainty of the therapeutic dose and the unbound concentration of
apixaban in children of any age, an exposure comparison can only be made for the
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The sponsor proposed a 104-week study using 60 CD-1 mice/sex/group with two
dietary control groups. Based on saturation of the exposure to BMS-562247 in 2-week
and 13-week dietary toxicology studies, the sponsor proposed maximum daily doses of
1500 and 3000 mg/kg administered through an ad lib diet to males and females,
respectively. The low and mid-doses proposed are 150 and 500 mg/kg for both sexes.
The maximum proposed doses to male and female mice resulted in total AUC values
that are 2.2 and 4.2 times, respectively, the human AUC for a dose of 10 mg BID.
Taking into account the higher plasma protein binding in humans, the maximum
proposed doses to male and female mice resulted in unbound AUC values that are 8.3
and 16.9 times, respectively, the human AUC.
In a 13-week toxicology study using dietary administration, CD-1 mice were dosed with
0, 1500, 3000, 4500 and 6000 mg/kg. In a 2-week dose range-finding toxicology study,
CD-1 mice were dosed with 0, 300, 600 and 1500 mg/kg using dietary administration.
No dose-limiting toxicity was observed in either study.
The form of BMS-562247 used in the toxicology studies was not clear. The draft
protocol did not specify the form of BMS-562247 that will be used.
The sponsor also proposed separate satellite groups (25 animals/sex/dose group) for
monitoring blood concentrations of BMS-562247 at 1, 2, 4, 8 and 24 hours after the start
of the dark cycle during week 26.
The protocol indicates that histopathological evaluation of all tissues on the protocol list
will be performed for all animals in the main study groups. All macroscopic
abnormalities will be evaluated microscopically.
Rat Carcinogenicity Study Protocol and Dose Selection
The sponsor proposed a 104-week study using 60 Sprague Dawley rats/sex/group with
two dietary control groups. Based on saturation of the exposure to BMS-562247 in 2and 13-week dietary toxicology studies, the sponsor proposed daily doses of 0, 50, 200
and 600 mg/kg administered through an ad lib diet. The maximum proposed doses to
male and female rats resulted in total AUC values that are 5.2 and 8.3 times,
respectively, the human AUC for a dose of 10 mg BID. Taking into account the higher
plasma protein binding in rats, the maximum proposed doses to male and female rats
resulted in unbound AUC values that are 1.6 and 2.5 times, respectively, the human
AUC.
In a 13-week dietary toxicology study, Sprague Dawley rats were dosed with 0, 600,
1800, and 2400 mg/kg. Body weight gain in males receiving 1800 and 2400 mg/kg was
decreased 9.9 and 8.2%, respectively. In a 2-week dietary palatability and TK study,
Sprague Dawley rats were dosed with 200, 600 and 1500 mg/kg.
The form of BMS-562247 used in the toxicology studies was not clear. The draft
protocol did not specify the form of BMS-562247 that will be used.
The sponsor also proposed monitoring blood concentrations of BMS-562247 and BMS730823 (O-demethyl-BMS-562247-O-sulfate, the M1 metabolite) in the main study
animals (4 rats/sex/group/timepoint) at 1, 2, 4, 8, and 24 hours after the start of the dark
cycle during week 26.
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Plasma concentration of the M1 metabolite in humans represents >20% of the parent.
This metabolite represented at most 1.3 and 0.6% that of the parent in the plasma of
male and female rats, respectively. The maximum proposed doses to male and female
rats resulted in total AUC values for BMS-730823 that are 0.2 and 0.1 times,
respectively, the human AUC for BMS-730823 with a dose of 10 mg BID.
The protocol indicates that histopathological evaluation of all tissues on the protocol list
will be performed for all animals in the main study groups. All macroscopic
abnormalities will be evaluated microscopically.
Executive CAC Recommendations and Conclusions:
Mouse:
* The Committee concurred with the sponsor's proposed doses of 0, 150, 500, and 1500
mg/kg/day in diet (ad lib feeding) in males and 0, 150, 500, and 3000 mg/kg/day by diet
(ad lib feeding) in females based on saturation of absorption with the qualification that
the same form of BMS-562247 be used in the cancer bioassay as was used in the 13week toxicology studies. This recommendation is conditional on submission of a final
report, including a quality assurance statement without substantive data changes.
* The proposed TK study is not necessary.
Rat:
* The Committee concurred with the sponsor's proposed doses of 0, 50, 200, and 600
mg/kg/day by diet (ad lib feeding) based on saturation of absorption with the
qualification that the same form of BMS-562247 be used in the cancer bioassay as was
used in the 13-week toxicology studies. This recommendation is conditional on
submission of a final report, including a quality assurance statement, without
substantive data changes.
* Main study animals should not be bled for TK data. If TK data is needed, it must be
collected only from satellite animals.
* The Committee noted that the M1 metabolite is present in human and rat plasma, but
not mouse plasma. However, the immediate precursor to the M1 metabolite, M2, was
produced in cultures of hepatocytes from mice, rats and humans. Since the M1
metabolite is a phenolic sulfate conjugate, it is more stable thermodynamically than
benzylic and aniline sulfate esters and is considered less likely to form a reactive
electrophile. Both M1 and M2 are more polar compounds that are expected to be
eliminated more rapidly than the parent.
* If the survival of any dose group approaches 20 animals during the study, the sponsor
should contact the Division prior to termination of dose groups or stoppage/reduction of
dosing. The Committee noted that the sponsor should NOT terminate any dose groups
prior to the scheduled study termination or change any dosing without first contacting
the Agency.
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Appendix 3: Executive CAC Meeting Minutes – November 29, 2011
Executive CAC
Date of Meeting: November 29, 2011
Committee: David Jacobson-Kram, Ph.D., OND-IO, Chair
Abigail Jacobs, Ph.D., OND-IO, Member
Paul Brown, Ph.D., OND-IO, Member
Dan Mellon, Ph.D., DAAAP, Alternate Member
Thomas Papoian, Ph.D., DCRP, Supervisor
Patricia Harlow, Ph.D., DCRP, Reviewer
Presenting Reviewer: Patricia Harlow, Ph.D.
Author of Draft: Patricia Harlow, Ph.D.
The following information reflects a brief summary of the Committee discussion and its
recommendations.
NDA: 202-155
Drug Name: Apixaban (BMS 562247)
Sponsor: Bristol Myers Squibb Company and Pfizer
Background:
Apixaban is a direct Factor Xa inhibitor. In the Phase 3 trial for prevention of stroke in
patients with non-valvular atrial fibrillation, the daily apixaban dose was 10 mg (5 mg
BID). Although the cancer bioassays used multiple apixaban lots that differed in particle
(b) (4)
size distribution and process used for synthesis, the apixaban in all these lots was
apixaban.
Rat Carcinogenicity Study:
Sprague Dawley rats (60/sex/group) received daily oral doses of 0, 50, 200, and 600
mg/kg/day of apixaban administered through the diet to males for 104 weeks and to
females for 97-100 weeks. The total exposures to apixaban in the high dose males and
females were 5.4 and 9.4 fold, respectively, the mean total exposure in patients
receiving the recommended human dose (RHD) of 5 mg BID. However, the exposures
to unbound apixaban in male and females rats were 1.6 and 3.4 fold the exposure to
unbound drug in patients receiving the RHD.
No significant treatment-related effects were observed on mortality, bodyweight gain,
and food consumption. However, the mean body weight and body weight gain
decreased up to 10% and 15%, respectively, in the high dose male group compared to
the control group from Weeks 60 to 104. Some statistically significant non-neoplastic
findings, such as increased extramedullary hematopoiesis, increased pigment, and
decreased thrombosis are consistent with the pharmacodynamic effect of apixaban as a
Factor Xa inhibitor.
The incidences of malignant lymphoma, a common tumor, displayed a tendency to
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increase with dosage in both male and female rats. However, in neither sex was either
the trend or the pairwise comparison between the concurrent control and the high dose
animals found to be statistically significant by CDER criteria.
Mouse Carcinogenicity Study:
CD-1 mice (60/sex/group) received daily oral doses of 0, 10, 20, and 60 mg/kg/day of
apixaban administered through the diet for 104 weeks. The total exposures to apixaban
in the high dose males and females were 2.4 and 5.4 fold, respectively, the mean total
exposure in patients receiving the RHD. However, the exposures to unbound apixaban
were 8.8 and 20.1 fold the mean exposure to unbound drug in patients receiving the
RHD.
No significant treatment-related effects was observed on mortality, bodyweight gain or
food consumption. However, the high dose female group gained approximately 10%
less bodyweight than the control group from Week 6 through 76. Although the
incidences of convulsions, reported as being similar to the laboratory historical
incidence, were not related to apixaban treatment, the high incidence in untreated
control mice, particularly in males, was considered unusual in this study. The nonneoplastic findings of extramedullary hematopoiesis in the liver in male mice and
hemorrhage in the thymus of female mice are consistent with the pharmacodynamic
effect of apixaban as a factor Xa inhibitor.
The incidences of a few tumors increased in the higher dose groups compared to those
in the control groups. The incidence of Schwannoma (nerve sheath tumor) was
numerically increased in the mandibular salivary gland of high dose males; however, the
p value (0.027) for this tumor in the trend test did not attain the significance level of pt <
0.025 required for a rare tumor to be considered positive. The incidence of the
combination of hemangiomas and hemangiosarcomas (pt = 0.0487), uterine/cervical
glandular polyps alone (pt = 0.0230), and the combination of uterine/cervical glandular
polyps and adenocarcinomas (pt = 0.0081) were numerically increased in high-dose
females. However, none of these tumors had a p-value that attained the significance
level of p < 0.005 required for a common tumor to be considered positive according to
CDER statistical criteria. Therefore, no statistically significant neoplastic finding was
related to apixaban treatment under the conditions of this study.
Executive CAC Recommendations and Conclusions:
Rat:
The Committee concurred that the study was adequate, noting prior Exec CAC
concurrence with the protocol.
The Committee concurred that there were no clearly drug-related neoplasms.
Mouse:
The Committee concurred that the study was adequate, noting prior Exec CAC
concurrence with the protocol.
The Committee concurred that there were no clearly drug-related neoplasms.
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Appendix 4: Sponsor's Summary of Tumors in Male Mice – Study DN05068
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Appendix 5: Sponsor's Summary of Tumors in Female Mice – Study DN05068
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Appendix 7: Sponsor's Summary of Tumors in Male Rats - Study DN05069
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Appendix 8: Sponsor's Summary of Tumors in Female Rats - Study DN05069
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Recommendations

The reviewer recommends that the apixaban impurities identified by HPLC be
considered qualified and no additional toxicology or genetic toxicology study be
required.
In addition, the identified genotoxic impurities are considered adequately controlled.

2

Drug Information

2.1

Drug

CAS Registry Number: 503612-47-3
Generic Name:

Apixaban

Code Names:

BMS-562247, DPC-AG0023

Chemical Name:

1-(4-Methoxyphenyl)-7-oxo-6-[4-(2-oxopiperidin-1-yl)phenyl]4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridine-3-carboxamide

Molecular Formula/Molecular Weight: C25H25N5O4/459.50
Structure:
Figure 1: Structure of Apixaban

Pharmacologic Class: Apixaban is a Factor Xa inhibitor

2.2

Relevant INDs, NDAs, BLAs and DMFs
(b) (4)
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concentrations tested (Table 2). These amounts of
are similar to the
amounts of most of the positive controls, which induced at least a 9-fold increase in the
(b) (4)
number of revertants/plate. If
is a positive genotoxic compound, the
reviewer expected that the results of the Ames assay for the parent apixaban also
should have been positive. Therefore, an additional evaluation of the genotoxicity of
(b) (4)
in an Ames assay is not necessary.
(b) (4)

Table 2: Reviewer's Summary - Concentrations in the Apixaban Ames Assay

Strain
TA98
TA100
TA1535
TA1537
E.coli WP2 uvrA

Maximum concentration of
apixaban tested, (BMS 724914),
μg/plate
Absence of S-9
Presence of S-9

Positive control concentration (Fold
induction of revertants)
Absence of S-9

Presence of S-9

(b) (4)

Study DS02121, Document 930002536)

(b) (4)

The CDER Computational Toxicology group predicted
to be negative in
the Ames assay, but positive in the in vivo micronucleus assay. However, the Derek for
(b) (4)
Windows program found no structural alerts for
and the MC4PC program
(b) (4)
gave a negative prediction for
for the in vivo micronucleus assay.
(b) (4)
Additionally, the Leadscope Model Applier program made no call for
The
(b) (4)
positive prediction for
in the micronucleus assay was based solely on the
SciQSAR results.
(b) (4)

The micronucleus assay for the apixaban drug substance (Study DN02117, Document
(b) (4)
930002539) used apixaban Lot 2E55171, in which
was present at
(b) (4)
(b) (4)
%. Therefore,
was not present at adequate concentrations to
assess its genotoxic potential in this assay. However, a 1-month repeat dose study
(Study DS05163, Document 930015561) evaluating in vivo/in vitro cytogenetics used
(b) (4)
(b) (4)
Lot 4K83298 in which
was present at
%. The high dose of 600
mg/kg/day of Lot 4K83298 did not induce an increase in the frequency of lymphocytes
with chromosomal aberrations. Each rat in the high dose group received a human
equivalent dose of 58 μg/kg/day or 362-fold the maximum possible human exposure to
(b) (4)
(b) (4)
Therefore, the clastogenic potential of
was adequately
(b) (4)
tested in this assay and an additional evaluation of the in vivo genotoxicity of
is not necessary.
Furthermore,
was present the lots used for the 2 year carcinogenicity
(b) (4)
studies in rats and mice. During weeks 1 to 56,
was present at a
(b) (4)
(b) (4)
minimum of
% and during weeks 57 to 102, it was present at
%. Given that the
high dose in the mouse carcinogenicity study was 1500 mg/kg/day for males and 3000
(b) (4)
mg/kg/day for females, the exposure to
during 97% of the mouse
(b) (4)
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3.
The FDA Computational Toxicology analysis predicted impurity
(b) (4)
to be positive for the micronucleus assay. Although
was not present at
adequate concentrations in the apixaban in vivo micronucleus assay, chromosomal
aberrations were evaluated in a 1-month repeat dose study using an apixaban lot in
(b) (4)
(b) (4)
(b) (4)
which
was present at
%. The high dose contained a
human equivalent dose of 58 μg/kg/day or 362-fold the maximum possible human
(b) (4)
(b) (4)
exposure to
Therefore, the clastogenic potential of
was
adequately tested and an additional in vivo study for clastogenicity is not necessary.
(b) (4)

4.
The levels of six compounds in the apixaban synthesis identified as genotoxic
(b) (4)
are controlled
in the manufacturing process of apixaban.
Spiking/purging studies confirmed that each of the genotoxic compounds was
adequately purged and the level of each genotoxic compound in the final apixaban
drug substance is <10 ppm. Not only is the maximum exposure of each compound,
but also is the total exposure of all six compounds to a patient taking the maximum
dose of 10 mg of apixaban per day less than the Threshold of Toxicological concern
of 1.5 μg per day. Therefore, the levels of the identified genotoxic compounds are
being adequately controlled.
Recommendations:
The reviewer recommends that the apixaban impurities identified by HPLC be
considered qualified and no additional toxicology or genetic toxicology study be
required. In addition, the identified genotoxic impurities are considered adequately
controlled.
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