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EXECUTIVE SUMMARY

L Recommendations
A. Recommendation on approvability
Yes
B. Recommendation for nonclinical studies

None. The studies included in this NDA are adequate for nonclinical safety
evaluation.

C. Recommendations on labeling

The language included in the sponsor’s labeling for the “Carcinogenesis,
Mutagenesis, Impairment of Fertility”, “Pregnancy Category B”, “Labor and
Delivery”, and “Nursing Mothers” sections is acceptable except for an
editorial change regarding the word “transformation” placed in front of “assa
with Chinese hamster ovary cells” in the second to the last sentence in the 2"
paragraph under “Carcinogenesis, Mutagenesis, Impairment of Fertility.”
The word “transformation” should be deleted since this assay is not a
transformation assay as stated. The sponsor has agreed with the change and
the label is currently read as follows:

Carcinogenesis, Mutagenesis, Impairment of Fertility

Telbivudine has shown no carcinogenic potential. Long term oral
carcinogenicity studies with telbivudine were negative in mice and rats at
exposures up to 14 times those observed in humans at the therapeutic dose of
600 mg/day. :

There was no evidence of genotoxicity based on in vitro or in vivo tests.
Telbivudine was not mutagenic in the Ames bacterial reverse mutation assay
using S. typhimurium and E. coli strains with or without metabolic activation.
Telbivudine was not clastogenic in mammalian-cell gene mutation assays,
including human lymphocyte cultures and an assay with Chinese hamster
ovary cells with or without metabolic activation. Furthermore, telbivudine
showed no effect in an in vivo micronucleus study in mice.

In reproductive toxicology studies, no evidence of impaired fertility was seen
in male or female rats at systemic exposures approximately 14 times that

achieved in humans at the therapeutic dose.

Pregnancy Category B
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Telbivudine is not teratogenic and has shown no adverse effects in developing
embryos and fetuses in preclinical studies. Studies in pregnant rats and rabbits
showed that telbivudine crosses the placenta. Developmental toxicity studies
revealed no evidence of harm to the fetus in rats and rabbits at doses up to
1000 mg/kg/day, providing exposure levels 6- and 37-times higher,
respectively, than those observed with the 600 mg/day dose in humans.

There are no adequate and well-controlled studies of telbivudine in pregnant
women. Because animal reproductive toxicity studies are not always
predictive of human response, telbivudine should be used during pregnancy
only if potential benefits outweigh the risks.

Pregnancy Registry: To monitor fetal outcomes of pregnant women exposed
to telbivudine, healthcare providers are encouraged to register such patients in
the AntiRetroviral Pregnancy Registry by calling 1-800-258-4263.

Labor and Delivery

There are no studies in pregnant women and no.data on the effect of
telbivudine on transmission of HBV from mother to infant. Therefore,

appropriate interventions should be used to prevent neonatal acquisition of
HBYV infection.

Nursing Mothers
Telbivudine is excreted in the milk of rats. It is not known whether telbivudine

is excreted in human milk. Mothers should be instructed not to breastfeed if
they are receiving TYZEKA.

11. Summary of nonclinical findings

A.-

Brief overview of nonclinical findings

The safety profile of telbivudine has been extensively characterized in rats,
mice, rabbits, and monkeys. The absorption, distribution, metabolism, and
excretion (ADME) profiles of telbivudine in these species are similar to that in
humans and made them appropriate for the nonclinical safety evaluation. The
toxicological, genotoxic, carcinogenic, allergenic, and reproductive
toxicological potentials as well as telbivudine’s effects on cardiovascular,
neurological, respiratory, gastrointestinal, renal and other systems were
evaluated. All of the pivotal toxicology studies employed adequate range of
doses that were administered via clinical route of administration (oral) and
produced sufficient systemic exposures and safety margins over that at clinical .
dose of 600 mg/day. In general, telbivudine is found to be well tolerated and
produced few or no adverse effect at large multiples of human exposure.
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Doses used in a myriad of general toxicology studies ranged from 5 to 3000
mg/kg/day. The highest doses investigated following chronic oral
administration of telbivudine (9 months in monkeys and 85 weeks in rats)
were 1000 and 2000 mg/kg/day. The exposures at these doses were 8- and
14-fold over that at the clinical dose of 600 mg/kg. At these doses,
telbivudine was found to exert no adverse effects on cardiovascular,
respiratory, hepatic, and neurological systems even though it can cross blood-
brain barrier. It had some effects on gastrointestinal and renal systems.

Gastrointestinal irritation was associated with telbivudine administration.
Monkeys and rabbits seemed to be more sensitive to this toxicity than mice

- and rats. At 1000 mg/kg/day, monkeys had dose-related increases in the

incidences of soft/loose feces and emesis without corresponding
histopathological findings in any gastrointestinal tissues/organs. The food
consumption and body weight gain were not affected. This toxicity is not
dose limiting in monkeys. On the other hand, in addition to reduced body
weight gain and abnormal feces, one death, one abortion, and three premature
deliveries were associated with 1000 mg/kg/day dose in pregnant rabbits. All
of these rabbits had abnormal feces, consumed less food, and had weight loss.
In addition, one of the rabbits that died had erosion on the stomach mucosal
surface, red-appearance and red fluid in the intestine, and distended stomach
and intestine (with gas). The gastrointestinal irritation is clearly a dose
limiting toxicity in rabbits. But this toxicity was associated with high
systemic exposure to telbivudine. The AUC value in the pregnant rabbits at
1000 mg/kg/day was 2-3 times higher than those at the highest doses studied
in mice, rats, and monkeys, and 37 times higher than that in humans. This -
toxicity is unlikely to be a dose limiting in humans. About 30% of patients in
the both Tyzeka™ and lamivudine treatment arms experienced at least one
episode of adverse event in the Gastrointestinal Disorders System Organ
Class. Only one patient discontinued the use of Tyzeka™ after 446 days of
use because of the unresolved symptoms of nausea and loose stools that
started after 389 days of use. The symptoms resolved approximately 43 days
after drug discontinuation.

Renal toxicity was not apparent in studies conducted in monkeys, mice,

rabbits, or woodchucks. It also did not produce any dose-related renal
histopathology in any of the species studied except for chronic progressive

- nephropathy observed in'rats. A marginal increase in incidence and severity

of chronic progressive nephropathy was observed in the 6-month toxicity
study in this species. This is a common lesion associated with aging in rats. It
affects males more than females. Normally, the small increase observed in the
6 month study would not be attributed to drug toxicity and was not considered
dose limiting. However, a one-fold increase in the number of deaths
attributable to chronic progressive nephropathy were observed in the mid and .
high dose (1000 and 2000 mg/kg/day) males and in the high dose females in
the 2 year rat carcinogenicity study. Many of these deaths occurred after one
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year of continuous drug administration. Dosing had to be stopped after 85
weeks of drug administration for the 2000 mg/kg/day dose group because of
the high mortality rate in this group. The increased mortality rate attributed to
this lesion suggests that chronic administration of telbivudine may potentially
exacerbate pre-existing renal impairment or dysfunction in patients.

The no-adverse-effect level NOAEL) for mouse is 3000 mg/kg/day (22-fold
over the exposure in humans at 600 mg/day dose). Since gastrointestinal
irritation produced by administration of telbivudine was not dose limiting and
was manifested as occasional soft/loose stool and emesis without any other
effect, the NOAEL for monkey is 1000 mg/kg/day (8-fold over the human

- exposure at 600 mg/day dose). However, since this toxicity is dose limiting

for pregnant rabbits, the NOAEL in this species is 250 mg/kg/day (11-fold
over the human exposure at 600 mg/day dose). The NOAEL for rats is 500
mg/kg/day since deaths attributable to chronic nephropathy was increased at
doses 1000 mg/kg/day and higher after 85 weeks of treatment. This NOAEL
provides 4-fold safety margin for humans.

Rare cases of myopathy have been reported in several Tyzeka™clinical trials.
Creatine kinase (CK) values were elevated in these patients. However, the
degree and timing of CK elevation did not always coincide with the onset of
myopathy. CK values were monitored in a 14-day intravenous study in
monkeys. Skeletal as well as heart muscles were routinely evaluated
histologically in all of the general toxicology studies as well as the
carcinogenicity studies. No signals suggesting muscle toxicity were observed
in any of the studies performed.

The genotoxic potential of telbivudine was investigated in three in vitro and
one in vivo genotoxicity assays. It was found not to be mutagenic or
clastogenic with and without metabolic activation. In addition, it was found
not to be carcinogenic in the 2 year carcinogenicity study in rats and the 6-
month carcinogenicity study in transgenic CB6F1-TgrasH2 mice. The dosing

* in rats was stopped for the 2000 mg/kg dose groups after 85 weeks of

telbivudine administration and study terminated prematurely after 96 of drug
administration because of the high mortality rate. The increased mortality rate

~ for this study was dose-related. Many of the deaths were caused by tumors.

However, except for chronic progressive nephropathy described in the
previous paragraph, no statistically significant or dose related increase in the
incidence of tumor and/or tumor type and deaths attributable to any tumor
type was observed. Dosing in the transgenic mouse carcinogenicity study was
continued to the scheduled time. No evidence of increased incidence of tumor
was associated with telbivudine administration. The NOAEL for
carcinogenicity is 2000 mg/kg/day with a systemic exposure 14-fold higher
than that at the clinical dosage of 600 mg/day. :
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Telbivudine can cross blood-testes and placenta barrier. Both male and
female fertility were not affected at doses as high as 2000 mg/kg (about 14-
times human exposure) in rats. In utero exposure to telbivudine did not
adversely affect embryo and fetal development and were not teratogenic in
rats and rabbits at doses as high as 1000 mg/kg/day. It is also secreted into rat
milk. Exposure to this drug in utero or in milk did not affect pup delivery or
neonatal development in rats. The second generations exhibited normal
behavior and postnatal development, growth, sexual maturity, and fertility.
The No-adverse-effect level (NOAEL) for reproductive toxicity is 1000
mg/kg/day, providing 6 to 37-fold safety margins as compared to clinical dose
of 600 mg/day. '

The safety of telbivudine was also investigated in a variety of in vitro and
local tolerance studies. It shows low toxicity in cultured human hepatoma
cells, peripheral blood mononuclear cells, none marrow progenitor cells, and
numerous cells lines of human and other mammalian origin. It is not toxic to

~mitochondria. It is also not allergenic or irritating in the mouse local lymph

node assay.

In conclusion, except for the gastrointestinal irritation in monkeys and rabbits
and the exacerbation of nephropathy in rats, telbivudine has a clean safety
profile in animals at exposures that are high muitiples of that in humans.

Pharmacologic activity
Please see Dr. Sung Rhee’s review.
Nonclinical safety issues relevant to clinical use

Chronic progressive nephropathy: Chronic progressive nephropathy is a -
common, age-related lesion especially prevalent in male rats, though also
present in female rats. In the six-month toxicology study in this species, there
was a marginal increase in the incidence and severity of this lesion in male
rats. After 85 weeks of continuous oral administration of telbivudine, the
number of deaths attributable to nephropathy was dose-relatedly increased,
although the incidence and severity of this lesion did not show such trend.
The results suggest that long-term exposure to telbivudine has the potential to
exacerbate any pre-existing or underlying renal dysfunction. The clinical data
so far have not suggested any renal toxicity in associated with Tyzeka™
administration. In the label, patients with renal impairment are recommended
to reduce their Tyzeka™ dosage. Therefore, this toxicity is not included in the
label. : ‘ :
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY
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Sequence number/date/type of submission:
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Manufacturer for drug substance:
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Division name:
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Review completion date:
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Chemical name:
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Structure:

Relevant INDs/NDAs/DMFs:

Drug class:
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Intended clinical population: Patients with chronic hepatitis B infection,
evidence of viral replication, and active
liver inflammation

Clinical formulation: _ Film-coated tablets containing 600 mg

: telbivudine, === microcrystalline
cellulose, e povidone, <= sodium
starch glycolate, and  cme——

Route of administration: Oral

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

[For (b)(2) applications:

Data reliance : Except as specifically identified below, all data and information -
discussed below and necessary for approval of NDA 22-011 are owned by Idenix
Pharmaceuticals, Inc. or are data for which Idenix Pharmaceuticals, Inc. has obtained a
written right of reference. Any information or data necessary for approval of NDA 22-
011 that Idenix Pharmaceuticals does not own or have a written right to reference
constitutes one of the following: (1) published literature, or (2) a prior FDA finding of
safety or effectiveness for a listed drug, as described in the drug’s approved labeling.
Any data or information described or referenced below from a previously approved
application that Idenix Pharmaceuticals does not own (or from FDA reviews or
summaries of a previously approved application) is for descriptive purposes only and is
not relied upon for approval of NDA 22-011.

Studies reviewed within this submission:

Cellular pharmacology of B-L-2’ -deoxythymldme cytotoxicity and mitochondrial functlon (Study report
# RD0006)

Central nervous system safety study of ﬁ-L-Z’-deoxythymldme (Study # 02-PK-031)

Effects of LdT on cloned hERG channels expressed in mammalian cells (Study # IDIX-04-100)

Telemetry study of B-L-2’-deoxythymidine in conscious cynomolgus male monkeys to assess
cardiovascular and respiratory safety pharmacology (Study # 02-TX-030)

An oral (stomach tube) toxicokinetic study of LdT in pregnant rabbits (Study # IDIX-04-109)

Absorptlon metabolism, and excretion of radioactivity after a single oral or intravenous administration of

 [“C}-L-thymidine to rats (Study # 02-PK-010)

Pharmacokinetics of LdT foliowing IV and PO administration to cynomolgus monkeys (Study # NC-
NV-02B-001)

Pharmacokinetics and bioavailability of L-dT after IV and PO administration to healthy woodchucks
(Study # NC-NV-02B-006)

In vitro permeability of PHJLDT600 (telbivudine) across Caco-2 cell monolayer (Study # ADME(US)
R0301196)

Tissue distribution of radioactivity after a single oral admlmstratlon of [14C}-L-thymidine to rats (Study
# 02-PK-011)

The in vitro binding of L-thymidine to plasma proteins from rat, monkey, and human (Study # 02-CP-
004)
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Inhibitory potential of L-thymidine towards human hepatic microsomal cytochrome P450 isoenzymes
(Study # 02-CP-005)

The effect of L-thymidine on hepatic microsomal cytochrome P450 enzyme activities in rats (Study # 02-
CP-007)

Dose range-finding and acute toxicity study of NV-02B. administered orally to rats (Study # GAW-104)

Dose escalating toxicity study of NV-02B administered orally to monkeys (Study # GAW-106)

2-week intravenous toxicity study in rats including sighting phase (Study # 0510032)

Twenty-eight day repeated dose toxicity study of NV-02B administered orally to rats (Study # NC-NV-
02B-003)

Six-month chronic oral gavage toxicity study in rats with one-month recovery (Study # 02-TX-022)

A 4-week oral dose toxicity and toxicokinetic study of U-L-2"deoxy-thymidine in CB6F 1 mice (Study #
02-TX-030)

13-week oral gavage toxicity and toxicokinetic study with L-thymidine (LdT) in mice (Study # 02-TX-
028)

Maximum tolerated dose (MTD) followed by a 5 day intravenous (bolus) administration toxnclty study in
the cynomolgus monkey (Study # 0580155)

14-day intravenous (bolus) administration toxicity study in the cynomolgus monkey (Study # 0580156)

Twenty-eight day repeated dose toxicity study of NC-028 administered orally to monkeys (Study # NC-
NV-02B-005)

Nine-month chronic oral gavage toxicity study in cynomolgus monkeys with a two-month recovery
(Study # 02-TX-021)

Evaluation of a test article in the Salmonella typhtmurzum/Escherzchza coli plate incorporation mutation
assay in the presence and absence of induced rat liver S-9 (Study # GVAW-116)

Test for chemical induction of chromosome aberrations in cultured Chinese Hamster Ovary (CHO) cells
with and without metabolic activation (Study # GVAW-117)

L-deoxythymidine chromosome aberration test (Study # IDIX-04-164)

In vivo test for chemical induction of micronucleated polychromatid erythrocytes in mouse bone marrow
cells (Study # GVAW-118)

104-week oral gavage carcinogenicity study with L-Thymidine (LdT) in rats (Study # 02-TX-025)

A 26-week oral dose carcinogenicity and toxicokinetic study of B-L-2’-deoxythymidine in CB6F1-
TgrasH2 mice (Study # 02-TX-024)

Combined oral (gavage) fertility study and development toxicity study of L-thymidine in rats (Study #
02-TX-023)

Oral (gavage) fertility and general reproduction toxicity study of L-thymldme in male rats (Study #1314-
005)

Oral (gavage) fertility and general reproduction toxicity study of L-thymidine in female rats (Study #
1314-006)

Oral (stomach tube) developmental toxicity study of L-thymidine in rabbits (Study # 1314-002)

Oral (gavage) developmental and perinatal/postnatal reproduction toxicity study of I-thymidine in rats,
including a postnatal behavioral/functional evaluation (Study # 1314-002) '

Assessment of contact allergenic potential with the murine local lymph node assay (LLNA tier I) (Study
#0417004)

Lacteal excretion and placental transfer of radioactivity after a single oral administration of [“c)-L-
thymidine to pregnant and lactatmg rats (Study # 02-PK-012)

Studies not reviewed within this submission:

10
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2;6.2 PHARMACOLOGY
2.6.2.1 Brief summary

Telbivudine (LdT; p-L-2'-deoxythymidine) is a 8 -L-2-deoxynucleoside, an
enantiomer of the natural D-nucleoside with no chemical modification. It showed
antiviral activity against hepadnavirises, including human, woodchuck, and duck hepatitis
B viruses. It is activated intracellularly by phosphorylation to the active triphosphate

~derivative. The detailed pharmacodynamic information can be found in the Dr. Sung
Rhee’s Microbiology review. '

Telbivudine was found to be less toxic to bone marrow cells and mitochondria in in
vitro assays as compared to other nucleoside and nucleoside analogs. It exhibited no
inhibitory-activity to human cellular DNA polymerase a, B, or y at concentrations greater
than 10 uM. The effects of telbivudine on cardiovascular and respiratory systems were
studied in cynomolgus monkeys at oral doses of 250, 750, and 2000 mg/kg. At the top
dose, the Cpax and AUC values were 9 and 10 times, respectively, those achieved in
humans. The effect on central nervous systems was investigated in rats after the
administration of single oral doses of 150, 500, and 1000 mg/kg/day. The Cpayx and AUC.
‘values at 1000 mg/kg/day provided 9- and 7-fold safety margin at the clinical dose of 600
mg/day, respectively. The effect on the hERG channel was studied in HEK-293 cells at
concentrations of 10, 100, 1000, and 10,000 UM cell culture. No effect on the hERG
current amplitude was associated with any corcentrations up to 10, 000 UM which is 656-
fold over the Cyax value at clinical dose of 600 mg/day.

2.6.2.2 Primary pharmacodynamics

Mechanism of action: Please see Dr. Sung Rhee’s Microbiology review.

Drug activity related to proposed indication: Please see Dr. Sung Rhee’s Microbiology
" review. : ‘

2.6.2.3 Secondary pharmacodynamics

11
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Please see Dr. Sung Rhee’s Microbiology review.
2.6.i.4 Safety pharmacology

Neurological effects: No effect. Please see the study description below:
Central nervous system safety study of p-L-2’-deoxythymidine (Study # 02-PK-031
(m4\42-stud-rep\421-pharmacol\421 3-safety-pharamcol\snbl-046-02): Eight
rats/se‘x/dose received a single dose of 0 (0.5% carboxymethylcellulose), 150, 500, or
1000 mg/kg LdT. Functional observational battery evaluating home cage observations,
handling associated observations, open field observations, and manipulative tests and
reflex measures was performed once immediately prior to dosing and once 60 minutes
after dosing on all rats. Mortality checks, food consumption, and body weight
measurement were also preformed. No effects were associated with the treatment.

Cardiovascular effects: No effect. Please see the study descriptions.below:
Effects of LdT on cloned hERG channels expressed in mammalian cells (Study # IDIX-
04-100; m4\42-stu-rep\421-pharmacol\4213-safety-pharmacol\idix-04-100): The in
vitro effects of 10, 100, 1,000, and 10,000 uM telbivudine (LdT) on ionic currents in
voltage-clamped human embryonic kidney (HEK-293) cells that stably express the
human ether-a-go-go-related gene (hERG) were determined. The positive control for

~ the test was 60 nM terfenadine while the negative control was PBS supplemented with
0.3% DMSO. hERG current amplitude was reduced by 0.2% by the vehicle control as
well as by all the 4 concentrations of LdT tested. Terfenadine inhibited hRERG current
by 80.8%. Thus, telbivudine was found not to have an effect on in vitro hERG current.

Telemetry study of B-L-2’-deoxythymidine in conscious cynomolgus male monkeys to
assess cardiovascular and respiratory safety pharmacology (Study # 02-TX-030;
m4\42-stud-rep\421-pharmacol\42 1 3-safety-pharmacol\snbl-046-01): LdT at 0 (0.5%
carboxymethylcellulose-sodium), 250, 750, and 2000 mg/kg was administered orally to
4 conscious telemeterized male cynomolgus monkeys on four separate dosing days.
Heart rate, blood pressure, ECG (lead II), respiratory rate, and blood gas (pH, pCO2,
p02, and O2Hb) as well as body temperature, motor activity, clinical observations,

- food consumption, body weight, behavior assessment, and clinical pathology were
evaluated. Except for transient abnormal feces (liquid, soft and/or test article color) in
1 and 3 animals after doses of 750 and 2000 mg/kg, respectively, no other parameters

~ evaluated were affected.

Pulmonary effects: No effect. Please see the study description above.

Renal effects: No specific safety pharmacology study was conducted. In general, no
indication of renal toxicity was observed in general toxicology studies conducted in
mice, rats, and monkeys. However, in the rat carcinogenicity study, a dose-related
increase in the number of mortality attributable to chronic progressive nephropathy, a
common lesion in older rats, was observed at doses greater than 1000 mg/kg/day. The
results suggest that chronic administration of telbivudine has the potential to exacerbate
underlying renal dysfunction and impairment.

12
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Gastrointestinal effects: No specific safety pharmacology study was conducted for this
system. The results from the general toxicology studies suggested that telbivudine may
be irritating to the gastrointestinal system. Monkeys and pregnant rabbits seemed to be
more sensitive to this effect than rats and mice. In the shorter term toxicology studies,
monkeys exhibited soft feces, emesis, and weight loss. However, only the observation
of soft feces persisted in the 9 months toxicology study. Body weight gain in the study
was not affected. At 1000 mg/kg/day dose, which was administered from gestation day
6 to 18, pregnant rabbits exhibited abnormal feces and reduced weight gain. In
addition, one abortion, two early deliveries, and one death were observed. This dose
was considered the maximum tolerated dose for the pregnant rabbits. Gastrointestinal

~ function was probably not affected since periods of increases food consumption and/or
weight gain were evident in most of the species and in most of the studies. No
corresponding histopathological finding in any of the gastrointestinal tissues/organs in
was apparent in any of the general toxicology studies. :

Abuse liability: Not studied.

Other: -,
Cellular pharmacology of p-L-2’-deoxythymidine: cytotoxicity and mitochondrial
Sunction (Study report # RD0006; NIH NIAID Antiviral Research and Antimicrobial
Chemistry Program; non-GLP; Study dates 5/19/99-8/30/99). Cytotoxicity was
measured by the uptake of neutral red dye, trypan blue exclusion, or metabolism of 3-
(4,5-dimethylthiazol-1-y1)-2,5-diphenyltetrazolium bromide (MTT) in a variety of cells
including 2.2.15 (human hepatoma cell line), HepG2, human foreskin fibroblast (HFF),
Daudi (Burkitt’s B-cell lymphoma), A549-(human lung carcinoma), MDCK (canine
kidney epithelial cells), CV-1 (African green monkey kidney fibroblast cells), MA-104
(rhesus monkey kidney epithelial cells), KB (human nasopharyngeal carcinoma), and
_peripheral blood mononuclear (PBM) cells in the presence of several concentrations of
L-dT. 50% cytotoxic concentrations (CCs) in various cell lines tested were greater
than 100 pM. The 50% effective concentration for HBV was 0.19 pM.

The in vitro myelosuppressive potential of L-dT was determined using a human
bone marrow clonogenic assay. Mononuclear cells were harvested from human bone
marrow cells that were collected from healthy volunteers and subjected to assays for
human granulocyte-macrophage colony forming (CFU-GM) and erythroid burst-
forming (BFU-E) activity. Zidovudine was used as-a positive control. It was found
that L-dT was non-inhibitory of CFU-GM and BFU-E at concentrations > 10 pM.

The potential to produce mitochondrial toxicity was assessed in vitro by the
analysis of lactic acid production, mitochondrial DNA (mtDNA) content, morphology
change (e.g., loss of cristae, matrix dissolution and swelling, and lipid droplet
formation) of mitochondrial ultrastructure. Zidovudine and fialuridine (FIAU) were
used as positive controls. No effect was associated with L-dT concentrations up to 10
HM. ' -

L-dT was also found to exhibit no inhibition of human cellular DNA polymerase o,
B, or y at concentrations greater than 10 uM. The results suggested that L-dT may have
a favorable toxicity profile as compared to other nueleosides and nucleoside analogs.
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2.6.2.5 Pharmacodynamic drug interactions

No study done. Telbivudine was found to have no inhibitory or inductive activities for
any of the cytochrome P450 isoenzymes. It’s uniikely that it would have drug-drug
- interaction with co-administered drug.

2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

The pharmacokinetic profile of telbivudine (LdT) was determined in CB6F1 and CD-
1 mice, Sprague-Dawley and Long Evans rats, New Zealand white rabbits, woodchucks,
and cynomolgus monkeys. Telbivudine was administered orally or intravenously. The
vehicle used commonly in the pivotal toxicology/toxicokinetic studies was 0.5%
carboxymethycellulose. Normal saline and aqueous glucose solution containing
phosphate buffer and 0.5% polyvinylpyrrolidone were the vehicles in nonclinical
pharmacokinetic studies and intravenous toxicity studies, respectively. Telbivudine
plasma concentrations were determined using HPLC/UV (limit of detection: 0.2 pg/ml)
and/or LC-MS/MS (limit of detection: 0.01 pg/ml) methods. Proposed clinical dosage is
600 mg/day by oral administration. This dose was also used in the human ADME and
nonclinical pharmacokinetic and ADME study (on a mg/kg basis). The formulations
used in these studies were suspensions or solution of telbivudine.

The pharmacokinetic data suggest that telbivudine was well absorbed across the
species studied, including human. The oral bioavailability of 10 mg/kg telbivudine was
60%, 59%, 38%, and 40% in rats, monkeys, woodchucks, and humans, respectively. The
systemic exposure generally increased in a dose-related manner. Food and state of -
pregnancy did not affect the pharmacokinetic parameters of telbivudine. There was no
gender difference in pharmacokinetic profile. The rate of absorption was moderate to fast
(Tmax values ranged 0.5 to 3 hours) in animals as compared to moderate rate in humans
(Tmax of 3 hours). The permeability results in in vitro Caco-2 cell model also suggest
moderate absorption without an efflux mechanism. The plasma clearance was similar in
rats and monkeys but slower in woodchucks. The t;; values suggest that mice, rats, and
woodchucks eliminated telbivudine more rapidly than monkeys (i, 7.5-18 hr) and
humans (t;241.1 hr). Accumulation of telbivudine following multiple oral dosing was
not apparent in mice and rats but was slight (1.2 to 1.6-fold) in monkeys.

Telbivudine was extensively distributed into tissues following a single oral dose to
male Sprague-Dawley and Long Evans rats with the highest concentrations in organs
associated with absorption and elimination like small and large intestines, urinary .
bladder, kidneys, and stomach and the lowest ones in brain (brain/plasma concentrations
ratios of 0.03 to 0.3) and spinal cord. Telbivudine was also found to cross blood-testes
and placenta barriers and was secreted into rat milk. The milk/plasma AUC ratio was
2.8. These data suggested that the embryos, fetuses, and pups were exposed to
telbivudine in the reproductive toxicology studies. Extravascular distribution was also
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apparent as suggested by the stead-state volume of distribution values (V: 0.833 and
0.909 L/kg in woodchucks and monkeys, respectively).

Binding to plasma proteins was low across species (3.3 to 7.5% in rats, monkeys, and
humans). The concentrations tested ranged from 0.4 to 40 pg/ml which encompass the
Chnax values observed in the clinical trials. Telbivudine partitioned (32-43%) into
erythrocytes of rats, monkeys, and humans. It did not bind to melanin since the
pharmacokinetic profiles were similar in pigmented and nonpigmented skin and eyes of
rats.

Telbivudine was eliminated mainly in urine as unchanged parent drug following oral
and infravenous routes. It is converted to the active triphosphate derivative
intracellularly, however, no metabolite was detected in the systemic circulation or excreta
of humans, monkeys, and woodchucks. A minor (< 0.8% of total administered drug),

. unidentifiable metabolite, M4, was detected in the plasma, urine, and bile of female rats
(found in the bile of male rats also). It exhibited no inhibitory or inducing activities to
any of the human cytochrome P450 isozymes examined, suggesting that telbivudine is
unlikely to interact with other co-administered drug.

2.6.4.2 Methods of Analysis
See under individual study reviews.
2.6.4.3 Absorption

Absorption, metabolism, and excretion of radioactivity after a single oral or
‘intravenous administration of [14CJ]-L-thymidine to rats (Study # 02-PK-010): The
pharmacokinetics, excretion of radioactivity, and metabolite profiling of telbivudine
were examined following a single intravenous or oral administration of 10 mg/kg []4C]-
L-dT to Sprague Dawley rats. Four groups were included. Two groups, consisted of
21 rats/sex/group, received a single oral or intravenous telbivudine dose. Blood -
samples were collected at 0.083 (IV only), 0.25, 0.5, 1, 2, 3 (oral only), 4, 8, 12, 16, 20,
24, 48, and 72 hours postdose from 3 rats/sex/time point. Urine was also collected at 0-
4, 4-8, 8-12, 12-24, 24-48, and 48-72 hour intervals from the three rats/sex that received
the intravenous dosing and were designated for blood collection at 72 hours postdose.
The 3 and 4" groups comprised of 3 rats/sex/group received 10 mg/kg radioactively
labeled telbivudine orally. Urine, feces, expired air and volatiles were collected at 24-
hour intervals through 168 hours from the animals in the third group. Additional urine
samples were collected at 0-4, 4-8, 8-12, and 12-24 hour postdose and expired air and
volatiles samples collected at 0-8, 8-24 hour intervals postdose. Bile, urine, and feces
were obtained from the animals in the 4" group. The sampling time intervals following
dose administration were 0-8, 8-24 , and at 24-hour intervals through 72 hours for urine
collection, 0-2, 2-4, 4-8, 8-24, 24-48, 48-72 hour-intervals for bile collection, 24-hour
intervals through 72 hours for fecal collection. The results are listed as follows:
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Sex Male Female
Route of administration Oral v Bile- Oral v Bile-
: ) Cannulated Cannulated
Cpax (ng eq/ml) 1520 - - 1620 - -
AUC,_., (ng eq-hr/ml) 6710 12100 - 7240 11600 -
ty2 (hr) . 4.82 4.46 - 3.59 4.70 -
Bioavailability (%) 57.4 - - 63.5 - -
Clearance (ml/hi/kg) - 849 - - 886 -
% radioactivity recovered
Total 92.0 - 93.6 91.2 - 94.1
Urine 435 74.7 44.4 52.0 86.5 45.0
Feces 48.2 - 48.2 39.1 - 45.0
Expired air/volatiles "<0.1 - - <0.1 - -

There was no apparent gender difference in all of the pharmacokinetic parameters
examined. Based on the 57.4 and 64.5% oral absorption, the results indicated that
urinary excretion was the main route of drug elimination following both oral and
intravenous administration. One minor unidentifiable metabolite (M4) was observed in
the female rats and represented less than 4% of the radioactivity in plasma and < 7.3%
of radioactivity in urine sample. Bile samples from the bile-cannulated rats showed 5
HPLC peaks including those of telbivudine and M-4. The total amount of metabolites

eliminated in the bile represented less than 0.8% of the total administered dose.

Pharmacokinetics of LdT following IV and PO administration to cynomolgus monkeys
(Study # NC-NV-02B-001): Three male, drug non-naive cynomolgus monkeys received
a single intravenous dose of 10 mg/kg [3H]-LdT in saline. Following a 6-week washout
period, the same three animals received the same dose of LdT orally. Blood samples
were collected at predose, 0.25, 0.5, 1, 2, 3, 4, 6, 8, and 24 hours postdbse. Urine was
collected 0-2, 2-4, 4-8, 8-12 hour intervals and then at 12-hour interval until 336 hours

postdose. The results are shown in the following table.

Intravenous

Oral

T max (hr) 1.67 .

Cnax (Ug/ml) 3.11 10.6
: AUCo‘z.ﬂ. (l.lg—hr/ml) 10.0 16.8

typy (hr) - 1.37

'[Bioavailability (%) 59 -

Total Body Clearance (ml/hr/kg) - 0.59

Renal Clearan¢e (ml/hr/kg) - 0.43

Vs (Lkg) - 0.91

% total radioactivity recovered

Urine 37 77

Urinary excretion is the main route of elimination. Over 95% of the radioactivity

recovered in urine existed as unchanged LdT, indicating no metabolism. No

- metabolites were recovered in the plasma or urine following oral or intravenous

administration in monkeys.

Pharmacokinetics and bioavailability of L-dT after IV and PO administration to ,
healthy woodchucks (Study # NC-NV-02B-006). Three healthy woodchucks, negative
for woodchuck hepatitis virus, received a single intravenous dose of 10 mg/kg [*H}-
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LdT. Following three weeks of washout period, the same three animals received the
same dose of LdT orally. Blood samples were collected at predose, 2 (IV only), 5 (IV

only), 15, and 10 minutes and 1, 1.5, 2, 3, 4, 8, and 24 hours postdose. Urine was also

collected. The results are presented in the table below:

Oral Intravenous

T max (hr) 3.00 -

Cuax (Hg/ml) 2.08 39.2

. AUCO_24], (p.g-hl‘/m l) . 18.3 52.3

tl/l (hr) - 3.99
Bioavailability (%) 38.3 -

Total Body Clearance (ml‘hr/kg) | - 0.199
V (L/kg) : e 0.83

Unchanged LdT accounted for the majority of radioactivity recovered in urine. No
metabolites were observed in plasma and urine following both oral and intravenous
LdT administration. Bioavailability was lower than those in monkeys and rats.

In vitro permeability of [3H]LDT600 (telbivudine) across Caco-2 cell monolayer -
(Study # ADME(US) R0301196): The apparent permeability of [3 H]-LdT was measured
across confluent Caco-2 cell monolayers under steady state at 25 and 100 uM LdT. The
steady state flux rates across the Caco-2 cell layer were calculated based upon the
average amount of radioactivity transported over the 120 min from the donor to the
receiver compartment.. The calculated permeability in the apical to basolateral direction
was 2.2 x 10 cm/sec and 1.3 x 10 cm/sec in the basolateral to apical direction.
Compared to propranolol (highly permeable; apical to basolateral permeability of 15.8
x 10 cm/sec) and mannitol (poorly permeable; apical to basolateral permeability of
0.66 x 10° cm/sec), LdT is considered to be medium permeable. The estimated LdT
permeability rates were comparable in both directions, indicating that it traverses the
monolayer either through passive diffusion or via the para cellular route.

2.6.4.4 Distribution

Tissue distribution of radioactivity after a single oral administration of [14C]-L-
thymidine to rats (Study # 02-PK-011): The tissue distribution of radioactivity was
assessed by tissue excision and whole body autography following a single oral dose of
10 mg/kg ['4C]-LdT to male Long-Evans (pigmented) and Sprague-Dawley
(nonpigmented) rats. Blood and tissues were collected from 3 Long-Evans rats/time
point at 1, 3, 8, 24, 72, and 168 hours postdose. One rat/time point (both Long-Evans
and Sprague-Dawley) were sacrificed at 1, 3, 8, 24, 72, and 168 postdose for whole-
body autoradiography. The results are presented in the following table

Long-Evans Sprague Dawley
Pig. Nonpig |- . Nonpig
Plasma | Blood Skin Skin Eyes Plasma | Blood Skin Eyes.

Tmax (hr) 1 ] 1 3 3 - - - R
Crax (ngeg/g) | 1550 1240 1120 1140 459 1540 1110 982 387
AUCo2an 7320 | 5500 5110 7110 | 2690 - - - -
(ng eq*hr/g) : :
tyy; (hr) 2.99 1.34 1.51 3.48 2.65 - - C- -
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Tissue distribution of LdT was rapid and extensive. L-dT-derived radioactivity was
detected in all tissues by one hour following oral administration. The concentrations of
radioactivity declined rapidly. It was not detectable in 19 out of 29 tissues collected at
24 hours postdose and disappeared from all tissue by 72 hours post dose. LdT can
cross blood-brain and blood-testes barriers since radioactivity was detected in brain and
testes. The similarities between the pharmacokinetic parameters in pigmented and
nonpigmented skin and between the tissue concentrations in pigmented (Long-Evans)
and nonpigmented (Sprague-Dawley) eyes suggest that LdT does not bind to melanin.
As observed in other studies, renal excretion was the main route of drug elimination as
confirmed by whole-body autoradiographic data. Drug-derived radioactivity was
highest in small and large intestine, urinary bladder, kidneys, prostate, mesenteric
lymph node, stomach, and pancreas and lowest in brain and spinal cord.

The in vitro binding of L-thymidine to plasma proteins from rat, monkey, and human
(Study # 02-CP-004): In vitro plasma protein binding and erythrocyte-to-plasma
portioning of LdT was evaluated i m rat, monkey, and human plasma. For plasma
protein binding determination, [2-'*C]-LdT at concentrations of 0.4, 1 27,4, and 40
ug/ml was incubated in rat, monkey, and human plasma at 37°C for 15 minutes and
filtered by ultrafiltration. The radioactivity before and after ultrafiltration was
determined. Erythrocyte-to-plasma partitioning was evaluated by incubating rat,
monkey, and human plasma fortified with erythrocytes (1:1; v:v) and [2-'*C]-LdT at
concentrations of 0.4, 1.27, 4, and 40 pg/ml for 15 minutes at 37°C. The radioactivity
was determined in plasma with and without erythrocytes. It was found that the mean
plasma protein binding was 7.5, 5.1, and 3.3% in rat, monkey, and human plasma,
respectively. The mean erythrocyte-to#plasma concentration ratios were 0.945, 0.986,
and 1.01 in rat, monkey, and human, respectively. The results indicate that plasma
protein binding of LdT is low in all three species and is independent of LdT
concentration over the range of 0.4 to 40 pg/ml. They also suggest that LdT can
partition into rat, monkey, and human erythrocytes. -

2.6.4.5 Metabolism

Inhibitory potential of L-thymidine towards human hepatic microsomal cytochrome
P450 isoenzymes (Study # 02-CP- 005): The inhibitory potential of L-dT on
cytochrome P450 CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2EI, and CYP3A4
isoenzymes was assessed by incubating human hepatic microsomes wnth isoenzyme-
selective substrate at a concentration approximating the K., value in the presence and
-absence of 0.4-40 ug/ml LdT. No inhibition was observed on any of the cytochrome
P450 isoenzymes, with ICso values > 40 pg/ml. In contrast, the isoenzyme-selective
inhibitors (fluvoxamine, sulfaphenazole, omeprazole, quinidine,
dietheyldithiocarbamate, and ketoconazole) produced significant inhibition (>70%).

The effect of L-thymidine on hepatic microsomal cytochrome P450 enzyme activities in
rats (Study # 02-CP-007): Female rats received LdT at oral doses of 0, 1, or 10
mg/kg/day for 7 days. The induction potential of LdT was evaluated by quantitating
hepatic total cytochrome P450 content and CYPI1A-, CYP2B-, CYP3A-, and CYP4A-
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selective activities at 24 and 336 hours after the last dose. Phenobarbital was used as
the positive control. The hepatic total cytochrome P450 content and the CYP-
isoenzyme activities were not affected at 24 hour time point. The hepatic total _

“cytochrome P450 content was slightly increased as compared to the vehicle control
value but the isoenzyme activities were unaffected at the 336 hour time point. The
mechanism of this reduction is unknown. The sponsor did not attribute this finding to
drug administration. It’s concluded that LdT is not an inducer of the cytochrome P450
isoenzymes. -

2.6.4.6 Excretion

Lacteal excretion and placental transfer of radioactivity after a single oral
administration of [14C]-L-thymidine to fregnant and lactating rats (Study # 02-PK-
012): A single oral dose of 10 mg/kg ['*C]-LdT was administered to time-pregnant
Sprague-Dawley rats on days 13 (group 1) or 18 (group 2) of gestation, or 12 days.
postpartum (group 3). Blood and selected tissues from the dams and fetuses were
collected from 3 dams/time point at 1, 3, 8, and 72 hours postdose from groups 1 and 2.
Milk and plasma samples were collected from the 3 animals/time point from the 3™
group at 0.5, 1, 3, 8, 24, 48, and 72 hours postdose. The tissue distribution and lacteal
_excretion of radioactivity were determined. The results are presented in the following
table: - '

Conax Values from various maternal tissues and fetuses (ng eq/g)

Dosing day Gestation Day 13 Gestation Day 18
Maternal- Fetal - Maternal Fetal

Tmzx Cmax Tmzx Cmax Tmax Cmax Trnax Cmax
’ (hr) | (ngeq/g) | (hr) | (ngeq/g)| (hr) | (ngeg/g) (hr) (ng eq/g)
Blood ' 3 988 | 1 830 3 283
Brain 3 45.2. 3 31.6 3 188
Kidneys 3 4440 3 2150 3 363
Liver - 1 1220 3 155 1 1110 3 188
Placenta 3. 848 3 512 - -
Plasma 3 1210 - 1 1000 - -
Residual - : - - 3 328

Radioactivity was widely distributed in both maternal and fetal tissues following oral
administration of radioactive LdT and was detectable through 8 hours postdose. The
maternal tissue distribution patterns were similar between dosing in gestation days 13
and 18. Peak tissue/plasma levels generally occurred 3 hours postdose. Highest L-dT-
derived radioactivity was detected in kidneys. LdT clearly can cross the placenta since
LdT-derived radioactivity was measurable in fetuses. It was also shown to penetrate
both maternal and fetal brain. ['*C]-LdT-derived radioactivity was detectable in milk
through 24 hours postdose. The AUC values were 19,700 and 7030 ng equivalent/g in
milk and plasma, respectively. The peak concentration in milk occurred at 3 hours
postdose. The mean milk to plasma concentration ratios were less than 1 through 1
hour postdose and greater than 1 from 3 through 24 hours postdose.

2.6.4.7 Pharmacokinetic drug interactions
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No studies were done since the LdT was found not to be an inhibitor or inducer of
cytochrome. P450 isoenzymes. In addition, three phase I drug-drug interaction studies
have been conducted for telbivudine coadministered with lamivudine, peg interferon
alfa-2a, and adefovir dipivoxil. The pharmacokinetic profiles of the coadministered
drugs were not affected.

2.6.4.8 Other Pharmacokinetic Studies
None.
2.6.4.9 Discussion and Conclusions

The ADME profile of telbivudine was adequately studied in several animal species.
It is moderately absorbed in both animals and humans, with oral bioavailability ranged
from 38 to 60% in rats, woodchucks, mice, rabbits, monkeys, and humans. The rate of
absorption ranged from moderate to fast (Tyax 0.5-3 hours) in animals and moderate in
humans (Tmax 3 hours). Food, gender, and pregnancy had no effect on the
pharmacokinetic profile of telbivudine. The systemic exposure generally increased in a
dose-related manner across all species studied. The plasma clearance was similar in
rats and monkeys but slower in woodchucks. The t;,; values suggest that mice, rats, and
woodchuck eliminated telbivudine more rapidly than monkeys (t;/, 7.5-18 hr) and
humans (t;241.1 hr). Accumulation of telbivudine following multiple oral dosing was
not apparent in mice and rats but was slight (1.2 to 1.6-fold) in monkeys.

Telbivudine was extensively distributed into tissues and extravascular spaces. It was
shown to be excreted into milk and cross the blood-brain, blood-testes, and placenta
barreiers. The results of placenta transfer and milk excretion studies indicate that
fetuses and suckling pups as well as pregnant rats and rabbits received adequate

. systemic exposure to telbivudine in the reproductive toxicity studies. Telbivudine did
not bind to melanin as demonstrated in study in the pigmented skin and eye, had low
binding to plasma proteins, and partitioned to erythrocytes.

In vivo metabolism of telbivudine was not significant or was absent in both animals
and humans, though it is anabolized intracellularly to its active 5’-triphosphate

- derivative. The triphosphate derivative is not detectable in plasma. The unchanged
parent compound is the primary drug-derived component excreted in plasma and urine.

Tebivudine is eliminated at a moderate to rapid rate (t;;; 2-8 hr) in mice, rats, and
woodchucks, but at lower rate in monkeys (t;; 7.5-18 hr) and humans (t;, 41.1 hr).
This is consistent with the lack of accumulation in the rodent species and modest
accumulation (1.2-1.6-fold) in monkeys and humans. Telbivudine is excreted mainly-
through the renal route as unchanged drug. No metabolite was detected in the systemic
circulation or excreta of humans, monkeys, and woodchucks. A minor (< 0.8% of total
administered drug), unidentifiable metabolite, M4, was detected in the plasma, urine,
and bile of female rats (found in the bile of male rats also). It exhibited no inhibitory or
inducing activities to any of the human cytochrome P450 isozymes examined,
suggesting that telbivudine is unlikely to interact with other co-administered drugs.

The nonclinical ADME data suggest that the species (mice, rabbits, rats, and
monkeys) used in the toxicology studies are appropriate for the evaluation of the
nonclinical safety profile of telbivudine.
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2.6.4.10

Tables and figures to include comparative TK summary

Comparative Pharmacokinetics of Telbivudine in Animals and Humans Following Single and
Muitiple Oral Does of Radiolabeled and Nonradiolabeled Telbivudine

Species® Dose Dosing Crmax  |Tumax (hr)] AUCyp4 |  CL |tz (hr)| Dose nor-
(mg/kg/day) | Duratien| (ug/ml) (ug-hr/ml)| (L/hr/kg) malized AUC
CD-1 mice 500 1 day 51.9 0.75 149 - 3.01 0.298
: : 13 weeks| 522 0.75 145 - 213 0.290
1000 1 day 84.6 0.75 265 - 1.90° 0.265
13 weeks 81.0 .0 238 - 2.29 0.238
3000 1 day 145 1.0 616 - 2.25 0.205
13 weeks 141 1.0 595 - 3.55 0.198
SD rats - 10° 1 day 1.57 1.5 6.96 0.868° | 4.21 0.696
500 1 day 24.1 2.0 108 - 4.45 0.216
28 days 20.7 1.5 111 - 4.85 0.222
1000 1 day 12.8 2.0 194 - 4.40° 0.194
28 days 35.8 1.5 169 - 3.60° 0.169
2000 1 day 66.2 2.0 364 - 3.20 0.182
28 days 50.5 2.0 398 - 3.95 0.199
Rabbitst 50 13 days 12.3 1.0 725 - - 1.45
250 13 days 38.9 1.0 296 - - 1.18
1000 13 days 66.4 1.4 1023 - - 1.02
Woodchucks 10° 1 day 2.08 3.0 183 0.199° | 7.54 1.83
Cynomulgus 10° 1 day 3.11 1.7 10.0 0.58¢ | 1.75 1.00
monkeys 500 1 day 15.9 1.0 954 - 9.55 0.191
28 days 21.1 1.5 127 - 18.0 0.254
" 1000 lday | 277 2.0 167 - 7.45 0.167
28 days 33.1 2.0 232 - 17.3 0.232
2000 1 day 34.8 2.0 252 - 11.1 0.126
28 days 44.6 2.0 329 - 15.8 0.165
Humans 600 mg® 1 day 2.86 3.0 19.8 - 41.1 2.53
600 mg" 1 day 2.88 2.5 19.0 - 19.9 2.27
9 days 3.44 3.0 27.5 - - 3.29

o0 o O 0 o e

: Combined male and female data unless otherwise indicated
: Half-life for females onty

: [*C]-Telbivudine AME study in rats

: Determined following intravenous administration

: Half-life for males only
: Pregnant females only
: ["*C]-Telbivudine AME study in 6 human volunteers with a mean weight of 76.6 kg (dose = 7.83 mg/kg)
: Repeated dose study in 16 normal volunteers with a mean weight of 71.8 kg (dose = 8.36 mg/kg)

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology:

The nonclinical toxicological profile of LdT has been studied in rats, mohkeys and .
mice. Single dose studies were performed in rats and monkeys at doses of 20 (monkeys
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only), 100 (monkeys only), 500, 1000, and 2000 mg/kg/day. The NOAEL was
determined to be greater than 2000 mg/kg/day.

A five-day intravenous toxicity study in monkeys indicated that doses of 2, 10, and 40
mg/kg/day doses of LdT were well tolerated and the same doses were used in the two
week intravenous toxicity study in the same species. A similar 14-day intravenous
toxicity was also carried out in rats at doses of 0, 5, 15, and 45 mg/kg/day. Minimal
increases in the incidence and severity of histopathological changes were seen in
pancreas, kidneys, and heart of 45 mg/kg/dose group animals in one sex only. Since
none of these findings were seen in the longer term studies at higher systemic exposure,
they were not considered significant. The intravenous NOAELS in rats was thus
considered to be 45 mg/kg/day and in monkeys 40 mg/kg/day.

Twenty-eight days oral toxicity/toxicokinetic studies were performed in rats,
‘monkeys, and CB6F1 mice at oral doses of 0, 500, 1000, and 2000 mg/kg/day. The
study done in CB6F1 mice, the parent strain for the transgenic TgrasH2 mouse, was
used to support the dose selection for a 6-month transgenic mouse carcinogenicity
study. The toxicokinetic data indicated that systemic exposure increased in a dose-
related manner without gender difference in pharmacokinetic profile across the three
species studied. Slight accumulation of LdT in the CB6F1 mice was observed after 4
weeks of continuous drug administration but was absent in rats or monkeys. Drug
accumulation was not apparent in the 6 month carcinogenicity study in its transgenic
strain. Slight changes in hematological, clinical chemistry parameters and organ weight -
parameters were observed in rats, mice and monkeys.- However, these changes were
seen mostly in one species only and without the corresponding histological
observations. None were considered dose limiting or seen in the longer term studies in
the same species. One exception is the dose-related increases in the incidence of
soft/loose feces and reduced body weight gain in monkeys without histopathological
changes in any of the gastrointestinal tissues. This gastrointestinal toxicity was not
considered dose-limiting. Therefore, the NOAEL was 2000 mg/kg for rats and CB6F 1
mice and 500 mg/kg/day for monkeys, provxdmg a 5- to 24-fold safety margin for the
clinical dose of 600 mg/day.

Longer term toxicology studies were also conducted in rats, mice, and monkeys. The
longest dosing duration in CD-1 mice was 3 months with toxicokinetic arm at oral
doses of 0, 500, 1000, and 3000 mg/kg/day. No gender difference or accumulation of
drug was seen. No adverse effect on any parameters monitored was attributed to LdT
treatment. The NOAEL for mice was 3000 mg/kg/day, providing a 22-fold safety
margin for humans. The longest subchronic toxicology study performed in rats was 6
months with a 3-month interim sacrifice and a 1-month drug-free recovery arms at oral
doses of 0, 250, 500, and 1000 mg/kg/day. Except for a very small increase in the
incidence of nephropathy in males after 6-month of treatment, no effect was attributable
to LdT treatment. At this duration, nephropathy was not considered dose limiting since

. the increase was too small for a common lesion in this species. NOAEL was
considered to be 1000 mg/kg/day with exposure projected to be about 6-fold above that
at clinical dose of 600 mg/day. The longest toxicology study conducted in monkeys
was 9 months with a 3 month interim sacrifice and a two-month drug-free recovery arm
at oral doses of 0, 250, 500, and 1000 mg/kg/day. Dose-related increases in the
incidences of soft feces, erythema of skin, and fur loss were observed. These clinical
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observations did not have the corresponding histological or clinical pathological
changes nor did they affect body weight gain or food consumption. Gastrointestinal
toxicity was clearly related to LdT treatment but was not dose-limiting. This toxicity

- was seen in pregnant rabbits manifested as reduced body weight gain, abnormal feces,
death, abortion, and early delivery and was dose-limiting. The NOAEL for monkeys
was 500 mg/kg/day, providing 5-fold safety margin for humans.

Genetic toxicology: .

The genotoxic potential of LdT was investigated in the Ames test at concentrations up
to 5000 pg/plate, in chromosome aberration tests with Chineses Hamster Ovary cells at
concentrations up to 5000 ug/ml and with human peripheral blood cells isolated from
healthy volunteer at concentrations up to 2422 pg/ml, and in in vivo mouse
micronucleus assay at oral doses up to 2000 mg/kg/day. Appropriate positive and
negative controls were included. LdT was not cytotoxic at all concentrations studied
across all in vitro and in vivo models. It was found not to be mutagenic and clastogenic
with and without metabolic activation.

Carcinogenicity:

The carcinogenic potential of LdT was studied in the 2 year carcinogenicity study in
rats and the 6-month carcinogenicity study in transgenic CB6F1-TgrasH2 mice at oral
doses of 500, 1000, and 2000 mg/kg. The dosing in rats was stopped for the 2000
mg/kg dose groups after 85 weeks of LdT administration and study terminated
prematurely after 96 weeks of drug administration because of the high mortality rate.
The increased mortality rate for this study was dose-related. Many of the deaths were
caused by tumors. However, except for deaths caused by chronic progressive
nephropathy, no statistically significant or dose-related increases in the incidence of
tumor and/or tumor type and deaths attributable to any tumor type were observed.
Dosing in the transgenic mouse carcinogenicity study was continued to the scheduled
time. No evidence of increased incidence of tumor was associated with LdT
administration at doses up to 2000 mg/kg/day. LdT is considered not carcinogenic.

Reproductive toxicology: _ '

The effect of LdT on fertility and early embryonic development was evaluated in
three separate studies. The first study was a combined male and female Segment I
reproductive toxicology study in rats at oral doses of 0, 100, 500, and 1000 mg/kg/day
which were administered during premating, cohabitation, and early gestation. An
increase in the incidence of soft or liquid feces in Fo males and a decrease in the fertility
index for the 500 and 1000 mg/kg Fy groups were observed. Because of the finding
associated with decreased fertility index, two additional Segment I reproductive toxicity
studies were done in the same species. LdT-treated males (oral doses of 0, 1000, and
2000 mg/kg/day) was mated with untreated females and LdT-treated females (oral
doses of 0 and 2000 mg/kg/day) mated with untreated males. No effects were
associated with any of the parameters normally evaluated in a Segment I reproductive
toxicology study at oral doses up to 2000 mg/kg/day. Therefore, the NOAEL for male
and female fertility and early embryonic development was considered to be 2000
mg/kg/day, providing a 14-fold safety margin for humans.
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The effect of LT on the embryonic and fetal development was assessed in two
Segment Il reproductive toxicology studies in rats and rabbits at oral doses of 0, 50 or
100, 500, and 1000 mg/kg/day. In addition, maternal, fetal and neonatal (through milk)

~ exposures to LdT were also evaluated in a separate study in pregnant rabbits at the
same doses. The results indicated that LdT can cross placenta, blood-testes, and blood
brain barriers. Both the fetuses and neonates were exposed to LdT in utero or via milk.
The study performed in rats was a combined Segments H and I1I reproductive
toxicology study. In rabbits, a total of one death, one abortion, and two premature
deliveries were associated with the 1000 mg/kg/day dose. These dams exhibited
gastrointestinal irritation manifested as reduced food consumption and body weight
gain and abnormal feces which were the same signs observed for this dose group in
general. This gastrointestinal toxicity was associated with the high system drug
exposure which was 2-3 times higher than those in rats, mice, and monkeys at the 1000
mg/kg/day and 37-fold higher than that in humans. Clearly, 1000 mg/kg/day dose was
the maximum tolerated dose in the pregnant rabbits. However, no effects on any of the
parameters for embryonic and fetal development were observed at this high dose.
Thus, the NOAEL for the F; generation was 1000 mg/kg/day for both rats and rabbits,
providing a safety margin of 6- to 37-fold in humans.

The results from the combined Segment II/III reproductive toxicology study in rats at
oral doses of 0, 100, 250, and 1000 mg/kg also indicated that LdT exerted no adverse
effects on delivery, peri- and postnatal development, post-natal behavior; growth,
sexual maturity, and fertility of the F, generation. The NOAEL for reproductive
toxicity in Fy generation was 1000 mg/kg/day, providing a 6-fold safety margins for the
clinical dose of 600 mg/day. :

Special toxicology: _ .
The allergenic potential of LdT was evaluated in a murine local lymph node assay at
doses of 7.5, 75, and 750 mg/kg It was found that LdT is not consndered an irritant or
.allergen by this assay.

2.6.6.2 Single-dose toxicity

Study title: Dose range-finding and acute toxicity study of NV-02B administered orally
fo rats
Key study findings: There were no effects in all parameters measured at oral doses of 0,

* 500, 1000, and 2000 mg/kg. The no observed adverse effect level (NOAEL) for NV-02
was greater than 2000 mg/kg.

Study no.: GVAW-104

Volume: m4\42-stud-rep\423-tox\4231-single- dose-tox\gvaw 104

Conducting laboratory and location:

Date of study initiation: 1/11/00-2/23/00 .

GLP compliance: Yes

QA report: yes(X)no( )

Drug, lot #, and % purity: Lot# LT-9-001E; es== pure

Results:
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In the range-finding part of study, 1 rat/sex/dose received a single oral dose of 20,
100, 500, 1000, or 2000 mg/kg L-dT. Clinical observation and body weights were
recorded on day 1 and prior to necropsy on day 7. Since no clinical observations were
associated with drug treatment, single doses of 0 (0.5% carboxymethylcellulose, w/v),
500, 1000, and 2000 mg/kg were given to 5 rats/sex/dose. Clinical observations were
made daily, individual body weights were measured on days 1, 8, 14, and prior to
necropsy, and clinical pathology analysis was performed on the blood collected prior to
necropsy (on day 14). Organ weights and macroscopic examinations on selected
tissues were also recorded. There were no effects in all parameters measured that are
attributable to the drug treatment. Thus, the no observed adverse effect level (NOAEL)
for L-dT following a single oral dose in rats was 2000 mg/kg.

Study title: Dose escalating toxicity study of NV-02B administered orally to monkeys

Key study findings: Single escalating oral doses of 20, 100, 500, 1000 and 2000 mg/kg
L-dT were administered to 2 monkeys/sex. Soft feces were seen throughout the study
in females. Some hematological changes that were dose related were observed and
were probably associated with frequent blood drawing. The NOAEL is greater than
2000 mg/kg

Study no.: GVAW-106

Volume: m4\42-stud-rep\423-tox\4231-single-dose-tox\gvaw-106

Conducting laboratory and location: e—————————————————

Date of study initiation: 1/18/00-2/3/00 '

GLP compliance: Yes :

QA report: yes(X)no () ‘ _

Drug, lot #, and % purity: Lot # LT-9-001E; e , pure
Results: _

' ‘Two cynomolgus monkeys/sex were administered orally single escalating doses of
20, 100, 500, 1000 and 2000 mg/kg L-dT (dissolved in sterile water) on each of the
days 1, 4, 7, 10, and 14, respectively. The dose volume was 5 ml/kg for the doses of
20, 100, and 500 mg/kg while that for the doses for 1000 and 2000 mg/kg was 10
ml/kg. Clinical observations were performed once daily, body weights recorded on
days 1,4, 7, 10, 14, and 17, blood collected for clinical pathology analysis prior to
treatment on days 1, 4, 7, 10, and 14 and prior to necropsy on day 17. Gross

_pathological examination was done following necropsy on day 17.

Two females exhibited mild to marked soft feces throughout the study. The gradual
decrease of erythrocyte counts, hemoglobin, and hematocrit over the course of the
study in all animals and low incidences of anisocytosis, poikilocytosis, hypochromasia,
and/or polychromasia in the animals on one or more occasions may be related the

- frequent blood collection. Alkaline phosphatase and potassium levels were mildly
decreased in all animals. Other hematological and serum chemistry changes were seen
in one animal only and did not exhibit any dose relationship. ‘Gross macroscopic
-findings did not correlate any of the observed effects and thus the toxicological
significance of those is uncertain. The NOAEL in the study is considered to be at 2000

mg/kg. '
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2.6.6.3 Repeat-dose toxicity

Study title: 2-week intravenous toxicity study in rats including sighting phase

Key study findings: Two animals/sex/dose were used for an initial sighting phase of the
study. The doses used in this phase were 2, 20, and 40 mg/kg/day. The purpose for
this phase was to evaluate the local and systemic tolerability for the dose selection for
the main study. No adverse effects were seen in this phase, thus the doses selected for
the main study were 0, 5, 15, and 45 mg/kg/day. Adequate systemic exposure was
achieved at this dose range with proportional increases of the Cpax and AUC values
with the dose. There was no gender difference in the pharmacokinetic parameters. The
systemic exposure at 45 mg/kg/day was lower than the low oral dose of 500 mg/kg/day
in the longer term toxicology and carcinogenicity studies. A variety of macroscopic
and microscopic effects were seen including a malformed left kidney, apotosis/single
cell necrosis, inflammatory cell infiltration, and acinar cell atrophy in pancreas, tubular
dilatation, interstitial dilatation, and pyelonephritis in kidneys, and inflammatory focus
found in heart. Most of these incidences were seen at the 45 mg/kg/day dose and at a
single sex only. The incidence and severity were minimally increased. The
toxicological significance of these findings is questionable since at higher and longer
systemic exposure (up to 97 weeks), no treatment-related effects were seen in these
organs. The NOAEL for this study is 15 mg/kg/day.

Study no.: 0510032

Volume #: m4\42-stud-rep\423-tox\4232-repeat-dose-tox\0510032

Conducting laboratory and location:

Date of study initiation: 2/28/2005
GLP compliance: Yes
QA report: yes (X)no ()
Drug, lot #, and % purity: LDT600, lot # 0514036, === by HPLC
Methods
Doses: 2, 20, and 40 mg/kg/day (sighting part) & 0, 5, 15, and 45 mg/kg/day (main
study)
Duration of dosmg 4 days for sighting part & 14 days for main study
Species/strain: Sprague Dawley rats, R/SPF CD
Number/sex/group or time point (main study): 10
‘Route, formulation, volume, and infusion rate: Intravenous, aqueous glucose solution
containing 0.5% polyvinylpyrrolidone and a phosphate buffer at 10 mM adjusted to
pH 7.4, 0.8 ml/kg/day, bolus infusion via tail vein
Satellite groups used for toxicokinetics or recovery: None
Age: 8 weeksold
Weight: 177-389 g (sighting part); 174-349 g (main study)
Sampling times: Blood samples taken form 2 animals/sex/dose/time point on day 15 at
5 minutes, 0.5, 1, 4, and 24 hours post dosing
Unique study desngn or methodology: For the sighting part, 2 ammals/dose/sex were
dosed for 4 days. The same rats were used for doses of 2 and 40 mg/kg/day with 11
days of washout period between the end of one dose and the beginning of the high
dose. :
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Observations and times:
Mortality: Once daily during pretest period, twice daily during dosing period
Clinical signs: Once daily during pretest period, twice daily during dosing period
Body weights: Once during pretest, daily during the dosing period
Food consumption: once during pretest, twice weekly during the dosing period
Ophthalmoscopy: Not done -
EKG: Not done '
Hematology: At the end of the dosing period
Clinical chemistry: At the end of the dosing period and included creatinine kinase
measurements '
Urinalysis: At the end of the dosing period
Gross pathology: One the last treatment day or one day after
Organ weights: See histopathology table
Histopathology: Adequate Battery: Yes
Peer review: yes (X), no ()

Results

Mortality: None

Clinical signs: None
Body weights: No effect

Food consumption: No effect

Hematology: No effect

Clinical chemistry: No effect

Urinalysis: No effect

Gross pathology: Left kidney of one of the 15 mg/kg/day female showed
malformation. Right kidney of one of the high dose female (45 mg/kg/day) was
small. These two macroscopic findings had microscopic correlates.

Organ weights: No effect.

Histopathology: -

Male Female
Dose (mg/kg/day) 0 5 15 45 0 5 15 45
Animals examined 10 10 10 10 10 10 10 10
Pancreas — ) :
Apoptosis % affected 0 0 10 30 0 10 0 0
Mean severity| 0.0 00 | 1.0 13 0.0 1.0 0.0 0.0
Inflammatory cell infil. _ ‘
% affected 10 0 | o 40 10 0 0 30
Mean severity 1.0 " 0.0 0.0 1.3 1.0 0.0 0.0 1.0
Acinar cell atrophy . '
% affected 10 0 10 - 20 0 10 0 0
Mean severity 1.0. 0.0 1.0 1.5 0.0 1.0 0.0 0.0
Kidneys —
Tubular dilatation
% affected 10 0 0 50 0 10 30 60
. Mean severity 1.0 0.0 0.0 - 1.0 0.0 1.0 1.0 1.0
Pyelonephritis ’
% affected 0 0 0 0 | 10 0 0 20
Mean severity; 0.0 0.0 0.0 0.0 2.0 0.0 0.0 1.5
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. Male Female
Dose (mg/kg/day) . 0 5 15 | 45 0 5 15 45
Animals examined 10 10 10 10 10 10 10 10
Heart —
Inflammatory focus
% affected 0 20 0 40 0 0 10 20
Mean severity 0.0 1.0 0.0 1.0 0.0 0.0 1.0 1.0

Severity Grade | = minimal/very few/very small;
Severity Grade 3 = moderate/moderate number/moderate size;
Severity Grade 5 = massive/extensive number/ extensive size

Severity Grade 2 = slight/few/small;
Severity Grade 4 = marked/ many/large

Histopathological changes were seen in pancreas, kidneys, and heart. They included
apotosis/single cell necrosis, inflammatory cell infiltration, and acinar cell atrophy in
pancreas, tubular dilatation, interstitial dilatation, and pyelonephritis in kidneys, and
inflammatory focus found in heart. Most of these incidences were seen at the 45
mg/kg/day dose and at a single sex only. The incidence and severity were minimally
increased. The toxicological significance of these findings is questionable since at
higher and longer systemic exposure (up to 97 weeks), no treatment-related effects
were seen in these organs.

Toxicokinetics:

Male Female
Dose (mg/kg/day) 5 15 45 5 15 45
Crnax (Hg/ml) 7.76 24.49 80.89 10.15 27.69 95.43
Wc.,_z,, (ng-hr/ml) 6.69 .18.01 59.83 8.50 22.59 71.18

The Cpax and AUC values increased dose proportionally over the dose range 5 to 45
mg/kg. There was no gender difference in the pharmacokinetic parameters. Traces of
LdT (54.1 ng/ml) were detected in one control female at 0.5 h postdose. Since it only
occurred in one animal at one time point, it is not considered to be mdlcatlve of poor
conduct of the study.

Study title: Twenty-eight day repeated dose toxicity study of NV-02B admlmstered
orally to rats

Key study findings: LdT was administered orally to 10 rats/sex/dose at doses of 0, 500,
1000, and 2000 mg/kg/day. The systemic exposure increased linearly with increased
doses up to 2000 mg/kg/day. There was no difference in the systemic drug exposure
between days 1 and 28, indicating the. absence of saturation of absorptlon Small
changes seen one of in hematological parameters and increases in adrenal weight were
considered not to be related to LdT treatment since the increases were small, occurred
in one sex only, and did not have any corresponding histopathological effect, and were
not observed in the 6-month study in the same species. The NOAEL for the study is
2000 mg/kg/day.

Study no.: NC-NV-02B-003

Volume #: m4\42-stud-rep\423-tox\4232- repeat-dose-tox\GVAW—lOS

Conducting laboratory and location: =

Date of study initiation: 3/15/2000

GLP compliance: Yes

QA report: yes(X)no ()

Drug, lot #, and % purity: NV-02B, Lot # LT-0-002E, e pure by UV

28



Reviewer:  Ita Yuen, Ph.D. NDA No. 22-011

Methods ,
Doses: 0, 500, 1000, and 2000 mg/kg/day
Duration of dosing: Three to six months
Species/strain: Sprague Dawley rats
Number/sex/group or time point (main study): 10
Route, formulation, volume, and infusion rate: Oral, dissolved in 0.5%, w/v, carboxy-
methylcellulose, 10 ml/kg dosing volume
Satellite groups used for toxicokinetics: 9 rats/sex/dose
Age: 6-7 weeks old
Weight: 178.4-223.2 g for males and 168.0-201.4 g for females
Sampling times: Blood samples collected from 3 rats/dose/sex/time point on days 1 &
28 at 0.5, 1, 2, 4, 8, and 24 hours post dosing for toxicokinetic analysns
Unique study design or methodology None
Observations and times:
Mortality: Twice daily
Clinical signs: Daily
Body weights: Days 1, 8, 15, 22, 28, & 29
Food consumption: Days 8, 15, 22, and 28
Ophthalmoscopy: Not done
EKG: Not done
Hematology: Prior to necropsy
Clinical chemistry: Prior to necropsy
Urinalysis: Prior to necropsy
Gross pathology: At necropsy
Organ weights: See histopathology table
Histopathology: Adequate Battery: Yes
Peer review: yes (), no (X)

Results

Mortality: None

Clinical signs: None

Body weights: - No effect

Food consumption: No effect

Hematology: The absolute neutrophil count at 2000 mg/kg/day was significantly
decreased as compared to the control. There was a dose-related decrease in both
absolute and relative neutrophil count in males. No such relationship was apparent in
females. No other hematologic parameters were affected. In addition, there was no
correlated histological change and these hematological effects were not seen in the 6—
month toxicity study or 2 year carcinogenicity study. Thus, there was no
toxicological significance for these findings. ,

Male Female

Dose (mg/kg/day) 0 500 | 1000 | 2000 | 0 500 .| 1000 | 2000
Absolute neutrophil count (10°/u)| 0.737 | 0.530 | 0.494 [0.416* | 0.489 | 0.551 | 0.361 | 0.512
Neutrophil (%) 95 | 77 | 68 | 56 | 75 | 100 | 58 | 85

Clinical chemistry: No effect
Urinalysis: No effect
Gross pathology: No effect
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Organ weights: The weights of adrenal glands (both absolute and relative) for males
were increased dose proportionally, albeit not statistically significant. The same
organ weights for females were significantly increased for the low and high dose
animals. No corresponding histopathological changes were observed. In addition, no
effect on this organ weights was observed in the 6-months toxicity study or the

carcinogenicity study in the same species. Thus this finding probably has no
toxicological significance.

Male Female
Dose (mg/kg/day) 0 500 1000 2000 0 500 1000 2000
Adrenal glands (g) 0.0580 | 0.0630 | 0.0619 | 0.0675 0.612 0.722% 0.0669 | 0.0702*
| Adrenal glands/BW 0.0165 | 0.0180 | 0.0171 0.0186 | 0.0263 | 0.0309* { 0.0282 | 0.0290

Histopathology: No effect
Toxicokinetics: The absorption for LdT was moderately rapid with Ty values ranged

from 1 to 2 hours. There were, in general, no gender differences in Cpax and AUC
values. No accumulation was observed following multiple dosing since all of the
toxicokinetic parameters measured remained similar between days 1 and 28. The
AUC values increased dose proportionally between doses of 500 and 2000 mg/kg/day

suggesting that saturation of absorption has not been reached in the study.

Male Female
Dose (mg/kg/day) 500 1000 2000 500 1000 2000
Tomax (hrs)  Day 1 2 2 2 2 2 2
Day 28 I 2 2 2 2 2
Conax (Mg/ml) Day 1 26.1 453 63.2 22.1 40.2 69.1
Day 28 18.3 29.6 47.7 23.1 42 53.2
AUC,qn (1g-hr/ml) :
Day 1 116 212 328 99.0 176 400
Day 28 89.7 170 364 133 167 431
ty (hrs) Day 1 4.4 4.4 3.1 4.5 - 33
Day 28 6.0 3.6 4.3 3.7 - 3.6

Study title: Six-month chronic oral gavage toxicity study in rats with one-month
recovery

Key study findings: Doses of O 250, 500, and 1000 mg/kg/day were administered to rats
for 3 to 6 months. A group of animals were allowed to recover drug free for 1 month
after 6 months of continuous drug administration. Deaths were observed in control,
mid, and high dose groups. Some deaths were not clearly attributable to any causes.
However, many of them exhibited signs that suggested dosing errors. Therefore, the
deaths were not considered to be caused by LdT toxicity. The incidence and severities
of nephropathy and lymphoid hyperplasia were increased in the high dose males and
females, respectively, as compared to the concurrent controls. The increases were very
small and not dose limiting. Maximum tolerated dose was not achieved in this study

Increase in the incidence of lymphoid hyperplasia was not apparent in the rat

carcinogenicity study and was probably an incidental finding in this study. Chronic

progressive nephropathy, a common condition relating to the aging process, was

exacerbated by chronic administration of LdT (85 weeks of drug administration) and

caused deaths. In view of this, the NOAEL for this study is 500 mg/kg/day.

Study no.: 02-TX-022
Volume #: m4\42-stud-rep\423-tox\4232- repeat-dose-tox\GVAW 125
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Conducting laboratory and location: e

Date of study initiation: 10/3/2000

GLP compliance: Yes ‘

QA report: yes (X)no ()

Drug, lot#, and % purity: NV-02B, Lot # LT.0.003E ( == pure by UV), LT.0.004E
. == pure by UV),LT.0.005E ( = pureby UV),LT.0.006E <= pure by
UV),LT.1.001E e pure by UV), & LT.1.002E == by UV)

‘Methods '

Doses: 0, 250, 500, and 1000 mg/kg/day

Duration of dosing: Three to six months

Species/strain: Sprague Dawley rats

Number/sex/group or time point (main study): 5 for 3 months & 5 for 6 months

Route, formulation, volume, and infusion rate: Oral, dissolved in 0.5%, w/v, carboxy-
methylcellulose, 5 ml/kg dosing volume

Satellite groups used for recovery: 5 additional rats/sex/dose treated for 6 months and
allowed 1 month drug-free recovery for control and high dose groups only

Age: 6 weeks old

Weight: 192.4-224.2 g for males and 147.4-173.8 g for females

Unique study design or methodology: None

Observations and times:
Mortality: Twice daily

Clinical signs: Weekly
Body weights: Once during pretest, weekly during the dosing period

Food consumption: Weekly
. Ophthalmoscopy: Pretest and during week 12, 24, and prior to necropsy fore recovery
animals
EKG: Not done
Hematology: Prior to necropsy at 3, 6, and 7 months
Clinical chemistry: Prior to necropsy at 3, 6, and 7 months
Urinalysis: Not done
Gross pathology: At necropsy at 3, 6,.and 7 months
Organ weights: See histopathology table
Histopathology: Adequate Battery: Yes

Peer review: yes (), no (X)
Results
Mortality: , .
Male Female
Dose (mg/kg/day)| 0 250 500 1000 0 250 500 1000
Total # examined 25 20 20 25 25 - 20 20 25
# dead 1 0 2 1 0 0 0 2
|Day of death 50 - 161,171 133 - - e 116,157 | -

The control male died because of dosing accident.

The two mid dose males had mild congestion, minimal hemorrhage (in one only), and
edema (in the other) in their lungs. Both also had chronic inflammation in their trachea.
Even though the cause of death was not apparent, the microscopic findings in their
lungs and trachea suggested dosing accident.
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The high dose male was sacrificed moribund and had lost the use of its rear legs. At
necropsy, enlarge spleen and liver due to lymphoma were likely to be the cause of
death. This death was not considered treatment related since there was no increase in

_the incidence of lymphoma in the carcinogenicity study in rats.

One of the high dose females was found dead on day 116. It exhibited labored
breathing on the day of deaths. It also had episodes of scant feces, rales, and wheezing
during earlier treatment period. At necropsy, accumulation of lymphocyte in
peribronchial, perivascular and subserodal spaces of the lungs. The high dose female
that died on day 157 did not exhibit any clinical signs during the study or before death.
However, the necropsy results showed mild to moderate hemorrhage, congestion, and
edema in the lungs. The clinical signs and/or histopathological findings in the lungs
suggested that the cause of death was probably related to dosing accident.

None of the deaths was likely to be caused by LdT toxicity.

Clinical signs: No treatment effects

Body weights: No treatment effects

Food consumption: No treatment effects

Hematology: No treatment effects

Clinical chemistry: No treatment effects

Gross pathology: No treatment effects

Organ weights: No treatment effects _
Histopathology: Nephropathy was slightly increased in the high dose males after 6
months of continuous LdT treatment. The incidence rate and severity were 50% and
1.4, respectively, as compared to 40% and 1.25 for the control rats. The increase was
very small and would not be considered dose limiting. However, an increased number
of rats died of chronic progressive nephropathy in the carcinogenicity study. The
incidence and severity of lymphoid hyperplasia in mandibular lymph node was slightly
increased (80% and 1.38) in the high dose females as compared to the concurrent
coritro] animals (90% and 1.78). Again, the increases were small for a common lesion.
In addition, significant increase for this same lesion was not apparent in the
carcinogenicity study. The lesion is not considered dose limiting for this study.

Study title: A 4-week oral dose tox1c1ty and toxicokinetic study of B-1.-2’deoxy-
thymidine in CB6F1 mice

Key study findings: The present study was conducted to support dose selection for the 6-
months transgenic mouse carcinogenicity study. CB6F1 is the parent strain for the
transgenic TgrasH2 mice. Oral doses of 0, 500, 1000, and 2000 mg/kg/day were
investigated in this study. Small but statistically significant increase in several
hematology and clinical pathology parameters as well as the relative prostate/seminal
vesicle and uterus weights were associated with 2000 mg/kg/day dose. Most of these
changes were small, occurred in one sex only, and lacked any corresponding -
macroscopic and microscopic findings. The toxicokinetic data indicated that good
systemic exposure to LdT was achieved. The AUC and C,., values increased in a dose
related manner but the increases were less than dose proportional. No gender
difference was apparent. The pharmacokinetic values were similar to those of CD-1
cells at the same doses but were about 1 fold higher than those seen in the transgenic
TgrasH2 strain. The NOAEL for this study is 2000 mg/kg/day.
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Study no.: 02-TX-030 -
Volume #: m4\42- stud-rep\423-tox\4232 -repeat-dose-tox' == 046-03
Conducting laboratory and location:
Date of study initiation: 2/4/2003
GLP compliance: Yes
OA report: yes (X)no( )
Drug, lot #, and % purity: B-L-thymidine, Lot # 16102001, «== pure by UV
Methods _
Doses: 0, 500, 1000, and 2000 mg/kg/day
Duration of dosing: Four weeks
Species/strain: CB6F1 mice
Number/sex/group or time point (main study): 10
Route, formulation, volume, and infusion rate: Oral gavage in 0.5% carboxymethyl-
cellulose solution
Satellite groups used for toxicokinetics: 6/sex for control group, 18/sex/dose for the
low and mid dose groups, and 21/sex/dose for the high dose; 2 additional
animals/sex/dose were also dosed as the replacements for toxicokinetic collection in
the event of deaths
Age: 7 weeks old
Weight: 19.8-26.5 g for males, 17.3-21.5 g for females
Sampling times: Blood samples taken from 3 animals/sex/dose/time point on day 1 and
week 13 at 0.5, 1, 2, 4, 8, and 24 hours post dosing
Unique study design or methodology: None
Observations and times:
Mortality: Daily . :
Clinical signs: Daily (all animals)
Body weights: Days -8 and -1 and weekly thereafter (all animals)
Food consumption: Weekly (main study mice only)
Ophthalmoscopy: Once pretest and once prior to scheduled sacrlf ice (main study mice
only)
EKG: Not done
Hematology: Prior to scheduled necropsy
Clinical chemistry: Prior to scheduled necropsy
Urinalysis:. Prior to scheduled necropsy
Gross pathology: At termination
Organ weights: See histopathology table
Histopathology: Adequate Battery: Yes (control and high dose animals only)
Peer review: yes (), no (X)

Results . ‘
Mortality: One control male was found dead hanging from the food hopper by the
neck. This death was deemed accident and treatment related
Clinical signs: No treatment effect
Body weights: No treatment effect
Food consumption: No treatment effect
Ophthalmoscopy: No treatment effect
Urinalysis: No treatment effect
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Hematology:
Sex Male Female
Dose (mg/animal/day) 0 500 1000 2000 0 | 500 1000 2000
Leukocyte count (X 10°/ul) 1.31 2.72 1.15 2.83 1.82 1.45 - 2.88
Lymphocyte count (X 10°/l) 0.87 1.66 0.80 | 220 1.36 1.15 - 2.28
Erythrocyte count (X 10%/yl) 7.75 9.63 8.50 9.94 926 | 953 - 1017
Hemoglobin conc. (g/dl) 14.80 14.87 11.33 15.26 14.55 14.73 - 15.80"
Hematocrit (%) | 4390 | 4453 | 3840 | 4534 | 4170 | 4248 - 44.53"
*P<0.05 ** P <0.01

The absolute number of leukocytes and lymphocytes was statistically increased in
males while the relative number of these two parameters was not changed. The
erythrocyte count, hemoglobin concentration and hematocrit value in the high dose
females were significantly increased as compared to the control. Since these increases
were small and occurred in a single sex without corresponding microscopic change in
the related tissues, they were probably not treatment-related.

Clinical chemistry: _
Sex Male Female
|Dose (mg/animal/day) 0 500 1000 | 2000 0 500 1000 | 2000
_ {Albumin (g/dl) 2.44 270 | 274" | 290" | 286 | 326 | 328 | 3.06
Globulin (g/d) 1.72 1.94" 1.92 2047 | 170 1.90° 1.75 1.84
Total protein (g/dl) 416 | 4.64 | 466 | 494 | 456 | 5.16° | 5.05° | 4.90°
* P <0.05 . ** p < (.01

There were dose-related and statistically significant increases in serum albumin,
globulin, and total protein levels in males. Statistical increases in these parameters
were also seen in the females but they are not dose related. Though these increases
were dose-related, they were small with the corresponding histopathological changes in
liver and kidneéys. Thus, the toxicological significance of these increases is
questionable.

Gross pathology: No treatment effect

Organ weights:

Sex ) Male - Female

Dose (mg/animal/day) 0 500 1000 2000 0 500 1000 2000

Relative organ wt. (%)
Prostate/seminal vesicle 0.868 | 1.029° | 0.996 | 1.061"° - - - -
Uterus - - - 0.793 | 0634 | 0.583 | 0.536

* P <0.05 _ ** P <0.01

The relative prostate/seminal vesicle weights increased dose-proportionally in males.
The relative uterus weights of the high dose females were significantly lower than the
control. There were no corresponding macroscopic or microscopic changes associated
‘with these organs/tissues, thus they probably do not have toxicological significance.

'Histopathology: No treatment effect
Toxicokinetics: The analysis of the toxicokinetic parameters suggests that L-dT is
absorbed rapidly with Trax or 0.5 to 1 hour (the 1st and 2nd sampling time). Cpax and

AUC values were generally less than dose-proportional over the range of doses

studied. There were generally no gender differences in exposure but some

accumulation of LdT over the course of 4 weeks of daily administration. - Terminal
half-life ranged from 2.07 to 4.76 hours.
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. Male Female
Dose (mg/kg/day) 500 1000 2000 500 1000 2000
Conax ( Mg/ml) Day 1 75.5 105 132 64.5 96.4 122
Day 28 - 76.8 . 103 44.3 78.3 114
T max (hrs) Day 1 05 0.5 1.0 0.5 - 0.5 0.5
Day 28 - 0.5 0.5 1.0 1.0 1.0
AUC 4 (lig'hl'/ ml) : .
" Day | 220 357 457 299 267 439
Day 28 - 371 662 205 315 679
ty (hrs) Day 1 3.71 3.20 2.74 © 391 3.30 4.66
Day 28 - 3.20 3.35 3.30 2.07 4.76

Study title: 13-week oral gavage toxicity and toxicokinetic study with L-thymidine (LdT)
in mice

Key study fi ndzngs Doses of 0, 500, 1000, and 3000 mg/kg/day LdT were administered
to CD-1 mice for 13 weeks. Four deaths were seen in the study, none was considered
to be associated with the LdT administration. LdT is rapldly absorbed systemically
following oral administration. The systemic exposure is generally dose proportional

- but showed somewhat of saturation of absorption at the high dose. No gender
differences in any of the toxicokinetic parameters measured. No LdT-induced toxicity
was observed in any parameters measured. The NOAEL is considered to be 3000
mg/kg/day

Study no.: 02-TX-028

Volume #: m4\42-stud-rep\423-tox\4232- -repeat-dose-tox\7245-111

Conducting laboratory and location: — ————

Date of study initiation: 11/15/2003

GLP compliance: Yes

QA report: yes(X)no ()

Drug, lot #, and % purity: B- L -thymidine, Lot # LT.1 OOSE e pure by UV

Methods
Doses: 0, 500, 1000, and 3000 mg/kg/day
Duration of dosing: Thirteen weeks
Species/strain: = :CD-1®(ICR)BR mice
Number/sex/group or time point (main study): 10
Route, formulation, volume, and infusion rate: Oral gavage in 0.5% carboxymethyl-

cellulose solution
Satellite groups used for toxicokinetics: 39/sex/dose in which 3/sex/dose were the
~ replacements for toxicokinetic collection in the event of deaths
Age: 8 weeks old _
Weight: 24.5-35.7 g for males, 19.6-29.1 g for females
Sampling times: Blood samples taken from 3 animals/sex/dose/time point on day 1 and
week 13 at 0.5, 1, 2, 4, 8, and 24 hours post dosing

‘Unique study design or methodology None

~ Observations and times:
Mortality: Twice daily

- Clinical signs: Once during pretest and weekly thereafter (all animals)
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Body weights: Once during pretest and weekly thereafter (all animals)

Food consumption: Once during pretest and weekly thereafter (main study mice only)

Ophthalmoscopy: Once pretest and during week 12 (main study mice only)

EKG: Not done

Hematology: One week prior to scheduled sacrifice

Clinical chemistry: At termination

Urinalysis: Not done .

Gross pathology: At termination ' '

Organ weights: See histopathology table

Histopathology: Adequate Battery: Yes (control and high dose animalis only)
Peer review: yes (), no (X)

Results
Mortality: Four mice were found dead on days 88 and 89. Congestion of lung was
foun