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MEMORANDUM

Date: December 20, 2004

From: John K. Leighton, Ph.D., DABT
Supervisory Pharmacologist, HFD-150

To:  File for NDA #21-673

Re:  Approvabiiity for Pharmacology and Toxicology
Clolar {clofarabine)

in support of the NDA application for clofarabine, the Sponsor submitted reports of
nonclinical studies of its pharmacologic mechanism of action. Also submitted were
reports of studies of the toxicology of clofarabine, including general toxicology (daily for
5 days and repeat dose up for 5 cycles), genetic toxicity (standard ICH battery), and
reproductive toxicity. Pharmacokinetic and ADME studies were also provided. The
reports of studies investigating the pharmacologic mechanism of action of clofarabine
were obtained from the scientific literature; toxicology, pharmacokinetic and ADME
studies were conducted by the sponsor.

Clofarabine, a purine analogue of adenine, is a cytotoxic agent with primary
pharmacodynamic action as an inhibitor of DNA synthesis and repair. Clofarabine is a
prodrug that is converted to the triphosphate before incorporation into DNA,
Incorporation of clofarabine monophosphate into DNA is likely the principal route
through which clofarabine exerts its pharmacodynamic action. However, Dr. Goheer
points out in his review that other mechanisms of anticancer activity may also be
important.

Clofarabine is active in growing and quiescent cells, an activity that remains to be fully
exptored. The evidence supporting this conclusion was discussed in Dr. Goheer’s
supplemental labeling review to the NDA. Additional exploratory research in this area
does not impact the approvability of clofarabine for the proposed indication.

Toxicological findings for the most part were those expected of cytotoxic agents,
primarily toxicity to rapidly dividing cells of the gastrointestinal and hematopoietic
tissues. Of note, however, was cardiovascular toxicity that may be due to direct action of
clofarabine on mitochondria. In a 5-day GLP cardiac biomarker study in male rats
conducted by the Sponsor, a lack of statistical significance was observed with troponin |
after clofarabine treatment in the presence of myocardial degeneration. These findings
were discussed in the Executive Summary of the review. The relevance of the troponin
findings is unclear and should be considered exploratory research as the assay used was
not fully validated. The use of exploratory research in conjunction with a GLP
toxicology study did not invalidate the main part of the GLP toxicology study in which
histopathologic lesions were observed. Cardiovascular toxicity was addressed during
clinical development.

Embryo-fetal developmental studies (Segment [1) indicated that clofarabine was a
developmental toxicant in rats and rabbits. The findings were observed in the absence of



maternal toxicity. Pregnancy Category D is recommended. These findings are discussed
in detail in the review and in label recommendations.

Recommendations: I concur with Dr. Goheer's conclusion that pharmacology and
toxicology data support the approval of NDA 21-673, Clolar for the treatment of pediatric
patients with acute lymphoblastic leukemia (ALL) after at least two prior regimens.

There are no outstanding nonclinical issues.
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Recommendations on labeling

The sponsor proposed:

Mechanism of Action: Clofarabine is sequentially metabolized intracellularly to
the 5’-monophosphate metabolite by deoxycytidine kinase and mono- and di-

phosphokinases to the active 5’-triphosphate metabolite. Conversion of the

Clofarabine 5’-triphosphate also disrupts the integrity of

mitochondrial membrane, leading to the release of the pro-apoptotic mitochondrial

proteins, cytochrome C and apoptosis-inducing factor, leading to programmed cell death.
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We recommend:

Mechanism of Action:
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The sponsor proposed:

Activity in Pharmacology Models: ~

-

We recommend.:

C . J clofarabine is cytotoxic to rapidly proliferating and
gquiescent cancer cells in vitro.
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The sponsor proposed:

We recommend:
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We recommend:

WARNINGS

Pregnancy — Teratogenic Effects: Pregnancy Category D
Clofarabine may cause fetal harm when administered to a pregnant woman.

Clofarabine was teratogenic in rats and rabbits. Developmental toxicity (reduced fetal
body weight and increased post-implantation loss) and increased incidences of
malformations and variations (gross external, soft tissue, skeletal and retarded
ossification) were observed in rats receiving 54 mg/m’/day (approximately equivalent to
the recommended clinical dose on a mg/m’ basis), and in rabbits receiving 12 mg/m’/day
(approximately 23% the recommended clinical dose on a mg/m2 basis).

There are no adequate and well-controlled studies in pregnant women using clofarabine.
If this drug is used during pregnancy, or if the patient becomes pregnant while taking this
drug, the patient should be apprised of the potential hazard to the fetus.

Women of childbearing potential should be advised to avoid becoming pregnant while
receiving treatment with clofarabine.
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The sponsor proposed:

PRECAUTIONS

Pregnancy/Nursing

All patients should be advised to use effective contraceptive measures to prevent
pregnancy. Female patients should be advised to avoid breast feeding during treatment
with clofarabine.

Carcinogenesis, Mutagenesis, Impairment of Fertility
Pregnancy Category D

See Warnings :
Carcinogenesis

| ]

Mutagenesis

Impairment of Fertility

Studies in mice, rats, and dogs have demonstrated dose-related adverse effects on male
reproductive organs. Seminiferous tubule and testicular degeneration and atrophy were
reported in male mice receiving IP doses of © 7 The testes of rats
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receiving 25 mg/kg/day (150 mg/mzfday) in a 6-month IV study had bilateral
degeneration of the seminiferous epithelium with retained spermatids and atrophy of
interstitial cells. In a 6-month IV dog study, cell degeneration of the epididymis and
degeneration of the seminiferous epithelium in the testes were observed in dogs receiving
0.375 mg/kg/day (7.5 mg/mzlday) and higher. Ovarian atrophy or degeneration and
uterine mucosal apoptosis were observed in female mice at 75 mg/kg/day (225

mg/m’/day), the only dose administered to female mice. The effect on human fertility is
unknown,
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We recommend:

PRECAUTIONS

Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis: Clofarabine has not been tested for carcinogenic potential.

Mutagenesis: Ciofarabine showed clastogenic activity in the in vitro mammalian
cell chromosome aberration assay {CHO cells) and in the in vivo rat micronucleus assay.
It did not show evidence of mutagenic activity in the bacterial mutation assay (Ames
test).

Impairment of fertility: Studies in mice, rats, and dogs have demonstrated dose-
related adverse effects on male reproductive organs. Seminiferous tubule and testicular
degeneratlon and atrophy were reported in male mice receiving IP doses of 3 mg/kg/day
(9 mg/m’/day, approximately 17% of clinical recommended dose on a mg/m’” basis). The
testes of rats receiving 25 mg/kg/day (150 mg/m’ /day, approximately 3 times of the
recommended clinical dose on a mg/m” basis) in a 6-month IV study had bilateral
degeneration of the seminiferous epithelium with retained spermatids and atrophy of
interstitial cells. In a 6-month [V dog study, cell degeneration of the epididymis and
degeneration of the seminiferous epithelium in the testes were observed in dogs receiving
0.375 mg/kg/day (7.5 mg/m’/day, approximately 14% of the clinical recommended dose
on a mg/m’ basis). Ovarian atrophy or degeneration and uterine mucosal apoptosis were
observed in female mice at 75 mg/kg/day (225 mg/m*/day, approximately 4 fold of
recommended human dose on a mg/m’ basis), the only dose administered to female mice.
The eftect on human fertility is unknown.

Pregnancy
Teratogenic Effects: Pregnancy Category D. See WARNINGS

Nursing Mothers

It is not known whether clofarabine or its metabolites are excreted in human milk.
Because of the potential for tumorigenicity shown for clofarabine in animal studies and
the potential for serious adverse reactions, women treated with clofarabine should not
nurse.
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Executive Summary
I. Recommendations

A. Recommendation on approvability: The non-clinical studies submitted to
this NDA provide sufficient information to support the use of clofarabine
(CLOLAR™) in pediatric patients with refractory or relapsed acute
lymphoblastic leukemia (ALL) and acute myelogenous leukemia (AML).

B. Recommendation for nonclinical studies: None

C. Recommendations on labeling: None at this time.
A separate review will be conducted.

IL Summary of nonclinical findings

A.  Brief overview of nonclinical findings: Clofarabine is a second-generation
purine nucleoside antimetabolite. It is structurally related to two approved purine
analogs for hematological malignancies, fludarabine phosphate and cladribine (2-CdA).
Clofarabine differs from these two compounds in that it has 2 halogen atoms
incorporated into its structure. lts metabolism and mechanisms of action are
significantly different from fludarabine and cladribine (Blood 2000; 96:3537-3543).
Clofarabine is an efficient substrate for the activating enzyme deoxycytidine kinase.

The in vivo and in vitro studies have demonstrated the activity of clofarabine on various
tumors and drug-resistant leukemias. Clofarabine is primarily metabolized
intracellularly to its 5’-monophosphate by deoxycytidine kinase (dCK). Clofarabine
monophosphate is converted to clofarabine diphosphate by a purine nucleotide
monophosphate kinase. Diphosphokinase converts clofarabine diphosphate to the active
5’-triphosphate metabolite. Once transformed into the triphosphate form, adenine
deoxynucleosides can induce DNA damage and trigger the apoptotic cascade (Proc Natl
Acad Sci USA. 1992; 89:2970-2975). Conversion of monophosphate to diphosphate is
the rate-limiting step resulting in cellular accumulation of both clofarabine mono-and
tri-phosphate. The effects of clofarabine on the metabolism of cytochrome p450
substrates and drug-drug interaction studies have not been conducted.

The proposed mechanism of action of clofarabine (clofarabine triphosphate) is believe to
be due to the induction of DNA damage, disruption of mitochondrial function, and
activation of pro-apoptotic factors. Clofarabine induces apoptosis in cells by two
separate pathways (i.e., a direct action on the mitochondria and an indirect pathway via
DNA damage).

During traditional toxicity assessment, clofarabine was administered to rodents {mice,
rats) and non-rodent (dogs) for 1, 5,21, and 163 (d x 5 q 28 d for 5 cycles; d x 5, then 17
days off) days. Single and multi-dose administration of clofarabine induced adverse
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effects on rapidly proliferating tissues of the GI, testes, lymphoid tissues, and bone
marrow of mice, rats and dogs. Based upon their respective MTD values, the dog (15
mg/m’/day) was the most sensitive species, followed by the rat (75 mg/m?%day) and
mouse (2235 mg/mzlday). High dose rats and dogs had unilateral ocular findings
(superficial focal white corneal deposit) in both eyes. Similar findings have been
observed for other drugs in this class (Ophthal Plast Reconstr Surg 2003, 19:216-24).
Clofarabine administration in rats induced adverse histopathological effects on the heart
{myocardial degeneration, necrosis, inflammation, fibrosis, and compensatory
hypertrophy) in chronic studies. These adverse effects correlated well with the
mechanism of action of clofarabine, induction of apoptosis through a direct and indirect
action on the mitochondria (Blood 2000; 96:3537-3543).

Cardiovascular safety pharmacology study conducted in male Fischer rats at 300
mg/mzlday clofarabine (~6 fold the recommended pediatric dose) for 5 days showed
biologically significant myocardial degeneration without any statistically significant
affect on troponin I values. CK-MB was also examined in this study and supported
histopathological evidence of myocardial degeneration.

Clofarabine was not mutagenic in the Ames test in the presence and absence of metabolic
activator (5-9). Clofarabine did show clastogenic activity in the in vifro mammalian cell
chromosome aberration assay (CHQO) in the presence and absence of metabolic activator
(8-9) and in the in vivo rat micronucleus assay. The clastogenic findings were expected
based upon the mechanism of anticancer activity for clofarabine.

Teratological effects (embryo-fectal development) of clofarabine were examined in both
Sprague Dawley rats and New Zealand White rabbits. There were significant increases
in major skeletal or visceral malformations due to clofarabine treatment to rats and
rabbits at 54 and 12 mg/m*/day, respectively. The recommended pediatric (up to 21
years old) dose is 52 mg/m? daily for 5 consecutive days. Therefore, it is important that
sexually active pediatric patients be aware that there is no safety margin and should take
precautions to avoid pregnancy.

B. Pharmacologic activity: Clofarabine is a prodrug that is converted by the
cytosomal enzyme deoxycytidine kinase (dCK) into its active clofarabine triphosphate.
The active clofarabine triphosphate competes with dATP for incorporation into the DNA
chain by polymerase a. Once clofarabine triphosphate is incorporated into the DNA
chain, it disrupts DNA chain elongation and induces DNA strand breaks.

C. Nonclinical safety issues relevant to clinical use: Cardiac toxicity in
male Fischer rats and GI toxicity during long term toxicity studies in rats and
dogs were observed.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-673

Review number: 1

Sequence number/date/type of submission: 001 /9-26-03 / NDA
Information to sponsor: Yes () No (X)
Sponsor and/or agent: ILEX™ Products, Inc.,

4545 Horizon Hill Blvd.
San Antonio, Texas 78§229-2263.
Manufacturer for drug substance: | (

| !

\ B 3

Reviewer name: M. Anwar Goheer, Ph.D.
Division name: Division of Oncology Drug Products
HFD #: 150
Review completion date: September 16, 2004
Drug:

Trade name: CLOLAR

(eneric name: Clofarabine, clofarex

Code name: N/A

Chemical name:
2- chloro-9-(2’-deoxy-2’-fluoro-3-D-arabinofuranosyl)-9H-purine-6-amine,
Cl-F-ara-A, 2-chloro-2’-fluoro-deoxy-9-5 arabinofuranosyladenine,
2-chloro-9-(2-deoxy-2-fluoro-A-D-arabinofuranosyl)-adenine (Cl-F-ara-A),
2-chloro-2’-arabino-fluoro-2’-deoxyadenosine, 2-chloro-2’-ara-

flurodeoxyadenosine (CaFdA),

2-chloro-2’-fluorodeoxyadenosine (CaFdA), or
FP028 (ASI Internal Designation Code)

CAS registry number:
Molecular formuia/molecular weight: CgH1CIFNsO5 / 303.68
Structure:
NH;
AN
4 |
o <N \N)\\CI
HO
ws
Retevant INDs/NDAs/DMFs: INDs 63,641 & 43,275
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Drug class: Purine nucleoside antimetabolite

Intended clinical population: Pediatric primary relapsed or refractory acute
leukemia.

Clinical formulation: Intravenous solution

Route of adminisiration: Intravenous infusion

Proposed use: “The recommended pediatric dose and schedule is

52 mg/m’ administered by IV infusion over 1 to 2 hours daily for 5
consecutive days. Treatment cycles are repeated every 2 to 6 weeks
following recovery or return to baseline organ function”.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.

Studies reviewed within this submission:

2.6.2 PHARMACOLOGY
2.6.2.2 Primary pharmacodynamics

In Vitro Pharmacodynamic and Mechanism of Action

L. Effects of 2-chloro-9-(2- deoxy-2-fluoro--D-arabinofuanosyl) adenine on K562
Cellular Metabolism and the Inhibition of Human Ribonucleotide Reductase and
DNA Polymerases by its 5’-triphosphate.

2. Comparison of the Mechanism of Cytotoxicity of 2-chloro-9-(2-deoxy-2-fluoro-f-
D-arabino-furanosyl) adenine, 2-chloro-9-(2-deoxy-2-fluoro-p-D-ribofuranosyl)
adenine, 2-chioro-9-(2-deoxy-2,2-difluoro-f-D-ribofuranosyl) adenine in CEM
Cells.

3. Deoxyadenosine Analogues Induce Programmed Cell Death in Chronic
Lymphocytic Leukemia Cells by Damaging the DNA and by Directly Affecting
the Mitochondria.

4. DNA Repair Initiated in Chronic Lymphocytic Leukemia Lymphocytes by 4-
hydroperoxycyclophosphamide is Inhibited by Fludarabine and Clofarabine.

5. Comparison of Cytotoxicity of 2-chloro-2"-arabino-fluoro-2’ deoxyadenosine
(clofarabine) with Cladribine in Mononuclear Ceils from Patients with Acute
Myeloid and Chronic Lymphocytic Leukemia.

In Vivo Pharmacodynamic and Drug Activity Related to Proposed Indication

6. Synthesis and Biologic Activity of 2°-Fluoro-2-halo derivatives of 9 B-D-
arabinofuranosyladenine.
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7. Oral Antilymphocyte Activity and Induction of Apoptosis by 2-chloro-2'-arabino-
finoro-2'-deoxyadenosine.

8. Preclinical Antitumor Activity of 2-chloro-9-(2-deoxy-2-fluoro-f-D-arabino-
furanosyl)-adenine (CI-F-ara-A).

9. Antitumor Activity of 2-chloro-9-(2-deoxy-2-fluoro-B-D-arabinofuranosyl)
adenine, A Novel Deoxyadenosine Analog, Against Human Colon Tumor
Xenografts by Oral Administration,

2.6.2.4  Safety pharmacology

1. Five- Day Intravenous GLP Cardiac Biomarker Study of Clofarabine in Male
Fischer 344 Rats. Study Number: 0204- 04.

2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.4 Distribution:

1. Tissue Distribution in Male Fischer 344 Rats Following a Five Day Intravenous
Dose Regimen of '*C-Clofarabine. Report No. QKAN-2002-0783-ADM.

2.6.4.5 Metabolism: See under excretion and general toxcity studies in rats and
dogs.

2.6.4.6 Excretion

L. Clofarabine Mouse Studies (Report MDACC 1).
2, Clofarabine Dog studies (Report MDACC 2).

2.6.4.8 Other Pharmacokinetic Studies

1. In Vitro Metabolism of Clofarabine in Rat, Dog, and Human Cryopreserved
Hepatocytes. T T ReportNo.: € 12002-0542-BIO, [
Study No.: BA020050, and € 1 Project No.: DAA00710.100.

2.6.6 TOXICOLOGY
2.6.6.3 Repeat-dose toxicity

1. A Multi-Cycle (Five Days’ Dosing Plus 23 Days’ Recovery per Cycle]
Intravenous Toxicity and Toxicokinetics Study in Fischer 344 Rats. — Study
No. 5471, ILEX Study Number: 0204-03.

2 A Multi-Cycle (Five Days’ Dosing Plus 23 Days’ Recovery per Cycle)
Intravenous Toxicity and Toxicokinetics Study in Beagle Dogs. — Study No.
2758, ILEX Study No. 0203-01.
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2.6.6.4 Genetic toxicology

1. Bacterial Reverse Mutation Report. Study No. AAS3PR.503. —

CLO.00.07.02.

2. In Vitro Mammalian Chromosome Aberration Test. Study No.
AAS53PR.331. — ,CLO.00.07.03.

3. Mammalian Erythrocyte Micronucleus Test. Study No. AAS3PR.125. —
CLO.00.48.

2.6.6.6 Reproductive and developmental toxicology

1. Intravenous Dosage-Range Developmental Toxicity Study of Clofarabine in Rats.
Sponsor’s Study Number: 0202-01.

2. Intravenous Developmental Toxicity Study of Clofarabine in Rats. Sponsor’s
Study Number: 0204-01.

3. Intravenous Dosage-Range Developmental Toxicity Study of Clofarabine in
Rabbits. Sponsor’s Study Number: 0202-02.

4. Intravenous Developmental Toxicity Study of Clofarabine in Rabbits. Sponsor’s

Study Number: 0204-02.

Studies not reviewed within this submission:

2.6.2 PHARMACOLOGY
2.6.2.2  Primary pharmacodynamics
These studies are discussed in the pharmacology tabulated summary.

1. Clofarabine PO or [P Against HT29 Human Colorectal Carcinoma in Nude Mice.
ILEX Study Number: DE111802- 02.

2. Response of SC CCRF-CEM Leukemia to Combination Treatment with
Clofarabine and ARA-C. Report: ILEX 12,

3. Response of SC NCI-H460 Lung Tumor to Treatment with Clofarabine. Report:
ILEX 16.

4. Response of SC HT29 Colon Tumor to Combination Treatment with Clofarabine
and Irinotecan. Report: [ILEX 19. '

5. Response of SC HT29 Colon Tumor to Combination Treatment with Clofarabine
and Oxaliplatin. Report: ILEX 24,

6. Response of SC HT29 Colon Tumor to Combination Treatment with Clofarabine
and Camptosar. Report: ILEX 25.

7. Response of SC HT29 Colon Tumor to Combination Treatment with Clofarabine
and 5-FU. Report: ILEX 8.

8. Response of SC PC-3 Prostate Tumor to Combination Treatment with Clofarabine

and Taxotere. Report: ILEX 9.
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.2 Methods of Analysis:
1. Validation of a Method for the Determination of Clofarabine in Rat Plasma Using

L
3
2. Validation of a Method for the Determination of Clofarabine in Dog Plasma
Using C
1
2.6.44 Distribution
1. Distribution of 2’-Chloro-2’-deoxyadenosine, 2-Chloro-2’-arabino-fluoro-2’-
deoxyadenosine, Fludarabine, and Cytarabine in Mice: A Whole Body
Autoradiography Study.
2.6.4.5 Metabolism
1. In Vivo Metabolism of Clofarabine in Rat Myocardium, Liver, Urine, Feces, and

Plasma Samples Cotlected from ProtocolPK-917
2. Metabolism and Actions of 2-Chloro-9-(2-deoxy-2fluoro-f-D-arabinofuranoyl)-
adenine in Human Lymphoblastoid cells.

2.6.4.6 Excretion

1. Radiokinetic and '*C Excretion/Mass Balance Study of '*C-Clofarabine in Fischer
344 Rats.

2.6.6 TOXICOLOGY

2.6.6.3 Repeat-dose toxicity

L. Five- Day Intravenous GLP Toxicity Study of Clofarabine in Male Fischer 344
Rats. Study Number: 0106- 01.

2. Five- Day Intravenous [nfusion GLP Toxicity Study of Clofarabine in Male
Fischer 344 Rats. Study Number: 0110-02.

3. Three Weekly Oral and Intravenous Dose Bridging Toxicity Study of Clofarabine
in Fischer 344 Rats. Study Number: 0204-05.

4. Twenty-One Day Cral Range-Finding Study of Clofarabine in FISHER 344 Rats.
Study Number: 0110-01.

5. Twenty- One Day Oral Range- Finding Smdy of Clofarabine in Beagle Dogs

Study Number: ¢109- 01.
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2,6.2 PHARMACOLOGY

2.6.2.1 Brief summary: In nonclinical pharmacology studies, clofarabine has
demonstrated antitumor activity against a variety of human cancer cell lines (AML, CLL)
and tumor of xenografts (solid and hematologic tumors). Clofarabine inhibited DNA
synthesis in K562 cells by inhibiting ribonucleotide reductase and DNA polymerase a.

The data in support of these findings are presented in Pharmacology Tabulated Summary
below.

2.6.2.2 Primary pharmacodynamics:

[n Vitro Pharmacodynamic and Mechanism of Action

1. Effects of 2-chloro-9-(2- deoxy-2-fluoro--D-arabinofuanosyl) adenine on
K562 Cellular Metabolism and the Inhibition of Human Ribonucleotide
Reductase and DNA Polymerases by its 5’-triphosphate.

Clofarabine inhibited K562 ceil (chronic myelogenous leukemia cell line) growth with an
ICsg value of 5 nM following 72 hours of continuous exposure. Clofarabine inhibited
DNA synthesis but did not affect the incorporation of H]Urd into RNA or [*H]leucine
into protein (Cancer Research 1991; 51:2386-2394).

2. Comparison of the Mechanism of Cytetoxicity of 2-chloro-9-(2-deoxy-2-
fluoro-f-D-arabino-furanesyl) adenine, 2-chloro-9-(2-deoxy-2-fluoro-p-D-
ribofuranesyl) adenine, 2-chloro-9-(2-deoxy-2,2-difluoro-p-D-ribofuranosyl)
adenine in CEM Cells.

The biochemical pharmacology of three structurally similar compounds with different
antitumor activities is reported in this paper. Clofarabine was 50-fold more potent as
inhibitor of CEM cell growth than the other two compounds as shown below.
Clofarabine was 10- to 20-fold more potent in its ability to inhibit DNA synthesis with
little or no effect on RNA or protein synthesis (Molecular Pharmacol 1999; 55:515-520).

Compound ICsg (nM)
Clofarabine 6
2-Chloro-9-(2-deoxy-2-ftuoro-B-D- | 313
ribofuranosyl) adenine
2-Chloro-9-(2-deoxy-2,2-difluoro-g- | 317
D-ribofuranosyl) adenine

10
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3. Deoxyadenosine Analogues Induce Programmed Cell Death in Chronic
Lymphocytic Leukemia Cells by Damaging the DNA and by Directly
Affecting the Mitochondria.

Clofarabine (2-chloro-2’fluorodeoxyadenosine, CaFdA), cladribine (2-chloro-2’-
deoxyadenosine, 2CdA), 2-deoxyadenosine (dAdo), and fludarabine (9-3-D-
arabinofuranosyl-2-fluoroadenine, F-Ara-A) induced DNA damage in quiescent
lymphocytes. The cytotoxicity of these drugs depends mainly on the accumulation of
their triphosphate metabolites in lymphocytes. Once transformed into the triphosphate
form, adenine deoxynucleosides can induce DNA damage and trigger the apoptotic
cascade (Proc Natl Acad Sci USA. 1992; 89:2970-2975). Clofarabine and cladribine
activated caspase 3 and caspase 9 after 12 hours of incubation. The nucleoside-induced
damage led to the release of the pro-apoptotic mitochondrial proteins cytochrome ¢ and
apoptosis-inducing factor. Fludarabine took 24-hour incubation to activate caspase 3 and
caspase 9 but did not affect mitochondrial function (i.e., membrane potential). According
to the authors, “interference with mitochondrial integrity may be a factor in the potent
cytotoxic effects of clofarabine and cladribine toward nondividing lymphocytes.” (Blood
2000; 96:3537-3543).

2CdA

(Excerpted from the publication)
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Mechanisms of action: There are 3 proposed modes of action of the adenine
deoxynucleoside analogs in nonproliferating CLL cells. In the cells, the drugs are
transformed into their triphosphate form, which induce DNA damage, mitochondrial
dysfunction, and binding to APAF- 1 (cytosolic apoptosis activating factor) and
activation of the caspase pathway. F-Ara-A (fludarabine) kills cells mainly by DNA
damage and Apaf-1 activation. 2CdA (cladribine) and CaFdA (clofarabine) also
disrupted mitochondrial function leading to the release of the pro-apoptotic
mitochondrial proteins cytochrome ¢ and apoptosis-inducing factor in B-CLL cells.
‘The different effects of the adenine deoxynucleosides in various lymphoid

malignancies may reflect the relative importance of the 3 mechanisms in apoptosis
regulation.

4, DNA Repair Initiated in Chronic Lymphocytic Leukemia Lymphocytes by 4-
hydroperoxycyclophosphamide is Inhibited by Fludarabine and Clofarabine.

Lymphocytes from 50 patients with chronic lymphocytic leukemia (CLL) were treated
with a cyclophosphamide prodrug (4-hydroperoxycyclophosphamide, 4-HC) with or
without prior incubation with fludarabine nucleoside (F-ara-A) or with clofarabine (CI-F-
ara-A). The purpose of this experiment was to evaluate the effect of the nucileoside
analogs on the DNA repair process after initiating damage with 4-HC. DNA damage
repair kinetics and cytotoxicity were determined. Results are shown below.
Preincubation with nucleoside analogues inhibited DNA repair initiated by 4-HC (Clin
Cancer Res 2001, 7:3580-89).
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-
4-HC “+ -~ .+ - +
- F-ara-A - + + - -
ClF-ara-A - - - + +

(Excerpted from the publication)

Increase in 4-HC induced cytotoxicity by the addition of nucleoside analogues.
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5. Comparison of Cytotoxicity of 2-chloro-2’-arabino-fluore-2* deoxyadenosine
(clofarabine) with Cladribine in Mononuclear Cells from Patients with Acute
Myeloid and Chronic Lymphocytic L.eukemia,

Mononuclear cells isolated from 52 patients with chronic lymphocytic (CLL) and acute
myeloid leukemia (AML) were incubated with drugs for 48 hours and activity of
deoxycytidine kinase (dCK) and deoxyguanosine kinase (dGK), and cytotoxicity were
evaluated.

The in vitro median ECsg values for clofarabine and cladribine were 0.12 and 0.15uM,
respectively, indicating slightly higher cytotoxicity with clofarabine than with cladribine.
Clofarabine was phosphorylated more efficiently than cladribine. There was no
significant difference in enzyme activity between the refractory/relapsed and untreated
CLL or AML patients for either dCK or dGK (Haematologica 2003; 88:324-332).

in Vivo Pharmacodynamic and Drug Activity Related to Proposed Indication

6. Synthesis and Biologic Activity of 2’-Fluoro-2-hale derivatives of 9 p-D-
arabinofuranosyladenine.

Cd2F1 mice were implanted [P with 10° P388 leukemia cells. Tumor bearing mice were
treated with clofarabine QD, days 1-5 at 100 or 200 mg/kg/dose and Q3Hx8, days 1, 5,
and 9 at 20 or 25 mg/kg/dose. Clofarabine increased the life span (38-220 %) of mice
inoculated with P388 leukemia. The best results were obtained.when the compounds
were administered q3H x 8 on days 1, 5, and 9 after implantation of leukemia cells [J
Med Chemistry 1992; 35:397-401].

7. Oral Antilymphocyte Activity and Induction of Apoptesis by 2-chloro-2'-
arabino-finoro-2'-deoxyadenosine,

SCID mice were injected IP with 5 x 10° CLL cells. One week after implantation, the
mice were treated with PO cladribine or clofarabine (1 mg/ml, in drinking water) and
results are shown below [Proc. Natl. Acad. Sci. USA. 1992; 89:2970-2974].

Y% of CLL Cells Surviving
Treatment CGraup Nuniher of Mice Plasiua Drug Level inAl) Mcean+ SE
Control Vehicle b [{] Ri0+ 2R
Cladribine Y 48 46.9 + 24
Clofurabine 4 562 BY9t6.0

Sl siandied crror

(Excerpted from the publication)
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8. Preclinical Antitumor Activity of 2-chlore-9-(2-deoxy-2-fluoro-p-D-arabino-
furanosyl)-adenine (Cl-F-ara-A).

Clofarabine exhibited cytotoxicity against a variety of human and murine tumors {colon,
renal, lung, prostate} and compared with antitumor activity of fludarabine is shown in
the Pharmacology Tabulated Summary (page 19). Clofarabine activity against P388
leukemia in vivo is shown below [Nucleosides, Nucleotides and Nucleic Acids 2000,

19:447-460].
Activity of clofarabine against P388 leukemia in vivo is shown below.
Optimal
Dasnge dosage Median
range (<L.D,, Tolal dose % ILS™ Net log,‘? Tumor-free
Schedule Route | {mg/kg/dose) | mgikpsdose} | (mpfgrdose) | (dylng mice only) | coll Wl® 1 survivorsiotal
Days 1-5 ip 300-100 200 1goo +59 +1.6 (8]
qihx 8, ip 30-10 z0 4BO +210 +6.6 ‘i/6
Days 1,5, 9 Co
qdhx 3, ip 20-8.9 20 540 +300 +6.0 6
Days 1-9
q6hix 4, jris] 150-45 a7 B4 +104 +1.7 0/6
Days1, 5,9

'  Median day of death of tumored contro! mice was 10-11 days,

Net log,, reduoticn in the tumor cell population between the beginning and the cnd of therapy, based on the median day of
death of the mice thal died.

(Excerpted from the publication)

9. Antitumor Activity of 2-chlore-9-(2-deoxy-2-fluoro-f-D-arabinofuranosyl)
adenine, A Novel Deoxyadenosine Analog, Against Human Colon Tumor
Xenografts by Oral Administration.

Clofarabine showed antiproliferative activity against four human colon tumor cell lines
(HCT116, HT-29, DLD-1, WiDr). It also showed antitumor activity against four human
colon tumor xenograft models (HT-29, WiDr, Co-3, COLO-320M) in a 5-day daily

administration schedule [Cancer Chemother Pharmacol 1999; 43:233-240].

2.6.2.3 Secondary pharmacodynamics:

2.6.2.4 Safety pharmacelogy

Neurclogical effects:

Not studied

See primary pharmacodynamics.
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Cardiovascular effects:

Five- Day Intravenous GLP Cardiac Biomarker Study of Clofarabine in
Male Fischer 344 Rats. Study Number: 0204- 04,

Key study findings: The lowest lethal dose (LLD) and MTD were 50 and 25
mg/kg/day, respectively, for [V administration of clofarabine for five
consecutive days. CK-MB was a biomarker indicative of myocardial

degeneration in this study.
Study no.:

Volume #, and page #:
Conducting lahoratory and location:

Date of study initiation:

0204- 04

Electronic submission

ILEX ™ Products, Inc.,

4545 Horizon Hill Blvd., San Antonio
Texas 78220- 2263, USA.

April 17, 2002

GLP compliance: Yes
QA report: yes (X)no( )
Drug, lot #, and % purity: Clofarabine, lot # 010188, — purity
Vehicle: 25% PEG 400 in 0.9% sodium chloride for
injection, USP.
Methods
Doses:
Clofarabine Clefarahine Clofarabine No.
Group Dosage Dosage Concentration of
No. Compound  Route {mm@iy) (mg/m’lday) (mg/il} Rais
i Vehicke v 4] ) QO 8
2 Clofarabine v 12,5 75 1.25 S
3 Clofarabine v 25 150 2.5 b
4 Clofarabine I\ S50 300 5.0 8
(Excerpted from the sponsor’s submission)
Species/strain: Fischer 344 rats

Number/sex/group or time point (main study):
Route, formulation, volume, and infusion rate:

8 » fgroup
IV in the tail vein daily for 5
consecutive days, 10 mL/kg.

Satellite groups used for toxicokinetics or recovery: No
Age: 10 weeks
Weight: 190-258 ¢

Unique study design or methodology:

C

Cardiac troponin I was measured by
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assay (

3 Creatine

kinase isoenzyme MB was determined by gel ele::trophoretic separation of

total creatine kinase ©

1) and

analyzed for individual isozyme bands by scanning in fluorescence mode.
Troponin I and CK-MB measurements were performed at T

|

Observation times and results

b

Observation (times)

Results

Mortality: (daily)

G4 (50 mg/kg) — 2 died {25 %) on day 4 and 5 (63 %)
euthanized in extremis on day 4

Clinical signs: Once daily

(G4 - Rough fur, decreased motor activity, and salivation

Body weights: Daily

G4 - 18% | on day 8 compared to day 1

Food consumption

Not measured

Cardiac biomarkers: Pre and
on days 1, 5, and 8 at 2 and 8
hours after dosing

G4 - TTroponin I (statistically not significant) on day 4.
CK-MB values T for high dose animals as compared to
control, 12.5, and 25 mg/kg animals (see tables below).

EKG Not measured

Urinalysis (not done) n/a

Organ weights (not done) n/a

Gross pathology (D) G4 — Lungs, jejunum -and thymus discolored red.

Histopathology: heart slides only

G4 — Myocardial degeneration in left ventricle myocardium
in a band subjacent to the endocardial surface,
interventricular septum, and left atrial myocardium. Five of
the eight rats had proliferation of endomysial cells.
Pulmonary congestion was also present.

~_ Group Mean Troponin I (ng/mL)

Dosage Pre- Day 1 Day 4 Day 5 Day 8
{mgrkg/day) dose 2 hour 8 hour 2 hour 8 hour
) Mean 0.1 0.1 0.0 01 0.0 0.2
S0 Q1 o1 0.1 - 0.2 0.1 0.1
n 8 8 a Q 8 a 7
12.5 Mean 0.2 o1 01 0.1 0.C 0.2
8D 0.1 ot 0.1 - a1 0.0 0.1
o 8 8 8 G 8 8 8
25 Mean 0.0 01 02 0.0 01 0.4
SD 0.1 01 01 - 0.0 01 0.8
n 8 B 8 0 8 a B
50 Mean 0.2 03 0.4 Q.1 00 02 0.0
SD 0.2 01 a1 Q.1 - - -
n 8 a8 8 5 1 1 1

(Excerpted from the spensor’s submission)

There was no statistically significant effect on troponin I valucs, even five high dose animals
euthanized in extremis on day 4 had no increases in troponin I when compared to control.
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However, the pre-dose troponin I value for animal no.4106, dosed at 50 mg/kg/day was
0.6 ng/mL (see table below). It may be considered spurious outlier because this value
exceeded the control and all treated dose range values. The same animal had — (below
the limit of quantitation, = ng/mL) and — ng/mL troponin [ values on day 1 after 2 and
8 hours clofarabine administration, respectively. This animal was found dead on day 4
with myocardial edema, degeneration, lesions concentrated in left ventricle and
interventricular septum. All eight high dose animals showed myocardial degeneration.

Measurement of cardiac troponin I is very method specific (Clinica Chemica Acta 2000; 298:13-
28, Clin Chem 2002; 48:1626-7 & Clin Chem 2004; 50:327-32) and individual values for each
animal at different timing are shown below.

Individual Tronoilj_n 1 lnE/le
Day &

Dosage Animal No. Pra- Day 1 Day 5 Days
{mg/kg/day} "] Ear Tag doss 2 hour 8 hour 2 hour 3 hour
Q EE T E] AAA-OG2 0.3 o i
1102 AAA-029 0.0 \ !
1103 AAAG4Y 0.0 ] [
1104 AAA-051 0.3 i
1105 AAA-032 00 i !
1106 AAA-055 0.0 :
1107 AAA-080 0.0 L
1108 AAA-DB2 0.2
Mean 0.1 0.1 0.0 - 0.1 00 0.2
S0 0.1 0.1 0.1 - 0.2 0.1 0.1
2.5 2101 AAA-045 0.2
2102 AAA-036 0.¢ i
2103 AAA-050 0.2 ;
2104 AAA-O56 0.0
2105 AAA-DG1 0.4
2106 AAA-048 0.2
2107 AAA-063 0.2
2108 AAA-O31 0.0
Mean 0.2 a1 a1 - LU 0.0 0.2
SO ad a1 01 - 0.1 [: K\ 0.1
25 k3] AAA-OS3 0.6

3102 AAA-034 0.2
3103 AAA-QI0 0.0
3104 AAA-043 0.0
3105 AAA-QLB Q.0
3106 AAA-Q5T 0.0
3107 AAA-028 0.0

3as AAA-B41 0.0
Mecan 0.0 0.1 0.2 - 0.0 01 0.4
sb 0.t G.t Q.1 - 9.0 a1 0.8
50 4101 AAA-O42 Q.0
4102 ALAOZ7 Q.0 i
4103 AAA-D40 0.2

4104 AAA-058 0.0
4105 AAA-C3E 0.0

4106 AAA-O44 06
4107 AAA-054 Q.2
4108 AAA-035 0.2
Maan 0.2 03 0.4 01 0.0 0.2 0.6
S0 0.2 0.1 0.1 .1 - - -

Troponin values < 0.2 reprasented as 0.

(Excerpted from the sponsor’s submission)
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CK-MB (U/L)

Dosage Day Day
Amgnigiday) 2 8
[ Meoar - *
SO - 2
n L 7
12.5 Maan - o
S50 - [
n 0 8
25 Mean - 0
s0 - Q
n 0 8
50 Mean 20 Q
sp 5 -
n 5 1

{Excerpted from the spensor’s submission)

Conclusion:  While troponin [ values may not be statistically significant at 2 and 8 hour
time point, there appears to be an increase in these values over control and pretreatment
levels in most HD animals. An increase is also seen at MD 8 hour values. The time
points chosen and/or method for evaluation may not be optimal for this serum biomarker.

The CK-MB value of 5 high dose animals sampled on day 4 exceeded the group mean
value of the control on day 8. These high CK-MB levels are supported by microscopic
evidence of myocardial degeneration in these animals.

Pulmonary effects: Not studied
Renal effects: Not studied
Gastrointestinal effects: Not studied
Abuse liability: Not studied
Other:; None

2.6.2.5 Pharmacodynamic drug interactions: Not studied
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2.6.3 PHARMACOLOGY TABULATED SUMMARY

In vitro techniques were used to compare the antineoplastic activity of clofarabine
(clofarex) with that of fludarabine and cladribine.

Summary of In Vitro Activity

In Vitro Cytotoxiciy of Clofarex and Fludarabine Fhosphaile Against Humae Cell Lines
IC Values (UM)
NCI- SK- CCRF-
ACHN SNB-7 H23 DLD-1 | MEL-28 | K562 | WI-38 | CAK-1 CEM
Clofarex 0.11 0.29 0.29 11 0.67 0.028 6.8 029 0.15
Fludarabine
phosphale 6.4 54 45 o 39 058 5.1 41 0.29

ACHN: human renal cell caccinoma, SNE-7: human CNS tumor, H23: human non-small celf iung
adenocarcinoma, DI D-1: humao cclon adenccarcinoma, SK-MEL-28: human melanoma, K5G2: human chronic
myelogenous leukernia, WI-38: normal human fibroblasts, CAK-1: human renal carcinoma, CCRF-CEM:
human acute lymphoblastic leukemia.

(Excerpted from the sponsor’s submission)

Comparative Antineoplastic Activity of Clofarabine (Clofarex), Fludarabine, and
Cladribine Against Human Coton Tumor Cell Lines

Antiproliferative Activity 1Cs (UM)*
Cell Line Clofarex Fludarabine Cladribine
HCT116 0.12 3.1 0.12
HT-29 0.77 30 34
DLD-1 0.07 18 0.09
Wibr Q.67 72 9.5

*Cells were exposed o varions concentrations of the drugs for 72 hours.
(Excerpted from the sponsor’s submission)

Activity of Clofarabine against Drug-Resistant P388 Leukemias in Vivo

Therapeutic Respanse
Parental FISE Lenkenia Resletant Leukemla®
Expt. Resistant Optimal [P dosage® | Medlan | Net Logy 60-day Median | NelLogi 60-day
No. Lewkemia®™ | (<LD)y mp/kpidose) | %HILS Cell KIlI* ] SurvivorwTotad | %ILS | Celt KUY | Survivors/Total | Cross-Resistance
1 PISADR £33 +252 «6.6 Pk +t70 +6.8 o5 No
3 PIR&VE-16 £33 +240 +1.0 irs +107 +4.1 w3 Marginal
! P38 Taxcl 133 +252 +6.6 25 +162 +6.6 s No
3 PISIL-PAM 13.3 +240 +7.0 s - - 55 No
2 | PISWARAC 13.3 +305 +6.7 ¥s 0 2. oS Yes
2 PIERMTX 133 +30% +6.7 /5 +2R7 +6.4 w5 No

ADR = darombicin, YP-16 = cloposide, Tasol = pactitaxel, |..PAM = mclphalan, ARAC & 1-f-D-arabirofuranosyleytoune, MTX = methoirexate.

Clofares was injected every 4 h ¥ 3 on days 1-9 ving an injection volume of 0.25 mL/10 § animal body weaght

Net Togya reduction in the tenmr ccll population hetween the beginmng and the ead of therapy, pased o the medan day of death of micr that died

In theae stodies, the degeee of rexistance of a drug -resistant subtine in cumparison o the parentat line was as follows: ADR. S-logiaunns, VP16 9-log.q units. Taxnl. 2-fog,q
unils: L-PAM, 7-tog g units; ARA C. §-Jog o tuts; ad MTX, 2-log s units

(Excerpted from the sponsor’s submission)
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In vivo studies were also conducted with a variety tumors implanted in mice and results
are shown below.

Summary of In Vivo Activity
Fludarabine
Clofarex Phosphate
Optimal IP Dose (mg/kg/dose) Growth Delay Growth Delay
Tumor {(Q4H x 3) x 8 Days} {(T-C)C, %) [{T-C¥C, %]
Human colon DLD-1 20 181 21
Human colon HCT- 5 20 356 1
Human colon HCT-[16 20 193 48
Human colon HT29 20 164 g1
Human colon KM20L2 20 30 150
Human colon SW620 133 179 &7
Human renal A493 . 20 245 73
Human renal RXF 393 20 35 13
Human lung A549 13.3 165 91
Human tung NCI-H322M 20 65 27
Human lung NCE-H23 20 146 37
Homan luog NCI-11460 20 127 22
Human prostate DU-145 20 116 74
Human prostate LNCAP 13.3 9B 108
Human prostate PC-3 133 497 470
Murine mammary [6/C 20 88 15

(Excerpted from the sponsor’s submission)

In conclusion, in vivo and in vitro studies showed the activity of clofarabine in various
cell lines and xenograft models including drug-resistant leukemias.

Ap Pears This qu
On Criging
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1  Brief summary: The pharmacokinetics of clofarabine has been studied
in vivo in mice, rats, and dogs. The proposed metabolites identified are shown below.

Eb 3e cﬁﬂ__&% yees

F

o] [#]
O/G"JCIJJONGG
OH QH

Clofarabnne Ghucuronite

Carbaxy -Ciolawabine Clofarabing Glucuranides
| H2l
| N
| 7c1 a >—cl >—c1
N E\ L ~
AND
L i E

(o]

Q s}
i (e-SO3H
o 2-chicraadening on o
oM OH
Phosphale HOsS
Clofarabwia Phosprata 6-katoclofarabine Clofarabina Sulfates
(Excerpted from the sponsor’s submission)
2.6.4.2 Methods of Analysis: See under excretion and general toxcity studies in
rats and dogs.
2.6.4.3  Absorption: Intravenous drug
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2.6.44 Distribution

Tissue Distribution in Male Fischer 344 Rats Following a Five Day Intravenous
Dose Regimen of **C-Clofarabine. Report No. QKAN-2002-0783-ADM.

Key study findings:  The highest concentrations of '*C clofarabine were found in the
urine, urinary bladder, spleen, kidney, cecum, and thymus. Low concentrations of
radioactivity were detected in the tissues of the central nervous system through the
2- hour time point, but declined quickiy and were not quantifiable at 6 hours
postdose. Distribution to bone marrow was not particularly notable.

Study no: PK-916

Volume #, and page #: Electronic submission

Conducting laboratory and lecation: Quintiles, Inc, 10245 Hickman Mills Drive,
Kansas City, Missouri.

Date of study initiation: June 27, 2002
GLP compliance: Yes
QA report: yes (X)no ()

Drug, lot #, radiolabel, and % purity: Clofarabine, lot # CSL-01-142-60-33,
165 p Ci/mg (50.1 mCv/mmol), . ™=

Methods: Animals were sacrificed and blood collected prior to dosing on day 5, and
(.3, 2.0, 6.0, and 30 hours after the final dosing on day 5. Two animals were
sacrificed at each time. Therefore, stated concentration values are the mean of
two animals at each sampling time. Radioactivity concentrations were
determined by quantitative whole body autoradiography (QWBA) and liquid
scintillation counting (LSC),

Dosing:
Species/strain: Fischer 344 rats
#/sex/group or time point (main study): 10 males/group
Satellite groups used for toxicokinetics or recovery: No
Age: 9-11 weeks
Weight: 200-250 mg

Doses in administered units:

90 pu Ci/kg/day daily for 5

consecutive days

, Measured Daose
Group Administered | Nominal Dose Route of Concentration Votume
Nao, " Materials (mg/kg) Administration (mg/mi )" {mL/ky)
M gt
1 10 C-clofarabine 25 Intravenous 244 10
and clofarabine

*Measured concenteations are shown as the mean of Dav | and Day 3 values,
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Route, form, volume, and infusion rate:

Results;

Mortality:
Clinical signs:

injection into femoral vein.

None

Transient labored breathing

Average percent radioactivity recovered

Slow intravenous (~3 minutes)

% of Total Radioactivity Artributed to:
Matrix Total Clofarabine Metahalites
Urine 77.1 87.2 12.8
Cage wash 6.0 a— —
Feces 10.8 6.9 LAN |
Carcass <{%, — o
Total Recovered 953 76.0 21.7

V.cgend: - denotes metabolic profiling nor donc.

(Excerpted from the sponsor’s submission)

Maximum '*C-clofarabine concentrations in the blood and plasma were observed at
0.5 hours after the final dosing as shown below.

Mean concentration of total radioactivity in blood and plasma

Menn Concentration {tg equivig)

QW A-Derived LSC-Derived
Sacrifice Time Bload Bload Plasma
Day 4, 24 Toun BLQ 0.112 0100
Day 5, 0.5 hours 10,529 16,436 9. 198
rl)uy 5, 2 hours 3.703 3007 2,682
Pray 5, 6 hours hil6 0537 0.44%
hDay 5. 30 hours BLG 0.122 0.080

BLQ indicates befow the fimit of guantitation.
{Excerpted from the sponsor’s submission)

Tissue distribution of total radioactivity

Concemratiun Qug equivigl
Time Point

Vlssue Type Tissne Day 4, 14 haars Day £ 0.3 hovre May &, 2 hours ay &, 6 hours ey &, 34 hours
Hair 23713 49083 IR K2 212 RNF7
Sk HLQ [ ERL 11003 1812 BLG
Bulbo-uretheal wland 0637 157602 FAIR R b2 0442
pichdyinis B 1t 22 2.007 (.68 BLQ
Breputial gland BLY [FORK ] o443 13,4403 nLG
Favstate YsK | 5,043 7.245 24011 Fa29*
Semmal vesiche LIPS 1229 21382 [iR.183 0.807
Teaes HIO 6.104 3954 (608 i)

Muscubar MHaphigam 0,756 22373 0473 TR 0552
Muncle niss 178970 M 1.75% 1354
Myoeardiant G641 288G 14478 4.21% 4K

Unctiess fiead Bons BRLQ 4260 1.22G €78 BLO
Bane murraw 11K 8] 0,238 247 1,50 LG
Luig BIQ [ERIZ} 2717 1031 BLG
Nasil tarbinaies i 5 % ity PR3 BLQ
Pancre s 424 21.ua4 L 1503 HLG
Splecn Rt 123205 EENEES 470 [ A
Frachea [T LT 11,442 1,0 ) TO3 nro
Lirey bladder 1Y 7504 253050 174.9G7 32 e 5 247
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Concentratiod (pg equiv/g)
Thase Poing
[Tissue Type Tissne Day 4, 26hwurs  Day 5, 8.5hours  Day S, 2hwars  Day S 6 hoors  Day 5 30 howrs
[VascdarLymphatic  Aorta BLQ 10980 12,294 2069 0.378°
Miod BLQ 10.52% ERLIE .61 BLQ
Lyniph nodes 837 48343 11583 30903 BLG
Excretory/Metabolic  Kidney 07117 82336 21.596 3153 0.389
Liver U.684 41.661 14146 4222 03T
Renal conex 0.73% §2.045 21142 3162 0.393
Renal medulfa 0819 k2010 25840 002 0.330
Urnine 1373 439.512 240,837 1206 12967
JCNS Cerebellum BLQ 0.3 0446 BLOQ BLOQ
Cercbrum BLQ 0634 6.503 BLO BLO
Medubla BL() 03T 0.286" BLO BLQ
Spinal cond BLG 0.492 0413 BLQ BLO
Endacrine Adrenad gland 6o 19.862 10,572 1504 n4s87
Prtuitary gland BLO) 13347 4.26% jil BLO
Thynws 10.452 61589 11648 3632 0382
Thyroid 0418’ 2985 2.080 1.45] 0.326"
Secretory Exarbital lacrinu gland 0324° 12377 6.563 L2 BLO
Harderian gland LiE32) 23735 22598 4538 0449
Intra-prbsital lacnmad glamd L3684 17444 14667 146 BLO
Salivary pland {subnaxillary} 2317 20.504 $.618 1883 0.306"
Fauy Fat (abedominal) BLO 3549 1 486 0,396 BLO
Fat (hrown) 0.077 2,258 13,573 4.323 131
(Excerpted from the sponsor’s submission)
Tissue distribution of total radioactivity
Concentration (ug cquir/g}
Time Faine
Tissue Type Tissue Bay 4, 4 hourx Dur &, 0.5 hours Dray 5.2 hwvurs Pay 5, 6 hovrs Day §, 30 hours
fAlimenmary Canal ¢ coum igu 65234 4 205 RYA bl 3RS
Ceeum contens F2IRD H8.9460 107 997 25,590 10644
Esophageal vontens .83 10,3596 3936 4340 0.636
Tsaphagus [} 201,472 §93% 23530 1308
CHISITIC Mucass .54 31619 16294 2197 BLO
Large i stital conte s nmg PH1L272 A6 149 555 1R.237
Large imtestine 1.993 19910 EIRNL 10.377 0942
Sinall inkestinal conterns 1.384 49,867 e 953 EN BT h.494"
Snall intestine 1645 AT H5 474 ER M 0 404°
Stesdch contenfs + néd 6758 QR43 1.350 Bl
Stonach (.507 22364 13 505 2132 {1336
Ocuiar [ HLO 14925 1,327 03 BI()

* Dma derived from ene animal onfy.
BLO indicares below the fimit of quantuasion

(Excerpted from the sponsor’s submission)

The highest concentrations of radioactivity after 5 days 25 mg/kg/day intravenous
administration of '*C-clofarabine were found in the urine (440 pg equiv/g), urinary
bladder (254 pg equiv/g), spleen (123 pg equiv/g), kidney (82.3 pg equiv/g), cecum (65.2
ng equiv/g), and thymus (61.6 pg equiv/g). Low concentrations {(approximately 7- to 34-
fold less than blood) of '*C-clofarabine- derived radioactivity were detected in the tissues
of the central nervous system through the 2-hour time point, but declined quickly and
were not quantifiable at 6 hours postdose. After the final administration, radioactivity
concentrations generally continued to decline, but the elimination was not complete by
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post 30 hours administration. Not surprising was the high radioactivity in bladder and
kidney as renal appears to be the route of elimination.

2.6.4.5 Metabolism: See under toxicology studies.
2.6.4.6 Excretion: See under toxicology studies.
2.6.4.7 Pharmacokinetic drug interactions: Not studied

2.6.4.8 Other Pharmacokinetic Studies

In Vitro Metabolism of Clofarabine in Rat, Dog, and Human Cryopreserved

Hepatocytes. § 1. ReportNo: L  }-2002-0542-BIO, C d
Inc. Study No.: BA020050, and L 1 Project No.: DAA00710.100,
Key study findings:

» The amount of [“C] clofarabine remaining after 6-h incubation in rat, dog, and human
cryopreserved hepatocyte cells were 96, 93, and 99.8%, respectively.

+ Carboxy- or methoxy-clofarabine was the principal metabolite in rats and dogs.

¢ The only metabolite observed in human hepatocytes was clofarabine sulfate

Study no: C Study No.: BA020050

Volume #, and page #:

Conducting Iaboratory and location: J

GLP compliance: Yes

QA report: yes () no (X)

Drug, lot #, radiolabel, and % purity: ['*C] Clofarabine, lot CSL-01-142-60-33, —

Methods: "C-Clofarabine (20 pM) and live cells (2 x 10%) were incubated in a 6-well plate.
Incubations were terminated at 2 and 6 hours. Clofarabine and metabolite samples were
analyzed by LC/MS,
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Results:
Recovery of radioactivity from acetonitrile extraction of the hepatocyte samples
Sample ID Pre-extracﬁdpm on Past g:u':cﬂon % Recovery
Rat TO 2179812 2013540 g2
Rat T2 2240035 2091601 o3
Rat T2 2243091 2105685 94
Rat Te 2207605 2099282 95
Rat Te 2214820 2079849 o4
Rat neg 2236573 2143289 98
Dog To 2075812 1980773 s
Dog T2 1837381 2026950 110
Dog T2 2234466 2083684 93
Dog Ta 2166725 2043319 94
Dog 78 2203049 2018602 oz
Dog neg 2181698 2051712 94
Human To 2054672 1961200 o5
Human T2 2157677 2042227 o5
Human T2 2150615 2076103 97
Human Te 2109835 2031845 o8
Human T6 2186370 2106062 o7
Human neg 2170083 2085460 g6
T (Excerpted from the sponsor’s submission) T
Metabolite profiles of rat, dog and human hepatocytes
% Radioactivity in the Chromalogram
Sample P T e ] P4 5 P P P Py 10 Pt
N2 14 mint'{ (16170 | (18min) | (16-20mi0) | (2¢mi) | (25-26min) | (29mi) | (30 min (32min) | (3839 min} { (20 min}
Aal hep TO ND® 0.20 ND N ND ND ND ND ND 92.81 ND
Rat hep neg control ND 019 N ND ND ND ND ND ND 29.81 ND
Rat hep T2° ND 0,33 0.54 017 .57 015 0.18 0.15 0.20 97.54 0.20
Rat hep T6! ND 0.36 0.45 039 0.70 122 087 o 053 8576 02
Dog hep TO ND ND ND ND ND NB ND ND ND 100.00 ND
Dog hep heg control ND 021 ND NO ND ND ND ND ND 9979 ND
Dog hep T2¢ 0.19 0.27 ND 021 0.33 0.78 0.56 ND 0.23 8790 ND
Dag hep T6° 0.7 054 ND 0.62 ND 251 0.81 ND 0.42 9475 N
Human hep T0 ND ND ND ND ND ND ND ND ND 100.00 ND
Human hep neg contral | D NO NO NO Ly NO ND ND NO 100.00 ND
Human hep T2° ND ND N ND ND ND ND ND ND 100.00 ND
Human hep Te" ND ND ND ND ND ND ND ND 0.18 23,82 ND
. Radiowctive peak region.
b.  Eltien time.
¢ ND:not daected.
d Manon=2

{Excerpted from the sponsor’s submission)
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Summary of the molecular masses

Regions m/z Deacription
P1 ND® Unknown
P2 390 (rat) Unknown
170 (rat and dog) 2-Chioroadenine
£3 343 (rat) Unknown
Pa 392 (rat) Unknown
| P5 ND Unknown
P& 318 (dog) Carboxy- or mathoxy-clofarabine
P7 480 {rat and dog) Clofarabina-glucuronide
Fa 480 (rat) Clofarabine-glucuronide
P9 384 (rat, dog and human) Clofarabine-sulfate
P10 304 Clofarabine
Pi1 ND Unknown

a. ND: not determined.

(E)EEerpted from the sponsor’s submission)

2.6.49 Discussion and Conclusions:  The pharmacokinetics of clofarabine has
been studied in vivo in mice, rats, and dogs after single and multiple dosing. The highest
doses used in 6-months toxicity studied in rats and dogs were in the same range as doses
being evaluated in pediatric patients with refractory or relapsed ALL and AML. Using a
five day intravenous dose regimen of radiolabeled clofarabine, 77%, 11%, 6%, and <1%
of the administered dose to rats was found in the urine, feces, cage wash, and carcass,
respectively. In the mass balance study in rats, 6-keto-clofarabine was the major
metabolite in plasma, urine, feces, heart, and liver. The enzyme responsible for this
metabolism is unknown. The effect of clofarabine on the metabolism of cytochrome
p450 substrates has not been studied. Clofarabine sulfate was observed after 6-hour
incubation of cryopreserved hepatocytes of rat, dog and human. In separate studies,
clofarabine protein binding has been reported to be low in rat plasma (~13%) as
compared to human plasma (~47%) and human serum albumin (~27%) [Cancer
Chemother Pharmacol 1994; 33:484-488 & J Liq Chromatogr 1995; 18(6):1123-1135].
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2.6.4.10 Tables and figures to include comparative TK summary

Comparison of Toxicokinetics data

Species Rat Dog Human
(dose) (75 mg/m?) (30 mg/m?) (52 mg/m®)
Parameter | Unit Day1l |Dayl145 {Day5 |Day145 |Dayl | DayJ
Comax ng/mL 2627 | 6262 1238 | 1125 403 559
AUC* ng.h/mL | 7489 10912 2942 | 2586 1223 1757
Half-life hours 1.7 1.7 1.8 1.8 6.2 6.2
* AUC g.gn for human, AUC p.10n for rat AUC 4 2h for dog

The area under the plasma concentration-time curve increase in a dose-dependent manner
in rats and dogs. The elimination half-life in rats, dogs, and humans did not change after
repeated dosing. However, Cmax and AUC values increased after repeated dosing in rats
and humans indicating accumulation of clofarabine. The PK values for dogs on day 1 are
not provided. In conclusion, the PK of clofarabine has been reasonably characterized in
rats and dogs and can be compared with humans.

2.6.5 PHARMACOKINETICS TABULATED SUMMARY: Sec 2.6.4.10 above.

Appears This Way
N Origingj
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary:

General toxicology:

A Multi-Cycle (Five Days’ Dosing Plus 23 Days’ Recovery per Cycle) Intravenous
Toxicity and Toxicokinetics Study in Fischer 344 Rats. Male and female rats were
divided into three phases and treated up to six month on multi-cycle basis to evaluate the
toxicity and toxicokinetics of clofarabine. Each complete cycle consisted of daily
administration of the drug for 5 consecutive days followed by a 23-day treatment-free
period. The dose levels of clofarabine investigated in this study were 6.25, 12.5 and 25
mg/kg/day by slow bolus (30-60 seconds) intravenous (tail vein) injection. The phase A
rats were treated for 2 complete cycles of treatment and wash-out/observation. At the end
of the second cycle, they were dosed for an additional S days and euthanized on day 65.
The Phase B animals were subjected to 5 complete cycles of treatment and wash-
out/observation. At the end of the fifth cycle, they were dosed for an additional 5 days
and sacrificed on day 149. The Phase C rats were treated for six, 5-day treatment periods
and euthanized on day 163.

Piloerection, eyes partially or fully closed, absent or small amount of feces, salivation,
decreased activity, cold to touch, tremors, hunched back, righting reflex slow,
labored/irregular respiration were observed during the dosing period. Heavy mortality
among high dose animals (100 % HD « £ 80 % HD « 3 at the end of third period of dosing
suggests the development of a cumulative adverse effect of clofarabine. Food intake and
body weight gain were reduced in a dose-dependent manner in male rats. Food
consumption did not track changes in body weight as females decreased food
consumption without changes in body weight. Histopathological examination revealed
decreased cellularity in the lymphoid tissues (lymph nodes, spleen, thymus and lymphoid
tissue of small intestine), apoptotic bodies in the crypts in the small intestine, and retained
spermatids in the testes. Myocardial degeneration/necrosis, inflammation, and fibrosis
were also observed in high dose animals. In conclusion, most of the preterminal deaths
were due to cardiac lesions. The Cyx and AUCy 1o values on day 145 increased by
approximately 3 and 1.5 folds, respectively, as compared to day 1 values. These values
were higher in females than males. There were no clear changes in half-life (Tin) after
multiple dosing.

A Multi-Cycle (Five Days Dosing Plus 23 Days Recovery Per Cycle) Intravenous
Toxicity and Toxicokinetics Study in Beagle Dogs: Male and female Beagle dogs were
divided into three phases and treated with clofarabine for six month on multi-cycle basis.
Each complete cycle consisted of daily administration of the drug for 5 consecutive days
followed by a 23-day treatment-free period. The clofarabine doses initially administered
were 0.75, 1.5 and 3.0 mg/kg/day. Due to severe toxicity (multiple mucosal hemorrhages
throughout the small and large intestines) at 3.0 mg/kg/day, the animals were reassigned
and the study continued at dose levels of ¢.375, 0.75 and 1.5 mg/kg/day.
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The phase A dogs were treated for 2 complete cycles of treatment and wash-
out/observation. At the end of the second cycle, they were dosed for an additional 5 days
and euthanized on day 65. The Phase B dogs were subjected to 5 complete cycles of
treatment and wash-out/observation. At the end of the fifth cycle, they were dosed for an
additional 5 days and sacrificed on day 149. The Phase C dogs were treated for six, 5-day
treatment periods and euthanized on day 163.

The animals at 3 mg/kg/day have vomiting, diarrhea, dehydration, weight loss,
hypothermia and reduced motor activity. All high dose animals (3 mg/kg/day) either died
or became moribund and euthanized. Four animals at 1.5 mg/kg/day became moribund
and sacrificed. A cytotoxic effect of clofarabine on the gastrointestinal tract was
supported by histopathological findings in these animals. There was no mortality among
the low dose (0.375 mg/kg/day) or mid dose (0.75 mg/kg/day) dogs.

Leukocytopenia was the principal hematological effect of clofarabine. Histopathological
findings in the large intestine of pre-terminal sacrificed animals included mucosal
congestion and hemorrhage, apoptotic necrosis, regenerative hyperplasia, occasional
ulceration or erosion and mucosal inflammation with dilatation of glands. Small intestine
changes included mucosal inflammation (with crypt dilatation), congestion and
hemorrhage, apoptotic necrosis, and regenerative hyperpiasia. Testes (multinucleated
spermatids, focal, minimal) and liver inflammation were also seen in mid- and high-dose animals.
Values for Cpax and AUCq.12 demonstrated dose-proportionality and there were no gender
differences and no accumulation over successive treatment periods in toxicokinetic
findings. The Cpax and AUCy.,; values on the first day of successive 5-day treatment
period are not presented. Therefore, we cannot compare the PK values on days I and 5.
In conclusion, gastrointestinal tract may be dose-limiting organ of toxicity of clofarabine
in dogs.

A comparison of the Cpy, and AUC determined for rats and dogs in their respective 6-
month toxicity studies is presented below.

Dase Rat Dog Comment

MTD  mg/kg/day:; 123 {.73 Rat= 17X greawr
mg/m2/dav: 5.0 13 _ Rat=_3X greair
Cmaxtng'mlLyl: 6114 363 Rat = ~ 11X greater
AUC(ng*h/mL); 10585 1,484 Rat= ~7X greater

"Malc animals on Day 143

{Excerpted from the sponsor’s submission)
Gastrointestinal toxicity in dogs did not allow higher administration of clofarabine in

dogs as compared to rats. Lower systemic exposure and/or Cy.x in dogs when compared
to rats may explain the cardiotoxicity seen in rats and not in dogs.
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Genetic toxicology: Clofarabine showed clastogenic activity in the in vitro mammalian
cell chromosome aberration assay (CHO cells) and in the in vivo rat micronucleus assay.
It did not show mutagenic activity in the bacterial mutation assay (Ames test). The
clastogenic findings in the in vifro CHO cells and in the in vivo rat micronucleus assay
were expected based upon the mechanism of anticancer activity for clofarabine.

Carcinogenicity: Studies not conducted

Reproductive toxicology:  The effects of clofarabine on fertility and early embryonic
development to implantation (before mating through mating and implantation) and
perinatal and postnatal development, including maternal function (implantation through
weaning) have not been studied in animals.

Intravenous Developmental Toxicity Study of Clofarabine in Rats: Female rats were
dosed with 0 (vehicle), 1, 3, and 9 mg/kg/day clofarabine by slow bolus intravenous
administration from DG 7 to 17. The dosages were selected based on a dose-range
finding study. The no observable adverse effect level (NOAEL) and lowest observable
adverse effect level (LOAEL) for the pregnant female rats were 1 and 3 mg/kg/day,
respectively. The 9 mg/kg/day dosage of clofarabine was associated with reduced food
consumption and body weight gain. Postimplantation loss in high dose animals may be
an effect of clofarabine. Fetal gross external and soft tissue malformations in high dose
animals included short trunk, tail malformations, digit malformations, whole body edema
(anasarca), limb defects, thin transparent skin, and alterations in urogenital development.
Variation in brain development (slight dilation of the lateral or third ventricle), vessel
formation (presence of the umbilical artery to the left of the urinary bladder) and kidney
development (moderate dilation of the renal pelvis) were also attributed to the drug,
Skeletal examination showed multiple malformations of the axial skeleton, sternum, and
cervical vertebrae. Similar growth retardation, tail malformation and fetal skeletal
alteration had been shown by cyclophosphamide (Cancer Chemother Rep 1967; 51:363-
376). In summary, teratogenic effects of clofarabine in the rat are demonstrated in this
study.

Intravenous Developmental Toxicity Study of Clofarabine in Rabbits. Intravenous
administration of clofarabine at 0.1, 0.3, and 1.0 mg/kg/day to NZW rabbits from DG 6 to
18 did not cause any mortality. The dosages selected for this study were based on the
dosage range-finding study. Maternal body weight and food consumption were
unaffected by clofarabine up to 1.0 mg/kg/day. There were a decrease in fetal body
weight and an increase in postimplantation loses in high dose animals. Fetal gross
external malformations attributable to the 1.0 mg/kg/day dosage of clofarabine included:
craniofacial malformations, limb defects, digit malformations, short trunk, tail
malformations, defects of abdominal wall closure and spinal defects. Multiple soft tissue
malformations included hydrocephaly, displaced adrenals and aiterations in
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cardiovascular, lung, urogenital and hepatic development. Variations in brain
development (great vessel formation) and lung development were also observed at
1.0 mg/kg/day dosage of clofarabine.

Skeletal examination of the 1.0 mg/kg/day dosage group fetuses revealed multiple
malformations of the skull, axial and appendicular skeleton, as well as variations of the
skall, hyoid, pectoral and pelvic girdies, ribs and sternum. The NOAEL dose of
clofarabine for developmental toxicity in rabbit was 0.1 mg/kg/day.

Similar adverse embryotoxic and teratogenic effects have been reported for other
nucleoside analogues, such as cladribine (Teratology 2002, 66:6-18), 5-Aza-2’-
deoxycytidine (Teratology 2002; 65:180-90), and gemcitabine (Teratology 1993; 48:365-
81).

Special toxicology: Not studied

In conclusion, based upon its cellular activity, clofarabine showed adverse effect in
general toxicity (damage to proliferating tissues such as bone marrow, lymphoid tissue
and gastrointestinal tract), genetic toxicity (clastogenic), and developmental toxicity
(teratogenic) in rats and rabbits.

Appears This Way
On Original
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2.6.6.3 Repeat-dose toxicity

Study title: Clofarabine: A Multi-Cycle (Five Days’ Dosing Plus 23 Days’ Recovery per
Cycle) Intravenous Toxicity and Toxicokinetics Study in Fischer 344 Rats.

Key study findings:
e  Multi-cycle administration (d x 5 q 28 d for 5 cycles) of IV clofarabine at
25 mg/kg/day produced 100 % (Days 87-141) and 80 % (Days 32-116)
mortalities in male and female animals, respectively.
» Liver, kidneys, eye and especially the heart were the main organ of
toxicity, primarily based on histopathology.
e Clinical chemistry evaluation was unremarkable.

e Hematology: WBC more affected than RBC, bone marrow histopathology
generally unremarkable.

Study no.: 0204-03 . — 5471)
Volume #, and page # Module 5.4.11.4
Conducting laboratory and location: t 1
Date of study initiation: 4/4/02
GLP compliance; Yes
QA report: yes(x)no{ )
Drug, lot #, and % purity: clofarabine; lot # 010203; — % (HPLC)
Methods
Doses: 6.25,12.5, 25 mg/kg/d
Schedule:

Phase A: d x 5 q 28 d for 2 cycles; d x 5, then 3 days off (64 d total)

Phase B: d x 5 q 28 d for 5 cycles; d x 5, then 3 days off (148 d total)

Phase C: d x 5 q 28 d for 5 cycles; d x 5, then 17 days off (163 d total)
Species/strain: Fischer 344 rat
Number/sex/group or time point (main study):  5/sex

Note that all available animals were included in the evaluation; e.g., except for
decedents, till d 64, n = 15 for body wt evaluations for all dose groups

Route: v
Formulation: 25% PEG 400 in 0.9% saline
Volume: 10 mL/kg
infusion rate: slow bolus (30-60 s)
Satellite groups used for toxicokinetics or recovery: TK: 15/sex (no control);
Recovery, see Phase C above
Age: 10 weeks = sand 12-16 weeks * *
Weight: 200gesand175g
Unique study design or methodology: Cardiac troponin I was measured by
N ;
1 assay U

7 Troponin I measurements were performed at [
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Observation (times)

Results

Mortality (daily)

. 10/10 HD D87-141

‘. 1/10 LD D95, 1/10 MD D78, 8/10 HD D32-116

MD -+ «eath aitributed to sampling

Clinical signs (2x/d during
dosing, daily off dosing)

Control: eyes partially or fully closed*; absent or small
amount of feces; dry brown and/or beige material on the
face*

LD: above; clear or red/pink lacrimation; thin body condition,
skin turgor slow; fur ungroomed, matted; piloerection;
hunched back; walking on tip toes

MD: above; salivation

HD: above; decreased activity, red conjunctiva; cold to touch,
pale in color; animal lying on its cage floor; tremors;
righting reflex slow; gasping and/or increased and/or
decreased and/or shallow and/or labored/irregular respiration

* most commonly reported events

Body weights (pretreatment,
D1, 3, 5 of dosing, wkly
during non dosing period)

» * HD sig | starting cycle 3; some recovery during the non
dosing phase but stiil sig | vs C (range 9-24%); MD sig {
starting cycle 4; LD sig | cycle 6; see graph; LD and MD
similar to C during the recovery period (no HD animals)

» sunremarkable
350+
— Control

@ === Low dose
S T it Mid dose
f., ---- High dose
<
=
&
Q
a

1 50 L] L) 1

1} 50 100 150
Day

Food consumption
(pretreatment, D1, 3, 5 of
dosing, wkly off dosing)

Dose dependent | + s+ *MD and HD during treatment period;
generally recovered to control during non dosing periods;
average changes (range %) for all dosing cycles were:

* MDD 17% (3-29); HD 43% (20-69)

*+ *MD 15% (8-28); HD 28% (18-34)

Ophthalmoscopy (pretreatment, | unremarkable
week before necropsy for
phase B, prior to recovery
phase C)

EKG (not conducted) n/a
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Hematology (unfasted D 8, 22,
64, 78, 148, 162)

D8, 64, 148*

WBC: * s+ «| HD ~40-50%, MD 20-40%; all lineages affected
to some degree but particularly eosinophils and lymphocytes

RBC: D64, 148 | of 5-10% in » 3 + 3 D8, 64, 148 reticulocyte%
(and absolute counts) were | 70-80% v C, generally in HD
both sexes, with MD occasionally affected.

D22, 78, 162**
Some recovery in all parameters but still 4 v C

3 days following the end of the 1%, 3 and 6™ 5-day dosing period*

** pondosing period

Coagulation/Troponin I (D65,
149, 163)

Coagulation unremarkable
Troponin I — below the limit of quantitation (0.2 ng/ml.)

Clinical chemistry (unfasted
D8, 22, 64, 78, 148, 162)

unremarkable

Urinalysis (not done)

n/a

Organ weights (D65, 149, 163)

D65
Spleen: 4 HD » «abs (40%) and ret wt {35%) vs C

1 HD + «abs (62%) and rel wt (58%) vs C
D149
Ovaries: 4 HD abs (39%) and rel wt (39%) vs C
Heart: TMD and LD - «(no HD » y rel wt (10 and 25%,

respectively; not dose related)
T HD « =abs (41%) and rel (43%) vs C

Other organ wt findings not consistent between genders, were
associated with bw loss, or not temporally consistent. Heart
wis were still elevated after recovery period.

Gross pathology (D65, 149, 163)

Tissue Decedents D65 Recovery
Spleen: smali 6/10 HD | 4/8 HD Y4 HD
Thymus: small 8/10HD | 4/§HD |5/5HD | 4/4HD
3/5MD {2/5MD
1/5LD
emaciated 4/4 HD
Epididymides: small 3/10 HD
Heart: myocardial fibrosis 5/5 HD
brown pigment 2/4 HD
Liver: pale 5/10 HD | 4/8 HD
Prostate: small 5/10 HD
Seminal vesicles 5/16 HD
Stomach: dark foci/material 4/10 HD | 3/8 HD
Thoracic cavity: fluid 8/10 HD | 3/8 HD 1/1 HD

Terminal D149 unremarkable
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[ Histopathology

| C, HD, decedents, target organs all doses

Fasted: Days 65, 149 and 163 for the relevant animals, laboratory investigations

(coagulation)

Histopathology: Adequate Battery: yes (X}, no ( )——explain
Peer review: yes (), no (X)

Preterminal sacrifice and decedents:
High dose (12.5 mg/kg) — Adrenal glands (vacuolation, congestion), bone marrow

sternum (degeneration/necrosis, decreased cellularity), epididymides
(depletion, necrosis), eye {cornea mineralization, atrophy), femur,
marrow and joint (degeneration/necrosis, decreased cellularity), heart
(fibrosis, hypertrophy, degeneration/necrosis}, kidneys
(glomerulonephropathy, mineralization), liver (eosinophilia,
hypertrophy, hyperplasia, degeneration/necrosis), lung (macrophage,
congestion), lymph node (decreased cellularity, necrosis), mammary
gland (necrosis), ovaries (atrophy, depletion), pancreas (edema,
hypertrophy), prostate (edema, atrophy), Jejunum & ileum (apoptotic
bodies), spleen (decreased cellularity, necrosis), testes (seminiferous
degeneration, atrophy), thymus (necrosis, hemorrhage, decreased
cellularity).

Terminal Sacrifice, Phase C

Sex Male Female
Dosage (mg/kg) 625 | 125 1625 [125 ] 250
Number of animals 5 3 5 5 1
Tissue / observation
Adrenal glands, vacuolation, zona fasciculate, minimal 2 2 |
Bone & marrow, sternum, increased cellularity, slight 1
Eye, mineralization, comea, focal, minimal 3 4 3 5 i
Heart, degeneration/necrosis, myocardial, minimal 0 2 1 1 1
dilatation, ventricles, moderate 1
Kidneys, basophilic tubules, focal, minimal 0 2 1 1 0
Liver, eosinophilia, hepatocellular, centrilobular 5 5 1 3 1
degeneration/necrosis, hepatocellular, single cell 5 5
hypertrophy, hepatocelluiar, diffuse 5 5 5 5 1
Lung, decreased cellularity, cortex, 0 2
pigment, brown, macrophages, minimal 0 2
Lymph node, mesenteric, increased cellularity, macrophages, sinus | 2 1
Ovaries, depletion, corpora lutea, moderate 1 i
Spleen, decreased cellularity, marginal zone, marked 0 1
Thymus, hemorrhage, congestion, focal 4 4
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Toxicokinetics: D1 & D145 at 0, Smin, 1,2, 6 and 10 h (n=3),

Summary of Clofarabine Toxlcokinetic Parameters Following Multiple Intravenous

Doses to Rats
Dase Groap jimefig)
Parameter 5.5 125 50
Day 1 Day 145 Day { Dey 145 Day 1 Day 45
Male Rats
Coax, ng/ml 12774 36826 23475 6114.2 4721.7 NC
AUC(0-10), ngWml  2991.0 41958 6585.2 10535.1 132271 NC
T b L7 1.7 1.6 16 1.3 NC
Female Raby

Cmax, ng/ml. 14767  4020.7 19053 64093 149785 NC
AUCO-10), ngvml. 35178 60267 930 {12397 236R2.3 NG
T h 1.9 19 18 18 1.7 NC

NC - Not cakeulated due 10 insufficient plasma toncentrations

(Excerpted from the sponsor’s submission)
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Study title: Clofarabine: A Multi-Cycle (Five Days’ Dosing Plus 23
Days’ Recovery per Cycle) Intravenous Toxicity and
Toxicokinetics Study in Beagle Dogs.

Key study findings:

* Six-month, multi-cycle administration of clofarabine to Beagle dogs
produced cytotoxic effect on gastrointestinal tract of high (3.0 mg/kg/day)
and mid (1.5 mg/kg/day) dose animals.

Bone marrow, eye, lymphoid tissue, and testes were affected.

The Ciax and AUCy. 2 values increased in a dose-dependent manner and
there were no apparent gender differences and no-accumulation of drug
over successive cycles.

Study ne.: L 3 Study No. 2758, ILEX Study No. 0203-01.
Volume #, and page #: Electronic Module
Conducting laboratory and location: T
1
Date of study initiation: April 8, 2002.
GLP compliance: Yes
QA report: yes (X)no ()
Drug, lot #, and % purity: Clofarabine, lot # 010203, — % purity
Methods
Doses: Dogs were originally to be treated as shown below.
Treatment Clofarabine Dose Clofarabine Number of Animals
Groups Dose Levet Rate Concentration Phase A Phase B Phase C
(mg/kg/h} (mL/kg/h) (mg/mL)} M F M F M F
L. Control* 0 [ 0 2 2 2 2 2 2
2. Low Dose 075 1 0.75 ) 2 2 2 2 2
3. Mid Dose 15 I L5 2 2 2 2 2 2
4. High Dose 30 I 30 ) 2 2 2 2 2
M: Males F: Females

{Excerpted from the sponsor’s submission)

Schedule:
Phase A: d x 5 q 28 d for 2 cycles; d x 5, then 3 days off (total of 3, 5-day treatment
periods; 64 days total)
Phase B: d x 5 q 28 d for S cycles; d x §, then 3 days off (total of 6, 5 day treatment
periods; 148 days total)
Phase C: d x 5 q 28 d for 5 cycles; d x 5, then 14 days off (total of 6, 5 day
treatment periods; 162 days total)
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Due to severe toxicity (mucosal hemorrhage, inappetence, reduced activity,
diarrhea and dehydration) during first treatment cycle in high dose Phase C

animals, the study was reorganized as shown below.

Treatment Clofarabine Dose Clofarabine Number of Animals
Groups Dose Level Rate Concentration Phase A Phase B Phase C
(mg/kg/h) {mL/kg/h) (mg/mL} F M F M F
1. Control* 4] 1 0 0 0 3 3 3 3
5. Low Dose 0.375 f 0.375 0 0 2 2 p) 2
2. Mid Dese 675 i 0.73 2 2 2 2 2 2
3. High Dose 15 1 1.5 0 0 3 3 3 3
M: Males: F: Females
(Excerpted from the sponsor’s submission)
Schedule: Phases A, B, and C as given above.
Species/strain: Beagle dogs
Number/sex/group or time point (main study): see table above.
Route, formulation, volume, and infusion rate: Intravenous

Satellite groups used for toxicokinetics or recovery: No

Age:
Weight:

7-8 months
*%6.7-10.4 kg, *» -5.7-9.4 kg

Observations (times) and Results

Observation (times)

Results

Mortality (daily)

G3 (1.5 mg/kg) - 3 D 7-8
G4 (3 mg/kg) — 4D 5-8

G3(1.5mgkeg)-1D8
G4 (3 mg/kg) -4 D 5-7

Clinical signs (2x/d during
dosing, daily off dosing)

Small amount of feces, no feces, vomiting, excessive
salivation, decreased activity, cold to touch, weakness and
partial recovery during wash out period in a dose-related
manner

Body weights (pretreatment, D1,
3, 5 of dosing, wkly off
dosing)

HD (1.50 mgrkg) — * +13% 4,
Reduced appetite and food intake.

Food consumption (daily during
1-week pretreatment and
through treatment)

MD (0.75 mg/kg) —* *52% 4, + 36% ¢
HD (1.50 mg/kg) - = 80% 4, » 43% |

Ophthalmoscopy (pretreatment,
week before necropsy)

MD (0.75 mg/kg) — 1+ +& | * «& HD (1.50 mg/kg) - 1 + *& 1
* *had superficial focal white corneal deposits. Minor corneal
changes in a dose-unrelated manner.

EKG (pretreatment, final week
of cycle 3 and week before
necropsy)

No clinical significant changes

Hematology (unfasted D 8, 22,
64, 78, 148, 162)

HD (1.50 mg/kg) — leukocytes (= 43% T), erythrocytes
(* 19% ), platelets (+ 69% T, + 167% 1)
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{Observation {times) Results

Clinical chemistry (unfasted No effect
pretreatment and D 8, 22, 64,
78, 148, 162)

Urinalysis (not done) n/a
Organ weights No effect on organ weights

animals.

Gross pathology (D635, 149 163} | No macroscopic effect in terminal sacrificed animals.
Discoloration in adrenal gland, gall bladder, large and small
intestine, spleen, and stomach in pre-terminally euthanized

Histopathology: Adequate Battery: yes (X), no ( )
Peer review: yes ( ), no (X)

Pre-terminal sacrifice and decedent

* {mg/kg/d) | + {mg/kg/d)
1.5 3.0 1.5 3.0
Number of animals / Finding 3 4 1 4
Adrenal glands, depletion, cytoplasmic vacuolation, minimal | 4] 0 1
slight 2 2 1 0
hypertrophy 0 2
Bone marrow, congestion, slight, 3 2 0 3
moderate 0 2 1 1
decreased cellulanty, granulocytic series, marked 1 2
severe 0 2 1 2
Epididymides, depletion, sperm, bilateral, minimal 1 0
severe 2 3
degenerate germ cells, minimum 0 2
slight i 0
Evyes, mitotic index, increased, minimum 0 2
Injection sites, thrombosis, minimal 0 1 1 2
Kidneys, vacuolation, proximal tubule, minimal 1 1
mineralization, inner medulla, focal, minimal 0 1
Large intestine, colon, hemorrhage, minimal, 2 2 I 0
moderate 0 1 1 1
congestion, slight 0 2 0 3
degeneration, marked 0 1 1 2
hyperplasia, regenerative, slight 1 2 i 0
inflammation, mucosal, slight 0 1 0 1
Large intestine, cecurmn, congestion, minimal, 2 1 0 1
moderate 0 I 0 1
necrosis, apoptotic, glands, minimal 2 1 1 2
slight 0 2
Large intestine, rectum, hemorrhage, moderate 0 1 i 2
necrosis, apoptotic, glands, slight 0 | 0 4
Liver, hyperplasia, bile duct, minimal 0 2
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2
5

/kg/d)

Lh

p—
wh

* (mg/kg/d)
3.0

Number of animals / Finding

4

congestion, slight

Lungs, congestion, minimal

Lymph node, mandibular, decrease cellularity, cortex, marked

Lymph node, mesenteric, decreased cellularity, cortex, moderate

Qesophagus, depletion, secretion, mucous gland, marked

OO || W |-

(RS R SR S REE LY =N

Ovaries, parovarian cyst, unilateral

Pituitary gland, cyst, present

SO | S|

[ U FNCY ] ) ey

Prostate gland, necrosis, single cell, minimal

Small intestine, duodenum, hemorrhage, focal, slight

congestion, slight

hyperplasia, regenerative, moderate

atrophy/fusion, moderate

Small intestine, jejunum, congestion, minimal

degeneration/cell debris, moderate

Small intestine, ileum, congestion, moderate

Spleen, decreased cellularity, white, slight

—_— e == el

Stomach, hemorrhage, focal, minimal

— RS | e [ [ TR 2

Testes, incomplete maturation

Thymus, , decreased cellularity, cortex, severe

Sl OOIW (DD (D —

B Lk | | B [ D R [t e [ [ BD D | B9
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Urinary bladder, necrosis, single cell, epithelium, slight

—

Vagina, congestion, minimal

L)

Terminal Sacrifice, Phase C

* fmg/kg/day) » {mg/kg/day)
03751075 {15 (03751095 |15
Number of animals / Finding 2 2 3 2 2 3
Epididymides, degenerate germ cells, slight 0 0 2
Injection sight, inflammation, dermal, focal, min. 1 1 1
Kidneys, mineralization, inner medulla, focal, min. 1 2 3
Liver, inflammation, mix cell, focal, minimal 1 2
Lungs, fibrosis, pleural, focal, minimal 1
macrophages, alveolar, foamy, minimal 1
Spleen, pigment deposition, brown, minimal 1 1
Stomach, hemorrhage, focal, minimal l
Testes, multinucleated spermatids, focal, minimal 1 1
Toxicokinetics: Phase A: Days 5 and 61
Phases B & C: Days 5, (1 cycle), 61 (3 cycles)

and 145 (6 cycles}
at0,1,2,4,8,12h,and 24 h
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Summary Clofarabine Tozicokinetic Parameters Following Multiple Intravenous
Infusions to Beagle Dogs
Dose (mg/kg)
Para 0375 Q.75 1.8 3.0
Mean 5D Mean S0 Mesas sSD Mean sSD
Day S
n 2 - 12 “ 12 - & -
Cmax, ng/ml.  300.9 40.1 621.0 64.6 12379 t42.5 2348.5 205.7
AUC(0-12), ng'h/ml.  701.2 129.2 16223 366.4 2941.6 5103 53269 T91.4
Ty, b 1.7¢ 0.1 1.8% 04 1.8 0.3 1.8 0.2
Day 61
n 8 - 12 - . B - - -
Crax, ng/inl.  239.9 172 588.6 554 12400 378 NC NC
AUC(0-12), ng-h/imL.  603.0  109.7 1456.7 2598 2927.3 2731 NC NC
T h LT 0.1 1.8° 0.5 2.0 0.2 NC NG
Day 145
n 8 - 1 - 8 - - -
Cmax, ng/ml. 298.8 449 562.9 g4.5 1125.2  98.9 NC NC
AUC(0-12), ng-h/mL 7157 146.9 1338.1 3209 2586.2 299.2 NC NC
T h 1.6 0.1 1.9 0.3 L8 03 NC NC
" Expressed as harmonic mean and pscudo SD based on jackknifc variance R
* n=11
¢ n=7
4 p=s
* n=4
HNC - Not calculated {

{Excerpted from the sponsor’s submission)

There were no apparent gender differences in the toxicokinetics.

Mean Clofarabine Pharmacokinetic Parameters by Dose
(from Supplemental Toxicokinetics Report: MC0O2111-A1)

Parameter Doge thies Meaan Std Dev n Minimun Mazcimum
Cmax 0.3765 mg/kg neg /wmL 279.9 15.0 24
Q.75 mg/kg 594 .3 ce.7? 3z
1.5 mg/lkg 1206 .3 120.0 28
3.0 mg/kyg 2348.5% 205 .7 ]
AUC{0-12) 0.375 mg/kyg ng‘h/mL 789.0 138.4 12
0.75 wa/ky 1575.2 296 7 29
1.5 mg/kg 2874 .5 437.0 28
3.0 mg/kg 5393.8 821.9 )
CLas 0.375% mg/kg mL/ h/ kg 502 .7 92.5 12
c.75 myg/kg 4%1.9 g83.6 29
1.5 mg/kyg 534.9 91.9 28
3.0 wygiky 567.3 R7 .9 ]
Vdss 0.375 mg/kg mL/ kg 1182.2 285.6 12
0.75 mg/kg 1112.2 le6 .1 2y
1.5 mg/kg 1112.9 134.2 28
1.0 mglkg 1127.6 az.6 5
Half -1life €.375 mg/kg hours 1.7 9.1 12
Q.75 mg/kg 1.% 0.4 29
1.5 myg/ky 1.9 0.3 28
3.0 mg/kg 1.8 0.2 o
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{Excerpted from the sponsor’s submission)

Histopathology inventory

Study 0203-01
Species rat d%
Adrenals X* X+
Aorta X X
Bone Marrow smear X X
Bone {femur) X X
Brain X#* N+
Cecum X X
J|Cervix X
"Colon X X
HDuodenum X X
{Epididymis X X
{Esophagus % X
nEye X X
“Fallopian tube
[(Galt bladder X
||Gross lesions X
||l-[ardcrian gland
“Hean X* X*
||lleum X X
Injection site X X
Jejunum X X
Kidneys X* X
Lachrymal gland

Larynx

Liver X* X*
Lungs X X
Lymph nodes, cervical

Lymph nodes mandibular X X
Lymph nodes, mesenteric X X
Mammary Gland X X
Nasal cavity

Optic nerves X X
Ovaries X* X*
Pancreas X X
Parathyroid X X
Peripheral nerve

Pharynx

Pituitary X
([Prostate X
Rectum

Saltvary gland X X
Sciatic nerve X X
Seminal vesicles X

Skeletal muscle X X
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Study

0203-01

Species

rat

dog

Skin

>

Spinal cord

5

Spleen

~
*

Stermum

Stomach

E E

Testes

>
*

Thymus

Thyroid

Tongue

Trachea

Urinary bladder

Uterus

Vagina

ER RN

IR IR R R A A A B e

Zymbal gland

X, histopathology performed; *, organ weight obtained

Appears This Way
On Original
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2.6.6.4 Genetic toxicology
Study title: Bacterial reverse mutation report.
Key findings: Negative under conditions of the assay.
Study no.: Report AAS3PR.503. — CLG.00.07.02
Volume #, and page #: Module 5.4.12.1
Conducting laboratory and location: [ 3
Date of study initiation: completed 1/7/02
GLP compliance: Yes
QA reports: yes (x),no ( )
Drug, lot #, and % purity: clofarabine; 010188; — % (HPLC,
provided by the sponsor).
Metheds
Strains/species/cell line: S. typhimurium TA98, TA100, TA1535, TA1537; E.
coli WP2 uvrA.
Doses used 1n definitive study: 75, 200, 600, 1800, 5000 pg/plate.
Basis of dose selection; toxicity in preliminary assay
Negative controls: DMSO (vehicle)
Positive controls:
Strain Compound S9 | Concentration
(ug/plate)
Salmonella strains | 2-aminoanthracene - 1
WP2uvrA 2-aminoanthracene - 10
TA98 2-nitrofluorene + 1
TA100, TA1535 Sodium azide + 1
TA1537 9-aminoacridine + 75
WP2uvrA methylmethanesulfonat | + 1060
Incubation and sampling times: plate incorporation method; 48-72 h
Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.):

Replicates: tnplicate plates for confirmatory assay

Counting method: automatic or manual

Valid assay requires at least 3 non-toxic dose levels for evaluation.
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Criteria for a positive result: a dose-related increase in the mean revertants per plate over
two increasing concentrations or an increase in mean revertants at the peak of the
dose response relative to mean vehicle control.

TA1535 and TA1537; > 3x.
TA98, TA100, WP2 uvrA; > 2x.
Positive control: > 3x

Study outcome:; Study met the criteria for an acceptable assay. Clofarabine was
negative for mutagenicity under the conditions of the assay.

Study title:  In vitro mammalian chromosome aberration test.

Key findings: Clofarabine was positive as a clastogen in the presence and absence of
metabolic activation

Study no.: Report AAS3PR.331. — CL0.00.07.03
Volume #, and page #: Module 5.4.12.2

Conducting laboratory and location: C 3

Date of study initiation: 1/7/02

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity: clofarabine; 010188; = % (by sponsor)
Methods

Strains/species/cell line: Chinese hamster ovary cells

Concentrations used in definttive study:

4h:0.1,0.5,1,5, 10, 15 pg/mL
20 h: 0.05,0.1,0.5, 1, 5, 10 pg/mL

Basis of concentration selection: cell growth inhibition/reduction in mitotic index >
50% in preliminary assays

Negative controls: DMSQ (vehicle solvent)

Positive controls: 0.1 and 0.2 pg/mL Mitomycin C; 10 and 20 pg/mL
cyclophosphamide

Incubation and sampling times: + 59, 4 h; -59, 20 h*; all cells harvested 20 h after
treatment initiation (*, not analyzed in this assay)
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Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.):

Replicates: duplicate cultures

Concentrations selected for analysis: highest concentration with >50% 4 in cell
growth and next 2 lower concentrations.

Criteria for valid study: frequency of cells with structural chromosome aberrations

in the solvent control must be within the range of the historical solvent
control. The percentage of cells with chromosome aberrations in the
positive control must be statistically increased relative to the solvent
control.

Criteria for positive result: % celis with aberrations T in a concentration-responsive
manner with one or more concentrations statistically significant. Values
that were statistically significant but within range of historic solvent
controls were judged as not biologically significant (sponsor’s criteria).

Study outcome: Sponsor judged the study positive for structural and numerical

aberrations in the non activated system. The reviewer concurs with this
conclusion. The sponsor judged the assay positive for statistically significant
increases in structural and numerical aberrations in the activated system. The
sponsor concludes that these findings are not biologicaily relevant as they fall
within the range of historic control values. The reviewer disagrees and judges
the assay positive because of the findings in the non activated arm and statistical
significance of the findings. This is consistent with the interpretation of assays

discussed in ICH S2A.
TABLE S
SUMMARY

Memn Aberrasions Celis With Abcrrations
Treannen 5% Tremment Miotic  Cells Per Cell Numerical  Struciurd
{ppsmi.y Activaion Time Index  Scoped  (Mom <4 SD) %) )
DMSH - 4 a0 200 0000 #0.000 35 an
Clolarabine
1 - ] 70 200 0000 .00 1] 00
3 - 4 i3 00 100 L7 09 k2 A
114 - 4 53 Jod 0.0 +0E27 [EE oA 130
MM, - 4 &l 200 0038 #0107} 09 [RE- 1o
0z
S0 . 4 A 2 0000 U (8] na
Clolurahive
[} * L] 74 200 0000 HOLOOG ba .0
H . 4 73 200 0.003 D07 [Xi] 0.5
0 + 4 61 00 0435 +0}53 45 PN
<r, * 4 L= 200 0625 #0160 20 I e

10

Treatraent: Cells from all treatment conditions wene harvestod at 20 hours after the infiation of
the reatments.

Abervations per Cell: Severety damaged cells were counted a5 10 sbeTations.

Percent Aberrant Celh: *. pc0.03: **, p0.01; using Fisher's cract test.

{Excerpted from the sponsor’s submission
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Study title: Mammalian erythrocyte micronucleus test.

Key findings: Clofarabine induced micronuclei in rat bone marrow after iv
administration.

Study no.: Report AAS3PR.125. — CLO.00.48

Volume #, and page #: module 5.4.12.3

Conducting laboratory and location: L J

Date of study initiation: 2/25/02

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity: clofarabine; 010188; -—  (by sponsor)

Methods

Strains/species/celi line: male and female Sprague Dawley rats

5/sex/group; 10 mL/kg dose volume
Doses used in definitive study: 8.75,17.5,35 mg/kg iv
Basis of dose selection: mortality in preliminary assay:

50 mg/kg, 1/3+20/3 <«
100 mg/kg, 3/3 ¢ £3/3 » =
Negative controls: 25% PEG 400 in 0.9% saline (vehicle} iv
Pasitive controls: cyclophosphamide 40 mg/mL iv
Incubation and sampling times:
test article:  single dose; bone marrow collected at 24 (LD-HD), 48 h (HD only)
negative control: 24,48 h
positive control: 24h

Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.):

Replicates: n=5; 2000 PCE/animal scored
Counting: manual; slides coded by individual not involved in counting
Criteria for a Valid Test: mean MPCE must not exceed 3/1000 in the vehicle control;

MPCE in the positive control group must be significantly increased relative to
the vehicle control.

Criteria for positive result:  a dose-responsive increase in MPCE and one or more doses
were statistically elevated relative to the vehicle control. Values that were
statistically significant but within range of historical negative or vehicle
controis were judged as not biologically significant (sponsor’s criteria).
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Study outcome:

Positive for induction of micronucleated polychromatic erythrocytes under the conditions

Table 4: Summary of Bone Manow Micronucleus Analysis
Afier a Single Dose of Clofarabise in Sprague Dawiey Rats

POETols Wcranuciested
Treat¥mend Time Numbe Erythrocyted Changs from Humber par 1000 PCEs Number per
{19 o g Sex (v of Ras {Mean «/- 5D Control (%) {Moan +/- SO PCEs Sooned®
25% PEG 400
nDo%saine M 24 H 0.640 « 002 - 08 x 0.65 &7 10000
24 5 0.642 £ 0.04 - 06+ 0.65 &7 10000
Clofarabine
BISmghg M 24 s G046 » 0.05 1 002 0.00 o/ 10000
F 24 g 0.626 + 0.03 2 02+ 045 2/ 10000
17.5 mokg M 24 5 0631 & 0.06 -1 15 1.27 *i57 10000
F 24 5 0637 » 003 -1 062 082 8/ 10600
35 mgg M2 5 0615 x 0.05 -+ 262 0.09 26/ 10000
-] 5 0634 2 001 -1 182 0.76 18/ 10000
cP
40 mokg M 24 5 0.588 1 0.05 -8 2542 0.76 254 ¢ 10000
F 24 5 0.578 + 0.03 -10 188 ¢+ 355 *188 / 10000
25% PEQ@ 400 in 0.9% seline
M 48 5 G.636 + 005 - 04 + 042 47 10000
F a3 5 0.618 + 0.02 - 03z 0.45 37 10000
Clolarabina
35 mgig M 48 5 0511 ¢ 009 -+ 1.5+ 050 15/ 10000
F 43 s 0.532 & 0.07 3 221 045 72 HDos

1eSeatistically significant, pg0.05 (Kastenhsum-Bowman Tables)

{Excerpted from the sponsor’s submission
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2,6.6.5 Carcinogenicity: Studies not conducted
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2.6.6.6 Reproductive and developmental toxicology
Fertility and early embryonic development: Not done

Embryofetal development

1 Intravenous Dosage-Range Developmental Toxicity Study of Clofarabine in
Rats. Sponsor’s Study Number: 0202-01.

Key study findings: Clofarabine administration at 30 mg/kg/day via [.V. bolus to
female rats once daily from DG 7 through 17 caused three mortalities (38%).
Clinical observations included piloerection, decreased motor activity, impaired
or loss of righting reflex, labored breathing, and disorientation. Dose
dependent reductions in maternal body weight gains were observed at 3, 10 and
30 mg/kg/day. Increased postimplantation lose and decreased fetal body
weights were evident in the 10 and 30 mg/kg/day dosage groups.
Histopathological findings in dams (small thymus and spleen, enlarged thymus
and stomach, black areas on lungs and red areas on the thymus) were limited to
the high dose animals.

Appears This Way
On Original
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2 Intravenous Developmental Toxicity Study of Clofarabine in Rats.
Sponsor’s Study Number: 0204-01.

Key study findings: The intravenous administration of clofarabine at 9
mg/kg/day from DG 7 to 17 was associated with reduced maternal body
weight gains, reduced fetal body weights, increased postimplantation loss,
and increased incidences of malformations and variations (gross external,
soft tissue, skeletal and retarded ossification). There was no maternal

toxicity.
Study no.: Sponsor — 0204-01
— 1209-001
Volume #, and page #: Electronic Module
Conducting laboratory and location: r
1
Date of study initiation: 16 April 2002
GLP compliance: Yes
QA reports: yes (X)) no( )
Drug, lot #, and % purity: Clofarabine, lot # 010188, — purity
Formation/vehicle: PEG 400, lot # T42604 by . —
0.9% NaCl, lot # JIP577 by —
Methods
Doses:
Dosage Dosage" Concentration | Dosage Volume Number Assigned Rat
Group (mgkp/day) {mg/mL) (ml/kg) Injection Rate of Rats Numbers

[ 0 (Vehicle) 0 10 Slow Bolus 25 19601.19625

Il 1 01 10 Slow Bolus 25 19626-19650

I 3 0.3 10 Slaw Bolus 25 1965119675

v 9 0.9 10 Slow Bolus 25 19676-19700

a, The test anticle was considered 100% active for the purpose of dosage calculations.
(Excerpted from the sponsor’s submission)

Animals were dosed once daily on DGs 7 through 17.

Species/strain: — CD®(SD)GS BR VAF/Plus®
Number/sex/group: 25

Route, formulation, volume, and infusion rate; v

Satellite groups used for toxicokinetics: No

Study design: Segment I (effects on

embryo-fetal development, implantation to
closure of the hard palate, stages C to D)
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Parameters and endpoints evaluated:

Females: Clinical signs, body weights, and food consumption.

DG 22- combined weight of uterus, number and placements of
implantation sites, live and dead fetuses, early and late
resorptions, ovaries and oviducts, and corpora lutea.

Fetuses: Live fetuses were examined for weight, size, shape, color,
and position of the head, palate, limb and digits, back tail, anus,
and external genitalia.

Half of the fetuses were examined viscerally and the remaining
fetuses were examined for skeletal abnormalities.

Results

Mortality (dams): 3 mg/kg/day — 1 died on DG 11 and 1 delivered before
caesarean sectioning on DG 21. These events are not related
to test article because similar events were not observed in
the high dosage group.

Clinical signs (dams): Localized alopecia (limbs), urine-stained abdominal fur, red

perivaginal substance, swollen hindlimbs and hindpaws,
chromorhinorrhea, and discolored tail in all groups.
Body weight (dams):

420 — e -
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00 - -
a -
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) - -
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.}H ) & -h T e
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DAY OF GESTATION

(Excerpted from the sponsor’s submission)

Reductions in body weight and body weight gain were observed at 9 mg/kg/day
as shown below.

52




Reviewer:  Anwar Goheer, Ph.D.

NDA No.

21-673

Maternal body weights changes vs. vehicle control group

Day of Absolute weight % change
gestation | Group 1 { Group 4

10 289+11 280+15 -3*

13 306£12 292418 -5*

15 317£14 300+19 -5*

18 353115 | 323425 -8.5*

21 411123 375144 -8.8*

* Significantly different from the vehicle control group value (p<0.01)

Food consumption {(dams):

Toxicokinetics:

Reduction in absolute (g/day) and relative (g/kg/day)

in high dose animals.

Not done

Terminal and necroscopic evaluations:

Pregnancy: Increased post implantation loss in 9 mg/kg/day dosage group as
compared with vehicle control group values as shown below.

Caesarean section observations

DOSAGE {MG/KG/DAY}a

PRATS TESTED N

FREGMART H{%)
FOUMD DEAD Ni%)

DILIVEAED AND SACRIFICED H(%)

RATE FREGHANT AND
CAREMEAN -SECTTONED

ON DAY 11 OF GESTATION N
CORPORA LUTEA MEAN;S.D.
IMPLANTATTIONS MEAN$9.D.
LITTER SIIES MERN$S.D.

LIVE FETUSES H
MRAN$S.D.

DEAD FETUSES L}
RESORPTIONS MEANGS.D.

EARLY RESORFTIONS L}
MEAN$S.D.

LATE RESORPTIONS ]
MRAN3:S. I,

DAME WITH ANY RESORPTIONS  M(%)

DAMS WITH ALL CONCEPTUSKS
RESORHED nis)

DAME WITH VIAGLE FETUSES niy)

PLACENTARE APPEARED HORMAL b W{¥}

I 11
0 {VEMICLE} 1
25 25
25{106.9) 1410 %€.0)
of 0.0] el 0.0}
¢t 0.0} ¢ 4.0)
2% 24
.44 2.9 6.8 ¢ 2.
15,43 2.1 15.2 ¢ 1.
4.6 + 2.0 Yy 7
364 313
14.6 2.0 11.9 ¢ 2.
9 q
0.8 s 1.1 1.3 4 1.
20 3l
.+ 1.1 1.1 ¢ 1.
L3 ]
0.0 £ 0.0 0.0 & Q.
110 44.0) 174 10.8)
°( 0.0} o ©.0}
25{100.0) 14{100.0}
25 {100.0) 24(100.0}%

24( 96.0)
10 4.2
1 4.2

22

6.4 1 2.3

5.4 2 1.7
5.0 ¢ 1.7
330
15.0 ¢+ 1.7
]
0.4 i Q.€
10
04 s 0.8
o
0.0 ¢ 0.0
3 40.9¢
alt o.0)
22(100.0)
22(100.45)

22¢ 91.

22100,

a. Dosage occurred an days 7 through 17 of

gestation.

b. Excludes dass with all early rescrptions.

¢ Significantly differest from the vehicle control group value (p<9.05).

(Excerpted from the sponsor’s submission)
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Corpora lutea:

Offspring:

Body weights:
Litter size and sex:
as shown below.

DOSAGE T 1t [§44 v
DOSAGE (MG/EG/DATa 0 {VEWICLE} 1 1 L]
R
MORT LIVE FRTUSRS 2% 24 22 22
TMELANTATTONS MEAN1S .1 154 ¢ 2.1 15.2 ¢ 1.4 B4z 1.7 15.7 ¢ 2.
LIVE FETUSES 364 3] 130 31§
MEAN3S.0. .63 2.0 13,93 2.1 15,0 ¢ 1.7 4.3 2.1
LIVE MALE FETUSES 187 173 165 144
¥ LIVE WALE
FETUSEE/LITTER HEAK$E.D. 0.9 ¢ 12,7 52.3 ¢ 15.0 56.1 ¢ 10.8 15.4 ¢ 13.4
LIVE PETAL BODY WEIGHTS
{GRANS) [LITTER MEAR$S L. 545 3 0.2 5.7 4 024 5.28 ¢ 0.27 4.67 & 0.54==
WALT FETUSES MEAN$S.D. 5.55 ¢ 0.30 5.51 4 0.29 5.43 ¢ 0.28 .79 ¢ 0,610
FRMOLE PETUSES HEAN$8.D. 5.34 t 0.35 5.223 0.27 5.13 ¢ 0.29 4.50 3 0.52er
t WESCRBED
CCMCKPTUSES/LITTIR MERNS.D S0 6.6 .7+ 9.6 2.5 30 2.2t 9.

4., Dosage occurred on days 7 through 1T of gestation.
¢+ Significantly different from the vehicle contyol group value (p<0.01).

Comparable among groups as expected since the dosing did
not begin until after ovulation occurred.

Reduced in the 9 mg/kg/day dosage group vs. control group values.
Reduced litter size and number of live fetuses in high dose animals

Litter Observations

External, visceral, and skeletal anomalies:

DOSAGE GROUP
DOGAGE (MG/¥Q/DAY}a

LITTERS WITH PETUSES WITH
ANY ALTERATLON OBSERVED

FETUSES WITH ANY ALTERATION

ORSERVED

% FETUSES WITH ANY
ALTERATION/LITTER

a. Dosage occurrsd on days 7 through 17 of geatation.
so significantly different from the vehicle control group value {p<@.01).

I 11 111 v

¢ (VEMICLE! 1 b ] 3

L 5 4 22 11

1 Je4 pRX) 130 113

H 64 m 330 35
H(%) 5[ 20.0) €0 25.0% 61 27.3) 13{ §9.1)~~
Ny §{ 1.81 8 2.4 € 1.8} €24 19,71

MEAN1S D. 1.7 ¢ 1.0 2.4 4 1.7 1.9 ¢ 13 21.4 ¢ .50

(Excerpted from the sponsor’s submission) .
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Summary of fetal gross external alterations: Group 4 —Tfore and hindlimbs (medially
rotated, flexed downward, digits short, digit absent, digit fused, litter &
fetal), body (trunk short, dark area, thin and transparent skin), tail (short,
absent} vs group 1 (vehicle).

Summary of fetal soft tissue alterations: Group 4 - Tbrain (third and lateral ventricles
dilation), vessels (umbilical artery descended), kidneys (absent or small),
genitalia (testes undescended) vs group 1 (vehicle).

Summary of fetal skeletal alterations:Group 4 - T cervical vertebrae (cervical rib present
at the 7™ cervical vertebra), interrelated vertebral/rib malformations,
thoracic vertebrae (arch open, fused, irregularly shaped, centrum
irregularly shaped, fused, unilateral ossification), lumber vertebrae
(arches fused, open, centrum bifid, unilateral ossification), sacral
vertebrae (centra fused), caudal vertebrae (irregular), ribs (fused, short,
boned), sternal centra (fused, asymmetric), hidlimb (digit absent, not
ossified} vs group 1 (vehicle).

See tables below for details.

Appears This Way
On Original
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Fetal gross external alterations:

a{
al

o
L1

0{
L

o
L 3]

ol
L1}

of
(13

o1
o

LITTER THCIDENCE nie)
PETAL INCIDENCE Wit}
EYR: BAGE DEPRESSED
LITTER INCIDENCE Hiv}
FETAL INCIDEWCE Hivt
PALATE: CLEFT
LITTER INCIDRSCE NV}
FETAL INCIDENCK Hiv)
TN, MICROGNATHIA
LITTER INCIDERCE Wiyl
FETAL INCIDENCE wis)
FORE ANG/OR MINDLIMES: MEDTALLY ROTATED AND/OR
LITTER INCIDENCE Hiv}
FETAL INCIGENCE v
FORE AMD/OR MINDLINBE: DIGLTI SHORT
LITTER INCIDENCE uivy
FFTAL INCID®NCH Hn(ey
FORR AMD/OR HIRULIMBS: TDIGITS ABSENT
LITTER INCIDENCE FILY]
FETAL INCIDENCE Nitt
FORE AMD/OM HINDLIMBS: DIGITS FUSED
LETTER IRCIDENCE Niv}
FETAL INCIDENCE wivl
FORE BMD/OR HINCLINES, SHORT
LITTER IMCIDENCE 1LY
FETAL INCIDENCE Wit}

FLEXED DOWMWARD

0.0
9.0}

al
af

1(
1

o(
of

(]
of

1¢

ol
L2}

o
ol

o
of

i
af

1{
1

1

14
iR

af
L1

af
o4

o
af

i
ni

18{

27,3+
S.4pe

27,334
3.0}

8.3 e
S.Te.

13,6}
1.3)%

13,634
2.5)%

LITTER IRCIDENCE Ri%)

FETAL INCIDENCE wiv)
BODY: DARK AREAS

LITTER INCIDENCE Nt}

FETAL INCIDBMCE LILY]
BODY: ‘THIN AND TRANSPARENT SXIN

LITTER INCIDENCE LA L

FETAL INCIDENCE Niv}
BODY: RDEMA

LITTER IRCIDENCE Hix}

FETAL INCIDENCE n{v)
BODY: UMBILICAL HERNIA

LITTER TNCIDERCE Niv}

FETAL INCIDENCE H{%}

BOLY:  GASTROGCHIIIS

LITTER INCIDENCE H(k}

TETAL INCIDENCE His)
BODY: MO ANAL OPENING

LITTIR INCIDENCE Wit}

FETAL INCIDERCE H{¥)

TAIL: SHORT
LITTER IHCIDENCE Hiv)
FETAL INCIDERCE Hiy]
TAIL: PROUNCULATED
LITTER INCIDENCE HiY}
FETAL INCIDENCE Ny}
TAIL: ARSENT
LITTER INCIDENCE Ny
FETAL INCIDENCE Hi%)
TAIL: KINKED
LITTER INCIDENCE H{t}
FETAL INCIDENCE H{¥)

a. Dosage occurred on days 7 through 17 of gestation
b. See the individual fetal alterations table {Table 21) for fetuses with multiple

ol
of

al
L1

o1
L1

ol
ot

o1
of

ot
ol

ol
ol

ol
ol

L1
al

s gignificantly different from the vehicle control group value (pc0.01).

0.0}
a.0)

0.0}
0.0}

2.0]
0.0}

0.0}
o.m

G.0}
°.0)

gross extermal alterations.

o
e

L1
i

14
1t

el
[ X}

of
o1

of
af

°.6)
0.0)

0.0)
0.0}

£.5)
6.3}

0.0}
.0}

9.01
g.0}

2.0}
2.0)

- (Exce_lj;;t-;za?rom thégponsor‘s submission)
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Fetal soft tissue alterations:

POEAGE GROCF
COSAGR (MO/EG/DAY) &

LMCIDENCE wiv) 1L 4.0) 1l 4.2) 1t 4.5 ar o.M
FETAL TNCIDENCE NiY) il o.€} it 9.6} 1({ ¢.6) o 0.0
EBYRE: MICROPRTMALNLA
LITTER INCIDMDNCE i) ol ¢. i( +.2) of o.at e o.0}
FETAL INCIDENCT LTE3 ol o.0! 1 0.6) ol 9.0 ol o.0}
BARIN: TWIRD VENTRICLE SLIGNT BILAYION
LITTER INCIDENCE wiv) ol ¢.0) ol ©.0) o 0.0) S( 22. 7%
FETAL DINCIDENCE Nit) ¢l @.0) ¢t 9.0 a{ 0.0} L3¢ @.4}
BRAIN: LATERAL VENTRICIES SLIGHT OILATION
LITTER INCIDENCE Hit) o e ol #.0} al 0.0) A4 11,6104
LILH el o.0} 9t 0.0 a{ 0.9} I 1. %)
VESSELE: UMBILICAL AKTERY DESCENDED 10O THE LEFT OF THE URINARY BLADDER
LITTER INCIDENCE RiY) of o.4b af{ 0.4} or ©.0) S0 22,7+
PETAL 1#CIDENCE LI ol o.8) 6f 0.9) el 0.0] €L 3.9)ee

of

KIDREYS: PELVIS, DILATED

LITTER INCIDENCE Hiv) ot ¢.0) ot 0.M ol 0.0 2{ 9.1}

FETAL INCIDENCE Ni%) 61 ©.0} 0t 0.0} o 0.0} 20 1.3}
XIDNEYS: ABSENT

LITTER INCIDENCE it} af 0.0} o 0.0) ol 6.0) 4 18,23+

FETAL INCIDENCE ¥y} ul 0.0 at 0.0} of o.0} LA 1
KIDWEYS: SMALL

LITTER INCIDENCE V) of 0.0} of 0.0} ol g.0) 3 11.6)*"

FETAL LNCIDERCE Hit} ot ©.0) ot 9.0) ot 0.0) 4 2.6pes
INTESTINES: DIVERTICULUM

LITTER INCIDENCE nix) 0y ¢.0) o1 o.M ol @.0) 1 4.5}

FETAL INCIDENCE LI of 0.0l of 0.¢1 si 0.0) 0.8
IWTESTIMES: PROTRUDED THROUGH UMBILICUS

LITTER INCIPCE LY of ©.4) of ©0.01 o} ©.0) 45

FETAL INCIDRNCE LIL Y] o{ 0.0} o( 0.0} al ©.0) 1t 9.6)
GENTTALIA: TESTES UNDESCENLED

LETTRR INCIDERCE RV} o{ 0.0 of o.m 8{ ¢.0} I 13.6b

FETAL TNCIDENCE Hiv) 04 0.0} ol 0.0 o 0.0} S( 2.2)e
CENITALIA: OWARIES DISPLACED

LITTER INCIDENCE Nk} ol 0.0 af 0.0) ol o1 21 9.1}

FETA. INCIDINCE LILY] ol 0.0 ol 0.e) ol 0.0i 20 1.0
GENTTALIA: UTERINE HORM REDUCED TO A LIGAMENT

LITTER INCIDENCE nity ol ©.0) o{ 0.0 el 0.0l 1 4.s]

FETAL INCIDENCE nik} ¢ e.0) af 0.6l ol 0.9 1 0.6
GENITALIA: UTERIME HORN ABSERT
' LTTTER InCIDENCE Hiy) el 0.0} oL 0.0} af 0.0} U 4.5

9 of 0.0} 1 o.6l

GENITALIA: OVARIBS AND TESTES PRESENT

LITTER INCIDENCE Ny ol oo el 0.0} o{ o.0) 1 4.8

FETAL INCIDENCE RiE) ol 0.0} o o.M ol ©.0} 1l 0.6}
GERITALIA: TESTES ABSENT

LITTER INCIUBHCE Nt o0 0.0) ol o.0 o ¢.0} i( 4.5}

FETAL INCIDENCE N{V) 04 0.0 ol 0.0 0{ u.o} 1{ 9.6
URETERS: DILATED

LITTER INCIDENCE NV} o o.01 el 0.0) 0{ ¢.0) 1{ 4.5}

FETAL INCIDENCE it ol 0.0 o 0.0} ol 0.0 1{ 0.6)
HASS

LITTER INCIDENCE L 1E1] o 0.0 ol 0.0} ol 0.0} 10 4.5}

FETAL INCTDERCE niv) or 0.0 0f 0.0} ot 0.0} 1 0.8

a. Dosage occurred on days 7 through 17 of gestation.
b. See the individual fetal alverations table [Table 211 for fetuses with multiple soft tizsuc alterations.

{Excerpted from the sponsot’s submission)
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F ctal skeletal alterations:

14 124 Irx 114 ;
DoSAGE mc!wmn. o {viwtorm) 1 3 »
LITTERS BV " E ) I ) aa T aa T
TETUSRS EVALUATED b " e 171 170 161
o L L) 1T 17e 163
ANULL ¢ PALATE, THCOMPLEIELY OSAIFIND T TTrrTTTTTTToommmmmemmmEmee TTTTETTTT AT namTETmmTTnmmneet
LITTER INCYDWNCE Wiv) ol .o} of 0.6} o «.5) o4 0.9}
TETAL INCIDRNCE vy el G.0) e{ 0.9} 3L 0.6} °1 Q.03
AXULL: WANOIBLES, FUBED
LITIER IWCIDENCE LIt o 6.9t 0t 0.4) 1 4.8 ai o)
TETAL INCIDERCEK LILH °f w.ur vl 0.9} Bl of a.ol
BXULL: WMANDISLEN. FHORT
LITTER IMNCYIOENCE L] ol 0. el ©.01 1( 4.%) at @.o)
FETAL INCTRENCE niv) ot o.m a{ ©.91 0.9 oi ©.0)
SXULL:  PARIETALE, INCOMPLETALY OSSLTIRD
LITTER Tmciomecs wiw) ol .0k 61 0.0 af o.o) 10 4.5
rirtAlL INCIDENCE miv) et 0.0k ar a.oy ot oo 1t 0.€)
ERULL IMTERPARINTALS,. (NCOMPLETELY OBRTFIED
LITTIR Imcrozwck "y o7 e.o} ot o.ph ot o©.o08 1r 4. s)
FETAL INCIORWCE niny or 9.0 ot 2.ph o 0.1 1c 6.6}
CREVICAL VERTHMEAY: CEAVICAL RIB PRESENT AT *TH CERVICAL VERTERRA
LEITTER DwcromwWis (e} 2{ w.02 x( 4.3 el 8.0} €4 A7 .3}
FETAL IWCIDENCE win al 1.1 al 1. oL e.0) A s.E).
CEEVICAL VERTERRAK: ARCHES. FUSED
LITTRR 1NCIDENCE Aixy el a.9) 8l 0. oL o.0b 1{ 4.5}
FETAL INCIDENCE Wik} ai e.ol or ©.0) ol o.0} 1 0.6
INTERRELATED vEATERRAL/ RIS MALFORMATIONS SUMMARIZATION
{Includes carvical. thoracic. lumbar, sacral.
cawdnl shdfor rib altsrkcions. axcluding
sheence of vertebras sod ribel N
LITTER IMCIDENCE .} . ot o.9) of 2.0} i I 4) 4.
FETAL INCIDEWCE mis) B a{ .o} ai 0.01 TS TR

THORACIC VEXTEPRAN: CENTRUM, S8IFID
LITTER INCIDENCK Hing 2¢ w9 1{ 4.2] { 13.e6)

. p 9L 40.9) =+

FRTAL INCIDENCE Hi%} At 1.8 i 1.3} 30 1.m) 40 14.F) e
THORACIC VERTEBRAE: ARCH, OPER

LITTER INCIDENRCE Rik} ol a.a) o1 0.p) af 0.0 H

TETAL THCIDENCE wiv) or o.a) of 0.0) et e,01 s
THORACIC VERTEARAE: ARCHES, PUSED y

LITTER INCIDENCE WV of .9 o{ 4.0 e o.4} B 6.4}

FETAL INCIDENCE wix) c{ o.0} a{ ©.0) ot 0.0) Fz4 LI . ¥) e
THORACIC VEXTEBRAK: CENTRUM, UNILATERAL CSSIPICATION

LITTER IMCIDENCE Hit} i oot el o.ob a1t 4.8} 51 22.7F)*"

FRTAL IRCIDENCE LI o1 0.9t ol ©.0) 1L o.8) 160 €.3}°~

THORACIC VERTEBRAR: ARCH, IRREGULARLY SHAPID

H{%} ot ©.0) of 0.0} o( 0.0} A0 13.6be

NI} ol g.o) at 19.01 ot 0.0) 5 3.1y

IRREGULARLY su.utn

NG 0.4} of w.0j o{ ¢&.0} I{ 4.57

%) oc 0.0} el 0.0) a( e.0) 11 0.E}
- a4 0.0 ot 36.4)

wiv} o1 e.0) al e.0) . LAy

Wit el o.01 et .0} 04 0.0} 160 2.3)%*

FUSED

wik} af 9.0) et .0} e ©,01 28 9.3)

Hiw @t 0.0} el 0.0) oL 0.0 al izt
AND CENTRA FUSRD

niv) al o.0) .01 ol ©.0) 4 18 .2)en

wix) .0 .0l at o &4 3.7~

CENTRA, FUSED .
LITTER INCIDEWCE Hi¥) DL 0.0k ol 0.0} et 6.0} Gt 2T.0)
FETAL INCIDENCE WiV ac 5.0 o 0,01 oy 0.0} 200 124140

THORACIC VENRTERRAR, CENTRUM, WOT OSSIFIED
LLTTER INCIDEMUE HiN) 0.9} of o.uy o4 i oy
FETAL INCICENCE L) 01 0.0} ot 0.0t e 2t 1.2

TUORACIC VERTENRAL: WOT O335IFLED
LITTER INCIDENCE N(w} el 0.9 0{ €.0} at 0.0 IO 1)
FETAL INCIDENCE winy st 0.01 LT NT) ef o.01 1t 0.8

THORACIC VERTIARAE: ARCH, SMALL
LITTER TRCIDEHCE Hi%) oL w.ey ol 9.8) o 0.6y M 4
PETAL INCIDENCE i o .01 alc 9.08 at #.0f 0.8}

FHORACIC VERTEBRAKX: ARCH, HOT OREIPIED
LITTER INCIDENCE Hik| o1 0.0} a¢ 8.0) of 0.81 10 ey
PETAL INCIDENCE Hiv} el 0.0} oi 9.0} o 0.0 2( 1.2

LUMBAR VERTEBRAR: ARCHKS, FUSRD
LITTRR INCIDENCE wiv) oy p.0} at p.@) ol 0.4} ol JE.4)
FETAL INCIOENCE niv) ot o.01 ol @.0} ¢i ©.o} 3171 10.630e

IAMBAR VERTEGNAR: CENTRUM, BIFID
LITTXR mcmnoc:. =(%) ot o.¢] ot .o} ¢i 0.0] T d.apee
FETAL INCIDENCS Hivl of a.9) et ©0.0) ol 0.0} 111 &.m)er

LUMAARE VEKTERRAE: CENTRUM, UNILATERAL O38IFICATION .
LITTER INCIDENCE M) ol .4 oL 0.0t e( 9.0] 2 o
FETAL INCITENCE CIRY 8t g.0] e 0.0} s ©.01 LEENE IS 11

LAMAR VERTESRAL: ARCHRS, OPER ..
LITTER IHCIDRECE LILY or 4.0} ol 9.9} el 0. IR L 00
FRTAL IWNCIDENCE iy} 6 9.3} ¢l o.c0} o1 6.9} ai 1.%

2. Dosage vocurred on days 7 through 3T of gestation
b. Ses the individual fecal alterations table imlu 23} for fatuses with wultiple skelacsl alterstiono.
+s  gignificantly different from the vahicle control group value (psf.01}.

{Excerpted from the sponsor’s submission)
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Fetal skeletal alterations:

LISEE TR
161 &.2p*
ARCHES AMD CENTRA, FUOSED

M%) o . 4L 18.21°*
nivk o 4¢ 2.5y er

wis)
NiV)

T L. apee
23¢ m.a)ee

O LLKCATE WITH RISS NGT O8SIFIRD

it} ot 4.9) .0 oL e.a)
HiV) LY N og 0.9}
wvy of L oi
mivl o1 . . o
FILH oL ot
Hing ot .ot . ot
BEACRAL VERTNRIAR. CENTRA. PUSED .
LITIHR !llcxn;uct LIS n( ©.0) at #a) at e.9 1l 1-,:I“
PETAL IWCIDENCE Hiv) ot 0.0) vl 0.0} af 0.0} §¢ 1.1}
SACRAL VERTEDRAS, CRENTAUM, UWILATERAL ORdIFTCATION
LITTER INCITERCE wiv) oL e.8) G 8 %) af o.01 \l(( ;,::
FETAL INCIDENCE HiN) og  @.9) a( o.p ol o 0) .
< VERTESRAL HEMIVERTRIRA
LITTER uc[ml LIt o{ 4.9} ot o ol o 0.0% ;1‘ 41.:;
FETAL INCIDENCE wiw) et 0.0) ot 0.0y pe &.0) .

TRRRULLAR

WUMBER PRESEHT

LITTFA IHCTDENCT Hit) a{ ov.01 ¢t 0.9

FETAL THCIDENCE Winy el w8l ot Q.91

IR FORRD

LITTER 1MCIDENCE *ix) o1 0.61 of %0l 6{ 9.0} B 16, 4]0

PETAL INCHIENCE wiv) ol ©.91 9t 9.0k ot a.of EXTERT S PR
RIAS: WOT SASIFIXD

LITTER [NCIDINCE HiL) cl 0.0 e 0.01 of 6.01 70 33,80

PFETAL INCIDINCE LI ¢ ©.0} vt o.01 9 0.0} LAY SR
RIBE: SMALL

LITTER 1MCIDENCE il ol 6.4) ol 0.6 ol 0.0% 21 v 1y

PRTAL INCIDENCE wisl ar ag.e) 91 9.0} oy 0 0 At 1.3y
RIBS:  BROAD

LITTER INCIDEWCK M%) o 0.0 o: a.o) ot @ B} XIS B ]

TUTAL INCIDENCE LIl ¢i 0.0} @t 4,01 gy o o) LT 2 i
RIMG., AHORT

LITUNR I HCIDENCE LA E] o1 0.4l ®{ © o ol o @ T

FETAL IHCIDENCE Hewy et a. LY ] ot ©.0H 104
ATRA: BOWED

LITTER INCIDENCE Nek) g1 #.01 oL o.m ot 0o YR R

FETAL [HCIDENCE wes) of ©.41 ot 9 m 01 ¢ o1 11 3.1y
RING: WAVY

LITTER INCLDENCH Mty a1 0.0l ot o m 10 4.5 gi{ o.01

PETAL THCLGENCR wiey o1 0.8} o1 0.0l 10 0.6) 44 0w
2In: ASYWIETLIC RIF PAIR or 1 AR WUTRER

LITIER INRCIDERCK Witv) of 0.0} at 0 Dy

FETAL IWCLITAWCE ALY vi .01 o o o)

2. posage otcurred on days 7 through 17 of Qestation.
b. Sea the Iwdividual fstal altaraticcs table (Table 31} forf Latumed with wultipie wkelatal alteratlons.
signitiocantly diffarent fyom cha vwhicle control group value Ip<0.01).
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Fetal skeletal alterations:

Dofack ROty 4
DOSKIE (H0/K5/DAY) & o [VEHICLE}
LITTERS EVALIATED s
FETINITE EVALARTED b L] wr
v H 87
RISE: Tl SEOMENTS
LITTER INCTOENMCE niv) & o.9)
FETAL TWCIDERCE Hinl 0L o.91
RIRS. TMIM
LITTER THCIDENCE HiY) et ©.0)
FETAL IMCIDiNCE x(n) o 0.0)
RISH: IRABMKILARLY SAPED
LITTER INGCIDENCE Afu el 4.8
T win of{ o©.o}
t  TUSED
LITTER LHCIDENCE Nit) of o
FETAL THCTDENTE nivy ar oW
STERNAL CENTRA BUMMARIZATION (Tnclucks
tused, imosepletely ocasified and
aspywaetyle)
LETTRR LNCIDEWCE uivy ot o.®
FETAL INCIDENCE sy ot 0.01
STERMAL CENTRA: FUSED
LITTER TWCIDEWCE LIME] a9
FETAL INCIDENCE Aivy 8t 9.8]
HTENEAL CEMTRA: INCONPLETELY GESLFIED
LITTRER ABCTRENCE Hi{v} L1
PETAL TWCIDENCE Mz} 6e
CEMTRA
CITTER DeCtnmwces LIS o4 o.0!
FETAL INCLOSNCE CILE ol o.e)

XIPHOID: FUSED

L1TTER IWCIDEMCE Hiv) ol o.0)

FETAL INCIDENCE Wiv} o{ 0.0}
FORBLIME: METRCARPALS, EXTRA OSSIPICATION

LITTER INCIDENCE Hi%) tl 0.0

FETAL INCIDERCE N o( 8.9
PORRLTMB: PRALANGES, WOT OSEIFIED

LITTER INCIDENCE wiv) a{ 0.0}

PRTAL INCTDENCE N{v} 9t 0.

PELVIS SUMMARIIATION {Includes ischium
and pubie, incompletely casifizd and

1lium, irregular

ly ahape)
- |

LITTAR niv} oL 9,0}

FETAL INCIDENCE uiv) e ¢.9)
PELVIS: IRCHIUM, TWCOMPLETELY OSSIFIED

LITTER IMCIDENCE N(v} ar 0.8

FETAL INCLDENCE Hix} at 9.91

IMCOMPLETELY OSSLFIRD

LITTER INCIDENCE Wit} ot ©.0}

TETAL INCIDERCE i of 6.8
PELVIB: ILIDM, IRREGULARLY GHAPED

LITTER INCIDENCE uiv) ar o.0)

FETAL 1WCIDENCE n{v} ¢ 0.9)

PAALANGES, NOT OGEIFIRD
INCIDENCE

i}y

LITTER INCIDENCE Nik) o[ 0.

PETAL INCIDENCE H{v) oL ©.0)
HINDLIME: TYBIA. EHORT

LITTER INCIDENCE H{%) of ¢.0)

FETAL INCIDENCE Ni%) of a.m
HINDLIME: FIBULA, HOT OSSIFLED

LITTER INCIDRNCH L H a{ o0.a)

FETAL INMCIDEMCE MV} af 0.0
HMINDLIMB: DIGIT, ANSENT

LITTER INCIGENCE LILY g{ 0.0}

FETAL INCIDENCE LILY) 81 0.9}
KRIMULIMB: DIGITS, SHORT

LITTER INCIDENCE Miv) o 6.0

FETAL INCIDENCE wiv) ot 0.0
HINDLIMB: MWETATARSALS, NOT OSSIFIED

LITTER IWNCIDatacE win} of 0,0}

PETAL IRCIDENCE Wity 0 o.m
HIDMMLINA:  TIBULA, BMALL

LItTER INCIDEWCE wis) of{ 0.0}

PETAL INCIDENCE Hiw] el 0.0}
HINDLIMG: FEWOR, MLSALIGNED

LITTEA INCIDENCE H(N] ot 0.0y

PEATAL INCLDENCE Hie) ol o.o}

Todage occurred on days 7 through 17 of gestation.

fiee the fndividual fetal alterstions table [(Table 71) Zor fetuses with tultiple ekeletal alterations.
Significantly different from the vehicie control group velue (p<0.01).
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3 Intravenous Dosage-Range Developmental Toxicity Study of Clofarabine in
Rabbits. Sponsor’s Study Number: 0202-02.

Key study findings: Clofarabine treatment at 20 mg/kg from DGs 6 through 18 killed
all the rabbits. All conceptuses were resorbed and there were no live fetuses
in the 6 mg/kg/day dosage group. Gross external fetal examination revealed
multiple malformations in the 0.6 and 2 mg/kg/day dosage groups. Clinical
observations included tachypnea, ungroomed coat and scant feces in the 6
and 20 mg/kg dosages groups.

4 Intravenous Developmental Texicity Study of Clofarabine in Rabbits.
Sponsor’s Study Number: 0204-02.

Key study findings: The intravenous administration of clofarabine at 1 mg/kg/day from
DG 6 to 18 did not affect the maternal body weight and food consumption.
Decreased fetal body weight and increased postimplatation loss were attributed to 1
mg/kg/day clofarabine administration. Increased incidences of malformation and
variations {gross external, soft tissue, skeletal and retarded ossifications) were also
observed in high dose animals (1 mg/kg/day). The NOAEL dose of clofarabine for
developmental toxicity in rabbit was 0.1 mg/kg/day.

Study no.: Sponsor — 0204-02, — -~ 1209-002
Volume #, and page #: Electronic module
Conducting laboratory and location: L
Date of study initiation: ) ]
GLP compliance: Yes
QA reports: yes (X)no ()
Drug, fot #, and % purity: Clofarabine, lot # 010188, — purity
Methods
Doses:
Dosage Dosage’ Concentration | Volume | Infusion Rate Number of Assigned Rabbit
Group {mg/kg/day) (mg/fml) (mlfkg) (mL/hr) Rabbits Numbers
1 0 (Vchicle) 0 10 420 20 9901-9919°, 4499°
] 0.1 0.0 10 420 20 9921-9940
[ 0.3 0.03 10 420 20 9941.9960
v 1.0 0.1 10 420 20 99619980

a The test article was considered 100% active/pure for the purpose of dosage calculations.

b. Rabbit 9919 was administered 7 mL of the 0.01 mg/mL concentration afier the correct administration of the
vehicle. ‘This deviation did not adversely affect the outcome or interpretation of the study because the amount
of 0.01 mg/ml test article that was administered was minimal {a resultant dose of 0.0194 mg/kg/day).

[ Rabbit 9920 Tost body weight between DGs 0 and 6. This rabbit was replaced by rabbit 4493 on DG 6.

W(E)ECE:?E(&&‘Egﬁ{fhgsponsor‘s submission}
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Dosages were selected based on the dosage-range study (0202-02)
Animals were dosed from DGs 6 through 18

Species/strain: Rabbit / Hra:(NZW)SPF

Number/sex/group: 20

Route, formulation, volume, and infusion rate: Intravenous, 10 mL/kg,

Satellite groups used for toxicokinetics: No

Study design: Segment 1l (effects on embryo-fetal development,
implantation to closure of the hard palate, stages C to D)

Parameters and endpoints evaluated: Chinical observations, mortality,

moribundity, body weights, food consumption, corpora
lutea/ovary, weight of uterus + contents, # and position of live and
dead fetuses, early and late embryo/fetal losses, external
observations of live fetuses, viscera and skeletons examinations.

Results
Mortality (dams): One control group doe aborted on DG27 and sacrificed.
Clinical signs (dams): Soft/liquid feces, scant feces, localized alopecia (limbs and
underside), head tilt, and ungroomed coat in a dose-
unrelated manner.
Body weight (dams): No statistically significant differences as shown below.
D(VEHI;LE: MOXQDAY
g 0.3 MGKGDAY
e -
g 1.0 MOKODAY
= e

350

T T T T T T T ¥ T T T M I S
a9 & 7 8 3 16 1F 12 13 14 16 18 IIT 1'8 1'9 210 2'1 2‘2 2‘3 2“ Zlﬁ ;B 27 =24 ;
DAY OF GESTATION

{Excerpted from the sponsor’s submission)

Food consumption (dams): No differences
Toxicokinetics: Not done
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Terminal and necroscopic evaluations: C-section data
DOSAGE 1 i1 IIT v
DOSANGE (MG/XG/DAY) a G [VEHICLA) 0.1 0.3 1.9
RABRITS TESTED N 20 20 20 w0
PREGNANT Hik) i8¢ 0.0} TR %0.0) 19{ ¥5_0) a0(100.0)
ABCRTED AND SACRIFICED ) 11 3] 1{ 5.6} 90 o0.9) al 0.0} of{ o.0)
RABRITS FPREGMANT ANMD
CAESAREAMN - SECTTONED
O DAY 2% OF QESTATION N 17 18 19 29
INCLUDED IN ANALYSES N 16b 1a 13 20
CORPORA LUTER MEAN:S.D. 10.2 3 1.5 10.9 ¢ 2.1 10.8 3 z. 10.9 ¢ 1.0
INMPLANTATIONS MEAN+3.0. 8.2 ¢ kN 9.4 ¢ 2.1 9.5 2 2. $.1 & 2.2
LITTER 3SIZEA MEAN:S.D. 7.7 3.z 1.8 1.9 5.6 2 z. 7.0 3.1
LIVE FETUSES L] 123 158 161 119
MEAM3E.D. 7.7 & 3.2 .86 1.9 8.6 3 z. 7.9 ¢+ 3.1
DEAD FETUSES N 1] a a9 1
MEAN}S.D. 0.0 ¢ 0.¢ 0.0 ¢ 0.0 2.0 3 0. 0.0 3 0.2
RESORPTIONS MEAR:S.D. 0.6 ¢ 0.4 0.7 ¢ 1.0 2.9 ¢ 1. 2.1 ¢ 2.2
EARLY REZORPTIONS N T 11 [ ] 35
MEAN:S, D, G4 x 0.6 ¢.6¢ 1.0 0.+ g 0. 1.8 ¢ 2.1
LATE RESQRPTIONS N F 1 10 7
HEAN}S.D. 0.1 ¢ D.3 t.0 § 0.2 2.5 2 [ 0.1 ¢t 0.6
DOES WITH ANY RESQRPTIONS Ni%) &4 37.5) Bl 44 4] 11{ s7.9) 1540 75.9)
DOES WITH ALL CORCEPTUSES
DHAD OR RESORBED N{Y) of ¢.0) o 0.0} ol @.0 or ¢.@}
DOES WITH VIABLE PETUSES Riw) 16{100.0) 18{100.9) 19(10¢.0) 2e{100.¢}
PLACENTAE APPEARED NORMAL H{t} 16{100.0} 18{100.%) 190300, @)

4. Dosage octurred on days £ through 18 of gestation.
b. Excludes doz §91¥, which was dosed 7 mL of Group IT test article {4 resultant dose of 0.0134 mg/kg/day] om day 10 of gestation,

Corpora lutca:

Offspring:

{Excerpted from the sponsor’s submission)

Comparable among groups as expected since the dosing did
not begin until after ovulation occurred.

DOSAGE GROUF 1 IT 111 Iv
DOSAGE (MG/EG/DRY)a ¢ [VEHICLE) 0.1 ¢3 1.0
LITTERS EVALUATED N L6b e 139 0
FETUSES EVALURTED N i3 158 163 ¢

LIVE N 12 156 163 119

DERD N 0 ] 0 le
LITTERS WITH FETUSES WITH
ANY ALTERATION OBSERVED LI 9{ S6.2) 134 72.2) 134 68.4) 20(100.0) 4+
FRTUSES WITH ANY ALTERATION
CBSERVED i) 134 10.6) 241 15.2) 26{ 16.0} 139(100.6)*+
¥ FETUSES WITH ANY

ALTERATION/LITTER MEAN$S.D 12,1 + 14.7 14.5 ¢ .0 100.0 ¢ 0.0*+

Dogage occurred on days 6 through 14 of gestation,

Dead fetus was excluded from group averages and statistical analyses.

157 ¢ 14.8

Observations for this conceptus are cited on Table 22,

a.
b. Bxcludes doe 3919, which waa dosed 7 =L of Group II test article {a resultant dose of 0.0i%4 mg/kg/day) on day 10 of gestatlon.
c
.

* Significantly different from the vehicle contrel group value f{p<0.01].

{Excerpted from the spo
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Litter observatlons

111 v
DOSAGE {NG/K3/DAY)a 0 (VERICLE) 0.1 8.3 1.¢
LITTRRS MITR ORE ORI e
MORE LIVE FETUSES N 17 18 19 20
INCLUDED IN ANALYSES N 16b 18 19 W
IMFLANTRTTONS MEAK4S.D., 8.2¢ 3.4 34 2.1 ¥5 4 2. 5.1 2.2
LIVE FETUSES N 123 158 163 138
MEAN15.D. 1T 31 8+ 1.9 B6+ 2.4 TO: 3.1
LIVE MALE FETUSES A 69 " 91 £5
% LIVE MALE
FETUSES/LITTER MRAN4S . D, 57.2 ¢ 20.2 9.2 ¢ 15.2 .54 1B.8 4341 20.6
LIVE PETAL BODY WEIGHTS
{GRAMS | /LITTER FEAR1S5.D. 45.2) ¢ 4.58 Wy L0 41,45 + 4,06 30.27 1 T.04e
WALE PETUSES MEANS.D. 45.05 ¢ 5. 04 45.54 ¢ 3,92 4.7 3 3.86 32.82 £ 5,320
[ 15]¢ { 18]e
FEMALE FETUSES MEAN$S.D, 44,15 ¢ §.15 43,99 ¢ 4,75 42.56 t 4.5% 29.21 ¢ 7.92%
\ DEAD OR RESORBED i
CONCEPTUSES/LITTER HEAN$S.D, 594 8.7 f43 92 0.4 t 3.0 24.2 ¢+ 26,3

[

4. Dosage occurred on days § through 18 of gestation.

k. Excludes doe 9919, which was dosed 7 wL of Group IT test article [a reaultant dose of 0.015¢ ki

. Litter 44%9 had nc male fetuses. o/k/da) on day 10 of gestatian.
d. Litter 3950 had no female fetuses.

e. Litter 9961 and 9972 had oo male fetuses.

** Significantly different from the vehicle control group value (p<0,01),

(Excerptcd from the sponsor’s submlssmn)
Summary of external, visceral, and skeletal anomalies:

Fetal gross external alterations: Group 4 (1 mg/kg/day) - T Cleft snout, short
snout, cleft palate, micrognathia jaw, absent teeth, open eyes, fore/hindlimbs
(short, digit absent), trunk short body, and absent/short tail vs. control animals.

Fetal soft tissue alterations:  Group 4 - T Brain (dilated ventricles), heart
(protruded through ventral opening), lungs (intermediate lobe absent, fused,
small), vessels (protruded through ventral opening), liver (thick, edges
rounded), kidneys (absent, small), pancreas, uterus, ovaries, and spleen
{(protruded through ventral opening) vs. control group animals.

Fetal skeletal alterations: Group 4 - T Skull (irregularly shaped, small, fused,
incompletely ossified, nasals short, nasal fused), hyoid (ala not ossified, small),
thoracic vertebrae (arched, fused), lumbar vertebrae (fused), sacral vertebrae
(fused, misaligned), ribs (fused, short), clavicular (not ossified, short), forelimb
(fused, short, irregularly shaped), pelvis (not ossified), and hindlimb (short, not
ossified) vs. control.

See tables below for details
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Fetal gross external alterations:

LITTER INCIDENCE
FETAL IRCIDENCE

SNOUT: GHORT
LITTER INCIDEWCE
FETAL INCIDENCE

PALATE: CLEFT
LITTER INCIDENCE
FETAL INCIDENCE

JAW: MICROGMATHIA
LITTER INCIDENCE
FETAL INCIDENCE

JAM: AGNATHIA
LITTER INCIDEWCE
FETAL INCIDENCE

TEETH: ABGENT
LITTER ENCIDENCR
PETAL INCIDENCE

TONGUR: ABSENT
LITTER INCIDENCE
FETAL INCIDRNCE

EYE: OPEN
LITTER INCIDERNCE
FETAL INCIDENCE

EARS: LOW SET
LITTER INCIDENCE
PETAL INCIDENCE

WEAD: DOMED
LITTER INCIDENCE
PETAL INCIDENCE

By
LI H

Hiv}
%)

Hi%)
Ni%)

HEAD: SMALL ORAL OPENING

LITTER INCTDEMCE
FETAL INCTDENCE

HERD: MENINGOCTELE
LITTER INCIDENCE
FETAL INCIDENCE

FORE AND/OR MINDLIMBS:

LITTER INCIDENCE
FETAL IRCIDEHCE

FORE AND/QR HINDLIMES:

LITTER INCIDENCE
FETAL INCIDENCE

FORE AND/OR HINDLIMBS:

LITTER IRCIDENCE
FETAL INCIDENCE

FORE AND/OR HIWDLIMES:

LITTER INCIDENCE
FETAL INCIDENCE

FORE AND/OR HINDELIMES

LITTER INCIDENCE
FETAL INCIDENCE

FORE AND/OR HINDLIMBS:

LITTER INCIDENCE
FETAL LRCIDEMCE

Ny
Ritv}
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FORE AND/OR HINDLIMBS: DIGITS FLEXED DOWMWARD

LITTER INCIDENCE
FETAL INCIDENCE

FORE ANT/OR HINDLIMBS: DIGITS SHORT

LITTER INCIDENCE
PETAL IHCIDENCE

Wiy} af 0.0}

Niv} of 0,9
JCGINT BENT

H(t) 0f 0.0}

LIS} ol 0.0}
ROTATED LATERALLY OR MEDIALLY

N(%) ol o.0}

(e ol .8
SHORT

LI(Y! of o.c}

H(Y) o ¢.0)
ABSENT

B(t) a{ 0.0)
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Dodage occurred on days 6 through '8 of gestation.

A0 S.8)r+

Tl 15.4) e
13 3.4)e

20(100.0) ==
L241( 89 .2)e»

&{ 40.0)+*

21( 15.0)+
1 5.9
1 0.7
b 5.00
40 2.9)%s

5.0}

14{ 70.0)r
€7[ 48 ,2)

1{ 5.9)
1{ ¢.7
20 k0.0)
I( 1.4}
5.0
1{ 0

1{ 5.0)
i{ 9

5( 25.0]+
6 4.3}e+

40 20.0)¢¢
T 5.0}

I( 15.0)4+
B 5.8}

120 €0.a}»~
S2( 371, 4]+

1l 5.0)
10 0.7

20{100.0)++*
1351 97.1)

1t 5.0}
it 0.7)

4{ 45.0)*
220 15.9)44

. .

b. Excludes dee 9919, which was dosed 7 mL of Group IT test article (a resultant dose of 0.0194 ag/kg/day) on day 10 of gestatiocn.
c

.

- Dead fetus vas excluded from group averages and statistical apalyses.
* Signiticantly differsnt from the vehicle contrsl group valus {p<0.01}.

{Excerpted from the sponsor’s submission}

Observations for thim conceptus are cited on Table 22.
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FORE AND/OR HIKDLIMBS: TORNATL ABSENT

LITTER INCIDERCE Hi%)

FETAL INCIDENCE Hix)
BODY: TRUNK SHORT

LITTER INCIDRMCE N(%)

PETAL INCIDENCE Niv)
B00T: TMBILICAL HERNIA

LITTER INCIDENCE Wit

FETAL INCIDENCE Nk}
BOOY: SPINE CURVED LATBRALLY

LITTER INCIDBICE NiY)

FETAL INCIDENCH H{t)
BOLY: SFINE CURVED UPWARD IN UPFER THORAX

LITTER INCIDENCE Nik}

FETAL INCIDENCE IS
BODY: THORACOGASTROSCHISIS

LITTER INCIDENCE EH

PETAL THCIDENCE niv)

BODY: GASTROSCHISIS
LITTSR INCIDENCE wix)

LITTER INCIDENCE Riv}

FRTAL IRCIDENCE B}
TAIL: BENT

LITTRR INCIDENCE H(%)

FETAL INCIORNCR NiY)
TAIL: SHORT

LITTER INCIDENCE N{t}

PETAL INCIDENCE F(tY
TAIL: ABSENT

LITTER INCIDENCE N{¥|

FETAL INCIDENCE EILY

Dosage occurred on days & through 18 of gestation.
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10{ 50.0) %+
26{ 18.7}==

1y Ss.01
1 2.9) 4+

30 1%5,0) e
30 1.2)e¢

(10,00
40 2.9)

20 10.0)
0 1.4)

3 15.0)
I 2,20

1 5.0
0.7

30 15.0)
s{ 3.6)°*

a.,
v, Excludes doe 3919, which was dosed 7 mL of Group IT tast article {(a resultant dose of 0.£194 mg/kg/day) on day 10 of gestation.
c. Oead fetus was excluded from group averages and statistical analyses.

++ Slgnificantly different from the vehicle control group value {p<0.01).

Obgervations for this conceptus are cited on Table 22.

Appears This Way

On Original
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Fetal soft tissue alterations:

POSAGE GROUP I
DOSAGE {MG/NG/DAY)a 0 (VEHICLE} ®.1

LITTER INCIDENCE LIL]] 1 6.2) TL 34.9) e 4 n.a 1 5.,

FETAL INCIDENCE Hiv} i o.m) 5.7 §{ »7 2t 149
BRAIN| DILATED VENTRICLES

LITTER IHCIDENCE H(%) of o.M 8{ 0.6} i 0.0} 4{ 20.0)+

FETAL INCIDENCE N(%) 0 0.0) el 0.0 0f 0.0} 30 3.6
HEART | INTERVEWTRICULAR SEPTAL DEFECT

LITTER INCIDENCE Niw) o0 0.8} ¢ 0.9) oL ¢ 1l 5.4

FETAL INCIDENCE H{v} @( 0.0} °f 0.9) e{ ©.0) 20 1.4
HERRT: VENTRICULAR CHAMBER ABSENT

LITTER INCTILEWCE 3L H o 0.0} 0f ©.9) 9 °o.@q 1{ s.0)

FETAL INCIDENCE nN{v} ¢( o.o} ol 0.0} ol o.01 1{ 2.7
HEART: PROTRUDED THROUGH VENTRAL GPRENING

LITTER INCIDERCE Ny ol .0} a{ 0.0) 0{ 0.0} 3 15.0)*

FETAL INCIDENCE LIL]] of 0.0} of{ o

-0} ot 0.0t I{ 2.2pes

VESSELS: SITUS INVELSUS

LITTER INCIDENCE Hiy) o( 0.0} of ©.0) i 0.0} 1( 5.0}

FETAL INCIDENCE Kis) oL o.M or 9.0} 0{ 0.0} 1t 9.7)
VESSELS: DISTEMDED AORTA

LITTER INCIDENCE N{v} e{ 0.0} ol 0.0} el q.0) 1 5.

FETAL INCIDENCE niy) of 0. 0 0.0} ol 0.0) it o.M
VESSELS: ADORTA DESCENDED T THE RIGHT

LITTER INCTDENCE H{%) of 0.0} el 0.0 at 0.0) 1{ s.0}

FETAL INCIDENCE ®iy) of 0.0} alr o0.c) 0{ 0.0} 1t 0.7
VESEELS: PERSISTANT TRUNCUS ARTERIOSIS

LITTER INCIDENCE L ELY) o{ 0.0) el o.o) 0{ 0.0} il 5.0)

FETAL INCIDENCE N{¥| a4{ e.a} ol 0.0} of 0.0} i 0.7
VESSELS: RIGHT SUBCLAVIAN ABSENT

LITTER INCIDENCE Nt} i 0.0) ay  0.%} ol 0.0} 10 5.00

FETAL INCIDENCE HiM) o{ 0.9) 0f{ ©.0} ol 0.0} i 0.7
VESSELS: PROTRUDED THROUGH VENTRAL OPENTNG

LITTRR INCIRENCE Ni%) a{ 0.0} 0{ Dp.06j g 0.0 3 15.0)++

FETAL TNCTDENCE Nt} a( 0.0} o{ 0.4} o 0.0} 30 2.2
LUMNGS : INTERMEDIATE L,OBE ABSENT

LITTER INCIDENCS Niv} i 12,5} 20 11.1) 1{ s.1) 91 45.0)¢

FETAL INCIDENCE N{%} I{ 2.41 20 1.3

LUNGE: SMALL

LITTER INCIDENCR Niv) o ©0.0) ol 9.9) of ¢ ol 80 40.0)4+

FETAL THCIDENCE Ni¥] 90 @.0) of 0.¢) of o.m 141 10.1)4+
LINGS: ABSENT

LITTER INCIDENCE H{%) o{ 0.0} of o.n) or 0.0} 2( 10.0}

FETAL IRCIDENCE [ 1331 or 0.0} 0f 0.0} o 0.0y S .61+
LINGS: PROTRUDED THROUGH VENTRAL OPENIKG

LITTER INCIDENCE nix) ol 0.5} or ¢.0) o 9.0 2( 10.0}

FETAL IWCIDENCE Hiv) ot v.g) 0 0.0} or 0.0} 14
LUNGS: FUSED

LITTER THCIDENCE Nit) oi 0.9 00 w.0¥ ol ¢.01 €1 20,01+

FETAL IKCIDENCK Ny} o1 0.0} o c.o} of ©.0¢ A1 2.9

LIVER; EDGRS ROUNDED

LITTER INCIDERNCE His) 24 0.9} al o.M of G.o! 47 25,0+

FETAL INCIDENCE "k or 9. 4{ 0.9} oy ¢.01 61 4.1+~
LIVER: THICK

LITTER INCIDENCE Wiv) oi Q.0) ol 0.0 of{ 0.0) 40 -20.0)*

PETAL INCIDENCE Wiy 0 @.9) el o 9 ¢, Bl 4 3)e=
LIVER: PORTION OF LIVER FROTRUDED THROUGH IMBILICUS

LITTER INCIDEKCE K{%) 0f 0.0 of 0.0 1l 5.3 ot o ¢l

FETAL INCIDENCE LELY ot o.9) af{ o,0) 11 0.6) 9t 00

LIVER: PROTRUDED THROUGH VENTRAL OPENING
LITTER IPCIDENCE LIS of 6.0 84 0.0} ol
FETAL THCIDENCE nivy o1 o.0) C( 0.0} of
a Dosage cccurved on days § through 18 of gestacion,
b. Eacludes doe 391%, which was dosed 7 mL of Uroup II test article [a resultant dose of 0,019 mg/kg/day] on day 10 oF geatation
c. BGee the individual fetal alterations table (Table 22} for fetumes with wultiple moft tiseue altarations.
d
-

. Daad fetus was excluded from group averages and statistical analysed. Observations for thla conceptus are clced on Table 22
* Significantly different from the vehicle control group value {pe0.01Y.
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Fetal soft tissue alterations:

DOSAGE GROUP
DOSAGE {MG/KG/DAY)a 0.1 1.0

Lh
0.0} 4l o.0) of 0.0y 1t 2.7
STOMACH: #ROTRUDED THROUGH VENTAAL OPENING
LITTER INCIDENCR LIt Y] of 0.0) o4 0.0
. f 0{ o.0) 3{ 15.0) ¢+
FETAL INCIDENCE LI} 9 0.0} of 0.0) . 0.0} I 2.2)ee
FIDNEYS: ABSENT
LITTHR IHCIDENCE Riv) 0f c.o} of 0.4} el 0.0}
- - . 2{ 10,0}
FETAL INCIDENCE ni%} o{ 0,01 o{ a.0) ol 0.¢) X 2.2
FIDHEYS: LOW S8BT
LITTER INCIDENCE Kit) o 8.0} °l 0.9} 04 0.0) 2{
. . . 10.0)
FETAL ITHCIDENCK Niy) o 0.8} ol 0.0} a4 0.0) A0 2.9)ae
KIDNEYS: SMALL
LITTER INCIDENCE LILY] el 0.0) af 9.4} at o.q)
. . . a{ 10.0)
FETAL INCIDENCE IR ¢ 0.0) LES-N )] o{ ¢.0) 4f 2.9)e
FIDMEYS: PROTRUDED THROUGH VENTRAL OPENING
LITTER INCIDENCE Nt} o ¢.0} ol 9.0) o1 0.0}
. . - 2¢{ 10,07
FETAL IRCIDENCE LILH 04 0.0} ol o0 ol o.o} 2¢ 1.4}
ADRENALS: PROTRUDED THROUGH VENTRAL OPENING
LITTER INCIDEWCE Hiv) ai 0.0 o0 0.0 o{ 0.9) 1{ 5.0)
FETAL INCIDENCE Hiy) of{ 0.0) o0 0.¢) o{ 0.0) i 0.7)
ADREHALS: DISPLACED
LITTER INCIDENCE Niv} et 0.9) o4 0.0} 0f{ 0.0} 1t 5.0)
FETAL INCIDENCE LA al ©.9) 9 0.0) o{ o.0} oo

INTESTIFES: PROTRUDED THROUGH UMBILICUS

LITTER INCIDENCE LI} ¢l 0.40) ol 0.0} 1 5.3) 15,0

FETAL INCIDENCE Fiv} ol 0.9 0{ 0.0} 1 0.6) il 2.2)
INTESTINES: PROTRUDED THROUGH VENTRAL OPENING

LITTHR IRCIDENCE Hit} el 9.8 0( 0.0} oi 0.0} I3[ 15.0)0+

FETAL INCIDBNCE nit) e 0.0} et 0.0} a{ 0.0} (2.7
PANCREAS : FPROTRUDXD THROUGH VENTRAL OPENING

LITTER INCIDENCE LTEY o o.¢} o 0.0 ot 0.0) {15,000

FETAL INCIDENCE Ni{v} ol o0.¢t 0 0.0} of 9.0} 3 2.2)
URINARY BLADDER: PROTRUDED THROUGH VENTRAL OPENING

LITTER INCIDENCE HiY) ol 0.0} el 2.9 of 0.0} 20 1¢.0)

FETA!, INCIDENCE HiY) of 0.0} 8( 0.9) 0{ 0.0) 20 1.4}
URETERS: DILATED

LITTER INCIDENCE (W) o{ 0.0} ol 0.0 oL 0.0} it 5.0}

FETAL INCIDENCE (V) 0ol .0} al . ol 0.0 o
UTERUS: PROTRUDED THROUGH VENTRAL OPENING

LITTER INCIDENCE v ol ¢.0) o 0.0 o0 0.0y 3 15.0)4

FETAL IHCIDENCE H(4) 0{ ¢.0) of £.0 of 0.0) 3 2.2)e¢
OVARIES: PROTRUDED THROUGH VENTRAL OPENING

LITTER INCIDENCE N(v) 0 0.0) of .0 of 0.0 3 15.0) ¢~

FETAL INCIDENCE (v} 0{ ¢.0} ot 2.0 of ov.0) 31 2.2)e
SPLEEN: PROTRUDED THROUGH VENTRAL OPENTNG

LITTER INCIDENCE LILY 0{ 6.0} a 0.0 af 9.0} 30 15.0) %

LILH 00 0.0} a0 0.0) 9t 0.01 I 2.2)e

a. Dosage occurred on days 6 through 18 of gestation.

k. Excludes doe 3919, which was dosed 7 ol of Group II test article (a resultant dose of ¢.0194 mg/kg/day) on day 10 of gestation,
c. BSee the individual fetal alterations table (Table 22} for Eetusss with multiple soft tissue alterations.

d. Dead fetus was excluded from group averages and statistical analyses. Observations for this conceptus are cited on Table 22.
¢+ Significantly different from the vehicle control group value {p<0.01).
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F_et_al skeletal alterations:

GROUP I
DOEAGE [MG/KG/DAY)a 0 (VEHICLE) 0.1 e.3

LITTER INCIDENCE M} o{ 0.0} 4 222 2{ 10.51 IEl 0.0} e

FETAL IMCIDENCE Hiv} ol 0.0) &0 Y.z} 2{ 1.2) 170 26.6h*s
SXULL: RAGALS, OONTARINED AN INTERNASAL

LYITTER INCIDRNCE Wix} el o.0} s0 11.1} 1{ s5.3) 9 45. Db

FETAL INCIDENCE Hi%) of{ wo.0} ar 1.9 1( 0.€) 1{ 7.8+
EXSLL: FRONTALS, CONTAINED AN INTERFROUNTAL

LITTER INCIDENCE i) ef o.m) aL o of ol a.a) 2{ 18,90}

FETAL INCIDENCE M%) o 0.0} Q1 0.0} of 0.0) 20 1.4}
ENULL: NASALI, MIDLINE SUTURE DISPLACEZD

LYTTER INCIDENCE Hi%) o{ 0.0} 1.1} 1t 5.3} 40

FETAL INCIDENCE N(%) o 0.0} 24 1. 1( 0.6} 7ol
S¥ULL: ANTERIOR AND POSTERMIOR FONTANELLES, LARGE

LITTER INCTDENCE HiY) ol 0.4y a{ 0.0} ol o0.0) i 5.0

FETAL THCIDENCE Ny of 0.6} el 0.0} o 0.0} i oM
SKULL: IJRREGULARLY SHAPED

LITTER INCIDENCE Ni%) ol 0.0 et 0.0l ol ©.0)

FETAL THCIDENCE Mn} o{i 0.0} ot 0.0) 90 .0}

K, INCOMPLETELY OSEIFIED

LITTER INCIDENCE M%) ol ©.9) of 0.0} ot 4.0 20(100. 6]+~

FETAL INCIDENCE Niw) o{ ©.0) of 0.01 et 0.y 1270 47.81°*
SFKULL: MANDIBLE, SHORT

LITTER INCIDENCE Ni¥) ol 0.0} af 0.0} ot ©.8) 8{ 40.0) ="

FETAL INCIDENCE Niv) el 9.6} oL 0.0} Tl 0.0} 200 L4.4]%¢
SIULL: HAMDIBLE, TWO SEGMENTS

LITTER TRCIDENCE LILH ol 0.0} 9l 0.01 ol 9.0 54 2%.0) "

FETAL INCIDBNCE Wiy ot o.al a{ w©.o) al 8.0} 110 7.9) ==
SFULL; MASALS AND FRONTALE, PFUSED

LITTER INCIDENCE H(w) ol o0.0) 8t 0.0) 95 o0 a) ¢ lo.ohee

FETAL INCIDENCE ®iv) gl 0.0t 0 oo 14 a.ay L1( 7.3%ee
SKULL: MASALS, SWORT

LITTBR TRCIDENCE Biv) 0t 0.01 ot 0.0} I 0.0) 54 5.0}

FETAL [SCIDWHCE Hit) o{ o.m) al 0.0 3¢ 0.01 17§ 13.2pes
FULL: NASALS, SMALL

LITTER INCICERCE Hiv) af 0.0) 9t 0.0} a 0.0) 31 15,0}

FETAL INCIDENCE wiy) 0l oo o o 10 0.0y Iz apee
S¥ULL: MASALS, PUSED

LITTER INCIDERCK Hiv) 0{ 0.0) 0¢ 9.0} 3L 0.0 31( %5 p)es

FETAL IHCTDENCE LELE) oi 0.0} at o oy I 0.0 23( 16.5)4+

SFIJLL: MAXILLA, NOT QSSIFIED
LITTER INCIDENCSE M%)

oL 0.0 . . 1t 5.0)

FETAL TNCIDENCE LIL]] of o.o} al @.0 o e.n) 1t o2.7)
SKULL: MAKILLA, SHALL

LITTER INCIDENCR Ni%) ar o.g¢) al 0.9} A 0.0] [ 5.0

FETAL INCIDENCE Nit) e{ o.%) o( 6.8} af €.0} (o7

SFULL: MAXTLLAE, SHORT

LITTER INCIDEHCE k| a0 0.0] ol 0.0} af 0.0} 2( 10.0)

PETAL INCIDENCE NI%) 0{ 0.4) of o¢.0} af o.M T O5.0h*e
SFULL: HASAL AND MAXILLA, FUSED

LITTER INCIDENCE Hiv} a9f 0.8} o{ 0.90) ol 0.0} 1{ s.o)

FETAL INCIDENCS Hit) ot 0.0} of 9.19) a{ 0.0} 1 e
SKULL: FUSED

LITTER INCIDENCE N{%} af 9.0} ol 0.0 of ¢.0} 5{ 25.0}*

FETAL INCIDENCE Nix) oi 4.0} of o0& G( e.0) al 5.Hp**
SKULL: SMALL

LITFER INCIDENCE H{%) o( @.0} ¢l 9.0} af{ 0.0} 41 20.0)%4

FETAL INCIDENCE (%) e 0.4} of C.0} e 0.9} 5§ 3.6])+*
SFRULL: INCOMPLETELY OSSIFIEDR .

LITTER INCIDENCE Hiv} o{ 0.0) of ©¢.0) et o.oy 6( )0.0)

FETAL INCIDENCE H(%} a4l 0.0} of 2.0 ot 0.0} 34 10.1)4
SKULL: PARIETAL, CONTAINBD A HOLE "

LITTBR INCIDENCE Riv) ol 9.0 ap o.@) af 0.0 3 15.0

FETAL INCIDENCE Niv) of 0.0} or 0.0} a{ 0.0) 41 2.9}
SEULL: HOT OSSIPIED

LITTER INCIDENCE Hy! 0{ 0.0} af 0.0} o{ ©0.0} 31

FETAL INCIDEWCE Niv} o1 0.0} oi 9.0) 9t 0o} 7t

a Desage occuired on days € through 18 of geatation, .
b. Excludes doe 9919, which waw dosed 7 ml of Group IT test article la resultant doasec of 0.01%4 mg/kg/day) on day 12 of gestacion,
c. Gee the individual fetal alterations table (Table 22} for febtuses «ith multiple aoft tisgue alterations.

d. Dead fetua waw excluded £rom group averages and statistical analyses. Cbservations Eor Lhis conceptue are clted on Table 22.
¢+ Significantly different from the vehigle control group value (p<G.01}.
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Fetal skeletal alterations:

DOSAGEK GROUP

1z

3 16.7)
i 1.9
ot o.m)
of 4.0}
of o.a)
i 0.9)
1 %5.6)
1L @.6)
1 3%.6)
1 e 8)
1 9.8)
i q.&)
1t 5.

1
DOBNMFE  (M9/KG/DAY) & 0 (VEWICLE)
LITTERS EVALODATED N T e TN Y
FETUSES EVALDATED o ] 123
n
te

LITTER INCINDENCE Nin} 1t 1881

FETAL INCIDENCE nny I z2.4]
HYOID: ALA, HOT OBSIFIED

LITIER INCIDMNCT iyl a1 0.0)

FETAL INCIDENCE H(E| at 0.
HEOID: ALA, SMALL

LITTER INCIDENCE (v} 0{ ©.0}

FETAL INCIDENCE H(%) 6{ 0.0}
CWRVICAL VERTEERAK: ARCHES. FUSED

LITTER INCIDENCE L33 ol ©.0}

FETAL INCEDEWCE wiv) o{ 0.0}
CERVICAL VERTRBRAR: CENTRUM, UNILATERAL OSSIFICATION

LITTRR INCIDUNCE Hiv) i 6,31

FETAL INCIDENCE niv) 1 o8
TWAVICAL VERTEBRAE: ARCH, TNCOMPLETELY OSSIFIED

LITTER INCIDEHCE nity 2l .00

TETAL INCIDEWCE wik} ol @.0)
CEAVICAL VERTRERAE: ARCHM, SHALL

LITTER INCTDENCE (R 1 6.3}

FETAL INCTDENCE Rt 14 a.e)

CERVICAL VERTEBRAE: CENTRUM. BIFID

LITTER INCTDEMNCE HiY) oL 0.4)

FETAL INCIDENCE Hiv) ol 0.0)
CERVICAL VERTEBRAE: CERVICAL RIB PRESENT AT 7TH CERVICAL VERTEBRA

LITTER XMNCLIDENCE Hi%) a{ 0.01

FETAL INCIDENCE Niv) oi .01
CBRVICAL VERTEBRAE: INCOMPLETELY OBGIFIED

LITTER INCICENCE Nis) ol o©.g)

PETAL INRCTDENCE Niv) ot 0.0]
THORACIC VERTERRAE: ARCH, EMALL

LITTER INCIDENCE Niw} 8{ 0.0}

PETAL INCIDENCE M%) o{ 0,0}
THORACIC VERTEBRAE: CENTRUM. UNILATERAL NSSIFICATION

LITTER INCIDENCE Nit} ot 0.0}

FETAL INCIDEMNCE Hi%) ol 0.01
THORACIC VERTEBRAE: HEMIYERTEARA

LITTER LHCIDENCE Niv) ot ©.0)

PETAL I[NCIDENCE N{iv) of ©.o)
THORACIC VERTEBRAE: I[HCOMPLETELY OSSIFIED

LITTER INCIDEWCE (%) of ¢.8)

FETAL INCIDENCE Nix) of @.m
THORACIC VERTEBRAKE: ARCHES., FUSED

LITTER INCIDENCE H(%l Qi

FETAL INCIDEWCE N(x} of

THORACIC VERTEBRAE: CENTRA, FUSED
LITTER INCIDENCE H{%)
FETAL INCIDENCE Hiv)

THORACIC VERTERRAE: 10 PRESENT
LITIER INCIDENCE H(%)
FETAL INCIDENCE Ni¥)

LUMBAR VERTEBRAE: INCOMPLETELY OSSIFIED
LITTER INCIDENCE R{w}
FETAL IHCIDEWCE Niv)

IAMBAR VERTEBRAB: ARCHES AND CENTRA, FUSED

LITTER INCIDENCE Ni%)
FRETAL INCIDENCE H(%)
LUMBAR VERTEBRAE: 9 PRESENT
LITTER INCIDENCE R{Y)
FETAL INCIDENCE HNi%l
LUMBAR VERTEBRAE: CENTRA, FU3ED
LITTER IKCIDENCR wivy
FETAL INCIDENCE ALY
LUMBAR VERTEBRAR: 11 PRESENT
LITTER INCIDEWCE H{%}
TETAL THCIDENCE Nig)
SACRRL VERTEBRAE: FUSED
LITTER INCIDEWCE Ris)
FETAL IWCIDENCE b ILY]
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o( 0.0}
a1 0.
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of
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O

-ai
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.a)

Q)
al

-1
o

oa
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.D}
-0}

01
-G)

-1

L]

o)
.

.0}
.a}

_0)
.0)

35.Q) ¢4
1.9} ¢4

60.0) 4%
30.9) %

40 gt
T.apee

LE .0
e e.71
i 5.00
i{ 0_7)
i 5.0)
af o_7)
1t 5.0)
10 0.7}
2i 10.07
z4 1.a)
24 10.9j
I 2.2)
i %o
0.7
14 10.0)
LX}

2.9)

30 15.01e"

61 4.,3}p#+
1t 5.0}
i 1.4)
10 5.¢}
1{ 0.7)
Ll 5.0)
M 2.7y
5.0)
2.2}
1t 5.0)
10 0.7}
1( 5.0}
1 o.m
2{ 1e.00
20 1.0

Dassge occurred on days 6 through 18 of gestation.
Excludes doe 3919, which was doged T mbl of Group II test article {a resultant dose of 0.01%4 mg/kg/day] on day 10 of geatation.

Dead fetus was sxcluded from group averages and statistical mnalysas.

-

b.

c. See the individual fetal alterations table {Table 22} for fetuses with wultiple soft Lissue alteraticona.
d.

s gignificantly different from the vehicle control group value {p<0.01}.
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Fetal skeletal alterations:

LITTERS EVALUA

SACRAL, VERTEBRAR: ARCH, OPEN :
LITTSR INCIDERCE Niv) ot 0.0} o 0.0 { 0.0}

) (] 1{ 5.0
FETAL INCIDENCE Ni%) ol 0.0% o{ ¢.0) ol o Hoan
EACRAL VERTRBRAN: AACHES AND CPNTRA., FUSED
LITTER IRCIDBNCE LLL] ol 0.0) of 0.0} o0 0.8) 1{ 5.0}
FETAL INCIDENCE LIt H 6i o.01 o 0.9) @f o.02 10 2.9}=»
CAUDAL VERTEBRAZ: NISALIGNED
LITTER INCIDENCE Hit| of 0.0 0{ o.01 If 5.3 € 30.9) =~
PETAL INCIDENCE wiv) of o.0} i .01 1{ 9.6} 20 G.5) "
CAUDAL VERTEBRAE: PUSED
LITTER INCIDENCE Ni%) of o9} o{ ¢.0) af{ o.o} 50 25.0)++
FFTAL INCIDENCE N{y) el o.ey of .0} of 0.} 100 7.2) %
CAUDAL VERTEBRAE: BIFID
LITTRR INCICENCE H{v} 9 ¢.0) o 9.0} or 9.¢l 1 5.0
FETAL [NCIDENCE Nk} el ©c.o) o o0 ot oo Z.2)*+
CAUDAL VERTEBPRAE: ARCH, OPEN
LITTER INCIDENCE H{%) 9 a.¢) 0f ©¢.o} of 0.9} 1{ 5.0}
FPETAL INCIDENCE Ny 0 9.0) o 0.0) o 0.0 1{ 0.7}
TCAUDAL VERTEBRAR: HEMIVERTEBRA
LITTER INCIDEWCE Hit) of 90.9) 4t o.0l o1 0.0) 1t 5.9
FETAL INCIDENCE Hi%) ot 0.0} . o{ 0.0} oo
VERTEBRAE
LITTER INCIDENCE Riy) o &.03 o( 8.0} o 0.0} 24 10.0)
FETAL INCTIDENCE Riv) ol co.0) at  &.a} ol 0.0) : LRI -+ R
CRUDAL VERTEBRAE: 2 PRESENT
LITTER IMCIDERNCE niv) of <.q) o( 0.0) ol G.0) 20 10.90)
FETAL INCIDENCE Hiy) af o©.0) e 0.9) c( ©.0) 2( 1.4]
CAUDAL VERTERRAE: 7 PRESENT
LITTER INCTDENCE LEA] ol @.0l 8 0.;y 8t 0.0 1l s.¢
FETAL INCIDENCE LELY . of &.4al ol 8.8) ac .01 1L 9.7)
CAUDAL VERTEBRAE: 13} RRESENT
LITFRR INCTDENCE wiv; ot 0.0y @l 0.0) ot o.01 1 5.0t
PRTAL INCIDENCE LILH @l 0.0} of 0.0 of 0.0} 10 6.7}
CAUDAL VERTEBRAE: 14 PRESENT
LITTER IHCIDENCE Hiv) el 0.0} ei £.0) or R.g} it 5.0)
FETAL INCIDENCE Hin} ol o0.0) ol 2.0} of 0.0} 1t o.7)
CAUDAL VERTEBRAE: 15 PRESENT
LITTER INCIDENCE LIS A} oL 0.9} a( 0.0} ol 0.0} I( 15.0)
FETAL IMCIDERCE ®i%) of a.8) ai .01 ol 0.9) I 2,234
RIBS; FLAT
LITTBR INCIDENCE LIty ot 0.8) 0f 0.0) 1¢ §.1% o( 0.6}
FETAL TNCIDENCE niwl af w.v} of 0.0) 11 0.&} o 0.0
ALBS: FUSED
LITTER INCIDENCE Hiv) of 0.0} ol 9.9 ot 0.0 44 20.0) e
FETAL INCIDENCE Niw) o{ 0.0} a1 0.9} of 0., €4 d4.3) %=
RIBS: INCOMBLETELY OSSIFIED
LITTER INCIDEMCR M%) ol 0.0} QL g.0) of 0.0 1{ s.o
FETAL IRCIDENCE H(Y} ai a.0) oi b0y of 0.0} 1toe.m
R1BS: 10 PRESENT
LITTER IWCIDENCE M) Al g.p} of 0.0} oi 2.0} 10 5.0}
FETAL INRCIDENCE LEL Y] 00 0.9} or 2.¢} ol e.o) L( 0.1}
ALBS: SHORT )
LITTER THCIDENCE H{t) o o0 a) 0f 0.0} LI N1 3{ 15.0}be
FETAL INCIDENCE Hiv) or o0.0) o0f 0.0} 9t g9} 5t 3.6pev
RIBS: BENT
LITTER INCIDENCE Nin} of o.00 ot w©.49) of o©.o} t{ s o
FETAL INCIDENCE Hin} ot ©.0} ol 0.0} ol 0.9) 0.7}
RIBS: WOT OSSIFIED
LITTER INCIDENCE HitY or 0.0y of 0.0} ot a.¢) 20 10.0)
FETAL THCIDENCE Hiv] of a.o) ol 0.0} el 0.0) 2t 1.4t
MANUDRIUM: FUSED
LITTER [NCLDENCE Hin} o ¢.0 ot 0 o) el o0.0) 2{ 10 0}
FETAL INCIDENCE LIL Y] ol 0.0} o{ 0.0} of o.0) 24 1.4}
STERNAL CEWTRA: FUSBD
LITTER TNCIDEMCE Hiw) a0 15 0} 2( 11.1) 2( 10.%) 11{ 56.0}+
FETAL INCIDENCE LIL Y - A0 32 it 1.9 s 1M 330 237"
STERMAL CENTRA: I[NCOMPLETELY OSSIFLED
LITTER INCIDENCE N{Y) 1t &.n ol 0 o)
FETAL [NCIDENCE Hivt 1t 9.8) o 0.0}

a Dosage occurred on days ¢ through 10 of gestation.
b. EBxcludes doe 3917, which vas dosed T mL of Group I1 Lest article (a resultant doae of 0 01%4 mg/kg/day} on day 10 of geacation.
o See the individual f{etal alterations table {Tahle 33} for fatuses with multiple mofr tisaue alteration
d. Dead fetus was excluded from group averages and statistical analyser. Observations for this conceptus are cited on Table 22
* Significantly different from the vehicle control group value {p=<0.05).
v+ Significantly differant from the vehicle control group value {p<0 01},

i (Excerpted from the sponsor’s submission)
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terations:

eletal

Fetal sk

DOSAGE GROUP
DOSARIE  (WG/XQ/DAY)a

_al

LITTRER INCIDENCE Hik} @{ 0.0} 1{i 3

FETAL, INCIDENCE LILH o{ 0.0} i o
CLAVICULAR: WOT OSZLFIED

LITTER IHCIDENCE Niv) 0 ¢.0] ot 9

FETAL INCIDENCE LILY] 0{ 0.0] of o
CLAVICULAX: SMALL

LITTER INCIDENCE LILY] 0 0.0) a0 0

FETAL INCIDRWCE Ay a{ ¢.0) of o,
SCAPULAN: ALA, IRRIGULARLY SHAPED

LITTER INCIDENCE niv) of{ 0.0} al e

FETAL INCIDENCE LILY] °{ 0.0} o o
SCAPULAB: ALA, BHORT

LITTER INCIDENCE "%} ol 0.0} of o

FETAL INCIDENCE Wiw} of 0.0} ol o
SCAPULAE: ALA, NOT OSAIFIED

LITTER IRCIDENCE Niv} 0{ 0.0} o{ a.

FETAL INCIDENCE LIt} 0{ 0.0} ot e
SCAPULAE: INCOMPLETELY OSSIFIRD )

LITTER INCIDENCE Hi%) oL 0.0} af 9o.

FETAL INCIDENCE H(Y) o! o.o0} 6 9.
SCAPULAE: SMALL

LITTER INCIDENCE LI o 0.0} of o.

FETAL INCIDENCE H(%) ¢l 0.0) of e.

ECAPULAE: NOT OSSIFIED

.6) o{ o0.@) 3{ 1%.00
. &) 04 0.0} 2.
il o o,¢} 50 25.D)+¢
K af{ a.0) 8 5. E)ve
. o{ o.c) 20 10.2)
L1 o{ 0.0} 20 .4y
) il 5.3 s as.op=»
] 1{ 0.8 40 10.1) ¢4
.0) o{ o.o0) Tl 35.0p+
.0} of{ 0.0) 0120
3 o{ o0.c} It 1s. ek
) o 0.0} SU 3.€hes
ol o{ 0.9} 5.00
(3] o1 0.9} a.7)
o} ¢l 0. 1{ 16.0]
[:H el 0.0 4 I.9pee

LITTER INCIDENCE wiy) el @.9) o 6.9} ol @.¢j 1 5.

FETAL INCIDERCE Wiyl ol o.p} ar 0.0} at 0.9} 20 1.41
ECAFULAE: BENT

LITTER IWCIDENCE Niv! ot o.0) a{ 4.0} 2f 0.0} 1{ s.of

FETAL INCIDENCE Wiv} o{ o0.0) o 4. ©¢{ 0.9} 1{ &7
FORELIME: FOSED

LITTER INCIDRRCE (V) of 0.0 oi 0.0) oL Ga.o) ERY

FRTAL IMCIDEBNCE HiN) ot o0.a1 of ©.0} oL 9. L
FORELIMA: HUMERUS, NOT OSSIFLED "

LITTER TECIDENCE HiY) a{ 0.0} af 9.0} o{ 0.0) 4 20.0}.‘

FETAL THCTIDBENCE Hiv) ai 0.9) et 0.0 o{ 0.0} 1T 5 0)
FORELIMB: HUWMERUS, BENT

LITTER INCIDEWCE LILT ¢{ 0.91 of 8.4} 9 0.¢) i 5 0}

FETAL IRCIDENCE Hiv) el 0.91 o{ @o.o} ¢l 0.0} zi 1.4)
FORELIWDB: HUMERUS, SHORT .

LITTER INCIDENCE Hiv) aof 0.0} ai 0.0} @ 0.0} s{t ]u‘n:"

FETAL INCIDENCE LR T a{ 0.0} o o et 0.0) L] 5.
PORELIMB: HUMEAUS, SMALL .

LITTER INCIDBNCE H(%) ai p.al el 2.0l o o.O) 2l IS.G}:-

FETAL INCIDENCE NiE) ot 0.01 ol e.0l a{ 9.0l LI IS 1)
FORELINE: HUMERUS, [RAEGULARLY SHAPED .

LITTER IRCIDENCE Hivi 91 0.0} of 0.0) ol a.01 1t LS 01"

FETAL INCIDENCE Hiw) of 0.0} o a.o) or o.@) LR 2

&1

PORELIMD: HUMEHUS AND ULNA, FUSED

LITTER INCIDENCE wivy oL 0.0) [T

FETAL INCIDENCE Wi%) oL 0.0} of 0
FORELIMB: BADIVE, NOT OSSIFIED

LITTER INCIDENCE H{%) ot 0.0} ol ©

FETAL, THCIDENCE Kiv) oC 0.0} oi o
PORELIMA: RANIUS, SMALL

LITTER INCIDENCE MY} ot o.a) or ¢

FETAL INCIDENCE NN} ot o©.0) of a
FORELIME: RADIUS. SHORT

LITTER INCIDENCE Ny} ot 0.0 a.

FETAL INCIDEWCE Nt} o{ o.0) o,
PORELIMB: RADIUS, RENT

LITTER INCIDEHCR H(x) of 0.0} -]

FETAL INCIDENCE Mt} of o pi ol o
FORELIMB: ULMA, BMALL

LITTER IMCIDEMCE Hiv) of ©.g} ar o

FETAL IMCIDENCE Biv} of ©.9) of o.
FCRELIME: ULNA, WOT OSSIFIED

LITTER IRCIDENCE Hiv} a.0) a¢ o

FETAL INCLDENCE Ny} 0_a) oi o
FORELIMB: ULHA, SHORT

LITTER INCIDERCE HiY) a( 0.0} o0 &

FETAE INCIDENCE Hiv) ol 0.0} LI B

Domage occurred on days & through 18 of gestarion.
Excludes doe 9919. which was dosed 7 wL of QGroup II test article {a taws

Ses the individual fetal alterations tahle {Table 22) for fetuses with
Dead fetun wam excluded from group averages and atatiscical anglysas.
Significantly different from the vehicle cantrol group value ipg0.01) .

sBn e

.

-0 ol 0.0} 4( 21g.0l++
-0} ol o 0} { 2.g)en
.0} o1 0.0} 10f SO0.0}ve
LD} ¢{ o.o) 36 25 %) v
-1 ©o{ 0.0) 7{ 35,03
- of o Q1 L 10 1) +-
1 o{ 0.0} &{ 30.0)~"
1 or o0.Q) 7 5.0) "
.0) ol 0.0} 10 5.0}
.o Bl Q.01 1 b
.o} 4l e.0 Bl a0 Q)+~
a} el 0.01 170 12 2y ==
o) o( @.0) S{ a5 @)=+
.0l ol ©.0 267 1m_7] 2=
o) Q1 0 o} S 25.0)%s
oy ol 6.0} 80 5.4}

ultant dose of 0.015%¢ mg/kg/day)
multiple soft tissue alcerations.
Obsorvations for this conceptus are clted on Table 22.

on day 10 of geatation
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Fetal skeletal alterations:

DOSAGE GROUP
DOGAGE  (MG/B0/DAY]a

N
FETAL INCIDEWCR n(e)
FORKLIMET ULKA, THO SRCMENTE
LITTER INCIDRNCE Nz}
FETAL INCIDENCE Ny}
FORELIMR: CARPALS, HOY OSSIPIED
LITTIR INCIDENCE nivy
TETAL IHCIDENCR LI
FORELING1 WETACARPRLE. NOT OSEIFIRD
LITTER INCITRNCE Hiw)
FETAL IRCIDENCE L113]
FORELIMS | METACARPALS, SHALL O3 FUDED
LITTER TRCIDEWNCE nik)
PETAL IHNCIDENCE H{%)
POHELIME, DIQITE, ABBENT
LITHER 1RCIDEWCE nivy
FETAL INCIDERCE LILH

PORELINB: PHALANGES, HOT QHAIFIED
LITTER INCIDENCE Hiv)
FETAL INCIDENCE Hiv)

FELVIS: IRCOMPLRTELY OSSIFIED

LITTER IMCIDEHCE ®in}
FETAL, INCIDENCE Niv}
PELVIE: JLIUM AND ISCHIUM, FUSED
LITTER INCIDENCE Niv}
FETAL INCIDENCE Kwi¥|
PELVIS: ILIUM, NOT OSSIFIED
LITTER INCIDENCE N{%)
FETAL TNCIDENCE Hi%)
PELVIS: ILIUM, SMALL
LITTER INCIDENCE Hi%)
FETAL INCTDEHCEB HiY)
PELVLIS: ISCHYUM, NOT QOSSIFIED
LITTER INCIDENCE Ni%)
FETAL, INCIDENCE Hi%)
PELVLS: PUBES, NOT OSSIFIED
LITTER INCIDENCE 13 }
FETAL INCIDENCE Ni¥)
PELV¥IS: FUBES, FUSED
LITTER INCIDENCR Ni(%)
TETRL INCIDENCE MN{%)

PELVIS: PUBES, SMALL
LITTER THCIDENCE
FETAL INCIDENCE

HINDLIME: TNCOMPLETELY QSSIFIED

LITTER INCIDENCE H(¥)

PETAL INCIDENCE nitj
HINDLIMB: FEMUR, SMALL

LITTBR INCIDENCE Riv)

FETAL INCIDERCE LALLM
HINDLIME: FEMUR, BENT

LITTER INCIDENCE LA H

FETAI, INCTDENCE Ky
HINDLIMB: FEMUH, IRREGULARLY SHAPED

LITTRR INCIDENCE H{%)

FETAL INCIDENCE N{t)
HINDLIMB: PEMUR, NOT OSSIFIED

LITTER INCIDENCE KHi%)

FETAL INCIDENCE Niv)
HINDLIKE: PEMUR, SHORT

LITTER INCIDENCE H(Y)

FETAL INCIDENCE N{v)

HINDLIMB: FEMUR AND TIBIA, FUSED
LITTER INCIDENCE H{W)
FETAL [NCIDENCE N{¥}

al
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[
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L2}
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.

0.0}
0.0}

0.8}
o.0)

a.9)
G.6)

a.0}
G.0)

a.o)
Q.4

@.0)
8.6)

.48}
Q.0

a.0}
0.0}

Qa.g)
0.9)

0.6}
a.a)

0.0}
0.0

0.0}
0.0}

n.e)
0.0}

0.0}
0.6}

a Dosage cecurced on daya € through LB of gestation.

b. Excludes doc 9519, which was domed 7 mL of Group II test article {a resultant dose of 0.0i94 mg/kg/day) on day 10 of geatation.
c. Sec the individual fetal alterations table (Table 22) for fetuses with wulbiple mcft tlasue alterations.
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Dead fetus wae excluded Erom group averages and statistical analyses.
Significantly different from the vehicle zontrol group value (ped.01}.
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Fetal skeletal alterations:

DOSAGE GROUP I II 113 ) v
POSAGE {MG/KG/DAY) a ¢ (VEHICLE} 0.1 0.3 1.9

HINDLIMB: TIBIA. NOT OSSIPIED

LITTER INCIDERCE LIL}) o1 ¢.c} G{ 0.0} o 0.0} L1t 40.0]::

FETAL IRCIOENCE LELT] ol o.0} of 0.0} of 0.0} 16({ 11.5)
RINDLINE: TIBIA, SKALL

LITTER INCIDENCE L o0 0.0} g{ 0.0} 0( 0.0) 6 JD.DI::

FETAL THCIDENCE it} or 0.0 ¢{ 0.0} of 0.0) ) i{ 1.9
HINDLIMH: TIBIA, IRREGULARLY SHAPRD

LITTER INCIDENCE H(Y) o{ 0.9} 9f 0.0} g{ 0.0) 1( 5.0}

FETAL INCIDENCE v 90 9. o{ 0.0} 6¢ 0.0] 1{ 0.

HINDLIME: TIBIA, SKORT

LITTRR INCIDENCE NiY) 24( 0.0} o[ 0.0} 6f 9.0} 3 15.0)::

FETAL INCIDENWCE H(y) o 0.0) o( 0.0) e{ 0.9} 4 2.9}
HINDLIMB: FIBULA, ¥OT OSSIFIED

LITTER INCIDENCE "y 0( ¢.0] el 0.0} ol 0.0} 154 75.0}::

FETAL INCIDENCE Hit) { 0.0 e{ 0.0} af 0.01 53{ 42.4}
HINDLIMB: FIBULM, SMALL

LITTER INCIDERCE R{t} o 0.0} of 0.9) 0f c.0) 6 30.0)%e

NOT QSSIFIED

LITTER INCIDENCE HiY¥} o{ 0.0} o 0.0} 0{ 0.0) 170 85.0) %

FETAL INCIDENCE Hiv} o c.o0} a0 4.0 al 0.0} B3] 59.7)e¢
HINDLIMB: METATARSALS, HOT OSSIFIED

LETTER INCIDENCE Niy) of 0.0) of 0.0} 0l 0. 20{L100.0}

FETAL INCIDENCE (%) o 0.0 of 0.9) of 0.0} 118{ B4 9] 4¢
HINDLIME: METATARSALS, SMALL Ok FUSED

LITTER INCIDENCE LILE of 0.0} el 0.0) ol .0 S{ 25.D3**

FETAL INCIDENCE N{v} o( a.0} of a0 Ho0.0) 9t B.5)
HINDLIMA: DIGITS, ABSENT

LITTER TNCIDENCR LI3 3] cf 0.0) a4 0.m 9 9.0} 20(100.0p*"

FETAL INCIDENCS N4} of 0.0) of 0.0} of 0.0} 135( 97.1)
HINDLIMB: PHALANGES, NOT OSSIFIED

LITTER INCIDENCE LI ol 0.0} of o.0} ¢{ 0.0] 20(100.¢0) =+

FETAL INCIDENCE LILS) ol 0.9 ol 9.p] e{ 0.01 1375 38.6) %+

3. Dosage occarred on days § through 18 of gestation.
b. Excludes doe 9919, which was dosed 7 oL of Group 1T tes

t article {a resultant doss of £.0194 wg/ka/day} on day 10 of qestation,
¢. See the individual fetal alterations table (Table 22) for fetuses with multiple soft tissue alterations.

d. Dead fetus was excluyded from group averages and statistical analyses. Observations for this coniceptus are cited on Table 23.
" ** Significantly different from the vehicle cantrol group value (p<G.01).

(Excerpted from the sponsor’s submission)

Prenatal and postnatal development: Not done
2.6.6.7 Local tolerance: Not done
2.6.6.8 Special toxicology studies: Nonc
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2.6.6.9

1993; 48:365-81).

2.6.6.10

Discussion and Conclusions:

Clofarabine demonstrated teratogenic effects
in rats and rabbits. Similar adverse embryotoxic and teratogenic effects have been
reported for other nucleoside analogues, such as cladribine (Teratology 2002; 66:6-18),
5-Aza-2’-deoxycytidine (Teratology 2002; 65:180-90), and gemcitabine (Teratology

Tables and Figures:

2.6.7 TOXICOLOGY TABULATED SUMMARY

See within text and below.

Study Route MTD Target organs of toxicity
mg'kg/day | mg/m2/day
Daily x 5 Rat (6 courses of | IV 12.5 75 Heart, eye, kidney, liver, WBC
treatment) Bolus
Daily x 5 Dog {6 courses of | IV 0.75 15 Bone marrow, Gl tract, lymphoid
treatment} Bolus tissue, eye, tesles
Study Dose Result
Positive No metabolic | Plus metabolic
control (-59) (+59)
Bacterial reverse mutation 75-5000 pg / plate | Positive Negative Negative
assay
In vitro mammalian 1-10 pg/mL Positive Positive Positive
chromosome aberration assay
Mammalian erythrocyte 8.75-35 mg/kg Positive Positive
micronucleus test
Study Route | Duration High dose Result
Embryofetal IVbolus | DG 7 to 17 54 mg/m'/day | Increased external, visceral, and
development, rat skeletal anomalies (teratogenic)
Embryofetal [V bolus | DG6to 18 12 mg/m’/day | Increased malformation and
development, rabbit variations (teratogenic)
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OVERALIL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: Product is considered approvable from the
pharmacology/toxicology point of view.

Unresolved toxicology issues (if any): None
Recommendations: This NDA is approvable from a pharmacology perspective.
Suggested labeling: A separate review will be conducted.
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Reviewer Signature

Supervisor Signature % & Concurrence Yes ___ No
_

APPENDIX/ATTACHMENTS: None
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