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Discussion: The primary and secondary pharmacology/toxicology reviewers
found the information for edoxaban tosylate sufficient to support approval for the
indications listed above.

Edoxaban is a factor Xa inhibitor. This is an existing Established Pharmacologic
Class.

The carcinogenicity of edoxaban tosylate was assessed in two-year
carcinogenicity studies in rats and mice. The executive carcinogenicity
assessment committee found these studies to be acceptable and concurred that
there were no drug-related neoplasms in either study.

A study in rats did not demonstrate any effect on fertility. Embryo fetal studies in
rats and rabbits at substantial margins to human exposure showed no
malformations in fetuses. Some embryofetal toxicity was observed although this
occurred at doses that were maternally toxic and at exposures that were still
substantially greater than human exposures.

Conclusions: | concur that the nonclinical information is adequate to support

approval of edoxaban tosylate for the indications listed above. | have provided
other comments on labeling to the review division separately.
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1 Executive Summary

1.1 Introduction

Edoxaban tosylate is an inhibitor of factor Xa, proposed for the following indications:
e Treatment of deep vein thrombosis (DVT) R
e Reduce the risk of stroke and systemic embolism in patients with non-valvular
atrial fibrillation.

The clinical data for DVT is being reviewed by the clinical team in the Division of
Hematology Products (DHP), while the clinical data for atrial fibrillation is being
reviewed by the Division of Cardiovascular and Renal Products (DCaRP). The
nonclinical studies submitted to the NDA support both indications. This review
addresses the primary and secondary pharmacology studies conducted with edoxaban
in support of both indications. Results of safety pharmacology, ADME, and toxicology
studies are being reviewed by Dr. Baichun Yang in DCaRP. Both reviews should be
consulted to provide the complete understanding of the pharmacology and toxicology of
edoxaban. For recommendation on approval, labeling, and impurity qualifications, see
Dr. Yang’s review.

1.2 Brief Discussion of Nonclinical Findings

Edoxaban (DU-176Db) is an anti-coagulant exerting its pharmacodynamics effects mainly
via inhibition of activated coagulation factor X (Factor Xa; FXa). Edoxaban also had
inhibitory activity against thrombin. The Ki for FXa was ~0.6 nM and for thrombin was 6
MM, indicating less inhibition toward thrombin. Edoxaban demonstrated comparable
FXa inhibition in human, rabbit, and cynomolgus plasma (Ki values ~0.5-0.7 nM), while
less inhibition was observed in rat plasma. When two mutant forms of factor Xa were
used in the assays, edoxaban exhibited comparable anticoagulation activity toward the
wild-type or the mutants.

The three metabolites of edoxaban (D21-1402-0201, D21-2135-0101, D21-2393) also
had anti-FXa activity and caused clotting time prolongation. Among these active
metabolites, the human specific metabolite D21-2393 (10% of the total exposure in
healthy human subjects) showed comparable anti-coagulant effects as edoxaban. In
various animal models, oral administration of edoxaban resulted in dose-dependent
anti-thrombotic activity, as manifested by reduced weight of thrombi, as well as
prolongation of clotting time. Under the conditions tested, the antithrombotic effects, in
terms of PT prolongation and inhibition of thrombosis, of edoxaban were comparable to
enoxaparin (a low molecular weight heparin, which inhibits both FXa and thrombin) and
warfarin (vitamin K antagonist).

Edoxaban inhibited platelet aggregation induced by thrombin, possibly via inhibition of
thrombin, since edoxaban did not affect ADP, U46619 or collagen-induced platelet
aggregation. In the in vitro studies, recombinant FVlla, FEIBA (a plasma-derived
activated prothrombin complex concentrate) or PPSB-HT (a prothrombin complex
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concentrate) were used to determine the reversibility of edoxaban-induced
anticoagulant activities. Under the conditions tested, reversibility of edoxaban-induced
anticoagulation was demonstrated when these plasma factors were added to the
mixture. Despite this reversibility, a conclusion cannot be made on the antidote effect of
plasma factors in animals or in humans due to limitations of an in vitro study.

2  Drug Information

21 Drug

CAS Registry Number:
480449-71-6 (anhydrous free base)

Generic Name
Edoxaban tosylate (p-toluenesulfonate) hydrate

Code Name
DU 176b (DU-176: free base of edoxaban), D11-4176b

Chemical Name

N-(5-Chloropyridin-2-yl)-N"-[(1S,2R,4 S)-4-(N,Ndimethylcarbamoyl)-2-(5-methyl-4,5,6,7-
tetrahydro[1,3]thiazolo[5,4-c]pyridine-2-carboxamido)cyclohexyl] oxamide mono (4-
methylbenzenesulfonate) monohydrate

Molecular Formula/Molecular Weight
C24H30C|N7O4S’C7Hso3S‘H20/738.27

Structure or Biochemical Description

Pharmacologic Class
Factor Xa inhibitor.

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 63266 (venous thromboembolism); IND 77254 (pulmonary embolism)
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3  Pharmacology Studies Submitted

3.1 Pharmacology Studies Reviewed

Study Number

Study Title

Primary Pharmacology

20020850

DU-176b: anticoagulant activity and its specificity fir human factor Xa

20050516

Effects of DU-176b on the activities of human factor IXa, factor Xia, and
activated protein C

ADQ7-H0067-R01

DU-176b and ®®@ pharmacogenomics

GB11-H0026-R01

Factor Xa inhibitory activities and anticoagulant effects of metabolites of
DU-176b

ADO07-H0070-R01

Factor Xa inhibitory activity and anticoagulant effect of D21-2393, a
metabolite of DU-176b

20060456 DU-176b: inhibitory effect of DU-176b on the activities of prothrombinase
complex

20020847 D11-4176b: Anti-thrombotic effect of D11-4176b in a rat A-V shunt model

20030369 DU-176b: Anti-thrombotic effect of DU-176b in a rat venous stasis model

20020848 D11-4176b: Anti-thrombotic effect of D11-4176b in a rat venous
thrombosis model

20020849 D11-4176b: Anti-thrombotic effect of D11-4176b in a rat tissue factor

induced DIC model

ADO09-H0007-R01

Antithrombotic effects of DU-176b and enoxaparin in a rat model of
venous thrombosis

BG11-H0012-R01

Treatment of venous thrombosis with DU-176b, enoxaparin and
fondaparinux in rats

Secondary Pharmacology

20060958

DU-176b: Effects of DU-176b on human platelet aggregation

20030655

Effects of anti-inhibitor coagulant complex, prothrombin complex
concentrate and recombinant factor Vlla on prothrombin time (PT)
prolonged by DU-176b

AD09-H0016-R01

Effects of anti-inhibitor coagulant complex, prothrombin complex
concentrate and recombinant factor Vlla on prothrombin time prolonged
by DU-176

TMBMO040

Ex-vivo study to assess the potential of factor eight inhibitor bypass
activity (FEIBA) or activated factor seven (rhFVlla) to reverse the
anticoagulant activity of edoxaban

ADO09-H0008-R01

Effects of DU-176b and enoxaparin on bleeding time in a rat tail bleeding
model

BG10-H0078-R01

antithrombotic and bleeding prolongation effects of warfarin in rat models
of venous thrombosis and tail bleeding

BG12-H0020-R01

Effects of tranexamic acid on prolonged bleeding time and prothrombin
time induced by a supratherapetic dose of DU-176b in rats
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3.2 Pharmacology Studies Not Reviewed

Study title: Antithrombotic and bleeding time prolongation effects of warfarin in rat
models of venous thrombosis and tail bleeding (Study # BG10-H0078-R01, Module 4)

4 Pharmacology

4.1 Primary Pharmacology

Edoxaban exerts its anti-coagulant activity via inhibition of Factor Xa and
prothrombinase complex in the blood coagulation cascade. Figure below (from the
Applicant) depicts some of the factors and the sites of action of several anticoagulants.

Figure 1- The blood coagulation cascade and the sites of action of anticoagulants
(Figure from the Applicant; Module 2)

The intrinsic The extrinsic
coagulation cascade coagulation cascade
Xll—Xila Vil _ Warfarin
Inhibit synthesis of vitamin K-
1 l’ dependent coagulation factors
Xl—=Xla Vila/TF (prothrombin. VII. 1X, X)
IX > |Xa Edoxaban
Rivaroxaban
Vllia Apixaban
Ca Fondaparinux + AT
X T Xa / Low molecular weight
heparin + AT
Va
Ca?* Heparin + AT
AT : Antithrombin Prothrombin — Thrombinl—— Dabigatran
+— Activation
= Inhibition Fibrinogen _l'_.Fibrin

Activated factor X (FXa) and prothrombin are involved in the formation of thrombin,
which in turn catalyzes the conversion of fibrinogen to fibrin. Studies conducted to
investigate the effects of edoxaban on Factor Xa (free or incorporated in the
prothrombinase complex) and effects on two mutant forms of FXa are summarized
below. In vitro and in vivo models used to characterize the anti-thrombotic effects of
edoxaban are also summarized. These studies are from Module 4, Section 4.2.1.1.
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Study title: DU-176b: anticoagulant activity and its specificity for human factor Xa
(Study # 20020850)

The inhibitory effect of edoxaban on amidolytic activity of factor Xa was determined for
various species based on the inhibitory constant (i.e., Ki values). Additionally, the effect
of edoxaban on amidolytic activity of other serine proteases, including thrombin, trypsin,
chymotrypsin, plasmin, tissue plasminogen activator and human factor Vlla, was
investigated. The effect of edoxaban on FXa-related clotting times, i.e., thrombin time
(PT), activated thromboplastin time (APTT) and thrombin time (TT) of human plasma
was determined.

Methods:

o Determination of Ki values for FXa from various species
The inhibitory effect of edoxaban (in the salt form edoxaban tosylate hydrate) on the
amidolytic activity of human, monkey, rabbit and rat FXa (at 0.005 U/mL or 0.025 U/mL)
was determined in a mixture of chromogenic substrate S-2222 (250 to 1000 uM), FXa,
and various concentrations of edoxaban (0.5 to 8 nM). The amidolysis was measured
at absorption OD of 405 nm.

The slopes of the lines were calculated from the linear regression of the Lineweaver-
Burk plot. The slopes were plotted against the three different concentrations of
edoxaban (secondary plot). The Ki values of edoxaban for each enzyme (or FXa from
different species) were determined from the linear regression of secondary plot. The Ki
values over 100 uM were expressed as “>100 uM”.

o Ki value determination for other serine proteases:
The final concentration of enzymes, substrates and edoxaban (DU-176b) used in this
study are shown as follows.

Serine Concentration Substrate Concentrations of | Concentrations
proteases of enzyme substrate of DU-176b
Thrombin 0.03 U/mL S-2238 25,33, 50, 100 uM 10,20, 30 uM

Trypsin 0.3 U/mL §5-2222 50, 67, 100, 200 100. 150, 200

uM uM
Chymotrypsin | 0.005 U/mL S-2586 25.33. 50, 100 uM 100, 150, 200
uv

Plasmin 0.004 U/mL S-2251 250, 334, 500, 1000 100. 150. 200

uM uM

rt-PA 750 U/mL S-2288 250, 334, 500, 1000 100, 150, 200

uM T0Y|
rhFVIla/sTF | 2nM /20 nM | Spectrozyme | 250, 334, 500, 1000 100. 150. 200
fVIila UM uM

o Anticoagulation activity of edoxaban:

The clotting times were determined following conventional methods, and the following
was added to human plasma: thromboplastin C plus, CaCl,, and thrombin for PT, APTT
and TT determination, respectively. The prolongation ratios of the clotting time (PT,
APTT and TT) to the mean value of the control clotting time were calculated, then the

10
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CT2* and their 95% confidence interval were determined with an EDs5( calculation
software. To evaluate species specificity of edoxaban for the anticoagulant activity, PT
was measured using human plasma, rat plasma, cynomolgus monkey plasma and
rabbit plasma. The CT2 value was estimated from dose response curves. All assays

were performed in triplicate.
*CT2: The concentrations required to double the clotting time

Results:
o AntiFXa activity of edoxaban:
Edoxaban exerted comparable inhibitory effects on FXa activity among different
species, except for the rat plasma.

Table 1- AntiFXa activity of edoxaban in human, rat, rabbit and monkey plasmas

Factor Xa (FXA): species Ki (nM)
Human 0.561
Rat 6.98
Rabbit 0.457
Cynomolgus monkey 0.715

o Effect of edoxaban on serine proteases:
Except for thrombin, there was no inhibitory effect of edoxaban on the amidolysis
activity of other serine proteases.

Table 2- Ki values of edoxaban on serine proteinases

Serine protease Ki (uM)
Thrombin 6
Trypsin >100
Chymotrypsin >100
Plasmin >100
Rt-PA >100
rhFVlla/sTF >100

o Anticoagulation activity of edoxaban:

Table 3- Clotting times of edoxaban in human, rat, rabbit and monkey plasma
Clotting times: human plasma

Plasma clotting time CT2 (uM)
PT 0.256
APTT 0.508

T 4.95

*CT2: The concentrations required to double the clotting time

Effects on PT of plasma from various species

Reference ID: 3612737

Species PT: CT2 (uM)
Rat 0.647
Rabbit 0.149
Cynomolgus monkey 0.32
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Study title: DU-176b: Effects of DU-176b on the activities of human factor IXa,
factor Xia, and activated protein C (Study # 20050516)

Key finding:
Edoxaban had more inhibitory activity towards FXa compared to other factors tested in
this study (FIXa, FXla, and activated protein C).

Methods:

Edoxaban (DU-176b) at various concentrations or vehicle (5% DMSQO) were mixed with
the substrate (see table below). The reaction was started by the addition of the enzyme
solution. The absorbance (O.D.) at 405 nm was monitored every 10 seconds at 30°C for
10 minutes, and the reaction velocities (O.D./min) were calculated from a slope of the
absorbance curve.

Concentration design:

Serine Concentrations Substrates Concentrations of | Concentrations of
proteases of enzymes ] o substrates (mM) DU-176b (uM)
FIXap 6.25 U/mlL Specﬁj}me 0.25,033,0.50,1.00 | 0.12.5,25,50
FXJa 0.25 1M S-2366 0.25,0.33,0.50,1.00 | 0,100, 150, 200
aPC 2.5nM S-2366 0.25,0.33,0.50,1.00 | 0,100, 150,200
Results:

Lineweaver-Burk plots of the amidolytic activity of 6.25 U/mL FIXa, 0.25 nM FXla, or 2.5
nM aPC against a chromogenic substrate in the absence and presence of edoxaban
were depicted in the following figures (figures from the Applicant). Data are mean of
triplicate measurements.

Figure 2- Kinetic analysis of the inhibitory effect of edoxaban

FIXa
Lineweaver-Burk plot (FIXa)
2.0
H DU-176b 0 pM
L5 ® DU176b12.5 pM
A DU-176b 25 pM
1.0
< # DU-176b 50 pM
0.5
0.0 L L L 7
-0.5
5 4 3 2 1 0 1 2 3 4 5

12
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FXla

0.5

Lineweaver-Burk plot (FXIa)

W DU-176b 0 pM
0.4

® DU-176b 100 pM

0.3
A DU-176b 150 pM

0.2 4 DU-176b 200 pM r
o /

0.0

I TAY

-0.1

5 4 3 2 1 0 1 2 3 4 5
15
aPC
Lineweaver-Burk plot (aPC)
0.5
mDU-176b 0 pM
0.4
® DU-176b 100 pM
0.3
ADU-176b 150 pM
Z
= 02 # DU-176b 200 pM r
0.1 /
0.1
5 4 3 2 1 0 1 2 3 4 5

1/8
The Ki (inhibition constant) values derived from the kinetic studies were:
e 41.7 uM for FIXa
e >100 uM for FXla
e > 100 uM for and aPC.

The Ki value of edoxaban for FXa was 0.561 nM (see Study # 20020850, above). Thus,
the Ki values for FIXa, FXla, and aPC were more than 70,000-times higher than that for
FXa.

Study title: DU-176b and ®® pharmacogenomics (Study # AD07-H0067-R01,
Module 4)

Reviewer’s note: the part of the study report regarding K

Key finding:
Edoxaban exhibited comparable anticoagulant activity toward wild type and two mutants
of FXa.

13
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Methods

In this study, the effect of two different mutations (amino acid substitutions in the Factor
X (FX) gene): 1) Ala112Thr (A112T) or 2) Gly152Arg (G152R), on the FXa inhibitory
properties of DU-176b was determined. The mutant FXs were prepared by site-directed
mutagenesis in the pCMV4-ss-pro-lI-hFX plasmid. The plasmids were then transformed
into competent cells for larger scale plasmid production. Each FX plasmid, i.e., pPCMV-
Script-ss-pro-lI-hFX-WT, pCMV-Script-ss-pro-lI-hFX-A112T or pCMV-Script-ss-pro-II-
hFX-G152R, was transfected into human embryonic kidney (HEK) 293 cells to obtain
recombinant FXs. Both wild type and mutant factor X were activated by RVVX, the
factor X activating enzyme isolated from Russell's viper venom.

The anticlotting activities of edoxaban (DU-176b, Lot# FC208) were examined by
measuring the plasma clotting time, prothrombin time (PT) and activated partial
thromboplastin time (aPTT) using recombinant FXs, with or without the mutations
A112T or G152R, mixed with FX-deficient plasma. Also, the inhibitory effects of
edoxaban on FXas with or without a mutation were assessed by measuring the
amidolytic activity of recombinant FXas in the presence of edoxaban and calculating the
inhibition constants (Ki value). The methods of clotting time, CT2, and Ki value
determination are described as above. The recombinant wild type or mutant factor Xs
were added to human factor X-deficient plasma and spiked with edoxaban (0.01 uM to
1.0 uM, n = 3 each). PT and APTT were measured and the respective CT2 values were
calculated.

Results:

Table 4- Inhibitory effects on factor Xa and anticoagulant activities of edoxaban in wild
type and mutant FXas

FactorXa Ki (M) PTCT2 (uM) APTTCT2 (uM)
Wild type 0.89 0.12 05

Ala112Thr 0.85 0.12 0.45
Gly152Arg 11 0.11 0.46

Study title: Factor Xa inhibitory activities and anticoagulant effects of metabolites
of DU-176b (Study # GB11-H0026-R1, Module 4)

Study title: Factor Xa inhibitory activity and anticoagulant effect of D21-2393, a
metabolite of DU-176b (Study # AD07-H0070-R01, Module 4)

Key findings:
The results indicated that D21-1402-0201, D21-2135-0101, D21-2393 were active
metabolites of edoxaban (DU-176b), but D21-3231-0101 was an inactive metabolite.

Methods:
The factor Xa inhibitory effects and anticoagulant activities of D21-2393, a human
specific metabolite, and other metabolites, D21-1402-0201, D21-2135-0101, and D21-

14
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3231-0101, of edoxaban, were studied in vitro and compared to those of the parent
compound. The measurement of antiamidolytic activity of factor Xa and anticoagulant
activity (clotting times and CT2) are described above, under Study # 20020850.

Results:

Anti-factor Xa activity

Parent drug edoxaban (DU-176b) and its metabolites (including D21-1402-0201, D21-
2135-0101, and D21-2393) inhibited human and rat FXa activity. The 50% inhibition
concentration (ICsp) values are summarized below. (Tables from the Applicant,
Pharmacology written summary, Module 2)

Table 5- Inhibitory effects of metabolites (D21-1402-0201, D21-2135-0101, D21-3231-
0101, and D21-2393), and edoxaban on factor Xa

Human Rat
Compounds  Concentration . Concentration .

P @D ¥ ICsy (M) @M ? ICsy (WM)
D21-1402-0201 251020 6.9 10to 80 28
D21-2135-0101 0625t05"? 2.7 5t040Y 14
D21-3231-0101 1000 ® > 1000 1000 ® > 1000

D21-2393 0.625t05"? 1.8 5t040 10
Edoxaban 0.625105% 3.0 51040 13

tosilate hydrate
a: n =2 or 3, b: 0.2% dimethyl sulfoxide (DMSO) for control

The Ki value was determined for metabolite D21-2393 in human and rat plasma; see
Table below.

Table 6- Inhibitory Effects of D21-2393 and edoxaban on factor Xa

. Ki (nM)
Species - 2
D21-2393 Edoxaban tosilate hydrate
Human 0.767 0.561
Rat 6.88 6.98

Anticoagulant activity:
Tables are from the Applicant (Pharmacology written summary, Module 2, Section
2.6.2.2.4.2).

15
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Table 7- Anticoagulant activities of metabolites (D21-1402-0201, D21-2135-0101, D21-
3231-0101, and D21-2393) and edoxaban

Human Rat
Compounds Concentration Concentration
S S
D P PTCT2 (nM) V) PTCT2 (nM)
D21-1402-0201 0.125t0 1% 0.66 025t02" 1.6
D21-2135-0101 0.0625t0 0.5 0.26 0.125t0 1% 0.67
D21-3231-0101 50 =5 59 =5
D21-2393 0.0625t0 0.5 0.28 0.125t0 1Y 0.80
Edoxaban 0.062510 0.5 0.23 0.125t0 12 0.57

tosilate hydrate

A similar result was obtained in Study AD07-H0070-R01, when D 21-2393 was tested:

PTCT2 (unM) APTTCT2 (uM)
Species Edoxaban tosilate Edoxaban tosilate
B 2.
D21-2393 hydrate ? D21-2393 iydrate
Human 0.258 0.256 0.811 0.508

Rat 0.898 0.647 3.63 ND

Study title: DU-176b: inhibitory effect of DU-176b on the activities of
prothrombinase complex (Study # 20060456, Module 4)

Key finding:

Edoxaban acted as an inhibitor of both free FXa and FXa in a prothrombinase complex.
When a chromogenic substrate was used the Ki value was 0.9 nM and when
prothrombin substrate was used in the assay Ki was 3 nM. The Ki for FXa was
previously determined to be 0.561 nM.

Prothrombinase was reconstituted with human factor Xa (FXa), human factor Va,
phosphatidylcholine/phosphatidylserine (PC/PS) liposome, and CaCl;, to form the
prothrombinase complex. The competitive inhibition of edoxaban on the substrate S-
2222 cleavage was investigated in the incubation of prothrombinase complex, the
substrate and edoxaban.

Methods:

The objective of this study was to demonstrate that edoxaban exerted inhibitory effects
not only on free FXa but also FXa incorporated in the prothrombinase complex.

In brief, edoxaban (DU-176b) at different concentrations or control (5% DMSO) was
mixed with the enzyme solution (containing FXa, FVa, PC/PS and CaCly). The substrate
at various concentrations, either S-2238 or prothrombin, was then added and the
mixture was incubated. When prothrombin was used as the substrate, the incubation
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was stopped by the addition of EDTA, and then S-2238 was added to the mixture. The
thrombin activity was measured by monitoring the absorbance (O.D.) at 405 nm.

Reviewer: Shwu-Luan Lee

Concentration design: diagram from the study report

Concentrations of
Prothrombinase | prothrombinase Substrates Concentrations of | Concentrations of
complex complex o ’ substrates (UM) DU-176b (nM)
constituents
In the case of FXa 0.4 nM
S-2222 as the F\d ],0 n_.\-1 S-2222 _250' 333, 0*%,0.4,0.8.1.2
substrate T_’L.x_PS 25 uM 500, 1000
CaCl; 2.5 mM
In the case of FXa 0.2 pM
prothrombin as F\_;ﬂ 10 nM Prothrombin 0.0078, 0.0136, 0%,2.4,6
the substrate T_’L'.{PS 25 uM 0.0625, 0.25
CaCl, 2.5 mM

*: 5% DMSO solution
In this report, concentrations of DU-176b (edoxaban) were expressed as the amount of anhydrous
freebase (conversion factor: 0.7424).

The reaction velocities (O.D./min) were calculated from a slope of the absorbance
curve. Thrombin concentration in the reaction mixture was determined from a standard
curve prepared from O.D./min by known concentrations of thrombin. The rate of
thrombin generation (nM/min) during incubation for 3 min was calculated based on the
thrombin concentration.

Results:

e Synthetic chromogenic substrate S-2222:

Edoxaban exerted a dose-dependent and competitive inhibition of S-2222 cleavage by
the prothrombinase complex, with a Ki value of 0.903 nM (data not shown). Based on
the result obtained in Study # #20020850, edoxaban competitively inhibited free FXa
with a Ki value of 0.561 nM (see above). Thus, edoxaban appeared to be a competitive
inhibitor of S-2222 cleavage by both free FXa and prothrombinase complex with nearly
comparable Ki values.

e Physiological substrate prothrombin:

Edoxaban also exerted an inhibitory effect on prothrombinase complex using
prothrombin as the substrate, with a Ki value of 2.98 nM (data not shown). The Ki value
of edoxaban for the inhibition of prothrombinase activity in prothrombin cleavage is
approximately 5 fold higher than that for S-2222 cleavage by FXa (2.98 nM versus
0.561 nM, respectively).

Animal models (Studies all from Module 4, Section 4.2.1.1)
Rat arterio-venous (A-V) shunt model, described below.

Key finding (from studies 20020847, 20030369, 20020848, 20020849):
Edoxaban had anticoagulant activity in animals as demonstrated by reduction in
thrombus weight and anti-FXa activity.
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Study title: D11-4176b: Anti-thrombotic effect of D11-4176b in a rat A-V shunt
model (Study # 20020847)

Male Wistar rats were treated via oral gavage with edoxaban (D11-4176b) (0.5, 2.5 and
12.5 mg/kg in 0.5% methyl cellulose solution, 0.5% MC) or the control vehicle (0.5%
MC). The shunt was constructed between the left carotid artery and the right jugular
vein 30 minutes following the treatment of edoxaban. The thrombi formed in the shunt
were measured quantitatively (as the protein content in the thrombus) and the levels of
edoxaban in the plasma were also determined (HPLC-mass). The anti-FXa activity of
edoxaban, expressed as the anti-amidolytic activity of the drug, was measured using S-
2222 as a substrate. When the amidolytic activity of FXa was inhibited, less S-2222
was in the assay system and hence a reduced absorption (at 405 nm, expressed as
mOD/min) in the collected plasma samples (according to the method of Bradford;
Biochem. 72: 248-254, 1976). Results were expressed as amidolytic activity of human
FXa. In addition, prothrombin time (PT) was measured.

Rat venous stasis model

Study title: DU-176b: Anti-thrombotic effect of DU-176b in a rat venous stasis
model (Study # 20030369)

The anti-thrombotic effect of oral edoxaban (DU-176b) was also evaluated in a venous
stasis model in rats. The treatment and doses of edoxaban are described above.
Venous stasis was performed 30 minutes following edoxaban treatment, by ligating
tightly the inferior vena cava and bigger branches with a cotton thread below the left
renal vein, and after ten minutes the inferior vena cava was ligated 1.5 cm below the
first ligature. Thrombi were removed 60 minutes after ligation and the thrombus weight
was measured. Anti-FXa activity, plasma concentration of edoxaban and PT were also
determined (see above).

Rat thrombosis model

Study title: D11-4176b: Anti-thrombotic effect of D11-4176b in a rat venous
thrombosis model (Study # 20020848)

Treatments with edoxaban and vehicle control are described above. The doses of
edoxaban were 0.1, 0.5 and 2.5 mg/kg. Thrombosis formation was induced 30 minutes
following edoxaban treatment, by inserting a platinum wire sharpened at one tip by 2 cm
into the abdominal vein below the renal vessel and the wire was left for 60 minutes.

One mL of 1% glutaraldehyde in 10 mM phosphate buffered saline (PBS: pH 7.3) was
injected into the lower vena cava to fix the thrombus in situ followed by injection of 1 mL
of 3.13 % sodium citrate to block thrombus formation afterward. The wire was dissected
free immediately and placed in glutaraldehyde in 10 mM PBS until weighing. The weight
of the thrombus with wire was noted. Each wire was wiped free of thrombus and re-
weighted to obtain the thrombus weight

Rat tissue factor induced disseminated intravascular coagulation (DIC) model
Study title: D11-4176b: Anti-thrombotic effect of D11-4176b in a rat tissue factor
induced DIC model (Study # 20020849)
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Treatments with edoxaban and vehicle control are described above. The doses of
edoxaban were 0.1, 0.5 and 2.5 mg/kg. Tissue factor (Thromboplastin C Plus) (Dade
Behring, Liederbach, Germany) (0.8 U/mL, in saline) was infused into the rat femoral
vein for 1 minute at a dose of 3.1 mL/kg. Two groups of male rats were designated as
the control: sham control (administered with 0.5% MC and IV infusion with saline only),
and vehicle control (treated with 0.5% MC and received tissue factor infusion).

The following assessment endpoints were determined: Platelet number, concentrations
of TAT*, fibrinogen and D11-4176 in rat plasma, S-2222 amidolytic activity in rat

plasma.

*TAT: thrombin-antithrombin complex; the rat plasma TAT levels were determined by an enzyme

immunoassay via Enzygnost® TAT micro.

Results

Intravenous tissue factor treatment significantly reduced the platelet number from 64.6 x
10* (mean * standard error) to 39.8 x 10* platelets/uL. Tissue factor also significantly
increased the concentration of TAT in rat plasma to 290.5 ng/mL compared to that of
the sham group (3.4 ng/mL). In addition, the concentration of fibrinogen in rat plasma
was reduced significantly by tissue factor from 202.2 to 124.4 mg/dL.

Summary of results of four anti-thrombosis studies:

Anti-thrombotic
effect®

Anti-FXa effect
(amidolytic activity)**

PT prolongation

Edoxaban plasma
concentration

A-V shunt model

Protein content in
thrombus| : 59%
and 47% of the
control at 2.5 and
12.5 mg/kg

| Absorption from
7.2 (control) to 1.0
and 0.5 mOD/min at
doses of 2.5 and
12.5 mg/kg

18 sec (control) to 21
sec at 12.5 mg/kg

21, 172 and 396
ng/mL at 0.5, 2.5
and 12.5 mg/kg

Not linear, rise at 2.5
mg/kg

Venous stasis

Thrombus weight|:
43%, 16% and 13%
of the control at 0.5,
2.5 and 12.5 mg/kg

| Absorption from
13.8 (control) to 0.8
and 0.3 mOD/min at
doses of 2.5 and
12.5 mg/kg

18 sec (control) to 24
sec at 12.5 mg/kg

21, 194 and 449
ng/mL at 0.5, 2.5
and 12.5 mg/kg

Not linear, rise at 2.5
mg/kg

Thrombosis model

Thrombus weight|:
30% of the control at
2.5 mg/kg

| Absorption from
7.6 (control) to 6.4
and 2.2 mOD/min at
doses of 0.5 and 2.5
mg/kg

Not remarkable

At 2.5 mg/kg: 188
ng/mL and 106
ng/mL at 30 min and
90 min after dosing,
respectively

Tissue factor
induced DIC model

¢ Restoration of
platelet counts
reduced by tissue
factor.at = 0.1
mg/kg.

e Decreases in TAT
levels at = 0.1
mg/kg.

¢ Increases in
fibrinogen reduced
by tissue factor.at
= 0.1 mg/kg.

| Absorption from
8.7 (control) to 6.1
and 1.5 mOD/min at
doses of 0.5 and 2.5
mg/kg

Not conducted

<5, 16 and 163
ng/mL at 0.1, 0.5
and 2.5 mg/kg
Greater than unity.

*Dose-dependent and statistically significant
** Expressed as the reduction in the absorption (mOD/min) at 405 nm. (See “model” under Study #20020847)
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Comparisons of various antithrombotic agents in the venous thrombosis model in rats:
The antithrombotic effects of edoxaban were compared with other anticoagulants in a
rat venous thrombosis model. Comparators were enoxaparin and fondaparinux
(Arixtra), drugs approved for the treatment of acute deep vein thrombosis and
pulmonary embolism. The following studies are summarized and discussed together.

Study title: Antithrombotic effects of DU-176b and enoxaparin in a rat model of
venous thrombosis (Study # AD09-H0007-R01, Module 4).

Study title: Treatment of venous thrombosis with DU-176b, enoxaparin and
fondaparinux in rats (Study # BG11-H0012-R01)

Methods

In the rat venous thrombosis model, venous thrombosis in the inferior vena cava was
induced by partial stenosis (method, see above) with or without topical application of
10% ferric chloride solution. After 1-h thrombus maturation, the thrombus wet weights of
the treated and control groups were measured.

Experiment diagrams:
Study # AD09-H0007.R01:

DU-176b or
Enoxaparin Blood Platinum wire Thrombus
administration Anesthesia  sampling insert sampling
¥ ¥ ¥ v ¥
0 15 27 30 90 (min)
Study # BG11-H0012.R01:
Test compound dosing
Thrombus or thrombus harvest Blood Thrombus
Anesthesia  induction of the mitial group  Anesthesia sampling  harvest
¥ v v v v v
0 60 225 237 240 (min)

Study result summary of the two studies: the data represent group means (n=8)

Agents Thrombus weight PT prolongation APTT prolongation
(ug) (seconds) (second)

Study # AD09-H0007-R01

Edoxaban: 0, 1, 3, and 10 mg/kg
(oral)

128, 87 (32%), 86*
(33%), and 49*
(61%)

18.4,17.8, 18.8 and
23.1*

19.0, 18.2, 19.2 and
18.3

Enoxaparin: 0, 100, 300 and 1000
1U/kg (subcutaneous)

167, 139 (19%), 112
(33%), and 46*
(73%)

18.6, 18.5, 19.3, and
20.3*

19.1, 21, 24.9* and
44.8*

Study # BG11-H0012-R01

Vehicle: 0.5w/v% methyl cellulose
400 solution

Reference ID: 3612737
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Edoxaban: 0, 1, 3, and 10 mg/kg
(oral)

13.7, 10.5 (24%), 7
(49%), and 7 (49%)

18.9, 18.9, 19.6, and
244

Not conducted

Enoxaparin: 0, 300, 1000, and 2000
1U/kg (subcutaneous)

12, 7* (42%), 4.3
(64%) and 6* (50%)

Not conducted

22.2,29.9, 81*, and
122*

Fondaparinux: 0, 0.3, 1 and 3 mg/kg
(subcutaneous)

13.2, 6.6 (50%), 5.6
(58%) and 3.6 (73%)

19.8,20.2, 20.4 and
204

24.9,25.3,25.1 and
251

*Statistically significant changes; data in the parenthesis: % inhibition (from the control)
Vehicle: 0.5w/v% methyl cellulose 400 solution
Edoxaban (DU176b): Lot # MH414A

Conclusion:

e Study # AD09-H0007-R01

Orally administered edoxaban in rats, up to 10 mg/kg, induced a dose-dependent
prevention of venous thrombus formation (as shown by reduction in protein content of
thrombus) and prolonged prothrombin time, but did not affect the APTT values. On the
other hand, low molecular weight heparin, enoxaparin (up to 1000 IU/kg, administered
via intravenous injection), exerted dose-dependent anti-thrombotic activity as well as
clotting time prolongation (both PT and APTT). Edoxaban prolonged clotting times,
indicating inhibition of fibrin formation and anticoagulant activity. The different effects in
clotting times (especially APTT) observed in edoxaban and enoxaparin may be due to
different anti-thrombosis mechanisms: edoxaban as a direct FXa inhibitor, while
enoxaparin acts via antithrombin-dependent inhibition of FXa and thrombin.

e Study # BG11-H0012-R01

The three antithrombotic agents, edoxaban, enoxaparin and fondaparinux exhibited
dose-dependent prevention in venous thrombosis in rats. Unlike the effect of edoxaban
and enoxaparin on PT or APTT prolongation, fondaparinux, an antithrombin-dependent
FXa inhibitor, did not have effects on clotting times under the conditions of the study.

4.2

In vitro studies
Studies conducted to show Effects on platelet aggregation

Secondary Pharmacology

Study title: DU-176b: Effects of DU-176b on human platelet aggregation (Study
title # 20060958, Module 4)

Key finding:

Edoxaban (DU-176b) inhibited platelet aggregation only when aggregation was induced
by thrombin. No significant inhibitory effect was noted when platelet aggregation was
induced by collagen, U46619 (a synthetic thromboxane A, receptor agonist), or ADP.

Methods:

This study was conducted to investigate whether edoxaban has inhibitory activity
through the blood coagulation pathway (i.e. by inhibiting thrombin-induced aggregation)
or whether it can also inhibit other mechanisms of platelet aggregation (i.e. by inhibiting
collagen-, U46619-, and ADP-induced platelet aggregation).

Human blood samples were collected from healthy volunteers. Several test samples
were prepared from the whole blood: platelet rich plasma (PRP), platelet poor plasma
(PPP), washed platelet suspension (WP). The ICsy values were obtained for collagen-,
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U46619-, and ADP-induced platelet aggregation (in platelet rich plasma). 1Csy values
were also obtained for thrombin-induced platelet aggregation (in washed platelet
suspension).

o Test article: Edoxaban (DU-176b, Lot #/C208), 0.01, 1 and 100 uM (when
collagen, U46619 or ADP were used for platelet aggregation); 0.1, 1 and 10 uM
(when thrombin was used for platelet aggregation)

o Positive control: Abciximab (an anti-glycoprotein llb/llla antibody), 0.2 and 20 ng/mL

o Negative/vehicle control: DMSO

Note: collagen, U46619 (synthetic thromboxane A, receptor agonist), ADP cause
platelet aggregation through calcium flux and platelet shape changes, while thrombin is
involved in the prothrombinase-FXa complex formation.

Procedure:

Edoxaban, abciximab or vehicle was incubated with the plasma; then the platelet
aggregation agonist was added to the mixture and the extent of aggregation was
measured. The light transmission of platelet rich plasma or washed platelet suspension
increased with the formation of platelet aggregates in the plasma samples. The extent
of aggregation was estimated by the percentage of maximum increase in light
transmission, with the PPP representing 100% transmittance. The concentration of the
agonist was set such that >60% platelet aggregation will be induced.

Results:
o Collagen, U46619 and ADP induced platelet aggregation in PRP:
DU-176b, at concentrations up to 100 uM, did not inhibit platelet aggregation induced
by collagen, U46619, or ADP. Thus the ICso under the study condition was greater
than 100 uM.
o Thrombin induced platelet aggregation in WP suspension:
DU-176b inhibited thrombin-induced WP aggregation with mean ICsy value of 2.90 uM
(95% CI1 1.99-3.81 uM).

Studies conducted to evaluate effects of hemostatic agents to reverse the anti-
coagulation activity of edoxaban

Background:
The following agents were used to address reversibility of edoxaban-induced

anticoagulation:

e Recombinant human factor Vlla (rFVlla) (NovoSeven, NJ):

By enhancing thrombin generation, rFVIla helps to form stable fibrin plugs, so that
rFVIla maintains hemostasis in the absence of factor VIII or factor IX.

e FEIBA:

FEIBA is a plasma-derived, activated prothrombin complex concentrate (aPCC). The
major components of FEIBA include FVII, IX, X, and activated FVII and FX and
prothrombin. It has been used to control bleeding in patients with factor VIl or IX
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inhibitors. It is postulated that when FEIBA is introduced to a rabbit model of bleeding, it
would trigger the FXa binding to the surface of activated platelets at the site of bleeding.
Prothrombin and FXa would convert transfused and endogenous prothrombin directly
into thrombin, bypassing the need for FVIII and FIX (Wilde, Pathophysiol Hemost
Thromb 32 (Suppl 1): 9-12, 2002).

e PPSB-HT

PPSB-HT is a prothrombin complex concentrate (PCC). PPSB-HT contains non-
activated vitamin K-dependent coagulation factors and heparin, and is used to treat
patients with hemophilia B.

Experiment procedures for Study # 20030655 and AD09-H0016-R01

Edoxaban (at final concentrations of 0, 150, and 300 or 450 ng/mL in the reaction
mixture) and recombinant factor Vlla (for concentrations in the reaction mixture, see
tables below) were mixed in pooled human plasma obtained from adult healthy
volunteers. The prothrombin time (PT) was measured after addition of Thromboplastin
C Plus (a thromboplastin agent, catalyzing the conversion of prothrombin to thrombin)
or HemoslIL PT-fibrinogen HS PLUS at 37 °C.

Edoxaban and rFVlla, FEIBA or PPSB-HT were incubated together before the addition
of thromboplastin agent.

Study title: DU-176b: Effect of recombinant factor Vlla on prothrombin time
prolonged by DU-176b (Study # 20030655, Module 4).

Key finding:

Under the conditions tested, Factor Vlla reversed the anticoagulation activity of
edoxaban, such as edoxaban-induced PT prolongation. No conclusion can be made on
the antidote effect of Factor Vlla due to limitations of an in vitro study.

The table is from the Applicant (Module 2, Section 2.6.2.3.3, Pharmacology written
summary, Table 3.4) (data verified by the reviewer).
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Table 8- Reversal effect of recombinant factor Vlla on PT prolonged by edoxaban

Edoxaban tosilate hydrate (ng/mL) rFactor VIIa (ng/mL) PT (s)
0 0 13.9+03
0 5 129+0.3?
0 50 104+027?
0 500 8.6=03%
150 0 270+159
150 5 242+14°9
150 50 182+13°
150 500 148+0.8°
Edoxaban tosilate hyvdrate (ng/mL) rFactor VIIa (ng/mL) PT (s)
0 0 13.7+02
0 5 13.0+027?
0 50 11.0+037?
0 500 84=027
450 0 46.0=159
450 5 432+24°9
450 50 332+1.79
450 500 244+1.1°9

rFactor Vlla: recombinant activated coagulation factor VI, PT: prothrombin time

Data represent mean * standard deviation, n = 6/group

a: P < 0.05 compared to the control group (Dunnett’s multiple comparison test)

b: P < 0.05 compared to the control group (Aspin-Welch t test)

c: P <0.05 compared to the edoxaban alone group (Dunnett’s multiple comparison test)

Study title: Effects of anti-inhibitor coagulant complex, prothrombin complex
concentrate and recombinant factor Vlla on prothrombin time prolonged by DU-
176 (Study #AD09-H0016-R01, Module 4)

Key findings:
The anticoagulant activities of edoxaban, such as PT prolongation, were reversed by
FEIBATM, PPSB-HT and recombinant factor Vlla.

Methods

In brief, prothrombine time (PT) was measured in the presence or absence of edoxaban
(DU-176b, 150 and 300 ng/mL) in combination with FEIBA (0.15, 0.5 and 1.5 U/mL),
prothrombin complex concentrate (PPSB-HT, 0.15, 0.5 and 1.5 U/mL), or rFVlla (100,
300 and 1000 ng/mL).Saline was as a negative control.

Results:

Edoxaban alone prolonged PT, while FEIBA, PPSB-HT or rFVlla alone shortened PT.
PT prolongation induced by edoxaban was shortened by FEIBA, PPSB-HT or rFVlla in
a concentration-dependent manner (data not shown). Based on the study results, the
anticoagulant effect of edoxaban, such as PT prolongation, could be reversed in vitro by
FEIBA, PPSB-HT and rFVlla.
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Study title: Ex-vivo study to assess the potential of factor eight inhibitor bypass
activity (FEIBA; FEIBATM) or activated factor seven (rhFVlla) to reverse the
anticoagulant activity of edoxaban (Study # TMBMO040, Module 4)

Key findings:

Under the conditions tested, the biologic activities of edoxaban, such as PT
prolongation, were reversed by FEIBA and recombinant factor Vlla (rFVlla). However,
certain activities of edoxaban, like inhibition of intrinsic factor X activity, were not
reversed by these agents. No conclusion can be made on the effect of plasma factors
in vivo.

Methods
Pooled human plasma was incubated with edoxaban (0 [diluent], 500 and 1000 ng/mL)*
for 1 hour, then FEIBA (0.75, or 1.5 U/mL) or rFVlla (0.8, or 1.8 ug/mL) was spiked in
the same samples for further incubation. Aliquots were removed and centrifuged to
separate the plasma layer at 0.25, 0.5, 1, 2, and 4 h during this second incubation.
Samples were tested for the following biomarkers: PT, APTT, anti-factor Xa activity
(FXa activity was measured by a chromogenic method, expressed in terms of LMWH
activity; method described under primary pharmacology studies),thrombin generation
activity (TGA)** parameters (lag time [TGA-lag], time to peak [TGA-TTP], peak thrombin
generation [TGA-Peak], velocity index [TGA-VI], and endogenous thrombin potential
[TGA-ETP]), intrinsic factor X (IFX) activity, anti-thrombin activity, and D-dimer***
(immune-turbidometric method).
* According to the Applicant: 500 and 1000 ng/mL were supratherapeutic concentrations
of edoxaban. Diluent: deionized water.
** Thrombin generation assay (TGA): the following is excerpted from the study
Appendix 1.

o TGA is based on monitoring the fluorescence generated by thrombin cleavage of a
fluorigenic substrate over time upon activation of the coagulation cascade. From
the changes in fluorescence over time, the concentration of thrombin in the sample
can be calculated using the respective thrombin calibration curve. The rate of
increase in thrombin concentration over time then allows to calculate generation of
thrombin in the sample per minute and to plot this value over time for the whole
coagulation process. This then results in the visualization of the different phases of
clot formation.

o The endogenous thrombin potential (ETP), defined as the amount of thrombin
which can be generated after the in vitro activation of coagulation with tissue factor
(as a trigger) and phospholipids (as a platelet substitute) (Hemker et al.,
Thrombosis and Haemostasis, 70: 617-624, 1993).

*** D dimer
D dimer is a fibrin degradation product, a small protein fragment present in the blood
after a blood clot is degraded by fibrinolysis. It is so named because it contains two
cross-linked D fragments of the fibrin protein. Polystyrene particles covalently coated
with a monoclonal antibody are aggregated when mixed with samples containing D-
dimer. The aggregation is then detected turbidometrically via the increase in turbidity.
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Increased levels of D-dimer indicate tendency of thrombosis. D-dimer testing is of
clinical use when there is a suspicion of deep venous thrombosis (DVT), pulmonary
embolism (PE) or disseminated intravascular coagulation (DIC).[

Results:

o Biomarkers responding to edoxaban (500 and 1000 ng/mL) treatment that were

reversed by hemostatic agents:

Edoxaban prolonged PT and APTT, increased anti-factor Xa activity, and inhibited
intrinsic factor X activity and thrombin generation relative to vehicle-treated samples.
Such effects were mostly concentration-dependent. FEIBA and rFVlla, reversed the
effect of edoxaban on PT, APTT, and anti-factor Xa activity from 0.25 h to 4 hours. The
following figures depict the results (figures from the Applicant, Pharmacology written
summary, Module 2, Section 2.6.2.3.5). However, the effect of edoxaban on thrombin
generation parameters (such as peak thrombin generation and endogenous thrombin
potential) were only partially reversed by FEIBA and rFVlla, with a gradual onset that
plateaued by 4 hours (data not shown).

Figure 3- Reversal of edoxaban induced PT and APTT prolongation and anti-Factor Xa
activity by FEIBA and rFVlla

Reversal by FEIBA (0.75 U/mL)
PT prolongation: Pooled human plasma was incubated with edoxaban for 1 hour, then
FEIBA was spiked in the same samples for further incubation.

Pict of Mean (+ /~SD) Prethrombin Time (PT) (sec) over Time oy Treatment Croug
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APTT prolongation: Pooled human plasma was incubated with edoxaban for 1 hour,
then FEIBA was spiked in the same samples for further incubation.
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Plot of Mean (+/-50) Activated Partial Thromboplastin Time (oPTT) (sec) over Time by Treatment Group
Edoxobon + FEIBA 0.75 U/mL
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120 4
'g 1104T
— 1004 ’
§ i
3%
z 70 1 : Y Il %

60 + \ \

50 - \ ad

] &= - O
z 4« ) - - - i i WIS S
2 NI - = - e 3
. 201
g ol
% o " L L] L LJ . L L L Ll
2 0.0 05 1.0 1.5 20 25 3.0 35 40
SRR BEST AVAILABLE
T 3 i - ®— [doxaban O
— ooy~ Edoxoban 500%"}"1 COPY
=ipsoeas i 4 - Edoxaban 1000 ng/mL

Anti-Factor Xa activity: Pooled human plasma was incubated with edoxaban for 1 hour,
then FEIBA was spiked in the same samples for further incubation.
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PT prolongation: Pooled human plasma was incubated with edoxaban for 1 hour, then
rFVlla was spiked in the same samples for further incubation.
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APTT prolongation: Pooled human plasma was incubated with edoxaban for 1 hour,
then rFVlla was spiked in the same samples for further incubation.
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Anti-Factor Xa activity: Pooled human plasma was incubated with edoxaban for 1 hour,
then rFVlla was spiked in the same samples for further incubation.
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Plot of Mean (+/-SD) Anti—Factor Xa Activity (Anti—=Xa) (IU LMWH /mL) over Time by Treatment Group
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o Biomarkers responding to edoxaban (500 and 1000 ng/mL) treatment that were
not reversed by hemostatic agents:
Edoxaban at 500 and 1000 ng/mL inhibited Factor X activity. Only a relatively small
degree of reversal by FEIBA and rFVlla was observed for inhibition of Factor X activity
(< 30%). See figures below, figures from the Applicant. Edoxaban treatment alone did
not change levels of D-dimer. There were also no apparent changes in D-dimer levels
following treatment with either FEIBA or rFVlla (data not shown).

Figure 4- Partial reversal of edoxaban inhibition of factor X by FEIBA and rFVlla

Reversal by FEIBATM (0.75 U/mL): Pooled human plasma was incubated with
edoxaban for 1 hour, then FEIBA was spiked in the same samples for further
incubation. Factor X activity was expressed as % of control (i.e., absorption of diluent at
405 nm).
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Reversal by FVlla (0.8 ng/mL): Pooled human plasma was incubated with edoxaban for
1 hour, then rfactor Vlla was spiked in the same samples for further incubation.

BEST AVAILABLE
COPY

Conclusion:

Under the conditions tested, FEIBA (0.75 U/mL) and rFVlla (0.8 ng/mL) showed
reversal of edoxaban-induced anticoagulant activity within 4 hours after adding FEIBA
or rFVlla to the mixture of human plasma and edoxaban, based on PT, APTT, and anti-
factor Xa activity measured.
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Summary of reversal anticoagulant activity studies:

Under the conditions tested, reversibility of edoxaban-induced anticoagulation was
demonstrated when plasma factors were added to the mixture. Despite this
reversibility, a conclusion cannot be made on the antidote effect of plasma factors due
to limitations of an in vitro study.

e Inthe in vitro studies, recombinant FVlla, FEIBA (a plasma-derived activated
prothrombin complex concentrate) or PPSB-HT (a prothrombin complex
concentrate) incubated together with edoxaban or added following pre-treatment
of the plasma samples with edoxaban, exerted inhibitory effects towards
anticoagulant activity of edoxaban. Reversal of edoxaban-induced
anticoagulation activity was demonstrated by shortening PT prolongation or
APTT prolongation and reversal of anti-FXa activity. However, certain
anticoagulant activities of edoxaban, such as anti- intrinsic FX activity, were only
partially reversed by these agents.

In vivo studies

Studies on bleeding effects

The following two studies are discussed together, because of similar study conditions
and objectives.

Study title: Effects of DU-176b and enoxaparin on bleeding time in a rat tail
bleeding model (Study # AD09-H0008-R01, Module 4)

Study title: antithrombotic and bleeding prolongation effects of warfarin in rat
models of venous thrombosis and tail bleeding (Study # BG10-H0078-R01,
Module 4)

Key findings:

e Edoxaban, enoxaparin and warfarin inhibited venous thrombus formation
(thrombosis) in the tail bleeding model in rats. The effect was dose-dependent.

e Under the conditions tested, there was a higher ratio of BT2 (estimated dose
required to double bleeding time) to EDs, (therapeutic index) for edoxaban than that
for enoxaparin.

The anti-coagulation of edoxaban, enoxaparin (a low molecular weight heparin, which
inhibits both FXa and thrombin) and warfarin (vitamin K antagonist) was assessed by
the determination of the tail template bleeding time in male Wistar rats.

Test compounds:

o Edoxaban (DU-176b, free base; Lot # AE303): 3, 10 and 20 mg/kg
Vehicle: 0.5w/v% methyl cellulose 400 solution (0.5% MC, Lot No. PEE2201)

o Enoxaparin sodium (Lot # 12003J, content 2000 IU anti-Xa activity in a syringe of
0.2 mL): 800, 1600 and 3200 1U/kg
Vehicle: saline

o Warfarin (lot # CDQ5092): doses see below
Vehicle: 0.5w/v% methyl cellulose 400 solution (0.5% MC, Lot No. STR3766)
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Treatment:

The solutions (0.30 and 1.0 mg/mL) and suspension (2.0 mg/mL) of DU-176b and
vehicle (0.5% MC) were orally administered to rats (n=8/group) at a volume of 10 mL/kg
30 min before the induction of bleeding. The solutions of enoxaparin (160, 320 and 640
IU/mL) and vehicle (saline) were subcutaneously administered to rats (n=8/group) at a
volume of 5 mL/kg 30 min before the induction of bleeding (incisions with a blade on the
tail). Warfarin was orally administered on Day -4 as loading doses (LD) and Day -3,
Day -2, and Day -1 as maintenance doses (MD). The doses of warfarin (LD + MD)
were 0.30 mg/kg + 0.10 mg/kg, 0.45 mg/kg + 0.15 mg/kg and 0.60 mg/kg + 0.20 mg/kg
(n=8/group)

Twenty-seven min after the dosing, blood was collected from the jugular vein for the
measurement of prothrombin time (PT) and activated partial thromboplastin time
(APTT).

In Study # BG10-H0078-R1, the antithrombotic effects were also assessed for warfarin.
Venous thrombosis was induced by the insertion of a platinum wire into the inferior vena
cava of rats.

Study endpoint:
Bleeding time was defined as the interval from the tail incision to the last detectable
blood stain.

Results:
The rat model of tail template bleeding
e Edoxaban: oral doses; the data in the table indicate the mean of the group (n=8)

Bleeding time (min) PT (sec) APTT (sec)
Control 3.2(1) 18.3 18.7
3 mg/kg 44 (1.4) 20.7 (sig) 15.7
10 mg/kg 5.4 (1.7) 23.6 (sig) 17.2
20 mg/kg 5.3 (1.7) 24 (sig) 17.5

*fold of the control; sig: statistically significant
Thus, estimated dose required to double bleeding time (BT2) was >20 mg/kg.

e Enoxaparin: subcutaneous doses, the data in the table indicate the mean of the

group (n=8)
Bleeding time (min) PT (sec) APTT (sec)
Control 3.3 (1) 18.5 18.9
800 IU/kg 5.1 (1.6) 19.6 33.9
1600 1U/kg 5.1 (1.5) 20.8 (sig) 66.5 (sig)
3200 IU/kg 21.6 (6.5) (sig) 21.6 (sig) 109.5 (sig)

*fold increase compared to the control; sig: statistically significant
Thus, estimated dose required to double bleeding time (BT2) was 1700 1U/kg.

e Warfarin: oral doses, the data in the table indicate the mean of the group (n=8)

Bleeding time (min) PT (sec) APTT (sec)
Control 4.1 (1)* 19.7 22.7
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0.1 mg/kg 6.7 (1.6) 27
0.15 mg/kg 6.3 (1.5) 36.1 (sig) 42.5 (sig)
0.2 mg/kg 17.3 (4.2) (sig) 62.8 (sig) 65.5 (sig)

*fold increase compared to the control; sig: statistically significant
Thus, estimated dose required to double bleeding time (BT2) was 0.16 mg/kg.

In addition, the result of warfarin in the rat model of venous thrombosis (Study # BG10-
HO0078-R01) is summarized as the following.
Warfarin: oral doses, the data in the table indicate the mean of the group (n=8)

Protein content of PT (sec) APTT (sec) Inhibition (%) of
thrombus (ug) thrombus formation
Control 186 19.7 21.9 0.1
0.1 mgkg | 123 25.9 34.5 33.7
0.15 mg/kg | 42 (sig) 40.3 (sig) 44.7 (sig) 77.5
0.2 mg/kg | 14 (sig) 58 (sig) 57.3 (sig) 92.5
Conclusion:

o All the three agents, i.e., edoxaban, enoxaparin and warfarin, inhibited venous
thrombus formation (thrombosis) in the tail bleeding model in rats. The inhibition
was dose-dependent. The doses required for 50% inhibition of thrombus formation
(EDsp) of edoxaban, enoxaparin and warfarin were 1.9 mg/kg (oral), 500 1U/kg
(SC), and 0.12 mg/kg, respectively.

o The ratios of BT2 to EDs (the therapeutic indexes) were > 10.5 for edoxaban, 3.4
for enoxaparin and 1.3 for warfarin.

o Interms of clotting time prolongation, while enoxaparin and warfarin prolonged
both PT and APTT, edoxaban only prolonged PT but not APTT, under the
condition of the study. Differential effects on clotting time were also noted for
enoxaparin and warfarin: warfarin prolonged both PT and APTT and enoxaparin
prolonged APTT more than PT.

Based on the higher ratio of BT2 to EDsq (therapeutic index) for edoxaban when
compared with enoxaparin and warfarin, the Applicant indicated that bleeding risk of
edoxaban is lower than warfarin and enoxaparin (Pharmacology written summary,
Section 2.6.2.3.2). However, the assessment of edoxaban and warfarin was carried out
in separate studies; it may not be justified to draw such a conclusion.

Assessment of the effect of tranexamic acid (Cyklokapron) on edoxaban induced
PT and APTT prolongation

Study title: Effects of tranexamic acid on prolonged bleeding time and
prothrombin time induced by a supratherapeutic dose of DU-176b in rats (Study #
BG12-H0020-R01, Module 4).

Key finding:

The anti-fibrinolytic agent, tranexamic acid, did not reverse the bleeding time and
prothrombin time prolonged by edoxaban.
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Tranexamic acid is a synthetic analog of the amino acid lysine. Its antifibrinolytic action
is proposed via competitively inhibiting the activation of plasminogen to plasmin, by
binding to specific sites of both plasminogen and plasmin. The latter is a molecule
responsible for the degradation of fibrin, a protein that forms the framework of blood
clots. Tranexamic acid is used to treat or prevent excessive blood loss during surgery
and in various other medical conditions.

Methods:
Dose design (diagram from the study report)

i Number of
Group Treatment 1 Treatment 2 ,
animals
Control 1 5% glucose solution Saline 10
DU-176D alone DU-176b 3.0 mg/kg Saline 10
DU-176b + Tranexamic acid
o DU-176b 3.0 mg/kg 10
tranexamic acid 100 mg/kg

Planta template bleeding model in rats

Male SD rats, under anesthesia, were treated intravenously (2 mL/kg) with edoxaban
(Lot # MH414A, 3 mg/kg) or control (5% glucose solution). Starting 3 min after
edoxaban dosing, tranexamic acid (100 mg/kg) or saline (3 mL/kg) was intravenously
infused for 2 min. Immediately after the end of tranexamic acid or saline dosing, blood
was collected from the jugular vein for the measurement of prothrombin time (PT).
Eight minutes after edoxaban injection, an incision was made in the right planta (length
5 mm, in a horizontal straight line), and bleeding time was measured. See the following
diagram for procedure outlines.

Blood Incision to

Anesthesia Treat1 Treat2 sampling planta Bleeding time measurement

v v 4 v . J ) 4
-15 0 3 5 8 38 min
Result:

Intravenous administration of edoxaban (3.0 mg/kg) significantly prolonged the bleeding
time and prothrombin time. Tranexamic acid (100 mg/kg, i.v.) did not affect the bleeding
time and prothrombin time prolonged by edoxaban. The result is summarized in the
table below (table from the Applicant, Pharmacology written summary, Module 2,
Section 2.6.2.3.6).

34
Reference ID: 3612737



NDA #206316 Reviewer: Shwu-Luan Lee

Table 9- The effects of tranexamic acid on edoxaban-induced prolongation of bleeding
time and prothrombin time

Group Dose (mg/kg) Bleeding time (min) PT (s)
5% glucose + saline 0+0 3.2+1.1 18.6 £0.8
Edoxaban tosilate hydrate 3.0
+ + 102£6.5 394=32"
saline 0
Edoxaban tosilate hydrate 3.0
+ + 83789 383=2.6
Tranexamic acid 100

PT: prothrombin time
Data represent mean * standard deviation, n = 10 rats/group; ** and ***: statistically significant
changes.
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1 Executive Summary

1.1 Introduction (and Clinical Rationale)

Activated coagulation factor X (factor Xa) is the serine protease located in the final
common pathway of the coagulation cascade which catalyzes the conversion of
prothrombin to thrombin. Factor Xa inhibition reduces thrombin generation, prolongs
clotting time, and reduces the risk of thrombus formation. Edoxaban tosylate hydrate
(DU-176b) is a highly selective and direct inhibitor of factor Xa, and has been developed
as an oral anticoagulant agent for indications including: 1) Reduction in the risk of stroke
and systemic embolism in patients with nonvalvular atrial fibrillation; 2) Treatment of
deep vein thrombosis and pulmonary embolism; ore

1.2  Brief Discussion of Nonclinical Findings

The nonclinical profile of DU-176b and its main human specific metabolite D21-2393
were investigated in a series of pharmacological, pharmacokinetic, and toxicological
studies. Findings from pivotal toxicological studies included () increased polyploidy in
chromosomal aberration tests; (Il) hemorrhage in mice, rats, rabbits, and monkeys; (lll)
more post-implantation loss, less live fetuses, lower fetal weight, increased gall bladder
and skeletal variations, and delayed avoidance response in a learning test in F1
females, which were associated with maternal hemorrhagic toxicity; and (IV) higher
mortality in male rats at the high dose in a 2-year carcinogenicity study that was
associated with higher incidence and greater severity of centrilobular hepatocellular
degeneration/ necrosis.

Numerical chromosome aberrations (polyploidy) observed in DU-176b or D21-2393-
treated Chinese Hamster Lung (CHL) cells and human peripheral lymphocytes were the
only positive finding among a battery tests for genotoxicity. The increased polyploidy in
chromosomal aberration test using human peripheral lymphocytes was associated with
cell toxicity (mitotic index reduction up to 83%), which lowered the weight for genotoxic
potential. Meanwhile, DU-176b did not show any genotoxic potential in in vitro
micronucleus test using human peripheral lymphocytes, in vivo bone marrow
micronucleus tests in rats, and liver micronucleus test in rats, indicating that DU-176b
has little potential to induce aneuploidy. Although aneuploidy is known to be correlated
with cancer and birth defects (1), negative results in several micronucleus tests and in
an unscheduled DNA synthesis test in rat liver demonstrated no damage to
chromosomes or DNA in these in vitro and in vivo studies. Based upon a weight of
evidence approach, DU-176b is not considered to pose a genotoxic risk.

In animal toxicity studies, including repeated-dose oral toxicity studies, 2-year
carcinogenicity studies, and reproductive and developmental studies, hemorrhagic
findings and anemia were noted in monkeys at DU-176b doses of 215 mg/kg/day, in
mice at 500 mg/kg/day, in rats at 2200 mg/kg/day, and in rabbits at =230 mg/kg/day,
leading to deteriorated animal condition or animal deaths. These findings are thought to
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be the exaggerated anticoagulant effect of DU-176b (its principal pharmacological
action), which constitutes the dose-limiting toxicity for this compound. Based on the
mean AUC.p4n Values at the no observed adverse effect level (NOAEL) in the repeated-
dose toxicity studies, the cynomolgus monkey was approximately 2-10 times more
sensitive to the drug-related hemorrhagic effects than the rat. Pharmacology studies
demonstrated that in vitro inhibitory activity of DU-176b for cynomolgus monkey factor
Xa and anticoagulant activity of DU-176b in cynomolgus monkey plasma were
approximately 10 times and 2 times, respectively, more potent than those for the rat
factor Xa and in rat plasma. These data support the interpretation that the species
difference in drug potency leads to, at least in part, the difference in the frequency of
DU-176b hemorrhagic events in the two toxicity species. Since the pharmacological
activity of DU-176b in the cynomolgus monkey was comparable to that in humans,
safety margins for hemorrhagic risk were estimated by comparison of exposures
between cynomolgus monkeys and humans. The mean AUC.p4, values at NOAEL (5
mg/kg/day) in the 52-week repeated dose oral toxicity study in cynomolgus monkeys
were approximately 1.5 times the exposures in human subjects given DU-176b at the
maximum recommended human dose (MRHD) of 60 mg/day.

DU-176b was embryo-fetal toxic and developmental toxic in both rats and rabbits:
higher post-implantation loss in rat at DU-176b = 300 mg/kg/day [~48 times the human
exposure at MRHD of 60 mg/day based on total body surface area in mg/m?]; more
post-implantation loss, less live fetuses, lower fetal weight, and increased variation in
the gall bladder in rabbits at = 200 mg/kg/day (~63 times the human exposure at MRHD
of 60 mg/day based on mg/m2), and increased 13th full ribs and 27 presacral vertebrae
in rabbits at 600 mg/kg/day (~190 times the human exposure at MRHD of 60 mg/day
based on mg/m?); delayed avoidance response during a learning test in F1 rats at 30
mg/kg/day (~2.9 times the human exposure at adult MRHD of 60 mg/day based on
AUC,.24n), and moderately lower body weight in juvenile rats at 20 mg/kg/day (~2.2
times the human exposure at adult MRHD of 60 mg/day based on AUCg.,41). Maternal
toxicity including dam deaths and abortion, decreased food consumption and body
weight, hemorrhage in uterus, or vaginal hemorrhage occurred at the same or lower
DU-176b doses that led to embryo-fetal/developmental toxicity. Thus, DU-176b-
associated embryo-fetal toxicity in rats and rabbits and developmental toxicity in rats
were considered to be secondary effects of maternal toxicity, rather than a direct DU-
176b effect.

DU-176 systemic exposures following repeated oral daily doses of DU-176b were
slightly higher in female rats and mice than in male rats and mice (~2 fold). In a 2-year
rat carcinogenicity study, DU-176 systemic exposures were still higher in females than
in males, although lower dose levels were used for females. While systemic DU-176
exposure, especially Cmax, was lower in males than in females, male rats showed
higher mortality in the 2-year carcinogenicity studies, which was associated with higher
incidence and greater severity of centrilobular hepatocellular degeneration/necrosis.
Compared to females, higher mortality with lower DU-176 exposure levels in male rats
may not be explained as parent drug toxicity, but may likely represent metabolism-
related toxicity. Since the gender difference in DU-176 systemic exposure was not seen
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in rats following single and repeated daily IV doses, lower DU-176 systemic exposure in
male rats than in female rats following oral doses indicates higher first-pass effect in
males. Histological findings of higher incidence and greater severity of centrilobular
hepatocellular degeneration/necrosis in prematurely dead rats indicated liver toxicity of
the drug in rats, although such changes were not presented in monkeys or mice.
Together these data imply that: (1) male rats had higher liver DU-176 metabolite rate
(first-pass) which led to low systemic exposure; (2) DU-176 metabolic processes in liver
were toxic, and (3) long term, persistent, and excessive DU-176 metabolic processes in
liver led to centrilobular hepatocellular degeneration/necrosis that contributed to higher
mortality. Therefore, liver toxicity may be a potential safety issue for long-term high dose
DU-176b along with increased liver metabolism, although such findings were not seen
in mice and monkeys orally administrated with DU-176b .

1.3 Recommendations

1.3.1 Approvability
Yes

1.3.2 Additional Non Clinical Recommendations
None

1.3.3 Labeling

Dr. Shwu Luan Lee of Division of Hematology Oncology Toxicology (DHOT) reviewed
primary and secondary pharmacology studies for this NDA (206316). Comments for
labeling under Section 12.1 Mechanism of Action can be found in Dr. Lee’s review
under NDA 206316.

Some of the findings in the reproductive and developmental studies and carcinogenicity
studies were ignored from the label. Revised wording (additions in bold; deletions in
strikeout) are recommended in the following boxes:

8.1. Pregnancy

Pregnancy C: o
There are no adequate and well-controlled studies in pregnant women. SAVAYSA
should be used during pregnancy only if the potential benefit justifies the potential risk to

the O fotus.

(b) (4)

(b) (4)

1
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8.2. Labor and Delivery

Safety and effectiveness of SAVAYSA during labor and delivery have not been studied

in clinical | ®“. The risks of bleeding should be balanced with the risk of thrombotic
events when considering the use of SAVAYSA in this setting.

8.3. Nursing Mothers

It is not known if edoxaban are excreted in human milk. -
edoxaban was excreted in the- milk of rats.

aking Into account the Importance or the drug 1o the motner.

8.4. Pediatric Use

Safeﬁ and effectiveness in iediatric iatients has not been established. _

13.1. Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis

Edoxaban was not carcinogenic when administered to mice and rats by oral gavage
daily for up to 104 weeks. The highest dose tested (500 mg/kg/day) in male and female
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respectively, the human exposure (AUC) at the

cF-t ighest doses tested in male
ats wereﬂ 8 and

mice was 3 and 6 @times,

(600/400 mg/ ay) and female mg/kg/da

times, resiectively, the human exposure at the

Edoxaban showed no effects on fertility and early embryonic development
162 times th ose 0
mg/day otal body surface area

2 Drug Information

21 Drug
CAS Registry Number :  480449-71-6

Generic Names: Edoxaban tosylate monohydrate
Edoxaban tosylate (anhydrous)

Code Name: DU-176b, D11-4176b

Chemical Name:  N-(5-chloropyridin-2-yl)-N'-[(1S,2R,4S)-4-(N,N-dimethylcarbamoyl)-
2-(5-methyl-4,5,6,7-tetrahydro[1,3]thiazolo[5,4-c]pyridine-2-
carboxamido)cyclohexylloxamide mono(4-methylbenzenesulfonate)
monohydrate

Molecular Formula/Molecular Weight:  Cp4H30CIN7O4S+H,0 / 738.27

13
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Structure or Biochemical Description:

HiC
31

Edoxaban tosylate monohydrate

Pharmacologic Class: Factor Xa inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs

INDO77254, IND063266, MF-  ®“ MF- @9 F] @@

2.3 Drug Formulation

Reviewer: Baichun Yang

Edoxaban Tablets 15 mg, 30 mg, and 60 mg, with following quantitative compositions

Ingredient Function

15 mg tablets

30mg tablets

60 mg tablets

me/tablet | wt/wt%

Edoxaban tosylate Drug substance

Talc

20.20
(15)

105.0

mmmesEE o ee

24 Comments on Novel Excipients

None
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14

me/tablet | wtwt%
40.41
(30)

210.0

mghtablet | wtwt%
80.82
(60)

4200



NDA 206316 Reviewer: Baichun Yang

2.5 Comments on Impurities/Degradants of Concern
None

2.6 Proposed Clinical Population and Dosing Regimen

Proposed clinical populations include patients with nonvalvular atrial fibrillation, patients
with deep vein thrombosis (DVT), and patients with pulmonary embolism (PE). The
recommended dose is 60 mg once daily. For the above mentioned patients with
moderate to severe renal impairment (CrCL 15-50 mL/min), low body weight <60 kg
(132 Ibs), and/or concomitant use of P glycoprotein (P-gp) inhibitors except amiodarone,
the recommended dose is 30 mg once daily.

2.7 Regulatory Background

The sponsor submitted study protocols for 2-year carcinogenicity studies in rats and
mice in Nov, 2006. The Executive CAC meeting on December 19, 2006 discussed the
protocols and approved the proposed dose levels. A type B pre-NDA meeting regarding
CMC was held on May 17, 2013. No nonclinical issues were discussed in this meeting.

3 Review Information of Submitted Studies

3.1 Studies Not Reviewed

Primary and secondary pharmacology studies

Studies for primary and secondary pharmacology are reviewed by Dr. Shwu Luan Lee
of Division of Hematology Oncology Toxicology (DHOT). The review is filed separately
under this NDA.

Analytical methods and validation reports:
ANO7-C0122-R01 ANO0O7-C0123-R01 ANO08-C0048-R01 R20020652
R20030101 R20030102 R20030336 R20040462

Local tolerance study reports:

ANO08-C0125-R01, Hemolysis test of DU-176b for Injection 10 mg using human
peripheral blood (noteworthy findings: no hemolytic action up to 1 mg/ml)

ANO08-H0084-R01, Local vascular irritation study of DU-176b for Injection 10 mg in
rabbits (noteworthy findings: no irritation potential up to 1 mg/mL)

Studies with DU-176 analogue

R20010114, D01-8831a: Single oral toxicity in monkeys (noteworthy findings: native)

R20010124, D01-8831a: Four-week oral toxicity in monkeys (noteworthy findings:
native)

R20010110, D01-8831a and D01-8834a: Two-week oral toxicity in rats (noteworthy
findings: native)

Non-GLP studies

R20020282, D11-4176b: Single oral toxicity in cynomolgus monkeys — a dose-finding
study (noteworthy findings: n=1, negative)

R20010649, D11-4176a: Single oral toxicity in monkeys (noteworthy findings: negative)
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R20010708, D11-4176a: Two-week intravenous toxicity in rats (noteworthy findings: tail
injuries at the injection site)

R20010578, D11-4176a: Single oral toxicity in rats (noteworthy findings: negative)

R20020517, D11-4176b: Liver micronucleus test in rats following a single oral
administration (noteworthy findings: negative)

3.2 Previous Reviews Referenced

3.2.1 IND063266, JOSEPH, DAVID B, 04/04/2007, REV-NONCLINICAL-03 (General
Review) Original-1

3.2.2 IND063266, SEIFRIED, ADELE S, 12/21/2006 Executive CAC Minutes for SPA-3
(Carcinogenicity) and SPA-2 (Carcinogenicity)

3.2.3 IND063266, HONCHEL, RONALD, 03/23/2009 REV-NONCLINICAL-03 (General
Review) Original-1

3.2.4 IND063266, HONCHEL, RONALD, 04/13/2009 REV-NONCLINICAL-03 (General
Review) Original-1

3.2.5 INDQ77254, HARLOW, PATRICIA P, 06/22/2007 REV-NONCLINICAL-03
(General Review) Original-1

3.2.6 INDOQO77254, HARLOW, PATRICIA P, 06/03/2013 REV-NONCLINICAL-21
(Primary Review) Original-1

3.2.7 INDQ77254, HARLOW, PATRICIA P, 09/03/2008 N/A 09/03/2008 REV-
NONCLINICAL-03 (General Review) Original-1

3.2.8 INDQ77254, CHEN, ZHOU, 09/26/2008 REV-NONCLINICAL-03 (General
Review) Original-1

33 Disclaimer

Tabular and graphical information are constructed by the reviewer unless cited
otherwise. DU-176b doses/concentrations are expressed as free base.

4 Pharmacology

4.1  Primary Pharmacology

Dr. Shwu Luan Lee of DHOT reviewed studies under the primary pharmacology section.
The review is filed separately under this NDA.

4.2 Secondary Pharmacology

Dr. Shwu Luan Lee of DHOT reviewed studies under the secondary pharmacology
section. The review is filed separately under this NDA.

4.3 Safety Pharmacology

The potential adverse effects of DU-176b on vital functions were investigated in a
battery of safety pharmacology studies (Table 1). Dr. David B. Joseph of the Division of
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Gastroenterology and Inborn Errors (DGIE) reviewed these studies (April 4, 2007) under
IND 063266 (Appendix I).

Table 1. Summary of safety pharmacology studies (from the submission)

Organ Systems | Species/Strain Method of | Doses or Gender and | Noteworthy Findings | GLP Study
Evaluated Admin. concentration | No. per Compliance Number
Group
Central Nerve Mouse / dd¥ Single oral | 0. 20, 60, and M:3 to 10 No effects Yes 20020505
System 200 mg/'kg
Cynomolgus Single oral | 0,20, 60, and | M:2,F:2 No effects Yes 20020556
monkey 200 mg/'kg
Cardiovascular | hERG fransfected | In vitro 0.2. and 4 cells No effects Yes 20020444
System HEE?2093 cell 20 pg/mL
Guinea pig / In vitro 0. 6. and M4 No effects Yes 20020491
Hartley 20 pg/mL specimens
Cynomolgus Single oral | 0,20, 60,and | M:2,F:2 No effects Yes 20020556
monkey 200 mg/'kg
Respiratory Cynomolgus Single oral | 0,20, 60, and | M:2 F:2 No effects Yes 20020556
System monkey 200 mg/'kg
Renal Function | Rat/SD Singleoral | 0.20,60,and | M:8 No effects Yes 20020492
200 mg/'kg

HEK: Human embryonic kidney. hERG: Human ether-a-go-go related gene

Oral administration of DU-176b up to 200 mg/kg had no effects on CNS function in
mice. Oral administration of DU-176b up to 200 mg/kg in monkeys had no effects on
behavior, cardiovascular parameters (including QTc), or respiratory parameters. DU-
176b at concentrations up to 20 pg/mL did not affect the human ether-a-go-go related
gene (hERG) potassium channel current (peak tail current) in hERG-transfected human
embryonic kidney (HEK) 293 cells or the action potential parameters of isolated guinea
pig ventricular papillary muscles. These results indicate that DU-176b is not likely to
prolong QT interval in humans. Renal function was unaffected in rats at oral doses of
DU-176b up to 200 mg/kg.

The highest dose of 200 mg/kg corresponds to 16 times the recommended clinical dose
of 60 mg DU-176b on a body surface basis. The highest concentration of 20 ug/ml in
vitro corresponds to 69 times mean human Cmax of 289 ng/ml at the recommended
clinical dose of 60 mg (Clinical Study Report DU176b-A-U151, page 80).

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 Pharmacokinetics (PK)/ADME

In vivo nonclinical PK studies using oral or intravenous (V) doses of unlabeled or **C-
labeled DU-176b (solution or suspension in 0.5% methylcellulose aqueous solution)
were conducted primarily in rats and cynomolgus monkeys, the same species used in
the in vivo nonclinical pharmacology and toxicology studies. In vitro nonclinical PK
studies were performed with **C-DU-176b mainly using animal and human
plasma/blood. D21-2393, a main metabolite in human plasma and a human specific
metabolite, was investigated in terms of plasma protein binding in rats and humans, and
tissue distribution in juvenile and adult rats.
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5.1.1 Absorption

5.1.1.1 DU-176b: Blood and plasma concentrations of radioactivity after a
single oral administration of **C-DU-176b to male rats (Study R20020653)

After a single oral administration of **C-labeled DU-176b at a dose of 3 mg/kg (11.6
MBag/kg) to fasting male rats (Wistar, 7 weeks old), blood and plasma concentrations of
radioactivity were determined. The plasma radioactivity reached a peak at 0.67 h post-
dose and then declined in a biphasic manner. The whole blood radioactivity reached a
peak at 0.5 h post-dose and then declined in parallel with that in the plasma. The PK
parameters are summarized in Table 2. The Cnax and AUC values for total radioactivity
were similar in blood and plasma, indicating extensive radioactivity distributed in the red
blood cells (Appendix I).

Table 2. PK parameters of radioactivity in blood and plasma (from the submission)

PK parameters Blood Plasma
Y 0.50 = 0.00 067 = 029
C e (02 €./mL) 4268 = 312 4172 = 72.4
ty- (h) 32 +£02 32 £ 04
(1-12 h) (1-12 hor 2-12 h)
t) (h) 65 = 23 11 =6
(24-72 k) (12-24 h or 12-48 h)
AUCy oy (ugeq-h/mL) 1.82 = 021 1.67 = 0.16
AUCy. (ugeq-h/mL) 2.16 + 0.40 1.76 = 0.20
5.1.1.2 Single-dose oral gavage and intravenous injection pharmacokinetic

study with DU-176b in rats (Study AM08-C0010-R01).

This GLP study (AM08-C0010-R01) was performed in 216
6/26/2008 — 3/3/2009.

Male Wistar Han IGS rats (~10 weeks old with body weights 286-317 g) were dosed
with DU-176b via oral gavage at doses 0.3, 1.0, 3.0, or 10 mg/kg, or intravenous (IV)
injection of DU-176b at doses 0.3 or 1.0 mg/kg (h=4/dose at each route). Blood samples
(~0.3 ml/rat/time-point) were collected from a jugular vein of conscious rats at pre-dose,
0.083 (5 min; IV rats only), 0.25, 0.5, 1, 2, 4, 8, 12, and 24 hours postdose with sodium
fluoride solution as the anticoagulant. Plasma samples were harvested and analyzed for
DU-176 using high performance liquid chromatograph (HPLC) with tandem mass
spectrometric (MS/MS) detection.
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After oral gavage of DU-176b at doses of 0.3 mg/kg to 10 mg/kg, plasma DU-176
concentrations increased and reached Cnax at 0.5 to 0.813 h, then declined. Ty, ranged
from 0.683 to 5.05 hours (Figure 1 and Table 3). For all doses tested, the plasma DU-
176 concentration at 24 h post-dose was below the limit of quantification (5 ng/ml). DU-
176 Chax and the area under curve up to 24 h post-dose (AUCy-24n) generally increased
in a dose-proportional manner.

After intravenous injection of DU-176b at doses of 0.3 and 1 mg/kg, plasma DU-176
concentrations decreased rapidly with a ty» of 0.694 and 1.32 hours, respectively
(Figure 1 and Table 3). The total body clearance (CL) of DU-176 was similar at the two
dose levels, being 1.97 and 1.86 L/h/kg, respectively, and the volume of distribution at a
steady state (Vss) was 1.60 and 2.14 L/kg, respectively.

The bioavailability of DU-176 in male rats dosed via oral gavage ranged from 0.370 to
0.409 when compared to the 1V 0.3 mg/g group and from 0.352 to 0.389 when
compared to the 1V 1.0 mg/kg group. Values were similar among all dose groups.

Figure 1. Plasma DU-176 concentrations following a single oral or IV DU-176b dose in
male rats (modified from the submission)
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Table 3. PK parameters of DU-176 after single oral and 1V administrations to rats (from
the submission, Mean + standard deviation, n=4)

Reviewer: Baichun Yang

Route Oral Intravenous
(n?ml;) 0.3 1 3 10 0.3 1
m?fff;i) 529+187 | 184+94 | S40+149 | 1662+431 | 141+14 | 516429
(‘:Ef;i") 63.2+19.1 | 212+87 | 596160 | 1915=475 | 155=12 | 545%21
(ﬂ‘}f;]b 4759 3017 600 =177 16717 | 15312 | 53929
(n;ﬂ) 25282 | 72.7+357 | 213286 | 643 =160 NA NA
wo | oo | o | S | S | |
t12 () 0.683% . ;";; o | 415+125 5059 :0;’;;5 1.32+0.69
CL (Lv'kg) NA NA NA NA 1.97+0.15/1.86 = 0.10
V. (L'kg) NA NA NA NA 1.60+0.19|2.14 =036

a:n=1,b:n=2, c:n=3; NA: Not applicable

5.1.1.3 Plasma concentrations of radioactivity after a 14-day period of
repeated oral administration of [**C]DU-176b to male rats (AM09-C0117-R01)
This study (AM09-C0117-R01) was conducted in o
during Sept 14 -Dec 24, 2009.

Three male Slc:Wistar rats (7 weeks old) were orally administrated with [**C]DU-176b
at a dose of 3 mg/kg (5.98 MBg/kg/day), once daily, for 14 days. Blood samples were
collected from the jugular vein of non-fasted conscious rats using a heparinized syringe
at0.5,1, 2, 4, 8, 12, and 24 h after the first dosing, 24 h after the 3rd, 5th, 7th, 9th, 11th,
and 13th dosing, and 0.5, 1, 2, 4, 8, 12, 24, 48, and 72 h after the 14th dosing. The
radioactivity (dpm) in plasma samples were measured using a liquid scintillation
counter.

Following the first dose on Day 1 and the last dose on Day 14, the plasma radioactivity
declined with a t;, 0f 5.3 h (Day 1) or 5.0 h (Day 14) (Figure 2). DU-176 exposures
(Cmax and AUC.int) were similar between Day 1 and Day 14 (Table 4). The plasma
radioactivity concentrations at 24 h post-dose on Days 1, 3, 5, 7, 9, 11, 13, and 14
ranged from 2.08 ng/ml to 5.28 ng /ml (Figure 2). The trough plasma concentrations
were consistent through the repeated doses, except for a transiently low level (2.08 ng
ed./ml) on Day 11 (Figure 2).
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Figure 2. Plasma radioactivity following oral [**C]DU-176b dosing (modified from the

submission)
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Table 4. PK parameters of radioactivity after a single or a repeated daily oral [**C]DU-
176b at a dose of 3 mg/kg/day to rats (modified from the submission)

AUCoon AUCom Cone tuz

(ng eq.-h/mL) (ngeq.h/mL) (ngeq./mL) (h)
Day 1 1160 = 160 1200+ 170 238+ 54 5314
Day 14 1000 = 190 1040 = 180 192 £ 65 5009

Mean + standard deviation, n =3

5.1.1.4 DU-176b: Blood and plasma concentrations of radioactivity, and
excretion of radioactivity into urine and feces after a single oral administration of
14C-DU-176b to male cynomolgus monkeys (Study R20020685)

Male cynomolgus monkeys (3 years old, n=3) were orally administrated with a single
dose of **C DU-176b at 1 mg/kg (3.88 MBg/kg) 4 hours before feeding. Blood and
plasma concentrations of radioactivity, and radioactivity excretion in urine and feces
were determined. The tissue distribution of radioactivity at 336 h (14 days) after
administration was also investigated.

As shown in Figure 3 and Table 5, the plasma concentration of radioactivity reached the
Cmax (297.9 + 141.3 ng eq./mL) at 1 to 4 h post-dose and then declined. The whole
blood concentration of radioactivity declined after reaching a peak in parallel with that in
the plasma until 120 h post-dose. The excretion of administered radioactivity into urine
and feces was almost complete by 96 h post-dose (Figure 3). Of the administered
radioactivity, 42.0 £ 5.0% was excreted in urine, and 51.0 + 6.1% was excreted in feces
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during the 336 h post-dose. At 336 h post-dose, radioactivity in the eyeballs and skin
were still high (Table 6).

Figure 3. Radioactivity in monkey plasma, blood, urine, and feces after a single oral
dose of **C-DU-176b (modified from the submission)
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Table 5. PK parameters of radioactivity in monkeys after a single oral dose of **C-DU-
176b (from the submission)

PK parameters Blood Plasma
tmax (1) 1.7 + 0.6 23 £ 15
Crax (ng eq/mL) 297.0 = 137.1 2979 = 1413
(h) 3.4 =03 3.2 =02
(2 or4-12 h) (2.4 0r 6-12 h)
tya (h) 32+ 12 32 + 13
(24-72 ) (24-72 or 120 h)
(dav) 15 £ 5 53 x16
(96-336 h) (96 or 144-144 or 336 h)
AUC) s . 340 = 093 3.18 = 1.01
AUC,, (Meeq-h/ml) 476 + 086 351 = 1.13
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Table 6. Radioactivity in monkey tissues at 336 hours post a single oral dose of **C-DU-
176b (modified from the submission)

Radicactivity concentration Radioactivity content

Tissue (ng eq./g ormlL) (%0 of dose)
Blood 28 = 07 0.02 = 0.01
Brain 24 = 06 0.00 = 001
Eyeball 509.0 = 148.2 0.09 = 0.02
Heart 47 = 09 0.00 = 0.00
Lung 50 16 0.00 = 0.00
Liver 145 = 26 003 = 001
Kidney 67 = 12 0.00 £ 0.00
Skeletal muscle 37+ 21 0.18 £ 0.10
Fat 20= 02 0.02 £ 001
Skin 2599 £ 695 241 £ 076
Testis 34 £ 11 0.00 = 0.00
Epididymis 22 £ 08 0.00 £ 0.00
Bile 1n gall bladder 206 £ 54 0.00 £ 0.00

Data are expressed as the mean values = S.D. of three animals.
The compartment sizes of blood. skeletal muscle. fat and skin were assumed
to be 6.0%, 50.0%, 7.8%, and 9. 4% of body weight, respectively.

5.1.1.5 Single-dose oral gavage and intravenous injection PK study with DU-
176b in cynomolgus monkeys (AM08-C0011-R01)

This GLP study (AM08-C0011-R01) was conducted in bk
during Jun 26, 2008 — Mar 4, 2009.

Four fasted male cynomolgus monkeys (2.8 - 3.8 years old, body weight 2.8 - 3.8 kg)
were orally administrated with DU-176b at doses of 0.3, 1, 3, and 10 mg/kg on days 1,
8, 15, and 22, respectively. Parallel four male monkeys were 1V injected with DU-176b
once on day 1 and once on day 8 at doses of 0.3 and 1 mg/kg, respectively. Blood
samples were collected from the femoral vein with sodium heparin being the
anticoagulant at pre-dose, 0.083 (5 min; IV animals only), 0.25, 0.5, 1, 2, 4, 8, 12, and
24 h post-dose on days 1, 8, 15, and 22, respectively. Derived plasma samples were
analyzed for DU-176 using HPLC-MS/MS

As shown in Figure 4 and Table 7, DU-176 was readily absorbed following oral
administration at doses of 0.3 to 10 mg/kg, with mean Tnax values ranging from 1.1 to
3.3 hours. After reaching Cmax, DU-176 concentrations readily declined, with mean ty),
values ranging from 1.55 to 6.59 hours. Exposures (Cnax and AUCq.»4) to DU-176
following oral administration of DU-176b were roughly dose-proportional from 0.3 to 1.0
mg/kg and under dose-proportional from 1.0 to 10.0 mg/kg.
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Exposures (Cnax and AUCy.»4) to DU-176 following 1V injection of DU-176b at 0.3 to 1.0
mg/kg were roughly dose proportional. Mean CLy values were similar between two
dose levels, indicating linear PKs for the dose levels tested. DU-176 may be highly
distributed to the tissues after intravenous injection of DU-176b (Figure 4, Table 7).

The mean bioavailability of DU-176 in male monkeys ranged from 0.298 to 0.565, and
results were generally consistent between the different IV doses used in the calculation.
Mean bioavailability appeared to decrease with increasing oral dose levels (Table 7).

Figure 4. Plasma concentrations of DU-176 in monkeys (modified from the submission)
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Table 7. Summary of mean PKs for DU-176 in monkeys

Dose Crax Trmax AUC ti Kei Cliot/F V./F |Bioavailability F (%)
Day [mg/kg| ng/ml hours 0-t | 0-24 hours hrt L/hr/kg L/kg |vs0.3mg/kg|vs 1 mg/kg
Oral administration of DU-176b
1 0.3 |93.8+20.911.75+£0.50( 360169 | 376%73 1.55 0.447 0.792 2.22 0.54+0.10 |0.5710.11

8 1 289172 [1.13+0.63] 11894104 | 1233+141|3.67+2.94(0.258+0.115 0.82+0.07{3.25+1.48| 0.53+0.06 | 0.56+0.06

15 3 5634204 [1.25+0.50| 26431542 [ 2643+542|4.64+0.47| 0.15+0.015{1.15+0.24]6.15+1.69( 0.38+0.08 | 0.40+0.08

22| 10 | 7574233 |3.25+3.20|6967+14846967+148416.59+1.73]| 0.11+0.026| 1.36+0.28( 13.1+4.7 | 0.30£0.06 [ 0.31+0.07

IV injection of DU-176b Cliot

1 | 03 [ 333x21 | 0.083+0 | 687+82 | 701+84 | 1.5+0.08 [0.464+0.02§ 0.43+0.05)0.83+0.07
8 1 |1183+258| 0.083+0 |2157+272|2217+276|2.22+0.35|0.318+0.048 0.46+0.06|0.99+0.13

5.1.2 Distribution
5.1.2.1 DU-176b: Whole-body autoradiography after a single oral
administration of **C-DU-176b to male rats (Study R20020655)

Two fasting male Wistar SPF rats (7 weeks old) were orally administered with **C-DU-
176b at a dose of 3 mg/kg (11.6 MBg/kg). The rats were sacrificed at 1 and 24 hr (1
rat/time-point). Whole-body sectioning was performed and autoradiograms were
prepared.
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At 1 h post-dose, the highest levels of radioactivity were present in gastrointestinal (Gl)
and bladder contents. The radioactivity levels in kidney, preputial gland, liver, intestine,
Harderian gland, pituitary gland, and nasal cavity were much higher than that in blood.
The radioactivity levels in adrenals, mandibular glands, spleen, pancreas, mandibular
lymph nodes, thyroid, epididymis, thymus, prostate, stomach, and bone marrow were
somewhat higher than blood radioactivity levels. The radioactivity levels in lung, heart,
brown fat, skin, and skeletal muscle were comparable to blood radioactivity levels. The
radioactivity levels in testes and fat were lower than that in blood, and only trace levels
were found in eye and brain.

At 24 hr post-dose, the radioactivity levels were decreased in most organs/tissues.
However, a relatively high level of radioactivity was still present in the intestinal
contents. Low levels were present in bladder contents, nasal cavity, thyroid, liver, and
stomach. Only trace levels were observed in the remaining organs/tissues (Appendix I).

5.1.2.2 DU-176b: Tissue distribution of radioactivity after a single oral
administration of **C-DU-176b to male rats (Study R20040211)

Eighteen fasting male Slc: Wistar SPF rats (7 weeks old) were orally administered with
14C-DU-176b at a dose of 3 mg/kg (11.6 MBg/kg). The rats were sacrificed at 1, 4, 8, 24,
72, and 168 hr (3 rats/time-point). Blood and tissues/organs were collected and
prepared (homogenized and/or solubilized). Radioactivity in each sample was
measured with liquid scintillation counting.

After a single oral administration, radioactivity was maximal at 1 h post-dose in all
tissues except for the large intestine. The peak levels of radioactivity in the small
intestine, stomach, urinary bladder, kidneys, and liver were high, being 6 to 24 times
higher than in the plasma. By contrast, peak radioactivity was very low in the brain,
being 20 times lower than in the plasma. Tissue levels of radioactivity generally
decreased in parallel with that in the plasma. At 168 h post-dose, the radioactivity in the
cerebellum was only 5.8% of its peak level, while the radioactivity in the cerebrum, fat,
thyroid gland, brown fat, skin, testis, and eyeball were not more than 2.4% of the
respective peak levels. Radioactivity in the other tissues/organs did not exceed 0.6% of
the peak level (Figure 5, Table 8).
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Figure 5. Meant tissue concentrations of radioactivity (modified from the submission)
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Table 8. Tissue concentrations of radioactivity at 1 (Cmax) and 168 hours (modified
from the submission)

Radioactivity Concentration (ng eq. of DU-176/g or mL)

Tissue lh 168 h

Plasma 3206 =174 0000
(1.00)

Blood 3378 = 366 0508
(1.02)

Cerebrum 164 = 1.0 0407
(0.05)

Cerebellum 173 = 00 10=02
(0.05)

Pituitary gland 11488 = 3366 00=00
(3.49

Evyeball 1028 = 118 09+01
{0.31)

Harderian gland 11468 = 1597 2408
(3.48)

Thyroid gland 6172 = 1129 102=24
(1.87)

Trachea 3268 = 194 0.0=00
(0.90)

Mandibular gland 8642 =1048 30=056
(2.62)

Mandibular 5811 = 68.6 2202

lymph node (1.76)

Skin 4708 < 364 56=28
(1.43)

Bone marrow 6697 = 1150 12=21
(2.03)

Aorta 8005 = 2004 00200
(2.46)

Testis 1389 = 187 15202
(0.42)

Epididymis 4561 = 247 21=03
(1.38)

Tissue 1h 168 h
Thymus 5795 = 246 21=04
(1.76)
Heart 4350 = 73.7 26=04
(1.32)
Lung 3042 = 537 32=006
(1.80)
Liver 20501 = 146.0 63=10
(6.23)
Kidney 2147.0 = 25907 50=00
(6.51)
Adrenal gland 836.8 = 1011 14=22
(2.54)
Spleen 10376 = 1477 31=07
(3.13)
Pancreas 10525 = 576.0 2704
(3.19)
Fat 1121 = 11 26=04
(0.34)
Brown fat 3732 £ 333 5514
(1.13)
Skeletal muscle 341.7 = 4838 20=05
(1.04)
Prostate gland 3500 = 1497 1.7=04
(1.70)
Urinary bladder 24754 = 706.2 12=21
(7.51)
Stomach 2816.0 = 2572 4200
(8.54)
Small intestine 80103 £16943 36204
(24.33)
Large intestine 36761 =9004* 40=08

(108.76)

* at 8 hours post-dose
Values in parentheses are expressed as the ratio of the tissue concentration to the plasma concentration.

5.1.2.3

following oral administration of [**C]DU-176b (Study R20040290)

Reference ID: 3607764
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Six fasting male Lister Hooded (pigmented) rats (age 8-9 weeks) were orally gavaged
with a single dose of [**C]-DU-176b 3 mg/kg (11.6 MBg/kg). Rats (1 per each time point)
were then euthanized at 1, 8, 24, 96, 168, or 336 hours post-dose. Blood, plasma, eyes,
kidneys, liver, muscle, and skin (pigmented and non-pigmented) were collected. Levels
of total radioactivity were measured in all samples by liquid scintillation counting.

The highest concentrations of radioactivity were in the liver and kidney at 1 hour post
dose, the next highest concentration was in the eyes. From 24 to 336 hours post-dose,
the concentration of radioactivity was highest in the eye and next highest in the
pigmented skin. The elimination half-life in the eye was 260 hours, suggesting an affinity
of DU-176b and/or its metabolite(s) for melanin-containing tissues (Appendix II).

5.1.2.4 Quantitative whole-body autoradiography after a single oral
administration of **C-DU-176b to juvenile and adult rats (Study AM10-C0055-R01)

Male Brown Norway pigmented rats and male Wistar rats were orally dosed with [**C]-
DU-176b and subjected to quantitative whole-body autoradiography as the following -

. 14c.DU-176b [ Number of rat for quantitative whole-body autoradiography at post-dose
Species Age
dose 1hr 4 hr 24 hr 168 hr

4 days (infant) 1rat lrat lrat lrat
Male Wistar rats|3 weeks (juvenile) |A single oral 1rat 1rat 1rat 1rat

6 weeks (adult) dose of 3 1rat lrat lrat lrat
Male Brown 4 days (infant) mg/kg (free 1rat 1rat
Norway 3weeks (juvenile) |base, 4.04 1rat 1rat
pigmented rats |6 weeks (adult) MBq/kg) 1rat 1rat

In infant albino rats (PND4), at 1 h and 4 h post-dose, the blood concentration was 7.5-
and 93.0-fold, respectively, higher than that of adult rats, and overall, tissue
concentrations in infant albino rats were higher than those of adult rats. In juvenile
albino rats (3 weeks old), at 1 h post-dose, the blood and tissue concentrations were
similar to those in adult rats (6 weeks old); however, at 4 h post-dose, the blood
concentration was 8.3-fold higher than that of adult rats, and overall, tissue
concentrations in juvenile albino rats were higher than those of adult rats. In the
pigmented infant and juvenile rats, the long retention of radioactivity in the melanin
containing tissues, eyeball and skin (infant rats only), was also observed, which was
similar to the adult rats (Table 9, Appendix IlI).
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Table 9. Radioactivity concentrations in rat tissues (modified from the submission)

Radioactivity concentration (ng eq./g) (Tissue/blood ratio, Ky)

Age  Tissue Albinorats T (Wistar) Pigmented rats - (Brown Norway)
1h 4h 24h 1620 24h 1684

Blood 2050 (1.00) 1830 (1.00) 166 (1.00) 628 (100) NA
Brain 139 (007 162 (0.09) BLQ (NC) BLQ {NC) NA
Eyeball 71 (023) 951 (051) 136 (0.8%) 21300 (339.17) 3030
Heart 2290 (1.12) 2010 (1.09) 186 (112 WA 110 (175 NA
Lung 2140 (1.04) 1580 (085) 166 (1.00) 936 (149) NA
Liver 3850 (2.85) 4110 (222) 403 (243) 197 (.14 NA

4 davs Adrenal 3820 (1.86) 3500 (189) 431 (2.60) 143 228 NA

" Kidney 6840 (3.34) 3180 (1L.7) 451 (7 165 mc)| 62 @i BLQ MN.C)

Spleen 3240 (1.58) 2780 (150) 255 (154) NA 157 250 NA
Testis 1430 (0.70) 1970 (106 204 (1.33) NA 97.0 (154) BLQ
Skin 1470 (0.72) 1950 {105) 205 (123) BLQ 3880 (51.78) 1700
Skeletal muscle 1790 (0.87) 1960 (106 172 (1.04) NA. 973 (135 NA
White adipose tissue 604 (029) 678 (037) 499 (030) NA NA (NC) NA
Brown adipose tissue 2240 (1.00) 2590 (140) 222 (134) NA. 117 (1.86) NA
Blood 351 (100} 165 (1.00) NA. NA
Brain BLQ (NC) BLGQ (MNC) NA NA.
Eyeball 523 (021) T10 (0.43) 2760 974
Heart 257 102y 165 (1.00)
Lung 3127 (1300 212 (129)
Liver 724 (288 515 (1Y)
Adrenal 576 229 273 (1.65)

Jweeks .. 500 (235 411 (249) NA (NC) NA NA (NC) NA

£y NA (NC) N.C)

Spleen 473 (1.88) 250 (L57)
Testis 138 (055 199 (1.21)
Skin 176 (0.70) 134 (081)
Skeletal muscle 220 (0.88) 143 (08D
White adipose tissue 106 (0.42)  39.5 (0.24)
Brown adipose tissue 216 (0.86) 132 (0.80)
Blood 275 (1.00) 199 (1.00) NA. NA
Brain BLQ (NC) BLQ (MNC) NA. NA.
Eyeball BLQ (NC) BLQ (NC) 889 712
Heart 303 (110} 385 (1.93)
Lung 353 (128) 524 (263) NA
Liver 922 (335) 129 (6.48)

B il Ag:em 369 (2.07) se_fs (4.05) _ NA :
Kidney 822 (9% 195 (9.80) MC) NA @®C) MN.C) NA (NC)
Spleen 628 (228) 767 (3.85)

Testis 107 (039) 451 227

Skin 261 (095) 134 (673) 403 124
Skeletal nmscle 244 (0.89) NA (NC) NA NA
White adipose tissue 785 (0.29) NA (NC) NA NA.
Brown adipose tissue 226 (0.82) NA (NC) NA. M.A.

WValues in parentheses are expressed as the ratio of the tissue concentration to the blood concentration.

When the radicactivity was not detected by visual observation, the radicactivity was judged as not quantifiable and was
not subjected to the calculation and was expressed as N A. (not applicable).

When the radicactivity concentrations in the blood and/or tissue were N.A. or BLQ, the tissue/blood ratio were not
calculated and are shown as N.C. (not calculated).

*1:BLO =314ngeq/z *2:BLQ=309ngeq/g
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5.1.2.5 DU-176b: Placental transfer after a single oral administration of **C-
DU-176b to pregnant rats (Study R20040804)

Fasted pregnant female rats (Sprague-Dawley, mated at the age of 9 weeks old) were
treated with **C-DU-176b at a single oral dose of 3 mg/kg (11.8 MBq/kg) on Day 13 or
Day 18 of pregnancy. Animals (4/time point) were sacrificed at 0.5, 24, and 48 hours
post-dose, and the tissue distribution of radioactivity in pregnant animal and fetuses was
investigated by quantification of radioactivity in tissues isolated from animals using a
liquid scintillation counter (LSC) (n=3/time point) and by whole-body
autoradioluminography (n=1/time point).

Representative whole-body autoradioluminograms are shown in Figure 6, and tissue
concentrations of radioactivity determined with whole-body autoradiography are shown
in Table 10. Concentrations of radioactivity in tissues isolated from animals determined
using LSC are shown in Table 11. Tissue concentrations of radioactivity were higher
when measured using whole-body autoradioluminography than using LSC. The levels of
radioactivity in most of the tissues markedly declined at 24 hours post-dose, but
radioactivity in fetal membrane remained high at 24 and 48 hours post-dose in both rats
at pregnancy day 13 (PGD 13) and 18 (PGD 18) (Table 10).

Figure 6. Representative whole-body autoradioluminograms at 30 min post-dose

Central axis aspect of whole body radioluminogram at 30 min post-
dose in a rat on 13th day of pregnancy

Pituitary gland
Cerebellum

Yolk sac fluid

Central axis aspect of whole body radioluminogram at 30 min post-
dose in a rat on 18th day of pregnancy

Cerebellum Fetal liver Blood Uterus
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Table 10. Tissue concentrations of radioactivity in pregnant rats determined with whole-
body autoradiography (n=1)

Fasting Rats on the 13th day of pregnancy Fasting Rats on the 18th day of pregnancy
Radioactivity Concentration (ng eq. of DU-176/g tissue) Radioactivity Concentration (ng eq. of DU-176/g tissue)
Tissue 30 min 24h 48h Tissue 30 min 24h 48h
Blood 1303.15 (1.00) 12.28 (1.00) BLQ Blood 155097 (1.00)  23.50 (1.00) BLQ
Adrenal gland 244122 (1.87) 33.78 (2.73) 25.06 Adrenal gland 5757.16 (3.71) 7749 (330) 27.27
Cerebrum 27.41(0.02) BLQ BLQ Ammniotic fluid 40.78 (0.03) BLQ BLQ
Cerebellum 45.47(0.03) BLQ BLQ Cerebrum 40.15 (0.03) BLQ BLQ
Fetal membrane 134239 (1.03) 2108.71(171.72) 257.69 Cerebellum 72.15 (0.05) BLQ BLQ
Fetus 231.73(0.18) 15.97 (1.30) BLQ Fetal blood 49252 (0.32) BLQ BLQ
Heart 2266.18 (1.74) 14.74 (1.20) BLQ Fetal brain 28547 (0.18) BLQ BLQ
Kidney 404336 (3.10) 27.64 (2.25) 3342 Fetal heart 394 .64 (0.25) BLQ BLQ
Liver 3634.04 (2.80) 41.77 (3.40) 3791 Fetal kidney 41974 (0.27)  33.03(141) BLQ
Lung 1979.64 (1.52) 18.43 (1.50) 9.64 Fetal liver 574.71(0.37)  2541(1.08) BLQ
Mammary gland 1434 .58 (1.10) 18.43 (1.50) BLQ Fetal lung 47997 (0.31) BLQ BLQ
Mandibular gland 6338.82 (4.86) 19.04 (1.55) BLQ Fetal membrane 383539 (247) 262633 (111.76) 3097 42
Ovary 731.93 (0.56) 2273 (1.83) 18.64 Fetus 353.86(0.23)  19.05(0.81) 13.63
Pituitary gland 3512.01 (2.70) 28.26 (2.30) BLQ Heart 272738 (1.76)  28.58(1.22) BLQ
Placenta 1091.98 (0.84) 21.50 (1.73) BLQ Kidney 767329 (4.95)  94.00 (4.00) 44.00
Uterus 1479.43 (1.14) 28.26 (2.30) BLQ Liver 10899.46 (7.037 9845 (4.19) 5392
Volk sac fluid 2.85 (0.06) BLQ BLQ Lung 3098.18 (2.00) 31.12(1.32) 13.63
Mammary gland 220788 (1.42) 71.14(3.03) 2355
MNumbers in parentheses are expressed as the ratio of concentration Mandibular gland 828690 (5.34)  47.00 (2.00) 1549
in tissue relative to matemal blood. Ovary 118017 (0.76)  27.31(1.16) 1921
BLQ : below lower limit of quantification. Pituitary gland 475832 (3.07) 3493(1.49) 4214
(6.65 ng eq. of DU-176/g tissue) Placenta 166391 (107) 3366(143) 1487
Uterus 205792 (1.33) 66.06 (2.81) BLQ

In rats treated on PGD 13 shown in Table 11, the radioactivity at 0.5 h post-dose in the
placenta was 1.9-fold higher than that in the plasma, but those in fetal tissues and yolk
sac fluid were lower than that in the plasma. At 24 h post-dose, the radioactivity
concentration decreased in all tissues, while the concentrations in the uterus, ovary,
placenta, and fetal tissues were higher than that in the plasma. At 48 h post-dose,
radioactivity decreased in all tissues.

In rats treated on Day 18 of pregnancy, the level of radioactivity at 0.5 h post-dose was
1.6-fold higher in the placenta than in the plasma, while it was lower in the fetal tissues
(liver, kidney, heart, lung, blood, and brain) and amniotic fluid than in the plasma. At 24
h post-dose, the radioactivity was lower in all tissues. Radioactivity in the placenta,
uterus, ovary, and fetal tissues (liver, kidney, lung, and heart) was higher than that in
the plasma. The radioactivity in all tissues was even lower at 48 h post-dose (Table 11).

These findings indicate that DU-176b and/or its metabolite(s) crossed the placenta and
distributed to the fetal tissues after administration of a single oral dose of **C-DU-176b
to pregnant rats.
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Table 11. Concentrations of radioactivity in isolated tissues determined using LSC

Radioactivity Concentration (ng eq. of DU-176/g or ml - Mean = 5D, n=3)

Tissue 30 min 24 h 48 h
~ Plasma 519.96 = 261.00 (1.00) 945 = 223 (1000  4.59 =096 (1.00)
g  Blood 593.00 = 200.15 (1.14) 897 = 1.50(093)  4.60 =0.49(1.00)
g  Cerebrum 2353 = 925(005 @ 242 = 037(026) 197 =024 (0.43)
&  Cerebellum 2864 = 1254 (0.06) 276 = 038 (029) 237 =0.57(0.52)
& Pititary gland 148049 = 69328 (2.85) 2975 = 690(3.15) 1502 +3.20(3.27)
%  Heart 797.12 = 414.70 (1.53) 1827 + 456 (193)  10.51 = 1.46 (2.29)
., Lung 1028.04 = 47821 (1.98) 2625 = 552 (2./8) 1374 £3.08 (2.99)
< Liver 3119.40 = 1598.13 (6.00) 5531 = 851(5.83) 2090 =6.11(6.51)
£  Kidney 2789.76 = 1350.54 (5.37) 36.07 £ 9.74 (3.82)  18.63 = 3.60 (4.06)
v Adrenal gland 1723.04 = 87872 (331)  37.04 + 985 (392) 2037 £289(4.44)
£  Uterus 52937 = 19865 (1.02) 3849 £ 520 (407) 1566 +4.10 (3.41)
8 Ovay 492.11 £182.15(095)  19.99 = 506 (2.12) 1484 = 411(3.23)
£ Placenta 96790 =45002 (186) 6556 =17.26 (6.94) 1558 = 2.33 3.39)
R Yolk sac fluid 2836 = 12.70 (0.05) 6.75 £ 222 (0.71) 296 = 0.91(0.64)
Fetus 67.53 = 23.10 (013) 1313 = 222(139) 1295 = 7.08 (2.82)
Plasma 682.74 = 9582 (100)  9.60 + 252 (1.00) 441 = 0.53 (1.00)
Blood 825.74 £ 110.52 (1.21) 7.72 = 1.06 (0.80) 392 = 046 (0.89)
Cerebrum 3164 = 339 (0.03) 2.02 = 0.28 (0.21) 1.68 = 0.21(0.38)
~ Cerebellum 41.00 = 8.07 (0.06) 245 = 042 (0.26) 2.01 = 0.13(0.46)
¢ Pimutary gland 220447 £ 51292(323) 5151 =579 (537) 13.18 = 3.84 (2.99)
% Heart 110015 = 16316 (1.61) 1641 =154 (1.71)  12.10 = 4.00 (2.74)
&  Lung 1416.04 = 17448 (2.07) 2099 £245(2.19) 1430 = 224(3.29)
A Liver 407083 = 303.12(596) 5937 =943(6.18) 3262 = 271 (7.40)
B Kidney 346295 = 54045(5.07) 3180 =538(331) 2104 =218 (477
%  Adrenal gland 265441 = 34730(3.89) 3125=634(326) 2415 =315 (548
= Uterus 694.05 = 20085 (1.02) 2554 =750 (2.66) 2220 + 947 (5.03)
®  Ovary 620.69 = 64.63 (0.91) 1697 = 548(1.77) 1283 £027 (291
v Placenta 107125 £204.58 (1.57)  40.68 =15.64 (4.24) 2408 +7.14 (5.46)
€ Amniotic fluid 1943 = 153 (0.03) 1090 = 1.00 (1.14) 758 £131(172)
8  Fetus 113.60 = 23.92 (0.17) 1167 = 295(122)  9.58 £055(2.17)
£  Fetal blood 109.94 = 23.10 (0.16) 964 = 284 (1.00)  7.94 £0.57 (1.80)
g Fetal brain 39.56 = 5.00 (0.06) 746 + 207 (0.78) 582 £024 (1.32)
Fetal heart 158.86 £ 19.07 (0.23) 1365 + 365 (142) 859 £034 (195)
Fetal lung 153.08 = 20.72 (0.22) 1499 + 335(1.56) 1028 £113(2.33)
Fetal liver 226.83 + 41.05 (0.33) 2237+ 524(233) 1265 £031(287)
Fetal kidney 160.58 = 26.14 (0.24) 1672 = 344 (1.749) 1201 =104 (2.72)

Mumbers in parentheses are expressed as the ratio of concentration n tissue relative to plasma.
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5.1.2.6 DU-176b: In vitro plasma protein binding of **C-DU-176b in rats,
dogs, monkeys, and humans (Study R20040272)

Fasting blood samples were collected from 3 male Wistar rats (7 weeks old), 3 male
beagle dogs (12 months old), 3 male cynomolgus monkey (3 years old), and 3 male
humans (25-38 years old). Derived plasma samples were incubated with **C-DU176b
(final concentration of 0.2, 1, or 5 pg/ml) at 37°C for 10 min. Free **C-DU176b was
separated using an ultrafiltration device plus centrifugation. Radioactivity in plasma
incubations and plasma filtrates was measured by LSC. Ratios of plasma protein
binding of radioactivity (%) were calculated by following equation.

Radioactivity Concentration in plasma filfrate -
i R g o) ’
Protein Binding (% Radioactivity Concentration in plasma incubation ] < 100

At **C-DU-176b concentrations 0.2- 5 pg/ml, the percentage of radioactivity bound to
plasma proteins at each **C-DU-176b concentration was 31.6% to 34.5% in rats, 44.9%
to 46.4% in dogs, 48.0% to 50.2% in cynomolgus monkeys, and 54.3% to 56.6% in
humans.

5.1.2.7 DU-176b: In vitro distribution of **C-DU-176b to blood cells in rats,
dogs, monkeys, and humans (Study R20040273)

Fasting blood samples were collected from 3 male Wistar rats (7 weeks old), 3 male
beagle dogs (12 months old), 3 male cynomolgus monkey (3 years old), and 3 male
humans (25-38 years old), using heparin sodium as the anticoagulant, and incubated
with **C-DU-176b (final concentration of 0.2, 1, or 5 ug/ml) at 37°C for 10 min. Aliquot of
the incubation was centrifuged for obtaining plasma. Radioactivity in blood incubations
and plasma was measured by LSC.

In rat, dog, monkey, and human blood samples incubated with **C-DU-176b at 0.2, 1,
and 5 pg/ml, the distribution of radioactivity to blood cells at each **C-DU-176b
concentration was 56.3% to 57.8% in rats, 52.3% to 55.4% in dogs, 38.0% to 38.2% in
monkeys, and 45.7% to 47.4% in humans.

5.1.3 Metabolism

5.1.3.1 DU-176b: Metabolism of **C-DU-176b in rats and monkeys after a
single oral administration (Study R20020973)

Samples of plasma, urine, and feces were collected in studies of absorption (Studies
R20020653 and R20020685) and/or excretion (Study R20020654) in rats and
Cynomolgus monkeys. The radioactivity in the samples of plasma, urine, and feces was
analyzed using an HPLC method. Radioactive compounds were identified based on a
comparison to retention times observed for unlabeled DU-176b and several synthetic
metabolite standards.
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After a single oral administration of 3 mg/kg **C-DU-176b to rats, D21-3231 was the
main metabolite of DU-176 in plasma. However, unchanged DU-176 was the most
abundant compound in both urine (accounting for 73.7% of the total peak area) and
feces (accounting for 79.0% of the total peak area) collected within 24 h after
administration. D21-3231 was the second-most predominant compound in urine,
accounting for 24.5% of the total peak area. In feces collected within 24 h after
administration, D21-3231, D21-1402, and an unknown metabolite (RF-3) were observed
as the minor metabolites.

After a single oral administration of **C-DU-176b 1 mg/kg to monkeys, most of the
radioactivity in plasma was associated with unchanged drug at 1 hr post-dose, whereas
unidentified metabolites composed most of the radioactivity in plasma at 8 hr post-dose.
D21-3231, D21-1402, and several unknown metabolites were detected in monkey urine
and feces, although 55-58% of radioactivity in excreta was associated with unchanged
drug during the first 24 hr.

Enzymatic treatment of rat and monkey urine with B-glucuronidase/arylsulfatase did not
alter the metabolic profile. These results suggest that **C-DU-176 was excreted into
urine and feces mainly as the unchanged form in both rats and monkeys (Appendix I).

5.1.3.2 DU-176b: Structure elucidation of **C-DU-176b metabolites in urine
and feces after a single oral administration to rats and monkeys (Study
R20030202)

Samples of urine and feces were collected in studies of absorption (Study R20020685)
and excretion (Study R20020654). Selected reaction monitoring (SRM) of liquid
chromatography-tandem mass spectrometry (LC/MS/MS) analysis was used to
determine the DU-176b metabolites present in urine and feces collected after a single
oral administration of **C-DU-176b to rats (3 mg/kg) and monkeys (1 mg/kg).
Identification of metabolites was based on comparison with the chromatographic
retention times and SRM mass chromatograms of available synthetic compounds.

Unchanged DU-176, D21-2135, D21-1402, D21-2393, D21-3221 (feces only), and D21-
3231 were found in the urine and feces of both rats and monkeys. LC/MS/MS analysis
with radiochemical detection revealed unknown metabolites in the monkey feces. Full-
scan and collision-induced dissociation spectra suggested that the unknown metabolite,
M-3a, is a hydroxymethyl derivative of DU-176, which is thought to be generated by
mono-hydroxylation of the N, N-dimethylamide moiety. A metabolic pathway of DU-176
was proposed in Figure 7 (Appendix I).
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Figure 7. Proposed metabolic pathway of DU-176 in rats and cynomolgus monkeys
(from the submission)
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5.1.3.3 DU-176b: Metabolism of DU-176b in male rats after a single oral
administration of **C-DU-176b (Study R20061350)

Fasted male Wistar rats (7 weeks old) were orally gavaged with **C-DU-176b at 3
mg/kg (11.96 MBqg/kg). Plasma, urine, feces, bile, liver, and kidney were then collected
as indicated in Table 12. Radioactivity levels were determined via liquid scintillation
counting. Plasma, bile and urine were directly mixed with scintillation fluid. Liver, kidney
and fecal homogenates were first solubilized then mixed with scintillation fluid.
Metabolite analyses were performed using LC/MS.

Table 12. Drug administration and sampling schedule

. Test . ] Number of | Biological | Sampling
Group substance Dose Volume | Frequency | Route animals sample time
1 3 Plasma, 1h
liver, and
2 3 kidney 4h
3 3 Urineand | o4 p
Imgke feces
4% | ¥C-DU-176b ~ |6mL/kg | Single 0 -
4 Free base & & B 3 Bile 0-24h
5 3 lh
Plasma
6 3 4h

* Animals in this group were surgically inserted a cannula into the hile duct prior to drug administration.

As shown in Table 13 and Table 14, DU-176 was the major radioactive component in all
plasma, liver, kidney, feces, urine, and bile samples collected post-dose, accounting for
51-72% of the radioactivity in plasma, liver, kidney, feces, and urine samples, and for
36% of the radioactivity in bile samples. Metabolites of next high levels in all samples
were D21-3231 and D21-1402. While levels of DU-176, D21-3231 and D21-1402 in
plasma at 1 hour post-dose were similar to those at 4 hours post-dose, levels of DU-176
in liver and kidney samples collected at 4 hours post-dose were lower than those at 1
hour post-dose, being opposite to the changes of D21-3231 and D21-1402. No D21-
2393 was detected in any of the rat samples. By 24 hours post-dose, total radioactivity
excreted into the feces, urine, and bile were about 64, 25, and 23% of dose,
respectively.

36

Reference ID: 3607764



NDA 206316

Reviewer: Baichun Yang

Table 13. DU-176 and its metabolites in rat tissues samples

: Proportion of DU-176 Concentration
Specimens metabolite (%) (ng eq. of DU-176/mL)
Metabolite lh 4h lh 4h
RP1 (D21-3231) 324+59 26 7+2 8 868+244 218+57
RP2 (D21-1402) 09+0.1 1.2 23+03 09
Plasma pps 0.8+ 03 1.0 22+10 0.8
RP4 (DU-176) 509+71 52.7+63 1336+ 69 44 4+19 4
D21-3221 Mot detected (ND) ND ND ND
D21-2393 ND ND ND ND
D21-2135 ND ND ND ND
Others 8114 144+34
Total 2648 +252 B25+2672
Recovery (%) 93114 953=x038
RL1 (D21-3231) 45+08 82402 7B6+182 384 £33
R12 09+03 27+£07 164+48 125 £40
RL3 (D21-1402) 11.1=+11 115205 1941+£229 539 +3.1
Liver R14 T4+£172 4107 1296+£195 195 46
RL5 (DU-176) 63325 555+05 11065712 2596 £199
D21-3221 ND ND ND ND
D21-2393 ND ND ND ND
D21-2135 ND ND ND ND
Others 7.1x£05 9410
Total 17483+96.1 468.0L£385
Recovery (%) 04 3+£06 014+07
RK1(D21-3231) 128=+14 150+ 25 20112820 TJ3.0 £33
RE?2 ND 16 ND 7.0
, RE3(D21-1402) 26+05 36+138 4124115 17.0 £53
Kidney RE4 0.7+02 ND 113+4.1 ND
RK5(DU-176) 718+13 564+5.1 1142 5+£1536 2843 +854
D21-3221 ND ND ND ND
D21-2393 ND ND ND ND
D21-2135 ND ND ND ND
Others 5104 138421
Total 15883+ 1868 4979 £103.6
Recovery (%) 93.0+06 899+1.1
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Table 14. DU-176 and its metabolites in rat urine, feces and bile collected over 24 hours
post-dose.

Specimens Proportion of DU-176 Excretion | Specimens Proportion of DU-176 Excretion
Metabolite metabolite (%) (%o of dose) Metabolite metabolite (%) (% of dose)
RUI (D21-3231) 197+ 10 50=05 = N N
RU2 (D21-1402) 144 0.1 0401 RBI1(D21-3231) 17.5+18 4111
RU3 0601 01+01 RB2 12+02 03+01

Urine RU4 (DU-176)  70.7 + 3.4 17.9+23
D21-3221 Not detected (ND) ND RB3 42+04 10+02
ST w 3 RB4 13205 03402
Others 6.6+ 46 RB5(D21-1402) 68=21 1609
Total 25324
roy ) TS W aEn
RF1 (D213231) 5802 37+02 Bile 5 Lo 8=
RF2 (D21-3221) 0.5 +0.1 04+01 RBS (D21-2135) 13+0.2 03=01
Feces RF3 (D21-1402) 39+04 25+03 RBY (DU-176)  35.5=17 83+24
RF4 56+01 36+072 RB10 1803 0401
RF5 (D21-2135) 09 +0.1 06=+0.1 RBI11 1505 0300
RF6 (DU-176) 69.7+1.0 446+10 D21-3221 ND ND
D21-2393 ND ND D21-2393 ND ND
Others 67+05 Others 72+£06
Total 640+ 23 Total 23.1+57
Recovery (%) 932+1.1 Recovery (%) 965+ 1.0
5.1.34 DU-176b: Metabolism of DU-176b in male monkeys after a single oral

administration of **C-DU-176b (Study R20061351)

Three fasted male cynomolgus monkeys (3 years old) were orally gavaged with **C-DU-
176b at 1 mg/kg (3.99 MBg/kg). Blood samples were collected at 2 and 4 hours post-
dose for obtaining plasma. Urine was collected at 0-8 and 8-48 hours post-dose, and
feces was collected at 0-24 and 24-72 hours post-dose. Radioactivity levels were
determined via liquid scintillation counting. Plasma and urine were directly mixed with
scintillation fluid. Fecal homogenates were first solubilized then mixed with scintillation
fluid. Metabolite analyses were performed using LC/MS.

As shown in Table 15, DU-176 was a main radioactive component in the monkey
plasma, urine, and feces samples, accounting for 60.7% and 56.0% of the radioactivity
in plasma collected at 2 and 4 h post-dose, respectively; accounting for 52.7% and
58.5% of the radioactivity in urine collected at 0—-8 and 8—48 h after administration,
respectively, and accounting for 34.6% and 27.8% of the radioactivity in feces collected
at 0—-24 and 24-72 h after administration, respectively. Other major metabolites were
MP1, D21-3231, and MP6 in plasma; MU1, MU7, D21-1402, and D21-3231 in urine,
and MF5, D21-2135, D21-1402, and D21-3231 in feces.

38

Reference ID: 3607764



NDA 206316

Table 15. DU-176 and its metabolites in monkey plasma, urine, and feces collected over

24 hours post-dose.
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Specimens Proportion of DU-176 Concentration
Metabaolite metabolite (% in sample) (ng eq. of DU-176/mL)
Samplingtime 2h 4h 2h 4h
MP1 74 55 121 45
MP2Z (D21-3231) 5025 544+ 21 8438 43x15
MEP3 09=x04 1.6 1609 13
MP4 22+06 14+ 04 40+20 12404
Plasma MP5 (D21-1402) 39=+09 46+09 71+306 3.7+08
MPa& ot I 2 83+£14 125433 6.7+09
MP7 (DU-176) 60769 56034 1095428 454+£59
D21-3221 ND ND ND ND
D21-2393 ND ND ND ND
D21-2135 ND ND ND ND
Others 11731 163%18
Total 176.7£515 809x62
Recovery (%) 96515 968+08
Samplinatime 0-8h 8-48h 0-8h 8-48h
M1 177150 80+xe6.1 48 +42 1008
MU2 (D21-3231) 55+18 56£009 1.7+08 0602
M3 06x02 08=x03 02+01 0100
MU4 1.1+03 12+02 0302 0101
MUS 06+£02 0.8 02401 0.1
MU6(D21-1402) 5520 45+05 1.7+£10 05+02
MU7 0117 6507 28+1.1 0703
MUS (D21-2135) 1.0x03 1.7£07 03+02 02+00
Urine MUQ (DU 176) 5271109 585445 16671 6631
D21-3221 ND ND ND ND
D21-2393 ND ND ND ND
Others 54417 119+39
Total 30669 112+ 48
Recovery (%) D02+04 99103
Samplingtime 0-24h 24-72h 0-24 h 24-72h
MF1 1204 12402 0201 0301
MF2 (D21-3231) 47+08 40408 09+£04 10+03
ME3 F3.7+£11 38+09 0704 09+0.1
MF4 (D21-1402) 121+28 135+13 224+10 34+1.1
Feces MF5 197+ 45 20634 3617 52x1.06
MF6 (D21-2135) 5.0+ 13 72411 09+04 18+06
MF7 (DU-176) 36116 278L85 60+22 T5+38
D21-3221 ND ND ND ND
D21-2393 ND ND ND ND
Others 298+11 113421
Total 18050 257+ 86
Recovery (%) 90.7+£1.1 893+03
39
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5.1.4 Excretion

5141 DU-176b: Excretion of radioactivity in urine, feces, and expired air
after a single oral administration of **C-DU-176b to male rats (Study R20020654)

Three fasted male Wistar rats (7 weeks old) were orally gavaged with **C-DU-176b at a
dose of 3 mg/kg (11.6 MBg/kg). Radioactivity in feces during 0-24, 24-48, 48-72, 72-96,
96-120, 120-144, and 144-168 hours post-dose, in urine and expired air during 0-4, 4-8,
8-24, 24-48, 48-72, 72-96, 96-120, 120-144, and 144-168 hours post-dose, and in
carcass at 168 hours post-dose was measured using liquid scintillation counter.

More than 95% of the administered radioactivity was excreted by 24 h post-dose. Most
of the administered radioactivity was excreted into urine and feces. During 168 h post-
dose, 24.8% of the dose was excreted in the urine, 72.5% in the feces, and 0.3% in the
expired air. Only 0.1% of the dose was remained in the carcass at 168 h. The
administered radioactivity was excreted mainly in the feces (Table 16).

Table 16. Cumulative excretion of radioactivity in rat urine, feces and expired air during
168 hours after a single oral dose of **C-DU-176b (from the submission)

Excretion of radioactivity (% of dose, mean=S.D)

Time (h) Urine Feces Expired air Total
0- - 141 = 35 Not determined 0.1 = 0.0 Not determined
2 180 = 6.7 Not determined 02 = 0.1 Not determined
24 245 = 37 714 = 108 03 = 0.1 962 = 45
48 245 = 37 723 £ 15 03 = 0.1 972 = 43
T2 247 = 37 724 = 15 03 = 0.1 974 = 43
06 247 = 37 724 = 15 03 = 0.1 975 = 43
120 248 = 37 725 = 15 03 =01 976 = 42
144 248 = 37 725 £ 15 03 = 0.1 976 = 42
168 248 = 37 725 = 15 03 =01 976 = 42
Carcass (168 h) 01 = 0.0
5.1.4.2 DU-176b: Excretion of radioactivity in bile after a single oral
administration of **C-DU-176b to the bile duct-cannulated male rats (Study
R20040274)

Three fasted male Wistar rats (Wistar, 7 weeks old, with bile duct cannulation) were
orally gavaged with **C-DU-176b at a dose of 3 mg/kg (11.6 MBg/kg). Radioactivity in
bile during 0-1, 1-2, 2-4, 4-8, 8-24, and 24-48 h post-dose, in urine during 0-4, 4-8, 8-24,
and 24-48 h post-dose, in feces during 0-24 and 24-48 h post-dose, in gastro-intestinal
contents at 48 h post-dose, and in carcasses (except gastro-intestinal contents) at 48 h
post-dose was measured using liquid scintillation counting.
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Excretion of radioactivity following a single oral dose of **C-DU-176b is summarized in
Table 17. By 48 h post-dose, 24.9%, 35.0%, and 24.4% of the administered radioactivity
was recovered in the bile, urine, and feces, respectively. Thus, the administered
radioactivity was excreted into urine more than bile.

Table 17. Excretion of radioactivity after a single oral dose of **C-DU-176b to fasting

male rats
Excretion of Radioactivity (% of Dose)* Cumulative Excretion of Radioactivity (% of Dose)”
Time (h) Bile Urine Feces Time (h) Bile Urine Feces Total
0- 1 15+ 1.2 notsampled (NS) NS 0- 1 1.5+ 1.2 NS NS NA. not applicable
1- 2 42x16 NS NS 0- 2 57+ 2.8 NS NS NA
2- 4 65106 97+x07° NS 0- 4 12325 9.7+0.7 NS NA
4- 8 68+21 124+13 NS 0- 8 19.0+25 220+08 NS NA
8-24 39+19 B.1+3.0 98+68° 0-24 229=+3] 301+24 98+68 628+62
24 48 2.0+01 49+17 146+24 D-48 249=30 35016 244+6]1 84340
Gastro-intestinal contents (48 h) 15.5+2.0
Carcass (48 h) 0.6+02
Total recovery 1003+ 2.1
*Time, 0-4 h; ° Time, 0-24 h. “Mean + SD (n=3)
5.1.4.3 DU-176b: Entero-hepatic circulation after a single oral administration

of *C-DU-176b to male rats (Study R20040275)

Three fasting male rats (Wistar, 7 weeks old) were surgically inserted with bile duct
cannula, and then given a single oral dose of **C-DU-176b 3 mg/kg (11.6 MBg/kg). Bile
was collected for 8 hours from these 3 rats, pooled, and intraduodenally injected to
other 3 fasting male rats (Wistar, 7 weeks old, also fitted with bile duct cannula) at 1
ml/animal. From the 3 bile receivers, bile collected during 0-1, 1-2, 2-4, 4-8, 8-24, and
24 -48 h after bile injection, urine collected during 0-4, 4-8, 8-24, and 24-48 h after bile
injection, feces collected during 0-24 and 24-48 h after bile injection, gastro-intestinal
contents and carcasses (except gastro-intestinal contents) at 48 h after bile injection
were determined for radioactivity by an LSC.

Excretion of radioactivity in the bile receivers following an intraduodenal bile injection is
summarized in Table 18. By 48 h after intraduodenal injection of the pooled bile sample,
radioactivity recovered in bile, urine, and feces of bile receivers was 11.2, 13.2, and
55.7% of dose, respectively. Thus, at least about 24% (11.2% in the bile and 13.2% in
the urine) of radioactivity excreted into the bile was reabsorbed in rats.
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Table 18. Excretion of radioactivity in rats after an intraduodenal bile injection

Excretion of Radioactivity (% of Dose) Cumulative Excretion of Radioactivity (% of Dose)
Time (h) Bile Urine Feces Time (h) Bile Urine Feces Total
0- 1 0.3 £ 0.2 not sampled (NS} NS 0- 1 03+£02 NS NS  NA, not applicable
1- 2 09 +04 NS NS 0- 2 1.3+0.5 NS NS NA
2- 4 21 +03 24+1.1° NS 0- 4 34+05 24=1.1 NS NA
4- B 3d+1l6 24406 NS 0- 8 6.7+1.8 48207 NS NA
B-24 33+£07  59+1.7 351+04° 0-24 100+£14 10724 351+04 558+19
24 - 48 1.2 +0.38 25+05 205+6.5 0-48 11.2+22 132219 557+69 80.0+77
Gastro-intestinal contents (48 h) 19.3+£6.3
Carcass (48 h) 0.0+0.0
Total Recovery 993+ 25

* Mean + SD (n=3). ® Time, 0-4 h; " Time, 0-24 h.

5.1.4.4 DU-176b: Milk and plasma concentrations of radioactivity after a
single oral administration of **C-DU-176b to nursing rats (Study R20040803)

Three Sprague-Dawley (SD) female rats on Day 9 of lactation were orally dosed with
14C-DU-176b at 3 mg/kg (11.8 MBg/kg). Blood and milk samples were collected from
the dams at 1, 2, 4, 6, 8, 24, 48 h post-dose. The dams were treated intraperitoneally
with 1 U/kg oxytocin at 30 min before the milk-sampling. Radioactivity in the plasma and
milk samples was determined using an LSC.

Radioactivity concentrations in milk and plasma are summarized in Table 19. The
highest radioactivity concentrations in milk and plasma were at 1 hour post-dose, being
894 and 321 ng eq./ml, respectively. At all time-points, the level of radioactivity in the
milk was higher than that in the plasma. The level of radioactivity in the milk decreased
over time to reach 53.54 ng eq./mL at 48 hour post-dose. The radioactivity decline in
milk was much slower than that in plasma.

Table 19. Milk and plasma concentrations of radioactivity in nursing rats (modified from
the submission)

Radicactivity Concentration (ng eq. of DU-176/mL. Mean £ 5D n=3)

Time (h) Malk Plasma
1 89420 =+ 50516 32126 = 15.00
2 82728 =+ 27730 181.70 = 18.07
4 62758 + 9020 6468 = 854
6 32619 =+ 180.64 4683 == 11.84
8 40634 = 13449 3232 = 222
2 25942 =+ 6097 1013 = 065
48 5354 = 4072 191 = 166

5.1.5 Other Studies
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5151 Quantitative whole-body autoradiography after a single intravenous
administration of **C-D21-2393 to juvenile and adult rats (Study AM10-C0056-R01)

D21-2393 is the main metabolite (M4, submission Section 2.7.2) in the human plasma
but not detected in rat and cynomolgus monkey plasma after administration of DU-176b.
In this study (Study AM10-C0056-R01), tissue distribution of D21-2393 was investigated
in rats following a single 1V injection of **C- D21-2393 as the following -

Species Age 14¢-p21-2393 | Number of rat for quantitative whole-body autoradiography at post-dose
dose 0.25 hr 2 hr 24 hr 168 hr
Male Wistar 4 days (imfant) : 1rat lrat lrat lrat
rats 3 weeks (juvenile) lrat 1rat 1rat 1rat
6 weeks (adult) [Asingle IV 1rat lrat lrat lrat
Male Brown 4 days (infant) dose of 1 1rat 1rat
Norway 3 weeks (juvenile)mg/kg (4.10 lrat lrat
pigmented rats|6 weeks (adult)  |MBq/kg) lrat lrat

Adult rats exhibited rapid elimination of radioactivity in the blood and tissues. However,
the concentrations of radioactivity in the blood and tissues in infant and juvenile rats
were higher than those in adult rats. The radioactivity was still present in the eyeball at
24 h post-dose in infant and juvenile pigmented rats indicating affinity of D21-2393 to
melanin-containing tissues (Table 20, Appendix IlI).
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Table 20. Radioactivity concentrations in rat tissues (modified from the submission)

Radicactivity concentration {ng eq./g) (Tissue/blood ratio, Ky)

Age Tissue Albino rats (Wistar) Pigmented rats (Brown Norway)
15 min 2h 24h 168 h 2h 24h
Blood 1990 (1.00) 567 (1.00) 874 (100) NA.
Erain 447 (0.02) 450 (0.02) 721 (0.08) WA
Eyeball 479 (024 280 (049 405 (046 120
Heart 631 (0.33) 189 (D33) 352 (040) NWA.
Lung 1450 (0.73) 281 (0.50) 502 (@57 NA.
Liver 2570 (1.29) T3 (1.35) 1100 (1.26) NA.

4 days Adrenal 1110 (0.56) 2322 (0.39) 364 (04 NA.
Kidney 2420 (122 2920 (5315} WA NC) NA @®C)| 735 (08D T3 @e)
Spleen 402 (020 128 (0.23) 171 (020 MNWA.
Testis 986 (0500 393 (0.69) 671 (0.77) NA.
Skin 1160 (0.58) 316 (0.58) 535 (061) 114
Skeletal muscle 1110 (0.56) 282 (0.50) 474 (054) NA
White adipose tissue 561 (028 151 (023) NA (NC) NA
Brown adipose tissue 245 (042 255 (043 472 [034) NA.
Blood 339 (1o NA NA. NA
Brain 368 (NC) NA NA. NA.
Eyeball 366 (007) NA 234 104
Heart 153 (0.28) NA N.A. NA.
Lung 405 (0.75) NA NA.

Liver 1840 (341) BLQ 823

3 weeks Adrenal 231 (043) NA NA
Kidney 603 (1.12) MNC) NA (NC: NA (NC) MC)y NA. MC)
Spleen 924 (0.17)

Testis 171 (0.32)

Skin 218 (D.40)

Skeletal nmscle 135 (0.25)

White adipose tissue 39.8 (0.07)

Brown adipose tissae 140 (0.26) M.A MA

Blood 152 (1.00) N.A. NA
Brain BLQ (NC) NA NA.
Eyeball 205 (0.13) 133 BLQ
Heart 56.0 (037 NA NA.
Lung 126 (0.83) NA.

Liver 729 (4.80) BLQ

6 weeks Adrenal 95.6 (0.63) NA.

Eidney 369 {243) NA (NC) NA @NC) NA [NC) MN.C) MN.CH
Spleen 490 (0.32)

Testis 948 (0.62)

Skin 857 (0.56)

Skeletal muscle 368 {0.24)

White adipose tissue 19.9 (0.13)

Brown adipose tissue 70.3 (0.46) NA. MNA

Values in parentheses are expressed as the ratio of the tissue concentration to the bleod concentration.

When the radioactivity was not detected by visual observation, the radieactivity was judged 25 not quantifiable and was
not subjected to the calculation and was expressed as N.A. (not applicable).

When the radicactivity concentrations in the blood and/or tissue were N A. or BLQ, the tissue/blood ratio were not
calculated and are shown as N.C. (not calculated).

BLQ=99 npeq./s
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5.1.5.2 In vitro plasma protein binding of [**C]D21-2393 in rats and humans
(AM10-C0090-R01)

Fasting blood samples were collected from male Wistar rats (8 weeks old) and male
humans (30-49 years old). Derived plasma samples were incubated with **C- D21-2393
(final concentration 0.02, 0.2, or 2 ug/ml) at 37°C for 10 min. Protein binding of **C-D21-
2393 in plasma was assessed by ultrafiltration- LSC.

The adsorption ratios of **C-D21-2393 to the ultrafiltration device at **C-D21-2393 0.02
ug/ml were about —1.1%, indicating minimal **C-D21-2393 adsorption to the
ultrafiltration device. In male rat and human plasma samples incubated with **C- D21-
2393 at 0.02, 0.2, or 2 pug/ml, the mean plasma protein binding ratios of **C- D21-2393
at each concentration were 71.2-74.9% and 80.0-81.9%, respectively.

5.1.5.3 DU-176b: Pharmacokinetic study in mdrla/lb knockout mice after a
single intravenous administration of **C-DU-176b (Study AM07-C0269-R01)

This study (AM07-C0269-R01) was to assess pharmacokinetics of radioactivity and
parent compound DU-176 in mdrla/lb knockout (KO) mice and wild type (WT) mice
after a single intravenous administration of **C-DU-176b.

Twenty one male FVB mdr-1a/1b KO and 21 male FVB WT mice (7 weeks old) were
intravenously dosed with **C-DU-176b at 1 mg/kg (3.99 MBg/kg). Blood samples were
collected at 5, 15, 30 min, 1, 2, 4, and 8 hours post-dose (n=3/time point). After blood
collection at 30 min, 1, and 2 hours post-dose, the brain, liver, and kidney were
collected (n=3/time point). The radioactivity concentrations in blood, plasma and tissues
were determined using an LSC. The plasma, brain homogenate, liver homogenate, and
kidney homogenate were processed and subjected to HPLC analysis. The
concentrations of the parent compound (DU-176) in the plasma, brain, liver, and kidney
were calculated from the proportion of DU-176 in the sample.

Concentrations of radioactivity in blood, plasma, brain, liver, and kidney of fasting male
KO mice and WT mice are shown in Figure 8 and Table 21. Following a single IV dose
of **C-DU-176b, KO mice had higher concentrations of radioactivity in blood, plasma,
brain, liver, and kidney than WT mice. PK parameters of radioactivity were similar
between KO and WT mice (Table 22).

Plasma concentrations of DU-176 in KO and WT mice are shown in Table 23. PK
parameters of DU-176 following an 1V dose of **C-DU-176b were similar between KO
and WT mice (Table 24). DU-176 concentrations in plasma and tissues, and DU-176
tissue/plasma ratios following an IV dose of 14C-DU-176b are shown in Table 25. No
marked differences in DU-176 tissue/plasma ratios between KO and WT mice were
identified in the liver and kidney. However, the DU-176 brain/plasma ratios in KO mice
(0.6—-1.8) were markedly higher than in WT mice (0-0.11). Thus, DU-176 was proved to
be a substrate of mdrl, since the transfer to the brain in KO mice was higher than that
in WT mice. The contribution of mdrl in the elimination processes of DU-176 was
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suggested to be minor, since no remarkable differences in the t;, and CLy of DU-176
were identified between KO and WT mice.

Figure 8. Blood and plasma radioactivity in mice following an IV dose of **C-DU-176

(modified from the submission)
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Table 21. Radioactivity concentrations in mouse tissues following an IV dose of **C-DU-

176b
Radioactivity Concentration (ng eq. of DU-176/g, Mean = 5D, n=3)

Tissue Male Knockout Mice Male Wild Tvpe Mice

0.5h l1h 2h 0.5h lh 2h
Brain 63.0+£5.6 39.8+33 13.8+7.0 21.0+6.7 52405 Not detected
Liver  1964.8+153.1 780.9+1285 319.8+877 1247.0+£291.7 407.8+61.7 103.5+6.7
Kidney 2086.1+158.4 1769.2+813.1 3727749 1292.9+399.5 717.1+200.8  209.4+80.4

Radioactivity Content (% of Dose, Mean + 8D, n=3)

Tissue Male Knockout Mice Male Wild Tvpe Mice

0.5h 1h 2h 0.5h 1h 2h
Brain 0.11x0.01 0.07x£0.02 0.02£0.02 0.04 £0.01 0.01+0.00 ND
Liver 11090 3.28+0.70 1.38+0.43 5.65+1.68 1.70+0.37 0.42+0.03
Kidney 2.55+0.23 2.10+1.01 46009 . 1.73+0.74 0.82+0.23 0.27+0.13
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Table 22. PK parameters of radioactivity in mice following an IV dose of **C-DU-176b

PK Parameter knockout Mice Wild Tvpe Mice
Blood Plasma Blood  Plasma
ti2 (h) 0.75 072 12 0.84 0.81
(1-4h) (1-4h) (1-8h) (1-4h) (1-4h)
Cy(ngeqg./mL) 1572.8 1925.0 1558.4 186109
AUCq past 645 806 527 693
(ng eq.-h/mL) (0-4 h) (0-8 h) (0-4h) (0-4h)
AUGC 653 901 533 700
{ng eq.-h/mL)
Cliw (mL/minkg) 25.5 18.5 31.3 238
Vd.. (Lkg) 0.891 0.786 0.861 0.652

Mumbers in parentheses represent the time ranges for calculation.

Table 23. Plasma DU-176 concentration in mice following an IV dose of **C-DU-176

Proportion of DU-176 (% in sample. Mean + SD,n=3) Plasma Concentration
Knockout Mice Wild Tvpe Mice (ng of DU-176/mL, Mean + 5D, n=3)
Time(h) Plasma  Recovery(%)”  Plasma Recovery (%)”  Knockout Mice  Wild Type Mice
0.0833 302122 779+19 31.5+3.1 756+ 3.1 4532+ 1412 463.9+ 47.7
0.25 196x1.6 T6.8+2.4 15516 789x0.7 189.7+ 10.8 1432+ 13.7
0.5 9.6+2.4 3.1 £6.6 63+36 T72x0.1 47.7+12.1 239 £ 18.1
1 8.9+1.2 77.5+0.6 44406 697+7.6 155+ 0.6 38 £ 0.6
2" 3.2 64.3 3.0 55.1 15 0.6
4" Not detected.  66.3 ND 60.1 ND ND
g ND ND ND ND ND ND

Y. Data are determined from the pooled plasma samples of three animals.
“: Recovery of radioactivity extracted from the plasma.

Table 24. PK parameters of DU-176 in mice following an IV dose of **C-DU-176b

PK Parameter Knockout Mice Wild Type Mice
tyz2(h) 0.30 (0.5-2h) 0.20 (052 h)
Cg(ng/mL) 7003 834.7

AUC) 42 (ng-h/mL) 156 (0-2 h) 135 (0-2h)
AUCy (ng-h/mL) 156 135

CLyy (mL/'min/kg) 107 124

‘v’d_-__g (L/kg) 1.57 1.14

MWumbers in parentheses represent the time ranges for calculation.
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Table 25. DU-176 concentrations in plasma and tissues and DU-176 tissue/plasma
ratios following an 1V dose of **C-DU-176b

Concentration (ng of DU-176/g or mL; Mean = SD n=3)

Male Knockout Mice Male Wild Tvpe Mice
Tissue 0.5h 1h 2h 0.5h l1h 2h
Plasma 47.7+£12.1 15506 1.5% 23.9+18.1 3RE06 0.6%
(1.000) (1.000) (1.000) (1.000) (1.000) (1.000})
Brain 29.0* 17.9% 2.7* 0.8* 0.4* ND*#
(0.608) (1.155) (1.800) (0.033) (0.105) (0.000)
Liver 350.7+141.9 1953+ 51.8 39.2+15.1 207.4+ 66.2 550+ 12.7 10.3 £3.1
(11.5+0.88) (126 +3.8) (26.16 £ 10.06) (10.518+ 3.748) (14.427+3.387) (17.17+£5.2)
Kidney 3904+ 1556 219.1+£97.3 20.2+£97 205.7+ 84.2 477+ 30.6 12.0+4.1

(7.97+1.4) (1404 £ 6.05) (13.44-+ 6.446) (10.09+ 3.34) (11.968 + 6.044) (20,06 + 6.82)

* Data from the pooled samples of three animals.
Mumbers in parentheses are expressed as the ratio of the concentration in tissue relative to plasma.

5154 DU-176b: Quantitative whole-body autoradiography in mdrla/lb
knockout mice after a single intravenous administration of **C-DU-176b (AMO7-
C0270-R01)

This study (AM07-C0270-R01) was to assess the tissue distribution of radioactivity in
mdrla/lb KO mice and WT mice after an IV dose of **C-DU-176b.

Three male FVB mdr-1a/1b KO and 3 male FVB WT mice (8 weeks old) were injected
IV with **C-DU-176b at 1 mg/kg (3.99 MBg/kg). Animals (1 KO and 1 WT mouse/time
point) were sacrificed at 0.5, 1, and 2 hours post-dose, and tissue distribution of
radioactivity in these mice was determined by quantitative whole-body autoradiography.

Representative whole-body autoradiograms are shown in Figure 9, and tissue
concentrations of radioactivity determined with whole-body autoradiography are shown
in Table 26. Following an IV dose of **C-DU-176b at 1 mg/kg, radioactivity in bile of both
KO and WT mice at 0.5, 1, and 2 hours post-dose, in urine of KO mice at 0,5 and 1 hour
post-dose and in urine of WT mice at 0.5 hour post-dose, in small intestine contents of
both KO and WT mice at 0.5 and 1 hour post-dose, and in large intestine contents of
both KO and WT mice at 2 hours post-dose was above the upper limit of quantification
of 12866.7 ng eq. of DU-176/g tissue, indicating large amount of radioactivity was
rapidly excreted into bile, urine and feces. Radioactivity in small intestine contents of
WT mice at 2 hours post-dose and in large intestine contents of WT mice at 0.5 and 1
hour post-dose was higher than those of KO mice, indicating more excretion of
radioactivity into feces in WT mice than in KO mice. Radioactivity in all tissues except
prostate grand was higher in KO mice than in WT mice.

No marked difference of tissue/blood radioactivity ratios between KO and WT mice was
identified in the liver and kidney. The tissue/blood radioactivity ratios in the cerebrum,
cerebellum, and adrenal gland of KO mice at 0.5 h post-dose were 6.0, 3.8, and 1.8
times those in WT mice. These findings indicated that DU-176 is a substrate of
mdrla/lb (mouse P-gp) and that brain efflux of DU-176 is regulated by mdrla/lb.
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Figure 9. Representative whole-body autoradiograms at 30 min post-dose
male knockout mouse.  Central axis aspect 0.5 hours post-dose
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Table 26. Tissue concentrations of radioactivity (ng eq. of DU-176/g tissue) after an IV
14C-DU-176b dose (modified from the submission)

Fasting Male Knockout Mice Fasting Male Wild Tvpe Mice
Tissue 0.5h 1 h 2h 0.5h 1 h 2h
Blood 7335 (1.00) 2007 (1.00) - 4833 (1.00)  106.1 (1.00) -
Cerebrum 86.8 (0.12) 52.6 (026) BLQ 8.5 (0.02) BLQ BLQ
Cerebellum 108.1 (0.15) 429 (021) BLO) 18.4 (0.04) BLQ BLOQ
Pituitary gland 7442 (1.01) 3079 (153) 1485 432.1 (0.89) 3023 (2.85) 94.5
Eyeball 162.9 (022) 63.6 (032) - 103.1 (0.21) 40.9 {0.39) -
Harderian gland B75.0 (119 1799 {090 - 3309 (0.08) 1259 (1.19) -
Mandibular gland 795.6 (108 2202 {1.10) od.1 409.1 (0.85) 86.9 (0.82) 539
Thymus 5233 (071) 1559 (0.78) - 2029 (0.61) 65.8 (0.62) -
Heart 4745 (065 1202 (060) 243 216.0 (0435) 50.5 (0.48) 266
Lung 663.4 (090) 2026 (1.01) 60.1 407.8 (0.84) 90.8 (0.86) 492
Liver 20003 (2.73) 7320 (365 1782 15969 (330) 4467 (421) 151.1
Kidney 2846.6 (3.88) B8BT.E (442) 2815 1499.7 (3.10) 863.5 (8.14) 2149
Adrenal gland 12221 (167) 4455 (2.22) - 4426 (0.92) 1297 (1.22) -
Spleen 612.7 (084) 1845 (092) 439 3093 (0.64) 56.2 (0.53) -
Pancreas 7388 (1.01) 3280 (1.63) 1870 4294 (0.89) 1278 (1200 1125
Bile in gall bladder AUQ AUQ AUQ AUQ ALQ AUQ
Fat 56.1 (0.08) 273 (0.14) - 44.7 (0.09) - -
Brown fat 5319 (073) 3689 (l84) 1633 3999 (0.83) 84.4 (0.80) 559
Skeletal muscle 2530 (034) 63.6 (032) 209 1202 (025) 23.6 (0.22) -
Skin 450.5 (061) 1156 (058) - 3060 (0.63) 57.5 (0.54)
Bone marrow 476.5 (065 - - 2456 (051 - -
Testis 1335 (0.18) 121.5 (061 445 6l.1 (0.13) 27.5 (026) 18.0
Epididymis 3597 (049) 2267 (1.13) 1100 3185 (Do66) 1451 (1.37) 08.5
Prostate gland 518.6 (0D.71) - - 5811 (120) 2326 (2.19) -
Urinary bladder 11366 (1.55) 35449 (2.71) - 1528.0 (3.16) - -
Urine in bladder AUQ AUQ 115762 ALIQ 3771.4 (35.55) 10082
Stomach 5233 (0D71) 2286 (1.14) - 3421 (0.71) 77.3 (0.73)
Gastric contents 17053 (232) S11.8 (2.35) 783 1520.1 (3.15)  889.0 (838) 1903
Small intestinal contents AUQ ALIQ 4065.5 AUQ ALIQ 105155
Large intestinal contents 10792 (147) 6670 (3.32) AL 72629 (15.03) 6429.5 (60.60) AUQ
Mumbers in parentheses are expressed as the ratio of the concentration in tissue relative to blood. —: Not determined.

AUQ: above the upper limit of quantification of 12866.7 ng eq. of DU-176/g tissue.
BLQ: below the lower limit of quantification of 6.5 ng eq. of DU-176/g tissue.

5.2  Toxicokinetics
Toxicokinetics (TK) was included in the toxicity studies.
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6 General Toxicology

6.1 Single-Dose Toxicity

6.1.1 D11-4176b: Single oral toxicity in cynomolgus monkeys (R20020307,
R20020282)

This GLP study (R20020307) was conducted with D11-4176b (lot # CZ001; purity
100.3%) in Daiichi, Tokyo, Japan during May 13 - Oct 4, 2002, and previously reviewed
by Dr. David B. Joseph of DGIE (April 4, 2007) under IND063266 (Appendix 1)

Female monkeys (age 4-5 years, 2.7-3.4 kg) were treated with a single oral dose of
vehicle (0.5% methyl cellulose solution, MC) or D11-4176b at 200 or 400 mg/kg (n=2
/group). The animals were observed for 14 days. Dose selection in this study was based
on no toxicological findings in a preliminary study with an oral D11-4176b dose at 200 or
400 mg/kg (n=1/dose level) in cynomolgus monkeys (Study R20020282).

Slight reductions in red blood cell counts, hematocrit, hemoglobin, and platelet count
were observed through 14 days post-dose in monkeys at D11-4176b 400 mg/kg.
Anticoagulant activity was detected at D11-4176b 200 and 400 mg/kg. No limiting
toxicity occurred at doses of up to 400 mg/kg. A minimum lethal dose was not
established, and this study was deficient in low monkey numbers.

6.1.2 D11-4176b: Single oral toxicity in rats (R20020310)

This GLP study (R20020310) was conducted with D11-4176b (lot # CZ001; purity
100.3%) in Daiichi, Tokyo, Japan during May 14 - Oct 21, 2002, and previously
reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007) under IND063266 (Appendix I).

Male and female Crj:CD(SD)IGS rats (6 weeks old) were orally gavaged with a single
dose of vehicle (0.5% MC) or D11-4176b at 1000 or 2000 mg/kg (n=5/sex /group). The
animals were observed for 15 days. Dose selection in this study was based on no death
and abnormal clinical signs in a preliminary bone marrow micronucleus test in rats with
oral D11-4176b 2000 mg/kg/day or IV D11-4176b 100 mg/kg/day for 2 days (Study
R20020063).

A minimum lethal dose was not identified. No adverse effects were observed at oral
doses up to D11-4176b 2000 mg/kg.

6.2 Repeat-Dose Toxicity

6.2.1 D11-4176b: Four-week oral toxicity in rats (Study R20020612)

This GLP study (R20020612) was conducted with D11-4176b (lot # CZ002; purity
100.6%) in @@ during Apr 24 — Dec 10, 2002, and

51

Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

previously reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007) under IND063266
(Appendix ).

CD(SD)IGS rats (7 weeks old) were orally gavaged with vehicle (0.5% MC), or D11-
4176b at 20, 60, or 200 mg/kg/day for 4 weeks (10 rats/sex/group for toxicity part, and 6
rats/sex/each D11-4176b group for TK part). The dose levels in this study were selected
based on a preliminary 2-week oral toxicity study in male rats with D11-4176b at 20, 50,
and 200 mg/kg/day (Study R20010606). In study R20010606, the only adverse finding
was crystalluria (derived from D11-4176b) in all rats at D11-4176b doses =20
mg/kg/day. In the present study, animals were checked for mortality, clinical signs,
ophthalmic changes, body weight, food consumption, TKs, clinical pathology, organ
weight, and macroscopic and microscopic (in all rats of toxicity part) changes.

Findings included a small number of lesions occurred in the lungs, pancreas, and
thymus: focal pneumonitis with hemoglobin crystals and/or phagocytosis of erythrocytes
in 1/10 males and 1/10 females at 200 mg/kg/day, and in 2/10 males at 60 mg/kg/day;
focal hemorrhage and chronic inflammation in the pancreas of 1/10 males at each dose
level; and focal hemorrhage with hemoglobin crystals in the thymus of 1/10 females at
200 mg/kg/day. The significance of these lesions was unclear, since the incidence was
low (1-3 out of 20 rats) and was not dose-dependent. In a follow-up 4-week oral toxicity
study in male rats (Study R20030041) using lower dose D11-4176b, the same lesions
occurred without any sign of dose-dependency. Therefore, these lesions were not
considered as drug-related in the present study. The NOAEL in this study was 200
mg/kg/day.

After oral administration, D11-4176b was readily absorbed with a Tmax of 1 hour.
System exposure to D11-4176 (Cmax and AUCy.,4) increased with the dose increases
in an under dose-proportional manner. Values for Cmax and AUCg.p4 0n day 28 were
about 2 times those on day 1, indicating accumulation of the test article after multiple
dosing (Table 27).

Table 27. Summary of TK parameters

Day 1 Day 28
Dose Level

(mg/kg/day) Gender Coax Tonax AUCo:  AUCo2s  Caax Tonax AUCo:  AUCo24
ShETE (ngmL) (Howrs) (ng-hr/mL) (nghr/ml) (ng/mL) (Hours) (ng-hi/mL) (ng-hi/mL)

20 M 691 1.00 1297 2418 1140 1.00 5702 5702
F 820 1.00 2390 2390 1290 1.00 6673 6673
60 M 1380 1.00 6636 6636 2200 1.00 12123 12123
F 2410 1.00 7708 7708 2910 1.00 12956 12956
200 M 1710 1.00 18243 18243 2520 2.00 23745 23745

F 3330 1.00 21699 21699 4520 1.00 44808 44808

6.2.2 D11-4176b: Four-week oral toxicity in male rats — Additional study (Study

R20030041)
This GLP study (R20030041) was conducted with D11-4176b (lot # CZ002; purity
100.6%) in ®® during Nov 11, 2002 — Apr 15, 2003,
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and previously reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007) under
IND063266 (Appendix I).

This was a supplemental study of Study R20020612 reviewed above. In Study
R20020612, hemorrhagic lesions in lungs, pancreas, and thymus were observed in a
small number of rats at doses of 20, 60, and 200 mg/kg/day. Hemorrhagic lesions at
doses 20 and 60 mg/kg/day only occurred in males. Therefore, the present study was
limited to males only and utilized lower D11-4176b doses (6, 12, and 18 mg/kg/day).
Other parts of the study design and methods were similar to those in Study R20020612.

There were no D11-4176b-related findings in this study. Minimal to slight focal
hemorrhage, pneumonitis, erythrophagocytosis, and/or hemoglobin crystals occurred
sporadically in the lungs of control and treated rats (Table 28), which were not dose-
related, were similar to those pulmonary findings in Study R20020612, and not of
toxicological significance. The NOAEL in this study was 18 mg/kg/day.

Table 28. Incidence (and severity in parenthesis) of lung findings in male rats (from the

submission)

D11-4176b (mg/kg/day) 0 6 12 18
Number Examined 10 10 10 10
Hemorrhage 2 {0.2) 3(0.4) 2(0.2) 1 (0.1)
Focal Pneumonitis 0 2(0.3) 2 (0.2) 0
Erythrophagocytosis 1{0.1) 2(0.2) 1(0.1) 0
Hemoglobin Crystals 0 1 (0.1) 1(0.1) 0

D11-4176 was readily absorbed following oral dosing with a Tmax of 1 hour. Systemic
exposures (Cmax and AUCy.»4) were approximately dose-proportional. Values for Cmax
and AUC,.»4 0n day 28 were about 2 times those on day 1, indicating accumulation of
the test article after multiple dosing.

6.2.3 DU-176b: 26-week oral toxicity in rats with a 4-week recovery

Conducting laboratory and location: O

Study number(s): R20050334

Date of study initiation: 18 October 2004

Drug lot/batch number/Purity: DU-176b / BB202 / 99.6%
GLP compliance: Yes

QA statement: Yes

Key Study Findings
There were no remarkable findings at any tested dose level (6, 18, or 54 mg/kg/day).

The NOAEL was 54 mg/kg/day in this study. This study was deficient in not using a high
enough dose level.
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Plasma DU-176 concentrations increased dose-proportionally. There were no marked
differences in Cmax and AUC values for Days 1 and 178 at 6, 18 and 54 mg/kg/day
indicating no accumulation of the drug after repeated dosing. Females generally had
slightly higher Cmax and AUC values (1 to 2-fold) than males. At the NOAEL of 54
mg/kg/day, mean Cmax and AUC values were 1856 ng/ml and 7237 ng*h/ml,
respectively.

Methods

Male and female Crl:CD®(SD)IGS BR rats (7 weeks of age) were orally gavaged with
vehicle 0.5% MC (control), or DU-176b at dose levels of 6, 18, or 54 mg/kg/day
(15/sex/dose in the control and high-dose groups and 10/sex/dose in low- and mid-dose
groups) for 26 weeks (Days 1 through 183), and were euthanized on Days 184 (end of
dosing period) or 212 (end of recovery period). Parallel rats for TK (8/sex/dose) were
orally dosed with DU-176b at dose levels of 6, 18, or 54 mg/kg/day for up to 178 days.
The dose selection was based on the results of previous four-week oral toxicity studies
in rats (R20020612 and R20030041). In Studies R20020612 and R20030041, minimal
to slight focal hemorrhage, pneumonitis, erythrophagocytosis, and/or hemoglobin
crystals occurred sporadically in the lungs of control and treated rats, and the NOAEL
was interpreted to be 18 and 60 mg/kg/day for males and females, respectively at that
time. Therefore, the high dose in the present study was set at 54 mg/kg/day. Because of
the incorrect interpretation of NOAEL in the previous 4-week rat study, this study was
deficient in not using a high enough dose level. Samples of the dose formulations from
weeks 1, 13, 16, and 26 of treatment were analyzed to verify the homogeneity, stability,
and/or concentrations of DU-176b in the dosing solution.

For the toxicity groups, clinical signs and morbidity/death were inspected visually during
the study at least twice daily. Detailed observations were performed weekly. Ophthalmic
examinations were performed prior to treatment and on Days 88, 179, and 205. Body
weight was recorded prior to treatment, on day 1, and then twice weekly. Individual food
and water consumptions were measured and recorded weekly. Blood samples were
collected from a jugular vein of all surviving animals at scheduled sacrifice following
overnight fast, using potassium EDTA as the anticoagulant for hematology (Table 29)
and lithium heparin as the anticoagulant for plasma chemistry (Table 30). Blood
samples were also collected from any animals sacrificed at an unscheduled interval.
Urine sampling was conducted prior to scheduled sacrifice for urinalysis and urine
chemistry (Table 31).

Table 29. Parameters of hematology and coagulation

red blood cell (erythrocyte) count white blood cell (leukocyte) count
hemoglobin differential blood cell count
hematocrit blood cell morphology

mean corpuscular volume reticulocyte count

mean corpuscular hemoglobin

mean corpuscular hemoglobin prothrombin time

concentration activated partial thromboplastin time

platelet count
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Table 30. Parameters of plasma chemistry

glucose albumin/globulin ratio lactate dehydrogenase

urea nitrogen total cholesterol calcium

creatinine triglycerides inorganic phosphorus

creatine kinase total bilirubin sodium

total protein alanine aminotransferase potassium

albumin alkaline phosphatase chloride

globulin aspartate aminotransferase plasma protein electrophoresis

Table 31. Parameters of urinalysis and urine chemistry

Urinalysis Urine chemistry *
appearance/color ketones total urine volume
specific gravity  biliubin urme sodium excretion
PH occult blood urine potassium excrefion
protein mucroscopic sediment  urine chloride excretion
glucose urobilinogen urine protein excretion

* Urine levels of sodium, potassium, chloride, and protein were measured, but not presented in the final
report. These values were used to calculate the excretion rates.

A detailed necropsy was performed on each animal that died prematurely or at
scheduled sacrifice. Weights of organs listed in Table 32 were recorded. Bone marrow
smears from the femur of each animal were prepared and examined. The following
tissues (when present) from each animal were preserved, histologically processed, and
examined microscopically (Table 32).
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Table 32. List of organ for weighing and histological process and examination

adrenal (2)*

aorta

brain*

cecum

colon

duodenum

epididynus (2)

esophagus

eye (2)

femur with bone marrow
(articular surface of the distal end)

Harderian gland

heart *

leum

jejunum

kidney (2)*

lacrimal gland

larynx

gross lesions

liver*

lung with mamstem bronchi

lymph node (mesenteric)

mammary gland (females)

optic nerve (2)

ovary (2)*
pancreas
pharynx
pituitary gland*
prostate *
rectim
salivary gland [mandibular (2)]
sciafic nerve
senunal vesicle (2)
skeletal muscle (thigh)
skin
spwal cord
(cervical, thoracic and lumbar)
spleen®
sternum with bone marrow
stomach
testis (2)*
thymus*
thyroid (2) with parathyroid *
tongue
trachea
urmary bladder
uterus #
vagina

* YWeight of organ was measured.

For TK groups, mortality and signs of pain or distress were recorded twice daily.
Individual body weights were recorded prior to treatment, before dosing on Day 1, then
weekly thereafter. Blood samples were collected from a jugular vein of conscious rats
on Day 1 (1, 2, 4, and 24 hours postdose), Day 87 (pre-dose and 2 hours postdose),
and Day 178 (1, 2, 4, and 24 hours postdose) using sodium fluoride as the
anticoagulant (n=4/dose/time point). Plasma was harvested and analyzed for DU-176
concentrations using an LC/MS/MS method. All TK animals were discarded without
necropsy after their scheduled sacrifice or premature death.

Results

One control male rat was sacrificed on Day 101 due to a moribund condition related to
gavage trauma. One female rat in the high-dose group was found dead approximately
30 minutes after the dosing on Day 163 that was likely to be due to a dosing error.
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There were no test article-related findings in clinical signs, body weights and food
consumption, ophthalmic evaluations, hematology, coagulation parameters, plasma
chemistry, urinalysis and urine chemistry, bone marrow cytology, organ weights,
necropsy, and histopathology.

Homogeneity and concentrations of DU-176b dosing solutions at 0.6, 1.8, and 5.4

mg/mL during Weeks 1, 13, 16, and 26 were within £10% of the target and acceptable
for the study.

As shown in Figure 10, plasma DU-176 concentrations increased with the increase in
dose levels from 6 to 54 mg/kg/day. The Cmax and AUC values on Day 178 at 6
mg/kg/day dose level were about 2 folds those on Day 1, while there were no marked
differences in Cmax and AUC values after multiple dosing at 18 and 54 mg/kg/day.
Females generally had higher Cmax and AUC values (1 to 2-fold) than males (Figure
10, Table 33).

Figure 10. Plasma concentrations of DU-176 following oral dosing in rats
100007
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Table 33. DU-176 TK parameters in rats following oral doses (from the submission)

Dose Level Con T AUC,, AUC, .. AUC,.. tin
(mgkg/day) Sex (ng/ml) (br) (ngehr/ml) (ngrhr/ml) (ng~he/ml) (br)
Day1
6 M 121 1.00 258 768 NC NC
F 189 1.00 377 1080 NC NC
18 M 888 1.00 2068 2068 2080 3.40
F 795 1.00 2514 2514 2521 3.05
54 M 1708 1.00 6706 6706 6767 3.73
F 2060 1.00 10243 10243 10306 339
Day 178
6 M 248 1.00 500 1053 NC NC
F 680 1.00 1173 2581 NC NC
18 M 808 1.00 2624 2624 NC NC
F 792 1.00 2833 2833 NC NC
54 M 1222 1.00 5459 5459 NC NC
F 2490 1.00 9015 9015 NC NC

6.2.4 Repeated dose toxicity study in rats with intravenously injection of DU-
176b for 14 days

Conducting laboratory and location: o

Study number(s): ANO08-C0123-R01

Date of study initiation: May 11, 2009

Drug lot/batch number: DU-176b for Injection 10 mg, LO08SGO01, 109.63% (amount
of DU-176 vs. labeling)

GLP compliance: Yes

QA statement: Yes

Key Study Findings

No treatment-related changes were noted in any examinations during the course of the
study. Plasma concentrations of DU-176 increased dose-proportionally at doses of 5
and 20 mg/kg/day. There was no sex difference in DU-176 systemic exposure, and no
accumulation after multiple dosing. At the NOAEL of 20 mg/kg/day, the mean Cy and
AUCg4 values on Day 14 were 11100 ng/mL and 10300 ng-h/mL in males, respectively,
and 10700 ng/mL and 10000 ng-h/mL in females, respectively.

Methods

Male and female Crl:CD(SD)IGS rats (6 weeks old) were injected IV with DU-176b at O
(vehicle, saline), 5, or 20 mg/kg/day, QD, for 14 days (n = 10/sex/group for toxicity and
4/sex/group for TK). This study was performed precede a planned clinical bioavailability
study with IV infusion of DU-176b at 30 mg (total dose) for 30 minutes. The exposure
levels at 5 and 20 mg/kg/day were expected to be comparable to about 1 and 5 times,
respectively, those in human subjects with an intravenous infusion at 30 mg for 30 min.
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For the toxicity groups, rats were checked for morbidity/death and clinical signs (1-4
times daily), body weight (on days 1, 3, 7, 10, and 14), and food consumption (on days
2, 6,9, and 13). Urine samples were collected on day 11 for urinalysis and urine
chemistry (Table 31). At the end of dosing period, blood samples were collected for
hematology and plasma chemistry (Table 29 and Table 30, respectively), rats were then
euthanized and necropsy. Organs/tissues listed in Table 34 were pathologically
examined.

Table 34. List of organs/tissues

N £ i el I R 0 o ey
Trachea - @ o Brain cerebrum o o o
Lungs (including| left o o o cerebellum o

bronchi) right o pons 5
Tongue - < o medulla o
Submandibular | left - s 5 oblongata

glands right - o Spinal cord thorax - ) o
Esophagus thorax - o o Sciatic nerves left - o o
Stomach fore - @ o right - o -
glandular | - ) Sternum/Sternal bone marrow | - o o
Small intestine | duodenum| - @ o Femurs/ Femoral | left - @ -
jejunum - o bone marrow right - o o
iteum” - o Mesenteric lymph nodes - o o
Large intestine | cecum - o o Spleen o o o
colon - o Thymus o ) o
rectum - o Pinutary o o o
Pancreas - o o Thyroids/ left o o o
Liver o o o Parathyroids right o o -
Aorta | thorax - o o Adrenals left o o o
Heart o o o right o o o
Kidneys left o @ o Eveballs/ left - @ o
right . - o Optic nerves right _ - D)
Urinary bladder - o o Harderian glands | left - Q o
Testes left o o o right - @ -
right o ) o Skeletal muscles | left - ) -
Epididymides left o @ o (quadriceps right - @ o
right o o o femoris muscle)
Prostate o ] o Mammary glands | left - ) 59
Seminal vesicles | left - o o /Skin (abdominal) | right - o -
right - Skin (dorsal) ¥ - a s
Ovaries left o o o Injection site (fail) - o o
right o ) o Gross lesions - o o
Uterus left o @ o o: Performed -: Not performed &) Including Peyer’s patches
right - b)  Oaly control and 20 mg/kg toxicity groups
Vagina - o 5 ¢) Mammary glands: only females d) Interscapular area
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For TK groups, clinical sign observations, body weight measurements, and TK
assessments were performed. Plasma concentrations of DU-176 were determined at
0.083, 0.5, 2, 7, and 24 h post-dose on Days 1 and 14 (n = 4/sex/group/sampling point)
using an LCMS/MS method.

Results

No animal died during the study period. Some values of hematology, plasma chemistry,
and urine chemistry were higher or lower than controls (p<0.05), but the differences
were minor, not dose-related, mostly within the physiological variation, and not of
toxicological significance. Thus, No test article-related changes were noted in clinical
signs, body weight, food consumption, urinalysis, hematology, plasma chemistry, gross
pathology, organ weight, or histopathology. NOAEL was 20 mg/kg/day.

Plasma concentrations of DU-176 and TK parameters following IV injection are shown
in Table 35. Initial plasma concentrations extrapolated to time 0 (Cp) and AUCy,
increased dose-proportionally. There were no clear differences in any toxicokinetic
parameter after repeated dosing or between sexes.

Table 35. DU-176 plasma concentrations and TK parameters following IV injection to
rats (from the submission)

Dayof Dose i Plasma concentration (ng/ml.) iy Cy AUC,
dosing (mgkg) . Pre 00833h 05k Zh Th 24 h (h) ing/mL} (ng-h/mL}
Male Mean 1560 TRD  B4.89 BBO 0208 254 2410 1660
5 1] - 146 138 221 214 0585 178 18] 224
Female Mean 3 2260 852  B21 130 0318 267 2760 1910
1 1] % 183 Hhd 196 291 0635 16E 271 111
Male Mean o BoG0 4600 50T 442 17h 318 BES0 9140
20 1] E 637 694 202 1 l.E_': 1.98 J_.-f!f': 708 1540
Fermale Mean BOT0 4820 540 -12.f 5.-1% S68 10200 9540
1] 406 684 102 565 327 171 793 948
Male Mean 0000 2500 1120 117 165 0643 208 2940 2390
- S0 0.000 191 121 26,7 453 0742 163 228 240
- Female Mean 159 2480 1120 133 188 204 530 2910 2470
14 ] 5D 1.12 202 o5 186 540 0463 0601 334 155
Male Mean 1.03 9600  ATBD 713 441 347 457 11100 10300
20 5D 1.18 all 471 120 127 184 100 526 754
Female Mean 437 0250 4490 678 664 521 453 10700 10000

sSD .53 640 710 #1.0 220 262 (0.625 1010 202

6.2.5 D11-4176b: 4-week oral toxicity in cynomolgus monkeys (R20020606)
The GLP study R20020606 was conducted with D11-4176b (lot # CZ002; purity

100.6%) in ®® during Apr 12 — Dec 12, 2002, and
previously reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007) under IND 063266
(Appendix ).

Cynomolgus monkeys (Macaca fascicularis, 2 - 3.4 years old) were orally gavaged with
vehicle (0.5% MC), or D11-4176b at 10, 30, or 100 mg/kg/day for 4 weeks (4

60
Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

monkeys/sex/group). The dose selection in this study were based on a preliminary 4-
week oral toxicity study in female cynomolgus monkeys (n=2 /dose) with D11-4176a (a
hydrous form of DU-176) at 0, 5, or 30 mg/kg/day (Study R20010689). No D11-4176a-
related adverse effects were noted up to 30 mg/kg/day in Study R20010689. In a
previous 4-week oral toxicity with DT-831j, an analogue of D11-4176b, in cynomolgus
monkeys, three dose levels of 10, 30, and 100 mg/kg/day were employed. In the
present study, these dose levels were selected to compare the toxicities between D11-
4176b and DT-831j. In the present study, observations/examinations conducted for all
animals included clinical observation for mortality and clinical signs, physical
examinations, ophthalmic examinations, electrocardiograms, body weight, food
consumption, hematology and coagulation, plasma chemistry, urine chemistry,
urinalysis, TKs, organ weight, bone marrow cytologic evaluation, and macroscopic and
microscopic examinations. In addition, bone marrow samples were obtained from each
monkey at the end of 4-week dosing period and prepared for micronucleus assay.

There were no D11-4176b-related effects on body weights, ophthalmic and
electrocardiographic parameters, urinalysis, or macroscopic observations.

Two out of 4 female monkeys at D11-4176b 100 mg/kg/day died prematurely. Death in
one of the 2 animals was attributed to hemorrhage in multiple tissues, particularly in the
lungs and thymus. Higher incidence of hemorrhage in lungs, thymus, heart, thyroid,
trachea, adrenals, and uterus was seen at 100 mg/kg/day group, and hemorrhage in
stomach was observed in the 30 mg/kg/day group. The hemorrhagic effect was
probably due to exaggerated pharmacological activity. Slight reductions in red blood cell
(RBC) count, hemoglobin, and hematocrit, slight prolongation of prothrombin time (PT)
and activated partial thromboplastin time (APTT), and slight increases in platelets and
reticulocyte counts were seen in the 30 and 100 mg/kg/day groups, which were
correlated with the incidence of hemorrhage in histopathological examination.
Pulmonary lesions of acute inflammation, focal interstitial pneumonitis, fibrinous bronchi,
neutrophilic infiltration, and inflammation in pleura were observed in the 100 mg/kg/day
group. Higher urine protein was seen at 30 and 100 mg/kg/day. The NOAEL was 10
mg/kg/day.

4-week treatment with D11-4176b did not produce a significant increase in the
incidence of micronucleated polychromatic erythrocytes (PCESs) in bone marrow of the
monkeys. However, this study was deficient due to the absence of a positive control
group. No criteria for a valid study or a positive response were stated.

After oral administration, D11-4176b was readily absorbed with Tmax of 1 — 3.5 hours.
System exposure to D11-4176 (Cmax and AUCy.24) increased in an under dose-
proportional manner. Values for Cmax and AUCO0-24 on day 27 were lower than those
on day 1, especially at the high dose. No sex-related differences were observed.

6.2.6 DU-176b: 13-week oral toxicity in cynomolgus monkeys (R20050333)

The GLP study R20050333 was conducted with DU-176b (Lot BB202, purity 99.6%) in
@@ during Aug 8, 2004 — Sept 22, 2005, and
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previously reviewed by Dr. Patricia P Harlow of DRCP (06/22/2007) under IND 077254
(Appendix I1).

Cynomolgus monkeys (Macaca fascicularis, 2 - 3.2 years old) were orally gavaged with
vehicle (0.5% MC), or DU-176b at 6, 18, or 54 mg/kg once daily for 13 weeks (4
monkeys/sex/group). The high dose selected in the current study was based on a 4-
week repeated dose study in which hemorrhage in the gastrointestinal tract, pleural
cavity or adrenal gland was observed at 100 mg/kg (Study R20020606). In the present
study, observations/examinations conducted for all animals included clinical observation
for mortality and clinical signs, physical examinations, ophthalmic examinations,
electrocardiograms, body weight, food consumption, hematology and coagulation,
plasma chemistry, urine chemistry, urinalysis, TKs, organ weight, bone marrow
cytologic evaluation, and macroscopic and microscopic examinations.

There were no DU-176b-related effects on mortality and clinical signs, body weights,
ophthalmic and electrocardiographic parameters, plasma chemistry, urine chemistry,
urinalysis, or macroscopic and microscopic observations.

Slight prolongation of APTT and PT was observed at 18 and 54 mg/kg/day at 24 hours
post-dose on Days 28 and 90 (Table 36) that was likely due to the extended
pharmacological action of DU-176b. Some individual mid- and high-dose animals
showed DU-176b-related changes on hematology parameters most likely in response to
hemorrhagic events (Table 37). The NOAEL in this study was 6 mg/kg (NOAEL for
toxicity other than bleeding was 54 mg/kg/day).

Table 36. Coagulation times (seconds, n=4)

Males : Females
00-176k Dose Ty = : T 5T
img/kg/day) TDay -7 Day 28 Day 90 Day -7 Day 28 Day 90 | Day -7 Day 28 Day 90 Day -7 Day 28 Day 90
0 Mean 17.4 16.2 16.8 10.1 9.7 9.9 | 16.7 17.1 18.0 10.4 10.1 10.5
SD 1.66 1.22 1.589 0.14 0.13 0.14 i 0.70 0.49 0.50 0.43 0.51 0.44
4 Mean 17.5 18.3 18.0 10.6 10.3+  10.4 ! 16.9 17.7 19.0 10.3 10.0 10.4
gD 0.85 1.03 1.11 0.19 0.29 0.25 0.84 0.9%8 1.07 0.28 0.05 0.29
18 Mean 18.7 20.0= 21.8= 10.2 10.4 11.8* | 17.6 20.4 20.7= 10.5 10.7 11.1
sD 1.55 1.45 2.31 0.34 0.59 1.05 1.23 3.02 1.17 0.14 0.51 0.10
54 Mean 16.8 18,2+ 18,7 10.3 11.2+ 11.3% | 16.4 19.%  21.1%* 10.1 11.5+ 11.2
SD 2.06 1.75 1.74 0.57 0.9%8 0.85 | 0.44 1.28 0.62 0.34 0.87 0.60
* =P = or =0.05
Table 37. summary of hematology effects (bold type signifies a value outside normal
range) (from Dr. Harlow'’s review)
Day -14/Day -17/Day 28/ Day 90 Normal range
Parameter Male 57147 Male 57151 Female 57160 Female 57164
(Mid dose) (High dose) (Mid dose) (High dose) Male Female
EBC, 106.-"ul. 5.7/5.6/4.9/54 5.3/5.1/4.8/14.8 5.1/49/49/3.45 5.3/52/3.6/56 4.86-7.81 | 489-6.98
HGB. gm/dL 13.5/12.8/11.4/12.1 13.3/12.5/11.8/11.7 12.1/11.5/11.7/9.4 13.3/12.9/8.7/13 3 106-154 | 11.7-152
HCT. % 44 7/41 4/35.7/140 9 44.0/412/300/40.1 | 395/36.1/38.5/32.6 | 43.7/412/294/465 | 367-526 | 386-506
Reticulocyte, % 1.3/2.0/2.1/2.0 09/1.7/1.6/1.5 0.8/1.8/2.3/13.6 1.1/1.4/6.3/0.7 0.2-28 03-29
Reticulocyte, T6/112/103/110 48/85/79/73 42/88/111/471 60/71/226/37 16.9- 20.3-
10°/uL 142 6 166.2
MCV.FL 78.8/74.0/72.3/76.0 84/81/81/83 78/74/79/95 82/80/81/83 63.1-90.1 | 65.0-858
MCH. pg 23.7/23.0/23.2/22.5 252/245/245/243 | 239/237/241/27.3 | 25.0/251/24.1/23.6 | 187-26.3 18.7-26.0
Platelet, 10°/uL 369/445/407/513 266/206/281/278 440/481/439/689 158/256/282/229 208-701 232-542
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Following oral dosing, Tmax values for DU-176b were 1 to 4 hours in all groups. Plasma
DU-176 concentrations on Days 1 and 91 generally increased with dose, but were less
than dose-proportional. No consistent differences in Cmax and AUC were observed
after repeated dosing, indicating no marked accumulation after the 13 weeks of daily
dosing. No marked (>2-fold) gender differences were observed in Cmax and AUC
values, except the 18 mg/kg/day dose level where males had a 2.3-fold higher mean
Cmax than females.

6.2.7 DU-176b: Fifty-two-week oral toxicity in cynomolgus monkeys with a
thirteen-week recovery

Conducting laboratory and location: ek

Study number(s): ANO7-C0008-R0O1

Date of study initiation: Aug 2, 2005

Drug, lot/batch number, purity: DU-176b, LB207, 98.6%
GLP compliance: Yes

QA statement: Yes

Key Study Findings

There were 7 premature deaths during the study: one male and one female at 45
mg/kg/day due to unknown reason, one female at 15 mg/kg/day and 2 females at 45
mg/kg/day due to primary hemorrhage, one female at 5 mg/kg/day and one male at 15
mg/kg/day due to hemorrhage secondary to accident trauma. One of the moribund
females at 45 mg/kg/day showed prolonged menses and was extremely pale.

In the surviving animals during dosing, there were more animals with various swelling,
pale skin, black or red feces and/or urine, and hypoactivity at 45 mg/kg/day, slight
prolongation of PT and APTT at 15 and 45 mg/kg/day, and slightly lower RBC counts,
hemoglobin (HGB), and mean corpuscular hemoglobin concentration (MCHC) values
associated with higher absolute reticulocyte count (ARET) at 15 and 45 mg/kg/day. At
the end of dosing phase, one male at 15 mg/kg/day had a deeply ulcerated hemorrhagic
skin lesion over its eye, and one female at 15 mg/kg/day had diffused pulmonary
hemorrhage and a large necrotic bronchus within the hemorrhagic lobe; various
degrees of neutrophil infiltrations were present in/around the hemorrhagic area, in the
necrotic bronchus and the surrounding lung parenchyma. There were no DU-176b-
related findings at the end of recovery period.

These findings of hemorrhage, anemia, and anemia-related compensative response
were due to the anticoagulant property of DU-176b. NOAEL in this study was 5
mg/kg/day.

After oral dosing, DU-176 readily appeared in plasma, with Tmax value range of mostly
1- 4 hours. Increases in DU-176 Cmax and AUCO-24 for both sexes were under dose-
proportional. There was no apparent sex difference in the mean Cmax and AUCO0-24h
values or accumulation after multiple dosing. At the NOAEL 5 mg/kg/day, mean Cmax
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and AUCO0-24h values on Day 364 were 263 ng/mL and 3370 ngeh/mL, respectively, in
males, and 327 ng/mL and 3237 ngeh/mL, respectively, in females.

Methods

Cynomolgus monkeys (1.8 - 5 years old) were orally gavaged with vehicle (0.5% MC,
control) or DU-176b at 5, 15, or 45 mg/kg/day for 52 weeks (n = 6/sex/group in the
control and high dose groups, n = 4/sex/group in the low and mid dose groups). Two
monkeys/sex/group in the control and high dose groups were followed up for additional
13 weeks. One male and one female in the high dose group were found dead on Days 3
and 10, respectively, and were replaced by other monkeys (with the same animal
numbers and dosing period). Dose selection in the current study was based on previous
4- and 13-week repeated-dose oral toxicity study in monkeys (Studies R20020606 and
R20050333). In Study R20020606 with daily repeated oral dose DU-176b for 4 weeks,
two females at 100 mg/kg/day were prematurely sacrificed or died due to hemorrhage in
the gastrointestinal tract, pleural cavity or adrenal gland. In Study R20050333 with daily
repeated oral dose DU-176b for 13 weeks, one female at 54 mg/kg/day showed
transient anemia including decreases in red blood cell count, hemoglobin and
hematocrit and an increase in reticulocyte count on Day 28. Therefore, the highest dose
level of 45 mg/kg/day was selected in the present study. Samples of dosing
formulations for Weeks 1, 2+3 (mix), 5, 13, 26, 39, and 52 were analyzed, and DU-176b
stability, concentration and homogeneity were confirmed to be within £6.6% of target
and acceptable for study.

During the course of the study, animals were observed for mortality and clinical signs
(twice daily), and assessed for qualitative food consumption once daily. Body weights
were recorded at least once pre-dose, on the first day of treatment, and weekly
thereafter. Ophthalmic examinations [including the anterior portion (eyelids, conjunctiva,
cornea, anterior chamber, iris, and lens), optic media (vitreous), and ocular fundus]
were conducted once pre-dose, on dosing day 357, and on recovery day 89 for all
surviving animals. Electrocardiogram examinations were conducted once pre-dose, on
dosing days 8 and 357 (2-4 and 24 hours postdose), and recovery day 89 for all
surviving animals. Routine measurements of electrocardiograms, including heart rate,
were done using 10 leads. Fasting blood samples were collected from a femoral vein of
all surviving monkeys twice during the pre-dose phase, on Days 9 (high dose only) and
179 and 360 of the dosing phase, and Day 91 of the recovery phase, and if possible
from animals of unscheduled death, for determining hematology (with potassium EDTA
as anticoagulant), coagulation (with sodium citrate as anticoagulant), and plasma
chemistry (with lithium heparin as anticoagulant) (Table 29, Table 30). Fasted overnight
urine samples were collected once prior to study initiation on Days 360 (half of animals)
and 361 (remaining animals) of the dosing phase, and on Day 91 of the recovery phase
for urinalysis (Table 31).

All monkeys were bled from a femoral vein at 1, 2, 4, and 24 h after dosing on Days 1,
182, and 364 for TK using sodium heparin as the anticoagulant. Plasma concentrations
of DU-176 were determined with an LC-MS/MS method.
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At scheduled terminations by the end of dosing or recovery periods, necropsies were
performed on all surviving animals. Terminal body weights and organ weights were
recorded (Table 38). Necropsies were also done on animals of premature death. Bone
marrow smears were prepared from the sternum of each animal at sacrifice (including
moribund, terminal and recovery animals), and stained for cytologic evaluation.
Tissues/organs listed in Table 38 were sampled from all moribund, terminal and
recovery animals, preserved, histologically processed, and microscopically examined.

Table 38. List of tissues/organs for weight (#) and microscopic examination

adrenal (2)# optic nerve (2)

aorta ovary (2) #

bramn # pancreas

cecum pharynx

Cervix pituitary gland *

colon prostate #

duodenum rectum

epididynus (2) salivary gland [mandibular (2)] #
esophagus sciatic nerve

eve (2) semmnal vesicle (2)

femur with bone marrow (articular surface skeletal muscle (thigh)

of the distal end) skin

gallbladder spinal cord (cervical, thoracic and lumbar
heart # spleen#

leum sternum with bone marrow
Jejunum stomach

kidney (2) # testis (2)#

lacrimal gland (2) thymus #

larynx thyroid (2) with parathyroid®
gross lesions tongue

liver# trachea

lung with mamstem bronchi # urmary bladder

lymph node (mesenteric) uterus #

mammary gland (females) vagina
Results

There were 7 premature deaths during the study (Table 39). The cause of death was
unknown for one male and one female at 45 mg/kg/day, and was due to hemorrhage
either as a primary occurrence for one female at 15 mg/kg/day and 2 females at 45
mg/kg/day or secondary to accident trauma for one female at 5 mg/kg/day and one
male at 15 mg/kg/day. Histopathological examination revealed pulmonary or Gl
hemorrhage in some of the prematurely dead animals. One of the moribund females at
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45 mg/kg/day showed prolonged menses and was extremely pale. These findings were
attributable to the anticoagulant properties of DU-176b.

Table 39. Summary of premature deaths

Animal Dose level Dayof  Death Death reason/

number  Sex mg'kg/day death description Comments

I58755  Female 3 178 Morbund  Severe hemorrhage due to dosing- gastric frauma
I58730 Male 15 364 Moribund Severe hemorrthage due to self-mutilation

[38760  Female 15 314 Found dead Pulmonary hemorrhage

I[58767 Female 45 12 Moribund  Amnemia due to extended menses

I58768 Female 45 197  Moribund Unknown

I58744* Male 45 3 Moribund Unknown , Animal had been replaced
I58766* Female 45 10 Moribund  GI hemorrhage, Animal had been replaced

* These were replaced by other monkeys with the same animal numbers, which were treated
with the test article from Days 4 and 11 to Day 367 and Day 374, respectively.

More animals in the 45 mg/kg/day group had various swelling, pale skin, black or red
feces and/or urine, and hypoactivity during dosing phase (Table 40). These findings

were considered secondary occurrences attributed to the anticoagulant-hemorrhage
property of DU-176b.

Table 40. Number of animals with clinical signs

Category Dose Level mg/kg/day: 0 5 15 45
Sign Humber in Group: & 4 4 6
Males
Appearance
Bwollen, Left Periorbital o o o0 2
Swollen, Penis i 0 0 0
Swollen, Right Arm o o 1 1
Swollen, Right Periocrbital o o 1 0
Diacharge-Unknown source
Found in Pan, Red in Color o o 0 1
Excretion
Discolored Feceszs, Black im Coler 0 0 0 1
Discolored Feces, Red in Color o o 0 1
Discolored Urine, Red in Color o o 0 1
Liguid Feces 0o o o0 2
Honformed Feces 2 4 4 4
S5kin & Pelage
Pale S5kin. Entire Bodv o o o0 1

Dose Level mg/kg/day:
Humber in Group:

Appearance
Hunched Posture
Swollen, Left Inguinal Area
Thin
Behavior
Ataxic
Hypocactive
Recumbent
Recumbent, Lateral

Excretion
Discolored Feces,
Discolored Feces,
Discolored Urine,
Liguid Feces
Mucoid Feces
Mucoid Fecea, Red in Color
Honformed Feces

[ N
(=R =0 =]
[l =N=]=]

Black im Color
Bed in Color
RBed in Color

wWoomMmooo
mooNo oo
[l =Rl=N=N =]

Skin & Pelage
Pale Skin,
Pale Skin,

Entire Body
Gums=

There were no DU-176b-related adverse effects on body weight and food consumption.
No visible DU-176b -related ophthalmic lesions were noted. All electrocardiograms were
qualitatively and quantitatively within normal limits. No arrhythmias were found.

In the surviving animals, slightly prolongation of PT and APTT was seen in the 15 and
45 mg/kg/day groups (Table 41) that was attributable to the anticoagulant property of
DU-176b. Slightly lower RBC counts, HGB, and MCHC values (Table 42) were
associated with higher ARET (Table 43) were seen at doses 15 and 45 mg/kg/day.
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These findings of anemia and anemia-related compensative response were secondary
to bleeding due to the anticoagulant property of DU-176b. These changes were not
observed at the end of recovery period.

Table 41. Prothrombin time (PT) and activated partial thromboplastin time (APTT) in
monkeys (modified from the submission)

DU-176h BT 5(Seconds) APTT 5 (S5econdsa)
mg/ kg/day PRED 2% DSHG 179 DSNG 360 EECD 51| PRED 2% DSHG 179 DSHNG 360 ERECO 51
0 Mean 3.9 10.0 13.8 13.5 16.1 i6.1 25.3 24 5
50 0D.26 0.38 0.69 0.07 2.98 2.75 3.26 1.77
2] & & & 2 & B & 2
5 Mean 9.9 10.1 14.5 15.8 17.0 25.8
a S0 0.06 0.15 0.36 1.66 1.42 1.3%3
m 2] 4 4 4 o 4 4 4 o
Elﬁ Mean i0.3 12 .0* 15.6* 1%.7 22 . 4* 30.7*
=0 0.45 1.61 5.21 1.67 2.70 3.81
2] 4 4 4 4 4 4
45 Mean 3.8 12.8* 21.2* 1z.0 17.1 21.0* 30.7* 28.0
=0 0D.25 1.33 1.52 0.9%2 1.66 1.1% 2.23 1.77
2] & & & 2 & B & 2
0 Mean 3.7 9.6 1z2.8 12.2 16.7 16.2 25.6 29.1
S0 0.37 0.37 0.7% 0.21 0.65 0.47 0.35 0.14
H & 6 6 2 6 6 & 2
5 Mean 9.5 2.7 12.9 16.2 17.7 27.0
2 S0 0.35 0.29 0.%0 2.43 2.59 2.86 .
E H 4 3 3 o 4 3 3 o
LE 15 Mean 10.0 10.8* 16.5* 17.8 19.2* 27.4
S0 0.13 0.30 1.01 . 1.83 0.%1 2.38 .
H 4 4 3 o 4 4 3 o
45 Mean 10.1 13.3* 20.6* 12.8 16.6 22 . 5* 30.1=* 27.4
S0 0.16 0.9%3 0.81 . 1.08 2.02 2.15 .
H & 4 1 & 5 4 1

* p=0.05 vs control (0 mg/kg/day). PRED: predose day. DSNG: dosing day. RECO: recovery day.

Table 42. Findings in hematology — anemia in monkeys (modified from the submission)

DU-176b REC 10%/pL ; HGE G/DL | MCHC G/DL
ng/kg/day DRED 29 DSKG 179 DSNG360 RECO 91|PRED 29 DSNG 179 DSNG 360 RECO 91 | PRED 2% DSKNG 179 DSNG 360 RECO 31
_________________________________________________ it b
0 Mean 5.36 5.67 5.89 6.12 | 13.2 14.2 14.3 15.6 |30.9 3z.2 32.3 3z.2
SD 0.25 0.28 0.28 0.02 | 0.%0 0.85 0.62 0.42 | 0.91 0.56 1.01 0.42
N & & 6 2 I 8 6 6 2 I8 g 6
) |
5 Mean 5.36 5.51 5.75 . | 12.9 13.1 13.6 ) ! 30.9 30.3* 31.5
W 5D 0.43 0.45 0.49 . i 0.%2 0.94 1.05 i | 1.25 1.31 0.82
g N 4 4 4 0 |4 4 4 0 Ioa 4 4 0
]
15 Mean 5.64 5.68 5.74 1 13.3 13.4 13.3 | 30.6 30.4*%  30.7
SD 0.71 0.62 0.66 1 1.19 1.07 1.00 ! 1.26 1.40 1.73
N 4 4 4 0 14 4 4 0 |4 4 4 0
] |
45 Mean 5_52 5.12 5_18 5.85 | 13.5 12 3= 12.2* 13.% | 30.8 29.9*  30.1* 327
SD 0._41 0.49 0.41 0.04 | 0.45 0.98 0.69 0.4% | 0.82 0.61 0.65 0.14
N 6 6 6 2 I 8 6 6 2 | 6 & 6 2
________________________________________________ i
0 Mean 5.17 5.33 5.52 5.53 | 12.4 12.9 13.1 13.0 | 24.1 24.2 23.8 23.5
5D 0.38 0.29 0.30 0.30 | 0.8%9 0.76 0.67 0.8B5 | 0.63 0.84 0.69 0.14
H 3 & g 2 I8 6 g 2 | B 6 g 2
1
1
u 5 Mean 5.31 5.53 5.63 . 1 12.7 13.0 12.9 ) | 23.9 23.6 22.8 )
- 5D 0.086 0.34 0.20 . ! 0.48 0.29 0.35 ) | 1.08 0.89 0.92 )
= N 4 3 3 0 Ioa 3 3 0 : 3 3 0
w |
L 15 Mean 5._20 5.20 4 _5ax . 1 12.5 12.4 10.8* . | 24.0 23.8 23.4 .
5D 0.48 0.369 0.31 . | 1.03 0.88 0.80 : | 1.28 1.39 0.31 :
N 4 4 3 0 Lo 4 3 0 |4 4 3 0
1
1
45 Mean 5.35 5.14 439 5.38 1 13.0 12 .6 11.7 13.6 | 24.3 245 23.5 25.2
5D 0.29 0.63 0.61 . ! p.83 1.50 1.23 ) | 0.60 1.01 0.87 )
N 3 5 4 1 6 5 4 1 |6 5 4 1

* p<0.05 vs control (0 mg/ke/day)
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Table 43. Findings in hematology — reticulocyte count (10° /ul), modified from the

submission)
DU-176b Male Female
ng/kg/day PRED 29 DSNG 173 DSNG 360 RBCO91  PRED 29 DSNG179 DSNG 360 RECO 91
0 Mean 86.9 43.7 42.6  52.2 90.5 57.8 66.7  53.2
SD 2228 10.36 9.24 13.22 27.31  16.87 30.57 28.57
N & 5 3 2 3 5 6 2
5 Mean 82.0 65.5 62.2 : 86.3 55.6 72.0
SD 6.52 9.22  11.74 i 15.93 8.11 1830 i
N 4 4 4 0 4 3 3 0
15  Mean 81.3 73.9 73.6 : B6.4 66.9 148.6
SD 17.13 28.08  36.76 i 12.85 31.73 6832 i
N 4 4 4 0 4 4 3 0
45  Mean 70.9 102.9  10B.6* 41.2 82.3 75.6 111.2* 54.9
SD 15.75 89.91  45.35 10.04 23.89  32.17 7.28 :
N & 5 € 2 & 5 4 1

* p=0.05 vs control (0 mg/kg/day)

DU-176b did not produce any remarkable or notable effects in plasma chemistry,
urinalysis, macroscopic observation, and organ weight.

Three monkeys with premature death had abnormal histopathological findings.

One male (158739) of the 15 mg/kg/day group had a deeply ulcerated hemorrhagic skin
lesion over its eye. Contamination of the wound was indicated by large numbers of
neutrophils, present both superficially and deep within the tissue.

One female (158760) at the 15 mg/kg/day dose had large amounts of free blood within
the pulmonary airways. Hemorrhage was diffusely distributed throughout one examined
lobe, filling most of the distal airways, distributed in a more patchy fashion in the other
examined lobe, and scattered with neutrophil infiltration. There was a large necrotic
bronchus within the hemorrhagic lobe densely infiltrated by neutrophils, and neutrophils
were also present in large numbers within the surrounding lung parenchyma.

One female (158755) at the dose 5 mg/kg/day had a large hematoma within the
submucosa of the stomach, with hemorrhage into the surrounding tissue and large
amounts of blood within the lumen of the gastrointestinal tract. The original gastric
lesion was more likely a result of trauma; however, the severe outcome of the episode
was due, at least in part, to the anticoagulant action of the test article.

Hemorrhages in all the 3 monkeys were attributable to the anticoagulative properties of
the test article, but hemorrhage was not reported at sites of femoral venipuncture.

At the end of dosing period, 1/4, 1/4, 0/3, and 2/4 males were testicularly immature
(diagnosed histologically as juvenile) at control, DU-176b 5, 15, and 45 mg/kg/day,
respectively. All males with testes identified as juvenile were approximately 4 years of
age or younger at the time of euthanasia (the age of sexual maturity in cynomolgus
monkeys is approximately 6 years of age). One male at 45 mg/kg/day, a little over 5
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years of age, was diagnosed histologically with immature spermatogenesis. This
immaturity is due to age.

There were no DU-176b-related histological findings in eyes.

After the 14-week recovery period, there were no drug-related findings in any animals
examined.

After oral dosing, DU-176 readily appeared in plasma, with Tmax value range of mostly
1- 4 hours (Figure 11, Table 44). Increases in DU-176 Cmax and AUCO0-24 for both
sexes were under dose-proportional. There was no apparent sex difference in the mean
Cmax and AUCO0-24h values or accumulation after multiple dosing (Table 44).

Figure 11. Plasma Du-176 concentrations following oral dosing to monkeys (modified

from the submission)
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Table 44. Summary of TK parameters following DU-176b oral dosing to monkeys

Day 1 Day 182 Day 364

( 'Imax .llrrn.x Al {"DH- ':-rlmm: .]-Inu'v: AL‘C‘.‘I-J.-I C.mm TIII—'I". AL—C"'-!-I
fngmb) (hr} (ngrhemb)  dngml) (he) (npeheml) (np'ml)  (he)  (ngehoiml)

[Jose Level
(ma'kpdday)  Sex

5 M Mean 412 125 3609 227 250 203 263 2.00 3370
3D 269 D30 1157 58 1.600 a17 &l | .41 961
M 4 - 3 4 4 4 4 i 4
F Mean 440 150 33R0 398 .67 3772 327 200 3237
a0 81 038 260 76 SR 34 43 0 481
b 4 4 3 3 3 3 3 3 3
15 M Mean 701 230 7350 642 2325 7728 922 273 5469
sD g1 1.0n 1972 M6 120 3857 S84 |.50 3076
N 4 4 4 4 4 4 4 4 3
F Mean 625 250 o457 621 200 BATH Ta3 247 9345
S 68 1.00 1170 167 0 44908 274 .15 1662
M 4 4 4 4 4 4 3 3 3
45 M Mean 994 520 14236 1115 283 16622 ] 233 11757
SO 324 TET 8630 1241 133 15214 297 082 2765
| 7 T 7 4 ] 4 & & G
F Mean 1027 286 12428 el 280 14243 843 300 12998
S 364 107 &80T 3 134 4457 130 115 290
N 7 7 7 5 5 5 4 4 E

In conclusion, the NOAEL was 5 mg/kg/day, with mean Cmax and AUCO0-24h values on
Day 364 of 263 ng/mL and 3370 ngeh/mL, respectively, in males, and 327 ng/mL and
3237 ngeh/mL, respectively, in females.

6.2.8 Repeated Dose Toxicity Study in Monkeys Treated Intravenously with DU-
176b for Injection 10 mg for 14 Days

Conducting laboratory and location: Daiichi Sankyo Co., Ltd., Japan 0Q

Study number(s): ANO08-H0083-R01

Date of study initiation: May 20, 2009

Drug/lot/batch number: DU-176b for Injection 10 mg / LOO8SGO1 / 109.63% (amount
of DU-176 vs. labeling)

GLP compliance: Yes

QA statement: Yes

Key Study Findings

There was no premature death during the study. At DU-176 dose of 4 mg/kg/day, 1/3
males had bloody stool; 1/3 males had purpura around the blood sampling site; and
females showed anemia (including decreases in RBC, HGB, and HCT), an increase in
RETIC, and slight higher platelet count and fibrinogen (FIB). These findings were
consistent with hemorrhage and attributable to the anticoagulant property of DU-
176b.The NOAEL was 1 mg/kg/day in this study.
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Systemic DU-176 exposures (Co and AUC,) were generally dose-proportional following
IV injection, with no apparent sex difference or accumulation after multiple dosing. The
mean Cy and AUC,, values on Day 14 at the NOAEL of 1 mg/kg/day were 782 ng/mL
and 1950 ngeh/mL in males, respectively, and 807 ng/mL and 1890 ngeh/mL in females,
respectively.

Methods

Male and female Cynomolgus monkeys (4-6 years old) were injected IV with DU-176b
at 0 (vehicle, saline), 1, or 4 mg/kg/day, QD, for 14 days (n = 3/sex/group). This study
was performed precede a planned clinical bioavailability study with IV infusion of DU-
176b at 30 mg (total dose) for 30 minutes. Dose levels selected in the current study was
based on a preliminary 14-day repeated dose toxicity study in 2 monkeys with IV D11-
4176a (anhydrous edoxaban) at 10 mg/kg/day (Study R20020002). In Study
R20020002, vascular injury at the administration site, subcutaneous hemorrhage,
decreases in RBC, HGB and HCT, increases in mean corpuscular volume (MCV),
platelet count (PLT), reticulocyte count (RETIC), FIB, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and acidophilic
change in hepatocytes were noted in 1 of 2 females at 10 mg/kg/day (with Cs min 52.6
times human exposure at the MRHD of 60 mg). Slight prolongations of PT and/or APTT
occurred in the 2 D11-4176a-treated monkeys. The exposure level in monkeys at 1
mg/kg (AM08-C0011-R01) had been expected to be equivalent to or more than those in
human subjects with an intravenous infusion at 30 mg for 30 min.

Monkeys were checked for morbidity/death and clinical signs (1-2 times daily), occult
blood test of feces (once on Day 1 for 1 male in the 4 mg/kg group), body weight
(weekly), and food consumption (daily). Urine samples were collected on Days -9 and 9
for urinalysis (including color, turbidity, specific gravity, pH, protein, glucose, ketone
bodies, occult blood, urobilinogen, and microscopic sediment examination). Blood
samples were collected from femoral vein on Days -13, -5, 7, and 14 for hematology
(Table 29 plus FIB) and plasma chemistry (Table 30); on Day 1 at 0.083, 0.5, 2, 7, and
24 h post-dose, and on Day 14 prior to dosing, and at 0.083, 0.5, 2, 7, and 24 h post-
dose for TK. Plasma concentrations of DU-176 was determined using an LC-MS/MS
method.

At the end of dosing period, all surviving monkeys were weighed, euthanized, and
necropsied. Weights of brain, pituitary, thyroids (including parathyroids), heart, lung,
liver, spleen, kidneys, pancreas, adrenals, prostate, seminal vesicle, testes,
epididymides, ovaries and uterus were recorded. The brain, pituitary, thyroids (including
parathyroids), heart, lung, liver, spleen, kidneys, pancreas, adrenals, prostate, seminal
vesicle, testes, epididymides, ovaries, uterus, salivary glands (right and left), stomach,
duodenum, jejunum, ileum, cecum, colon, rectum, gallbladder, mesenteric lymph node,
thymus, urinary bladder, skeletal muscle (right rectus femoris), bone (sternum), bone
marrow (sternum), spinal cord (lumbar part), eyes (right and left), lacrimal glands (right
and left), tongue, trachea, esophagus, aorta (thoracic), skin (right thorax), vagina,
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mammary gland (only female), sciatic nerve (right), injection site and skin (left upper
arm) were collected, fixed, histologically processed and examined. It was stated that the
kidney, testis, epididymis, and salivary gland from the left side and the eye and lacrimal
gland from the right side were not examined, but no rational was provided.

Results
No animal died prematurely during the study.

At the DU-176 dose of 4 mg/kg/day, 1/3 males had bloody stool, and 1/3 males had
purpura around the blood sampling site. Histopathological examination revealed cell
infiltration, edema, and hemorrhage in the subcutis of the male showing purpura.
Females at the dose of 4 mg/kg/day showed anemia including decreases in RBC, HGB,
and HCT, and an increase in RETIC (Table 45), and slightly higher platelet count (PLT)
and fibrinogen (FIB) (Table 46). These findings were consistent with hemorrhage and
attributable to the anticoagulation property of DU-176b.

There were no treatment-related changes in other examinations.

Table 45. Changes indicating anemia in monkeys received IV DU-176b

13 =z
T meam 5.70 0 5.3 5.35 | 13.43  12.
.42 0. 67
5.14 | 12.90
4.93 | 12.93
).40 025

5.30 12.67 12.53 12.37 42.53 41.10 4

0.11 0.23 90 0 | D.B6 44 1

S.1l0 43.30 39.43 40

0.36 1.91 2.86 2

EN:TE 41.33  31.03* 32

0.19 3.26 2.85 1

Significant difference from 0 mg/Kg/Day: * D <0.05; b <0.01 by the Dunnett

Table 46. Effects of IV DU-176b on

DU-17 &L
mg/kg/Day Day
Mean
5.D0.
3 _
o Mean
=T 5.0.
M=an
4 =
""""""""" Mean 375.7 375
ll.: Salls
g . Msan %3 [ 21.53 2zz.00 Z22.77| 173.83 Z209.43 197.97
11— 5.D 3z 1.85 1.58 2.27 31.22 35.81 Z28.64
[
4 Mean 87 (22.83 23.20 24.50| 175.60 277.23 252.27
5.D0. 50 3.07 3.68 3.31 22.93 21.66 41.7%
Significant difference from 01 group: * | p <0.05 by the Dunnett test
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Plasma concentrations of DU-176 increased dose-proportionally following 1V injection
(Table 47). There was no apparent sex difference in the mean Cy and AUC,, values or
accumulation after multiple dosing (Table 47). Plasma DU-176 levels in the control
group was less than the lower limit of quantitation for DU-176 (5.00 ng/mL).

Table 47. Plasma DU-176 concentrations and TKs following IV DU-in monkeys
(n=3/group, from the submission)

Dayof Dose Sex Plasma concentration (ng'ml) at: t1a Cy AUC
dosing (mz'kg) pre 0.0833h 05h 2h 7h  24h (h) (ngml) (ngh/ml)
Male Mean - 812 582 262 236 188 396 268 1930
1 5D - 642 472 316 399 326 440 73.5 243
Female Mean - g30 392 40 226 000 143 299 1870
1 5D - 110 0577 102 178 000 00232 142 577
Male hean - 2040 2380 1140 174 166 312 3070 2900
1 sD - 338 243 317 109 101 110 391 2260
Female hean - 3240 2730 1200 106 1B3 637 3330 8790
sD - 1288 13 221 315 713 0380 218 1230
Male Mean 813 749 603 251 245 717 960 782 1930
1 s 0421 542 187 621 377 0327 1125 520 348
Female WMean Ifs.t_’:-l} T69 602 250 3].3 243 358 SUT-: 1890
14 D 170 544 373 380 702 421 386 61.5 243
Male Mean 162 2830 2330 1090 103 175 638 2940 7870
1 sSD 71 240 359 227 349 105 082 2132 1530
Female Mean 233 3100 2700 1410 114 220 705 3190 8510
sD 6.13 208 332 73 312 791 0352 183 1290
-2 Not calculated

In conclusion, the NOAEL was 1 mg/kg/day in this study. The mean Cy and AUC
values on Day 14 at the NOAEL of 1 mg/kg/day were 782 ng/mL and 1950 ng-h/mL in
males, respectively, and 807 ng/mL and 1890 ng-h/mL in females, respectively.

7 Genetic Toxicology

Potential genotoxicity of DU-176b was evaluated in the in vitro assay systems (bacterial
reverse mutation test, chromosomal aberration tests in CHL cells, and polyploidy and
micronucleus tests in human peripheral lymphocytes) and in vivo assay systems (bone
marrow micronucleus tests in rats and monkeys, liver micronucleus test in rats, and
unscheduled DNA synthesis test in rats). These studies were summarized in Table 48
and Table 49, and previously reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007)
under IND 063266 (Appendix I).
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Table 48. Summary of in vitro GLP genotoxicity studies

Study Type of Cells/Strain  ‘Concentration Metabolic Exposure Noteworthy Findings
number Study (ng/mL)  Activation time (recovery) (ng/mL)

S. typhimurium

(TA98.TA100, 731 to 5000

20020251 Reverse TA1535 TA1537 ) +59 - Negative
Mutation  and E. coli ) (ugplate)
(WP2uvr4)
313 to 2500 -59 6h(18h) Negative
Chromosomal Chinese hamster . Tpo.lyplo?dy at _125[] and 2500 with ceII.
20020321 Aberration lung (CHL)cells 313 to 2500 +59 6h(18h)  proliferation ratio .Df 55 & 49%, respectively
19.5 to 156 -59 24h Negative
3 e g 3 tpolyploidy at 625 & 1250 with mitotic index
313101230 S9 3h(19h) reduction of 41 & 48%, respectively
tpolyploidy at 313, 625, and 1250 with mitotic
313 to 1250 +S9 3h(19h) index reduction of 22, 66, & 69%, respectively
_ Human 15702500 -89 22h Negative?
20030641  Felyplody peripheral 313 t0 12507 59 460 1polyploidy at 313, 625, and 1250 with mitotic
lymphocytes ) ) index reduction of 76, 71, & 64%, respectively
313 t0 1250% 59 3h (43 h) tpolyploidy at 313, 625, and 1250 with mitotic
) ) i index reduction of 46, 69, & 83%, respectively
313 to 1250 +59 3h(43h) tpolyploidy at 313, 625, and 1250 with mitotic
index reduction of 6. 68, & 65%, respectively
5 In Vitro Human 185610 1113.6  +S9 3h (0421 h)®
20030528 . @ cleus 1 penﬁheril 18561011136  +§9  3h(28+17h)° Negative
ymphiocytes 464 to 1856 -S9  48h(0+17h)?

a: Confirmatory assay, b: Inifial assay, d: Recovery time + treatment time with cytochalasin B

Table 49. Summary of In Vivo Genotoxicity Studies

Tvpe of Species/ R Dose Sex (No. Dosing duration ~ Noteworthy GLP Study
Study Strain oute  ing/kg/day /group) (Sampling time) Findings Compliance Number
. 0. 500, Single (24 and Neoativ Yes 5
B Rat’SD P® " 1000, 2000 M(5) 48 h after dosing) Tesdhve 20020578
one ;
Cynomolgus o 0.10,30. M) 4 weeks (24 h after o
fuatrow monkey : 100 F(4)" the final dosing) Negative ves 20020606
micronucleus v IV 100 MG) 2d 241 hf
] / / ays (24 h after -
Rat/SD orpo PO 2000 the final dosing) Negative NO 20020063
Liver ] Single (3 or 5 days® i
micronucleus ~ Rat/SD PO 0. 2000 M(5) and 5o0r7 days ) Negative Yes 20030465

Unscheduled . po 0. 500, Single 2htod4hor yooativ Yes 20020498
DNA synthesis 1avSD 10002000 MG 14-16 h after dosing) ~ —
Vehicle: 0.5% Methvlcellulose , M: Male, F: Female.  a: Number of females at 100 mg/kg/day was two.

b: Hepatectomy was done on the day before admmistration of DU-176b.

c: Hepatoectomy was done on the day after administration of DU-176b.

DU-176b was negative in a bacterial reverse mutation test, an in vitro micronucleus test
in human peripheral lymphocytes, bone marrow micronucleus tests in rats using a
single or repeated oral administration or repeated IV administration and in a 4-week
repeated oral toxicity study in monkeys, a hepatocyte micronucleus test and a
unscheduled DNA synthesis test in rats using a single oral administration. However,
DU-176b increased polyploidy in a chromosomal aberration test using CHL cells at
1250 and 2500 pg/ml in the presence of S9 liver fraction, and increased polyploidy in a
follow up study focused solely on numerical chromosomal aberrations using human
peripheral lymphocytes at 2313 pug/ml in the presence or absent of S9 liver fraction. DU-
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176b did not affect the incidence of structural aberrations in the two chromosomal
aberration test systems, and the induction of polyploidy was associated with mild (for
CHL, ~50% cell proliferation ratio) to strong (for human peripheral lymphocytes, mitotic
index reduction up to 83%) toxicity.

8 Carcinogenicity

8.1 DU-176b: 104-Week Oral Gavage Carcinogenicity and Toxicokinetic Study
in Mice

Study no.: ANO7-C0019-R0O1
Study report location:
Conducting laboratory and location:
Date of study initiation: Oct 8, 2007
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: DU-176b, KD302, 98.8%
CAC concurrence: Yes
Deviation from study protocol: No impact to the results

(b) (4)
(b) (4)

Key Study Findings

CD-1 mice were orally gavaged with DU-176b at doses of 0, 50, 150, 500 mg/kg/day,
once daily for up to 104 weeks. There were higher incidences of adrenal cortex
subcapsular cell adenoma in low dose male mice (4/65) and whole body cavity
hemangiosarcoma in medium dose female mice (4/65) when compared to their
respective controls, but none of the tumor incidences showed statistically significant
dose-response relationships. Since higher incidences of these two tumors were not
dose-dependent, not seen in the high dose groups, not seen in both sexes, and the
incidence of whole body cavity hemangiosarcoma (4/65) was within the vender’s
histological background range of 1.67-12% (2), higher incidences of adrenal cortex
subcapsular cell adenoma in low dose male mice and whole body cavity
hemangiosarcoma in medium dose female mice were not considered to be
toxicologically significant. No other tumor types had p-values < 0.05 for dose-response
relationships or pairwise comparisons of treated groups and controls. Executive CAC
concluded that the study was acceptable, and concurred that there were no drug-related
neoplasms in the study.

A significant increase in mortality was noted in the 500-mg/kg/day males and in the 150-
mg/kg/day females. Higher incidences of thin appearance, tremor body, hypoactivity,
and audible or irregular breath were seen in males at 500 mg/kg/day. For both males
and females, higher incidences of pale ears/entire body, red ears and lower body weight
were observed at 500 mg/kg/day. Findings in clinical signs were associated with
moribundity. A marginal increase in ovarian hematocysts occurred in all DU-176b-
treated female groups compared with the control group, which was considered to be the
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cause of 4 female premature deaths at 500-mg/kg/day, and was at least in part
attributed to the pharmacological action of the test article as an anticoagulant agent
(factor Xa inhibitor). NOAELSs for carcinogenicity were 500 mg/kg/day for males and
females with Cmax of 829 and 1707 ng/ml, respectively, and AUCy.,4 of 6003 and
12320 ngehr/ml, respectively, during Week 26. NOAELSs for general toxicity were 150
mg/kg/day for males with Cmax of 634 ng/mL and AUCy.24 of 2036 ngehr/ml, and 50
mg/kg/day for females with Cmax of 308 ng/ml and AUCg.»4 of 1356 ngehr/ml during
Week 26.

Methods

Crl:CD1 (ICR) mice @@ initial age of 6 weeks (body
weights 24.2 - 36.6 g for males and 19.7 - 29.3 g for females), were orally gavaged with
DU-176b at 50, 150, 500 mg/kg/day or vehicle (an aqueous solution of 0.5%
methylcellulose), once daily for up to 104 weeks (n = 65/sex/group for toxicity, and 16-
36/sex/group for toxicokinetics) (Table 50).

Doses for the present study were selected based on an MTD derived from a 13-week
oral gavage study in mice (Study 20050792). In this study (R20050792), mice
(10/sex/group for toxicity and 32/sex/group for toxicokinetics) were dosed with DU-176b
at 60, 200, 600, or 1500 mg/kg/day by oral gavage for 13 weeks. Animals in the 1500
mg/kg/day dose group were terminated early due to excessive mortality (3/10 males &
2/10 females). At this high-dose, red oral or nasal discharge, irregular or labored
respiration, hunched posture, tremors, hypoactivity, hypothermia, squinted eyes,
swollen abdomen, rough hair coat and pale skin were observed. Necropsy and
histopathological examination revealed congestion in the lung, zymogen granule
depletion of the pancreas, lymphocyte depletion in thymus and hyperplasia in the
adrenal cortex. Decreases in body weight, food consumption, erythrocyte count,
lymphocyte count, hemoglobin and hematocrit were observed in the high-dose group
animals. At the dose 600 mg/kg/day, less body weight gain and less food consumption
were observed and persisted throughout the study. Treatment-related effects including
hunched posture, squinted eyes were also observed at 600 mg/kg/day. At 200
mg/kg/day, low incidence of hunched posture was observed. The NOAEL was
established at 60 mg/kg/day. Therefore, the high dose 500 mg/kg/day was selected for
both males and females in the present study, which is 1/3rd of lethal dose. Low- and
mid-doses were set as 50 and 150 mg/kg/day, respectively.
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Table 50. Experimental design/schedule
MNo. of Animals  Dose Level® Dose duration Week of

Group Male Female (mgks/day) (week] Sacrifice/Necropscy
Tomicity Animals Male Female Male Female
1 Confrol(Vehicle) 63 63 1] 104 17 05 103

2 Low 63 65 30 104 102 105 103

3 Md 63 65 130 104 25 105 o5

4 Hish 63 65 500 104 102 105 103
Tomcokimetic Animals

5 Control (Wehicle) 16 16 Q [ | | |

6 Low 36 36 50

7 Mid 36 36 150 N X NA - N/A
3 Hish % 36 500 | | | |

2 Duoses and concentrations of DU-176b were expressed as the amount of anhydrous free base,
DU-176 (conversion factor: DU-176DU-176b = 0.7424).

The study was designed to continue dosing for 104 weeks. However, the study with
female mice was terminated early (Table 50) because of poor survival in mid dose
group (survival in this group by week 96 reached 16 mice). Samples of the dose
formulations were analyzed during Weeks 1, 13, 26, 39, 52, 65, 78, 91 and 104 of
treatment to verify the homogeneity, stability, and/or concentrations of DU-176b in the
dosing solution.

For the mice in the toxicity arm, clinical signs and morbidity/death were inspected
visually during the study at least twice daily. Detailed observations, including palpation,
were performed at least once during the pre-dose phase, before dosing on Day 1 and
weekly thereafter, and on the day of scheduled sacrifice on each animal. Body weight
was recorded prior to treatment, weekly for Weeks 1 through 14 and once every 4
weeks thereafter, and at Week 105 during the dosing phase. Individual food
consumption was measured and recorded weekly for Weeks 1 through 13 and once
every 4 weeks thereafter and for Week 104. Blood samples were collected via cardiac
puncture from all surviving animals at scheduled sacrifice (not fasted) using potassium
EDTA as the anticoagulant. Blood smears were also prepared (if possible) during the
necropsy procedure from animals sacrificed at an unscheduled interval. Blood samples
were determined for hematology parameters including red blood cell (erythrocyte)
count, white blood cell (leukocyte) count, differential blood cell count, and blood smear.

A detailed necropsy was performed on each animal that died prematurely or sacrificed
either prematurely or at the end of scheduled treatment period. The following tissues
(when present) from each animal were preserved in 10% neutral buffered formalin.
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adrenal (2) optic nerve (2)°

aorta ovary (2)

brain pancreas

cecum pititary gland

Cervix prostate

colon rectium

duodenum salivary gland [mandibular (2)]
epididymis (2)° sciatic nerve

esophagus seminal vesicle

eye (2)° skeletal muscle (thigh)

femur with bone marrow — stifle joint skin/subcutis

gallbladder spinal cord (cervical. thoracic, and lumbar)
Hardenian gland (2)* spleen

heart sternum with bone marrow

1leum stomach

jejunum testis (2)°

kidney (2) thymus

lesions thyroid (2 lobes) with parathyrod
liver tongue

lung with large bronchi trachea

Iymph node (mandibular) urmnary bladder

lymph node (mesenteric) uterus

mammary gland (females) vagina

& preserved in modified Davidson's fixative

Preserved tissues listed above from each animal at terminal sacrifice and each animal
that died or sacrificed at an unscheduled time were histologically processed and
microscopically examined. Macroscopic lesions from each animal were also
histologically processed and microscopically examined.

For TK mice, mortality and signs of pain or distress were observed twice daily.
Individual body weights were recorded prior to treatment, before dosing on Day 1 of the
dosing phase, and weekly for Weeks 1-14 and every 4 weeks thereafter. Blood samples
were collected on Day 1 (1, 2, 4, and 24 hours postdose) and during Week 26 (pre-dose
and 1, 2, 4, and 24 hours postdose) using sodium fluoride as the anticoagulant. Plasma
was harvested and analyzed for DU-176 concentrations. TK parameters including
highest concentration (Cmax), time to peak concentration (Tmax), and area under the
concentration-time curve (AUC) were obtained. All TK animals were discarded without
necropsy after their scheduled sacrifice or premature death.

Results

DU-176b concentrations in all dosing solutions were within 92.5 - 109% of the
respective theoretical values and met acceptance criteria (mean value was within £10%
of the theoretical value and individual results were within 5% from the mean of the
replicates). There was no detectable DU-176 in the control samples. All homogeneity
results met acceptance criteria, mean value of each location (top, middle, and bottom)
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was within +3% of the overall mean and individual results were within +1.4% from the
mean of the replicates.

Higher mortality was noted for males at the dose 500 mg/kg/day that was statistically
significant during weeks 52-90. For females at the dose 150 mg/kg/day, higher mortality
was statistically significant during weeks 78-102. In Week 96, the number of surviving
females in the 150 mg/kg/day group reached 16 (25%). At Week 103, the survival for
control, 50 and 500 mg/kg/day females was 35, 32, and 25%, respectively. For the
control, 50, 150, and 500 mg/kg/day males, survival at Week 105 was 42, 35, 38, and
29%, respectively (Table 51, Figure 12). Main findings/possible causes for the 166 male
and 190 female premature deaths are summarized in Table 52. Although there were 2
more accidental/gavage-related deaths in the high dose males than control, the higher
mortality in high dose males cannot be excluded as being due to DU-176b. There were
also 2 more accidental/gavage-related deaths in the mid dose females than control.
Since the higher mortality was in mid dose females and was not dose-related, the
relationship of the higher mortality in mid dose females and DU-176b was not clear.

Table 51. Survival through the study period with initial number of 65/sex/group

Reference ID: 3607764

Week Males (mg/kg/day) Females (mg/kg/day)

Control 50 150 500 Control 50 150 500

2 65 65 65 65 65 65 65 65

4 65 65 65 65 65 65 65 65
13 65 65 64 63 65 65 65 65
20 65 64 63 60 o4 65 63 65
39 62 61 62 58 62 64 60 62
52 61 60 50 53* 59 62 54 59
65 55 54 54 43* 56 56 43 54
78 46 45 47 35* 53 45 35%* 48
82 43 43 44 34 50 39 33*= a5
86 41 37 42 30 42 36 27** 44
90 39 32 41 27* 36 32 22* 39
94 37 28 38 26 32 29 17+* 34
96 35 28 36 26 29 27 16* 31
102 28 23 28 15 23 21 N/A 16
104 28 23 26 15 N/A N/A N/A N/A

* p<0.05 vs control; ** p<0.01 vs control
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Figure 12. Survival over the study period for mice in toxicity arm (from the submission)
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Table 52. Number of premature deaths with main findings/possible causes (modified
from the submission)

T icsues Animml sex: --HMnales — |] - FPemales --

Dose level mgikgiday: Ctls i) 150 B0 | Ctls i 150 ]
Diagnoses Ho. 1n group: 3B 42 40 46 | 42 47 50 51

Death Comment .....Humber examined: 38 42 40 46 | 4z 47 50 51

Undetermined------------------——--——— 3 [ 10 13 | 4 L 7 13

Bocidentsl - u I | 1

Gavage Belated Death ------——--ee——-- 1 - | 1 2 1

Cystiec Liver related Death --———-———- ] |

Ovarian Hematocyst Related Death --- | 4

Hemorrhage Belated Death ~———————————. 1 | 1

Emyloid Related Death . __. 1 & 3 1 7 9 5 7

skin erosionfulcer related death G & 4 g | 2 2 2 4

Penile inflammation related death --— 2 1 3 2 |

Inflammation related death---—--——-—--- 3 3 [ 5 1 2 5 i

Kidney Disease related death --------- 2 [ 2 | 5 2 5 3

Bectal Prolapse= related Death -------- I 1

Uterine Prolapse Related Death --—----- | i 2

Vaginal prolapse related death ----- | 1

Carcinoma related death ------—--———-- 1 i | 1

Harderian gland tumor related death -- |

Liver Tumor Related Death -------——--- 3 1 2 1 | 1

lung tumor related death --—---—-—--—-- 7 3 1 2 | 2 4 1 1

Mammary tumor related death -———-—-——--- | 2 3

Ovarian Tumor Belated Death ----—------ | i

Pituitary Tumor Related Death ———~-—--- | 2 -

Sarcoma Related Death ---——---—-——————- 2 2 i 1 ] 3 1 1

Skin Heopl related death --—-——-—-—-—---- 1 1 ] 1 1

Thymic Tumor related death -———---———-- 1 |

UTterine Polyp Belated Death -—-—-———-—-—--— | 1 1 1

symbal tumor related death--—---——---- 1 ]

Hezma Heopl Belated Death -———————-——— 4 a 4 1 ] 12 13 15 1z

Vasc Heopl Belated Death —--cmemcmemoe e 1 2 1 ] 1 2 1

Higher incidences of thin appearance, body tremor, hypoactivity, and audible or
irregular breath were seen in males at 500 mg/kg/day. For both males and females,
higher incidences of pale ears/entire body and red ears were observed at 500
mg/kg/day (Table 53). These clinical signs were either associated with early deaths or
attributed to bleeding secondary to the pharmacological effect of DU-176b. About 10%
lower mean body weight was observed in males at 500 mg/kg/day, and a lesser extent
of lower body weight was also seen in females at 500 mg/kg/day (Figure 13). Food
consumption of the groups varied during the study period, and was considered not to be
adverse because it was not consistent, not-dose-related, and had no impact on body
weight or on the overall survival for these groups.

Table 53. Findings in clinical signs: Number of positive animals

Category Sex: Hales PFPemales

Sigm Dose Level ng kg day : s} S0 i50 sS00 e} =14 is0 sD0

Huzber in Group: 65 65 65 65 65 65 65 65

Appearance

HBunched 9 B 9 15 1s 22 9 22

Thin [ 2 4 11 15 24 10 12

Tremors Body 3 1 3 7 2 3 2 3
Behavior

Hypoactiwve 4 4 131 14 ig 17 14 19
Bye(s)

Opagque-Byes 1§ 15 20 11 12 16 14 22
Rezpiration

Audible o 2 4 3 1 o 0 i}

Irregqular 7 B 10 15 i5 18 10 12
Skin & Pelage

Pale, Bars 3 5 8 14 6 10 13 17

Pale, Bntire Body 6 & 10 9 14 15 % 17

Red Skin, Bars 1 3 o 3 o i 2 i

Bed Skin, Left Har 1 4 3 2 a o i 9

Bed Skin. Riaht Bar 2 4 [ ] e} 3 4 7
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Figure 13. Mean body weight of each group during study (modified from the submission)

43 |

Male Toxicity Animals

—4%— [ mg'kg/day
—— 50 mg'kg'day
—i— 150 mg'kgiday
—»— 500 mg/kg/day

Body weight (g)

25 1 Female Toxicity Animals

—+—0 mg/kg/day
——50 mg'kg'day

—i— 150 mg/kg/day
—+— 500 mg/kg/day

a0 A

MNote: Interval DSNG 96.6 was recorded for Group 3 animals only

103 4

\fsh'\q\\@@@@@@@@,\b@@@@&m

Dosing period (week)

There were no DU-176b-related effects on hematology. The only macroscopic finding at
necropsy was a trend of more animals with distended gallbladder in treated groups
(1/65, 1/65, 2/65, 3/65 males and 2/65, 4/65, 11/65, and 10/65 females, at control, 50,
150, and 500 mg/kg/day, respectively). This was not associated with histological
changes, and was not of toxicological significance.

There were higher incidences of adrenal cortex subcapsular cell adenoma in low dose
male mice and whole body cavity hemangiosarcoma in medium dose female mice when
compared to their respective controls, but none of the tumor incidences showed
statistically significant dose-response relationships. Since higher incidences of these
two tumors were not dose-dependent, not seen in the high dose groups, not seen in
both sexes, and the incidence of whole body cavity hemangiosarcoma (4/65) was within
the vender’s histological background range of 1.67-12% (2), higher incidences of
adrenal cortex subcapsular cell adenoma in low dose male mice and whole body cavity
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hemangiosarcoma in medium dose female mice were not considered to be
toxicologically significant (Table 54).

A marginal increase in ovarian hematocysts occurred in all DU-176b-treated female
groups compared with the control group (Table 55). Although the higher incidences of
ovarian hematocysts were not statistically significant and not dose-related, it was
considered to be the cause of 4 female premature deaths at 500 mg/kg/day (Table 52).
Other trends in higher incidences of liver and kidney findings at 500 mg/kg/day were not
statistically or toxicologically significant (Table 55).
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Table 54. Number of animals with tumor findings (modified from the submission)

Unscheduled death
1 - *

Animal sex:

Dose level mg/kg/day:

in group:

1.;05@

46

ICtls
I 42

males

50 150

47

S0

500
51

Terminal sacrifice
e 5 - emale

150

Brain
C-! ﬂmtopoxctxc ﬂcoplm!
Spinal Coxd
C-Hematopoietic Neoplazm %
Adrenal, Coxtex
B-Adenoma, Subcapsular Cell
B-Adenoma, Coxtical Cell:=
M-Caxcinoma, Corxtical Cell:
C-Hematopoietic Neoplazm ¥
Adxenal, Medulla
B-Pheochromocytoma
C-Hematopoietic Neoplazm *

Pituitaxy
B-Adenoma
C-Hematopoietic Neoplasm *
Nexve, Sciatic
C-Hematopoietic Neoplazm %
Lo R DR e S S e .. Numbex
C-Hematopoietic Neoplazm ¥
Bzophagus
C-Hematopoietic Beoplan*
Thyzoid
B-C-Cell Adenoma
M-Caxcinoma, C-cell
B-Adenoma, PFolliculax Cell
M-Carcinoma, PFollicular Cell
C-Hematopoietic Neoplazm ¥
Parathyroid
C-Hematopoietic Neoplazm ¥
Hearxt
N-Carcinoma
N-Sarcoma
N-Thymoma
I-Caxcinoma
C-Hematopoietic Neoplazm*

I-Carxcinoma
C-Hema Neopl®

Tongue
C-Hematopoietic Neoplazm*

Muscle, Bi Fem
M-Rhabdomyosaxcoma
C-Vascular Neoplazm*
C-Hematopoietic Neoplasm*

BANEE ) S e L A e M - Numbeyx
B-Adenoma, Hepatocellular
M-Carcinoma, Hepatocellularx
N-Carxcinoma
C-Hematopoietic Neoplazm*
C-Vaszculaxr Neoplaszm x

Gallbladder .................. - Numbey
C-Hematopoietic Neoplazm %

BRLEGR oo aiia o aractoap hd asdiste < ih oja . Numbex
C-Hematopoietic Neoplasm ¥
C-Vascular Neoplasm x

B-Adenoma, Bronchiolax-Alveolax
M-Carcinoma, Bronchioclar-Alveclar
N-Carcinoma
N-Sarcoma
N-Thymoma
C-Hematopoietic Neoplasm *
C-Vascular Neoplasm x
Thymus
M-Malignant Thymoma
N-Carcinoma
C-Hematopoietic Neoplazm ¥
Kidney
B-Adenoma, Tubule Cell
M-Carcinoma, Tubule Cell
N-Saxcoma
C-Hematopoietic Neoplazm *
Urinary Bladder
C-Hematopoietic leopla:a*
Stomach, Gl
I-Carxcinoma
C-Hematopoietic Neoplasm %
Stomach, Nongl
B-Papilloma, Squamousz Cell
C-lenatopoa.etac Neoplazm *
Duodenum .........
B-Adenoma
C-Hematopoietic Neoplasm¥

Ileum
C-Hematopoietic Neoplazm %

examined:

examined:

examined:

examined:

examined:

examined:
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Contqnue Unscheduled death Terminal sacrifice

Animal sex: - Ma le = - I-Pemales-|--Males- |-Pemales
Tissues Dose level mg/kg/day: ctls 50 150 500 ICtls 50 150 500 |ctas S0 150 500 |ctls 50 150 500
Diagnoses No. in gxoup: 38 42 40 46 | 47 S0 51 27 23 25 19 | 23 18 15 14
Colim ¥ osi i e 40 45 42 47 50 50 27 23 25 19 23718 15 14
C-Bmtopoxetxc Neoplazm » [+] ] 0 o 2 o 0 o o 0o 0 0 o o
Cecum 40 44 42 47 49 SO 27 23 25 19 23 18 15 14
C-Hematopoietic Neopl 1 i 0 0 0 0 1 1 0 0o o 0 0 1 0 O
TR o o o050 ne oo sueye 2n 3 o e Number examined: 3741 39 w4 41 46 49 49 27 23 2519 23 18 15 14
C-Hematopoietic Neoplazm s s A | 0 0 19 0 0 o o o 0 o ‘0.0
ReThRE 7 - - 2 e SIS SR T IR SIS E LRI Number examined: 38 41 39 45 42 46 49 SO 27 23 25 19 23 18 15 14
I-Sarcoma ] 0 1 0 ] o 4] o ] 4] 0 0 o 0 o 0
C-Hematopoietic Neoplazm # 1 o o 0 0 1. @ 1 0 o o o o 0 o O
AN, Masanbtamit .....co0c0emcsaens Number examined: 38 41 39 46 40 45 49 48 27 23 24 19 22 18 15 13
N-Sarcoma 0 0 5 0 ] 0 0 0 ] o o 1] o 0 o o
C-Hematopoietic Neoplaszm x 3 6 § 1 6 10 11 6 1 1 20 0 & 3 .0 B
C-Vascular Neoplasm » 0 - 0 0 0 0 o 0 0 0o o 0 0 0 0o 0o
LN, Mandibulax .....ccccveveacens Number examined: 38 40 39 44 41 45 S0 50 25 23 25 19 23 18 15 14
C-Hematopoietic Neoplasm » 2 4 3 o 4 9 s 7 g X 0 3 1 3 0 0
Gl, Mandih Saliv ... .ccweceneenin Number examined: 38 42 40 46 41 47 S0 s1 27 23 25 19 23 18 15 14
C-Hematovoietic Neomlazm # 2 '3 2 0 2 2. 6 S o o ¢ o Z 1 & 8
PARCEORS - & - i SR s e S s Number examined: 38 42 40 46 42 47 S0 31 27 23 25 19 23 18 15 14
B-Adenoma, Izlet Cell 0 0o 0 0 0 0 ] 1 1 [ 0 i1 0 0 O
N-Carcinoma /] o [} 0 0 1 ] 0 ] 1] 0 0o o 0 0 o
C-Hematopoietic Neoplaszm = 2 2 1 1 2 5 S 5 1 i 0 o 0o 0 o o
Nexve, Optic examined: 35 35 35 41 36 42 41 48 24 23 22 15 22 18 15 14

C-Hematopoietic Neoplazm » 1 o 0 0 0 o3 3 0 o o o o o
B P S g e R e Number examined: 38 42 40 46 42 47 50 S1 27 23 24 19 23 18 15 14

0
0

0o o o
o o o

I-Caxcinoma
C-Hematopoietic Neoplazm &

Skin/SubeutEs LG SN SLES Rl Number examined:
B-Papilloma, Sguamousz Cell
B-Kerxatoacanthoma
B-Trichoepithelioma
M-Sarcoma
C-Hematopoietic Neoplazm
C-Vazcular Neoplazm

GL, Barderian’ i o S i Ye S TI Number examined:
B-Adenoma
M-Cavainoma
C-Hematopoietic Neoplazm »

Sexinal VesielE ..< it donaadcdhs Number examined:
C-Hematopoietic Neoplazm #

Pronkabe . ..o s il cmaiiciwe oelnaenin Number examined:
C-Hematopoietic Neoplaszm #

Peshis o iRttt e e Number examined:
B-Intexstitial Cell Tumox
C-Hematopoietic Neoplazm &

Bpididymis ... creeremaseaaaiaanan Number examined:
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B-Granuloza/Theca Cell Tumox
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- L S A L T e S e e S e Number examined:
B-Polyp, Endometrial Strxomal
M-Caxcinoma
B-Schwannoma
M-Leiomyosaxcoma
M-Sarcoma, Bndometrxial Stromal
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C-Hematopoietic Neoplazm
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Table 55. Non-neoplastic findings — number of animals with diagnosis (modified from
the submission)

L

Tizgue= Animal sSex: --HMa l e s -- | - Pema las --
Dosze level mgikg/day : Ctls B) 150 50D ICtls % 150 50D
Diagnoses Humber =xamined: B85 B85 B5 g5 | BE B85 &5 85
Liwer . it i i e e im e [
Vacuolation, Hepatocyte ] a 0 1] ] a a
Degeneration/Necrosis g 5 5 5 | 4 4 4 &
Focus, Cellular Alteration, Basophilic i 1 i 3 i} i 0 i}
Fidmew .. ..._............ !
Cyst ey 24 35 24 3 10 3 3
Dilatation, Pelwis 10 iz 1z B z z z 3
Minermlizgation ] 1 0 3 1 o o 2
1
|

Hematocyst

There was no detectable DU-176 in the plasma samples from control animals. As
shown in Figure 14 and Table 56, the plasma DU-176 concentrations, Cmax, and AUC.
24 INCreased with the increasing dosages, and were generally less than dose
proportional. Exposures to DU-176 were generally similar in females and males on day
1 but slightly higher in females in week 26. Exposures were greatly lower for both males
and females in Week 26 than on Day 1, especially in the low and mid dose groups (only
10-20% of day 1), indicating no accumulation of DU-176 after multiple doses. The
markedly lower Cmax and AUCy.24 in Week 26 may imply higher rate of metabolism or
lower bioavailability following repeated dosing. After oral gavage administration of DU-
176b, DU-176b was readily absorbed, with Tmax values ranging from 1 to 2 hours.
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Figure 14. Plasma DU-176 concentrations following oral dosing (modified from the

submission)
100007 Males ] Females
1000 4
E 1001 ]
(=]
—
= 101 Day 1 ] Day 1
=
(]
R
= =
= 100007
£ Week 26
= Week 26
2 1000 1
=] -e— Dose group 6 (50 mo/kg/day
: == Dose group 7 (150 mg'kg/day)
E ~®= Dose group 8 (500 mg/kg/da
g 1001 group 8 ( g/kg/day)
E | ]
10 1 ]
L
1 ; . ; ; ; . i . . . ; .
0 4 g 12 16 20 24 0 4 g 12 16 20 24
Time after dosing (hours) Time after dosing (hours)
Table 56. TK parameters in mice
Dose  Dose Level Cos  Tow AUCoa Week 26/Day 1
Group (mgkgday) Sex (ngml) (hr) (nghr/ml) Conx AUCs0
Day 1
6 30 M 2633 1.00 1017
F 2768 100 6629
7 150 M 4325 100 11985
F 4558 100 19677
8 500 M 8365 100 33048
F o395 100 17757
Week 26
6 30 M 214 100 B26 010 0.12
F 08 200 1356 0.1 0.20
7 150 M 634 100 2036 0.13 0.17
F 1962 200 5098 0.43 0.26
8 500 M 820 100 6003 0.13 0.18
F 1707 200 12320 0.43 0.69

In conclusion, administration of DU-176b to Crl:CD1 (ICR) mice by oral gavage daily for
up to 104 weeks at doses from 50 to 500 mg/kg/day produced no evidence of
significantly increased neoplasia at any dose level. Mortality was significantly higher in
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males at the 500 mg/kg/day dose and in females at 150 mg/kg/day. Higher incidences
of thin appearance, body tremor, hypoactivity, and audible or irregular breath were seen
in males at 500 mg/kg/day. For both males and females, higher incidences of pale
ears/entire body, red ears and lower body weight were observed at 500 mg/kg/day.
Findings in clinical signs were associated with moribundity. A marginal increase in
ovarian hematocysts occurred in all DU-176b-treated female groups compared with the
control group, which was considered to be the cause of 4 female premature deaths at
500-mg/kg/day, and was at least in part attributed to the pharmacological action of the
test article. NOAELSs for carcinogenicity were 500 mg/kg/day for males and females with
Cmax of 829 and 1707 ng/ml, respectively, and AUC 4 of 6003 and 12320 ngehr/ml,
respectively, during Week 26. NOAELSs for general toxicity were 150 mg/kg/day for
males with Cmax of 634 ng/mL and AUCq4 of 2036 ngehr/ml, and 50 mg/kg/day for
females with Cmax of 308 ng/ml and AUCg.24 of 1356 ngehr/ml during Week 26.

The proposed maximum recommended human daily dose of DU176b is 60 mg. This
dose of 60 mg had a median AUCO0-24ss of 1940 ng+hr/ml (Clinical Study Report
DU176b-A-U151, page 80). Thus, NOAELSs for carcinogenicity in male and female mice
are estimated to be 3 and 6 times, respectively, the maximum recommended human
daily dose of DU-176b based on AUCO0-24 comparisons.

Summary of FDA statistical analysis on survival rate and tumor findings

FDA statistical analysis by Dr. M.A. Rahman concluded that there were statistically
significant dose-response relationships in mortality across the treatment groups in male
mice, and the higher mortality in male mice of high dose group than the relevant
controls was statistically significant (Table 57).

Table 57. Intercurrent mortality rate and comparison (modified from FDA statistical
review)

Male e mg|kg|day se mg|kg|day 150 mg|kg|day 500 mg|kg|day

Mice No. of No. of No. of No. of Test Statistic P_value
Week Death Cum. % Death Cum. % Death Cum. % Death Cum. %
@ - 52 4 6.15 5 7.69 9 13.85 13 20.00 Likelihood
ikeliho
53 - 78 15 29.23 15 30.77 9 27.69 17 46.15 Dose-Response -~ -~ ©.e464
79 - 91 7 49.00 15 53.85 8 48.00 9 60.00 Homogeneity Log-Rank 0.1536
92 - 104 12 58.46 7 64.62 14 61.54 7 70.77
Ter. Sac. 27 41.54 23 35.38 25 38.46 19 29.23
Total  N=65  N=65  nN=65 N=65
Female © meglkg|day 5@ mg|kg|day 150 mg|kg|day 500 mg|kg|day
Mice |No. of No. of No. of No. of
Week Death Cum. % Death Cum. % Death Cum. % Death Cum. %
9 - 52 6 9.23 4 6.15 11 16.92 6 9.23
53 - 78 7 20.00 18 33.85 20 47.69 11 26.15 . .
Likelihood
79 - 91 18 47.69 12 s52.3:1 15 70.77 10 a1.54 Dose-Response ooiio 8.6141
92 - 102 11 64.62 10 67.69 3 75.38 22 75.38 Homogeneity Log_Rank 9.0052
Ter. Sac. 23 35.38 21 32.31 16 24.61 16 24.62
Total N=65 N=65 N=65 N=65
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For tumor data analysis, multiple testing adjustment was applied: For dose-response
relationship tests, «=0.005 for common tumors and «=0.025 for rare tumors for a
submission with two species, and a significance level a=0.01 for common tumors and
o=0.05 for rare tumors for a submission with one species; For multiple pairwise
comparisons of treated group with control, «=0.01 for common tumors and «=0.05 for
rare tumors.

FDA statistical analysis showed higher incidences of adrenal cortex subcapsular cell
adenoma in low dose male mice and whole body cavity hemangiosarcoma in medium
dose female mice when compared to their respective control, but neither of the tumor
incidences showed statistically significant dose-response relationships (Table 58). No
other tumor types had p-values < 0.05 for dose-response relationships or pairwise
comparisons of treated groups and control.

Table 58. Tumor Types with P-Values < 0.05 for Dose-Response Relationship or
Pairwise Comparisons of Treated Groups and Control in Mice (from FDA statistical
review)

Cont Low Med High ... P_Value

Sex Organ Name Tumor Name N=65 N=65 N=65 N=65 DoseResp CvsL CwvsM CuvsH

Male Adrenal, Cortex B-Adenoma, Subcapsular Cell e 4 2 1 9.5368 0.0500% 0.2471 0.4430

Female Body, Whole/Cav M-Hemangiosarcoma %] 4 - 2] 0.8518 ©0.0503 0.0287*

Executive CAC Conclusions (June 10, 2014)

[0 The Committee found that the study was acceptable, noting prior Exec CAC
concurrence with the protocol.

[J The Committee concurred that there were no drugrelated neoplasms in the study.

8.2 DU-176b: 104-Week Oral Gavage Carcinogenicity and Toxicokinetic Study
in Rats

Study no..  AN07-C0020-R01 (Report No. 6630-172)

AN11-H7301-R01
®) @

(b) (4)

Study report location:
Conducting laboratory and location:
Date of study initiation:  Sept 6, 2007
GLP compliance: Yes
QA statement:  Yes
Drug, lot #, and % purity:  DU-176b, MH101U, 99.3%; KD302,
98.8%
CAC concurrence:  Yes
Deviation from study protocol:  No impact to the results

Key Study Findings
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Sprague Dawley rats were orally gavaged with DU-176b at doses of 0, 60, 200, and
600/400 mg/kg/day for males, and 0, 50, 100, and 200 mg/kg/day for females, once
daily for up to 104 week. There was no evidence of increased neoplasia at any dose
level. Mortality was significantly higher in males at the 600/400 mg/kg/day dose, and
marginally higher in females at 200 mg/kg/day. There was a higher incidence and
greater severity of centrilobular hepatocellular degeneration/necrosis in males at
600/400 mg/kg/day, and liver centrilobular hepatocellular degeneration/necrosis may be
the cause for 8 of the 50 unscheduled male deaths in the male 600/400 mg/kg/day
group. There were slightly but statistically lower red cell counts in females at 200
mg/kg/day, higher incidences of red oral and nasal discharge, and red haircoat in males
at DU-176b 600/400 mg/kg/day. Similar clinical signs of less extent were also seen in
females at DU-176b 200 mg/kg/day. The findings in hematology and clinical signs may,
at least in part, be attributed to bleeding, the pharmacological action of the test article as
an anticoagulant (factor Xa inhibitor). NOAELs for carcinogenicity were 600/400
mg/kg/day for males with Cmax of 1055 ng/mL and AUCy.,4 of 15086 ngehr/ml, and 200
mg/kg/day for females with Cmax of 4045 ng/ml and AUC.o4 of 27796 ngehr/ml during
Week 26. NOAELSs for general toxicity were 200 mg/kg/day for males with Cmax of
1395 ng/ml and AUCy.,4 of 13763 ngehr/ml, and 100 mg/kg/day for females with Cmax
of 3223 ng/ml and AUC.p4 of 11782 ngehr/ml during Week 26.

Methods

Crl:CD (SD) rats, initial age of 6 weeks with body weights 136 - 225 g for males and 127
- 185 g for females, were orally gavaged with DU-176b at doses of 0, 60, 200, and
600/400 mg/kg/day for males, and 0, 50, 100, and 200 mg/kg/day for females in an
aqueous solution of 0.5% methylcellulose, once daily for up to 104 weeks (n =
65/sex/group for toxicity group, and 4-12/sex/group for toxicokinetic group) (Table 59).
Doses for the present study were selected based on the results of a 13-week dose
range finding study (Study R20050791) and a 26-week toxicity study (Study
R20050334) in rats. In the 13-week study (R20050791), rats (10/sex/group for toxicity
and 8/sex/group for toxicokinetics) were dosed with DU-176b at 60, 200, 600, or 1500
mg/kg/day by oral gavage. Animals in the 1500 mg/kg/day dose group were terminated
early due to excessive mortality. There was one male death at the 600 mg/kg/day dose
(1/10 males). The cause of death was unclear. Body weight, clinical pathology and
histopathology parameters (limited tissues examined) were not affected at 60, 200 and
600 mg/kg/day dose levels. At 200 and 600 mg/kg/day, alopecia and sores/scabs were
observed in females only, but at a lower incidence as compared to the 1500 mg/kg/day
dose group. NOAEL was 60 mg/kg/day. Thus, 200 and 600 mg/kg/day were selected as
the high dose for female and male rats, respectively. In the 26-week rat toxicity study
with oral DU-176b at 0, 6, 18, and 54 mg/kg/day (Study R20050334), NOAEL was 54
mg/kg/day. Therefore, 50 and 60 mg/kg/day were selected as the low dose for female
and male rats, respectively. The mid dose for male rats, 200 mg/kg/day, was based on
the results of the 13-week study. The mid dose for female rats, 100 mg/kg/day, was
based on the results of the 13-week and 26-week studies.
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Table 59. Study design
MNo. of Animals Dose Level”

Group” Males Females (mg'ks/day)

Toxicity Animals

1 {Control— Females) 65 0 104 105
{Control — Males) 63 29 o)

2 (Low — Females) 63 50 104 105

3 (Low — Males) 63 60 29 a0

4 (Mid — Females) 63 100 104 105

5 (Mid — Males) 63 200 89 a0

6 (High— Females) 63 200 104 105

7 (High — Males)* 63 600/400 &0 88

Toxicokinetic Animals

& (Control) 4 4 0 |

9 (Low —Females) 12 50

10 (Low — Males 12 &0 2

11 (Mid — Femalf].-aj 12 100 A NIA

12 (Mid — Males) 12 200 3

13 (High — Females) 12 200 ™

14 (High — Males) 12 600 |

a Groups 1 and § received confrol article (agueous solution of 0.5% methylcellulose) only.

b Dwoses and concentrations of DU-176b were expressed as the amount of anhydrons free base, DU-
176 (conversion factor: DU-176/DU-176b = 0.7424).

¢ Dose level changed to 400 mg/'ke/day on Dav 302, Week 44,

d Dosing in male high dose group was terminated early due to high mortality, and dosing
duration was shorter than 104 weeks in all males

The carcinogenicity study was designed to continue dosing for 104 weeks. However,
the study with male rats was terminated early (Table 59) because of poor survival in
high dose group (survival in this group by week 80 reached 20 rats). Samples of the
dose formulations for treatment weeks 1, 13, 26, 27, 39, 44, 52, 56, 65, 78, 91, and 104
were analyzed to verify the homogeneity, stability, and/or concentrations of DU-176b in
the dosing solution.

For the toxicity group, rats were inspected visually for clinical signs and morbidity/death
during the study at least twice daily. Detailed observations, including palpation, were
performed at least once during the predose phase, before dosing on Day 1 and weekly
thereafter, and on the day of scheduled sacrifice on each animal. Body weight was
recorded prior to treatment, weekly for Weeks 1 through 14 and once every 4 weeks
thereafter, and at Week 105 during the dosing phase. Individual food consumption was
measured and recorded weekly for Weeks 1 through 13 and once every 4 weeks
thereafter and for Week 104. Blood samples were collected from a jugular vein of all
surviving animals at scheduled sacrifice following overnight fast using potassium EDTA
as the anticoagulant. Blood smears were also prepared (if possible) during the necropsy
procedure from animals sacrificed at an unscheduled interval. Blood samples were
determined for hematology parameters including red blood cell (erythrocyte) count,
white blood cell (leukocyte) count, differential blood cell count, and blood smear.

A detailed necropsy was performed on each animal that died prematurely or sacrificed
either prematurely or at the end of scheduled treatment period. The following tissues
(when present) from each animal were preserved in 10% neutral buffered formalin.
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adrenal (2)

aorta

brain

cecum

Cervix

colon

duodenum

eprdidynus (2)°
esophagus

eye (2)°

femur with bone marrow — stifle joint
(articular surface of the distal end)
Harderian gland (2)°

heart

ileum

Jejunum

kidney (2)

lesions

liver

lung with large bronchi
lymph node (mandibular)
lymph node (mesenteric)
mammary gland (females)

@ preserved in modified Davidson's fixative

Reviewer: Baichun Yang

optic nerve (2)"°

ovary (2)

pancreas

pitmtary gland

prostate

rectum

salivary gland [mandibular (2)]
sciatic nerve

seminal vesicle

skeletal muscle (thigh)
skin/subcutis

spinal cord (cervical. thoracic, and lumbar)
spleen

sternum with bone marrow
stomach

testis (2)°

thymus

thyroid (2 lobes) with parathyroid
tongue

trachea

urninary bladder

uterms

vagma

Preserved tissues listed above from each animal at terminal sacrifice and each animal
that died or sacrificed at an unscheduled time were histologically processed and
microscopically examined. Macroscopic lesions from each animal and suspected target
organs at the high dose group were also histologically processed and microscopically

examined.

For TK rats, mortality and signs of pain or distress were observed twice daily. Individual
body weights were recorded prior to treatment, before dosing on Day 1 of the dosing
phase, and weekly for Weeks 1-14 and every 4 weeks thereafter. Blood samples were
collected on Day 1 (1, 2, 4, and 24 hours postdose) and during Week 26 (predose and
1, 2, 4, and 24 hours postdose) using sodium fluoride as the anticoagulant. Plasma was
harvested and analyzed for DU-176 concentrations. TK parameters including highest
concentration (Cmax), time to peak concentration (Tmax), and area under the
concentration-time curve (AUC) were obtained. All TK animals were discarded without
necropsy after their scheduled sacrifice or premature death.

Results

DU-176b concentrations in all dosing solutions were within 89.8 - 106% of the
respective theoretical values and met acceptance criteria (mean value was within £10%
of the theoretical value and individual results were within = 5% of the mean of the

Reference ID: 3607764
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replicates). There was no detectable DU-176 in the control samples. All homogeneity
results met acceptance criteria, mean value of each location (top, middle, and bottom)
was within £7% of the overall mean and individual results were within £5% from the
mean of the replicates.

A trend in higher mortality was noted for males through Week 88 with significantly
higher mortality in the 600/400 mg/kg/day group when compared to control (p<0.01),
especially during weeks 26 and 39 (9 deaths vs 1 death in control group). In Week 88,
survival of males in 600/400 mg/kg/day group was 25% while in Week 90, the survival
for control, 60 and 200 mg/kg/day males was 29, 45, and 38%, respectively. A marginal
higher mortality was noted in females at the dose 200 mg/kg/day when compared to
controls through Week 105. For the female control, 50, 100 and 200 mg/kg/day groups,
survival in Week 105 was 34, 26, 28, and 25%, respectively (Table 60, Figure 15). Main
findings/possible causes for the 172 male premature deaths and 189 female premature
deaths are summarized in Table 61. Although there were 3 more gavage-related deaths
in the high dose males than control, the higher mortality in high dose males cannot be
excluded as being due to DU-176b. Notably, centrilobular hepatocellular
degeneration/necrosis of the liver was considered to be the main finding or possible
cause for 8 of the 50 male premature deaths at DU-176b 600/400 mg/kg/day.

Table 60. Survival through the study period with initial number of 65/sex/group

Week Males (mg/kg/day) Females (mg/kg/day)

Control 60 200 600/400 | Control 50 100 200

2 65 65 65 65 65 65 65 65
4 65 65 65 63 65 65 65 65
13 65 65 65 61* 65 65 65 65
26 64 63 63 58* 65 65 65 63
39 64 61 60 49** 65 65 65 63
52 58 60 56 41** 63 63 64 58
78 41 40 41 26** 46 46 51 42
80 37 39 36 20** 45 40 49 41
88 24 29 29 16 37 33 35 29
90 19 29 25 N/A 33 29 30 27
104 N/A N/A N/A N/A 23 17 20 17
105 N/A N/A N/A N/A 22 17 18 16

* p<0.05 vs control; ** p<0.01 vs control

93
Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

100

Figure 15. Survival over the study period for rats in toxicity arm (from the submission)

W4 R e0000006

80

70 4 Male Toxicity Animals

60 1 ——Group 1, 0 ma/kg/day
—8—Group 3, 60 mg/kg/day

50 —aA—Group 5, 200 mag/kg/day
—— Group 7, 600/400 mg/kg/day

40 4

70 ——Group 1, 0 mg/kg/day

40

30 1

20 A

Percentage of Animals Surviving
=}
o
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Female Toxicity Animals

—— Group 2, 50 mg/kg/day
—A— Group 4, 100 mg/kg/day
—o6— Group 6, 200 mg/kg/day
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Table 61. Main findings/possible causes for the premature deaths (modified from the

submission)
Animals of unscheduled death
Controls from group(s): 1 Animm] sex: - M ml = = -= | - P emals=z5 -=
T i s = ue s Dosages group: Citls 3 5 T | Cls 2 4 [
Diagneoses Ho. in group: 46 36 40 50 | 44 440 47 449
Death Comment .............. Humber examined: 45 3 40 S50 44 49 4 4
Unremarkable: o [+
Undetermined iz 13
Gavage Related Death 2

Atrial Thrombus

Cardiomyopathy

Inflammation

Liwver Degen=rati on/Hacrosis
Hephropathy, Chronic Progressive
Pyelonephritis

Carcinomsa, Hepatocellular
Carcinoma, Uterus

Acinay Carcinoma, Pancreas
Carcinoma, Adrensl Cortex
Carcinoma, Cervix

Hndocardial Schwannoma
Hemangicosarcoma

Hibernoma

Hiztiocytic Sarcoma

Islet Cell Carcinoma, FPancreas
Fibroma

Follicular Cell Carcinoma

L= i oMy oS a Y COma

Liposarcoma

Malignant Mesothelioma
Malignant Pheochromocytoma
Malignant Astrocytoma
Malignant Schwannoma

Malignsnt Bens] Hesencymal Tumor
HMammary Fibrosadenoms

Mammary Carcinoms
Hephroblastoma

Heurcblastoma, Adrenal MNedulla
Oligodendrogl ioma

Pitunitmry Heoplasm

Schwannoma

Sguamous Cell Papilloma, Hon-Glandular Stomach
Trichoepithelioma
Pheochromocytoms

[

=
OO0 VUHOOOOONUWOOOHHOO NOOHOOO 00 OHG WS KW& e

]
OO0 WOOH MR OO0 0000000 MO OOOO KD MED OO O Wb oW

There were higher incidences of clear and red oral and red nasal discharge, rough
haircoat, red haircoat, audible and labored breath, cold and pale skin in males at DU-
176b 600/400 mg/kg/day. Similar findings of less extent were also seen in females at
DU-176b 200 mg/kg/day (Table 62). The red oral/nasal discharge and red haircoat is
considered, at least in part, to be associated with bleeding, the pharmacological action
of the test article. Other clinical signs were associated with early deaths.
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Table 62. Findings of clinical signs (modified from the submission)

S - Hales=s
Group: 1 3 =] 7
Dose Level: o &0 200 6007400
Category Dose Units: mag/kg/day ng/kag/day my/eag/day my ka/ day
Sign Humber in Group: 65 &5 &85 65
u" H H il
Dizcharge
Clear Oral 3 & 7 11
Hasal, Red in Colox 3 2 12 23
Bed Dral 1 4 4 9
Bxcoretion(=s)
Discolored Peces, Black in Colox a i 0 1
Respiration
Audible 5 3 3 E
Labored 5 g 4 13
Skin & Pelage
Cold To Touch 2 4 1 a8
Fale Q o 0 2
Pale, BEntire Body 2 1 . a9
Red Haircoat, BEntire Head 2 o i 5
Rough Haircoat 48 44 46 61
Sex: Pemale
Group: 1 2 4 &
Dose Lewel: o 50 100 200
Category Dose Units: mg/kg/day mg/kg/day my/ g/ day o/ kg day
Sign Huzmber in Group: 65 65 65 65
" H H H
Discharge
Clear Oral 1 2 1 4
Hazml, Red in Colox 2 3 1 3
Bed Dral o 3 1 5
Bxorsticn(=s)
Discolored Peces, Blue in Colox o] o [+ 1
Skin & Pelage
Cold To Touch 2 1 2 6
FPale, BEntire Body 1 5 4 L7
Bough Haircoat 39 51 36 50

There were no DU-176b-related effects on mean body weight or food consumption.
Statistically significant differences in mean body weight change and mean food
consumption were sporadic, small and not dose related. The only DU-176b-related
finding in hematology at scheduled termination was the moderately lower mean red cell

count in females at 200 mg/kg/day (Table 63). There was no evidence of hematologic
neoplasia.
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Table 63. Hematology at the scheduled termination (modified for the submission)

Group/Sex REC WEC HEUT LYM MOHO BOS BASO LoC
mg/kgiday  10%/pn w0d/pn 10dspn wofspn 10d/un 10dspn 10d/pn 10duL

1F  Mean 7.36 7.49 4.01 2.83 0.47 0.11 0.01  0.06

0 SD  0.508  2.927  2_.375  0.715 0.180 0.045 0.009 0.065
H 21 21 21 21 21 21 21 21

2F  Mean .60 8.25 4.87 2.73 D.46 o.12 0.01  ©0.06

s0 SD  1.41%  3.032  2.783  0.823 0.176 0.079 0.004 0.024
H 16 16 16 16 16 16 16 16

4F  Mean 7.00 8.82 4.80 3.31 .51 0.14 0.02 0.05

100 SD  D.BBE  3.768  3.111  1_752 D.187 0.121 0.012 0.023
H 18 18 18 18 18 18 18 18

EF  Mean 6.05%  5.04 447 2.94 D.45 0.11 D.01  0.06

2gp SD 1.407  2.983  2.701 1.042 D-152 0.062 0.006 0.031
H 16 16 16 16 16 16 16 16

mn =T el 3.40 5. 69 047 0,18  0.01  o.os

H 14 15 1.190 1505 p.143 0.065 0.005 ©.013
19 19 19 13 19 1g

Mo Mean B.1B 0 11.23 2.58 5.81 0.53 0.23 0.01  ©.06

o woas o g3 2.788 1 @ss  g.214  ©.137 0.005 §.027
23 29 29 2% 23 29

SH o Hean o 7.93 3.95 3.98 5.27 0.47 0.18 0.01  0.05

200 5y Lr0e 2eses o5 %7% 1.540 .11  ©0.081 0.006 0.027
25 25 25 25 25

TH He:n 7.98 12 35 5.10 6.27 0.66 0.19 0D.03 0.13

s00/4p00 SO 1-400 £.073 4.060 2. 260 0.333 o.ose _D.013 g paz
H 15 15 15 15 15 15 15 15

& P < or =0.05 vz Control
No DU-176b-related macroscopic changes were observed.
There was no test article-related increase in the incidence of any neoplasm in DU-176b-

treated rats compared with control. No statistically significant increase or decrease was
noted in any common or rare tumors in either sex of this study (Table 64).
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Table 64. Neoplastic findings in animals of both premature death and terminal sacrifice
groups (modified from the submission)

* Animal sex: I e

Dozage group:Ctl= I 3 s 7 | Cels= 4

Ba- <2 i ! W 28 =1 e =
: I 9 25 as | 21 16 18 16
Unremarkable: 26 19 31 37 | 4 22 14 | 8 8 6 6
B-Astrxocytoma 4] 0 o o1 o o [+] 0 0 0 1 o1 0 ] 0 0
B-Oligodendroglioma 1 0 o 0| o 0 0 o o 0 0 0| ] 0 o o
B-Granular Cell Tumor 1 0 o 0| o 0 [ 0 0 0 0 0| 0 0 [ 0
M-Malignant Astxocytoma 2 1 o 2| o 0 1 Q 0 o 0 0| 0 0 0 0
I-Caxcinoma, Pituitaxy 4] 0 o [ 2 | 1 ] [+] 0 o 0 ] 0| [+] ] -] 0
Spdmal - Comd ™. .2 i il STiv aimmeisjate dld s Numbex examined: 45 36 39 S50 | 44 48 47 49 19 29 25 15 | 21 16 18 16
Unxemaxkable: 43 36 39 49 | 44 48 47 49 19 29 25 15 | 21 16 18 16
M-Malignant Aztrocytoma 1 0 o [ o 0 0 0 0 ] ] 0| ] 0 0 0
I-Malignant Astxocytoma 1 0 o 11 o o 0 0 [ 0 0 0| 0 o ] 0
Adrenal, Coxtex ................ Number examined: 45 36 40 SO | 44 49 47 49 19 29 25 as | 21 16 i8 1é
Unremarkable: 1 2 0 10 | o 0 (] 1 o 1 0 0| 0 0 1 0
B-Adenoma 2 0 o 0| L X 2 1 1 0 0 11 3 0 2 =
M-Carcinoma ] 2 ] [ * 0 1 0 1 o o 0| 0 o [ 0
N-Malignant Renal Mesenchymal Tumox ] 0 0 [} o o 1 0 0 0 0 [} ] 0 -] 0
C-Hematopoietic Neoplazm » o 0 ] 0| o 1 o 0 o o 0 o | o 1 -] 0
M-Ganglioneuroma [} 0 o [ | o 1 -] 0 o o o o1 [} o o 0
Adrenal, Medulla . .............. Number examined: 45 36 40 S50 | 44 49 47 49 19 29 25 15 | 21 16 18 16
Unxemaxkable: 38 31 37 49| 39 44 43 47 25 22° 23 13} 18 10 16 13
B-Ganglioneuroma [} 0 ] o\ o 1 1 0 0 0 o 0| o 0 o 0
B-Pheochromocytoma 3 p 2 11 2 o -] 1 3 6 0 o1 1 2 2 1
M-Malignant eochromocytoma [} 3 s] o1 0 o o 0 1 4 0 2| 0 0 -] 0
M-Neuroblaztoma ] 0 ] o1 o 0 1 0 o o 0 o1 ] o o 0
PEERYEREY o oo wiosia sicois-maionm s i s oais Numbex examined: 45 36 40 50 | 44 49 47 49 19 29 25 15 | 21 16 s 16
Unremarkable: 15 15 14 31 | s 3 € 4 1 23 32 6 | 4 s 1 1
B-Adenoma 25 19 20 13| 33 37 38 37 i2 7 8 6 | 17 9 is i3
M-Caxcinoma 0 0 o 01 1 0 o ] 0 0 0 0| o 0 0 0
Thymodd it i sisas e REss v Numbex examined: 45 35 40 49 | 44 49 47 49 19 29 25 as | 21 16 i8 16
Unremarkable: 22 16 17 24 | 14 17 23 18 6 9 9 4| 4 3 1 2
B-Adenoma, Follicular Cell 2 2 ) 2| o 0 [} 1 0 0 0 0| ] 1 0 0
B-C-Cell Adenoma 4 3 3 %1 4 7 = 2 3 4 5 51 4 3 3 2
M-Carcinoma, C-cell /] 2 1 0l ] 1 0 o 1 1 1 Lo 1 1 ] 0
M-Carxcinoma, Folliculaxr Cell 1 o 1 [l } 0 0 0 o 1 1] o 01 0 o 1 - §
IPRERERPIORA . oo o ot =i 870 = 2yl derim Number examined: 39 33 33 41 ] 41 42 44 37 16 26 24 14 | 20 10 17 16
Unxemaxkable 35 31 30 371 40 41 43 35 9 20 14 10 | is 9 i6 16
B-Adenoma 2 1 o 1 o 0 o 1 2 1 1 11 ] o [} 0
o, Numbex examined: 45 36 40 S0 | 44 49 47 49 19 29 25 15 | 21 16 18 16
Unyamaykabla: 10 10 15 14 | 16 28 27 23 0 2 1 > O 3 2 3 €
M-BEndocardial Schwannoma 1 o 0 o1 ] 0 4] 0 o 0 o o1 0 o 4] 0
Muscle, Bi Pem ... ....coccuaveon- Number examined: 45 36 40 S0 ) 44 49 47 49 19 29 25 1S5 | 21 16 18 16
Unxemaxkable: 43 35 40 S0 1 43 47 47 49 19 29 24 15 | 20 15 is 16
M-Dzteczarcoma 1 0 o o\ o 0 ] 0 ] ] ] 0| ] ] o 0
LRVEE .o omvoo/eivisiaie s sie nis/oinsisn e sise Numbex examined: 45 36 40 50 | 44 49 47 49 19 29 25 15 | 21 16 18 16
. Unremarkable: 2 3 1 51 2 0 3 3 o 0 o 0| ] o [ 0
B-Adenoma, Hepatocellulaxr o o 0 0o\ o ] o o 1 1 o o1 3 o 1 ]
M-Carxcinoma, Hepatocellular 1 o 2 11 o 0 o o /] o 1 11 (/] - '] 0
M-Cholangiocaxcinoma /] 0 o [} [+] 0 0 o 0 1 ] ([ (] ] ] 0
C-Hematopoietic Neoplazm * a - 4 1 01 b 1 [ o 0 o /] 0| 0 1 1 o
C-Vasculax Neoplaszm = o 0 ] [} o 0 ° o 0 0 0 [ | [} 0 0 1
R I o g s pmi i o, g Sty e erim Numbexr examined: 45 36 40 50 | 44 49 47 499 19 29 25 a5 | 21 16 is 16
Unremarkable: 1S5 20 22 28 | 4 8 100 7 14 27 22 13 | s 7 ) s - |
I-Carcinoma, Uterus /] o o 01 ] 1 o 0 o o o o1 ] o o 0
C-Hematopoietic Neoplasm * 1 0 o 01 1 1 0 0 o1 o o o1 ) 1 1 0
LAY o oo oimes/e wiaiaia s ol mdioin s ioin ais sie od Number examined: 45 36 40 50 ] 44 49 47 49 19 29 25 a5 | 21 16 18 16
Unremarkable: S 11 S 20| 13 15 19 28 4 7 s 73 4 5 2 5
N-Malignant Renal Mezenchymal Tumox (] o o 0o o 0 1 0 [+] 4] [+ 0| 0 0 0 0
N-Carcinoma, Mammary 0 0 0 01 0 1 o 0 o 1] ] 0| /] ] (] 0
N-Malignant Meszothelioma 0 0 o 01 i 0 o e 0 0 0 0| 0 0 0 0
N-Acinar Carcinoma /] o 0 0| [+] 0 1 o ] ] ] 0| ] ] (] 0
N-Caxcinoma, Adrxenal Coxtex 0 o o 01 o o 1 0 [} V] 0 o1 0 0 (] 0
C-Hematopoietic Neoplazm * 2 1 1 01 1 1 0 0 0 0 0 (] o 1 0 0
TSR o 00 m0rmiim s o ot g m vt Number examined: 45 36 40 50 | 44 49 47 49 19 29 25 15 | 21 16 18 16
Unxemarxkable: 2 o 1 b | ] 0 2 2 0 o 1 o1 ] 0 0 0
B-Lipoma 0 0 o 0| o 0 [} 0 ] 0 0 01 (] 0 1 1
B-Adenoma, Tubule Cell 1 0 o (3} o 0 0 o 0 0 ] [\ ] /] (] 0 0
M-Caxcinoma, Tubule Cell 0 o o 01 0 o 0 0 o o [} 0| [} 1 ] 0
M-Malignant Renal Mezeanchymal Tumox 0 1 o 01l [+] ] 1 0 [ o o o [ [+ o 0
M-Liposaxcoma 0 0 1 01 0 0 o 0 o 4] 1 0| [} 0 o 0
M-Nephroblastoma 0 0 1 0 o 0 0 1 ] 0 0 0| 0 0 0 0
N-Carcinoma, Mammary o o o L ) ] 1 ] 0 ] o ] o1l o o o 0
I-Caxcinoma, Uterxus o o 0 0| 0 1 0 0 [} '] )] 0| [} 0 [} 0
C-Vazculaxr Neoplazm * 0 o o o1l 4] ] o 0 o 1 0 [ [ o 0 1
Uxinaxy Bladdex ................l Numbex examined: 44 35 40 50 | 44 49 47 48 19 29 25 a5 | 21 16 18 16
Unremarkable: 33 29 33 37 | 41 47 47 46 13 23, 2T 12} 21 15 17 1s
C-Vazcular Neoplazm * 4] o o o1 4] 0 0 : 0 4] 0 0| 4] o (4] 0
Stomach, Nongl ................. Numbey examined: 45 36 40 50 | 44 49 47 49 19 29 25 15 | 21 16 18 16
Unxemaxkable: 41 33 39 47 | 42 45 44 49 18 29 24 14 | 21 16 18 16
M-Leiomyozaxcoma 1 o o 3 | 0 ] ] o ] 0 1 0| o 0 o 0
B-Papilloma. Sguamcuz Cell 0 1 o 01 o 0 ] o o o o 0| 0 o o 0
TN Mesenter L el (I AN Siesdn i Numbey examined: 45 36 39 50 | 43 48 47 49 19 29 25 15| 21 16 18 16
Unxemarkable: 13 7 8 17 | 4 4 6 4 1 1 1 0| 3 1 0 2
C-Hematopoietic Necplazm * ] o o o 1 1 (4] ] 0 0 0 0| ) 0 ° 0
PREBOOERE oo v deisie i Sie s sia & Slaleiietaiea Numbex examined: 45 36 40 S50 | 44 49 47 49 19 29 25 15 | 21 16 18 16
Unremarkable: 25 27 25 35| 33 39 41 40 7 8 16 8 | i3 11 12 13
B-Adenoma, Islet Cell 0 1 ] 01 o 1 0 0 1 0 o 11 3 0 o p &
M-Carcinoma, Izlet Cell o 0 ] 1] o 1 0 1 [} 1 0 o | ] 0 1 0
B-Adenoma, Acinar Cell 1 o o 11 0 0 o o /] 2 0 0| 4] o o o
N-Mali t Renal M hymal Tumox 0 0 o 01 [ 1 o o [ 0 0| 0 0 ] 0
N-Malignant Mezothelioma 0 o o 01 1 0 0 0 0 o o 0| 0 o 4] o
C-Vascular Neoplasm* 0 0 o o1 1 0 o o 0 0 0 01 0 0 +] 0
M-Carcinoma. Acinar Cell 0 0 o 01 o 0 1 0 0 0 0 L ] o ] 0

* see Body, Whole for type (continue on nextpage)

98
Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

Continued from previous page
Controls from group(s): 1 Animal sex: e o5 ——
Tissue's Dosage group:Ctls L3
Diagnos=ses Ho. in group: 46 36 40 50 | 44 49 47 49
Bkin/Sobhonfis oo oo o Sanl el Humber examined: 45 38 40 50 | 44 449 47 49 15 | 1g
Unremarkable: 34 27 = b G b 39 421 44 37 11 | i8
B-Lipoma L1} 0 o [ | o o [ 0 a o 1 o | a o o a
B-FPibroma o 0 2 o1 o o o o 1 o 1 LAl a o o o
B-Papilloma, Sguamcus Cell 2 1 (i} o | o i} [i] o o a o 1 | o o (1] o
B-Keratoacanthoms i o 2 o | 4] o i o o o ] @ | o ] i} a
B-Trichoepithelioma 0 0 o 1 i o o L4} 0 a o o o | a o o a
B-Schwannomsa i o 1] o | 2 1 i i o o ] o | o o 0 a
B-Fibroadenoma, Hammary Gland 1] il (] 1 4] D 0 0 (1] a D [ I 1] o 1] o]
H-Halignant Schwannoma 1 1] o o | o 1 a 1] o o 0 [ | o o o a
M-Cazcinoma, Sebacecus Gland o 0 o L L] o o o ] i o o | o o o o
HM-Carcinoma, Sguesmons Cell a a o [ | [+] o a 1] o 1 0 L | o o 1] 1
HM-Schwannoma i 0 o Q| L] o o o a o o @ | a o o o
M-Carcinoma, Basal Cell 1] il (] o | 1] D 0 0 (1] 1 ] 01 1] 1] 1] 1]
HM-Carcinoma, Hammary Gland 0 o o 0| o o o i 1] a ] o | o o o o
M-Cazxcinoma, Baso Sguamous Cell o o (i} o | o o 1] o 1] a D o | 1 o o a
C-Hematopoistic Heoplasm * 1 0 1 o | o o [+] o 1] u v w o ] u u u
C-Vascular Heoplasm x a o X [ | [+] o a 1] o a ] o1 o o 1] o
Testis ......vvccnnenicoasn.. ... Humbexr examined: 45 36 40 50 | is 23 25 15 |
Unremarkable: 28 29 31 43 | 13 20 18 12 |
B-Inter=ztitial Cell Tumor (1] o 1 | o 1 o o |
B-Hesothelioma 10 0 0| o o o ol
Mammary, Pemale _ ... ... ........ Humber examined: I 44 49 47 49 | 21 16 18 16§
Unremarkable: 1 i8 17 19 ‘18 ! 3 2 1 5
B-Fibroma I 0 1 © 0 I g o 1 1
B-Fibroadenoma I 15 15 16 12 I 24 10 & 10
B-Lipoma I o o [+ 1 | a o o o
H-Carcinoma 1 12 .9 i1 a4 I 5 3 & 4
C-Hematopoistic Heoplazm® I a o 1] o I o 1 o o
O¥aZY v venvcnnnnennaneneasnasn. . fumber examined: | 44 483 47 4% I 21 16 18 16
Unzremarkable: I 17 13 19 21 I 2 3 o 0
E-Lipoma 1 o D 1 0 I g o o0 o
M-Mesothelioma I 1 ] o o I a o o o
M-Halignant Teratoma | [+] 0 1 o I o o a o
Oterus ..... ... ciceinnninenin.  Humber examined: I 44 49 47 49 I 21 16 18 16
Unremarkable: I 34 41 37 38 1 13 11 12 8
B-Polyp, Endometrial Stromal I i ] i o I i 2 i 3
H-Carcinoma 1 o 1 o i I o o i o
C-Vazrnlay Heoplasm® I a 0 1] i 1 o i ] o o
CEStNN: - oot s 2 Bt e o b AT 2R Humber examined: I 44 49 47 4% I 21 16 18 16
Unremarkable: I 43 49 45 42 I 21 15 17 16
H-Carcinoma I o o 1 o 1 o o L] 1]
C-Hematopoietic Heoplaszm x I o o 1] 1 I (1] o 1] o
Vagina = ek --..Humber examined: I 43 49 46 49 I 21 16 18 16
Unremarkable: I 42 45 45 44 I 20 16 18 15
B-PFibrxoma I o o o 0 I 1 o L] o
B-Polyp, Stromal I o 2 1] 1] I L] o (1] o
C-Hematopoistic Heoplaszm * I 1] o [ 1 I o o o 1]
TR IR e e A AT A5 Numberx examined: 45 36 39 50 | 44° 49 47 4% 19 29 25 15 | 21 16 18 16
Unremarkable: 45 36 39 50 | 43 49 47 49 13 2% 25 15 | 21 16 1§ 15
C-Hematopoistic Heoplasm® (1] o o o1 o o L] o ] o o [ | o o L+] o
Haryrow, Pemur .. ...._..._........ Humber sxamined: 45 36 39 50 | 44° 49 47 .49 19 29 25 15 | 21 16 18 146
Unremarkable: 8 9 10 14 | 20 26 18 27 1] 2 b 4 | 0 2 2 5
C-Hematopoietic Neoplasm * o o o oI 1 o a o o a o L o 1 L] o
Bone, Sternum ... ...c.oceveaaa.. Humber examined: 45 36§ 38 50 | 44 49 46 49 i3 2% 25 ‘15 | 21 16 18 14
Unremarkable: 45 36 35 50 | 43 49 45 49 19 29 25 15 | 21 16 18 16
1-llposarcoms u u i) LI | u u 1 u o Q o @ 1 o o (] Q
C-Hematopoi=tic Heoplasm * a a o [ | [+] o a 1] o o o o1 L] o o o
Marrow, Sternom ... ... .. o-n Humber sxamined: 45 3§ 39 50 | 44 49 46 4B 19 285 25 15 | 21 16 18 16
Unremarkable: 15 14 15 24 | 21 26 18 27 2 4 o - o 4 2 5
C-Hematopoietic Heoplasm® o 1] o {1 | T o [+] 1] o o o [} 1] 1 o o
Body, Whole/Cawv .. .Humber examined: 45 36 40 50 | 44 49 47 49 19 25 25 15 | 21 16 18 14
Unremarkable: 43 35 38 S50 | 42 48 47 46 id 28 25 15 | 21°15 17 ‘14
B-Hemangioma o 0 o o1 [} o [} i a o o o | o o a 1
HM-Hemangiosarcoma o 0 1 o | i o o - § 1 1 o o | o o 0 i
M-Histiocytic Sarcoma 2 1 1 [+ i i 0 1 o o o o | o 1 a o
M-Lymphoma, Lymphocoytic LI o o 1 o o o o a a o o | a o i o
Adipose Tissue . -Humber saxamined: i o o o | o 2 i o 4] o 1 1] o 1 4] o
Unremarkable: o 0 o oI o o o 0 o o o a i o 1 1] 0
B-Pibroma 1] o o o | a 1 a o [+] a ] o | [+] D 4] 1]
I-Carxcinoma, UTterus 1] o o o ] 1 o Q 1] o o L ] o o 1]
H-Halignant Benal Mesenchymal Tumox 1] 0 o o | [+] o 1 o o a o o | ] o a o
B-Lipoma 0 o o [ | o o L4} 0 [+} o 1 p | o o L] 0
Cawvity, Thoracic . ....:.o-esseee Humber =xsmined: 4 3 o E O | 4 1 2 3 1] o o a | o ] a i
Unremarkable: 1] 0 ] o | 4] o 0 0 [+] a +] a | [+] (+] 1] 0
B-Benign Hesothelioma 1] 0 o o | [+] ] [+] 0 0 a o a | [+ 1] 1] 0
B-Lipoma 1] 1] ] o | o o X 0 0 a o g | o o 4] o
H-Liposarcoma o o o o o o 1 o o o o L o o a o
C-Hematopoietic Hecplasm * 1 o o L | o o 1] o a o o a | o o L] o
B-Hibernoma 0 1 a L [+] o [+] 0 [+] a ] a | [+ ] 1] 0
Cavity, Abdomin . ......-.-s.---- Humber sxsmined: 3 o i {1 I | 1 o 2 2 1] o b o] 2 (] 1] o
Unremarkable: 1] 0 o o 1 [+] o 1 0 0 a o a | [+ 1] 1] 0
H-Halignant Renal Mesenchymal Tumox o o o o o o 1 o o a o LU o o o o
B-Hemangioma o o o oI o o o 1 L] o o g | o o i 0
H-Liposarcoma o o 1 o ] o o o o a o o | o o o o
H-Cholangiocarcinoma o o o [ | o o 4] o [+] 1] o a1 o o 1] o
H-Halignant Mesothelioma o 0 o o1 1 o o 0 0 o o L o o o o

* see Body, Whole for type

DU-176b-related microscopic findings were limited to centrilobular hepatocellular
degeneration/necrosis in the liver. Centrilobular degeneration/necrosis of the liver was
present only in the unscheduled-sacrifice animals (Table 65). None of the scheduled
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terminal animals exhibited this lesion in the liver. The incidence and severity of liver
centrilobular hepatocellular degeneration/necrosis were higher in males with premature
deaths at the DU-176b dose of 600/400 mg/kg/day when compared with other treated or
control groups. The likely cause of death was identified as centrilobular hepatocellular
degeneration/necrosis for 8 of 21 of these animals. An expert report (AN11-H7301-R01)
prepared by Dr. Robert R. Maronpot considered that the observed centrilobular
hepatocellular degeneration/necrosis was secondary to hypoxia/anoxia secondary to in-
life and terminal debility in the affected rats, but no clear evidence was provided. Since
the in-life and terminal debility was similar for rats of premature death in other groups
and there was not any degenerative or necrotic changes in other tissues such as
pancreas and intestinal mucosa that would be susceptible to generalized anoxia or
postmortem autolysis, the higher incidence and greater severity of liver centrilobular
hepatocellular degeneration/necrosis cannot be attributed to hypoxia/anoxia secondary
to in-life and terminal debility, and cannot be excluded as being due to the
administration of high dose of DU-176b in males, where there is clear indication that the
maximum tolerated dose (MTD) was reached or exceeded.

Table 65. Microscopic liver findings in animals with premature death (from the

submission)
Sex Males Females
Dose (mg/kg/day) 0 60 200 | 600/400 0 50 100 200
Number 45 36 40 50 a4 | 49 | a7 49
Examined
Minimal 0 0 1 2 1 0 1 0
Slight 2 0 0 T 1 1 1 0
Moderate 0 3 2 8 1 2 1 2
Marked 0 0 0 4 0 1 1 1
Mumber w/Lesion 2 3 3 21 3 4 4 3
Average Severity | 0.1 0.3 0.2 11 0.1 0.2 0.2 02

There was no detectable DU-176 in the plasma samples from control animals. As
shown in Figure 16 and Table 66, the plasma DU-176 concentrations, Cmax, and
AUC,-24 increased with the DU-176b dose increases, which were generally less than
dose proportional. Exposures to DU-176 were generally higher in females than in
males, were similar on Day 1 and Week 26 for females and lower in Week 26 than on
Day 1 males (especially at high dose), indicating no accumulation of DU-176 after
multiple doses. The markedly lower Cmax and AUCy.24 of high dose males in Week 26
may imply higher rate of metabolism following repeated dosing. After oral gavage
administration of DU-176b, DU-176b was readily absorbed, with Tmax values ranging
from 1 to 2 hours.
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Figure 16. Plasma DU-176 concentrations on dosing day 1 and in week 26 (modified
from the submission)
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Table 66. TK parameters follow oral administration of DU176b

Dose level Cmax Tmax AUCy.04 Week 26/Day 1
Group Sex
mg/kg/day ng/ml Hours | ng.hr/ml | Cmax AUCq 24
Day 1
9 50 F 2210 1 7927
10 60 M 1641 1 9288
11 100 F 2687 1 19839 N/A
12 200 M 1698 2 7335
13 200 F 3330 2 17563
14 600 M 2498 2 21885
Week 26

9 50 F 2505 1 9047 11 1.1
10 60 M 1316 1 8320 0.8 0.9
11 100 F 3223 1 11782 1.2 0.6
12 200 M 1395 2 13763 0.8 1.9
13 200 F 4045 2 27796 1.2 1.6
14 600 M 1055 2 15086 0.4 0.7

In conclusion, when DU-176b was given to SD rats by oral gavage daily for up to 104
weeks at doses from 50 to 600 mg/kg/day, there was no evidence of increased
neoplasia at any dose level. Mortality was significantly higher in males at the dose of

Reference ID: 3607764
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600/400 mg/kg/day, and marginally higher in females at 200 mg/kg/day. There were
higher incidences and greater severity of liver centrilobular hepatocellular
degeneration/necrosis in males at 600/400 mg/kg/day, and centrilobular hepatocellular
degeneration/necrosis may be the cause for 8 of the 50 unscheduled deaths in the
600/400 mg/kg/day males. There were slightly but statistically lower red cell counts in
females at 200 mg/kg/day, higher incidences of red oral and nasal discharge, and red
haircoat in males at DU-176b 600/400 mg/kg/day. Similar clinical signs of less extent
were also seen in females at DU-176b 200 mg/kg/day. The findings in hematology and
clinical signs may, at least in part, be attributed to bleeding, the pharmacological action
of the test article. NOAELSs for carcinogenicity were 600/400 mg/kg/day for males with
Cmax of 1055 ng/mL and AUC.»4 of 15086 ngehr/mL during Week 26, and 200
mg/kg/day for females with Cmax of 4045 ng/mL and AUCg.p4 of 27796 ngehr/mL during
Week 26. NOAELSs for general toxicity were 200 mg/kg/day for males with Cmax of
1395 ng/mL and AUC.»4 of 13763 ngehr/mL, and 100 mg/kg/day for females with Cmax
of 3223 ng/mL and AUCy.24 of 11782 ngehr/mL.

The proposed maximum recommended human daily dose of DU176b is 60 mg. This
dose of 60 mg had a median AUCO0-24,ss of 1940 (Clinical Study Report DU176b-A-
U151, page 80). Thus, NOAELSs for carcinogenicity in male and female rats are
estimated to be 8 and 14 times, respectively, the maximum recommended human daily
dose of DU-176b based on AUC0-24 comparisons.

Summary of FDA statistical analysis on survival rate and tumor findings

FDA statistical analysis by Dr. M.A. Rahman concluded that there were statistically
significant dose-response relationships in mortality across control and treated groups in
male rats, and statistically significant increase of mortality in the male rats at high dose
level compared to their controls (Table 67).
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Table 67. Intercurrent Mortality Rate in Rats and Comparison (modified from FDA
statistical review)

Male 0 mg|kg|day 60 mg|kg|day 200 mg|kg|day 6ee/400 mg|kg|day

Rats No. of No.of No. of No. of Test Statistic P_value
Week Death Cum.% Death Cum.% Death Cum. ¥ Death Cum. %
@ - 52 7 10.77 6 9.23 11  16.92 24 36.92 . .
Dose-Response lee'hhood 0.0016
53 - 78 18 38.46 20 40.00 16 41.54 18 64.62 Ratio
79 - 89 21 70.77 10 55.38 13 61.54 7 76.92 Homogeneity Log-Rank 0.0013
Ter. Sac. 19 29.23 29 44.62 25 38.46 16 23.e8
Total N=65 N=65 N=65 N=65
Female @ mg|kg|day 56 mg|kg|day 100 mg|kg|day 200 mg|kg|day
Rats No. of No.of No. of No.of Test Statistic P Value
Week Death Cum. % Death Cum.% Death Cum. ¥ Death Cum. %
e - 52 3 4,62 2 3.e8 1 1.54 7 10.77
53 - 78 17 30.77 21 35.38 14 23.e8 17 36.92 i i
Dose-Response lee_thOd 0.2658
79 - 91 14 52.31 13 55.38 21 55.38 16 61.54 Ratio
92 - 104 9 66.15 12 73.85 11 72.31 9 75.38 Homogeneity Log-Rank 8.5717
Ter. Sac. 22 33.85 17 26.15 18 27.69 16 24.62
Total N=65 N=65 N=65 N=65

For tumor data analysis, multiple testing adjustment was applied. Briefly, the FDA draft
guidance for the carcinogenicity study design and data analysis (May 2001) suggests
the use of test levels a=0.005 for common tumors and a=0.025 for rare tumors for a
submission with two species, and a significance level a=0.01 for common tumors and
a=0.05 for rare tumors for a submission with one species study in order to keep the
false-positive rate at the nominal level of approximately 10%. For multiple pairwise
comparisons of treated groups with control, the FDA guidance suggested the use of test
levels a=0.01 for common tumors and a=0.05 for rare tumors, in order to keep the false-
positive rate at the nominal level of approximately 10% for both submissions with two or
one species.

For tumor findings, FDA statistical analysis concluded that none of the observed tumors
was considered to have statistically significant dose-response relationships in either
sex. The pairwise comparison also did not show statistically significant increased
incidence in any observed tumor type in any treated group in either sex compared to
their respective controls (Table 68).
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Table 68. Tumor types and statistical analysis (modified from FDA statistical review)

8 mg 68 mg 20@ mg eee/see mg P_Value P _Value P Value P_Value
Male Rats .
Control Low Med High Dose L vs M vs H vs

Organ Name Tumor Name N=65 N=65 N=65 N=65 Resp Com C Com C Com C

Adipose Tissue  B-Lipoma a =] 1 1 8.1271 . 8.5855 ©.3919

Adrenal, Cortex B-Adenoma 2 e a 1 a.6874 8.8791 a.8791 a.5836
M-Carcinoma 1 2 a a @.8565 @.5165 @.5855 8.391%

Adrenal, Medull B-Pheochromocytoma & 7 2 1 @.9754 ©.5098 ©.3666 8.8470
M-Malignant Pheochromocyt 1 4 =] 2 @.3699 e.1944  @.5855 @.3382

Body, Whole/Cav M-Hemangiosarcoma 1 1 1 2 9.6497 ©.2527 ©.2527 ©.3919
M-Histiocytic Sarcoma 2 1 1 a 2.8171 e.5882 @.500a 8.627@

Brain B-Astrocytoma @ e 1 a 2.4518 . 2.5855 .
B-Granular Cell Tumor 1 e a a a.7288 8.5855 8.5855 8.3919
B-Oligodendroglioma 1 e e a 8.7248 e.5a8a 0.5000 8.3867
M-Malignant Astrocytoma 2 1 a 2 @.2657 @.5aaa a.7527 8.5317

Cavity, Abdomin M-Liposarcoma [z} e 1 &} 9.4518 . 8.5855 .

Cavity, Thoraci B-Hibernoma 2] 1 2} 1 9.2299 @.5189 . 8.4088

Heart M-Endocardial Schwannoma 1 e =} 2 9.7289 @.5055 @.5855 ©.391%

Kidneyv B-Adenoma, Tubule Cell 1 e e a @.7246 e.5a8a  @.5000 8.3867
M-Liposarcoma a e 2 a @.3953 . @.2527
M-Malignant Renal Mesench @ 1 2} 8 9.4491 @.51@9 .
M-Nephroblastoma a 2] 1 a 9.4551 . 9.5189 .

Liver B-Adenoma, Hepatocellular 1 1 =} [} 8.7766 ©.2527 ©.5855 ©.3919
M-Carcinoma, Hepatocellul 1 e 3 2 @.8856 ©.5090a ©.3883 8.3424
M-Cholangiocarcinoma 2] 1 2 [} 9.4518 ©.5855 . .

Muscle, Bi Fem M-Osteosarcoma 1 =] 1] @ @.7289 2.5a55 @.5855 @.3919

Pancreas B-Adenoma, Acinar Cell 1 2 =] 1 9.4718 ©.5008 ©.5800 ©.6368
B-Adenoma, Islet Cell 1 1 e 1 2.4220 ©.2527  @.5@55 8.6335
M-Carcinoma, Islet Cell a 1 a 1 @.23e5 @.5a55 . a.4688

Parathyroid B-Adenoma 4 2 1 2 9.5484 B.6718B ©.8195 8.427@

Pituitary B-Adenoma 37 26 28 19 a.7438 8.9718 @.3875 8.8545

Skin/Subcutis B-Fibroadenoma, Mammary G @ e 2] 1 a.17%6 . . a8.4600
B-Fibroma 1 e 3 1 @.2308 ©.5855  @.3166 8.6335
B-Keratoacanthoma 1 e 2 a @.5238 @.5a55 a.5883 a.3919
B-Lipoma @ e 1 a 2.4518 . 2.5855 .
B-Papilloma, Squamous Cel 2 1 =} 1 9.5289 8.58@8@ ©.7527 0.33e7
B-Schwannoma 1 e =] a @.7248 e.caaa a.5eea 8.3867
B-Trichoepithelioma 2] 2] 2 1 8.179%6 . 8.4000
M-Carcinoma, Basal Cell a 1 a a @.4518 ©.5a55
M-Carcinoma. Sebaceous G1 @ 1 =} @ 9.4518  @.5@55
M-Carcinoma, Squamous Cel @ 1 e a 9.4518 ©.5855 . .
M-Malignant Schwannoma 1 e 2] &} 9.7246 ©.5808 ©.500@ ©.3867
M-Schwannoma 1 e a a a.7288 8.5855 8.5855 8.3919

Spinal Cord M-Malignant Astrocytoma 1 2] 2 [} 9.72456 ©.5000 0.5000 ©.3867

Stomach, Nongl  B-Papilloma, Squamous Cel @ 1 =} [} 9.4491 @.51@3 . .
M-Leiomyosarcoma 1 e 1 a @.5498 @.5a55 @.2527 a.3919

Testis B-Interstitial Cell Tumor @ 1 1 2 9.3953 @.5855 0.5855 .
B-Mesothelioma 1 e a a a.7288 8.5855 8.5855 8.3919

Thyroid B-Adenoma, Follicular Cel 2 2 =} 2 9.3428 ©.3166 ©.7527 ©.5179
B-C-Cell Adenoma 7 7 8 9 @.8568 @.42a3 a.5eea @.1352
M-Carcinoma, C-cell 1 3 2 2 @.2642 @.325a a.5883 @.3382
M-Carcinoma, Follicular C 2 e 1 a 8.7728 ©.7527 ©.5880 0.627@

Continue on next page
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Female Rats a mg 5@ mg 188 mg 20@ mg P_Value P _Value P_Value P_Value
Control Low Med High Dose L vs M ws H vs
Organ Name Tumor Name N=65 N=65 N=65 N=65 Resp Com C Com C Com C
Adipose Tissue B-Fibroma a 1 =] a 2.4877 ©.4%94a . .
Adrenal, Cortex E-Adenoma 4 1 4 2 ©.5843 ©.3847 ©.3698 9.5997
M-Carcinoma 1 e 1 a B.6865 @.4878 8.2529 a.4684
M-Ganglioneuroma a 1 2] a B.49987 ©.4878 .
Adrenal, Medull B-Ganglioneuroma a 1 1 a B.47580 B.4878 ©.5859 .
B-Pheochromocytoma 3 2 2 2 2.554% 2.4766 @.5e@e 9.4393
M-Neurcblastoma a e 1 a 8.4938 . 8.5e59 .
Body, Whole/Cav B-Hemangioma a ] 2] 2 B.8517 . . 9.2162
M-Hemangiosarcoma 1 e 5] 2 B.17% ©.4878 ©.500@0 @.4520@
M-Histiocytic Sarcoma 1 2 5] 1 8.5157 2.4815 @.5e88 @.7285
M-Lymphoma, Lymphocytic 2] ] 1 a B.4987 8.5000
Brain M-Malignant Astrocytoma a ] 1 a B.4938 . ©.5859 .
Cavity, Abdomin B-Hemangioma a e e 1 B.2298 . . 2.4584
Cavity, Thoraci B-Lipoma a 2] 1 a B.4938 9.5859
M-Liposarcoma a e 1 a ©.4938 2.5859
Cervix M-Carcinoma a e 1 a e.42a7 o.5ee0 .
Kidnev B-Lipoma a e 1 1 8.1724 . @.5e08 9.4684
M-Carcinoma, Tubule Cell @ 1 2] a B.4987 B.4878 . .
M-Mzlignant Renal Mesench @ e 1 a B.4238 . @.5es3
M-Nephroblastoma a e 5] 1 B.2298 . . 8.4684
Liver B-Adenoma, Hepatocellular 3 -] 1 a B.936@ @.8784 ©.6921 ©.8548
M-Carcinoma, Hepatocellul @ 1 2] a B.4997 ©.4878 .
Mammary, Female B-Fibroadenoma 29 25 24 22 B.7207 @.6583 ©8.7%41 9.6656
B-Fibroma a 1 1 1 B.2683 2.4948 @.5e0e 9.4684
B-Lipoma a e ] 1 8.2298 . . a.4684
M-Carcinoma 17 12 19 18 @.2155 @.753a 2.4479 a.4e17
Owvary B-Lipoma a a8 1 a B.4938 8.5859
M-Mzlignant Teratoma a ] 1 a B.43a7 . .50
M-Mesothelioma 1 e 5] a 8.7391 @.4878 a.5eee a.4684
Pancreas B-Adenoma, Islet Cell 3 1 <] 1 8.8125 @.6B83@ ©.8795 @.6428
M-Carcinoma, Acinar Cell @ e 1 a B.4987 . 8.5808 .
M-Carcinoma, Islet Cell a 1 1 1 B.2683 2.4948 @.5e0e 9.4684
Parathyroid B-Adenoma a e e 1 B.2298 . . 2.4584
Pituitary B-Adenoma 5@ 46 53 5@ 2. 148 @8.7692 8.5628 @.3141
M-Carcinoma 1 e =] a 8.7391 @.4878 a.5ee8 a.4684
Skin/Subcutis B-Keratoacanthoma a e 1 a 2.4938 . 2.5059 .
B-Schwannoma 2 1 1 1 8.6831 @.4726 a.5eee @.4532
M-Carcinoma, Baso Squamou 1 e =] a 8.7391 @.4878 ©.5000 9.4684
M-Carcinoma, Mammary Glan @ e e 1 8.2298 2.4584
M-Carcinoma, Squamous Cel @ e =] 1 B.2298 . 9.4684
M-Malignant Schwannoma a 1 2] a B.4877 B.4948 .
Thyroid B-Adenoma, Follicular Cel @ 1 =] 1 ©.2873 ©.4878 . 9.4684
B-C-Cell Adenoma 8 1a 6 4 B.8956 @.3748 8.6323 2.75%@
M-Carcinoma, C-cell 1 2 5] a B.8312 2.4989 @.5e08 9.4684
M-Carcinoma, Follicular C @ e 1 1 B.1724 . @.5088 9.4684
Uterus B-Polyp, Endometrial Stro 2 2 2 3 8.2921 @.6735 ©.3163 ©.4393
M-Carcinoma a 1 1 1 B.2683 @.4948 2.5e0e 9.4684
Vagina B-Fibroma 1 e 5] a B.7391 @8.4878 2.5e0e 9.4684
B-Polyp, Stromal a 2 =] a @.6852 @.2349

Executive CAC Conclusions (June 10, 2014)

[] The Committee found that the study was acceptable, noting prior Exec CAC
concurrence with the protocol.

[ ] The Committee concurred that there were no drugrelated neoplasms in the study.

8.3 DU-176b: Oral medium-term liver carcinogenesis bioassay in male F344
rats (Study R20030708) and TK evaluation (Study R20040221)
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This GLP study (R20030708) was conducted with DU-176b (lot # CA201; purity 99.8%)
in ®® during July 2003 — March
2004, and previously reviewed by Dr. David B. Joseph of DGIE (Apr 4, 2007) under IND
063266 (Appendix I).

Male F344/DuCrj (SPF) rats, 24/group at 6 weeks of age, were given a single
intraperitoneal injection of 200 mg/kg N-nitrosodiethylamine (DEN) as the initiation step
for hepatocarcinogenesis. On Day 15, the animals were orally gavaged with DU-176b at
0 (vehicle control, 0.5% MC), 5, 10, or 20 mg/kg/day for 6 weeks. On Day 22, the
animals were subjected to two-thirds partial hepatectomy. The positive control group
was given the diet containing 500 ppm sodium phenobarbital (S.PB) ad libitum instead
of DU-176b. Ten male rats per group without DEN initiation (saline was injected instead)
also received oral doses of DU-176b (vehicle or 20 mg/kg/day) for 6 weeks. Rats were
observed for mortality, clinical sign, body weight, and food consumption during the study
period. Blood samples (n = 5/group) were collected 1 h after final DU-176b dose for the
determination of plasma concentration of DU-176 (by an LC-MS/MS method). At the
end of DU-176 treatment, rats were sacrificed. The main organs and tissues in the
thoracic and abdominal cavities were examined macroscopically. Liver was weighed,
and histologically processed. Liver sections were immunohistochemically stained for
glutathione S-transferase placental form (GST-P, as endpoint marker for preneoplastic
lesions), followed by quantitative analysis of preneoplastic GST-P-positive hepatocytic
foci.

There were no DU-176b-related effects on mortality, clinical signs, body weight, food
consumption, macroscopic observation, and liver weights. Quantitative values for
GST-P-positive foci were significantly increased in the S.PB treatment group, in line with
its proven tumor promoter nature in the liver, confirming the successful medium-term
liver carcinogenesis bioassay (Table 69). The numbers and areas of GST-P-positive
foci per liver section in animals exposed to DU-176b after DEN were similar to the
carcinogen control group values. In the non-DEN initiation groups, no GST-P-positive
foci were observed in rats given 20 mg/kg/day DU-176b or the control group (Table 69).
Plasma DU-176 concentrations increased dose-proportionally following repeat oral DU-
176b doses (Table 69).

Table 69. Quantitative data for liver GST-P positive foci and plasma DU-176
concentrations

TREEATMENT T GST=-F POSITIVE FOCI Plasma DU-176
DEN TEST CHEMICAL mg/kg/day Examinad NO. /cm? AREA (mm</cm?)  Concentration® ng/ml
. DU-176b 0 20 4.269+2.133 0.347+0.188 0.00 + 0.00
| DU=-176b 5 20 5.076+2.047 0.359+0.144 413 + 86.0
| DU-176b 10 20 3.6974+2.123 0.325+0.255 B840 + 251
| DU-176b 20 18 4.948+2.354 0.379+0.234 1810+ 328
| S.PB 500 ppm 19 8.872+3.326¥¥ 0. 778+0.325##
DU-176b 0 10 0.000+0.000 0.000+0.000 0.00 + 0.00
DU-176b 20 10 0.000+0.000 0.000+0.000 2000 + 724

#4# : p=0.01vs control. a n=5/group
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In conclusion, DU-176b was not associated with tumor promotion potential in the current
medium-term liver bioassay using male F344 rats, suggesting that DU-176b is not a
liver tumor promotor.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development Studies in Rats, Embryo-Fetal
Development Studies in Rats and Rabbits

Fertility and early embryonic development studies in rats (R20030165 & R20030552),
and embryo-fetal development studies in rats (R20030196 & R20030532) and rabbits
(R20030648 & R20040042) were performed with oral DU-176b, and are summarized in
Table 70. Dr. David B. Joseph of DGIE previously reviewed these studies (April 4, 2007)
under IND063266 (Appendix ).
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Table 70. Fertility and embryo-fetal development studies with DU-176b

Species |NO./sex|Drug, Lot, . . Study
Type of Study ) . Treamtent regimen  |GLP Noteworthy Findings
/Strain | /group | Purity Number
Oral; Vehicle (0.5%
Rat/sD 7 DU-176b, {MC), 100, 300, 600, or No No signs of toxicity were observed at oral R20030165
*
Fertility and JZ101B (1000 mg/kg/day for 1 doses of up to 1000 mg/kg/day
Early week
i Oral; vehicle, 100, 300, No effect on mating or fertility at oral doses of
Embryonic
Develooment DU-176b, [or 1000 mg/kg/day for up to 1000 mg/kg/day.
P Rat/SD | 19-20 | CA201, |2 weeks before mating|Yes [INOAEL = 1000 for general toxicity and R20030552
99.8% |[to copulation (M), and reproduction in parent animals and for the
until G7 (F) development of next generation
Deaths at 1000 mg/kg/day; Vaginal
Oral; vehicle, 100, 330, > ; i
DU-176b, hemorrhage at GOOmg/kg/day Intrauterine R20030196
Rat/SD 7F 121014 600, or 1000 mg/kg/day|No |hemorrhage or dark greenish substance *
for G7to G17 around the placenta in all treatment groups;

No drug-related fetal anomalies.

Dam: Vaginal hemorrhage at 300 mg/kg/day
Fetus: Higher postimplantation loss at 300

k . ic effects.
os mg/kg/day. no teratogenic effects N R20030532
NOAEL: 100 mg/kg/day for general toxicity and
reproduction in dams and for the development

of next generation

DU-176b, |Oral; vehicle, 30, 100,
Rat/SD 20F CA201, |or300mg/kg/day for
99.8% |[G7to G17

=<

Dam: Deaths and abortion at 600 mg/kg/day;
Decreased body weight gain at > 600

DU-176b, | Oral; vehicle, 100, 300, mg/kg/day; Brown contents in the amniotic

Rabbit i . R20030648
e el NZV:// 6F CcA201, |600, or 1000 mg/kg/day|ves |s:act, v:.a\lglna and{jor ut:e.ruslatfllt.dosle levels ; >
Vi 99.8% |for 670 G20 etus: ncre?se postimplantation losses an
Development decreased viable fetuses at all dose levels;

Decreased fetal body weights at > 600
mg/kg/day. No teratogenic effects.

Dam: deaths and abortion, decreased food
consumption, body weight, and defecation,
and increased dark red contents of the uterus

at =200 mg/kg/day.
Fetus: Increased postimplantation loss,
. DU-176b, |Oral; vehicle, 60, 200, decreased live fetuses, decreased fetal
R;bztw/ 26-30F | CA201, |or600 mg/kg/day for [Yes |[weight, andincreased variation in the gall R20040022
99.8% |G7to G20 bladder at > 200 mg/kg/day; Increased 13th full

ribs and 27 presacral vertebrae at 600
mg/kg/day. No teratogenic effects.

NOAEL: 60 for general toxicity and
reproduction in dams and for the development
of next generation.

* Preliminary dose range-finding study

Oral DU-176b at doses up to 1000 mg/kg/day did not affect mating and fertility
parameters in rats. DU-176b was not teratogenic in rats at doses up to 300 mg/kg/day
and in rabbits at doses up to 600 mg/kg/day, but was maternal and embryo-fetal toxic at
mid and/or high doses in both rats and rabbits. In rat embryo-fetal development studies,
dam vaginal hemorrhage and higher post-implantation loss were observed at DU-176b
= 300 mg/kg/day. Both maternal and embryo-fetal NOAELs were 100 mg/kg/day in rats.
In rabbit embryo-fetal development studies, DU-176b at doses = 200 mg/kg/day
resulted in dam deaths and abortion, decreased food consumption and body weight,
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and hemorrhage in uterus, more post-implantation loss, less live fetuses, lower fetal
weight, and increased variation in the gall bladder. Increased 13th full ribs and 27
presacral vertebrae occurred in rabbits at DU-176b 600 mg/kg/day. Both maternal and
embryo-fetal NOAELs were 60 mg/kg/day in rabbits.

Because of maternal and embryo-fetal toxicities were observed at the same dose level,
DU-176b-associated embryo-fetal toxicity in rats and rabbits was considered to be
secondary effects of maternal toxicity, rather than a direct DU-176b effect.

9.2  Study for Effects of DU-176b Administered Orally on Pre- and Postnatal
Development Including Maternal Function in Rats

Conducting laboratory and location: Daiichi Sankyo Co., Ltd., Fukuroi, Japan
Study number(s): AN08-H0090-R01

Date of study initiation: May 11, 2009

Drug, lot/batch number, purity: DU-176b, MH409-U, 100.6%

GLP compliance: Yes

QA statement: Yes

Key Study Findings

There were no DU-176b-related premature deaths during the course of the study.
Vaginal bleeding was noted in 1 dam each on Day 16 or Day 17 of pregnancy in the 10
mg/kg group. F1 females at 30 mg/kg group showed delayed avoidance response in the
learning test. DU-176 systemic exposure (Cmax and AUCO0-24h) in FO dams was
generally dose-proportional with no accumulation. NOAELSs in this study were 30
mg/kg/day for maternal general toxicity, 10 mg/kg/day for maternal reproduction and F1
development.

Methods

As shown in Figure 17, Fo female Crl.CD® (SD) rats were orally gavaged with DU-176b
at 3, 10, 30 mg/kg/day, or vehicle 0.5% MC at 10 ml/kg/day during gestation Day 7 —
lactation Day 20 (n=21-22/group for toxicity, n=4-5/group for TK). DU-176b doses used
here were based on a preliminary pre- and post-natal rat study with DU-176b performed
in the same laboratories (Study AN08-H0065-R01). In study AN0O8-H0065-R01, DU-
176b administrated during gestation Day 7 — lactation Day 20 at 100 or 300 mg/kg/day
resulted in dam deaths or vaginal bleeding. In newborns, there were no significant
differences between the control group and treated groups regarding the number of live
and dead newborns, sex, external anomalies, clinical signs, body weight, motor function
test, physical development, viability, and necropsy findings. NOAEL in study ANO8-
HO0065-R01 was the next dose level, 10 mg/kg/day. Therefore, 30 mg/kg/day was
chosen to be the high dose in the current study. The dosing formulations were
confirmed to have been prepared accurately (101 - 102%) and uniformly (x0.33%).
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Fo females were allowed to litter and rear their offspring to weaning. These females
were observed or examined for clinical signs, body weight, food consumption, gestation
length/delivery, and parturition between mating day 0 and lactation day 21. On lactation
day 21, all Fo generation dams were sacrificed and macroscopically examined for gross
lesions. The number of implantation sites was counted. The uteri of all animals were
collected and preserved in 10 % neutral buffered formalin. All F1 litters were examined
at ~ 24 hours after birth and then daily thereatfter; clinical conditions, litter size, survival,
sex ratio, and body weight were assessed. On day 4 of age, 4 males and 4 females per
dam in toxicity groups were selected. At day 21 of age, 1 male and 1 female per dam in
toxicity groups were selected. The selected F1 rats were continued on evaluations listed
in Table 71. Culled F1 rats at weaning were necropsied and macroscopically examined.

Table 71. Observations on selected F1 generation

Observation | Examination Time
Clinical signs and viabilities From 4 days old to the day of necropsy
Offspring that were
culled at weaning
Offspring that were used |Days 0, 4, 7, 10, 14, 18, 21, 28, 35, 42, 49, 56, 63 and 70 after

Days 0, 4, 7, 10, 14, 18 and 21 after birth

Body weight for fertility test (male) birth
Offspring that were used [Days 0, 4, 7, 10, 14, 18, 21, 28, 35, 42, 49, 56, 63 and 70 after
for fertility test (female) |birth and Days 0, 7 and 14 of pregnancy
Food consumption Days 28, 35, 42, 49, 56, 63 and 70 after birth
Motor Function test - Righting reflex Day 7 after birth
Pinna unfolding Day 5 after birth
Physical Incisor erfJ ption Day 14 after b?rth
Eye opening Day 17 after birth

development

Vaginal opening (female) |Day 35 after birth

Balanopreputial separation (male) on Day 49 after birth

Sensory Pupillary reflex |Day 22 after birth

function test |Corneal reflex and Preyer’s reflex on Day 35 after birth

Open field test (total moving time, latent time at the center; number of crossed
sections, number of occurrences of rearing, defecation and urination) at 28 days old
Learning test |Shuttle box test (avoidance response) on Day 35 to 38 after birth

Motility test

At 10-11 weeks of age, the selected F1 rats from the same treatment groups were
paired on a one-to-one basis for a period of up to 2 weeks. Sibling mating was avoided.
Once mating occurred, the males and females were separated. The day on which
evidence of mating was found was designated gestation Day 0. F1 adult females were
sacrificed on day 14 of mating. C-section and gross necropsy were then performed. The
numbers of corpora lutea, implantations, and live and dead embryos were counted.
When implantation sites were macroscopically absent in the uterus, an implantation site
test utilizing a modified Salewski's method was performed to determine the presence or
absence of implantations. Females that failed to mate were necropsied on day 14 after
the last day of pairing. Selected F1 males were killed and necropsied soon after the
necropsy of females with copulation in the fertility test.
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Fo dams in TK groups were observed for clinical signs, body weight, and delivery. Blood
samples were collected from jugular vein 1, 2, 4 and 24 h after the first dose, and prior
to dosing and 1, 2, 4, 24 h after dosing on Day 20 after delivery (the final day of dosing).
Plasma DU-176 concentrations were measured using liquid chromatography/mass
spectrometry/mass spectrometry (LC/MS/MS)

Figure 17. Study scheme
Day Tof Day 2ot
Day O gestation Lactation g
Fy Females I | Fg necropsy

Fy Female treatment period
l - | ; selection of b
TK =ampling TK =ampling
generat ion

F; Males
F) necropsy
on Dy 14
of gestation

[ Miating Development test
. F; Females
Results

For Fo females, one dam in the 3 mg/kg group was sacrificed on Day 18 of pregnancy
following mistaken double dosing on Day 17 of pregnancy. Vaginal bleeding was noted
in 1 dam each on Day 16 or Day 17 of pregnancy in the 30 mg/kg group. There were no
DU-176b-related effects on body weight, food consumption, gestation length, parturition,
gestation index, the number of implantation sites, the litter size, and gross pathology in
Fo females.

In the offspring, lower avoidance response rate compared to the control group was
noted in the 30 mg/kg group F1 females in 4 of the 5 trial sets on day 35 of age, but
disappeared at 38 days old; this finding was not seen in male offsprings (Table 72).
There were no DU-176b-related effects on the numbers of live and dead newborns, sex
ratio, external anomalies, clinical signs, body weight, food consumption, motor function
test, physical development, sensory function test, motility test, sexual maturation,
mating performance, fertility, reproductive capacity, and macroscopic pathology of F1
and F2 generation offspring.
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Table 72. Learning test: avoidance response rate (%, n=21/group)

Shuttls box test at 35 days old Shuttls box test at 38 days old
or-17¢e --———
mg/ kg Day 1=t Znd 3rd 4th 5th 1=t Znd 3rd 4th 5th
Controcl Mean 15.71 42,14 58.57 €%.52 74.05 [ e7.e2 79.52 B84.29 B86.43 gg9.29

1l 5.0, 17.84 34.04 30.50 27.15 26.15 | 31.73 30.33 28.74 24.60 17.77

Mean 12.38 34.29 53.10 59.52 g5.4B ©l.43 75.24 85.48 B86.90 B5.95

i} 3 5.0, 13.84 28.52 34.55 34.1 2B.8 33.32 27.45 18.%0 17.%2 13.57
-

..".:. Mzan 15.%5 37.38 53.57 &5.7 0.24 6d.2% 77.8c B83.57 B86.&7 B2.38

10 5.0, 17.7% 27.28 33.17 30.34 31.20 | 31.04 31.25 30.17 22.77 24 .27

Mzan 9,52 34.29 54,52 g4.52 T0.71 | e0.48 6.19 79.05 B2.14 To.67T

30 5.D. B.20 Z22.43 31.97 33.6 33.14 | 35.25 33.98 30.e4 2%.65 31.79

" Control Mean 12.86 36.43 €6.67 80.00 £1.43 | 74.05 84.05 90.43 88.57 90.95

a 5.0, 10.5 29.37 26.38 1%.81 20.62 30.52 28.13 21.44 Z1.86 14.63

Mean 19.52 45.71 &2.86 71.87 ©9.52 74.76 85.24 %0.24 ©51.1%9 B9.29

w3 5.0, 17.46 34.43 36.2Z1 35.37 34.67 32.46 27.36 1le&.82 15.48 20.57
L

] Mean 21.1% 45,24 2.14  75.24 75.71 70.00 84.76 B89.76 90.95 91.43

Fri 1d 5.0, 1B.57 34.77 33.11 27.45 27.4% 30.86 22.84 19.27 1g.02 15.50

Mean 5.48*% 19,05 38.81% 47.14%* 55,24% | 57.38 &5.48 74.52 78.57 B0.595

30 5.D. 7.05 21.37 35.56 35.02 35.30 29,90 34.82 33.83 26.37 20.65

Following oral gavage with DU-176b, plasma DU-176 concentrations in FO dams
increased in a dose-related manner. DU-176 systemic exposure (Cmax and AUCO0-24h)
in FO dams was generally dose-proportional. There were no marked differences in any
TK parameters after repeated administration, indicating no accumulation (Table 73).

Table 73. Summary of TK data in FO dams (from the submission)

Day of Dipse Plasma concenimabdon (mzml) at: | - Come  AUC: 34
adminismation  (mgkg) Pre lh 1h 4h 24h (k) (ogml) (oEh/mLl)
Mean (n=2) - 181 771 67.2 0.823 1.0 181 1040
B 5D (n=4) - 30.5 20.1 16.5 0.960 .00 30.5 131
A Mean (p=5) - EEL 331 128 444 1.0 EEL 2700
First day 1o 5D (p=3) - 180 129 51.7 3.70 0000 190 210
30 Maan (n=4) - 2490 115 175 155 1.0 2489 7360
5D (o=4) - 1140 211 155 46.02 0.000 1140 4180
. Maan (n=4) 0.3a0 315 B14 441 0.343 1.0 215 327
- 5D (=4 0.720 55.3 19.8 18.5 0.713 10,000 55.3 103
. ) Mean (n=3) 0.934 &17 257 76.8 1.72 1.0 817 2060
Finalday 1o 5D (p=3) 1.53 173 B4.1 35.1 1.32 0,000 271 75l
30 Mean (n=2) 344 080 751 135 7.34 1.0 2080 5870
5D (n=4) 131 Ge0 251 807 ER 00040 §an 1740

Based on the above results, the no observed adverse-effect levels (NOAELS) were 10
mg/kg/day for general toxicity in dams, and 10 mg/kg/day for reproduction in dams and
development of the next generation.
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9.3 Repeated Dose Toxicity Study in Juvenile Rats Treated Orally with DU-176b
for 7 Weeks (Study AN11-C0003-R01)

This GLP study (AN11-C0003-R01) in Crl:CD(SD) juvenile rats was conducted with DU-
176b (Lot # MH409-U, purity 100.6%) @@ during June 2011 — Jan, 2012 to
investigate the toxic effects of DU-176b on organ development after the completion of
dosing period and when animals reached maturity. This study was previously reviewed
by Dr. Patricia P Harlow (06/03/2013) under IND 077254 (Appendix Il1).

Crl:CD(SD) rats (16 rats/sex/group in main study, 48/ rats/sex/group in satellite study)
were orally gavaged with vehicle 0.5% MC, or DU-176b at doses 2, 6, or 20 mg/kg/day
for 7 weeks from postnatal day (PND) 4 to PND 49. Doses selected in the current study
were based on a previous dose-ranging study in juvenile rats (Study AN10-C0079-R01)
with oral DU-176b doses at 0, 2, 6, or 20 mg/kg/day for 3 weeks from PND 4 to PND 21.
No test article-related toxic changes in clinical signs, body weight, or necropsy
observations were noted in the dose-ranging study (Study AN10-C0079-R01). The
exposure levels on PND 4 to PND 14 were reported to be sufficiently high when
compared with adult rats (Study R 20020612) or healthy adult men who were treated at
60 mg of DU-176b (DU176-E-PRT001). Therefore, the high dose level in the current
study was set at 20 mg/kg/day, and the middle and low dose levels were set at 6 and 2
mg/kg/day, respectively, in a common ratio of approximately 3.

Animals were observed or examined for mortality, clinical signs, body weight, food
consumption, functional and physical development, morphological differentiation of
external genitalia, hematology, and plasma chemistry at specific time points during the
study. Rats in main study were sacrificed on PND 50 (10 rats/sex/group) and PND 91 (6
rats/sex/group) for necropsy (macroscopic examination and measurement of bone
length), organ weight, and histological examination. Rats of the satellite groups were
subjected to blood sampling on PND 4 at 1, 2, 4, and 24 hours post-dose, and on PNDs
14, 21, and 49 at pre-dose, 1, 2, 4, and 24 hours post-dose (3 rats/sex/group/sampling
point). Plasma concentrations of DU-176 were determined using LC/MS/MS.

No animal died during the study period. There were no test article-related changes in
clinical signs, functional and physical development, morphological differentiation of
external genitalia, hematology, blood chemistry, necropsy findings, bone length, organ
weight, or histopathology (particularly in the eyes and the skin). However, extensive
behavioral assessments for acoustic startle, locomotor activity, learning and memory
were not conducted, and the fertility, mating ability and reproductive performance were
not specifically evaluated.

Body weights at the dose 20 mg/kg/day were lower or trended to be lower when
compared with controls, and were statistically significant in males at PND 17 and in
females during PND 10 -28 (Table 74). The lower body weight in females during PND
10-28 was associated with significantly lower food consumption on PND 21 - 22 when
compared with the control group (7.6+ 1.0, 7.1+ 1.1, 6.0+ 1.3**, 6.1+ 1.1** g/day,
respectively for control, 2, 6, and 20 mg/kg/day, **p<0.01 vs control). Although the
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differences in body weight between control and treated rats were moderate (<9%) and
transient (Figure 18), it may be drug-related and cannot be ignored.

Table 74. Findings in body weight (g) following oral DU-176b doses
Sex PND Control 2 mg/kg/day 6 mg/kg/day 20 mg/kg/day
Mean SD Mean SD Mean SD Mean SD
4 11.00 0.92 10.84 1.11 11.35 1.22 11.44 1.18
7 17.62 1.47 17.04 1.93 18.37 1.94 17.91 1.68
10 25.22 2.14 24.03 2.51 26.04 2.56 24.28 2.26
Males 14 35.76 3.26 34.16 2.74 36.63 2.65 34.06 3.27
17 43.12 3.86 41.52 2.78 43.14 2.66 40.26* 3.80
21 59.53 4.80 58.68 3.50 61.18 3.47 58.95 5.11
24 77.19 6.22 76.50 4.19 77.83 4.19 76.21 6.18
28 107.09 8.02 106.62 5.63 106.98 6.46 107.08 9.58
4 11.08 0.75 10.66 0.84 10.33 1.01 10.81 0.88
7 17.58 1.44 16.76 1.32 17.26 1.68 17.01 1.39
10 25.04 2.52 24.05 1.72 24.63 2.07 23.21* 1.84
Females 14 35.13 3.90 34.14 2.06 34.64 2.12 32.35%* 2.84
17 42.33 4.46 40.90 2.68 41.36 2.58 38.24%** 3.25
21 58.63 4.39 57.41 3.32 57.44 3.53 54.84%* 4.32
24 74.63 473 72.43 4.26 71.66 3.79 69.05** 5.51
28 99.37 5.46 97.94 5.83 96.82 5.11 94.33* 6.27

* p< 0.05 vs control; ** p<0.01 vs control. n=16/sex/group.

Figure 18. Rat body weights (mean) during the study period
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Following oral doses, DU-176 Cmax and AUC.,4n Values increased dose-proportionally
with the dose ranging from 2 to 20 mg/kg/day, and were much lower in PND 21 and 49
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than in PND 4 and 14. This may imply increased metabolite rate with maturation. There
were no apparent sex differences in the toxicokinetic parameters (Table 75).

Table 75. DU-176 TK parameters in juvenile rats (from the submission)

Days after  Dose Sex Plasma concentration (ng/ml) Tox GCoax AUCha
bath  (mgzkg/day) Pre l1h 2h 4h 24h  (h) (n='ml)(ngh/ml)
Male Mean (n=3) - 257 531 472 701 20 531 6950
" SD (n=3) - 341 173 130 259 - - -
o Mean (n=3) - 378 404 378 524 20 404 5670
Femle "op@=3) - 15 865 681 718 - - 5
Male Mean (n=3) - 1500 1150 973 123 1.0 1500 15200
4 6 SD (n=3) - 80.0 140 99.6 169 - - -
Feiiila Mean (n=3) - 1290 999 1040 141 1.0 1250 15600
SD (n=3) - 529 61.5 68.1 215 - - -
Male Mean (n=3) - 4840 4350 4270 433 1.0 4840 62700
20 SD (n=3) - 474 390 498 113 - - -
B Piiade Mean (n=3) - 5380 4960 4270 375 1.0 5380 63500
SD (n=3) - 401 311 161 86.9 - - -
Male Mean (n=3) 983 437 524 413 155 20 5950
5 SDn=3) 384 260 78.8 227 422 - - -
& Prsicks Mean (n=3) 11.9 422 417 271 794 10 422 4110
SDn=3) 487 285 3635 896 0.836 - - -
Male Mean(n=3) 339 1650 1240 852 237 10 1650 13100
14 6 SD(n=3) 11.1 130 85.0 219 3.56 - - -
Female Mean(n=3) 266 1650 1170 847 272 10 16350 13000
SD(n=3) 368 146 17.3 -t 176 - - -
Male Mean(n=3) 99.7 4820 4710 2680 885 10 4820 42300
20 SD(n=3) 283 644 90.7 15.3 26 - - -
- - Mean (n=3) 121 4830 4160 2580 108 10 4830 40600
SD(n=3) 28.0 537 136 451 3.61 - - -
Male Mean (n=3) 0.000 107 440 360 0000 10 107 569
n SD@n=3) 0000 606 946 130 0.000 - - -
- Piaile Mean (n=3) 0.000 90.1 591 396 0000 10 9501 614
SD(m=3) 0000 220 138 651 0.000 - - -
Male Mean(n=3) 174 261 153 194 0337 10 261 2630
21 6 SD(n=3) 172 662 471 485 0583 - - -
e B Mean (n=3) 1.70 252 196 191 0853 1.0 252 2660
SD(n=3) 0432 270 305 205 0754 - - -
Male Mean (n=3) 3.87 1060 798 567 100 10 1060 8510
20 SD(@n=3) 238 349 211 256 1.74 - - -
- s Mean(n=3) 816 1660 891 489 532 10 1660 8430
SD=3) 5.76 274 174 71.5 427 - - -
Male Mean (n=3) 0000 3516 305 250 0000 10 516 3
i SD(m=3) 0000 166 134 919 0.000 - - -
= Female Mean (n=3) 0000 3509 409 155 0000 1.0 509 283
SD(n=3) 0000 892 327 559 0.000 - - -
Male Mean (n=3) 181 193 121 607 165 10 193 1060
49 6 SD(n=3) 0278 583 341 10.6 286 - - -
Fede Mean (n=3) 1.12 241 153 599 0917 10 341 1240
SD (n=3) 1.02 105 48.6 143 1.59 - - -
Male Mean(n=3) 400 1230 297 176 539 10 1230 3670
20 SD(n=3) 190 90.7 121 827 256 - - -
Feixiala Mean (n=3) 251 1520 660 254 417 1.0 1520 5350
SD(n=3) 110 310 372 163 0568 - - -
-: Not calculated

Therefore, NOAEL of DU-176b in male and female juvenile rats was 6 mg/kg/day,
based on lower body weight in females and males at 20 mg/kg/day during PND 10-28.
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10 Special Toxicology Studies

10.1 DuU-176b: Photochromosomal aberration test in Chinese hamster lung cells
(Study R20060731)

This GLP study (R20060731), an in vitro chromosomal aberration test with DU-176b
(Lot # BB202, purity 99.6%), was conducted in ek

, during Aug —Dec, 2006. This study was previously reviewed by Dr. Patricia P
Harlow (06/22/2007) under IND 077254 (Appendix II).

The photo-cytogenetic effect of DU-176b was evaluated using Chinese hamster lung
(CHL/IU) cells at DU-176b concentrations of 156-5000 ug/mL with or without photo-
irradiation. Based on the cell growth and the mitotic index in the cytogenetic test,
chromosome analysis was performed with DU-176b at 313, 625, 1250 and 2500 pug/mL
in the non-irradiated group and at 625, 1250 and 2500 pug/mL in the irradiated group.
DU-176b induced neither structural chromosomal aberrations nor polyploid cells in
CHL/IU cells either in the presence or absence of photo-irradiation (Table 76).

Table 76. Summary of photochromosomal aberration test for DU-176b (modified from
the submission)

Photo- I'reatment Time Concentration Relative Mitotic Structural Aumerical
e . a Test compound . p Cell Growth  Index  Aberrant Cells Aberrant Cells
irradiation (min-min-hr) {png/mL) (%) () d (%) © (%) f
Without 110-0-(22) Mon-treatment _ MNA MA 0.5 09
DMSO (2 vol%) 0 100 NA 0.5 1.1
DU-176b 313 ¢ a0 NA 2.0 1.1
(25 E GE E.6,10.2 0.0 0.4
1250 32 8.8, 1.8 0.0° 0o
2500 & 24 T4, 6.6 1.5 1.6
5000 ¢ 9 NA NA NA
MNNG 1 NA NA 505" 0.1
With 60-50-(22) Mon-treatment _ NA NA 25 0.8
DMSO (2 vol%s) ] 100 NA 1.5 1.3
DU-176b 625 F 85 NA 0.0 0o
1250 % 69 NA 1.0 1.6
2500 ¢ 40 58 4.6 1.5 19
S000 & 30 0.8 36 NA NA
B-MOP 0.01 NA NA 720" 04
DMSO: D[mcth}'l S'Lll.fl'!l]\'.[ljl:, B G’, - ."\-‘]Eﬂ')}'l-.‘\'"- H[ED-.'\"-D[EDSDEUEDMI-DE, Histarical negative caontrol data En:EEjEEEh}. of
8-MOP, Methoxsalen, NA:Not analyzed the photochromosomal aberration test using

*!: Two-tailed Fisher's exact probability test with Bonferront adjustment (P<0.05). | CHLAU cells in the test facility

*: Treatment ime was expressed as reatment time (min) without photo-imradiation,
treatment time (min) with photo-irradiation, and recovery time (hr). Light Incidence (%) of aberrant cells
: Concentrations of DU-176b are expressed as the amount of anhydrous free base.| irradiation  Average Maximum  Minimum

n

: Based on cell counting with a Coulter Counter.

2: The 500 cells per slide were analyzed. Structural aberrations

“: Excluding gaps. 100 metaphases per culture (200 metaphases per concentration) Without 11 35 0.0
were analyzed. with 5.0 14 05

¥ The 400 metaphases fculture (800 metaphases f concentration) were analyzed. Polyploid cells

_?:T’rccip[tat[nn was observed at the beginning and the end of the reatment. Without 0.22 0.63 0.00

*: Only one culture was analyzed (100 metaphases per concenfration ). with 063 138 013

: Only one culture was analyzed (400 metaphases per concentration).
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10.2 DU-176b: Phototoxicity test in BALB/3T3 cells (Study R20060746)
This GLP study (R20060746) was conducted with DU-176b (Lot # BB202, purity 99.6%)

in ®® during Aug, 2006 —Jan, 2007. This
study was previously reviewed by Dr. Patricia P Harlow (06/22/2007) under IND 077254
(Appendix I1).

Using BALB/3T3 cells, DU-176b was evaluated in a neutral red uptake (NRU)
phototoxicity test in comparison to dimethyl sulfoxide as a vehicle control and
chlorpromazine hydrochloride (CPZ) as a positive control. The cells were pretreated
with DU-176b at concentrations 0.0078 to 1.0 mg/mL or control article for 60 minutes,
then irradiated with UVA and UVB light for 50 min, while a parallel set of cells were kept
in dark for 50 min (not irradiated). Cell survival measured with the NRU assay on the
following day revealed that DU-176b at 1.0 mg/ml only caused slight cytotoxic effects
(relative survival 64.9 and 78.0% for irradiation and non-irradiation conditions,
respectively, ICsos >1 mg/ml), with confirmation of the assay sensitivity. Thus, DU-176b
at concentrations up to 1 mg/ml was non-phototoxic under the present test conditions.

10.3 Effects on Eye Function in Monkeys Treated Orally with DU-176b for 9
Months (Study AN07-H0045-R01)

This GLP study (ANO7-H0045-R01) was conducted in Daiichi Sankyo Co., Ltd,
Shizuoka, Japan, initiated in October 2007, to investigate the potential toxic effects of
DU-176b on the eye function following repeated dosing in monkeys for 9 months. This
study was to address the concern of DU-176b on eye function, because of prolonged
DU-176 retention in melanic tissues, especially the eye of monkeys and pigmented rats.
This study was previously reviewed by Dr. Patricia P Harlow (09/02/2008) of DCRP, and
consulted with Dr. Zhou Chen (9/18/2008) of the Division of Anti-Infective and
Ophthalmology Products under IND 077254.

Male and female cynomolgus monkeys (2 to 5 years old) were orally gavaged with
vehicle 0.5% MC or DU-176b (Lot # KD302, purity 100.5%) 15 mg/kg/day once daily for
39 weeks (n = 4/sex/group). The dose selected in the current study was based on a
previous 52-week repeated dose toxicity study in monkeys with oral DU-176b (at doses
0, 5, 15 and 45 mg/kg/day) (Study ANO7-C0008-R01) and human exposure levels from
clinical trials. In Study ANO7-C0008-R01, deaths occurred at 215 mg/kg/day.
Hematological and hemorrhagic changes were noted in the surviving animals at 215
mg/kg/day. NOAEL was 5 mg/kg for both genders. AUC values at 15 mg/kg were 8469
ng-h/mL for males and 9345 ng-h/mL for females. In clinical trials, the AUC value in
healthy volunteers receiving 120 mg of DU-176b was 3682 ng-h/mL. The exposure
levels in monkeys dosed at 15 mg/kg/day were expected to be significantly higher than
those in human subjects given DU-176b at the maximum recommended clinical dose of
60 mg.

During the study period, eye function was evaluated by electroretinography (ERG) at
predose on Day -1, and on Days 85, 176, and 267 of dosing and measurement of intra-
ocular pressure prior to dosing and after 3, 6 and 9 months of dosing. Other
observations/examinations included mortality, clinical signs, body weights, food
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consumption, ophthalmology (at pre-dose, 3, 6 and 9 months), and gross pathology of
the eye were also performed. Plasma DU-176 concentrations were determined on day 1
atl, 2, 4, and 24 h post-dose, and on Days 86, 177, and 268 at pre-dose, 1, 2, 4, and
24 h post-dose using an LC-MS/MS method.

There were no deaths during the study. Blood on the surface of feces was observed in
one male treated with DU-176b on Days 121 to 123. Pale mucous membrane in the oral
cavity associated with menses was observed in one female given 15 mg/kg/day of DU-
176b from Days 243 to 252. Body weights in the DU-176b-treated groups trended to be
lower than controls; body weight gain of treated males was significantly lower than
control males (Figure 19). Food consumption was slightly lower in treated males than
controls during first 7 months which was consistent with lower body weight gain, but
was higher in treated females than controls being related to more body weight gain and
not of toxicological significance (Figure 20).

There were not DU-176b-related findings in electroretinography, intraocular pressure,
ophthalmologic evaluation, and macroscopic evaluation of the eye.

Figure 19. Mean body weight and body weight gain during the study
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Figure 20. Daily mean food consumption during the study
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DU-176 system exposures (Cmax and AUCy.,4n) following repeated oral DU-176b doses
were generally similar between males and females. Cmax and AUC0-24h values of DU-
176 on Day 268 were 706 ng/mL and 8430 ng-h/mL in males, respectively, and 827
ng/mL and 8550 ng-h/mL in females, respectively. There was no accumulation during
the dosing period (Figure 21 and Table 77).

Figure 21. Mean plasma DU-176 concentrations in the 9-month study (n=4)
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Table 77. Summary of DU-176 TK in monkeys dosed with oral DU-176b 15 mg/kg/day
for 9 months (n=4)

) i Tmax (hours) Cmax {ng/ml) AUCp 4 (ngh/ml)

Day  |Sex Mean | SD | Mean | SD | Mean | SD
1 male 3.3 1.5 g9495 233 13200 4470
famale 1.5 0.6 a05 153 9430 3640

%6 male 1.3 0.5 884 165 9810 1660
famale 20 1.4 815 183 9040 2820

177 male 1.3 0.5 958 155 12200 3090
. female 1.3 0.4 940 86 8830 1460
268 male 1.3 0.5 706 257 8430 4180
female 1.0 0.0 827 346 8550 2930

In conclusion, there was no evidence of adverse effects on eye function or morphology
of the eye in cynomolgus monkeys following a 39-week repeated dosing of DU-176b at
15 mg/kg/day. The NOAEL for effects on eye function was 15 mg/kg/day.

10.4 Determination of DU-176 and D21-3231 for toxicokinetic analysis in rats
treated orally with DU-176b for 14 days (AN08-C0007-R01)

This GLP study (AN08-C0007-R01) was conducted @€ during
May-Sept, 2008, to investigate the plasma concentration profiles of DU-176 and its
metabolite D21-3231 and their TK parameters, when DU-176b was repeatedly
administered orally to rats for 14 days.

Crl:CD(SD) rats (6 weeks old, 5/sex) were orally gavaged with DU-176b (Lot #KD302,
purity 100.5%, suspended in 0.5% MC) at a dose level of 54 mg/kg/day for 14 days. The
dose level 54 mg/kg/day in the current study is the NOAEL in a 26-week repeated oral
dose toxicity study with DU176b in rats (Study R20050334). Rats were checked for
clinical signs and body weight during the dosing period. Blood samples were collected
onDay 1 at 1, 2, 4, and 24 hours post-dose and on Day 14 at pre-dose and 1, 2, 4, and
24 hours post-dose for analyzing plasma concentrations of DU-176 and its metabolite
D21-3231(using a LC/MS/MS method). At the end of blood sampling, rats were checked
for gross pathology.

One female died on day 14 after the 2-hour blood sampling due to hemorrhage
secondary to blood sampling-resulted injury (blood clots in the subcutaneous tissues
and thoracic cavity). There were no other DU-176b-related findings.

Plasma concentrations of DU-176 and D21-3231 following repeated DU-176b doses are
shown in Figure 22, and TK parameters are summarized in Table 78. On both Days 1
and 14 of dosing, Cmax and AUC.,4n Of DU-176 in females were higher than those in
males, and no sex differences were noted for D21-3231. There were no marked
differences in Cmax or AUCy.,4, after repeated dosing, indicating no accumulation.
Exposures to D21-3231 were lower than those to DU-176.
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Figure 22. Plasma concentrations of DU-176 and D21-3231 in rats (n=4-5/point)
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Table 78. Summary of TK parameters in the 14-day rat study (from the submission)

Day of DU-176 D21-3231
dosing Sex e Coe  AUCp24 Py Cox  AUCpo4
i (h) (@gml) (ngh/ml) (h) (ng'ml) (ngh/ml)
Male Mean (n=5) 1.0 1140 4020 1.0 723 2870
1 5D (n=5) 0.000 257 1360 0.000 232 1190
Mean (n=5) 1.0 2600 8170 1.0 991 3320
Female ~
5D (n=5) 0.000 699 2870 0.000 632 2020
Male Mean (n=5) 1.0 1240 4260 1.0 778 2750
14 5D (n=5) 0.000 236 1100 0.000 217 388
Female Mean (n=5) 1.0 1960 7590% 1.0 612 2880*
5D (n=5) 0.000 487 3590% 0.000 258 1770*

*: These values were calculated from four animals.

10.5 Safety Testing of the Human Specific Metabolite D21-2393

10.5.1 Repeated Dose Toxicity Study in Rats Treated Orally with D21-2393 for 3
Months

Conducting laboratory and location: Daiichi Sankyo Co., Ltd., Japan
Study numbers: AN09-H0089-R01 (and AN07-C0144-R01)

Date of study initiation: May 31, 2010

Drug, lot/batch #, purity: D21-2393, D21-2393-09, 99.94%

GLP compliance: Yes

QA statement: Yes

Key Study Findings
There were no D21-2393-related deaths or abnormal clinical signs. There were no D21-

2393-related effects on body weight, food consumption, urinalysis, ophthalmology,
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hematology, blood chemistry or pathology. NOAEL was 600 mg/kg/day. At the NOAEL
(600 mg/kg/day), the mean Cmax and AUCO-24h values on Day 91 were 314 ng/mL
and 1757 ngeh/mL in males, respectively, and 177 ng/mL and 1300 ngeh/mL in females,
respectively.

Methods

Crl:CD(SD) rats (6 weeks old) were orally gavaged with D21-2393 at dose levels of O
(vehicle 0.5% MC, control), 60, 200, or 600 mg/kg/day for 3 months (n=10/sex/group for
toxicity; n=4/sex/group for TK). Doses selected in the current study were based on data
from clinical trials and a previous repeated dose toxicity study with D21-2393 in rats
(Study AN07-C0144-R01). The mean Cmax and AUCy.24, Values of D21-2393 in
healthy subjects receiving 60 mg of DU-176b were 22.2 ng/mL and 147 ng-h/mL,
respectively (DU176-E-PRT001, DU-176b-A-U120, and DU-176b-PRT019). In the
Study AN07-C0144-R01 (previously reviewed by Dr. Ronald Honchel under IND063266,
04/13/2009), SD rats (6 weeks old, 10/sex/group) were gavaged once daily at doses of
0 (vehicle), 200, 600, or 2000 mg/kg/day D21-2393 (lot # D21-2393-07, purity 99.8%)
for 14 consecutive days. There were no drug-related adverse effects observed in this
study. The Cmax and AUCy.,4n values of D21-2393 in rats at the D21-2393 dose of 600
mg/kg on day 14 were 171-210 ng/mL and 1020-1190 ng-h/mL, respectively (Table 79).
Based on these exposure levels, the highest dose of D21-2393 in the present study was
set at 600 mg/kg, at which the exposure level was expected to be 8 folds that in humans
at the maximum recommended human dose of 60 mg/day. The middle and lowest
doses were set at 200 and 60 mg/kg, respectively, dividing by a common ratio of about
3. Dose formulations were confirmed to acceptable for accuracy (98-102% of target
concentrations) and uniformity (-0.66 — 1.02%).

Table 79. Summary of D21-2393 TK data in rats from Study AN07-C0144-R01

Day of Dose ) Plasma concentration (ng/mL}) (A C e AUCq08
dosing (mgkg/day) o pre Ih 2h 4h  24h  (h) (ng/ml) (ngh/mL)

Male Mean (n=4) 147 729 55.0 2.27 1.0 147 BES

200 ) S (n=4) 49.4 339 24.1 0498 0,000 49 4 320

- Fernale Mean (n=4) ®0.4 292 16.3 358 1.0 w04 339

SD (n=4) 42.0 13.4 3.03 3.30 0.000 42.0 71.3

Male Mean (n=4) 368 192 110 20.3 1.0 368 2070

1 600 _ SD (n=4) 824 66.7 439 .98 0.000 82.4 714

o Female Mean (n=4) 265 127 97.9 12.1 1.0 265 1650

S (n=4) §9.5 36,9 31.6 9.0 0,000 §9.5 380

Male Mean (n=4) 6Ed 490 285 436 1.0 6EL 4990

2000 ’ SD (n=4) 145 189 882 16.3 0.000 145 1390

= Female Mean (n=4) 429 308 265 514 1.0 429 4320

SD (n=4) 184 186 122 8.62 0,000 184 1720

Male Mean (n=4) 125 65,5 26.5 255 1.71 1.0 65.5 404

200 ) SD (n=4) 0,864 35.1 12.9 7.96 1.13 0,000 35,1 123

- Female Mean (n=4) 234 39.7 16.7 16.3 12.1 6.8 42.4 366

SD (n=4) 148 17.7 4.90 5.55 14.7 11.5 149 186

Male [Mean (n=4) 7.13 210 64.5 fifr. 1 15.6 1.0 210 1190

14 600 ] SD (n=4) 467 93.6 10.3 22.5 8.03 0.000 93.6 278

o Female Mean (n=4) 13.9 171 51.7 54.1 172 1.0 171 1020

SD (n=4) 10.3 50.0 21.0 27.5 2,00 0,000 S0.0 414

Male Mean (n=4) 736 01 382 185 280 1.0 941 3830

2000 ] SD (n=4) 434 857 185 60.7 17.% 0,000 857 1850

- Female Mean (n=4) 35.1 SRR 276 136 95 1.0 SER 2910

SD (n=4) 13.5 125 30,3 8.26 20.5 0.000 125 234

: Not calculated
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For rats in the toxicity groups during the study, clinical signs and morbidity/death were
inspected visually at least once daily. Body weight and food consumption were recorded
prior to treatment and then once weekly. Ophthalmic examination and urinalysis (Table
31) were performed on day 88. Blood samples were collected from the abdominal aorta
of all surviving animals at scheduled sacrifice (on day 92) for blood smear, hematology,
and coagulation (Table 29), and plasma chemistry (Table 30). At the end of dosing
period, necropsy and macroscopic observation were performed on all animals.
Prematurely died animals were also necropsied. Weights of brain, pituitary, thyroids
(including parathyroids), thymus, heart, lung, liver, spleen, adrenals, kidneys, ovaries,
uterus, prostate, testes, and epididymides were recorded. The weighed organs and
eyes, right sciatic nerve, seminal vesicle, pancreas, mesenteric lymph node, salivary
glands, submandibular lymph nodes, skeletal muscle (right rectus femoris), urinary
bladder, harderian glands, vagina, tongue, trachea, esophagus, aorta (thoracic), skin,
mammary gland, spinal cord (lumbar part), bone and bone marrow (right femur and
sternum), stomach (forestomach and glandular stomach), duodenum, jejunum, ileum
(including Peyer's patch), cecum, colon, rectum and organs showing abnormalities at
necropsy were collected, histologically processed. The histopathological specimens of
all the processed organs from animals in the control and 600 mg/kg groups and the
organs showing abnormalities at necropsy in the other treatment groups were examined
under a light microscope. No peer review was mentioned.

For rats in the TK groups during study, clinical signs and body weight were monitored.
Blood samples were collected at 1, 2, 4, and 24 h post-dose on Day 1, and at pre-dose,
1, 2, 4, and 24 hours post-dose on Days 28, and 91 for the determination of plasma
D21-2393 concentrations (using an LC-MS/MS method). Because of measured values
extraordinarily high or low, or abnormal concentration transition observed, some
samples were reanalyzed. Following TK analyzing samples were diluted with blank
plasma spiked with sodium fluoride and reanalyzed since first analysis values exceeded
the upper limit of calibration curve —

Day of dosing|  Animal No. mg/kg/day | Blood sampling point | Dilution factor at reanalysis
06F03 60 1 hour after dosing
Day 1 08M04 600 24 hours after dosing 10-fold
Day 28 08F01 600 Before dosing 10-fold
06MO04 and 06F04| 60 1 hour after dosing 100-fold
Dav 91 06MO04 and 06F04| 60 2 hours after dosing 10-fold
i 08MO1 B00 1 hour after dosing 500-fold
08MO1 600 2 hours after dosing 100-fold
Results

At necropsy, perforation of the esophagus was observed in 2 control males, and was
diagnosed as changes related to misgavage. These animals had shown some clinical
signs including hypoactivity, irregular respiration, smudge of the perinasal area, and
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transiently decreased body weight and food consumption during the dosing period.
Therefore, the data from these animals were excluded from the study evaluation.

One male in the 600 mg/kg/day group died on Day 27. Prior to death, continuous
bleeding due to an accidental avulsion of the nail was observed in one digit of the left
hindlimb on Days 25 and 26. At necropsy, discoloration of the liver and spleen was
obvious, suggesting abundant blood loss. Since there were no other significant
pathological findings in any other organs, the cause of death was identified as
substantial blood loss due to an accidental hemorrhage.

During the course of the study, there were no D21-2393-related deaths or abnormal
clinical signs. There were no D21-2393-related effects on body weight, food
consumption, urinalysis, ophthalmology, hematology, blood chemistry or pathology.

In the TK analysis, D21-2393 plasma concentrations of rats #06M04, #06F04, and
#08MOL1 at post-dose on day 91 were 15-20 times the values of rats in the same group
on day 91 (Table 80), and 15-20 times the values of the same rats Days 1 and 28.
Since D21-2393 plasma concentrations of rats #06M04, #06F04, and #08M01 at pre-
dose on day 91 were similar to (not higher than) the values of rats in the same group on
the same day, these values of rats #06M04, #06F04, and #08MO01 on day 91 were not
due to drug accumulation, but were outliers probably due to higher bioavailability as a
consequence of dosing trauma and drug-in-tissues. Therefore, the reviewer re-analyzed
the TK data without D21-2393 plasma concentrations of rats #06M04, #06F04, and
#08MO1 on Day 91.

Table 80. Identified outliers regarding D21-2393 plasma concentrations (ng/ml)

Dose  Amimal Day 1 Day 28 Day 91

(mz'ke) Sex Mo lh 2h 4h 24h P lh 2h 4h 24k Pre lh 2h 4bh 24h
O6n01 368 239 199 202 01 179 701 555 143 167 138 658 58D 24

0EMOZ 375 226 133 02836 101 278 128 397 130 191 420 118 736 181

G0 \ale 06MO3 447 317 123 0722 135 364 983 400 100 210 330 127 582 211
) DEM04 440 220 177 146 149 174 4635 53 207 228 To1* 118* 213 1.42

M6F0L 801 820 632 0575 0713 874 802 737 0975 164 172 104 4619 2.4

M6F02 200 934 533 173 105 118 785 516 176 129 154 786 511 09382

Femals DEED3 559 265 166 558 0641 340 268 4693 314 131 415 158 143 141

3 O6F04 211 520 4878 0424 0586 7.00 648 360 123 1.09 506* 111 138 133

DERLOL 494 2359 125 447 ILT 242 139 14 373 242 5610* 1180* 300 425

0Sn02 460 205 Bl1 307 184 223 120 111 119 195 260 071 476 108

\ale 0gmMo3 261 146 Bl4 183 171 267 015 338 1409 270 248 120 4658 195

0EMO4 4§38 218 746 602 483 208 134 913 374 171 434 236 153 327

* puters

As shown in Figure 23, D21-2393 plasma concentrations generally increased in a dose-
dependent manner in a dose ranging from 60 to 600 mg/kg. D21-2393 systemic
exposures (Cmax and AUCy..4n) Were general dose-proportional, slightly higher in
males than in females, and no apparently different after repeated doses indicating no
accumulation (Table 81). Values of TK parameters in the current study were consistent
with those of a previous 14-day repeat dose toxicity study in rats with D21-2393 (Study
ANO07-C0144-R01).

124

Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

Figure 23. Mean plasma D21-2393 concentrations following oral D21-2393 in rats
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Table 81. Summary of TK parameter in the 3-month toxicity study in rats with D21-2393

Day 1 Day 28 Day 91
mg/kg/day| Sex Tmax | Cmax [AUC0-24 h| Tmax | Cmax |AUCO-24h| Tmax [ Cmax [AUC0-24h
(h) [(ng/ml)[(ng.h/ml)| (h) |(ng/ml)|(ng.h/ml) | (h) [(ng/ml)| (ng.h/ml)
Mean 1.0 41 265 1.0 25 106 1.0 26 133
60 M SD 0.0 4 41 0.0 9 1 0.0 14 25
Mean 1.3 26 157 1.0 15 115 1.0 25 152
F SD 0.5 21 118 0.0 13 48 0.0 15 75
Mean 1.0 164 845 1.0 102 567 1.0 127 839
200 M SD 0.0 48 104 0.0 41 185 0.0 56 284
Mean 1.0 88 338 1.0 46 435 1.0 83 504
F SD 0.0 85 99 0.0 14 152 0.0 19 84
M Mean 1.0 464 2190 1.0 235 1620 1.0 314 1757
600 SD 0.0 156 524 0.0 25 457 0.0 104 968
Mean 13 258 1030 1.0 123 1020 1.0 177 1300
F SD 0.5 56 121 0.0 31 277 0.0 69 605
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In conclusion, the NOAEL was 600 mg/kg/day in the current study. At the NOAEL (600
mg/kg/day), the mean Cmax and AUCO0-24h values on Day 91 were 314 ng/mL and
1757 ng-h/mL in males, respectively, and 177 ng/mL and 1300 ng-h/mL in females,
respectively.

10.5.2 Bacterial reverse mutation test of D21-2393

Conducting laboratory and location:

Study number(s): ANO7-C0145-R01

Date of study initiation: December 27, 2007
Drug, lot/batch number, purity: D21-2393, D21-2393-07, 99.82%
GLP compliance: Yes

QA statement: Yes

(b) (4)

Key Study Findings

D21-2393 up to 5000 ug/plate was negative in all tester strains both with and without
metabolic activation.

Methods

The mutagenic activity of D21-2393 was tested in five histidine-requiring stains of
Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and Escherichia coli
(WP2uvrA) in the absence and presence of metabolic activation (by S-9, an Aroclor
1254-induced rat liver post-mitochondrial fraction). For all assays, bacteria were
cultured at 37°C for 10 hours with shaking prior to use. After adding the test compound
to the bacterial culture with or without metabolic activation, the test tube was incubated
for 20 minutes at 37°C, with shaking. After plated, triplicate plates were incubated at
37°C in dark for 48 hours, then examined for revertant colonies as an indicator of
toxicity and mutation. The experiments included:

e A toxicity range-finding experiment was carried out in all strains, in the absence and
presence of S-9 using final concentrations of D21-2393 at 9.8, 19.5, 39.1, 78.1, 156,
313, 625, 1250, 2500, and 5000 ug/plate, plus negative (vehicle: water for injection)
and positive (Table 82) controls.

e Main test in all strains was performed in the absence and presence of S-9 using final
concentrations of D21-2393 at 156, 313, 625, 1250, 2500, and 5000 ug/plate, plus
negative (vehicle: water) and positive (Table 82) controls.
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Table 82. Positive controls for the Ames test

Without metabolic activation With metabolic activation

Test strain : : - : :
Article & Concentration (ug/mL)| Article & Concentratior (pg/mL)

TA100 | AF-2: 2-Q2-Furyl)-3-(5-nitro-2-furylacrylamide (.1 JAA: 2-Aminoanthracene 10
TA1535 NaN;: Sodium azide 5 JAA: ) Aminoanthracene  2()
WP2uvid | AF-2: 2.02-Furyl)-3-(5-nitro-2-fryDacrylamide 0.2 | 2AA:2-Amincanthracene 100
TAOS | AF-2: 2-(2-Furyl)-3-(3-nitro-2-furyDacrylamide 1 JAA: 2-Amimpanthracene 5
TA1537 | 9AA: 9-Aminoacridine hydrochloride hydrate 800 2AA: 2-Aminoanthracene 20

The number of revertant colonies on each plate was counted macroscopically. In the
positive control groups, the number of revertant colonies on each plate was measured
using a colony analyzer. The background bacterial lawn was inspected for signs of
toxicity. The results were judged as positive for inducibility of gene mutation when the
number of revertant colonies per plate (mean) increases dose-dependently by 2-fold or
greater than that of the negative control, and the results are reproducible between the
dose-finding test and the main test.

Results

The number of revertant colonies in the negative and positive controls (Table 83) was
within the range (mean+3S.D.) of the background data of the test facility, and this study
was judged to be satisfactory. Test article precipitation was observed at = 2500 ug/plate
upon addition of the test article preparation with and without metabolic activation, but
was absent on the plates after incubation for 48 hours. Growth inhibition was not
observed up to 5000 pg/plate in any test strain with or without metabolic activation.

When compared with the negative control, a 2-fold or greater increase in the number of
revertant colonies was not observed in any test strain with or without metabolic
activation (Table 83).
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Table 83. Mean number of revertant in Ames test with D21-2393

Concentration-finding test Main test
Metabolic Dose - — - - - - — - - -
tivati (ifplate) Base pair substitution mutations |[Frameshift mutations| Base pair substitution mutations | Frameshift mutations
activation ate
Hop TA100 | TA1535 |WP2uvrA | TA98 | TA1537 | TA100 | TA1535 |WP2uvrA | TA98 | TA1537
Negative 102 14 25 27 8 89 10 26 22 5
control
9.8 106 10 21 23 9
19.5 100 8 21 26 8
39.1 102 9 18 25 5
without 78.1 104 11 22 27 7
metabolic 156 101 8 22 28 7 100 8 25 20 3
tivati
activation 313 103 8 17 21 7 84 8 23 18 3
625 98 10 21 26 7 92 7 24 20 4
1250 102 9 18 27 5 93 6 22 16 4
2500 102 9 18 26 5 98 7 21 27 4
5000 92 9 22 28 7 98 6 23 21 3
Negative 120 10 22 35 13 103 9 24 33 6
control
9.8 122 9 21 28 16
19.5 119 11 21 33 14
39.1 115 9 20 32 14
with 78.1 124 10 20 26 15
metabolic 156 124 7 21 28 12 105 11 22 31 6
activation
313 112 11 22 30 15 110 14 27 30 8
625 119 8 20 27 11 98 7 23 22 8
1250 122 9 22 28 14 98 9 23 25 6
2500 109 5 22 29 14 112 9 21 32 6
5000 110 8 23 29 13 98 8 24 34 5
POS'“V‘I? Article AF-2 NaN3 AF-2 AF-2 9AA AF-2 NaN3 AF-2 AF-2 9AA
contro
without ?Olsi 0.01 05 0.02 0.1 80 0.01 05 0.02 0.1 80
metabolic e p ate)
activation Colonies/plate 357 142 360 485 339 345 202 349 477 324
Positive Article 2AA 2AA 2AA 2AA 2AA 2AA 2AA 2AA 2AA 2AA
control
ith Dose 1 2 10 05 2 1 2 10 05 2
w (Lg/plate)
metabolic ]
activation Colonies/plate 564 170 116 437 170 494 149 158 446 146

10.5.3 Chromosomal aberration test of D21-2393 in cultured mammalian cells

Conducting laboratory and location: )@

Study number(s): AN01-C0146-R0O1

Date of study initiation: January 11, 2008

Drug, lot/batch number, purity: D21-2393, D21-2393-07, 99.82%
GLP compliance: Yes

QA statement: Yes

Key Study Findings

128
Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

D21-2393 induced numerical aberrations in CHL cells at 21250 ug/ml with and without
S9- activation system in both short term and continuous treatment.

Methods

In dose range-finding experiments, Chinese hamster lung (CHL/IU cell line) cells were
pre-incubated at 37°C for 72 hours, then cultured with medium containing vehicle (water
for injection), D21-2393 (5-5000 pg/ml) or positive controls (Table 84) for 6 hours in the
absence and presence of S-9, followed by an 18-hour recovery (i.e., short-term
treatment), or continuously cultured with medium containing vehicle (water for injection),
D21-2393 (5-5000 pg/ml) or positive controls (Table 84) for 24 hours in the absence of
S-9 (i.e., continuous treatment). CHL/IU cells were then harvested. Aliquots of cells
were suspended in 0.2% trypan blue for checking viable cells using an inverted culture
microscope. The cell proliferation ratio (%) was determined from the viable cell count
(mean), while that in the negative control group was taken as 100%.

The chromosomal aberration test was performed with D21-2393 at 625, 1250, 2500,
and 5000 pg/mL in both short-term and continuous treatments using CHL/IU cells.
Short-term treatments were performed with and without metabolic activation. The cells
were treated with D21-2393 and control articles (Table 84) for the first 6 hours of a 24-
hour period, and then the chromosome specimens were prepared. For continuous
treatment, the chromosome specimens were prepared without metabolic activation after
treatment with D21-2393 and control articles (Table 84) for 24 hours (approximately 1.5
cell cycles). In all treatments, the number of viable cells was counted at the point of
preparation of chromosome specimens as an indication of cell proliferation.

The chromosome specimens were examined for percentage of cells in mitosis and
chromosome aberration. Two hundred well-spread metaphases per dose (100
cells/dish) were observed for structural aberrations. One thousand well-spread
metaphases per dose (1000 cells/dish) were observed for numerical aberrations.

Table 84. list of positive controls

Treatment condition Positive control article Final concentration (pg/mL)
Short-term treatment (-59)  Mitomycin C, MMC 0.015

Short-term treatment (+S9)  Benzo[a]pyrene.B[a]P 20

Continuous treatment Mitomycin C. MMC 0.05

-59: Without metabolic activation, +59: With metabolic activation

Results

In the dose-finding test, the 50% cell growth inhibition doses were 5000 ug/mL or
greater in short-term treatments with and without S-9, and in continuous treatment for
24 hours (Table 85). Test article precipitation in the culture medium was observed at
21500 pg/mL at the start and end of test article treatment in all treatments.
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Table 85. The mean relative cell proliferation ratio (%) with the negative control being
100% (from the submission)

UIEJ:P.:ﬁE:m Short-term treatment Continuous treatment
(pg/ml.} Without metabolic activation  'With metabolic activation for 24 hour
Me gative control 10e 10e 100
3 94.0 96.7 107.2
15 94.0 93.5 109.0
1l 001 95.1 104.5
150 97.4 902 97.3
300 04 8 02,7 B1.9
1500 w97 75.6 737
S0 483 71.5 495

The incidence of cells with structure or chromosomal structure aberrations in negative
and positive controls in all treatments was within background range of the test facility.
D21-2393 did not affect the incidence of cells with structure aberrations, but dose
dependently increased the incidence of cells having numerical chromosomal
aberrations in short-term treatments with and without metabolic activation (statistical
significance at 22500 ug/ml when compared with the negative controls), and increased
the incidence of cells having numerical chromosomal aberrations in continuous
treatments (statistical significance at 1250 and 2500 ug/ml when compared with the

negative control) (Table 86). Thus, D21-2393 induced numerical aberrations in CHL/IU
cells under the conditions of this study.

Table 86. Summary of chromosomal aberrations in CHL/IU with D21-2393

Treatment No. of cells with structural aberrations Cell No. of cells with numerical
_ S9 |D21-2393 No.of| =
time ) No. of proliferation | No. of
mix |ul/ml Ctb|Cte|Csb|Cse|O[total| % | gap ) Poly| Endo|Total| %
(hours) cells ratio (%) cells
Negative | 500 | 1| o|o | o |o] 2 |os]| o 100 2000 | 19| o | 19 | 1
control
625 200 2 0 0 0 f|o0 2 1 0 100.4 2000 34 1 35 18
- 1250 200 1 0 0 010 1 05 0 80.7 2000 36 1 37 19
2500 200 0 1 0 0 f|o0 1 05 0 67.5 2000 67 1 68 34*
Short term (6 5000 o Jo|1|ofofo] 1 ]o5] o 349 2000 | 138 | 2 | 140 | 7*
hours + 18 MMC, 0.15| 200 24 1 39| O 0 [0 51 | 255 0 2000 19 0 19 1
hours Negative | 500 [ ol oo | ool o | o] o 100 2000 | 18 | o | 18 | 09
recovery) control
625 200 0|1] 0| o0ofof 1 |o5 0 93.9 2000 | 26 0 26 | 13
+ 1250 200 0 1 0 0|0 1 05 0 80.5 2000 32 1 33 17
2500 200 0 0 0 010 0 0 0 715 2000 65 1 66 33*
5000 200 0 0 0 0[O0 0 0 0 537 2000 181 2 183 | 92*
B[a]P, 20 200 12134 O 0 [0 42 21 0 55.8 2000 21 0 21 11
Negative | 500 | 1] o| o | o |o] 2 |os]| o 100 2000 | 19 | o | 190 | 1
control
Continuous 625 200 o oo fofofo [o0] O 89.9 2000 | 31 | 0 | 31 | 16
treatment for | - 1250 200 0lo| o] o]ofl o] o 0 81.3 2000 | 38 | 1 | 39 | 2*
24 hours 2500 200 0 1 0 0|0 1 05 0 54.7 2000 54 0 54 27*
5000 200 1 0 0 0 f|o 1 05 0 34.8 2000 32 0 32 16
MMCO0.05| 200 22 (33] 0 0 |0 49 | 245 0 78.7 2000 14 0 14 0.7
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Ctb: chromatid break, Cte: chromatid exchange, Csb: chromosome break, Cse: chromosome exchange,
O: others, gap: chromatid and chromosome gap, Poly: polyploid, Endo: endoreduplication.

Test article precipitation in the culture medium was observed at 2625 yg/mL at the start and end of test
article treatment. *: p<0.05 when compared with the negative control group

10.5.4 Polyploidy test of D21-2393 in human lymphocytes (AN08-C0006-R01),
Micronucleus study of D21-2393 in rats (AN0O8C0004-R01), Repeated oral dose
micronucleus study of D21-29393 for 14 days in rats (AN08-C0005-R01)

Three GLP studies, polyploidy test (AN08-C0006-R01) and micronucleus studies with
single (ANO8C0004-R01) and repeated doses (ANO8C0005-R01) were conducted with
D21-2393 (lot # D21-2393-07, purity 99.82%) @ during 2008.
These studies were summarized in Table 87, and previously reviewed by Dr. Ronald
Honchel of the Division of Medical Imaging Products (3/23/2009) under IND 063266
(Appendix V).

Table 87. Summary of polyploidy test and micronucleus studies with D21-2393

Type of Species/ Route Dose Sex and Duration

I T mg'kg/day) No. per Noteworthy GLF Study
Study Strain (Vehicle) Or(COgﬂantrétl)Oﬂ Grml:p of Dosing  Findings Compliance Number
Human . D Aa®)
- 625 to 3000 3%, 247
. heral T r : _ | i
Polyploidy I\P'Jrilgﬁciz:eg in vitro ug/mL NA or 48 hY Negative Yes AMOB-CO006-RO1
5 RaSD (o soMe) 100 aoo0 MG Single  Negative Yes ANOS-CO004RO1
Ofle MATTOW -2 : ,2
: | -
FHETRIEER RavsD pe 0. 500, M6 2 weeks Negative Yes AN0S-C0005-R01

(0.5% MC) 1000, 2000
a: With (+59) or without (-59) metabolic activation. b: Without metabolic activation (-59)

In the polyploidy test, no significant increase in the incidence of cells having numerical
aberrations was noted at D21-2393 concentrations up to 5000 ug/ml. D21-2393
precipitation in the culture medium was observed at concentrations = 156 ug/ml at the
start of test article treatment. At the end of test article treatment, D21-2393 precipitation
was observed at = 625 yg/mL and = 2500 pg/mL in short-term treatments and
continuous treatment, respectively.

In the rat micronucleus study with single oral dose of D21-2393, D21-2393 did not
increase the incidence of micronucleated immature erythrocytes (MNIE) at any dose
level. In addition, D21-2393 at 2000 mg/kg decreased the percentage of immature
erythrocytes (IE) at 24 and 48 h post-dose. In the rat micronucleus study with repeated
oral dose of D21-2393 for 14 days, D21-2393 did not affect the incidence of MNIE or IE
at any dose levels.

Thus, D21-2393 had no in vivo clastogenic or aneugenic potential in rat bone marrow at
oral doses up to 2000 mg/kg/day for up to 2 weeks, and did not induce numerical
aberrations in human lymphocytes at concentrations up to 5000 pug/ml with or without
metabolic activation.
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10.5.5 Study for Effects of D21-2393 Administered Orally on Embryo-fetal
Development in Rats

Conducting laboratory and location: Daiichi Sankyo Co., Ltd, Japan
Study number(s): AN08-H0052-R01

Date of study initiation: January 19, 2009

Drug, lot/batch number, purity: D21-2393, D21-2393-07, 99.82%
GLP compliance: Yes

QA statement: Yes

Key Study Findings

There were no D21-2393-related findings at doses up to 1000 mg/kg/day. NOAELSs for
maternal and embryo toxicity were 1000 mg/kg/day, with Cmax 581 ng/mL and AUCO-
24h 4540 ng-h/mL.

Methods

Four groups of 22 pregnant female Crl:CD® (SD) rats (11-12 weeks old) received D21-
2393 by oral gavage at doses of 0 (0.5% MC), 200, 600 or 1000 mg/kg from gestation
Days 7 to 17. Additionally, 5 dams per group were similarly treated for toxicokinetic
evaluation. The dosages used in this study were based on data from previous work
(Study R20030532 and AN07-C0144-R01) with this compound. D21-2393 oral
absorption was estimated to be one-tenth that of DU-176b. In a rat embryo-fetal
developmental study with DU-176b (Study R20030532), NOAELSs for dams and the next
generation were both 100 mg/kg. In a rat 14-day repeated dose toxicity study of D21-
2393 (AN07-C0144-R01), NOAEL was 2000 mg/kg for both males and females. Thus,
the highest dose in the present study was set at 1000 mg/kg. The low dose was set at
200 mg/kg, at which the exposure level of D21-2393 in rats was expected to be
comparable to or higher than that in humans at the intended clinical dose level of DU-
176b. The mid dose was set at 600 mg/kg, three times higher than the low dose. Dosing
formulations were confirmed to be accurate and uniform: actual concentrations of each
dose formulation ranged from 103% to 104%, and uniformity ranged from -1.21% to
0.00%.

During the study, clinical signs were observed twice daily. Bodyweight was recorded on
Days 0, 3,7,9, 11, 13, 15, 17, and 20 of pregnancy, and food consumption was
monitored and recorded for gestation Days 2-3, 6-7, 8-9, 10-11, 12-13, 14-15, 16-17,
and 19-20. Animals were killed on gestation Day 20 for necropsy, and fetuses were
examined macroscopically, and subsequently by detailed internal visceral examination
or skeletal examination. Plasma concentrations of D21-2393 in satellite animals were
determined 1, 2, 4, and 24 h after dosing on gestation Days 7 and 17 using an LC-
MS/MS method.

Results
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There were no D21-2393-related findings in clinical signs, body weight, and food
consumption during dosing. At termination necropsy, no differences in the number of
corpora lutea and implantations, and placentae between control and treated groups
were observed (Table 88). Incidences of skeletal variations in the 1000 mg/kg group
were higher than those in the control group, being statistically significant for the total
incidences of skeletal variations (Table 89). However, the study reported that the
background range of skeletal variation in the test facility was 4.6 to 16.4% (total of 9
studies, conducted in 2000 —2005). The incidence (15/157=9.6%) in the 1000 mg/kg
group in the current study is within the range of background data, and was considered
to be not toxicologically significant. There were no differences in the number of embryo-
fetal deaths and live fetuses, sex ratio, fetal body weight, external, visceral and skeletal
anomalies, and degree of ossification between control and treated groups (Table 88,
Table 89).

Table 88. Observation of cesarean section in dams

Observations  —mmgmoommm——oo—s T I —— T o9
No_of pregnant females 20 18 20 "
Ho.of dams with live fetuses 20 15 20 21
Ho.of corpora lutea Total 305 259 31z 144

Mean £58D 15.5& 1.70 15.7 £ 2.1¢ 15.6 £ 2.11 16.4 £ 1.36
Ho.of implantations Total 291 267 289g 319

Mean 8D 14.6% 1.B2 14.1 £ 3.59¢ 14.8 £ 1.51 1.2 = 1.47

Pre-implantation loss rate (%) Mean 5D 5.6& 95.20 2.8 +15%.10 4.8 + 6.65 6.5 £ 5.859
Mo T 10 9 12
5D J.4= 0.458 0.5 + 0.90 5+ B3 0.6 £ )
1 2 1 0
[ B 12
EFo L 2.5% 3.4¢ 4 + £.4% 3 + 5.6 3.8 £ 6.4
Ho. of live fetuses Total 2a4 257 287 307
Mzan £ 50 4 2+ 1.51 13.5 £ 3.59% 14.4 £ 1.98 146 £ 1.77
Mals Total 133 14z 134 152
Femals Total 145 115 153 155
Sex ratio [Halek) Mean 50 45_.4210.57 E4.5 £17.34 4.4 £15.05 4%.g8 £14_54
Body Weight (g) Male Mean £5D 4_07£0.219 3.95 +0_223 4_05 +0_317 3.93 £0_256
Female Mgan 5D 3.8520.262 3 +0.301 3.87 £0.251 3.72 £0.2T0
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Table 89. Summary of findings in fetuses

Observations

External observation

HNo_. of dams 20 15 20 21

HNo. of fetuses 224 257 287 307

Ho. of fetuses with anomalies Total 0 0 0
Mean £5D 0.02x0.00 0.4£1.54 £0.00 0+0.00

Enasarca Total 0 1 0 0
Mean £5SD 0.0£0.0 0 0.4£1.54 +£0.00 0+0.00

Visceral observation

HNo_. of dams 20 Z1

Ho. of fetuses 137 150

Ho. of fetuses with anomalies Total 5 L
Mean +£5D T7.1£1Z_66 3.6x0.4¢6

Thymic remnant in neck Total 2 B
Mean £5D0 1.7+ 5.3¢ 2.8£5_95

Membranous wentricular Total 1
septum defect Mean + 5D 2_6% 6.30 0_.8£3_ &4

in
£
=3}
[

I
[
[

Skeletal cbhservation

fetuses with anomalies Total 0 i
Mean +E5D 0.0 £0.00 0.0 £ 0.00

Mo. of fetuses with wvariations Total 4 15

Hean 5D 2.8+£5.70 5.5 £11_59%5g
Cervical rib Tozal 0 2

Mean £5D 0.0 x0.00 1.2 £3.85

Full supermumerary rib Tozal 0 1
Mean £5D 0.0 xo_00 0.7 £3.12
Short supernumerary rib Totzal 4 B
Mean £5D 2.8 £5.70 5.2 £9.65
iom Tozal 0 3
Mzan £5D 0.0 x0_00 2.1 £5.24

Tnossified thoracic Totzal 0 1
centrum Mean £8D 0.0 £0_00 i

'
&)
"
(]
a
e

Ossifications

Plasma concentrations of D21-2393 increased in a dose-related manner within dose
ranging from 200 to 1000 mg/kg/day. D21-2393 systemic exposures (Cmax and AUCO-
24) were generally dose-proportional. There was no accumulation after multiple dosing
(Table 90).
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Table 90. D21-2393 TK parameters

Day of Dwoze Plazma concentration (nz'ml) L Cam AUC 10
administration (mgkeiday) pref " 2n  4b MK )  iogml) (oghiml)
M Mean (n=5) - 138 430 322 500 10 138 614
B 50 (o=3) - 35.0 0.5 15.0 3B 0.000 330 251
F_i:i: 804 Mean (p=5) - 283 111 2.5 250 1.0 283 1280
day 5D (z=3) - N4 no 139 103 0.000 a4 240
1000 Maan (p=5) - 627 24 115 518 10 517 2740
5D (o=3) - an 06.8 147 12.0 0.000 277 675
M Maan (p=5) 443 145 753 437 593 13 145 301
B 50 (o=3) 1.17 T6.8 11 146.5 433 0.447 T6.7 1938
Fum. 00 Mean (p=5) 41 330 192 115 261 10 330 2150
day 5D (z=3) 11.5 Bs.5 L8 805 520 0.000 Q&5 1060
1000 Mean (n=3) 467 581 264 174 514 10 581 4340
5D (o=3) 152 124 171 41 216 0.000 124 2960
-- Wt caloulated

#: Time after administration

In conclusion, the NOAEL was 1000 mg/kg/day for general toxicity and reproduction in
dams and for development of the next generation. D21-2393 did not display any
teratogenic potential in rats. At the NOAEL of 1000 mg/kg/day, the mean Cmax and
AUCO0-24h values on Day 17 of gestation were 581 ng/mL and 4540 ng-h/mL,
respectively.

10.5.6 Repeated dose toxicity study in juvenile rats treated orally with D21-2393
for 7 weeks (AN11-C0004-R01)

This GLP study (AN11-C0004-R01) in Crl:CD(SD) juvenile rats was conducted with
D21-2393 (Lot # D21-2393-09, purity 99.94%) @@ during June 2011 — Feb,
2012 to investigate the toxic effects of D12-2393 on organ development after the
completion of dosing period and when animals reached maturity. This study was
previously reviewed by Dr. Patricia P Harlow (06/03/2013) under IND 077254 (Appendix

).

Crl:CD(SD) rats (16 rats/sex/group in main study part, 48/ rats/sex/group in satellite
study part) were orally gavaged with vehicle 0.5% MC, or D21-2393 at doses of 20, 60,
or 200 mg/kg/day for 7 weeks from postnatal day (PND) 4 to PND 49, followed by a 6-
week observation period. Doses selected in the current study were based on a previous
dose-range study in juvenile rats (Study AN10-C0080- R0O1) with oral D21-2393 at
doses of 0, 19.6, 58.8, or 196 mg/kg/day for 3 weeks from PND 4 to PND 21. In Study
AN10-C0080-R01, no test article-related toxic changes in clinical signs, body weight, or
necropsy observations were noted; D21-2393 exposure levels in juvenile rats given 196
mg/kg/day from PND 4 to PND 14 (Table 91) were markedly higher than those (Cmax
22.2 ng/mL and AUCy.24 147 ngeh/mL) in human subjects given DU-176b at the
maximum recommended clinical dose of 60 mg (Studies DU176-E-PRT001, DU176b-
A-U120, and DU176b-PRT019) or than those in adult rats given D21-2393 at the same
dose level (AN09-HO089-R01, Table 81). Therefore, the dose level of 200 mg/kg/day
was selected as the highest dose for the present study, and the middle and low dose
levels were set at 60 and 20 mg/kg/day, respectively, in a common ratio of
approximately 3. Dose formulations were confirmed to be stable and homogeneous for
7 days refrigerated followed by 6 hours at room temperature when protected from light
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in a tight container. Toxicity and TK were assessed during the study period. Methods
details were similar to those described in Study AN11-C0003-R01 - Repeated Dose
Toxicity Study in Juvenile Rats Treated Orally with DU-176b for 7 Weeks (under section
9.3).

Table 91. Summary of D21-2393 TK data (mean of 3) in Study AN10-C0080- R0O1
(modified from the submission)

Days after  D21-2393 Sex Plasma concentration (ng/mlL) Toe Come  AUC 4
birth  (mg'kg/day) Pre lh 2h 4h 24h  (h) (ng/ml) (ng-h/mL)
19.6 Male - 342 283 332 220 1.0 342 4640
Female - 143 306 267 146 20 306 3690
4 58.8 Male - 376 725 1030 829 40 1030 13800
Female - 603 665 1240 893 40 1240 16100
Male - 1860 1720 2170 66 4.0 2170 32000
196 "Female - 1920 1570 2680 280 4.0 2680 _ 36600

19.6 Male 474 310 411 463 507 40 463 63530
Female 60.5 282 365 411 344 40 411 3720
7 Male 119 1080 1190 906 102 20 1190 13900

088 Female 111 1150 1040 1340 171 4.0 1340 19200
Male 246 2380 3160 2340 494 20 3160 37900

196 Female 227 2110 2500 3250 350 4.0 3250 45200

og _Male 154 869 84 570 169 10 869 10100

®  Fomale 160 847 816 605 166 10 847 10500

y gs _Male 219 2140 1410 1760 232 10 2140 26000

Female 238 1600 1820 1300 238 2.0 1820 21100
Male 209 8230 3650 3520 170 1.0 8230 34200

196 Fomale 206 7130 5320 3190 280 10 7130 53100
Male 354 874 824 496 0638 10 874 765

19.6 Female 267 942 455 482 0684 10 942 701
71 8.8 Male  7.90 312 183 112 1.68 1.0 312 1840
o Female 644 251 153 103 272 1.0 251 1640
196 Male 12.1 1150 467 390 194 1.0 1150 65340

Female 6.86 745 260 368 128 1.0 745 3310

There were no premature deaths in this study. There were no D21-2393-related toxic
findings in clinical signs, body weight, food consumption, functional and physical
development, morphological differentiation of external genitalia, hematology, blood
chemistry, necropsy observation, bone length, organ weight, or histopathology.
However, extensive behavioral assessments for acoustic startle, locomotor activity,
learning and memory were not conducted. Fertility, mating ability, and reproductive
performance were not specifically evaluated.

Following oral doses, plasma concentrations of D21-2393 increased with dose ranging
from 20 mg/kg/day to 200 mg/kg/day. Systemic exposures (Cmax and AUCO0-24h) were
generally dose-proportional, and decreased after repeated dosing on PND 21 and
PND49, which may imply increased metabolite rate with maturation. There were no
marked sex differences in toxicokinetic parameters (Table 92).
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Table 92. Summary of D21-2393 TK data (mean of 3) in juvenile rats

Age D21-2393 Sex Plasma concentraion (ng/ml) Tmax [ Cmax |AUC0-24
mg/kg/day Predose| 1h 2h 4h 24 h (h) | (ng/ml) | (ng.h/ml)

Male - 203+16.9 | 260423.8 | 399+71.5| 19.148.6 | 4.0 399 5170

20 Female - 223+28.2 | 309479.2 | 343161 | 21.3t16 4 343 4670

Male - 7814206 | 844+128 | 1320£535(69.7+15.2| 4.0 1320 17300

PND 4 80 Female - 872+238 | 767+245 | 1270+173| 58.6+4.3 | 4 1270 16600
200 Male - 1160+365| 3750+670|2780+780| 135¢23.9| 2.0 3750 38700

Female - 13804276 | 30904672 2750+773 | 235+160 2 3090 38600

o0 Male | 192+74.6 | 549+89.2 | 633+148 | 268+52.8 | 155+44.5| 2.0 633 6090

Female | 95.5+71 | 650+158 | 584+62.1 | 343154 | 175+34.4 1 650 7100

Male |224+25.2 | 1330+5.8 [ 1350+271| 9544267 | 19556 | 2.0 1350 15900

PND 14 80 Female |249427.211100+185|11004£52.9] 1240+195| 198+29.5| 4 1240 18500
200 Male |202+48.8 | 5230+303 | 3530+£369 |3970+1270] 214+18.5| 1.0 5230 56400
Female [203+£49.5 |5820+1230] 3330558 3270+465 | 183+25.5 1 5820 48700
Male [1.764£0.35| 964£17.3 | 49.7+2.3 |52.8+£16.4(2.79+2.12| 1.0 96.0 780
20 Female |1.04£0.55|75.4+14.0| 51.1£2.0 | 48.2+6.1 | 1.5£1.0 1 75.4 698
PND 21 60 Male | 2.6+£1.85|182+14.6 | 112+21.5| 54.7¢4.7 | 4.1£3.2 | 1.0 182 994
Female | 3.5+2.7 | 163+16.7 |86.9+28.3| 126+£50.6 | 1.4+0.4 1 163 1690
Male | 24.248.6 | 661+240 | 322+111 | 412+92.3 | 1.8+1.0 | 1.0 661 5710
200 Female | 21.443.6 | 7631169 | 418+78.3 | 266101 | 8.945.9 1 763 4420
Male [0.361£0.26| 19.2+7.9 | 6.7#3.4 | 7.5¢5.9 | 0.3x0.2 | 1.0 19.2 115
20 Female (0.32+0.16| 17+11.4 | 8.4+8.4 | 3.0+0.4 | 0.2£0.1 1 17 65
PND 49 60 Male [0.92+0.76| 41.8+6.4 |38.9£35.5| 24.4+8.3 | 1.2¢1.0 | 1.0 41.8 381
Female | 0.840.8 |35.7+26.3| 30.3£7.6 | 11.0+4.4 | 0.7£0.2 1 35.7 210
Male 4.1£3.9 | 163£26 | 10177 |62.7£13.7| 1.2+0.7 | 1.0 163 1020
200 Female | 1.8+0.6 |85.8+43.3| 41.9+0.9 |34.5423.7| 2.5+0.6 1 85.8 554

In conclusion, the NOAEL was 200 mg/kg/day for male and female juvenile rats. At the
NOAEL (200 mg/kg/day), the highest mean Cmax and AUCO0-24h of D21-2393 (on PND
14) were 5515 ng/mL and 52550 ng.h/ml, respectively.

11 Integrated Summary and Safety Evaluation

Brief Background / Introduction

Edoxaban tosylate hydrate (DU-176b), N-(5-Chloropyridin-2-yl)-N'-[(1S,2R,4S)-4-(N,N-
dimethylcarbamoyl)-2-(5-methyl-4,5,6,7-tetrahydro[1,3]thiazolo[5,4-c]pyridine-2-
carboxamido)cyclohexyllJoxamide mono(4-methylbenzenesulfonate) monohydrate, is a
direct, selective, and reversible inhibitor of activated coagulation factor X (factor Xa) and
has been developed as an oral anticoagulant agent. Indications of DU-176b include: 1)
Reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial
fibrillation; 2) Treatment of deep vein thrombosis and pulmonary embolism; ©%
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(b) @) The
recommended maximal human dose is 60 mg once dalily.

Pharmacology

DU-176b inhibited human factor Xa in a competitive and selective manner with an
inhibition constant (Ki) of 0.561 nM. It inhibited factor Xa of rabbits and cynomolgus
monkeys with similar Ki values (0.457 and 0.715 nM, respectively), but its inhibition on
rat factor Xa was less potent with a Ki about 10 times higher (6.98 nM). DU-176b also
inhibited the protease activity of the prothrombinase complex (composed of factor Xa,
activated factor V, Ca?*, and phospholipids) with a chromogenic substrate S-2222 or a
physiological substrate prothrombin with Ki of 0.903 and 2.98 nM, respectively.

DU-176b prolonged the clotting time of human plasma in a concentration-dependent
manner. The concentrations required to double prothrombin time (PT), activated partial
thromboplastin time (APTT), and thrombin time were 0.256, 0.508, and 4.95 uM,
respectively. The potency of its anticoagulant activity is in the following order: PT >
APTT > thrombin time. The concentrations of DU-176b required to double PT in the
plasma of rats, rabbits, and cynomolgus monkeys were 0.647, 0.149, and 0.320 uM,
respectively. Thus, the relative potency of the anticoagulant activity of DU-176b in
different animal species paralleled that of its factor Xa inhibition activity. DU-176b
inhibited the activated forms of mutant (Alal12Thr and Gly152Arg) recombinant human
factor X with Ki of 0.85 and 1.1 nM, respectively, which were similar to that for activated
wild type recombinant human factor X (0.89 nM). DU-176b prolonged PT and APTT with
a similar potency in factor X deficient human plasma supplemented with wild type or
mutant (Alal12Thr or Gly152Arg) factor X.

The three metabolites of DU-176b (D21-1402-0201, D21-2135-0101, D21-2393) shared
the parent drug’s anti-factor Xa and clotting time prolongation activities. Among these
active metabolites, the human specific metabolite D21-2393 (10% of the circulating
parent drug) showed comparable anti-coagulant effects as DU-176b.

In various animal models, oral administrations of DU-176b resulted in dose-dependent
anti-thrombosis, as manifested by reduced thrombus formation, as well as prolongation
of clotting time. DU-176b also induced dose-dependent regression of venous thrombus
(i.e., reduced mess/weights of formed thrombi). These antithrombotic effects of DU-
176b were comparable with known antithrombotic agents, such as enoxaparin (a low
molecular weight heparin, which inhibits both factor Xa and thrombin) and warfarin
(vitamin K antagonist). In vitro, hemostatic agents reversed DU-176b-induced PT
prolongation, without affecting the anti-factor Xa activity of DU-176b. However, a
conclusion cannot be made on the antidote effect of plasma factors due to limitations of
an in vitro study, and absence of in vivo evidence. DU-176b inhibited platelet
aggregation induced by thrombin, possibly via inhibition of thrombin, since DU-176b did
not affect ADP, U46619 or collagen-induced platelet aggregation.
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The potential adverse effects of DU-176b on vital functions were investigated in a
battery of safety pharmacology studies. Oral administration of DU-176b up to 200 mg/kg
had no effects on CNS function in mice, no effects on behavior, cardiovascular
parameters (including QTc), and respiratory parameters in monkeys, and no effects on
renal function in rats. DU-176b at concentrations up to 20 ug/mL did not affect hNERG
potassium channel current or the action potential parameters of isolated guinea pig
ventricular papillary muscles. The highest dose of 200 mg/kg or the highest
concentration of 20 ug/ml corresponds to 16 times or 11 times the recommended
clinical dose of a 60 mg of edoxaban tosilate hydrate on a body surface basis or
predicted human Cmax basis (216.8 ng/mL, TMPPO0O08, page 81), respectively.

In vivo nonclinical PK studies were conducted primarily in rats and cynomolgus
monkeys, the same species used in the in vivo nonclinical pharmacology and toxicology
studies. After a single oral administration of DU-176b to rats or cynomolgus monkeys,
the plasma concentration of DU-176 increased rapidly with a mean Tmax of 0.5-3
hours; DU-176 Cmax and AUCy..4n Were generally dose-proportional in rats, but under
dose-proportional in cynomolgus monkeys; t1/2 ranged from 0.7 to 5 hours in rats and
1.6 to 6.6 hours in cynomolgus monkeys; bioavailability was ~40% in rats and 55% in
cynomolgus monkeys. After a single 1V dose, plasma DU-176 concentrations rapidly
declined with t;,, of 0.7 - 1.3 hours in rats and 1.5 - 2.2 hours in cynomolgus monkeys,
and DU-176 exhibited moderate total body clearance and volume of distribution in both
species.

After repeated daily oral doses of DU-176b to rats, monkeys, or mice for 14 days to 1
year in either PK or TK studies, Cmax and AUC were generally similar on day 1 and at
the end of dosing period, indicating no accumulation, although DU-176 exposures after
four-week repeated dosing in rats were 2 times those on day 1, and DU-176 exposures
after 26-week repeated dosing in mice were <0.5 times those on day 1. Repeated daily
doses of DU-176b resulted in slightly higher DU-176 exposures in female rats and mice
than male rats and mice (1-2 folds), but showed no consistent gender difference in
monkeys. There were no differences in Cmax and AUC values after repeated IV dosing
or between sexes in rats or monkeys. The gender difference in rats and mice following
oral dosing indicated higher first pass/liver metabolism in male vs. female rats and mice.

After a single oral dose of **C-DU-176b to albino rats, radioactivity was distributed
broadly through the body except for the central nervous system. The level of
radioactivity was high in digestive and urinary systems, but was low in the brain. Higher
levels of radioactivity in the eyeball and skin than in other tissues were found in
pigmented rats at 24 h post-dose or later and in cynomolgus monkeys at 336 h post-
dose, and the ty/, for radioactivity in the eyeball of pigmented rats was long
(approximately 260 h), indicating an affinity of DU-176 and/or its metabolite(s) to
melanin-containing tissues. After a single oral dose of **C-DU-176b to pregnant rats,
radioactivity crossed the placenta and distributed to the fetal tissues. Albino infant rats
(postnatal 4 days, PND4) exhibited higher radioactivity concentrations in blood and
tissues than juvenile (3 weeks old) and adult rats (6 weeks old) after a single oral dose
of **C-DU-176b. Similar to adult pigmented rats, an affinity for melanin-containing
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tissues in infant and juvenile pigmented rats was observed. In vitro studies
demonstrated low protein binding of DU-176b (31.6 - 56.6%) in the plasma, and high
red blood cell distribution of DU-176b (38-56%) in blood of rats, dogs, cynomolgus
monkeys, and humans.

In rats and cynomolgus monkeys, unchanged DU-176 was the major radioactive
compound in the plasma, urine, bile (tested only in rats), and feces after doses of *C-
DU-176b. D21-3231 was the major metabolite in the plasma of both species. The other
metabolites of DU-176 detected in rats were also found in cynomolgus monkeys, except
D21-3221 that was found only in rats. However, D21-2393, a major metabolite in human
plasma, was not detected in rat and monkey plasma, indicating that D21-2393 is a
human-specific metabolite.

After a single oral dose of **C-DU176b to rats, 72.5% and 24.8% of the dose was
excreted to the feces and urine, respectively, by 168 h post-dose. In bile-duct
cannulated rats, 24.9% of dose was excreted to the bile. In rats, at least 24% of the
radioactivity (including **C-DU-176 and its metabolites) excreted into the bile was
reabsorbed, suggesting enterohepatic circulation. In cynomolgus monkeys, 51% and
42% of dose was recovered in the feces and urine, respectively, by 336 h post-dose.
After a single oral dose of **C-DU-176b to lactating rats, radioactivity in milk was higher
than in blood, and declined much slower than that in blood.

Following a single IV dose of **C-DU-176b, multi-drug resistance gene (mdrla/lb)
knock-out mice showed higher brain/plasma concentration ratio of DU-176, higher
radioactivity concentrations in blood, plasma, and tissues, and less Gl radioactivity
excretion than those in wild-type mice. These results indicate that DU-176 is a substrate
for mouse mdrla/lb (mouse P-glycoprotein, P-gp) and mouse P-gp plays a role in the
efflux of DU-176 from the central nerve system and in DU-176 absorption in GI.

D21-2393, a main metabolite in human plasma and a human specific metabolite,
showed moderate plasma protein binding in rats (71.2% to 74.9%) and humans (80.0%
to 81.9%), which was higher than those of DU-176. Infant and juvenile rats (PND3 and
PND21, respectively) exhibited higher radioactivity concentrations in blood and tissues
than those in adult rats after a single intravenous dose of 1*C-D21-2393. A D21-2393
affinity for melanin-containing tissues in infant and juvenile rats was also observed. TK
data from studies with repeated oral doses with D21-2393 showed that D21-2393
systemic exposures were generally dose-proportional, similar between males and
females, similar after first and last dose in adult animals, but markedly decreased after
7-week dosing in juvenile rats attributable to maturing metabolism associated with age.

Toxicology

General toxicity of DU-176b was assessed in rats and cynomolgus monkeys following
single or repeated oral or IV doses.
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A single oral dose of DU-176b did not result in any animal deaths or abnormal clinical
signs in rats at doses up to 2000 mg/kg or in cynomolgus monkeys at 400 mg/kg. Thus,
the lethal doses of oral DU176b were over 2000 mg/kg for rats and over 400 mg/kg for
monkeys. Prolongation of PT and APTT and a decrease in factor Xa activity were
evident on the next day following a single oral dose of DU-176b at 2200 mg/kg, and was
most likely due to the pharmacological action of the test compound.

Repeated-oral dose toxicity studies in cynomolgus monkeys were carried out for 4
weeks with DU-176b doses of 10, 30, and 100 mg/kg/day, for 13 weeks with DU-176b
doses of 6, 18, and 54 mg/kg/day, and for 52 weeks with DU-176b doses of 5, 15, and
45 mg/kg/day followed a 13-week recovery period. In the 4-week repeated-oral dose
toxicity study, two of four female monkeys at 100 mg/kg/day were found prematurely
dead, and this was attributed to hemorrhage in multiple tissues, particularly in the lung
and thymus; one male at 100 mg/kg/day showed adrenal hemorrhage; monkeys of 30,
and 100 mg/kg/day groups showed slight prolongation of PT and APTT, slight anemic
changes, and higher urine protein. NOAEL for the 4-week study was 10 mg/kg/day. In
the 13-week repeated-oral dose toxicity study, monkeys at doses 18 and 54 mg/kg/day
showed slight prolongation of PT and APTT; 1/4 male and female monkeys at doses 18
and 54 mg/kg/day showed transient anemia, likely in response to hemorrhage events.
NOAEL for the 13-week study was 6 mg/kg/day. In the 52-week repeated-oral dose
toxicity study with a 13-week recovery period, premature deaths due to hemorrhage
occurred 1/4 female monkeys and 1/4 male monkeys at 15 mg/kg/day, and 2/6 female
monkeys at 45 mg/kg/day. Another 1/6 males and 1/6 females were prematurely
sacrificed due to moribund without clear cause. Histopathological examination revealed
pulmonary or Gl hemorrhage in some of the prematurely died animals. One of the
moribund females at 45 mg/kg/day showed prolonged menses and was extremely pale.
These findings were likely attributable to the anticoagulant properties of DU-176Db.
Monkeys at doses 15 and 45 mg/kg/day showed slight prolongation of PT and APTT
and anemic changes. There were no abnormal findings after the 13-week recovery
period. NOAEL for the 52-week study was 5 mg/kg/day.

Repeated-oral dose toxicity studies in SD rats were carried out for 4 weeks with DU-
176b doses of 6, 12, 18, 20, 60, and 200 mg/kg/day, and for 26 weeks with DU-176b
doses of 6, 18, and 54 mg/kg/day followed by a 4-week recovery period. There were no
remarkable findings at any tested dose level. NOAELs were 200 mg/kg/day for the 4-
week study and 54 mg/kg/day for the 26-week study.

In a 2-week repeated-IV dose toxicity study in SD rats with DU-176b doses of 5 and 20
mg/kg/day, there were no treatment-related toxicities and the NOAEL was 20
mg/kg/day. In a preliminary 14-day repeated dose toxicity study with IV D11-4176a
(anhydrous edoxaban) at 10 mg/kg/day, increases in AST, ALT, and ALP, and
acidophilic change in hepatocytes were noted in 1 of 2 female monkeys at 10 mg/kg/day
(with Cs min 52.6 times human exposure at the MRHD of 60 mg). In a 2-week repeated-
IV dose toxicity study in cynomolgus monkeys with DU-176 doses of 1 and 4 mg/kg/day,
bloody stool and purpura with hemorrhage in the subcutis around the blood sampling

141
Reference ID: 3607764



NDA 206316 Reviewer: Baichun Yang

site were observed in males at 4 mg/kg/day. Females at 4 mg/kg/day showed anemia.
The NOAEL was 1 mg/kg/day.

These hemorrhagic and hemorrhagic-related findings in cynomolgus monkeys following
oral and IV administration of DU-176b were the primary adverse effect and the lone
dose-limiting toxicity for DU-176b. No ocular anatomical abnormality was observed at
any dose level evaluated in the repeated-dose toxicity studies in rats and cynomolgus
monkeys.

Potential genotoxicity of DU-176b was evaluated in both in vitro and in vitro assay
systems. DU-176b was negative in a bacterial reverse mutation test, an in vitro
micronucleus test in human peripheral lymphocytes, bone marrow micronucleus tests in
rats using a single or repeated oral administration or repeated IV administration and in a
4-week repeated oral toxicity study in monkeys, a hepatocyte micronucleus test and a
unscheduled DNA synthesis test in rats using a single oral administration. However,
DU-176b increased polyploidy in a chromosomal aberration test using CHL cells at
1250 and 2500 pg/ml in the presence of S9 liver fraction, and increased polyploidy in a
follow up study focused solely on numerical chromosomal aberrations using human
peripheral lymphocytes at 2313 pug/ml in the presence or absent of S9 liver fraction. DU-
176b did not affect the incidence of structural aberrations in the two chromosomal
aberration test systems, and the induction of polyploidy was associated with mild (for
CHL, ~50% cell proliferation ratio) to strong (for human peripheral lymphocytes, mitotic
index reduction up to 83%) toxicity.

The carcinogenic potential of DU-176b was evaluated in a medium-term liver
carcinogenesis bioassay in rats, and in standard 2-year mouse and rat carcinogenicity
studies. Dose range-finding studies in mice and rats with oral DU-176b up to 1500
mg/kg/day did not identify toxicity other than hemorrhage-related deaths and findings
which was attributable to the excessive pharmacological anticoagulant effect of the test
article. Oral DU-176b did not increase the number or area of GST-P-positive foci per
liver section in rats at doses up to 20 mg/kg/day, and showed no evidence of increased
neoplasia in the 2-year mouse study with doses of 50, 150, and 500 mg/kg/day or in the
2-year rat study with doses of 60, 200, and 600/400 mg/kg/day for males and 50, 100,
and 200 mg/kg/day for females. NOAELSs for carcinogenicity were 500 mg/kg/day for
mice, 400 mg/kg/day for male rats, and 200 mg/kg/day for female rats -

e In the 2-year mouse carcinogenicity study with oral daily dosing of DU-176b, there
were higher incidences of adrenal cortex subcapsular cell adenoma in low dose
male mice (4/65) and whole body cavity hemangiosarcoma in medium dose female
mice (4/65) when compared to their respective controls, but none of tumor
incidences showed statistically significant dose-response relationships. Since higher
incidences of these two tumors were not dose-dependent, not seen in the high dose
groups, not seen in both sexes, and the incidence of whole body cavity
hemangiosarcoma (4/65) was within the vender’s histological background range of
1.67-12% (2), higher incidences of adrenal cortex subcapsular cell adenoma in in
low dose male mice and whole body cavity hemangiosarcoma in medium dose
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female mice were not considered to be toxicologically significant. No other tumor
types had p-values < 0.05 for dose-response relationships or pairwise comparisons
of treated groups and controls. A significant increase in mortality was noted in the
500-mg/kg/day males and in the 150-mg/kg/day females. Higher incidences of thin
appearance, tremor body, hypoactivity, and audible or irregular breath were seen in
males at 500 mg/kg/day. For both males and females, higher incidences of pale
ears/entire body, red ears and lower body weight were observed at 500 mg/kg/day.
Findings in clinical signs were associated with moribundity. A marginal increase in
ovarian hematocysts occurred in all DU-176b-treated female groups compared with
the control group, which was considered to be the cause of 4 female premature
deaths at 500-mg/kg/day, and was at least in part attributed to the pharmacological
action of the test article as an anticoagulant agent (factor Xa inhibitor). NOAELSs for
carcinogenicity were 500 mg/kg/day for males and females. NOAELs for general
toxicity were 150 mg/kg/day for males and 50 mg/kg/day for females.

e In the 2-year rat carcinogenicity study with oral daily dosing of DU-176, there was no
evidence of increased neoplasia at any dose level. Mortality was significantly higher
in males at the 600/400 mg/kg/day dose, and marginally higher in females at 200
mg/kg/day. There was a higher incidence and greater severity of centrilobular
hepatocellular degeneration/necrosis in males at 600/400 mg/kg/day, and liver
centrilobular hepatocellular degeneration/necrosis may have been the cause for 8 of
the 50 unscheduled male deaths in the 600/400 mg/kg/day males. There were
slightly but statistically lower red cell counts in females at 200 mg/kg/day, higher
incidences of red oral and nasal discharge, and red haircoat in males at DU-176b
600/400 mg/kg/day. Similar clinical signs of less extent were also seen in females at
DU-176b 200 mg/kg/day. The findings in hematology and clinical signs may, at least
in part, be attributed to bleeding, the pharmacological action of the test article as an
anticoagulant (factor Xa inhibitor). NOAELSs for carcinogenicity were 600/400
mg/kg/day for males and 200 mg/kg/day for females. NOAELs for general toxicity
were 200 mg/kg/day for males and 100 mg/kg/day for females.

The reproductive and developmental toxicity potential of DU-176b was evaluated in
fertility and early embryonic development studies in rats, embryo-fetal development
studies in rats and rabbits, and a pre- and postnatal developmental study and a juvenile
toxicity study in rats. Oral DU-176b at doses up to 1000 mg/kg/day did not affect mating
and fertility parameters in rats. DU-176b was not teratogenic in rats at doses up to 300
mg/kg/day or in rabbits at doses up to 600 mg/kg/day, but was maternal and embryo-
fetal toxic at mid and/or high doses in both rats and rabbits. In rat embryo-fetal
development studies, dam vaginal hemorrhage and higher post-implantation loss were
observed at DU-176b = 300 mg/kg/day. Both maternal and embryo-fetal NOAELs were
100 mg/kg/day in rats. In rabbit embryo-fetal development studies, DU-176b at doses =
200 mg/kg/day resulted in dam deaths and abortion, decreased food consumption and
body weight, and hemorrhage in uterus, more post-implantation loss, less live fetuses,
lower fetal weight, and increased variation in the gall bladder. Increased 13th full ribs
and 27 presacral vertebrae occurred in rabbits at DU-176b 600 mg/kg/day. Both
maternal and embryo-fetal NOAELs were 60 mg/kg/day in rabbits. Because of maternal
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and embryo-fetal toxicities were observed at the same dose level, DU-176b-associated
embryo-fetal toxicity in rats and rabbits was considered to be secondary effects of
maternal toxicity, rather than a direct DU-176b effect.

In the pre- and postnatal development study in rats with oral daily DU-176b doses of 3,
10, and 30 mg/kg/day during gestation day 7 to lactation day 20, vaginal bleeding was
noted in 1 FO dam each on Day 16 or Day 17 of pregnancy in the 30 mg/kg group. F1
females at 30 mg/kg group showed delayed avoidance response in the learning test
(the shuttle box test). NOAELSs in this study were 10 mg/kg/day for maternal general
toxicity, and 10 mg/kg/day for maternal reproduction and F1 development.

Findings in the juvenile rat toxicity study with oral daily DU-176b doses of 2, 6, and 20
mg/kg/day during PND 4 - PND 49 included moderately lower body weight at the dose
20 mg/kg/day compared to controls, which were <9%, and associated with or without
less food consumption. NOAEL was 6 mg/kg/day. This study is deficient because
extensive behavioral assessments for acoustic startle, locomotor activity, learning and
memory were not conducted, and the fertility, mating ability and reproductive
performance were not specifically evaluated.

Photosafety and eye function studies were performed because DU-176b distributed to
the ocular and skin tissues and bound to melanin in pigmented rats and monkeys as
well as showing some absorption for light wavelengths greater than 290 nm (Amax: 292
nm). Phototoxic potential was evaluated in an in vitro photochromosomal aberration test
in CHL cells with DU-176b up to 2.5 mg/ml and in an in vitro phototoxicity test in
BALB/3T3 cells with DU-176b up to 1 mg/ml. DU-176b did not show any phototoxic
potential in either study. In a 39-week eye function test in male and female cynomolgus
monkeys orally given DU-176b at 15 mg/kg/day, DU-176b did not affect any eye
function parameters. But, general toxicity including bleeding-related findings (blood on
the surface of feces and pale mucous membrane in the oral cavity associated with
menses) and lower body weight gain were observed at 15 mg/kg/day of DU-176b in the
39-week monkey study.

Metabolite D21-2393, a major metabolite in humans but only traceable in animals, was
tested for potential toxicity in general, embryo-fetal developmental, and juvenile toxicity
studies in rats, and in genotoxicity studies. There were no D21-2393 findings in
repeated oral dose toxicity studies in rats with doses up to 600 mg/kg/day for 3 months.
D21-2393 induced numerical aberrations in CHL cells at 21250 pg/ml with or without
S9-activation system, but was negative in Ames test at concentrations up to 5000 ug/ml
with or without metabolic activation, in polyploidy test using human peripheral
lymphocytes, and in in vivo bone marrow micronucleus studies with single or repeated
oral D21-2393 doses up to 2000 mg/kg/day for up to 14 days. There were no D21-2393-
related findings in rat embryo-fetal studies at doses up to 1000 mg/kg/day or in juvenile
rat studies at doses up to 200 mg/kg/day for up to 7 weeks. However, extensive
behavioral assessments for acoustic startle, locomotor activity, learning and memory
were not conducted, and fertility, mating ability, and reproductive performance were not
specifically evaluated in juvenile rat studies.
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Conclusions

The nonclinical profile of DU-176b and its main human specific metabolite D21-2393
were investigated in a series of pharmacological, pharmacokinetic, and toxicological
studies. The nonclinical studies were generally well designed and conducted, except for
the following defects:1) in the bone marrow micronuleus assay for DU-176b in the 4-
week repeated oral dose toxicity study in monkey due to the absent of positive control
and relevant criteria, 2) in the 26-week repeated oral dose toxicity study with DU-176b
in rats due to the insufficient dose level, and 3) in the juvenile rat studies with DU-176b
or D21-2393 due to no comprehensive neurological and reproductive assessments.
These defects do not have a significant impact on the preclinical safety profile of DU-
176b since relevant data are available from bone marrow micronuleus tests with DU-
176b in rat repeated oral dose toxicity studies, a 2-year carcinogenicity study in rats,
and pre- and post-neonatal studies with DU-176b in rats.

Findings and NOAELSs from pivotal GLP toxicological studies are summarized in Table
93. DU-176b and its main human specific metabolite D21-2393 showed similar safety
profiles. Issues identified included (I) increased polyploidy in chromosomal aberration
tests that associated with cell toxicity; (I) hemorrhage secondary to exaggerated
anticoagulant effects of DU-176b, which is the intended pharmacological action; (l11)
more post-implantation loss, less live fetuses, lower fetal weight, increased gall bladder
and skeletal variations, and delayed avoidance response in a learning test in F1
females, which were associated with maternal hemorrhagic toxicity; and (IV) higher
mortality in male animals at high dose in the 2-year carcinogenicity studies that was
associated with higher incidence and greater severity of centrilobular hepatocellular
degeneration/necrosis in rats.
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Table 93. Summary of pivotal GLP toxicological studies and safety margins

Test Type of Study Species |Dose (mg/kg/day) and | Noteworthy Findings and NOAEL (Cmax in ng/ml, AUCq 5, in Safety Margin*
article /Strain  [Duration ng.hr/ml) /Cmax | /AUCq .54
Single dose Rat/SD [0, 1000, or 2000, once |No findings. NOAEL 2000 mg/kg 323°
toxicity cynomolgus 0, 200, or 400, once Anticoagulant activity and related hemotology findings at 400 o
Monkey mg/kg. NOAEL 200 mg/kg
Rat/sD 0, 20, 60, or 200 for 4 [No fidnings. NOAEL 200 mg/kg/day (Cmax M2520 and F4520, AUC [ M:9 M: 13
weeks M23745 and F44808) F: 16 F:23
Rat/sD 0, 6, 18, or 54 for 26 No findings. NOAEL 54 mg/kg (Cmax M1222 and F2490, AUC M: 4.5 M: 2.8
weeks M5459 and F9015) F:8.3 F: 4.6
cynomoleus|0. 10, 30, or 100 for 4 Deaths at 100 mg/kg/day, hemorrhage and related findings at > M:13 M: 17
v BUS (5, 25,35, 30 mg/kg/day. NOAEL 10 mg/kg/day (Cmax M358 and F328, AUC o o
Repeated Monkey |weeks F:1.1 F:1.7
.. M3273 and F3269)
dose toxicity Anticoagulant activity and related hemotology findings at 318
ant activity and related hemotology findings at >
cynomolgus 0, 6, 18, or 54 for 13 mn/lliojj: NOAEL 6\:71 /kg/day (Crmax M357g:nd F366g AUC M:0.9 | M:18
Monkey |weeks 8/Ke/cay. g/ke/day ’ F:1.1 F:1.8
M3322 and F3326)
Deaths, h h d related findi t>15 kg/day.
cynomolgus |0, 5, 15, or 45 for 52 eaths, hemorrhage and related findings at > 15 me/ke/day M09 | M:18
NOAEL 5 mg/kg/day (Cmax M263 and F327, AUC M3370 and
Monkey |weeks F:1.1 F:1.7
F3237)
Carcinogenicity: negative. NOAEL: M 600/400 mg/kg/day and F M: 3.8 M: 7.8
200 mg/kg/day (Cmax M1055 and F4045, AUC M15086 and F27796) F:14 F: 15
0,60, 200, 0r 600/400 o oxicity: Higher mortality, centrilobular hepatocellul
Rat/sD |for males; 0, 50, 100, or enera O.XICI y: Hig 'ermo ality, centrilobular e'pa'oce u a.r
degeneration/necrosis, and hemorrhage-related findings at high| M: 4.5 M:7.1
200 for females, 2 year .
dose. NOAEL: 200 and 100 mg/kg/day repectively for males and F:11 F:6.1
females (Cmax M1395 and F3223, AUC M13763 and F11782)
Carcinogenic Carcinogenicity: negative. NOAEL: 500 mg/kg/day for both sexes M:3 M:3.1
Studies (Cmax M829 and F1707, AUC M6003 and F12320) F: 6 F:6.3
0, 50, 150, or 500 for 2 |General toxicity: Higher mortality in males at 500 mg/kg/day and
DU-176b Mouse/CD1 . g/ke
year in females at 150 mg/kg/day; hemorrhage-related findings at 500| M: 2.2 M: 1.0
(oral) mg/kg/day. NOAEL: 150 and 50 mg/kg/day respectively for males| F:1.1 F:0.7
and females (Cmax M634 and F308, AUC M2036 and F1356)
0,5, 10, or 20for 6 Negative in rat medium-term liver bioassay. NOAEL 20
Rat/F344 6
weeks mg/kg/day (Cy, M1810)
Fertility and 0, 100, 300, or 1000 for
Early 2 weeks before mating X M: 160°
Rat/SD N tive. NOAEL 1000 kg/d
Embryonic at/ to copulation (M), and egative me/ke/day F:160°
Development until GD7 (F)
0, 30, 100, or 300 for No teratogen?c effects. I?am vaginél hemorrhage at 300 Maternal: 16°
Rat/SD 6D7 to GD17 mg/kg/day, higher post-implantation loss at 300 mg/kg/day. | toxicity: 165
NOAEL 100 mg/kg/day for maternal and fetal toxicity. Fetal toxicity:
No teratogenic effects. Dam deaths and abortion, decreased
Embryo-Fetal food consumption, body weight, and defecation, and increased
Development dark red contents of the uterus at > 200 mg/kg/day (Cmax 7180,
X 0, 60, 200, or 600 for . . .
Rabbit/NZW AUC 39473). Increased postimplantation loss, decreased live 20 8
GD7to GD20 . . .
fetuses, decreased fetal weight, and increased variation at > 200
and/or 600 mg/kg/day (AUC 95025). NOAEL 60 mg/kg/day (Cmax
5830, AUC 15468) for maternal and fetal toxicity .
Pre- and 0,3, 10, or 30 from GD FO vagmal'bleedlng at 30 mg/kg/day. Delayed avoidance
Postnatal Rat/SD 7—lactation Day 20 response in F1females at 30 mg/kg/day. NOAEL 10 mg/kg/day 2.9 1
Development for maternal and fetal toxicity (Cmac 817, AUC 2060)
Juvenile Rat/sD 0,2, 6, 0r 20 from PND [Lower body weight at 20 mg/kg/day. NOAEL 6 mg/kg/day (Cmax | M:0.7 | M:0.5
Study’ 4to PND 49 M193 and F341, AUC M1060 and F1240) F:1.2 F:0.6
Eye function [cynomolgus 0or 15for 9 months Negative in eye function assessment. NOAEL 15 mg/kg/day M: 2.5 M: 3.8
study Monkey (Cmax M706 and F827, AUC M8430 and F8550) F:2.9 F:3.9
Repeated Rat/sD 0, 60, 200, or 600 for 3 [Negative. NOAEL 600 mg/kg/day (Cmax M314 and F177, AUC M: 10 M: 12
dose toxicity months M1757 and F1300) F:6 F:9
D21-2393 |Embryo-fetal Rat/sD 0, 200, 600, or 1000 Negative. NOAELs 1000 mg/kg/day for maternal and embryo 2 33
(oral) [Development from GDs 7 to 17 toxicity (Cmax 581 and AUC 4540)
Juvenile Rat/sD 0, 20, 60, or 200 during (NOAEL 200 mg/kg/day (Cmax M163 and F86, AUC M1020 and M: 5 M:7
Study” PNDs 4-49 F554) F:3 F:4
* Based on (mean) DU-176 Cmax 289 ng/ml, AUC,_,4 1940 ng.h/ml (Clinical Study Report DU176b-A-U151, page 80), D21-2393 Cmax 22.2 ng/ml, and
AUC,.,4 147 ngeh/ml (Clinical Study Report DU176b-PRT019, page 61) in human subjects given DU-176b at the maximum recommended clinical dose
of 60 mg. M: males. F: females. §: based on body surface. T Defects due to incomprehensive neurological and reproductive assessments. GD:
gestation day. PND: postnatal day.
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Numerical chromosome aberrations (polyploidy) observed in DU-176b or D21-2393-
treated CHL cells and human peripheral lymphocytes were the only positive finding
among a battery tests for genotoxicity. The increased polyploidy in chromosomal
aberration test using human peripheral lymphocytes was associated with cell toxicity
(mitotic index reduction up to 83%), which lowered the weight for genotoxic potential.
Meanwhile, DU-176b did not show any genotoxic potential in both in vitro micronucleus
test using human peripheral lymphocytes and in vivo bone marrow micronucleus tests in
rats and liver micronucleus test in rats, indicating that DU-176b has little potential to
induce aneuploidy. Although aneuploidy is known to be correlated with cancer and birth
defect (1), negative results in several micronucleus tests and in an unscheduled DNA
synthesis test in rat liver demonstrated no damage to chromosomes or DNA in these in
vitro and in vivo studies. Based upon a weight of evidence approach, DU-176b is not
considered to pose a genotoxic risk.

In repeated-dose oral toxicity studies, 2-year carcinogenicity studies, and reproductive
and developmental studies, hemorrhagic findings and anemia were noted in monkeys at
DU-176b doses of 215 mg/kg/day, in mice at 500 mg/kg/day, in rats at 2200 mg/kg/day,
and in rabbits at 230 mg/kg/day, leading to deteriorated animal condition or animal
deaths. These findings are thought to be the exaggerated anticoagulant effect of DU-
176b (its principal pharmacological action), which constitutes the dose-limiting toxicity
for this compound. Based on the mean AUCy..4n Values at the NOAELSs in the repeated-
dose toxicity studies, the cynomolgus monkey was approximately 2-10 times more
sensitive to the drug-related hemorrhagic effects than the rat. Pharmacology studies
demonstrated that in vitro inhibitory activity of DU-176b for cynomolgus monkey factor
Xa and anticoagulant activity of DU-176b in cynomolgus monkey plasma were
approximately 10 times and 2 times more potent than those for the rat factor Xa and in
rat plasma, respectively. These data support the interpretation that the species
difference in drug potency leads, at least in part, to the difference in the frequency of
DU-176b hemorrhagic events in the two toxicity species. Since the pharmacological
activity of DU-176b in the cynomolgus monkey was comparable to that in humans,
safety margins for hemorrhagic risk were estimated by comparison of exposures
between cynomolgus monkeys and humans. The mean AUC.,41 Values at NOAEL in
the 52-week repeated dose oral toxicity study in cynomolgus monkeys were
approximately 1.5 times the exposures in human subjects given DU-176b at the
maximum recommended clinical dose of 60 mg.

DU-176b was embryo-fetal toxic and developmental toxic in both rats and rabbits:
higher post-implantation loss in rats at DU-176b = 300 mg/kg/day [~48 times the human
exposure at maximum recommended human dose (MRHD) of 60 mg/day based on total
body surface area in mg/m?]; more post-implantation loss, less live fetuses, lower fetal
weight, and increased variation in the gall bladder in rabbits at = 200 mg/kg/day (~63
times the human exposure at MRHD of 60 mg/day based on mg/m?), and increased
13th full ribs and 27 presacral vertebrae in rabbits at 600 mg/kg/day (~190 times the
human exposure at MRHD of 60 mg/day based on mg/m?); delayed avoidance
response during a learning test in F1 female rats at 30 mg/kg/day (~2.9 times the
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human exposure at adult MRHD of 60 mg/day based on AUCy.24n), and moderately
lower body weight in juvenile rats at 20 mg/kg/day (~2.2 times the human exposure at
adult MRHD of 60 mg/day based on AUCy.24r). Maternal toxicity including dam deaths
and abortion, decreased food consumption and body weight, hemorrhage in uterus, or
vaginal hemorrhage occurred at the same or lower DU-176b doses that led to embryo-
fetal/developmental toxicity. Thus, DU-176b-associated embryo-fetal toxicity in rats and
rabbits and developmental toxicity in rats were considered to be secondary effects of
maternal toxicity, rather than a direct DU-176b effect.

DU-176 systemic exposures following repeated oral daily doses of DU-176b were
slightly higher in female rats and mice than in male rats and mice (~2 folds). In the 2-
year rat carcinogenicity study, DU-176 systemic exposures were still higher in females
than in males although low dose levels were used for females. While systemic DU-176
exposure, especially Cmax, was lower in males than in females, male rats showed
higher mortality in the 2-year carcinogenicity study, which was associated with higher
incidence and greater severity of centrilobular hepatocellular degeneration/necrosis.
Compared to females, higher mortality with lower DU-176 exposure level in male rats
could not be explained by direct drug toxicity other than metabolism-related toxicity.
Since the gender difference in DU-176 systemic exposure was not seen in rats following
single and repeated daily IV doses, lower DU-176 systemic exposure in male rats than
in female rats following oral doses indicates higher first-pass effect in males.
Histological findings of higher incidence and greater severity of centrilobular
hepatocellular degeneration/necrosis in prematurely died rats indicated liver toxicity of
the drug in rats, although centrilobular hepatocellular degeneration/necrosis was not
presented in monkeys or mice. These data together imply that male rats had higher liver
DU-176 metabolite rate (first-pass), which led to low systemic exposure; DU-176
metabolic processes in liver were toxic, long term, persistent, and excessive DU-176
metabolic processes in liver led to centrilobular hepatocellular degeneration/necrosis,
and contributed to higher mortality. Therefore, liver toxicity is a potential safety issue for
long-term high dose DU-176b along with increased liver metabolism, although liver
toxicity was not seen in mice or monkeys orally administrated with DU-176b.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

IND number: 63,266

Review number: 1

Sequence number/date/type of submission: 000/May 27, 2004/Initial
Date of FDR receipt: June 3, 2004

I nfor mation to sponsor: Yes (x) No ()

Sponsor and/or agent: Daiichi Medical Research, Inc.
Montvale, New Jersey

Manufacturer for drug substance: Daiichi Pharmaceutical Co., Ltd.
Tokyo, Japan

Reviewer name: David B. Joseph, Ph.D.
Division name: Gastrointestinal Products
HFD #: 180

Review completion date: April 4, 2007

Drug:
Trade name: none
Generic name: none
Code names: DU-176b; D11-4176b
Chemical name: N-(5-Chloropyridin-2-yl)-N’-[(1S,2R,4S)-4-(N,N-dimethylcarbamoyl)-
2-(5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-
carboxamido)cyclohexyl]ethanediamide p-toluenesulfonate monohydrate
CAS registry number: 480449-71-6 (anhydrous free base)
Molecular formula/molecular weight: C,4H30CIN;04S*C;HsO3S*H,0/738.27
Structure:
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Relevant INDs/NDAs/DMFs: none

Drug class: anticoagulant/anti-thrombotic

Intended clinical population: e

Clinical formulation: Tablets containing 40.4 mg DU-176b (30 mg DU-176). The ingredients
are shown 1n the table below.

mg/tablet

Active Ingredient
DU-176b 40.4°
(‘gg)active Ingredients

Mannitol

@@ Pregelatinized Starch
Crospovidone
Hydroxypropylcellulose
Magnesium Stearate
Hydroxypropylmethylcellulose
Talc”
Macrogol
Titanium Oxide®

a: equivalent to 30 mg anhydrous free base (DU-176)
b: Present in coating

(b) (4

®) @]

®) @

Route of administration: oral
Proposed clinical protocol:

The Sponsor will perform a Phase 1, open-label study in healthy volunteers to assess the
pharmacodynamic effects of DU-176b, using an ex vivo model of thrombosis. The study will
include 12 healthy male volunteers, age 20-50 years. Each subject will be treated with a single
oral administration of 80.8 mg DU-176b (60 mg DU-176). The primary objective will be the
measurement of thrombogenic activity using the Badimon chamber perfusion method, in which
venous blood from the antecubital vein of the subject’s arm 1s allowed to flow directly into a
perfusion chamber containing a thrombogenic surface (porcine aorta tunica media).
Measurement of thrombogenesis will be performed at 0 (pre-dose), 1.5, 5, and 12 hr post-dose.
Secondary objectives will include safety evaluation and the measurement of thrombin
generation, anti-Xa activity, PT/INR, aPTT, and plasma drug concentration. Safety parameters
will include physical examination, vital signs, ECG, hematology, clinical chemistry, and fecal
occult blood test.
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Previousclinical experience:

Two Phase 1 studies have been conducted on DU-176b in the United Kingdom. The initial study
was performed on healthy male volunteers, age 18-55 years old, and was placebo-controlled.
This study included a dose-escalation single-dose phase and an ascending multiple dose phase.
The objectives were to assess the safety, tolerability, pharmacokinetics, and pharmacodynamics
of a single oral dose of 10, 30, 60, 90, 120, or 150 mg in the first phase, and of 90 mg od, 60 mg
bid, or 120 mg od given for 10 days in the second phase. The drug was well tolerated at all dose
levels in both phases of the study. A Phase I study was performed on healthy postmenopausal or
surgically sterile female volunteers and healthy elderly male volunteers. The objectives of this
study were to evaluate the safety, tolerability, pharmacokinetics, and pharmacodynamics of
DU-176b using repeated dosing. Females were age 18-65 years, and males were age 65 years
and over. The study subjects were treated orally with placebo or 90 mg/day on day 1 and on
days 3-10. No serious adverse events occurred. Minor bleeding episodes were observed in the
drug-treated volunteers. Headache was the most frequent adverse event.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless cited
otherwise.

Studies reviewed within this submission:
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Preclinical Study Testing Laboratory | Study # | Lot # Page |
PHARMACOLOGY 8
SAFETY 15
PHARMACOLOGY
PHARMACOKINETICS/
TOXICOKINETICS
Absorption Study of ADME/TOX Research AE-3435-G CP-2667 19
[*C]DU-176b in Male Rats | Institute (MET-20020653)
Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
Absorption of [ C]DU-176b | ADME/TOX Research AE-3437-G CP-2667 20
in Male Cynomolgus Institute (MET-20020685)
Monkeys Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
Distribution of [“C]DU—176b ADME/TOX Research AE-3437-G CP-2667 21
in Male Cynomolgus Institute (MET-20020685)
Monkeys Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
Whole-Body ADME/TOX Research AE-3448-G CP-2667 22
Autoradiography Study in Institute (MET-20020655)
Male Rats Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
Metabolism Study in Rats B 03-043 CP-2667 23
and Monkeys (MET-20020973)
Structural Characterization 03-140 CP-2667 26
of Metabolites in Rats and (MET-20030202) (labeled)
Monkeys CZ001
(unlabeled)
Excretion Study in Male Rats | ADME/TOX Research AE-3436-G CP-2667 28
Institute (MET-20020654)
Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
Excretion of [ *C][DU-176b in | ADME/TOX Research AE-3437-G CP-2667 28
Male Cynomolgus Monkeys Institute (MET-20020685)
Daiichi Pure Chemicals
Co., Ltd.
Ibaraki, Japan
GENERAL TOXICOLOGY
D11-4176b: Single Oral Daiichi Pharmaceutical 20020310 CZ001 31
Toxicity in Rats Co., Ltd. (0996)
Tokyo, Japan
D11-4176b: Single Oral Daiichi Pharmaceutical 20020307 CZ001 32
Toxicity in Cynomolgus Co., Ltd. (0997)
Monkeys Tokyo, Japan
D11-4176b: Four-Week Oral Re 6630-119 DZ002 33
Toxicity in Rats
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D11-4176b: Four-Week Oral 2K 6630-132 DZ002 37
Toxicity in Male Rats —
Additional Study
D11-4176b: 4-Week Oral wre) 6630-120 DZ002 39
Toxicity in Cynomolgus
Monkeys
GENETIC TOXICOLOGY
D11-4176b: Bacterial Reverse = SBL63-54 CZz001 45
Mutation Test
D11-4176b: In Vitro B SBL63-55 CZ001 47
Chromosomal Aberration
Test in CHL Cells
DU-176b: Polyploidy Test in @) 6630-142 CA201 50
Cultured Human Peripheral (23563-0-
Blood Lymphocytes )@ 4490ECD)
In Vitro Micronucleus Test in ORE 065/033611 CA201 55
Cultured Human
Lymphocytes
D11-4176b: Micronucleus L 6630-123 DZ002 57
Test in Rats Following Oral (23563-0-
Administration 4540ECD)
D11-4176b: Bone Marrow Daiichi Pharmaceutical 20020063 MO02427-01 58
Micronucleus Test in Rats Co., Ltd. (1314-105)
Following Twice Intravenous | Tokyo, Japan
or Oral Administration
DU-176b: Liver Daiichi Pharmaceutical 20030465 CA201 59
Micronucleus Test in Rats Co., Ltd. (1036)
Following a Single Oral Tokyo, Japan
Administration
Micronucleus Test in a B 6630-120 DZ002 61
4-Week Oral Toxicity Study
in Cynomolgus Monkeys
D11-4176b: Unscheduled e 6630-125 DZ002 62
DNA Synthesis Test in Rat (23563-0-
Liver Following Oral 4940ECD:;
Administration TOX-20020498)
REPRODUCTIVE AND
DEVELOPMENTAL
TOXICOLOGY
DU-176b: Oral Study of Daiichi Pharmaceutical 1035 CA201 64
Effects on Fertility and Early | Co., Ltd. (20030552)
Embryonic Development to Tokyo, Japan
Implantation in Rats
(Segment I Study)
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2.6.2 PHARMACOLOGY
2.6.2.1 Brief summary

DU-176b is a highly potent inhibitor of factor Xa in humans, Cynomolgus monkeys, rabbits, and
rats. The drug exhibited anti-thrombotic activity in two models of rat venous thrombosis and in
a rat A-V shunt model. Anti-thrombotic activity occurred at oral dose levels as low as 0.5 mg/kg
(depending on the model), and was associated with inhibition of factor Xa. Thus, factor Xa
inhibition appears to be the primary mechanism of action. Although the drug exhibited
anticoagulant activity in vitro (increases in PT, APTT, and TT), the anti-thrombotic activity that
occurred in rats was not associated with clinically significant increases in PT (the only
coagulation parameter measured). DU-176b also produced attenuation of tissue factor-induced
disseminated intravascular coagulation in rats. Oral administration of up to 200 mg/kg had no
effects on CNS function in mice. Oral administration of up to 200 mg/kg in monkeys had no
effects on behavior, cardiovascular parameters (including QT.), or respiratory parameters.

2.6.2.2 Primary phar macodynamics

Mechanism of action:

In Vitro Anticoagulant Activity and Inhibition of Factor Xain Humans, Rats, Cynomolqus
Monkeys, and Rabbits

M ethods: Blood samples were collected from healthy volunteers, male Wistar rats, Cynomolgus
monkeys, and rabbits (strain was not stated), followed by preparation of plasma. Anticoagulant
activity was assessed by adding DU-176b to plasma samples. Anti-Xa activity and inhibition of
other serine proteases was measured using purified enzymes.

Results: The results are shown in the following tables.

Factor Xa Inhibition
Species Ki (nM)
Human 0.561
Rat 6.96
Cynomolgus Monkey 0.715
Rabbit 0.457

NDA 206316 page 156
Reference ID: 3607764



Serine Protease I nhibition
Enzyme Ki (uM)

Thrombin 6.0
Trypsin > 100
Chymotrypsin > 100
Plasmin > 100
rtPA > 100
rh-Factor VIIa/sTF > 100

Anticoagulant Activity in Human Plasma

95% Confidence Interval

Par ameter CT2 (uM) L ower Upper
PT 0.256 0.230 0.281
APTT 0.508 0.485 0.532
TT 4.95 4.46 5.40

CT2: concentration of DU-176b required to increase clotting time by 2-fold

Anticoagulant Activity in Animals (Prothrombin Time)

95% Confidence Interval

Species CT2 (uM) L ower Upper

Rat 0.647 0.623 0.671
Cynomolgus monkey 0.320 0.303 0.337
Rabbit 0.149 0.133 0.164

CT2: concentration of DU-176b required to increase clotting time by 2-fold

IND 63,266
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DU-176b was highly potent in producing inhibition of factor Xa in humans, Cynomolgus
monkeys, and rabbits, with similar K; values observed in these species. The anti-Xa potency was
about 10-fold lower in rats. The drug exhibited low potency as a thrombin inhibitor, and no

inhibition was observed for other serine proteases. DU-176b produced increases in PT

(prothrombin time), APTT (activated partial thromboplastin time), and TT (thrombin time) in
human plasma. The most sensitive coagulation parameter was PT, which was also affected in

rats, Cynomolgus monkeys, and rabbits.

Conclusions: DU-176b is a highly potent inhibitor of factor Xa in humans, Cynomolgus

monkeys, rabbits, and rats.

Drug activity related to proposed indication:

Reference ID: 3607764
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Effect of D11-4176b in a Rat Venous Thrombosis M odél

Methods: Male Wistar rats (age 10 weeks) were treated with a single oral administration of 0
(vehicle), 0.1, 0.5, or 2.5 mg/kg D11-4176b (8 rats/group). D11-4176b is identical to DU-176b.
Dose levels are expressed as the anhydrous free base. The vehicle was 0.5% methylcellulose.
Fifteen minutes after dosing, the rats were anesthetized with thiopental sodium (100 mg/kg ip).
At 30 min after administration of D11-4176b, a platinum wire (2 cm) sharpened at one tip was
inserted into the abdominal vein below the renal vessel. The wire remained in place for 60 min.
One ml of 1% glutaraldehyde in 10 mM PBS was injected into the lower vena cava to fix the
thrombus. Next, 1 ml of 3.13% sodium citrate was injected to block additional thrombus
formation. The wire was removed and the weight of thrombus was measured. Blood was
collected at 30 and 90 min after dosing for measurement of plasma drug concentrations. PT and
inhibition of human factor Xa was measured in plasma from the 90-min blood sample.

Results: The results are shown in the following tables.

Dose Thrombus Weight PT Human Xa Activity
(mg/kg) (mQ) (sec) (mOD/min at 405 nm)
Vehicle 2.45+0.38 19.0 £ 0.1 7.595 £ 0.048

0.1 2.60 £0.39 19.2+£0.2 7.850+£0.119
0.5 1.91£0.20 18.4£0.1 6.429 £ 0.120
2.5 0.73 £0.21 18.7+£0.2 2.197£0.162

Values are the mean + S.E. (n=8)

Plasma Drug Concentration®
(ng/ml)
Dose
(mg/kg) 30 min 90 min
0.1 <5.0 <5.0
0.5 192114 129+ 0.8
2.5 188 +9.6 106 + 9.1

Values are the mean + S.E. (n=8)
a: anhydrous free base

D11-4176b produced a dose-dependent reduction in thrombus weight, and a dose-dependent
inhibition of human Xa activity. However, PT was unaffected. The magnitude of the
anti-thrombotic activity was correlated with plasma drug levels.
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Anti-thrombotic Effect of D11-4176b in a Rat A-V Shunt M od€l

Methods: Male Wistar rats (age 10 weeks) were treated with a single oral administration of 0
(vehicle), 0.5, 2.5, or 12.5 mg/kg D11-4176b (6 rats/group). Dose levels are expressed as the
anhydrous free base. The vehicle was 0.5% methylcellulose. Thirteen minutes after dosing, the
rats were anesthetized with thiopental sodium (100 mg/kg ip). A shunt was constructed between
the left carotid artery and right jugular vein. The shunt consisted of a polyethylene catheter
containing a copper wire. Blood was allowed to flow through the shunt for 12 min, followed by
removal of the shunt and measurement of protein content in the thrombus on the copper wire.
Blood was collected from the inferior vena cava for measurement of plasma drug concentration,
human factor Xa inhibition, and PT.

Results: The results are shown in the following tables.

Protein Content Human Xa Prothrombin
Dose in Thrombus Activity Time
(mg/kg) (ug) (mOD/min at 405 nm) (sec)
Vehicle 577.4+72.2 7.3%0.1 18.3+0.1
0.5 509.7 + 38.3 47+0.2 17.5+£0.2
2.5 338.6 £ 60.7 1.0£0.1 184+04
12.5 269.0+ 194 0.49 £ 0.03 21.3+0.6

Values are the mean £ S.E. (n=6)

Dose Plasma Drug Concentration®
(mg/kg) (ng/ml)

0.5 20.6 £ 2.7

2.5 172 £11.5

12.5 396 + 35.1

Values are the mean + S.E. (n=6)
a: anhydrous free base

D11-4176b produced a dose-dependent anti-thrombotic effect and inhibition of Xa activity, with
no clinically significant change in PT. The magnitude of anti-thrombotic activity was correlated
with plasma drug levels.
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Anti-thrombotic Effect of DU-176b in a Rat Venous Stasis M odel

Methods: Male Wistar rats (age 10 weeks) were treated with a single oral administration of 0
(vehicle), 0.5, 2.5, or 12.5 mg/kg DU-176b (8 rats/group). Dose levels are expressed as the
anhydrous free base. The vehicle was 0.5% methylcellulose. Thirteen minutes after dosing, the
rats were anesthetized with thiopental sodium (100 mg/kg ip). At 29 min after treatment with
DU-176b, blood was collected from the jugular vein, followed immediately by infusion of
hypotonic saline into the femoral vein for 2 min (5 ml/kg/min). These blood samples were used
for measurement of plasma drug concentration, human factor Xa inhibition, and PT. The inferior
vena cava was ligated with a cotton thread below the left renal vein. Ten minutes later, the
inferior vena cava was ligated at 1.5 cm below the first ligature. Sixty minutes later, the
thrombus was removed and weighed.

Results: The results are shown in the following tables.

Protein Content in
Dose Thrombus Human Xa Activity | Prothrombin Time
(mg/kg) (mg) (mOD/min at 405 nm) (sec)
Vehicle 438 £0.53 13.8£0.2 18.2£0.1
0.5 2.03+£0.49 6.6+0.3 17.9£0.1
2.5 0.71 £0.29 0.84£0.10 20.6 £ 0.7
12.5 0.58 £0.16 0.35+0.03 24.0+0.4

Values are the mean + S.E. (n=8)

Dose Plasma Drug Concentration®
(mg/kg) (ng/ml)

0.5 205+ 1.4

2.5 194 £27.1

12.5 449 + 37.6

Values are the mean + S.E. (n=8)
a: anhydrous free base

DU-176b produced a dose-dependent anti-thrombotic effect and inhibition of Xa activity, but
only a slight increase in PT. The magnitude of anti-thrombotic activity was correlated with
plasma drug levels.
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2.6.2.3 Secondary pharmacodynamics

Effect of DU-176b on Recombinant Factor VIla-Induced Reduction of Prothrombin Time

Methods: Blood was obtained from human volunteers. Plasma was prepared from blood
samples. The effects of NovoSeven (recombinant human factor VIla) and DU-176b on PT were
measured, either alone or in combination.

Results: The results are shown in the following figures (taken from the study report).

50 -
[ NovoSeven 0 ng/mL
1 % NovoSeven 5 ng/mL
40 | [ NovoSeven 50 ng/mL
B NovoSeven 500 ng/mL

Prothrombin time (scc)

DU-176 (ng/mL)
Figure 1 Effect of NovoSeven on prolonged prothrombin time induced by DU-176
at a concentration of 150 ng/mL.

Data represents the mean + 8 F M.(n=6). The statistical significance of the data was
analyzed by Aspin-Welch t test (between control and DU-176 alone) and paramerric
Dunnett’s multiple comparison test.

*: p<0.05 (vs. control, parametric Dunnett’s multiple comparison test)

§: p<0.05 (vs. control, Aspin-Welch t test)

#: p<0.05 (vs. DU-176 alone, parametric Dunnett’s multiple comparison test)
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50 |
NovoSeven 0 ng/mL S _
NovoSeven 5 ng/mL -

NovoSeven 50 ng/mL | %
NovoSeven 500 ng/mL : /

HENL]

Prothrombin time (sec)

DU-176 (ng/mL)

Figure2 Effect of NovoSeven on prolonged prothrombin time induced by DU-176
at a concentration of 450 ng/mL.

Data represents the mean £ S.E.M.(n=6). The statistical significance of the data was
analyzed by Aspin-Welch t test (between control and DU-176 alone) and parametric
Dunnett’s multiple comparison test.

*: p<0.05 (vs. control, parametric Dunnett’s multiple comparison test)

§: p<0.05 (vs. control, Aspin-Welch t test)

#: p<0.05 (vs. DU-176 alone, parametric Dunnett’s multiple comparison test)

NovoSeven produced a dose-dependent decrease in PT in the absence and presence of DU-176.
However, PT values in the DU-176-treated samples were greater than those observed in the
absence of DU-176.

Effect of D11-4176b on Tissue Factor-1nduced DIC in Rats

Methods: Male Wistar rats (age 11 weeks) were treated with a single oral administration of 0
(vehicle, saline sham), 0 (vehicle), 0.1, 0.5, or 2.5 mg/kg D11-4176b (6 rats/group). Dose levels
are expressed as the anhydrous free base. The vehicle was 0.5% methylcellulose. Fifteen
minutes after dosing, the rats were anesthetized with thiopental sodium (100 mg/kg ip). At 30
min after administration of D11-4176b, 0.8 U/ml tissue factor (Thromboplastin C Plus) in saline
was infused into the femoral vein for 1 min (3.1 ml/kg) to produce DIC (disseminated
intravascular coagulation). The sham group was infused with saline. Ten minutes later, blood
was collected from the inferior vena cava. Platelet count was measured in blood, and plasma
was prepared. Inhibition of human factor Xa was measured in plasma samples. Plasma
concentrations of TAT (thrombin-antithrombin III complex), fibrinogen, and D11-4176b were
also measured.

Results: The results are shown in the following tables.
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Human Xa
Plasma Activity

Dose Platelet Count Plasma TAT Fibrinogen (mOD/min at
(mg/kg) (x 10%ul) (ng/ml) (mg/d) 405 nm)
Vehicle (sham) 64.6+1.6 34x0.7 202.2 2.8 8.6 £0.1

Tissue Factor-Induced DIC

Vehicle 398x1.0 290.5t26.4 124.4+7.7 8.710.2
0.1 478+2.8 173.1 £22.0 157.3+9.1 84+0.1
0.5 502+1.2 108.3£17.2 182.8 +5.0 6.1 £0.2
2.5 56.9+2.4 38.6t3.2 197.4 5.1 1.5x0.1

Values are the mean + S.E. (n=6)

Dose Plasma Drug Concentration®
(mg/kg) (ng/ml)
0.1 <5.0
0.5 16.2+2.0
2.5 163 £16.7

Values are the mean + S.E. (n=6)
a: anhydrous free base

D11-4176b prevented the DIC-induced decrease in platelet count, increase in TAT, and decrease
in fibrinogen. These effects were dose-dependent, and were correlated with plasma drug levels.
2.6.2.4 Safety phar macology

Neurological effects:

CNS Study in Male Mice

Methods: Male Slc:ddY mice (age 4-5 weeks, 22-33 g) were used. For each test, the mice were
treated orally with 0 (vehicle), 20, 60, or 200 mg/kg DU-176b. The dose levels are expressed as
the anhydrous free base equivalent. The drug was administered as a suspension in 0.5%
methylcellulose using a dose volume of 10 ml/kg. The dose groups included 10 mice in all tests,
except for the Irwin test, for which 3 mice/group were used.

Results:
Irwin Test: Huddling behavior was absent in 1/3 mice treated with 20 mg/kg at 60 min
post-dose. This effect was probably not related to treatment. Vocalization occurred in the

200 mg/kg group at 30 min post-dose (1/3 mice).

Motor Coordination (rota-rod test): This test was performed at 1 hr post-dose. There were no
effects.
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Spontaneous L ocomotor Activity (wheel cage test): Activity was measured in revolutions per
10 minute interval starting at 1 hr post-dose. In the initial test, locomotor activity was reduced in
the 60 mg/kg group at each 10-min interval during 60-120 min after dosing. However, no
significant changes occurred in the 20 or 200 mg/kg groups. In the repetition of this test, no
significant changes in activity were detected in any treatment group.

Electroshock-Induced Convulsion: Electroshock was administered at 1 hr post-dose. The
results from two experiments are shown below.

Experiment # 1
Dose Seizure Threshold Current
(mg/kg) (mA)
0 13.8£0.3
20 13.1£0.3
60 12.5+0.3*
200 13.3+£0.3
Values are the mean *+ S.E.
*p<0.05
Experiment # 2
Dose Seizure Threshold Current
(mg/kg) (mA)
0 13.0+£0.3
20 125+£0.3
60 12.8+0.3
200 126 +0.4

Values are the mean + S.E.

No drug-related effect was observed. The positive result (i.e. decreased threshold current) in the
first experiment was not dose-dependent, and was not reproduced in the second experiment.

Pentylenetetrazole-Induced Convulsion: This test was performed at 1 hr after treatment with

DU-176b, using intravenous infusion of pentylenetetrazole (10 mg/min). No effects were
observed.

Conclusions: Oral administration of up to 200 mg/kg had no effects on CNS function in mice.
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CNS, Cardiovascular, and Respiratory Study in Cynomolgus M onkeys

Methods: Two male and two female Cynomolgus monkeys (age 4 years) were implanted with a
telemetric transmitter. The animals were treated orally with 0 (vehicle), 20, 60, and 200 mg/kg
DU-176b. The dose levels are expressed as the anhydrous free base equivalent. Dosing was
performed on four occasions using a crossover study design. The doses were separated by six
days. The dose volume was 2 ml/kg. The drug was administered as a suspension in 0.5%
methylcellulose. ECG was recorded prior to dosing at 0.25, 0.5, 1, 1.5, 2, 4, 6, and 8 hr
post-dose.

Results: The drug had no effects on behavior (0-24 hr), spontaneous locomotor activity (0-8 hr),
temperature (0-8 hr), systolic pressure (0-8 hr), diastolic pressure (0-8 hr), heart rate (0-8 hr),
RR, PR, QRS, QT, QT.,, respiration rate (0-8 hr), blood pH (0-8 hr), blood pO,, blood pCO,, and
sO; (hemoglobin oxygen saturation). Plasma levels of histamine were measured before dosing
and at 60 and 240 min post-dose. Histamine levels were below the limit of quantification

(1 nMol/L) for every sample collected in each animal.

Cardiovascular effects:

See study in monkeys under the “Neurological effects” subsection for ECG effects.

Effectson HERG Channel Current in HEK 293 Cells

Methods: HEK293 cells were stably transfected with HERG cDNA. Currents mediated by
HERG channel activity were recorded using the whole-cell patch clamp method. Cells were
initially clamped at -70 mV. Outward current was elicited by changing the potential to 0 mV for
0.75 sec, followed by repolarization to -50 mV for 0.75 sec to produce the tail current. The
potential was then returned to -70 mV. HERG channel current was measured prior to drug
exposure and at 10 min of exposure to drug solution. The vehicle was 0.1% DMSO in
physiological buffer. The cells were exposed to 0 (vehicle), 2, or 20 pg/ml DU-176b
(concentrations expressed as anhydrous free base). E-4031 (100 nM) was tested as a positive
control compound.

Results: DU-176b had no effect on tail current. E-4031 produced a strong inhibition (84% less
than the pre-exposure value) of tail current.

Effects on the Electrophysiological Properties of | solated Guinea Pig Papillary M uscle

Methods: Male Hartley guinea pigs (age 4-6 weeks) were used. The animals were sacrificed
and the heart was removed and placed in a physiological buffer. The papillary muscles were
removed from the right ventricle, and suspended in physiological buffer. Action potentials were
evoked by electrical stimulation (1 Hz for 1 msec) using microelectrodes. After a 30-60 min
equilibration period during which baseline measurements were obtained, the muscle preparations
were exposed to cumulative concentrations of drug. The effect of each concentration was
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measured at 30 min of exposure. The muscle strips were treated with 0 (vehicle), 6, and

20 pg/ml DU-176b (concentrations expressed as anhydrous free base). E-4031 (100 nM) was
tested as a positive control compound. The vehicle was 0.03-0.07% DMSO in physiological
buffer.

Results: DU-176b had no effects on the following parameters: resting membrane potential,
action potential amplitude, overshoot, action potential duration at 20%, 50%, and 90% of
repolarization (APDyy, APDsy, and APDy,, respectively), and Viax (dV/dThax). E-4031 produced
prolongation of APD,y, APDsg, and APDy,.

Pulmonary effects: See study in monkeys under the “Neurological effects” subsection.

Renal effects:

Renal Function Study in Rats

Methods: Male Crj:CD(SD)IGS rats (age 6 weeks, 192-210 g) were fasted for 18-24 hr and
deprived of water during the final 2 hr before the experiment. The rats were treated orally with
25 ml/kg saline, followed immediately by a single oral administration of 0 (vehicle), 20, 60, or
200 mg/kg DU-176b (8 rats/group). The dose levels are expressed as anhydrous free base. The
drug was administered as a suspension in 0.5% methylcellulose, using a dose volume of 5 ml/kg.
Urine was collected for 5 hr after dosing. Pooled urine samples were analyzed for sodium,
potassium, and chloride.

Results: Urine volume and the excretion of sodium, potassium, and chloride (UWEq/5 hr) were
unaffected.

Gastrointestinal effects: No studies were submitted.

Abuse liability: No studies were submitted.

Other: No studies were submitted.

2.6.2.5 Pharmacodynamic drug interactions

No studies were submitted.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

Not applicable.
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264 PHARMACOKINETICS TOXICOKINETICS

2.6.4.1 Brief summary

Studies were performed to characterize the absorption, distribution, metabolism, and excretion of
['*C]DU-176b in male rats and male Cynomolgus monkeys. Oral administration was used

exclusively in these studies.

2.6.4.2 Methods of Analysis
[see under individual study reviews]

2.6.4.3 Absorption

Absorption Study of [Y*C]DU-176b in M ale Rats

Methods: Three male Wistar SPF rats (age 7 weeks) were treated with a single oral
administration of 3 mg/kg ['*C]DU-176b. The dose level is expressed as the anhydrous free base
equivalent. The drug was administered as a solution in water with pH adjusted to 4.0 with HCI.
The dose volume was 6 ml/kg. Blood was collected from each animal at 0.25, 0.5, 1, 2, 4, 6, 8,
12, 24, 48, and 72 hr after dosing. The structure of [14C]DU-176b is shown below.
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Results: Pharmacokinetic parameters for total radioactivity in blo