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Although ocular opacities were observed in a mouse study at 13-weeks at >75 mg/kg/day,
it was not seen at the same dose following lifetime exposure in a 92 week carcinogenicity
study. Lens concentrations of pitavastatin at 4 mg/day were 7 ng/g, which is below the
concentration range in dogs of 123-616 ng/g that led to the formation of cataracts after
daily oral dosing at 3 or 12-months. These data, in addition to the know association of
statin exposure and cataracts in dogs, suggest that the dog lens is particularly
hypersensitive to the distribution of HMG-CoA reductase inhibitors.

Renal toxicities

Renal toxicities were seen in male and female monkeys in 1 month and 6 month
toxicology studies. Findings consisted of mild swelling of the proximal tubule
epithelium with slight desquamation of tubular epithelium at >6 mg/kg/day (>8.7-fold
MRHD at a 4 mg/day dose) in conjunction with increased kidney weight. Lower doses
showed this finding, but toxicities were recoverable by 2 months post-withdrawal.
Creatinine and blood urea nitrogen or phenolsulphonephthalein clearance were
unremarkable. Higher doses of pitavastatin at shorter duration resulted in further
exacerbation of renal toxicities, which suggests dose-dependency. Metabolism studies
suggest that monkeys, more so than any other test species, form a greater proportion of 8-
hydroxypitavastatin (active metabolite). While humans have a potential to form 8-
hydroxypitavastatin, it was not considered a major human metabolite and was not
measured in clinical studies. This metabolite is observed in monkey urine and feces. As
a polar compound, 8-hydroxypitavastatin would be expected to be excreted in the urine
along with the dihydroxypitavastatin and/or glucuronidated and excreted in the bile. A
mechanistic study investigated a link between 8-hydroxypitavastatin and renal toxicity.
In this study rats were administered 8-hydroxypitavastatin at 200 mg/kg BID for 2 weeks
and 400 mg/kg/day BID for 1 week. All rats were found dead or sacrificed moribund
before the study was scheduled for termination. Degeneration of the renal tubules,
increased blood urea nitrogen and creatinine were also observed, suggesting a correlation.
Fertility studies in rabbit showed mortality of treated males and females at 1 mg/kg/day
(AUC=15,670 ng-h/ml, Cpax=1184). Gross pathology (renal histopathology not
performed) indicated whitening of kidneys, which may indicate ischemia, occurred at
100-fold clinical exposure at a 4 mg/day dose based on AUC. An explanation for the
increased sensitivity of the rabbit to renal toxicity was not provided.

Thyroid toxicities

Pitavastatin increased thyroid follicular adenocarcinomas in male rats given >25
mg/kg/day in a lifetime carcinogenicity study (295-fold human exposure). This finding is
attributed to excessive stimulation of thyroid follicular cells by elevated thyroid
stimulating hormone (TSH). Pitavastatin appears to induce T4 UDG-GT activity in liver
which results in decreased plasma T4 concentrations due to increased metabolism.
Decreased T4 leads to feedback-mediated increases in TSH release. resulting in extensive
follicular cell stimulation in the thyroid. This has been established for liver enzyme
inducing agents, including statins. Follicular cell hypertrophy has been observed
previously in subchronic toxicity testing. Also consistent with this hypothesis are
potential mechanisms that address this finding. In short-term rat initiation/promotion
studies designed to evaluate the follicular cell-promoting effect, this effect of pitavastatin
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was eliminated upon concomitant administration of T4. This finding supports that idea
that the thyroid follicular cell tumors observed at high doses are induced by increased
plasma TSH concentrations due to negative feedback regulation due to induced hepatic
T, metabolism. Rats are known to be particularly sensitive to this induced metabolism,
because they lack Ts-binding globulin, which results in increased turnover of T, relative
to other thyroid hormone species.

Hepatic toxicities

Hepatic effects have been seen in mice, rats and dogs. In a 1-month rat toxicity study,
increases in transaminases (AST, ALT) were observed in females given 50 mg/kg/day
(894-fold human exposure at 4 mg/day). Elevated transaminase levels were recoverable
following drug withdrawal. In the chronic 6-month rat toxicity study no increases in
transaminases were observed at the highest dose studied 10 mg/kg/day (56-fold human
exposure at 4 mg/day dose). In the 3-month dog toxicity study an increase in ALT was
seen at 3 mg/kg/day (24-fold human exposure at 4 mg/day dose). In the 12 month
toxicity study both AST and ALT activity was increased in male dogs given 3 mg/kg/day
(24-fold human exposure at 4 mg/day dose). Elevated transaminases were not detected
upon recovery following drug withdrawal; however, hepatic histopathologies were not
observed. In a 3-month dog toxicity study with pitavastatin at 10 mg/kg/day centrilobular
dilatation of liver sinusoids where observed, which resolved during recovery. Increased
centrilobular hepatocytes hypertrophy was observed in male mice given >12 mg/kg/day
in the carcinogenicity study. A 3-month dog toxicity study with co-administration of
mevalonic acid (100-150 mg/kg/day) and pitavastatin (5 mg/kg/day) resulted in an
absence of transaminase elevations at doses up to 5 mg/kg/day (42-fold human exposure
at 4 mg/day based on AUC). Studies in mice up to 225 mg/kg/day (150-fold human
exposure based on AUC) did show the liver histopathology; however, pitavastatin does
not appear to induce drug metabolizing enzymes, nor is it associated with the severe
necrosis and cellular atypia and cholestasis observed in animals following treatment with
other statins. Further support of a lessened biliary toxicity is seen in guinea pigs (3
mg/kg/day for 15 days) and hamsters (1 mg/kg/day for 14 days) where pitavastatin did
not show any change in biliary lipids.

- Skeletal muscle toxicities

Degeneration and necrosis were observed in the 1- and 3-month rat toxicity study at 50
mg/kg/day (894-fold human exposure at the 4 mg/day dose). Myopathy was not
observed in the chronic rat study at doses up to 10 mg/kg/day (56-fold MHRD based on
AUC). Myopathy was observed in the mouse carcinogenicity study at the highest dose
(75 mg/kg/day) and in male rats given 25 mg/kg/day in the carcinogenicity study. Doses
associated with myopathy in the lifetime carcinogenicity studies in mice and rats
represent exposure levels 26 and 295-fold MRHD, respectively, based on AUC.

Lung toxicities

Pulmonary lesions were seen at 3 mg/kg/day (24-fold MRHD based on AUC) in the 3
month and 12-month dog toxicity studies. The Sponsor described these lesions as lipid,
pneumonia-like, composed of foam and inflammatory cells. No other organ or species
shows a similar lesion. This may be indicative of phospholipidosis, although
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transmission electron microscopy was not performed and it is uncertain if the lesions
represented foamy macrophages that are the hallmark of phospholipidosis. Assessment
in dogs given pitavastatin co-administered with mevalonic acid did not repeat the
pulmonary findings suggesting an association with HMG-CoA reductase inhibition.

Forestomach toxicities

In mice and rats hyperkeratosis and acanthosis (hyperplasia) were observed with
pitavastatin treatment. The thickening of the forestomach was not seen with
subcutaneous administration, suggestive of a local, rather than systemic, effect. The
Sponsor proposes a species-specific mechanism to explain this common finding in
rodents given statins. Specifically, HMG-CoA reductase inhibition in keratinocytes of
the mucosal epithelium of the forestomach results in decreased mevalonic acid and
suppressed cholesterol synthesis by keratinocytes. This leads to an abnormal lipid
composition in the presence of the statin, a result of accumulation of lipids in the
junctional gaps of the keratinocyte layer. The results are structural changes at the
mucosal epithelial surface of the forestomach, which may lead to detachment of keratin at
the forestomach surface. Superficial cell proliferation, including basal cells of the
epithelium, is induced to compensate for the detached keratin resulting in thickening of
the mucosal epithelium through hyperplasia. Mevalonic acid has been shown to reverse
this effect on the forestomach with other statins.

Testicular findings

Testicular changes (decreased testes weight, atrophy/degeneration of seminiferous
tubules, impaired spermatocyte maturation and increased multinucleated giant cells) have
been reported in dogs treated with statins. Histological changes in dog reproductive
organs were not observed in the 12-month toxicity study at doses up to 3 mg/kg/day
(>24-fold human systemic exposure at 4 mg/day dose) including sperm counts.

Metabolites and impurities

The principal circulating metabolites of pitavastatin in humans include the lactone, which
the Sponsor considers pharmacologically inactive at the target, and small amounts of 8-
hydroxypitavastatin which has pharmacologic activity slightly greater than that of the
parent pitavastatin based on 27 vizzo HMG-CoA reductase inhibition assays. Studies
performed with the lactone included single dose toxicology study in the dog were
augmented by negative results in the 77 vzzro genetic toxicology battery, a bacterial gene
mutation and chromosomal aberration test. Repeat-dose studies with pitavastatin lactone
at 0, 1, 3, 10 mg/kg/day and 10 mg/kg/day pitavastatin showed similar toxicology
findings. The similarity in toxicity profile is not surprising; pitavastatin undergoes
glucuronidation and subsequent hydrolysis to form pitavastatin lactone, and pitavastatin
lactone can further hydrolyze to reform pitavastatin), 7z v/vo. The NOAEL of the lactone
was 1 mg/kg/day. Qualification of the 8-hydroxypitavastatin has been discussed under
“renal toxicities”.

Specific studies have been conducted on the 5-ketone metabolite of pitavastatin (M-3

metabolite) and the process impurities ® @
. Specifications for these impurities have been set for these compounds as
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follows: ® 4 ’(b) 4

The total impurities specification
for pitavastatin, excluding the ® @ The®®@  impurity was evaluated in
single-dose oral toxicity study in mice where the toxicities observed were comparably to
pitavastatin. Five studies were performed with a mixture of the® ® | including a
single-dose study, a 1-month repeat-dose rat study, and an evaluation of potential
genotoxicity using an 7z v/zo battery (including Ames and chromosomal aberrations
analyses) and an sz »vo mouse micronucleus assay. The®®  were considered to
have a weaker toxicity potential than pitavastatin and a NOAEL of 50 mg/kg/day with 1-
month dosing supports this. An equivocal positive response was seen in the chromosome
aberration test at concentrations of >150 ug/ml, which were associated with significant
cytotoxicity. Other genetic toxicology tests in the completed battery were negative, so
based on a weight of evidence approach, the® @ were considered not to have
appreciable genotoxic potential. Similar toxicity studies were conducted in the rat with
the ® ) The® @ 'showed less toxicity than pitavastatin and did not show
a genotoxic potential in the bacterial gene mutation or micronucleus assays. The
chromosomal aberration test in Chinese hamster lung cells showed an increase in
aberrations at the highest concentration tested; slight increases in chromosomal
aberrations were noted in the direct plate method (as opposed to preincubation method)
within 24 hours (with metabolic activation) at 300 pug/ml. The same concentration for 48
hours was too cytotoxic for evaluation. Weak increases were seen with preincubation,
without metabolic activation at 750 ug/ml, and with metabolic activation at 600-825
ug/ml. Cytotoxicity was not measured in the preincubation protocol, but similar plates in
parallel cultures indicated acceptable survival (50%) suggesting a valid study. This
would suggest that the positive response occurred under conditions expected to cause
significant cytotoxicity, which is very likely to be at significantly higher exposure levels
than those achieved 77 v/vo with pitavastatin.

Pitavastatin absorbs light in the 290-700 nm range with a minor peak at 328 and major
peak at 245 nm. Specific studies to address phototoxicity were not performed. Tissue
distribution studies in pigmented and non-pigmented rats did not indicate any particular
affinity for skin or eyes in either strain. These studies, in addition to animal and clinical
studies, indicate that the likelihood of pitavastatin provoking phototoxic reactions is
small.

Genetic Toxicology

Pitavastatin is not genotoxic, by weight of evidence. Pitavastatin was positive in a
chromosomal aberration assay with metabolic activation in Chinese hamster lung (CHL)
cells. The positive result was obtained at a concentration of pitavastatin that was close to
that which caused 50% cytotoxicity with metabolic activation. Pitavastatin was negative
for genotoxicity in a chromosomal aberration assay without metabolic activation in CHL
cells. Pitavastatin was also negative in an Ames reverse mutation battery, 77 »»0 mouse
and rat micronucleus assays, an 2z wvo/in vitro single cell gel (Comet assay), and an 77
vival in vitro rat unscheduled DNA synthesis (UDS) assay.
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Carcinogenicity

Initial carcinogenicity studies were performed prior to submission of the initial IND. In a
92-week mouse carcinogenicity study at doses of 1, 12, 30, 75 mg/kg/day of pitavastatin
by oral gavage, survival was impaired in males by 37% and females by 47%. High
incidences of liver and forestomach hypertrophy and hyperplasia and skeletal myofiber
atrophy were observed. Executive Carcinogenicity Assessment Committee (ECAC)
considered the dosing inadequate in males and requested further analysis to adjust for the
excess deaths in the high dose group in the first year of the study as well as a peer review
of the stomach histopathology to determine if the hyperplastic lesions may have
progressed over time to a neoplastic response since carcinogenicity studies are typically
104 weeks duration.

In a 92-week rat carcinogenicity study at doses of 1, 5, 25 mg/kg/day by oral gavage,
ECAC found the dose selection to be adequate. Survival in females at week 92 was 29%,
33%, 62%, 60% resulting in the early termination of the females. Male survival at week
104 was 35%, 38%, 38%, 56%. Survival in controls for each gender was similar to the
lowest dose group. A high incidence of hypertrophy and hyperplasia of the liver and
forestomach and skeletal myofiber atrophy were seen which might have progressed to
neoplasia if the study were to have continued for the complete 104 week duration. An
increased incidence of thyroid follicular cell adenocarcinomas was noted in males at 25
mg/kg/day. Pitavastatin increased thyroid follicular adenocarcinomas in male rats given
>25 mg/kg/day in a lifetime carcinogenicity study (295-fold human exposure). This
finding is attributed to excessive stimulation of thyroid follicular cells by elevated TSH.
Pitavastatin appears to induce T4, UDG-GT activity in male rat liver which results in
decreased plasma T4 based on increased metabolism. Decreased Ty leads to a feedback-
mediated increase in TSH release resulting in extensive follicular cell stimulation in the
thyroid. This has been established for liver enzyme inducing agents, including statins.
Rats are particularly sensitive to this induced metabolism because they lack T4-binding
globulin, which results in increased turnover of T4 compared to other thyroid hormone
species.

ECAC requested a transgenic mouse study to address these inadequacies. A 26-week
carcinogenicity study was performed in Tg szs/Z2mice with administration of doses of
30, 75, 150 mg/kg pitavastatin by oral gavage. Males given 150 mg/kg/day had a higher
frequency of alveolar/bronchiolar adenoma/carcinoma (2/25) and forestomach carcinoma
(1/25). These tumors occurred at low frequency and are considered common tumors in
Tg rasi/Zmice. This study was considered an adequate assessment of carcinogenicity by
ECAC, without any statistically significant or clinically significant dose-related tumors.

A second Tg 72542 mouse carcinogenicity study was submitted using a 150 mg/kg/day
pitavastatin dose with and without an initiating dose of urethane (250 mg/kg as a single
IP dose on day 1) a known rodent carcinogen. Animals treated with urethane alone
showed increased incidence of benign and malignant lung tumors that was unaffected by
pitavastatin treatment. Thus, pitavastatin-treated animals did not show an increase in
tumor incidence compared to urethane-treated controls. Urethane was used as an
anesthetic during the carcinogenicity studies.
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Overall, the carcinogenicity assessment suggests no tumorogenicity in rats at doses up to
25 mg/kg/day (295-fold human exposure at 4 mg/day based on AUC) after 104 weeks
treatment and in Tg rasH2 mice up to 150 mg/kg/day (194-fold human exposure at 4
mg/day based on AUC) after 26 weeks.

Pitavastatin lactone is not present in rodent plasma; however, rats liver microsomes
produced significant amounts of pitavastatin lactone. Therefore, this metabolite has
considered to have been tested in the 92-week rat carcinogenicity studies. Pitavastatin
lactone was not genotoxic in an Ames assay with and without metabolic activation and
was not genotoxic in a chromosomal aberration assay with and without metabolic
activation.

Reproductive Toxicity — Fertility

Pitavastatin caused no apparent adverse effects on male and female rat fertility at oral
doses of 10 and 30 mg/kg/day respectively at systemic exposures 56-fold and 354-fold
clinical exposure at 4 mg/day based on AUC.

Pitavastatin treatment in rabbits resulted in mortality in males and females administered 1
mg/kg/day (102-fold clinical systemic exposure) during a fertility study. Although the
cause of death was not determined, rabbits had gross signs of renal toxicity (kidneys
whitened), perhaps indicating ischemia. Lower doses (28-fold human systemic exposure)
did not show significant toxicity in adult males and females. However decreased
implantations, increased resorptions as well as decreased viable fetuses were observed.

Reproductive Toxicity — Pregnancy

Pitavastatin crosses the placental barrier into the fetus. Rat fetus concentrations were
<36% of maternal plasma pitavastatin concentrations. Pitavastatin and 5-keto-
pitavastatin are secreted by rats into milk at 7.2-fold greater pitavastatin levels than are
present in maternal plasma. The predominant form of pitavastatin in the milk form is the
unchanged parent molecule.

Embryo-fetal developmental studies were conducted in pregnant rats treated with 3, 10,
30 mg/kg/day pitavastatin by oral gavage during organogenesis. Evidence of maternal
toxicity was indicated by decreased body weight gain and decreased food consumption at
the 30 mg/kg/day level. The maternal NOAEL was established at 10 mg/kg/day (82-fold
human systemic exposure at 4 mg/day dose by AUC). A neonatal malformation of
agnathia (absence/partial lower jaw) 1/347 neonates, and irregular alignment of caudal
vertebrae 1/347 neonates was observed at this dose. The developmental NOAEL is
established at 3 mg/kg/day (>25-fold human systemic exposure at 4 mg/day based on
AUCQC).

Embryo-fetal developmental studies were conducted in pregnant rabbits treated with 0.1,
0.3, 1 mg/kg/day pitavastatin by oral gavage during organogenesis. Body weight loss
was seen at all doses (6.7-fold human systemic exposure at 4 mg/day dose based on
AUC). At maternal doses >0.3 mg/kg/day mortality and spontaneous abortions were seen
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(28-fold human systemic exposure). Significant maternal liver and renal toxicity appears
to have contributed to the toxicity. A skeletal variation of 27 presacral vertebrae was
seen with 0.1 mg/kg/day litters.

In peri-postnatal studies in pregnant rats given oral gavage doses of pitavastatin at 1, 3,
10, 30 mg/kg/day from organogenesis through weaning, mortality was observed at 1
mg/kg/day. As a result of the maternal mortality an additional peri-postnatal study was
performed in pregnant rats given oral gavage doses of pitavastatin at 0.1, 0.3 mg/kg/day
from organogenesis through weaning. Insufficient lactation was noted at all doses which
contributed to the decreased survival of the neonates in these dose groups. This occurs at
4-fold human systemic exposure at 4 mg/day dose based on AUC. Therefore, a
developmental NOAEL could not be established even at the lowest dose tested of 0.1

mg/kg/day.
Findings by species:
Mice

13 Week oral gavage study: In a 13 week repeat-dose toxicity study in CD-1 mice
administered pitavastatin at 25, 75 and 225 mg/kg/day daily by oral gavage, there was
centrilobular enlargement of hepatocytes at the 75 mg/kg/day dose in males and at the
225 mg/kg/day dose in both sexes. Corneal opacity was noted in both sexes at 75 and
225 mg/kg/day. There was no kidney toxicity evident at doses up to 225 mg/kg/day in
either sex. There were findings of forestomach epithelial hyperplasia and hyperkeratosis
at daily oral gavage doses > 25 mg/kg/day pitavastatin in both male and female animals
during a 13 week toxicity study. There was evidence of focal ulceration and erosion of
the forestomach in mice of both sexes at the 225 mg/kg/day dose. The NOAEL was less
than 25 mg/kg/day and not determined. The multiple of human exposure at this dose was
<4.1, based on AUCy.24 at 4 mg.

4 Week oral gavage study: In dose range-finding study in CD-1 mice administered
pitavastatin at doses of 50 to 400 mg/kg/day by oral gavage for 4 weeks, forestomach
thickening and hyperkeratosis was observed at all doses. Degeneration of hepatocytes
was observed at 400 mg/kg/day in females only. Kidney tubular dilatation with epithelial
necrosis and vacuolation was observed at 400 mg/kg/day in females only. The NOAEL
was less than 50 mg/kg/day and not determined. The multiple of human exposure at this
dose was <8.2, based on AUCy.4 at 4 mg after repeat-dose administration for 3 weeks.

4 Week oral gavage study: In a separate dose range findings study, where CB6F1-Tg
rasH2 mice were administered 70, 125, and 250 mg/kg/day by daily oral gavage, mice of
both sexes showed forestomach hyperplasia, mononuclear/polymorphonuclear cell
infiltration all dose levels. Findings were minimal at 70 mg/kg/day and severe at 250
mg/kg/day. The NOAEL was less than 70 mg/kg/day and not determined. The multiple of
human exposure at this dose was <11.5, based on AUCq.,4 at 4 mg after repeat-dose
administration for 3 weeks.
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Single-dose oral gavage study: After single acute oral dosing of pitavastatin in mice,
there were findings of forestomach thickening (2000 mg/kg in males, and 1000 mg/kg in
females). There were liver nodules noted in males at 1000 mg/kg and discoloration of
liver in females at 2000 mg/kg.

Other notable findings: There was no toxicity in thyroid tissues in any study in mice,
including a 13 week oral gavage study where daily administrations of up to 225 mg/kg
took place. There were no remarkable findings in epididymes of mouse at any dose or
duration studied. There were no remarkable lung findings in mice in any study, at any
dose, or any duration.

Rats

6 Month oral gavage study, 1 month recovery: In Wistar rats administered pitavastatin
by oral gavage at doses of 0.3, 1, 3, and 10 mg/kg/day for six months, forestomach
thickening and hyperkeratosis was observed at 1 mg/kg/day, which were recoverable by
one month. At 3 mg/kg/day and higher, edema of the submucosa and cellular infiltration
of lamina propria of forestomach was observed. No kidney toxicity was noted in a 6
month chronic toxicology study in Wistar rats at doses up to 10 mg/kg/day.

Forestomach findings were observed in a 6 month oral gavage chronic toxicity study in
Wistar rats. Forestomach hyperkeratosis was found at 1 mg/kg/day and above in both
sexes, while edema and cellular infiltration was seen in males and females at 3 mg/kg/day
and greater doses. Forestomach findings were recoverable upon completion of a 35 day
recovery period. Minute liver toxicity (small, granulomatous nodules and interlobular
bile duct proliferation) was rarely observed (2/12 per sex) and only noted at the high
dose, 10 mg/kg/day level in males and females. The NOAEL was 0.3 mg/kg/day in rats
administered pitavastatin daily by oral gavage based on forestomach findings. The
multiple of human exposure at this dose was 1.9, based on AUCy.»4 at 4 mg after repeat-
dose administration for 3 weeks.

3 Month oral gavage study: Although no thyroid toxicity was detected during a 6
month chronic study in Wistar rats at doses up to 10 mg/kg/day, there were findings of
increased thyroid weight at 30 mg/kg/day and thyroid follicular cell hypertrophy at 50
mg/kg/day, during in a shorter, 13 week study in Sprague Dawley rats of both sex. Ina
13 week dose range-finding study in Sprague Dawley rats, there was forestomach
hyperplasia and hyperkeratosis at 10 mg/kg/day and higher doses in both sexes. No
kidney findings were observed in Sprague-Dawley rats in this 13-week study (up to 50
mg/kg/day). The NOAEL was <10 mg/kg/day in rats administered pitavastatin daily by
oral gavage based on forestomach findings. The multiple of human exposure at this dose
was <56, based on AUCy.»4 at 4 mg after repeat-dose administration for 3 weeks.

1 Month oral gavage study: In a one-month toxicity study in Wistar rats administered
pitavastatin daily by oral gavage at 2, 10, 50, and 100 mg/kg/day with a two-week
recovery period, degeneration of skeletal muscle (3/12 cases of mild to moderate
degeneration/atrophy/necrosis in females only at 50 mg/kg/day only; no females lived in
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100 mg/kg/day group), with no findings at recovery. Liver toxicity (mild congestion in
1/12 animals at 100 mg/kg/day) was observed in males only, with no findings at
recovery. Mild to moderate forestomach findings were observed at 10 mg/kg/day and
higher doses of pitavastatin, with no findings observed at recovery. In kidneys, tubular
regeneration evident (recoverable) and calcium deposition (not recoverable at 2 weeks)
was detected in females at 50 mg/kg/day. Forestomach hyperkeratosis and thickening of
the striatum spinosum, with observable cellular debris, was noted at 10 mg/kg/day, but all
animals recovered after 2 weeks without dosing. The NOAEL was 2 mg/kg/day in rats
administered pitavastatin daily by oral gavage based on forestomach findings. The
multiple of human exposure at this dose was 11.3, based on AUCy.»4 at 4 mg after repeat-
dose administration for 3 weeks.

2 Week oral gavage study: In a 2 week study in Wistar rats, there was no kidney
toxicity observed at doses up to 50 mg/kg/day. There were no findings in epididymes of
rats at higher doses administered by oral gavage at two weeks. The NOAEL was 2
mg/kg/day in rats administered pitavastatin daily by oral gavage based on forestomach
findings. The multiple of human exposure at this dose was 11.3, based on AUCy.»4 at 4
mg after repeat-dose administration for 3 weeks.

2 Week intravenous study: During a two-week daily dosing study by intravenous
administration of doses up to 4 mg/kg/day, there were findings of nodules in epididymes
with sperm granuloma and cellular debris at 2 and 4 mg/kg/day, but not at 1 mg/kg/day.
No forestomach findings were noted during a 2-week, daily intravenous dosing in Wistar
rats. The NOAEL was | mg/kg/day in rats administered pitavastatin daily by oral gavage
based on forestomach findings. No toxicokinetic values were reported for this study.

Single-dose oral gavage study: In a single dose toxicity study in rats administered
pitavastatin by oral gavage, target organs were identified as forestomach (gastric
thinning, ulceration, hyperkeratosis, and hemorrhage) at doses of 500 mg/kg and greater
in females, and 1000 mg/kg and greater in males. The acute lethal dose was greater than
or equal to 500 mg/kg in male rats and greater than or equal to 250 mg/kg in females; no
NOAEL was identified by acute dosing in rats. In Wistar rats, gastric thinning, ulceration,
hyperkeratosis and hemorrhage was noted after single oral dosing of 500 mg/kg
pitavastatin in males or 125 mg/kg in females. Furthermore, there was no acute kidney
toxicity noted after single dose oral administration of up to 200 mg/kg. No liver toxicity
was noted in rats at any concentration or duration, in chronic or acute dosing, in either
sex.

Other notable findings: There were no adverse findings in the lens of rats noted in any
study.

Dogs

12 Month oral capsule study, 2 month recovery: Pitavastatin caused lens opacity in a
12 month toxicity studying dogs where pitavastatin was administered daily at the 0.3, 1,
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and 3 mg/kg/day dose, with a two-month recovery period. Pitavastatin caused lens
opacity, with interstitial edema, at 1 mg/kg/day and greater doses, which was not
recoverable. No liver toxicity was observed at any dose or either sex. There was
epididymal atrophy noted at the high dose of 3 mg/kg/day noted in gross findings, but no
correlating histopathological lesion was noted. There were no findings of kidney toxicity
at oral doses up to 3 mg/kg/day for 12 months. The NOAEL was established at 0.3
mg/kg/day, based on irreversible lens opacity. The multiple of human exposure at this
dose was 2.8, based on AUCy.,4 at 4 mg after repeat-dose administration for 3 weeks.

3 Month oral capsule study, with 7 week recovery: In a 3-month toxicity study in
Beagle dogs administered pitavastatin at doses of 1, 3, and 10 mg/kg/day by oral capsule,
NK-104 caused lens opacity in a female dog (1/3) at 3 mg/kg daily oral administration for
three months. Recovery was not confirmable. Findings of lens opacities also occurred,
10 mg/kg/day. Changes were irreversible upon at 7 weeks. Lung toxicity consisting of
aggregated foci of foam cells and inflammatory cells was present in the lungs of males
and females at 3 mg/kg/day (recoverable). In females only, there were findings of
mammary gland lipogranuloma at 3 mg/kg/day (1/3 females) and 10 mg/kg/day (1/3
females), which was not observed in recovery (0/2). Dilatation of hepatic sinusoid was
noted at 10 mg/kg/day, in males only (slight to mild, complete recovery). Epididymal
atrophy was also noted in dogs administered the high dose of 10 mg/kg/day (not observed
in recovery animals). There were no findings of kidney toxicity at doses up to 10
mg/kg/day for 3 months. A NOAEL was established at the 1 mg/kg dose of pitavastatin
based on eye, lung and mammary findings. The multiple of human exposure at this dose
was 8, based on AUCy.24 at 4 mg after repeat-dose administration for 3 weeks.

2 Week oral capsule study: In a two-week dose range-finding study in Beagle dogs, no
lens opacity was observed at doses up to 50 mg/kg/day. Mortality was observed at 15
and 50 mg/kg/day. There were findings of white materials in lung observed at dose 10
and 50 mg/kg/day (recall dosing is by oral capsule). There were no histopathological
findings in livers of dogs at doses up to 50 mg/kg/day. A NOAEL was established at the
5 mg/kg dose of pitavastatin based on mortality, cardiac congestion, hemorrhage in
decedents; thymic congestion possibly related to overt toxicity. The multiple of human
exposure at this dose was 36.7, based on AUCy.4 at 4 mg after repeat-dose administration
for 3 weeks.

2 Week intravenous study: There were no findings of toxicologically significant effects
at intravenous doses up to 2 mg/kg/day for 2 weeks, except for injection site
inflammation and hemorrhage. No TK was reported for this study.

Single-dose oral capsule study: After a single acute dose of pitavastatin, the
gastrointestinal tract liver and were target organs. In a single-dose study, no lens opacity
was observed at doses up to 1000 mg/kg. No epididymal findings were noted. Acute
oral dosing produced findings of increased liver enzymes in plasma of 1/3 dogs at 100
mg/kg. There were no findings of kidney toxicity acute oral doses up to 50 mg/kg. The
maximum tolerated dose was <100 mg/kg; 1/3 male dogs died at the lowest dose tested.
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Other notable findings: In Beagle dogs, there were no findings in thyroid at any dose;
in either sex, or for any duration. Dogs (and humans) lack tissue analogous to the rodent
forestomach.

Monkeys

6 Month oral gavage study, 2 month recovery: In monkeys administered 0.5, 1, 3, and
6 mg/kg/day pitavastatin for 26 weeks by daily oral gavage with an 8 week recovery
period, there was swelling of proximal convoluted tubule epithelium with very slight
desquamation of tubular epithelium at 6 mg/kg/day and higher in males and females
(changed in amendment to 6 mg/kg/day from 1 mg/kg/day for males, recoverable) and
swelling of the nucleus of tubular epithelium at doses of 3 mg/kg/day in females and 6
mg/kg/day in males (recoverable). At doses equal to or higher than 1 mg/kg/day in
monkeys, there was increased kidney weight. At a daily dose of 6 mg/kg/day there was
decreased weight of prostate and testis in males (recoverable). There was no liver
toxicity found in either sex at doses up to 6 mg/kg/day. There were findings of foamy
cells in the alveolus of female monkeys administered 1 mg/kg/day or higher, but not at
the 0.5 mg/kg/day dose. No lung findings were reported for male monkeys at any dose.
Lung toxicity was recoverable at 8 weeks. The NOAEL was established at 1 mg/kg/day,
based on foamy cells in the alveolus of the lung, mononuclear cell infiltration in the
esophagus, and mineralization between the cortex and medulla of the adrenal gland. The
multiple of human exposure at this dose was 2.9, based on AUC.,4 at 4 mg after repeat-
dose administration for 3 weeks.

1 Month oral gavage study: In a one month monkey study where pitavastatin was
administered daily by oral gavage, there were tubular lesions in kidney and signs of liver
toxicity at 3 mg/kg/day and higher. Vacuolar swelling of hepatocytes, with neutrophilia
and decreased glycogen was observed at 15 mg/kg/day in females only. Granuloma in
hepatocytes was observed at 8 and 15 mg/kg/day in male monkeys in the 4 week study.
There were findings of foamy cells in alveolus of males and females administered the
high-dose of 15 mg/kg/day. The NOAEL was established at 3 mg/kg/day, based on
kidney necrosis/regeneration, mononuclear cell infiltration in heart and lacrimal gland,
atrophy of the white pulp of the spleen, acinar cell atrophy of pancreas, granuloma in
hepatocytes, and adrenal hyperplasia with decreased fat in the cortex. The multiple of
human exposure at this dose was <3.4, based on AUCy.4 at 4 mg after repeat-dose
administration for 3 weeks.

Single-dose oral gavage study: In a single oral dose study in monkeys, no effects were
noted. In Cynomolgus monkeys, there were no remarkable findings in epididymes at any
dose or duration. There were no lung findings after a single dose of pitavastatin in dogs
or monkeys. Monkeys (and humans) lack tissue analogous to the rodent forestomach.
Thyroid was also not a target organ in cynomolgus monkeys. Pitavastatin did not affect
lens of monkeys at any dose or duration studied. The NOAEL was 50 mg/kg. No MTD
was identified
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2.6.6.2 Single-dose toxicity

Species Route Dese Levels (mg/kg) MLD* (mg/kg) Reference
Mouse p.o. 0, 125, 250, 500, 1000, 2000 M: 1000 [RFG2510]
F: 1000 to 2000
Rat p.o. M -0, 500, 1000, 2000 M: 1000 [RG25001]
F -0, 125, 230, 500, 1000, 2000 F: 500
p.o. 100, 200, 400, 600, 800 400 [RF9808}**
iv. Preliminary Study: 5, 10, 20 [387/002]
Main Study: 0, 20 >20
Dog p.o. 0, 100, 300, 1000 100 [RFG2501]
Cynomolgus p.o. 10, 30, 50 >50 [SBL17-33]
monkey
*MLD: Minimum lethal dose; **: Preliminary toxicity study prior to an unscheduled DNA synthesis (UDS)
study [3638 (144-014)]
Decreased locomotor activity was observed in mice at doses of 250 mg/kg and above with
piloerection, closed eyelids and conjunctival discharge at 2000 mg/kg. Necropsy revealed

(Sponsor, M2.4, Nonclinical overview, p25)

Recall that in conscious Beagle dogs in study FBM 06-4115, heart rate was slightly but
significantly increased after administration of the highest dose, 10 mg/kg dose of NK-104
at 3 and 6 hours post-dose (p<0.05, p<0.01), respectively. All other parameters,
including PR, QRS, and QT/QTc intervals measured pre-dose and 0.5, 1, 3, 6, 12, and
24hours post-dose, were unremarkable.
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Single-Dose Toxiéology_ Studies - Summary ,

: o .. . Species/strain ! , B T .
Study Type .. | Number/group |- :: . B i 2 T FRSREpS
Study # - .. | - Route of admin Doses } Endpoints . "I".arget‘ oo Key findings
GLP Status | - : Dose volume” ;- “;(mg/kg‘) Daly el nn organs “ed Lo
Excipients s ) : .
Mouse/CD-1 MTD ~5004, 10009
Single-dose Decreased locomotor activity
SM/SF M/F:0.125 Mortality, clinical Eorestomach, 2509, 5004, decreased locomotor
RFG2510 2 50‘ 5’00 * || observations, body liver, gastro- | activity and crouching 5009
Oral gavage l00(;20(;0 weight, gross intestinal Forestomach thickening, 1000Q,
GLP ’ pathology tract, CNS gastric bleeding 10003
40 mL/kg Liver nodules 20003,
0.5% CMC discoloration 20009
Rat/Wistar
Single-dose ) M:0,500, ) o MTD<5006‘,~2509.
5M/5F 1000,2000 | Mortality, clinical Forestomach ulceration,
observations, body hyperkeratosis 5003 ,21259
RG25001 Oral gavage F:0,125, weight, gross and Forestomach Stomach hemorrhage
GLP 250,500, | histopathology 2500321259
40 mL/kg 1000,2000 Liver congestion 20003
0.5% CMC
Rat/Sprague-
Single-dose Dawley
(range finding) 10M M:0.100 Mortality, clinical MTD~200, based on moribundity
ories observations, body Decreased locomotor activity,
RF9808 200,400, weight, gross Thymus paralytic gait, decreased body
Oral gavage 600,800 . 2T
pathology weight gain, thymic atrophy>400
Noa-GLP 40 mL/kg
0.5% CMC
Rat/Wistar
Single-dose (Pre) ZM/2F (Pre)M/F: . .
(Main) SM/SF | 0,5,10,20 “’l‘f"‘a"% °““t;(°)31 ff
387/002 (Main) observations, body N/A MTD >203Q, based on no effects
Iatravenous MUF: weight, gross at these doses
GLP 0,20 pathology
20 mL/kg
0.9% NaCl ) )
Clinical observations, MTD<1008
vital signs, body Liver enzyme elevations in all
Single-dose Dog/beagle weight, food/water survivors, reversible by D14
M:0,100 consumption, Liver, gastro- | Liver enzyme elevations, hepatic
RFG2501 2M 30i] ’1006 urinalysis, intestinal congestion, intestinal congestion
’ hematology, tract and hemorrhage, atrophy of
GLP Oral ophthalmologic hepatocytes, thickening of alveolar
examination, gross septum in lungs in decedents 1/2
and histopathology at 100 and 1/2 at 1000
Mounkey/Cyno
Single-dose IM/1F Clinical observations,
M/F:0,10, [ food intake, body MTD>50, based on no effects at
SBL17-33 Oral 30,50 weight, plasma, gross Na these doses
and histopathology
GLP S5mL/kg
0.5% carmelose
Monkey/Cyno
Single-dose TK
IM/1F
(SBL17-33) M/F:10, Toxicokinetics N/A MTD>50, based on no effects at
RFG2513 Oral 30,50 these doses
Non-GLP SmL/kg

0.5% carmelose
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- | RFG2510 - Single dose oral toxicity study of NK-104 in mice

Key study findings:
¢ The NOAEL for males was 250 mg/kg due to decreased activity (3/5) in the first hour
post-dose. The NOAEL for females was 125 mg/kg due to decreased activity (1/5) in
the first 30 minutes post-dose.
® The MTD was 500 mg/kg in males and 1000 mg/kg in females based on mortality at

higher doses

Crj:CD-1(ICR)(SPF) mice (n=5/sex/group) were administered a single dose of 125 to
2000 mg/kg NK-104 by oral gavage.

DOSE GROUP ASSIGNMENTS

Group' Drug Dosage  Dosage comstant Concemiration No. of animls
(mg/kt)  volume(nl/kp w/v®) Male Pemale

1 oSt 0 0 0.0 5 5

2 N4 15 20 0.63 5 5

3 NK-104 250 20 1.3 5 5

4 NE-104 500 20 2.5 5 5

5 NE-104 1000 20 5.0 5 5

6 NE-104 2000 40 5.0 5 5

(Sponsor, M4, RFG2510, p11)

.~ Mortality in Mice after Single Oral .
. ... Administration of NK-104 . =~ .

FGroup ' ‘Y23 4 A5
Dose (mo/kg) § 01125 | 250 | 500 |-1000 | 2000
Male os5los Jos Jos ] 15 | 45
‘Female osfosos]os| os | si5

The NOAEL for males was 250 mg/kg due to decreased activity (3/5) in the first hour
post-dose. The NOAEL for females was 125 mg/kg due to decreased activity (1/5) in the
first 30 minutes post-dose. Decreased locomotor activity was also observed in safety
pharmacology studies at >3 mg/kg doses. At doses greater than 125/250 mg/kg in
males/females, toxicities included decreased locomotor activity, crouching, prone
positioning, decreased body weight decrement, forestomach thickening, and
gastrointestinal effects, including gastric bleeding. Liver findings included nodules (2/5)
in the 2000 mg/kg dose group of males and discoloration (1/5) in the 2000 mg/kg dose

group of females.
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| RG25001 — Single dose toxicity study of NK-104 by oral administration in rats

Key Study Findings:

e MTD was 500 mg/kg in males and 250 mg/kg in females, due to mortality

¢ Forestomach (ulceration, hyperkeratosis and hemorrhage) at all doses examined in both
sexes, and liver (low incidence of congestion) at high doses in males, were identified as
potential target organs for pitavastatin in rats after a single acute oral dose of >500
mg/kg in females and >1000 mg/kg in males.

e No skeletal muscle abnormalities were found in either dose group at any dose in any
animal showing ataxic gait and paralytic gait, but skeletal muscle was not examined in
all animals.

¢ NOAEL not observed in males (<500 mg/kg), but was 125 mg/kg in females, based on
decreased body weight gain

DOSE GROUP ASSIGNEMENTS

Group Drug Dosage Concentration Number of animals
Ho. (ng/kg) (w/v%) Male Female
1 - 0 0 5 5
2 NK-104 500 1.25 5 5
3 NK-104 1000 . 2.5 5 5
4 NK-104 2000 5 5 5
5 - 0 0 - 5
6 NK-104 125 0. 3125 - 5
7 NK-104 250 0. 625 - 5

(Sponsor, M4, RG25001, p9)

In a single dose toxicity study in rats administered pitavastatin by oral gavage
forestomach (ulceration, 3/4 males; hyperkeratosis, 3/4; hemorrhage, 1/4) in males at the
1000 mg/kg dose in males and forestomach (ulcer, 1/2; hyperkeratosis, 1/2) in females at
the 500 mg/kg dose and liver (congestion, 1/3 males) was identified in males at 2000
mg/kg were identified as target organs. The acute lethal dose was between 500 and 1000
mg/kg in male rats and between 250 and 500 mg/kg in females; no NOAEL was
identified by acute dosing in rats in this study (histopathology was not performed below
1000 mg/kg in males or below 500 mg/kg in females due to a lack of gross pathological
findings).
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HISTOPATHOLOGY. MALES (SUBSET
SHOWING GROSS PATHOLOGY)

Dose 1000mg/kg 2000mg/kg

No. of animals 4 3

examined
Organ
Finding Saverity -t s ok - reom*
Liver
Congestion 9 0 1 o0 o 2
Forestomach
Ulcer 1 1 ¢t o o0 1 2 0 o 0 o0 1
Hyperkeratosis 1 0 2 o o0 1 2 0 0 o0 o0 1
Hemomhags 3 0 6 0 0 1 t 1 0 06 0 1
Glandular stomach
Hemomhage 1 2 0 0 0 1 1 1 0 0 o0 1
Shkeletal muscie i 0 ¢ ¢ o0 3 1 ¢ 0 0 o 2
~: Nochange, + Sight, +: Mikd, : Moderate, w+: Severs, #: No tisue

(Sponsor, M4, RG25001, p9)

HISTOPATHOLOGY, FEMALES (SUBSET
) SHOWING GROSS PATHOngGY!

Dose 500mg/kg 1000mg/kg 2000mg/kg
No. of animals 2 2 1
examined
Organ
Finding Soverty i IR IR R N
Forestomach
Wicer 101000 200000 t00000
101000 1 10000 100000
EBdema 200000 t 01000 10000O0TC
Gilandular stomach
Hemorrhage 0‘11000 200000 100000
-~ No change, i Sfight, +: Mild, ++: Moderate, +++: Severe, #: No tissue

(Sponsor, M4, RG25001, p9)

RF9808; Smgle oral dose tox:clty study of NK-104 in. er CD(SD) rats (UDS dose-.
finding study for genetox assay support) :

Key study findings:

¢ The MTD was determined to be 200 mg/kg for a single oral administration. There
were no gross pathological findings at 200 mg/kg and below.

¢ A gross pathological finding of note in at 400, 600, and 800 mg/kg and above was
atrophy of the thymus (2/10, 4/10/ 3/10, respectively).

This study was conducted for dose finding for the unscheduled DNA synthesis (UDS)
assay, based on maximum tolerated dose (MTD). The dose finding study was carried out
by oral administration in male Crj:CD(SD) rats (n=10/group). Doses administered were
100, 200, 400, 600, and 800 mg/kg. Animals were monitored for 7 days. Doses of 400
and above lead to moribundity and death. Clinical observations at 400 mg/kg included
decreased motor activity and paralytic gait.
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Single Oral Administration of NK-104, Dose
Fmdmg Study - Moribundity and Mortality
Dose ‘Moribundity Mortality
100 - -

200 - -

400 2 -

600 - 10

800 | 1 9

| 387/002 — NK-104 - Single dose toxicity study by the intravenous route in the rat

NK-104 was administered to Wistar rats by i.v. injection at 0 and 20 mg/kg
(n=5/sex/group). No mortality or clinically significant observations were observed at 20
mg/kg NK-104 administered by i.v. injection. The NOAEL was 20 mg/kg by i.v.

injection in Wistar rats.

[ RFG2501 —Single dose toxicity study of NK-104 by oral admmlstratlon in dogs

‘The acute lethal dose was 100 mg/kg (1/3 male dogs at the lowest dose tested); no
NOAEL (or MTD) was established after acute dosing in dogs. After a single acute dose
of pitavastatin, the gastrointestinal tract liver and were target organs.

"monkeys

SBL17-33 - Toxncity study of NK—104 on smgle oral admlmstratlon m cynomolgus k

In a single oral dose study in monkeys no effects were noted no lethal dose was
identified. Doses were 10, 30, and 50 mg/kg. The NOAEL was >50 mg/kg.

RFG2513 Plasma. concentratlon dlmng a smgle oral dose toxncologlcal study of
NK-104 in cynomolgus monkeys gl e RO

Key Study Findings:

e Exposure to pitavastatin and pitavastatin lactone (AUC) increased in a dose-related
manner, Ty, of approximately 3 hours for parent and lactone after a single oral dose of

NK-104 in monkeys, and Tmax Was approximately 2 hours in monkeys.

One male and one female cynomolgus monkey were administered 10 (#1M-2F), 30
(#3M-4F) or 50 mg/kg (#5M-6F) pitavastatin for analysis of plasma at 0.5, 1, 2, 4, 8, and
24 hours post-dose. The lactone was present at approximately 13-28% of parent (at
Cmax), and total exposure by AUC showed a similar ratio (15-30%).
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PLASMA PHARMACOKINETICS OF NK-104 AND NK-104
LACTONE AFTER ADMINISTRATION OF A SINGLE ORAL
ADMINISTRATION IN MONKEYS

No. Tmax Cmax AUC T2
) (ug/mL)  (pg.h/ml) ®
NK-104
t 0.5 1.14 2.89 4.1
2 20 0.54 1.88 1.5
3 20 3.38 16.84 3.0
4 20 5.43 17.31 3.0
5 20 9.85 33.44 29
6 2.0 27.70 76.33 2.7
Lactone
1 05 034 1.00 24
2 20 0.15 0.67 1.5
3 4.0 045 3.19 39
4 20 098 3.45 16
5 2.0 2.20 8.40 3.1
6 2.0 3.85 11.68 28

(Sponsor, M4, RFG2513, p14)
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2.6.6.3 Repeat-dose toxicity
Species Route Duration Dose Levels (mg/kg/day) Reference
Mouse p.o. 15 or 28 days 15 Days: 300, 400 [RF9514]
28 Days: 0, 50, 100, 200/150
13 weeks 0,25,75,225 [KOW 14/952398]
Rat p.o. 28 days 0,3, 10,30 [R92034]
28 days* 0, 2,10, 50,100 [RG25002]
13 weeks 0, 10, 30, 50 [KOW 12/942992]
6 months* 0,03,1,3,10 [RFG2506}
i.v. bolus 14 days 0,1, 2,4 [387/003}]
Dog po. 14 days 0,5,15,50 [RF2502]
3 months* 0,1,3,10 [RFG2503]
12 months* 0,03,1,3 [RFG2504]
i.v. bolus 14 days 0,0.5,1,2 [387/001]
Monkey po. 4 weeks 0,3,8,15 [SBL17-34]
26 weeks®* 0,05,1,3,6 [SBL17-35]
*: Studies including recovery animals
(Sponsor, M2.4, Nonclinical overview, p27)
, Rep‘eat—l)os_e‘.Toxicology Studies - Summary
" Study Type Species/strai SN B ; B . R . I
Study # . Nurencll)zrlsg:::::: Dose. Endpoints - Target - Key findings
GLP Status Route of admin - (mg/kg) : o organs ’ : .
Chronic Toxicology Studies in Rodents (with 'SuppOrtive/TK studies)
Rats/Wistar e 1Total cholesterol(HD'), at end of dosing;
6-Month Clinical observations, body TGOT(HD} )at recovery
(35-Day 12M /12F weight, food intake, o Forestomach hyperkeratosis (LMD/HMD/HDJ §);
Recovery (8 recovery: MUF:0 urinalysis, hematology, Fore- edema, cellular infiltration(HMD/HD3¢), recovered
Period) C, HD) 03 l ’ blood chemistry, stomach, s TAST (HD%)
:; ; 0’ ophthalmological pituitary, ¢ Pituitary Rathke’s pouch remnant, cyst (HD:3),
RFG2506 Oral gavage ’ evaluation, gross and heart recovered; (HD @), at recovery
histopathology, organ o Heart mononuclear cell infiltration, myocardial
GLP 2ml/kg weight vacuolation, degeneration (HD?), recovered
0.5%CMC e NOAEL~0.3mkd
Sub-chronic Rodent Toxicity Studies (with Supportive/TK studies)
¢ MTD~30mg/kg
MTD, Clinical ® Excess mortality (HD3'Q)
observations, food intake, ¢ |BWgain(MD/HD3);| FC(HDZX)
o 13“:_’”:!‘ Ratll)ig:vrl:gue- M/F:0 body weight, efficiency of * 1TyMD/HDA);| T(MD/HD?)
KOW 12104200 LOM/10F 10,30, | food utilization, blood Thyroid, fore- | ¢ 1Thyroid Wt (MD/HDE 2); thyroid follicular cell
50 ’ chemistry (Ts, Ty, TSH stomach, hypertrophy(HDJ %)
GLP Oral only), TK, gross and {Brain Wt (HDQ)
histopathology, organ Forestomach hyperplasia, hyperkeratosis
weights (LD/MD/HD3 Q)
. o _NOAEL<10mkd
Mouse/CD-1 Clinical observations, body * MTD<25(J%)
13-Week weight, food consumption, ¢ TK:MTD<25(3%), no COD determined
food efficiency, water ® |Body weight gain (MD/HDA' %)
KOW14/952398 (Main)10M/1 M:0,25, consumption, Eyeball, fore- | e Corneal opacity(MD/HD3 ¢)
OF 75,225 ophthalmoscopy, blood stomach, liver | e Forestomach epithelial hyperplasia and
(TK)80M/80F chemistry, gross and hyperkeratosis(LD/MD/HDZ ?), focal ulceration
GLP histopathology, organ and erosion, papillomatous hyperplasia (HDJ3'?)
Oral weights ¢ __Centrilobular enlargement of
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hepatocytes(MD/HD:3; HD,F)

Lethargy(HD3' @)

Increased heart, decreased ovarian weight (HD?)
Increased lung weight (LD/MD/HD®), no
correlating lesion by histopathology

Liver, centrilobular enlargement of hepatocytes
(MD/HDZ%)

Forestomach, ulceration, erosion, epithelial
hyperplasia and hyperkeratosisq(MD/HDJ' Q)

o NOAEL <25n_ll£d
e tMortality(HD?, all dead; COD unclear)
e |BWgain(HMDY;HDJ),recovered
e |FC(HDZQ),recovered
Fore- . .
- Clinical observations, body ®  Urine:}Cl-,tprotein(HD?), recovered
1-Month Rat/Wistar N , stomach, P
weight, food intake, . ¢ TWBC(HMD/HD:3),recovered
r(ezc:z?r';) M/F:0, | urinalysis, hematology, z‘t':::i’;al) * 1Kidney wi(HD,&HMD, ); Kidney tubular
2,10 blood chemlstry, Multi-organ regeneration(MHD ), recovered; Ca®>* deposition
RF25002 12M/12F s0,100 | OPhthalmologic failure in (MHD, 2), ot recovered, not COD
examination, gross and (early o Forestomach hyperkeratosis, stratum spinosum
GLP Oral histopathology, organ deced hickening(LMD/HMD/HD.?), recovered
weights HD,F) o  Skeletal muscle degeneration, atrophy, necrosis,
fibrosis, mononuclear cell infiltration (MD/HD®),
recovered
. e NOAEL 2mkd
Clinical observations, -
Z-Week Rat/Wistar MUE: body weight, food and ® MTD>4mkd
3871003 N I e i Epididymes | * B e (MD/HDA: spem granulome.
GLP v 24 chemistry, urinalysis, TK, o NOAEL~Imkd
gross and histopathology,
-ogan weight
Clinical observations, body ]
1-Month Rat/Wistar weight, food intake, . TCHHngl(HDJ);tA/G/GOT(HD9); no correlating
M/F: urinalysis, hematology, Fore- lesx.ons ] )
R92034 SM/SF 0,3, blood chemistry, stomach ® TKidrey wi{MD/HDR); no correlating lesions
10,30 ophthalmelogical Kidney ’ ® Forestomach, hyperkeratosis epithelial
Non-GLP Oral examination, gross and hyperplasia(MD/HD3 @)
histopathology, organ e NOAEL 3mkd
. weights
) ’ o e MTD~150(3); 100(%)
o :;rg:‘;?ng) Mouse/CD-1 | /F:0,50, | MITD, clinical Liver, kidney, | @ Hepatooyte degeneration, swelling(HDS')
100, observations, body weight, thymus, fore- | e Tubular dilation, epithelial
(150), food ption, clinical h necrosis/vacuolation(HDY')
RF9514 8-10M/8-10F 200,300, | chemistry, gross and eyeball e Forestomach thickening, hyperkeratosis(3 Q)
Non-GLP Oral 400 histopathology ® Lens cortex vacuolation, fiber degradation(HDQ)
e NOAEL<50mkd
CBgl["(;l-l:ael{v,Hz MTD, clinical * MTD~1252, 2502 based severe forfstom?ch
1-Month observations, food hyperplasia, /polymorp cell
(Dose-finding) 10M/10F M/ consumption, body weight, § Fore- infiltration ] )
0 70' ophthalmology, stomach, o NOAEL<70 mkd, not dete_rmmed based on mitd
(b) .138.01 Oral gavage 12 5’ 2'50 hematology, blood eyeball, forestomach hyperkeratosis at that dose
! chemistry, gross and prostate, liver | e 1/10 (HDQ) showed cloudy eye
GLP 10 mL/kg histopathology, organ ® Decreased prostate weight (HDZ)
0.5%CMC weights i ¢ Increased liver weight (HD3'¢)
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, Chron'yi'c.Non-rbdent Toxicology Studies (with Supporti;ig/TK studies)

| Triglycerides(tHMD/HD.Z)
J TChol(HMD/HD@)
Kidney, swelling of proximal tubular epithelium

26-week (HDE @), recoverable
(8-Week e Prostate, immature(HMD/HD)
recovery Kidney, ®  Adrenal mineralization between
period) - ) adrenal, cortex/medulla(LMD/HMDZ, HD? ;mononuclear
Monkey/Cyno Clinical observations, skeletal cell infiltration(HMD/HD)
(;1;:;h;LTg(::)g;:O(:lv:Lu:tlon, muscle, » Skeletal muscle, mononuclear cell infiltration(HDS)
2 y : : . 2
SBL17-35 4c: e(+2C/I-ID 39:0, water consumption, ECG, prostate, . Semm_al vesicles, immature(HD.J)
covery) 0.5.1 hematology, clinical stomach, ® Thymic atrophy(HMD/HD&)
4Q(+2C/HD P N ’ . testes, ¢ Femoral bone marrow, brown
3.6 chemistry, urinalysis, renal A :
recovery) function, TK, gross and seminal pigment(LD/LMD/HD ¢ );germinal center
y .
GLP histopathology, organ V: sxcles,b development(LMD/HDY)
(Kidney histo- Oral weight thymus, l°“e . Sfemum bone marrow, brown
pathology re- marrow, lung, pigment(LMD/HMD?Q) )
evaluated, esophagus e Lung, foamy cells in alveolus(LMD/HMD/HDQ),
severity recoverable
down-graded) e Esophagus, mononuclear cell
infiltration(LMD/HMD %)
e No liver toxicity
) e NOAEL~ l_mkd
S Monkey/Cyno j )
26-Week TK | 7 % oD s
recovery) o T
RFG2515 4Q(+2C/HD 0.35,61, Toxicokinetics N/A e N/A
s
Non-GLP recovery)
. Oral
Histo- Monkey/Cyno
pathology 43 (+2CHD 39:0
SBL17-35 recovery) o ) . . , . .
(peer review) 4Q(+2C/HD 035,61, Histopathology Kidney e Altered interpretation of kidney findings
recovery) ?
Non-GLP Oral )
Dog/beagle Clinical observations, vital *  PD effects:| TChol/| TG/phospholipids
12-Month signs, body weight, (HD@),recovered; | TChol(HDQ),recovered;
2 food/water consumption
4d urinalysis, hematolo ’ 102GLB(HDS) recovered
1-Month (+2C/HD yois, &Y Evebal e PD effects: Month3-12 1GOT(HD:3 Q),recovered
recovery recovery) 39:0, blood chemistry, yeoa L . & Lens opacity, degeneration, interstitial
o ophthalmologic epididymis, ’
49 0.3,1,3 examination, ECG, BSP lung edema(MD/HDA' ¢), no recovery
RFF2504 (+2C/HD auditory exa’m inati’on ’ ¢ Epididymal atrophy(HD(¥),no correlating lesion
recovery) gross and histopatholt')gy ¢ Lung inflammation, aggregated foci of foam cells
GLP organ weight, male sexua,l and inflammatory cells, recovered(HDJ @)
Oral capsule function, TK ¢ NOAEL~0.3mkd
TK Dog/beagle
43(+2C/HD
recovery) 3Q:0, e .
AG25004 4Q(+2C/HD 03,13 Toxicokinetics N/A e NA
- recovery)
Non GFP Oral » ‘
_Sub-chronic Non-rodent Toxicology Studies (with Supporting/TK Studies)
) ®  |Body Wt(HD3),during recovery period
3-Month Dogfbeagle Clinical observations, vital ® |FC(HDG),during recovery period
33 signs, body weight, * PD effects: | TChol/} TG/ phospholipids
(+2C/HD food/water consumption, (LD/MD/HDZ ?), recovered
recovery) urinalysis, fecal Eyeball, liver, | ® Weeks4-121GOT/GPT(HDZ'¢)
30 y 2910, examination, hematology, mammary ® Lens opacity, degeneration, interstitial
RFG2503 (+2C/HD 13 l 0' blood chemistry, gland, edema(HDZ §), no recovery
recovery) - ophthalmologic epididymis, e Hepatic dilatation of sinusoid(HD()
examination, ECG, BSP, lung ® Mammary gland lipogranuloma(MD/HD:J)
Oral capsule auditory ex:';mination, ®  Epididymal atrophy(HD3)
gross and histopathology, ¢ Lung inflammation, aggregated foci of foam cells
GLP organ weight

Lactose

and inflammatory cells, recovered(MD/ HDAG)
NOAEL~1mkd
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e MTD>15mkd
e |FC/|Body WyHD})
® Lung, alveolus, foamy cells in(HDSQ)
e Thymic atrophy(HDJ 9)
®  Stomach erosion, hyperplasia in pyloric part(HD3 Q)
®  Kidney, tubular epithelial desquamation, swelling,
hyaline cast, hyaline droplets, lear cell
infiltration, (MD/HDo @), necrosis,
. regeneration(LD/MD/HD{3 Q)
Kidney, lung, e Lacrimal gland, interstitial mononuclear cell
stomach, infiltration(LD/MD/HD3J)
Monkey/Cyno Ch,_'{'fa,l Ob,s ervauox:s, . :}ﬂl;'s,,he art, e Heart mononuclear cell infiltration(MD/HD Q)
4-Week bo dy welght, food small ® Spleen, atrophy of white pulp(MD/HD Q)
SBL17-34 28 3910, consumption, ECG, intestire, * (I;eum cecum, colon, rectum epithelial
29 3,8,15 hematology, clinical large amage(HD?)
chemistry, urinalysis, TK, [ intestine, * Pancreas, acinar cell a""PhY(MP/ HDY)
GLP Oral gross and histopathology, pancreas, ¢ Liver, h lling, neutrophilia,
organ weight liver, adrenal, lglycogen(HDQ) hepatocyte, granuloma
skeletal (MD/HDJ)
muscle ¢ Adrenal hyperplasia, decreased fat in
cortex(MD/HD§) .
e Skeletal muscle atrophy(HD®)
e Submandibular gland, interstitial mononuclear cell
infiltration(HD ?)
e  Tonsil atrophy(HD%)
¢ NOAEL~<3mkd
4Week Monkey;/Cyno
RFG2514 ;g ‘33‘31"5 Toxicokinetics NA . NA
Non-GLP Oral
Clinical observatlons,
2-Week Dog/beagle ophthalmologi i
body welght, food and s MTD>2mkd
30, water consum ption, e No lens opacity
387/001 33 o512 | cardi t, | A e | TChol(LD/MD/HD)
’ hematology, clinical ® Injection site, hemorrhage and inflammation
chemistry, urinalysis, TK, e NOAEL~2mkd
GLP v gross and histopathology,
) organ weight
K Dog/beagle
33(+2C/HD
AG25001 sg(fj’zvceg)n igiol Toxicokinetics N/A . NA
recovery)
Non-GLP Oral
Z-Weelf ®  MTD~5mkd
(Dose finding) Clinical observations, vital * XS mortality(MDZ3,HDZ all)
Dog/beagle signs, body weight, ® Increased respiratory rate(HD)
food/water consumption, e |Body Wt(MD/HDS?)
23 3%:0 urinalysis, I}ematology, Heart, e Cardiac congestion(MD/HDJ ,HDQ)
RF2502 29 5,15 blood chemlst‘ry, thymus, lung, hen}onhage(vm).tﬁ‘ Qdecedents)
50 ophthalmolegic e White materials in lungs
examination, ECG, gross e Possible PD effects on liver, gallbladder, intestine
Oral capsule and histopathology, organ ® Thymic congestion, edema, hemorrhage, related to
weight, TK multi-organ pathologies(MD/HD-,HD?)
Non-GLP. . ] ¢ NOAEL~5mkd
TK Dog/beagle 32:
A92005 28129 5,15 Toxicokinetics N/A ¢ NA
Non-GLP Oral 50

I‘ RF9514 — One-month oral repeated dose toxicity study of NK:104 in mice
Crj:CD-1 (SPF) mice were administered NK-104 at 0, 50, 100, 150, 200, 300, and 400
mg/kg/day by oral gavage for one month. This study was carried out with the purpose of
dose range finding (MTD) for a preliminary (13-week) carcinogenicity study utilizing
mice. The MTD was determined to be between 100 and 150 mg/kg NK-104 (28 days)
based on hepatotoxicity, nephrotoxicity and an associated premature death in a female
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(1/10) at the 200 mg/kg dose, Days 15-30 (150 mg/kg dose, Days 1-14) dose. Deaths
occurred at the 300 mg/kg dose NK-104 in males (1/8) and females (2/8). There were no
deaths in the 100 mg/kg dose, nor any deaths during administration of 150 mg/kg for the
first 14 days.

ONE MONTH ORAL TOXICITY STUDY IN MICE GROUP ASSIGNMENTS

Group Drug = Dosage  Dosage constant Concemtration No. of animals Period of
(ng/ug) volume(ml/kg) ' (w/vx)-' Male Femala treatment

0. SXCHC 0 10

1 0 10 10 28days
2 NK-104 50 10 0.5 10 10 28days
3 NE-104 100 10 1.0 - 10 - 10 - 28days
4 NE-104 200(150) 10. 2.0(1.5) 10 10 28days
5  NE-104 - 300 10 3.0 - 8 8 13days
6 - NE-104 400 10 4.0 8 8 15days

3 : Mice in this group were dosed at 150 mg/ftz/day for first {4 days and 200 Wkg/hy
for following 14 days.

(Sponsor, M4, RF9514, p5)
(b) (4)

138.01 - A four-week oral dose range-findmg toxxclty and' toxxcokmetlcs study
| of NK-104 in CB6F1-Tg rasH2 mice D

FOUR-WEEK RANGE-FINDING STUDY FOR 26-WEEK rasH2
CARCINOGENICITY STUDY- GROUP ASSIGNMENTS

Main Toxieity (Main Tox) Animals
Dose Dose Number of animals
Treatment Dose Level Concentration  Volume (Study Animal Number)
Group (mgfkg) (mgfmL) (ml/kg) Females Males
1 0 0 10 10 (118-127) 10 (1-10)
10(128-134, 227,

2 70 7 10 138, 137) 10{11-20)

3 125 125 10 10{138-147) 10 (21-30)

4 250 25 10 10(148-157) 10 (31-40)

Taoxicokinetics (TK) Satellite Animals
Dose Dose Number of animais
Treatment Dose Level Concentration  Volume (Study Animal Number)
Group (mglkg) {mg/mL) (mL/kg) Females Males

5 0 0 10 8 (158-183) 6 (41-48)

8 70 7 10 18 +2%(184-183) 18 + 2°(47-68)

7 125 12.5 10 18 + 2°(184-203) 18 + 2%(67-86)

: 18 + 57(204.223,

8 250 25 10 225, 228, 228) 18 + 5 °(87-109)
Total dose volume (mL) was calculated based on the most recent body weight; control animals
{Groups 1 and 5) were dosed with 0.5% CMC-Na solution.

? Additional two (Groups 8 and 7) o five (Group 8) animals were dosed at the respective dose levels
and used for either Main Tox or TK groups as necessary. One female animal (no. 228) in Group 8
was used as Main Tox animal as an alternate of one Group 4 female (no. 149) which died as a result
of dosing error on Study Day D8.

(Sponsor, M4, () @) .138.01, p25)

N=10/sex/dose. Pitavastatin was administered at 0, 70, 125, and 250 mg/kg/day. There
was 1/10 deaths and 1/10 incidences of moribundity in the 250 mg/kg dose group for
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females. The MTD was 125 mg/kg for females and 250 mg/kg for males. 1/10 females
showed cloudy eyes at 250 mg/kg. Prostate weights were decreased in males at 250
mg/kg by 15% (p<0.05). Liver weight was increased in males and females relative to
body weights at 250 mg/kg by 17% and 14%, respectively (p<0.05). Hyperkeratosis of
the forestomach was observed at all doses in both sexes, therefore no NOAEL was
determined.

' KOW 14/952398 — NK-104 snb-acute toxxclty to mlce by repeated oral
administration for 13 weeks . D .

Key Study Findings:

e The MTD was <25 mg/kg based on mortality and body weight changes at 25 mg/kg.

¢ Significantly higher mortality was observed in females at 225 mg/kg. The cause of
death was not clear, presumably due to general toxicity of NK-104. Death due to
gavage error could be excluded due to lack of histopathological finding in the
trachea/lung/esophagus.
Corneal opacity at 75 and 225 mg/kg/day doses in males and females
Lethargy was noted at 225 mg/kg.

¢ Body weight gain was reduced by 2 10% in both treated males and females at the
mid-dose and above.

e Increased heart weight (18%) and decreased ovarian weight (42%) was noted in
female high dose group.

¢ Increased lung weight (22 — 29%) was noted in all female dose groups with no
histopathological changes found.
Increased testes weight was noted in mid and high dose groups.
Histopathological changes were observed in liver (centrilobular enlargement of
hepatocytes) and forestomach (ulceration, erosion, epithelial hyperplasia and
hyperkeratosis at the low-dose and above in females and mid-dose and above in
males

e Forestomach findings also included submucosal fibrosis, inflammatory cell
infiltration, edema, and papillomatous hyperplasia at the high dose in males and
females.

¢ Cmax and AUC increased greater than proportionally with dose. AUC ratios between
mice treated with 75 mg/kg and human dose of 4 mg were 15 for males and 35 for
females.

Amendment #, Vol #, and Page #: M4, 14/952398
Conducting laboratory and location® @

Date of study initiation: June 1995
GLP Compliance: Yes
QA report: Yes
Methods: Dose range-finding study for carcinogenicity study
Dosing:
- Species/strain: Mice, Crl:CD-1 (ICR) BR from ®®
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- #/sex/group or time point:

DOsevGroup.Assgnm'eiits L

er'rou.p'; Dose | Main o TK i

.o | (mg/kg) | Male | Female.| Male | Female

Vehicle 0o | 10 10 - -
LD 25 10 10 80 80
MD | 175 10 | 10 76 76
HD 225 10 | 10 76 76

- Age: 6 weeks

- Body weight: male: 26-36 g, female: 20-28 g
- Route: oral gavage, 10 ml/kg

Drug, lot number, and purity: 104P-9401, 99.3% purity
Formulation/vehicle: 0.5% hydroxypropyl methylcellulose

Observations and Times:

Endpoints J Time of observation

Clinical signs Daily

Body weights Weekly

Food consumption Weekly

Water Consumption Ad libitum o
‘Ophthalmoscopy Predose, weeks 2, 12
_Hematology At sacriﬁce

Clinical biochemistry At sacrifice

Urinalysis No data

Gross pathology At sacrifice
__Qggan weight At sacrifice
Histopathology At sacrifice ,

e . Days 1 and 90
Toxicokinetics - (0.5, 1,2.4.6.8, 12 and 24 s post-dose).
Results:

Clinical signs; Lethargy was noted in animals that found dead later.

Mortality: Females had a higher mortality at 225 mg/kg. Forestomach changes were seen
in the decedents. However, histopathological examination of tissues revealed no

consistent finding on assessment of factor contributory to death.
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Group | Dose(mg/kz) | Male |  Female
0 :

Vehicle 0/10 0/10
LD ' 25 1/90 2/90
MD 75 2/86 2/86
HD 225 2/86 7/86

Body weights: Lower body weight was noted in males at = 75 mg/kg and in females at
75 mg/kg. Body weight Body weight gain was reduced by about 20% in treated males
and 10-20% in treated females.

Bodyweights - Maln grong mens valuss
Soayueiont (3)
404
e i my/ke/doy
e ,55 ey
334
30
231}
zoq e A L Ly r Ll L L F Ll R
-1 [} 1 2 3 4 s [ ? ] L ] 10 t 12 13
Waeek
B . Body Weight Gain Decrements i
.. ...Dose(mg/kg) - . cpremile Female

0.1 25 ] 75 L 225§ 0 [ 25 | 75| 235
. A
95178179 | 76 § 84 | 77| 64| 73

Body weight gain ‘Week
_(g/rat) 0-13
" Body weight gain | Week
(% control) 0-13

100 | 82 83 80 | 100 | 92 76 87

Food consumption: Lower food consumption was noted in all males and in females at 75
mg/kg. ‘
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Food Consumptlon S
Dose (mg/kg) e | 25%\/I algs iis: 5 fse ma;g 225
532’;;‘;::3‘“9"” Wel";‘ T 552 | 525 | 489 | 507 | 495 | 498 | 458 | 497
0, -
cf;l:;e)g‘eeils‘teo control wele; ° ) o R ) 0 7 0

Ophthalmologic Findings: At week 12, corneal opacities were noted in 2/44 males and

4/45 females at 75 mg/kg and in 6/44 males and 5/42 females at 225 mg/kg.

Biochemistry: Lower triglyceride levels were noted for females at 2 75 mg/kg.

Organ weight: Increased heart weight (18%, p<0.05) was noted in high dose females.

Increased lung weight (22%, p<0.05 to 29%, p<0.01) was noted in all female dose

groups. Decreased ovarian weight (42%, p<0.05) was noted in female high dose group.
Increased testes weight was noted in high dose males (13%, p<0.05). Seminal vesicle
weight was decreased (20%, n.s.s.).

Or an Welghts (g)
Dose(mg/_g) 028 ) 780 ) 225
Brain Q | 0.501 0.513 0.493 0.472*
Heart Q 0.161 0.186 0.174 | 0.190*
Lung Q 0.230 | 0.291* | 0.281* | 0.297**
Testes 8 0.222 0.221 0.249 0.251*
Seminal vesicle | & 0.356 0.346 0.316 0.284
QOvaries Q 25.0 21.5 20.8 14.6*
*: p<0.05, **: p<0.01.
Gross pathology:
Gross Patholo_glcal Findings (Incldence)
; ~Male -: - o Female
Dose(mg/kg) 0. . ,v.25 T s T 225 o0 -[25] 75 [ 225
Thickened 0/10 § 0/10 | 0/10 | 9/10 § 0/10 | 0/9 | 0/10 7/7
White 0/10 | 0/10 | 0/10 | 9/10 § 0/10 | 0/9 | 0/10 7/7
Forestomach Roughened 0/10 | 0/10 | 0/10 | 9/10 § 0/10 | 0/9 | 0/10 7/7
Invaginated 0/10 | 0/10 | 0/10 | 3/10 § 0/10 | 0/9 | O/10 | 2/7
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Histopathology:

e T ; His’topathologpi e T e e bt
~ ‘Dose(mg/kg) - : - Male R Female
S Coconroc s e Q0 28 VT8 2280 0 28 1 75| 228

Centrilobular

Liver hepatocyte 3/10 | 0/10 | 8/10 | 10/10 § 0/10 | 0/9 | 0/10 | 2/7
enlargement
Ulceration 0/10 | 0/10 | 1/10 3/10 0/10 | 0/9 | 0/10 | 1/7
Erosion 0/10 | 0/10 [ 0/10 1/10 0/10 | 0/9 | 0/10 | 1/7
Epithelial
hyperplasia and 0/10 | 0/10 | 7/10 | 10/10 J 0/10 | 3/9 | 9/10 | 7/7

Stomach hyperkeratosis

Submucosal fibrosis,
inflammatory cells/ 0/10 | 0/10 | 0/10 7/10 0/10 | 0/9 | 0/10 | 3/7

edema

capillomatomous | o/10 | o710 | /10 | 410 | om0 | o9 | 010 | 177
. yperplasia . ' 8 '

There were no hlstopathologlcal changes to account for the increase of lung welghts
noted at postmortem in treated females.

Toxicokinetics: Crax and AUC.o4 increased greater than proportionally with dose. AUC
ratios of drug exposure in mice dosed with 75 mg/kg for 90 days compared to AUC in

- humans with the maximum recommended human dose of 4 mg were 15 for males and 35
for females (human AUC in men dosed with 4 mg for 14 days is 159 ng-hr/ml).

Selested Toricakinetic Parametars
Cau (/0D AUC; (ag Vel
Malt | Fmelns Mils | Females
MK-104(mahe) Dur]l Day%e: Devi Dey%9| Dev) Dayse: Devi Dayse
28 an 4« s 9 | s 528 | 963 ™m
74 440 2002  S419 M8 | 4210 2402 | 6860  S62
22 11653 24060 : 12467 29306 | 13671 22436 : 20066 21274

(Sponsor, M4, KOW 14/952398, p374)
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[ R92034 - A 1-month oral toxicity preliminary study of NK-104 in rats

This one-month study was carried out to evaluate tolerability of NK-104 in male and
female Slc:Wistar rats. Doses and group assignments are outlined in the following table.

1-MONTH ORAL TOXICITY STUDY IN RATS

Dosage Concentration Number of animals
Group  Treatment  nong)  (wiv%) Male  Female
1 0.5% CMC 0 0 8 3
2 NK-104 3 0.066 8 8
3 NK-104 10 0.22 8 8
4 NK-104 30 0.66 8 8

(Sponsor, M4, R92034, p5)

Cholinesterase (CHE) was increased 52% and triglycerides decreased 35% (p<0.01) in
high dose male rats at 28 days. Glutamic oxaloacetic transaminase (GOT) was increased
22% (p<0.01) and albumin/globulin (A/G) ratio was increased 12% (p<0.01) in high dose
female rats at 28 days. There was thickening of the forestomach in rats at 10 mg/kg
(5/16) and 30 mg/kg (16/16) doses of NK-104. Female kidney weight was increased
(absolute, 10%, p<0.05; and relative, 11%, p<0.01) in the high dose group. Female livers
were increased absolute, 63%, n.s.s.; and relative 100%, p<0.01).

RG25002 - Oue-month repeated dose toxnclty study of NK 104 by Oral —
administration in'rats

In a one month toxicity study in rats admlmstered pltavastatm dally by oral gavage at 2
10, 50 and 100 mg/kg/day, degeneration of skeletal muscle and liver toxicity was
observed at 50 mg/kg/day and higher doses. Forestomach findings were observed at 10
mg/kg/day and higher doses of pitavastatin. At 50 and 100 mg/kg/day, females showed
histopathological findings in skeletal muscle that included vacuolar degeneration of
muscle cells, atrophy necrosis, fibrosis, and mononuclear cell infiltration. The NOAEL
was determined to be 2 mg/kg/day. The MTD was 50 mg/kg/day due to mortality in
high-dose, 100 mg/kg/day females.

KOW 12/942992 < NK-104 13-week: prelimmary study to a rat carcmogemclty study
by repeated oral administration

Key Study Findings:

¢ Pitavastatin was administered by oral gavage daily for 13 weeks at doses o 10, 30,
and 50 mg/kg/day.
50 mg/kg produced mortality in both sexes and exceeded the MTD.
30 mg/kg induced 11% body weight gain reduction and represented the MTD.
Deaths occurred at 50 mg/kg in both sexes. The death appeared to be drug-related.
Death due to gavage error could be excluded due to lack of histopathological finding
in the esophagus/trachea/lung.
Body weight gain decreased 11 and 13% in males at 30 and 50 mg/kg.
Moderate to marked lesions were observed in the thyroid at 50 mg/kg and
forestomach at 2 10 mg/kg.
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® Crax and AUC exhibited greater than proportional increases with dose without -
apparent gender difference.

e The NOAEL was <10 mg/kg/day due to hyperkeratosis of the forestomach at 10
mg/kg and greater doses.

Amendment #, Vol #, and Page #: M4, 12/942992. p1-442
Conducting laboratory and location® ©

Date of study initiation: June, 1994

GLP Compliance: Yes

QA report: Yes

Methods: Dose ranging-finding study for carcinogenicity study

Dosing: @

- Species/strain: Rats, Crl:CD(SD)BR from

- #/sex/group or tlme point:
: , “Dose Gl;Ollp Assignments
PR . Main I :
- r_oupﬁ ose (mg/kg) Male Female 'F Male - Female
Vehicle | 0 L 10 10
LD 10 10 10 L 36 36
MD 30 10 10 36 36
HD 50 10 10 L 36 36

- Age: 6 weeks

Body weight: male: 175-239 g, female: 137-199 g
Route: oral gavage, 5 ml/kg

Drug, lot number, and purity: 104P-9202, 99.2% purity
Formulation/vehicle: 0.5% sodium carboxymethylcellulose

Observations and Times:

Endpoints .-~ [ Time of Observation
Clinical signs Daily

Body weights Weekly

Food consumption | Weekly

| Water Consumption . Ad libitum
Clinical biochemistry | At sacrifice

Gross pathology At sacrifice

Organ weight At sacrifice
Histopathology At sacrifice (all groups)
Toxicokinetics | Day 1 and 90 -

(0, 0.5, 1,2,4,6,8,12, and 24 hrs post-dose).
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Results:

Clinical signs: Prior to death, most premature decedents exhibited hunched posture,
piloerection, lethargy, emaciation, unsteady gait, walking on their toes, partially-closed
eyes and were cold to touch.

Salivation was noted in surviving animals at 50 mg/kg immediately after dosing.

Mortality: Higher mortality was noted at 50 mg/kg in both sexes. The death appeared to
be drug-related. Death due to gavage error could be excluded due to lack of
histopathological finding in the lung.

Mortality R .
f : “Dose e e Maim et TK A
Group‘ '(mg_/kgi) Male | Female | Male | Female
Vehicle 0 0/10 | 0/10 - -
LD 10 0/10 0/10 0/36 1/36
MD 30 0/10 0/10 0/36 1/36
HD 50 5/10 4/10 20/36 16/36

Body weights: Body weight gain was decreased by 10% and 13% in males at 30 or 50
mg/kg, respectively. Body weight was not affected in females.

00 -
550
500
430 4
400 1
3s0 {
300 {
230
200

150 4

Bodyweights - main group mesa values

Uodywuight (y)

=" Control

T 10 me/ag/dey . .
........... gg :3;:%2 ) . . ‘_';:::"-'-:;‘

100

r
-1 ° [ 2 3 4 ] [ ? 3 9 10 1" 12 3]

Week

(Sponsor, M4, 12/942992, p31)
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Body Weight Decrements Lo
y = Male -~ | Female

o " Dose (mg/ke) | o T70 [30 [ 50 [0 [10] 30 [ 50
Week 0-4 176 | 177 | 162 | 145§ 81 | 88 | 79 [ 69

Bo.dy welgt Week4-8 § 85 | 93 | 77 | 63* §40 | 36 | 40 | 49
gain (g/rat)

Week 0-13 § 331 [ 339 | 293 | 289 F 146 ] 151 | 144 [ 142
Body weight Week 0-4 §100 1100 | 92 { 82 R100] 108 | 98 | 85

Week 4-8 1100 109] 90 | 74 §100| 90 | 100 | 122
Week 0-13 § 100 { 102 | 89 | 87 ‘100 103 | 98 | 97

gain (% control)

*: p<0.05

Food consumption: Lower food consumption was noted in males at 50 mg/kg.

o Food Consumptlon (total g/rat)
R S ) 1 [ : Female
-~ Dose(mg/kg) Foo - 10130150 - F -0 10 |30}
Week 1-3 677 647 632 568* 434 453 458 413
% control - 96 93 84 - 104 106 95
Week 1-13 3044 3019 2864 2959 2066 2099 2165 2201
% control - 99 94 97 | - 102 105 107

*: p<0.05

Serum chemistry: A dose-related increase in T3 levels was noted in males. Mild
decreases in T4 levels were observed in mid and high dose females.

b Clinicél Chemist

L e T 1 s -Male :
i.';‘,Ddse..(mg/kg) 0 l 10., ._,,v.,30,;, :50:,,,
_T; (ng/dl) 524+ | 56+ | )
T, (ng/dl) ' 2.3 2.4 2.5 22 |2 ) ) 1.8*
TSH (ng/d) J28 | 290 | 29 2.4 : ) ) :

*; p<0.05, ** p<0.01

Organ weight: Higher thyroid weight and lower brain weights were noted in treated
animals. Thyroid changes were corroborated at histopathological examination where
thyroid follicular cell hypertrophy was observed.

l ____Organ Wel hts A

e o “Male- o l .~ . Female .

r’Dose(mg/kg) -0 f-10 | 30 | s0 F o | 10] 30 | 50
Brain (g) [ 2.14 | 2.16 2.08 | 2.02* 1.97 | 1.96 1.97 1.88*
Thyroid (mg) | 238 | 250 | 30.4** [ 30.8** F 157 | 18.7 | 22.4** | 21.8**

*: p<0.05, ** p<0.01
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Gross pathology: Pathologic changes were observed in the forestomach and stomach of
mid and high dose rats.

[ Bl e Gross Pathology e
S B T ST . o Male - | . Female
,‘.Dose(mglg) L0 510' ; .;30"-‘ 50§ 0 |:10:::30..] 50
Thickened 0/10 { 0/10 | 9/10 | 9/10 § 0/10 | 0/10 | 9/10 | 9/10

Ridged o/10 | /10 | 10710 | 575 Jorio | o/10 | 8110 | 6/6
appearance

Roughened 0/10 { 2/10 | 0/10 | 1/10 f 0/10 | 3/10 | 0/10 | 2/10

Sloughing of | o [ 0,10 | 210 | 610 [ 010 | 010 | 4110 | 5710
epithelium

Congestion 0/10 | 0/10 ] 1/10 |} 2/5 §0/10 | 0/10 | 0/10 | 0/6

Fore-stomach

Stomach (corpus
mucosa)

Histopathology: Higher incidence of histopathological changes was observed in the
thyroid at high dose and stomach at = 30 mg/kg. Lesions = moderate were only observed
at 2 30 mg/kg.

, Hlstopathology (Incldence and Severlty)
. . Male B
Dose(mg/kg) 0 ] 10| 30 S0 | 0
Follicular cell {161 5/10 [ 410 | 9710 Jor10 | 0/10] 010 | 6710
hypertrophy
Thyroid Trace 0 0 2 1 0 0 0 1
Minimal | 2 2 2 21 o] o 0] 4
Moderate 0 0 0 6 0 0 0 1
Epithelial 0/10 | 910 | 10710 | 10/10 for10 | 9710 | 1010 | 9710
hyperplasia
Trace 0 4 0 0 0 1 0 0
Minimal 0 5 0 0 0 7 0 1
Moderate 0 0 10 10 0 1 10 7
Forestomach i : Marked 0 0 0 0 0 0 -0 1
Epithelial 1,161 9/10 | 10710 | 10710 J 010 | 8710 | 10710 | 9110
hyperkeratosis
Trace | 0] 0 8 of ol o 0]l 0
Minimal 0 0 ] 0 0 7 0 0
Moderate 0 0 0 7 0 1 10 8
Marked 0 0 0 3 0 0 0 3
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Toxicokinetics; Cmax and AUC exhibited greater than proportional increases with dose
without apparent gender difference. Dose ratio of 1:3:5 resulted in 1:6:13-20 fold
increases in exposure. Crax increased 1.5 — 2 folds from day 1 to day 90. AUC ratio
between 30 mg/kg at day 90 and human dose of 4 mg (AUC 159 ng-hr/ml at day 14) was
360 for males or 320 for females.

Tenicokinetics of NK-104 in the Ra¢
NK-104 (mahg)
10 3 , 50
Males
Com (ng/ml) 2820 4652 14,491 2935 49,547 81,252
T (89) 20 0s 1.0 0.5 1.0 0.5
AUC (ng.hr/ml) 10,165 10,527 3,71 57289 154,167 155,163
tu(h) —_ 3.7 —_ 4.0 — a
Coia (ng/mi) BLQ 59 1.7 20.1 BLQ $50.6
Females
Cou (ng/ml) m7 5366 26,065 3747 47,753 65,032
Toam (W) 0.5 0.5 1o 0.5 1.0 0.5
AUC (ng.he/ml) 10,135 6740 63,24 50,924 136,562 118297
(M) — 30 — kX —_ 25
Cuis (ng/ml) BLQ BLQ BLQ 1&1 3.1 15.8
BLQ = Belew Limit of Quantitasion; 2 = ceuld net be adequately estimated

(Sponsor, M4, 12/942992, p395-396)

RFGZSM Six-monfh consecutnve oral toxmty study of NK-104 in rats [wnth a one-
morith recovery period] : : , :

Key Study Observatlons.
NK-104 was orally administered to rats at doses of 0.3, 1, 3, and 10 mg/kg for 6
months and allowed to recover for 1 month

* 10 mg/kg: forestomach hyperkeratosis and acanthosis were observed in all
animals. Submucosa edema and lamina propria cellular infiltration were
observed in some animals. Elevated AST in females (55%).These changes
were not observed at the end of the 1 month recovery period.

e 3 mg/kg: forestomach hyperkeratosis and acanthosis were observed in all
animals. Submucosa edema and lamina propria cellular infiltration were
observed in some animals.

¢ 1 mg/kg: forestomach hyperkeratosis and acanthosis were observed in some
animals.

0.3 mg/kg: no treatment related changes were noted.
NOAEL was 0.3 mg/kg (this dose represents a multiple of human exposure of
~1.6 at the human dose of 4 mg based on AUC).

e TK data were not collected.

Amendment #, Vol #, and Page #: M4, RFG2506
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Conducting laboratory and location: Fuji Research Labs, Kowa Co., Shizuoka, Japan
Date of study initiation: August, 1993

GLP Compliance: Yes
QA report: Yes

Methods: chronic oral toxicity study

Dosing:

- Species/strain: Rats (Wistar)
- #/sex/group or time point:

6 Month Oral Toxicology Study in

w2 - Rats —Group Assignments .
Group |, _DOSE.,,_,; 6 mqgtl# main | 1 month recovery

| 'mg/kgf MT[TF M F
Vehicle 0 12 12 8 8
LD 0.3 12 12 - -
MD 1 12 12 ; -
MHD 3 12 12 - -
HD 10 12 12 8 8

- Age: 6 wks

- Body weight: male: 118-143 g, females: 104-124 g
- Route: oral gavage

Drug, lot number, and purity: 104P-9201, 99.3% purity
Formulation/vehicle: 0.5% CMC (carboxy-methylcellulose sodium)
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Observations and Times:

- Endpoints | Time of Observation -

Clinical signs Daily, but no data were recorded

Body weights Pre-dose, weekly up to 3 month, monthly thereafter
Food consumption Pre-dose, weekly

Water Consumption { None

Ophthalmoscopy Day 170 of dosing, Day 23 of recovery

Electrocardiography | None

End of dosing, end of recovery.

RBC, WBC, platelet, hematocrit, Hb, MCV, MCH, MCHC,
reticulocyte, leukocyte classification, PT, APTT, fibrinogen
were examined.

End of dosing, end of recovery.

: Glucose, total protein, albumin, A/G Raito, BUN, creatinine,
Clinical biochemistry | Ca, ALT, AST, LDH, CPK, ALP, cholinesterase activity,
triglyceride, total cholesterol, phospholipid, Na, K, Cl were

Hematology

examined.

Days 91 and 177 during dosing; end of recovery.
Urinalysis pH, protein, glucose, ketone bodies, occult blood,

urobilinogen, bilirubin, and sediment were examined.
Gross pathology At sacrifice
Organ weight At sacrifice

At sacrifice. Only control and 10 mg/kg/day group were

Histopathology examined. See page 28.
Toxicokinetics ' LData not collected.
Results:

Clinical signs: No data, but claimed none occurred at all at for any dose in any group, or
at any time point.

Mortality: None.
Body weights: No treatment related changes.

Food consumption: There were no treatment related changes in estimation of food
consumption.

Ophthalmology: There was a white opacity observed in the eye of a female in the high-
dose, 10 mg/kg/day NK-104 group, characterized as a calcium deposit upon
histopathological examination. There was a similar finding in a male control animal at
recovery, which was characterized as a cataract. These ophthalmological changes were
not considered significant, because three females in the control group and three females
in the high-dose NK-104 group showed calcium deposits upon recovery, an indication
that this is probably a background finding in Wistar rats.
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Urinalysis: There were no remarkable treatment-related changes detected upon
urinalysis.

Hematology: There were no remarkable changes in hematology parameters at 6 months
administration of NK-104 at doses up to 10 mg/kg/day. There were several statistically
significant differences at the end of recovery, including increased percent lymphocytes,
decreased % segmented neutrophils, and decreased prothrombin time. These findings
were not observed during the treatment period, were present in females only, and were in
the range of those observations noted at the terminal bleed for the main, six-month
groups. Therefore, these differences, though statistically significant, are not considered
biologically significant.

Clinical chemistry: Total cholesterol was higher in females at 10 mg/kg/day (13%,
p<0.001). GOT increased in females at 10 mg/kg/day at the end of recovery period
(155%, p<0.01). Chloride was decreased by a statistically significant (p<0.01), but not
biologically significant, amount. There were trends for decreased triglycerides in males
and females, but these findings were not statistically significant, and may be due to
pharmacodynamic effects of the test article.

..o oo Clinical Chemistry.- . ° B
. Sex]  ~ Males = .} ¢ Females . - -
 Dosef o Jo3 1] 3[10foToe3T1[.371710
""" o ONE12/8 ) 12 120 12 f12/8 F a8 120 12 2 [ 1208
, . Main f 83 | 78 | 8 | 90 75 58 | 55 Rz
T"gly.cende Rec g8 | Lol o4 Fes T 50
Total Main | 69 | 65 [ 64 | 64 | 66 95 | 96 | 96 [ 104 | 113%+*
cholesterol | Rec 69 o ] el g | I | ] 9
Chloride Main f 110 [ 108 | 109 | 109 | 109 f 110 | 109 | 109 [ 109 | 109**
[ Rec | 109 | 1109 § 109 oL 110
w | Mainf 145 | 132 [ 123 | 117 | 142 o7 | 115 | 119 | 92 97
GOT (AST) Rec 236 2] 192 | 106 Foia ] 164

#*: p<0.01, ¥** p<0.001

Organ weight: Lung weight in males was increased in the 1 and 3 mg/kg/day dose
groups, but not in the high-dose group. These differences were not large in absolute (3%
and 5%, respectively) or relative (7 and 4%, respectively) terms. Lung weight changes
were not considered biologically relevant.

Pancreas weights were decreased in a dose dependent manner in males and females, with
a maximum difference between control and high-dose groups of 16 and 12% (absolute
weight, respectively) and 14 and 13% (relative to body weight, for males and females,
respectively). These findings were not statistically significant and were not noted in the
one-month high-dose recovery groups of either sex. There were no correlating gross or
histopathological lesions. This finding is not considered biologically significant.

Gross pathology: Forestomach thickening was observed at 2 1 mg/kg in both sexes at
the end of dosing period, but not observed at the end of recovery period. Eye opacity was
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not observed in the NK-104 group, but was observed in a male rat in the control recovery
group. There was atrophy of the testes in a male rat of the high-dose group, but no such
finding was observed in any animal of the recovery group.

In females, opacity of the right eye was observed in a high-dose female. No such finding
was observed in any recovery group female. An adhesion on the diaphragm of the lung
was noted in a 3 mg/kg/day female, but no lung findings were noted for the recovery
group. This finding was not dose-related or frequent, and is not considered drug-related.

' s fi o S Female L
3 Dose(mg/kg) T‘_'-‘ff0"if" 0. ToTosl 13T T10
s Nj12 2]l li12]12
Forestomach | Thickening of wall - - 1 7 12 - - 2 8 12
[ Testes Atrophy, left - - - . 1
'Eye . Opacity, right - - - - - ‘ - . - - - 1
Lung Adhesion, diaphragm - - - - - - - - 1

Histopathology: Treatment related change was only observed in stomach. Forestomach
hyperkeratosis, acanthosis were observed at 2 1 mg/kg in both sexes. Submucosa edema
was observed in males at > 3 mg/kg. Lamina propria cellular infiltration was noted at = 3
mg/kg in both sexes.
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____ 6 Month Oral Toxicology Study in Rats -

Histopathology (Main study)

Dose(mg/kg) [ 0 [ 03[ 1 [ 3J10] 0 Jo3] 1 ]| 3 [10
TNl iR | 1 12 112 | 12°
Interlobular bile duct . DS S e 1+ [+ N 1+
Liver proliferation
Small granulomatous - 24 _ 2%
nodule
- Any dose-related
Kidney toxicity - - - h
Skeletal Aﬁy dose-related _ SR _ . -
muscle toxicity s
o 1£ 1=
5+ 7+ 4+
Hyperkeratosis - - 6+ 7+ 5+ - -
arr | 60+ 1+ 5++ | 8++
2+
. 1+ 6+ 8+
Acanthosis - - 3+ 1+ 64+ - - 3+ ?: 4+
Forestomach Vacuolation of N - 1+ _ _ _ . . _ _
striatuﬂ spinosum N
Submucosal cellular _ . R _ 1= N . _ . _
inﬁltra_tion
Submucosal edema - - - 1+ 2+ - - - - -
Cellular infiltration 54
into mucosal lamina - - - 1+ o+ - - - 2+ 3+
propria
Atrophy of
Testes | seminiferous tubue | % I
Hypospermatognesis 3+ ASesa
| Thyroid Follicular atrophy - - -
Epididymes Decrease in sperm - 1+++ ’
Duodenum Ectopic pancreas - 1+ 1+ -
) - ] h
Cataract - - - R
Eye Calcium deposit in 6t 5t 6t 4+
| cornea i 1+
Interstitial _ . . 1=
Lung proliferation
Edema - - - 1+
. g
Rathke’s pouch . 1+ . ;
Pituitary remnant 1*
Cyst 1+ * 5+ 8+
Any dose-related ‘
Heart toxicity ° : ) °
* ‘+
Thymus Cyst 2 - . *

+: minute, +: mild, ++: moderate, +++: severe, * no tissue

Recovery:

In male rats, histopathological findings in forestomach, liver, epididymes, and pituitary
findings in males were absent at the end of the one-month recovery period. Findings in

testes were partially recovered. Ectopic cyst in the duodenum was still present in one

male in the recovery group.

In female rats, histopathological findings in forestomach, liver, thyroid, lung and thymus
findings were recovered after one-month of recovery. Other toxicities observed during
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histopathological examination were not dose-related, not severe, or were present in the
control and high-dose groups, and were therefore not considered drug-related.

| 387/003 - NK-104 - 2 week intravenous toxicity study in the rat. j
This study was conducted for bioavailability assessment at steady state (i.e. comparison
to oral pharmacokinetic parameters).

..... 2-WEEK LV, TOXICITY STUDY IN RATS — DOSE GROUP ASSIGNMENTS
Group/ Dose level Dose volume Dose concentration Number of males
Treatment (mg/kg/day) (mUkg/day) (mg/mb) Q)
1. Control 0 4 0 10
2. Low dose 1 4 0.25 10 (+3)
3. Intermediate dose 2 4 0.5 10 (+3)
4, High dose 4 4 1 10 (+3)

(Sponsor, M4, 387/003, p10)

The high dose was chosen because it was the maximum amount of NK-104 that could be
dissolved in physiological saline. There was no mortality in this study. There were no
significant clinical signs observed. There were no differences in body weight gains, food,
or water consumption.

Rats experienced |% reticulocytes at 1, 2, and 4 mg/kg/day of up to 18%.

Nodules were present in epididymes of high-dose group (2/10), and mid-dose group
(1/10), and this was correlated with sperm granuloma and cellular debris (Check rat
numbers). There were some histopathological signs of kidney damage (lymphoid cell
infiltration, 2/10) in the high-dose group versus controls (0/10).

| RF2502 - A 14-day oral toxicity study of NK-104 in dogs (preliminary study) j
This study was carried out in order to find appropriate doses for a 3-month toxicity study
in dogs.

14-DAY ORAL TOXICITY STUDY OF
NK-104 - GROUP ASSIGNMENTS

. Dose? Number of animals
Group No. Test article name mg/kg Males Females
1 Control 0 2 2
2 NK-104 2 2 2
3 NK-104 15 2 2
4 NK-104 50 2 2

(Sponsor, M4, RF2502, p5)

The 50 mg/kg dose was the MTD from a single-dose study in dogs, conducted
previously, where there was a death at the 100 mg/kg dose, but no deaths at 250 mg/kg.
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Single Oral Administration of NK-104, Dose Finding
_Study — Mortality (including Moribundity)

Dose (mg/kg) §- - :Males =" |i . Females
0 - -
2 - -
15 1/2 -
50 2/2 22

A92005 - Measurmg plasma NK—104 levels (plasma samples from a 14- day ,
toxicological study in dogs) - - : :

. Cw .
NKDt(;: Day1d ,Day 19 »»-.Day,9:i(3‘$ - ‘Day9 @
5 2.9 3.3 2.5 40
NK-104 15 11.9 16.1 14.5* 16.1
50 59 101 - -
lactone e~ =20 . oot
50 5.6 4.7 - -
- both dogs died between days 4 and 7
1g
mﬂ: s
z ¥
S 9
‘§ 'IU: °
601
]
401 °
%
2] .
101 8
) P — \ . ,
0 10 2 50 4 50
Dose(mg/kg) '

Fig.7 Relationship between Dose and Cmax, Day-1 .

) {O):Male dog,{@): Female dog.

(Sponsor, M4, A92005, p17)
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RFG2503 - Three-month repeated dose toxicity. study of. NK- 104 by oral ot
administration in dogs [wnth a 7-week recovery period] - - S "

Key Study Findings:

e 10 mg/kg: 1/3 female death, abnormal stools, vomiting, lower body weight in males,
opacity of the lens in both sexes, increases in ALT and AST, increased lung weight,
decreased ovary and uterus weight, histopathological changes were observed in lung
(inflammation in 3/5 males and 3/5 females, hemorrhage in 1/5 female), liver
(dilation of sinusoid in 3/5 males and 1/5 female, hemorrhage in 1/5 female),
gallbladder (hemorrhage in 1/5 female), eyeball (degeneration of the lens in 4/5
males and 3/5 females, edema/degeneration in 3/5 males and 3/5 females,
vacuolation in 2/5 males), epididymis (spermatic granuloma in 2/5 males), GI tract
(hemorrhage in 1/5 female), and heart (eosinophilic degeneration and swelling of
myocardium in 1/5 female).

e 3 mg/kg: abnormal stools, vomiting, opacity of the lens in 1/3 male and 1/3 female,
increases in ALT and AST, decreased ovary and uterus weight, histopathological
changes were observed in lung (inflammation in 1/3 male and 2/3 females), and
eyeball (degeneration of the lens in 1/3 male). ). In females only, there were
findings of mammary gland lipogranuloma at 3 mg/kg/day (1/3 females) and 10
mg/kg/day (1/3 females), which was not observed in recovery (0/2).

1 mg/kg: decreased ovary weight. No apparent drug-related changes.

NOAEL was 1 mg/kg/day, based on degeneration of lens, increased liver enzymes,
decrease ovary and uterine weight, mammary gland lipogranuloma. For the 4 mg
human dose, this represents an exposure multiple of 7.3, based on AUC.

Amendment #, Vol #, and Page #: M4, RFG2503

Conducting laboratory and location: Fuji Research Labs, Kowa Co., Shizuoka, Japan
Date of study initiation: July, 1992

GLP Compliance: Yes

QA report: Yes

Methods: sub-chronic oral (capsules) toxicology study

Dosing:
- Species/strain: Beagle dogs
- #/sgxﬁroup or time point:
Vo 3 Month Oral Toxncology Study in-
k - ~ Group Assignments - il |
"3-month main | 7-week recovery -
Vehicle 0 3 3 2 2
LD 1 3 3 -
MD 3 3 3
tHD 10 3 3 2 2

Age: 5 months
Body weight: male: 7.4-9.1 kg, females: 7.1-9.1 kg
Route: oral capsules
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Drug, lot number, and purity: 104P-9202, 99.2% purity
Formulation/vehicle: lactose (gelatin capsules)
Observations and Times:

Endpoints - - I 'Time of Observation =

Clinical signs Daily

Body temperature, pulse Day 0, weeks 4, 8, 12 of dosing and weeks 4 and 7 of

rate, respiratory rate recovery period (prior, 1 and 3 hrs post dosing).

Body weights Pre-dose, weekly

Food consumption Pre-dose, weekly

Water Consumption Pre-dose, weekly

Ophthalmoscopy Pre-dose, weeks 4, 8 and 12 of dosing, weeks 2, 4, 7 of
recovery period.

Auditory examination Pre-dose, weeks 4, 8 and 12 of dosing, weeks 2, 4, 7 of
recovery period. '

Electrocardiography Pre-dose, weeks 4, 8 and 12 of dosing, weeks 2, 4, 7 of
recovery period.

BSP test Pre-dose, weeks 12 of dosing, weeks 2, 4, 7 of recovery
period.
Blood stagnation rate of BSP was determined.

Hematology Pre-dose, weeks 4, 8 and 12 of dosing, weeks 2, 4, 7 of

recovery period.

RBC, WBC, platelet, hematocrit, Hb, MCV, MCH,
MCHC, reticulocyte, leukocyte classification, PT, APTT,
fibrinogen were examined.

Clinical biochemistry Pre-dose, weeks 4, 8 and 12 of dosing, weeks 2, 4, 7 of
recovery period.

Glucose, total protein, albumin, A/G Raito, BUN,
creatinine, Ca, ALT, AST, LDH, CPK, ALP, GGT,
cholinesterase activity, triglyceride, total cholesterol,
phospholipid, Na, K, C! were examined.

Urinalysis Weeks 4, 8 and 12 during dosing, weeks 4 and 7 of
recovery period.

pH, protein, glucose, ketone bodies, occult blood,
urobilinogen, bilirubin, and sediment were examined.
Fecal examination Pre-dose, weeks 4, 8, and 12 of dosing, and weeks 4 and 7
of recovery period.

Occult blood was tested.

Gross pathology At sacrifice
| Organ weight At sacrifice
Histopathology At sacrifice. Only control and 10 mg/kg/day group were
examined.
Toxicokinetics Report not attached.
Results:

Clinical signs: Food remains after being fed, abnormal stools (soft stools, bloody stools
and/or diarrhea), and vomiting were observed in both control and treated animals, but
appeared to be more frequently in treated animals. Abnormal stools and vomiting were
not observed in females and less frequently in males at 10 mg/kg during recovery period.
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Clinieal Observations (Mess Pereent’)
Dose (mg/kg NK-104)
Weeks Masles Females

t‘!'!ﬁw e 1 3 10 . 1 3 19
‘0od remains 3.1 04 1.8 4. 12.7 236 0.0 354
/Abnormal stool * K] 44 13.6 263 04 10.9 33 8.5
Vomiting 0.9 04 22 35 Ll 1.4 1.8 3.0
'!mm:ﬁ-z '

Food remains 245 24 49.0 918
Abnormal stool 0.0 5.1 0.0 . 0.0
Vomiting 0.0 1.0 Lo 0.0
* Calculated: (Number of times observation made/posential sumber of times observation could be made) x
100. * Soft stool, bloody stool and/or diarhes

(Sponsor, original report)

Mortality: One female dog at 10 mg/kg died on day 7. Histopathological changes include
congestion of the liver and kidneys, swelling of the adrenal gland, swelling and edema of
the pancreas, hemorrhage and edema of the thymus, hyperemia and hemorrhage of the
gastrointestinal tract from the stomach to the rectum, swelling and hemorrhage of the
mesenteric lymph node, hemorrhage of the submaxillary lymph node, and soil around
anus.

Body weights: Males at 10 mg/kg had a lower body weight than controls.

BODY WEIGHT MEASUREMENTS IN A
3-MONTH TOXICITY STUDY IN DOGS. MALES

- : Contral

0o
~
L3 Y}
'.
el 3
[ ]
® a0
(L]
Kl 1
]
& &0
e
-]
o 1.0
- RIROVIRY PERIGD

ll=.
..' 1 A | A 'y ' S 4 A, A 'y e A A A - ' s F S— Y

1
-1 &1 2 3 4 S & T 8 9 100 1213 3415 10 17 18 18 B

PERIOD (WEEKS)
(Sponsor, M4, RFG2503, p49)
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BODY WEIGHT MEASUREMENTS IN A
3-MONTH TOXICITY STUDY IN DOGS, FEMALES

r «=: Contrel

—:ME-10  lee/ke
1.0 - ME-100  deg/kg
- s IR-104  HOng/ke
w100
E
-
= 90
& ]
(5]
= 80
.
(=]
o 10}
P . Wcomet mios
' N ]

6.0 A Lk (TN O S Y L Iy VAR W R N | Soieminad U N N L Lmed

40 1 23 45 67 8 9 1010 (213 14151617 18 19 2
PERIOD (WEEKS)
(Sponsor, M4, RFG2503, p49)

Food and water consumption: No treatment related changes.

Body temperature. pulse rate, and respiration rate: No treatment related changes.

Ophthalmology: Opacity of the lens were observed in 1/3 male and 1/3 female at 3
mg/kg at week 12, 5/5 males and 4/4 females at 10 mg/kg at week 8. This change was
progressive through the recovery period.

ECG examination: No apparent treatment related changes.

Recall that in conscious Beagle dogs in study FBM 06-4115, heart rate was slightly but
significantly increased after administration of the highest dose, 10 mg/kg dose of NK-104
at 3 and 6 hours post-dose (p<0.05, p<0.01), respectively. All other parameters,
including PR, QRS, and QT/QTc¢ intervals measured pre-dose and 0.5, 1, 3, 6, 12, and
24hours post-dose, were unremarkable. Increased heart rate occurred at 154-fold human
exposure to NK-104 at the MRHD of 4 mg/day.

It is unclear how long after dosing the animals that the ECG was performed. Since Tpax
is <2 hours at 10 mg/kg in dogs.

BSP test: No apparent treatment related changes.

Auditory examination: No apparent treatment related changes.

Urinalysis: One female at 10 mg/kg exhibited a persistent moderate to marked positive
result of protein since week 4.
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Fecal examination: No apparent treatment related changes.

Hematology: No apparent treatment related changes.

Clinical chemistry: Significant increases in ALT and AST, decreases in triglyceride, total
cholesterol, and phospholipid were observed at 10 mg/kg in males and females. These
changes were recoverable.

SERUM BIOCHEMISTRY PARAMETERS IN A
3-MONTH ORAL TOXICITY STUDY IN DOGS

Dese (myyhg NK-104)
v Males Females
Mesg Value - Hour N 1 3 . . i 3 e
SGOT (mU/mb
-1 26 21.0 220 232 202 19.7 203 218
4 180 237 203 20.8*% 216 227 7 33.5"
8 19.6 240 4.7 304 236 233 217 39.3*
12 208 5.0 2.7 32.6%% 240 21 233 403
R2 20.5 210 17.0 290
R4 20.5 200 245 35
R? 210 21 205 235
SGPT (mU/m)
-1 294 230 327 292 344 300 353 310
4 20 347 363 s04%! 342 36.7 593 65.5
| 230 360 427° $92%*| 340 383 60.3* 39.3
12 302 350 41.0° 76.6* 314 387 59.3¢ 813
R2 290 35.0 385 46.90
R4 ns 258 32s s
R? 260 320 290 390
CPK (mU/ml)
-1 200 139 2% 2% 188 190 167 103
4 160 149 183 206° 144 134 153 225
] 139 149 135 13* 144 127 125 166
12 131 141 13 171¢* | j01 108 103 149
R2 9 131 » 3
R4 4 122 » 138
R? 103 "7 91 110
TRIG (mg/dl)
-l 436 370 36.7 352 40.2 40 343 “s
4 42 263 2713 196 44 4.0 200 243"
504 200 270°  23.2%%) 382 317 24.3* 24.0°
12 504 253% 290° 24.6*| 443 437 247" 458
2 s0.5 390 46.0 410
R4 470 383 460 SLS
R? 435 375 0.5 4.0
TOT CHOL (my/dl)
ol 165 15 161 m 148 153 132 147
4 166 107  100°* 9 148 128 86 82%
] ¥, ] 107%*  108°* " | 149 135* L 3dd 69**
12 178 Hi*s 109 g5 | 1 13370 gjee  paee
R 187 162 i 134
7] 142 160 180 147
R7 182 151 187 141
R=Recovery Week; * p<0.0 (compared 10 comol group); ** p<0.01 (comgared to control group)

(Sponsor, original report)
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SERUM BIOCHEMISTRY PARAMETERS IN A

3-MONTH ORAL TOXICITY STUDY IN DOGS (CONT)

R=Recovery Week;  p<0.05 (compared to control group); ** p<0.01 (compared to control group)

Selected Serum Blockemistry Parameters [continued)
Dose (mg/kg NK-104)
v " Masles Females
Meas Vaiug - Hour P 1 3 1o o i 3 10
PHOS LIP (mg/dl)
-1 302 278 291 306 259 265 241 264
4 2n 176%*  165**  141°** | 258 225 141 127%*
8 238 182¢+ 180°* 136%% | 263 218° 1479 115%*
12 307 199 200°*  144°* | 313 258 168**  146°*
R2 296 285 n 246
R4 281 283 320 266
R?7 308 265 306 259

(Sponsor, briginél report)

Organ weight: Lung weight increased 35% in males at 10 mg/kg. Uterus and ovary
weight showed very significant decreases in all treated groups.

ORGAN WEIGHTS IN A 3-MONTH ORAL TOXICITY STUDY IN DOGS

| leeted » Organ Weights

i

! Dess (my/kg NK-184)

H

1 Orgaa Males Females

i weln [} 1 3 18 RO Ri6| ¢ 1 3 10 R4 R:I¢

] Logs

i Abs |T1L5 T23 702 968* MO0 732 |68l 70.8 ni 8 659 747

! Rl | 669 073 oOom 1LOI* 0.66 S 0mr | ez 01s 073 090 069 077

|| vrers

i Abs 1671 162 10.2¢ 184 95 43

! Rel 0.176 0082 0.108* 0021°* 009 0.044
il Ovaries

i Abs 294 1.13%* 1.45°° 0.63°* 14 79

I Rel 0031 0012°* 0015t 0.007** 001 0.008
' R0 = Recovery Week 7, 0 mg/kg: R-10 = Recovery Week 7, 10 my/kg; Abs = Absohus; Kel = Relative

! . N.M(WUmmx“ P<0.01 (compared to control groug); NA = Not Availsble

(Sponsor, original report)

Gross pathology: Opacity of lens was observed in 1/3 female at 3 mg/kg, and 5/5 males
and 4/4 females at 10 mg/kg. ). In females only, there were findings of mammary gland
lipogranuloma at 3 mg/kg/day (1/3 females) and 10 mg/kg/day (1/3 females), which was

not observed in recovery (0/2).

Histopathology: Histopathological changes were observed in lung (inflammation,
hemorrhage at 2 3 mg/kg), liver (dilation of sinusoid, hemorrhage at 10 mg/kg),
gallbladder (hemorrhage at 10 mg/kg), eyeball (degeneration of the lens,
edema/degeneration, vacuolation at 10 mg/kg), epididymis (spermatic granuloma at 10
mg/kg), GI tract (hemorrhage at 10 mg/kg), and heart (eosinophilic degeneration and

swelling of myocardium).
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" "3 Month Oral -T'f_iXi'cblo?ﬁ'Ls- tudy in Dogs "":—;'.Bistogath()log-m P

- Dosemg/kg) ¥ 0| 1 [ 3 T1wof o [1]3 10°
Foci of foam cells with S R Y N [ I VA By
inflammatory cell infiltration 1(4) 1(3)
Lung Focal suppurative pneumonia - - - - - - - 1{4)
congestion - - - - - - - 1(4)
Pericanal fresh hemorrhage and
R N )
i edema :
Centrilobular dilation of sinusoid - - - %g; - - - -
Congestion - | - - - - - - 1(4)
Liver Diffuse dilatation of sinuseid and . . . R R . . 1(4)
atrophy of hepatocytes
Fresh hemorrhage in the junction . . ; . . . . 1(4)
of the liver and Egllbladder )
Gallbladder f‘v:;lsh hemorrhage in gallbladder . . . R . . 3 14)
Popliteal Erythrocyte-phagocytes and 1(1) 2(1) 1(1) 2(1)
lymph node | hemorrhage in sinuses 1(1) 1(2) 12) 1(4) 32 1(3) 1(2)
22) 1(2)
Degeneration of the lens fiber - - 1(1) 24) - - - 1(3)
14)
Edema in interstitium 13) 1(1)
accompanied with degeneration of - 0 0 - - - 1(2)
Eyeball the ciliary epidermis 24 1(3)
Adbhesion of the ciliary body and . 0 0 (D) ; . B 1(2)
lens . 1(2) 1(4)
Vacuolation of the outer plexiform . . 0 21) . . . .
| laxer of the retina -
Epididymis Unilateral spermatic granuloma - - - 2(4) - - - -
Prostate | Cystic dilatation of the gland ) |2 o :8;

' Edema in interstitium o
Pancreas accomganied with conEestion ) ) ) ) N i ) 1(4)
Stomach Fresh hemorrhase in submucosa - - - - - - - 1(2)

Small hemorrhagic foci in muscle '
o B RN AR R A 16
layer
Duodenum Hemon:hage in inters.titium ?nd
congestion at an opening region of - - - - - - - 1(4)
the bile duct
Exfoliation of cholionic epithelium - - - - - ] - - 1(4)
Congestion and edema in '
| Thymus interstitium ) B B ) . 3 ) 1(4)
Adrenal gland congestion - - - - - - - 1(4
Heart Eosugophillc degene!'ation and . ) . . . . . 12)
swellmg of mxocardlum

Values in () represent severity of the findings. 1: slight, 2: mild, 3: moderate, 4: severe
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-AG25001 - Three-month repeated oral dose toxncokmetlc study of NK-104 in. dogs
[oral.capsules] :

Kinetics were lmear in male and female dogs on Day 1 of a 90 day tox1c1ty study, where
dogs were administered 1, 3 and 10 mg/kg NK-104 by oral capsule.

29100
. Mal2 Qog
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5006

(4 el ety Ty epriim e

25000

=
4
2 0 1 2 4% ¢ 5 8 1 3 § W
$
g
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200001

15000 1

10000 1

Oose (ag/kg)
(Sponsor, M4, AG25001, p23)
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Cinax tended to be lower over time upon repeated administration of NK-104 at 1, 3, and 10
mg/kg. AUCo.. tended to increase after 35 and 90 days compared to Day 1 in males and
females at each dose of NK-104, while Tmax trended higher in females with repeated
administration, but not in males. Total NK-104 exposure in females (AUCy.,) was higher
than total exposure in males at each dose.

Toxncokmetlcs of NK-104 during Daily . Admmlstratlon NS

L of NK-104 to Dogs for 90 Days bv Oral Capsule
'Dose 5@‘5"1)‘a§‘ g & C...ax AUCo.w LY VYRR Tm .
v(mg/kg) é‘ : 9 -c? 9 <§‘ 9 6‘ Q-
1 246 344 891 1141 3.9 2.7 1.7 1.0
1 35 I 328 [ 35 ND ND ND ND 1.0 1.7
90 | 239 302 ND ND ND ND 1.7 1.7
1 1477 | 1671 | 3130 | 4196 2.8 3.1 1.0 1.0
3 35 809 | 1212 ND. ND [ ND ND 1.7 1.0
90 1346 | 1058 ND ND ND ND | 1.0 1.7
1 5179 | 8686 [ 74185 18117 | 23 2.8 1.6 | 1.0
10 35 | 5383 | 7027 ND ND ND ND 12 | 1.0
90 [ 7637 | 4931 ND ND §f ND ND 1.4 1.3

‘ND, not determined

Total exposure (AUCy.,) to NK-104 lactone was approximately 25-30% of total exposure
to parent NK-104 in male dogs and 25-35% in female dogs. Maximum NK-104 lactone
concentrations (Crax) were approximately 12-19% of parent NK-104 C,x in male dogs
and 8-21% in female dogs.

Toxncokmetlcs of NK-104 Lactone during Daily Admlmstratlon " She

of NK-104 to Dogs for 90 Days bv Oral Capsule

3.3
2.7 2.7
40 27
1 171 208 [ 922 1330 3.2 33 1.7 1.7
3 35 | 151 | 224 | ND | ND I ND | ND 1.7 2.0
90 | 191 | 219 I ND | ND T ND | ~ND T 20 27
1 [ 610 660 K 3515 | 4360 f 3.1. | 3.6 24 | 22
10 35 | 824 771 ND ND § ND ND [ 32 | 25

90 960 641 ND ND | ND ND r 3.6 3.0

“nd” indicates not determined
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RFG2504 - Twelve-month’ consecutlve oral toxnclty study of NK 104 in’ dogs [m o
gelatin capsules, with a 9-week recovery period] =~~~ S

Key Study Findings:
NK-104 was orally administered to dogs at doses of 0.3, 1 and 3 mg/kg for 12 months
and allowed to recover for 2 months
e 3 mg/kg: opacity of the lens in 5/6 males and 6/6 females, increases in ALT,
increased uterus weight, aggregated foci of foam cells and inflammatory cells
in lung in both sexes, interstitial edema accompanied by degeneration of the
ciliary epithelium in 3/6 males and 1/6 female, degeneration of the fibers in
the lens of the eye in 4/6 males and 6/6 females. There was also a qualitative
increase in protein in the urine.
e 1 mg/kg: opacity of lens (minute) in 1/4 male, increased uterine weight
without correlating lesion.
0.3 mg/kg: no apparent treatment related changes.
NOAEL was 0.3 mg/kg, due lens opacity (males) (females) at 1 mg/kg/day
(this dose represents an exposure multiple of ~2.8 based on the AUC at the 4
mg human dose).

Amendment #, Vol #, and Page #: M4, RFG2504

Conducting laboratory and location: Fuji Research Labs, Kowa Co., Shizuoka, Japan
Date of study initiation: April, 1993
GLP Compliance: Yes
QA report: Yes
Methods: chronic oral (capsule) toxicology study
Dosing:
- Species/strain: Beagle dogs
- #/sex/group or time point:

. 12 Month Oral Toxncology Study in
T Dog '.-Grou" Assn'nments e
T Dose 12 month mam - ~Z-month

Group | kg b f TCCOVELY
Vehicle 0 4 | 4 2 2
LD 0.3 4 4 - -
. MD 1 4 4
HD 3 4 4 2 2

- Age: 5 months
- Body weight: male: 8.0-9.7 kg, females: 7.4-9.4 kg
- Route: oral gavage

Drug, lot number, and purity: 104P-9202, 99.2% purity
Formulation/vehicle: lactose in gelatin capsules
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Observations and Times:

Endpoints

Time of observation

Clinical signs

Daily

Body temperature, pulse
rate, respiratory rate

Day 0, months 1, 3, 6, 9, and 12 of dosing and months
1 and 2 of recovery period (prior, 1 hr post dosing).

Body weights

Pre-dose, weekly

Food consumption

Pre-dose, weekly

Water Consumption

Pre-dose, weekly

Ophthalmoscopy Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period.

Auditory examination Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period.

Electrocardiography Pre-dose, months 1, 3, 6, 9, and 12 of dosing and

months 1 and 2 of recovery period. Timing
unspecified.

Male sexual function test

[ All male dogs at the control and 3 mg/kg groups were

tested for the volume and number of sperm in the
seminal fluid at month 6 and 12 of dosing period and
month 2 of the recovery period.

Hepatic function test (BSP
test)

Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period. Blood retention
rate of BSP was determined.

Hematology

Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period.

RBC, WBC, platelet, hematocrit, Hb, MCV, MCH,
MCHC, reticulocyte, leukocyte classification, PT,
APTT, fibrinogen were examined.

Clinical biochemistry

Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period.

Glucose, total protein, albumin, A/G Raito, BUN,
creatinine, Ca, ALT, AST, LDH, CPK, ALP, GGT,
cholinesterase activity, triglyceride, total cholesterol,
phospholipid, Na, K, Cl! were examined.

Urinalysis [ Pre-dose, months 1, 3, 6, 9, and 12 of dosing and
months 1 and 2 of recovery period.
pH, protein, glucose, ketone bodies, occult blood,

. urobilino&en, bilirubin, and sediment were examined.
Gross pathology At sacrifice
| Organ weight At sacrifice
Histopathology At sacrifice. ‘
Toxicokinetics Separate study report included.
Results:

Clinical signs: Higher incidence of abnormal stool (soft stool, blood stool and/or

diarrhea) was observed in all treated groups in males (0.8, 4.7, 1.5, and 4.9% for 0, 0.3, 1,
and 3 mg/kg group, respectively), however, lower incidence was observed in females
(2.6, 1.9, 0.4 and 1.0% for 0, 0.3, 1, and 3 mg/kg group, respectively). No apparent
difference was noted in the recovery period.

177



Reviewer: Elmore. C. Lee. Ph.D. NDA No.22-363

Mortality: No mortality occurred during the conduct of this study prior to terminal
sacrifice.

Body weights: No apparent treatment related changes,

Food and water consumption: No apparent treatment related changes.

Body temperature, pulse rate, and respiration rate: No treatment related changes.

Ophthalmology: Opacity of the lens were observed in 1/4 male at 1 mg/kg at month 12,
5/6 males and 6/6 females at 3 mg/kg. The change in 3 mg/kg was still observed during
the recovery period.

ECG examination: No apparent treatment related changes.

Recall that in conscious Beagle dogs in study FBM 06-4115, heart rate was slightly but
significantly increased after administration of the highest dose, 10 mg/kg dose of NK-104
at 3 and 6 hours post-dose (p<0.05, p<0.01), respectively. All other parameters,
including PR, QRS, and QT/QTc intervals measured pre-dose and 0.5, 1, 3, 6, 12, and
24hours post-dose, were unremarkable. Increased heart rate occurred at 154-fold human
exposure to NK-104 at the MRHD of 4 mg/day.

Hepatic function test (BSP test): No apparent treatment-related changes.

Auditory examination: No apparent treatment-related changes.

Male sexual function test: No apparent treatment-related changes in semen volume or
sperm count.

Urinalysis: There was a qualitative dose-related increase in protein in the urine of high-
dose females, which was apparent at Months 3, 6 and 12. Increased protein in the urine
was absent during the recovery period. There were no other apparent treatment-related
changes of biological significance. No instances of protein in the urine were described as
severe.
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Hematology: In males, there were dose-related percent increases in segmented
neutrophils and percent decreases in lymphocytes at Month 1. Percent lymphocytes
appeared to be decreased at Month 6, as well, but showed questionable dose-relatedness.
In females, there were dose-related percent increases in segmented neutrophils at Month
3 and a decease in stable neutrophils was noted at Month 9 (p<0.05 at the high dose). In
females, decreased prothrombin time noted at Months 6, 12, and at the end of the
recovery period. While statistically significant at the high dose (p<0.05), these changes
were unlikely to be of biological importance. All other findings were either not dose-
related, noted only at a single time-point, and/or were unlikely to be biologically
significant. There were no other significant findings observed during recovery.

1 Lymphocytes (%) 36 31 | 32 28% 36 33 33 37
3 [ Prothrombin time (sec) 67 | 67 66 | 65 67 | 6.5 6.7 6.4
6 Neutrophils segmented (%) 55 60 64%* 61 60 60 58 56*
Lymphocytes (%) 34 29 [27%* | 30 29 33 | 34 34
9 | Neutrophils stable (%) 0.8 1.1 0.8 0.6 0.9 0.6 0.9 0.5%
2 Neutrophils segmented (%) 53 | 65 | 62 59 57 56 | 54 55
Prothrombin time (sec) 69 | 68 | 66 6.7 7.3 7.1 74 | 7.0+
R1 | NA N T T |
R2 | Prothrombin time (sec) ' 73 ol 6.5

Findings that appeared to be dose-related are in bold
Clinical chemistry: Increases in ALT were noted at 3 mg/kg in both sexes. Triglyceride,

total cholesterol, and phospholipid significantly decreased in males during dosing period,
but, returned to control level during recovery period.
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" 12 Month Oral Toxicology Study in Dogs —
" “Clinical Chemistry (>20% different from control)
o L Male __Female
. Dose(mg/kg)] 03 | 1 | 3 §o03 ['1 |3
| o o - - - ——
1 : S N S
= - ~ —— - T
Alpha-2-globulin [— o e S N
pha-=g I I SN RN SN B T
12 I 1 1 T
RI Foooaf o] - b ] 1
YN (SRR IR WA 1
o ¥ 1 1 - 1 L. S
1 - - 1 - I R
3 1 S . :
Lactate 6 [ - T y N N
dehydrogenase 9 S ) - - -
12 : - X - N ]
Rl - )
R2 1 .
0 - - . - - -
1 - M 1
3 - S 0 -1
Aspartate 6 - - 1+ N . T
transaminase 2 " - i S : 1
12 - 1* 1 - -
Rl - 1 -
R2 . =
0 - sl - - -
1 S A - -1t
3 B 1 1 |
Alanine 6 - - T : .
transaminase | 2 : ol " el 1
2 I - S - -~ 11
Rl | (i -
R2 1 _
" -
0 - - - - - .
1 . - - .
3 - T 1 - N -
Alkaline 6 - N - -
phosphatase 9 - 1 - 1 1
12 s 1 - N _
Rl 1 -
R2 1 :
0 - - - - -
1 - - - - ~1**
3 . - - -
. 6 - : . . ~1* | ~1*
Creatinine 5 - - - - - -
12 2 - - - T
RI y N
R2 - -

* indicates a statistically significant difference from controls, p<0.05
~ indicates <20% difference
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Organ weights: The following findings were notable (n.s.s. but >20% different from
controls): increased uterus weight at > 1 mg/kg, increased spleen weight in males at 3
mg/kg/day, and decreased thyroid weight in males. These three findings did not appear

recoverable at 13 weeks.

There were statistically significant increases in kidney weights in males and decreases in
adrenal weights in females at 3 mg/kg/day (p<0.05). There was also a statistically

significant decrease in epididymal weight at > 1 mg/kg/day (p<0.05). These three

findings were recovered at 13 weeks.

Increased prostate weight was observed in recovery animals at 3 mg/kg/day (>20%).

.26 Week Oral Toxicity Study in Dogs — Organ Weights
S . Male i _Female
" Dose(mg/kg)| 0 | 03 [ 1 S0 03 | 1 ] 3¢
' 52wk [ 262 273 | 25.4 27.1 23.5 23.7 | 29.2
Rel 024 | 024 | 0.25 026 | 0.21 023 | 0.28
Spl . , :
pieen R:9wk | 240 e 30.8 ] 245
'Rel, 0.22 030 [ 1022
" . A
52wk 489 | 539 | 53.7 452 | 41.6 446 | 41.3
. Rel. 046 | 048 | 0.52 042 | 038 0.44 | 0.40
Kidneys RO9wk [ 550 | ] 43.6 ] | 464
i Rel. - 0.50 0.43 0.43
52wk 602 | 696 | 6.99
Rel. 006 | 006 | 0.07
t - ev—
Prostate ROwk | 632 | | e
L Rel. 1_0.06 e N
52wk 0.9 0.8 0.8 0.8 07 § 07 | 07
. Rel. 0.008 | 0.007 | 0.008 0.007 | 0.006 | 0.007 | 0.007
Thyroids ' - o 1 - : o
Riowk 1 08 |~ 0.8 1 os
Rel, 0.007 |- 0.008 0.006
‘ . - N
2wk | 6.2 3.6 9, 8.7
Uterus ‘R.el. 0.059 1 0,033 | 0090 |0.084
R:9wk 5.0 1109
%’f Rel. - i B 0.05 0.10
o AR
2wk [ 1.2 1.1 | 11 1.3 1.4 1.3 | 1.1*
Adrenal Rel, 0.011 | 0.010 Jo.011 | 0.012 | 0.011 | 0.012 ] 0.011
glands Ro9wk | 13 | 1.3 | N 1.3
L Rel. 0.012 , 0.013 0.012
52wk [ 3.6 3.7 3.1 -
- Rel. 0.033 | 0.031 | 0.031
Epididymes ,
picicy ROWk | 35 | § e
Rel. 0.032 ; 0.032

*indicates statistically significant diffe
underline indicates a >20% mean difference from control
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Gross pathology:
White opacity of the lens were observed in 4/6 males and 6/6 females at 3 mg/kg.

Atrophy of the lens was observed in 3/6 males and 5/6 females at 3 mg/kg.

Histopathology:
Notably there was no liver, kidney, stomach, thyroid, or skeletal muscle toxicity.

Administration of 3 mg/kg/day NK-104 produced aggregated foci of foam cells in lungs
of both sexes; oral administration was by capsule, thus no possibilities of gavage-related
findings. In the eyeball, interstitial edema accompanied by degeneration of the ciliary
epithelium were observed in 3/6 males and 1/6 female at 3 mg/kg, degeneration of the
fibers in the lens of the eye was observed in 4/6 males and 6/6 females at 3 mg/kg.

At 1 mg/kg/day, there was opacity of lens (minute) in 1/4 male, and increased uterus
weight without a correlative lesion, while administration of 0.3 mg/kg was not associated
with any treatment related changes.

The NOAEL was 0.3 mg/kg (this dose represents an exposure multiple of ~2.8 based on
the AUC at the 4 mg human dose).
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- 12 Month Oral Toxncology Study in Dog - Hlstogztholo& S_N!am studx!
. . e Female
Aggregated foci of foam
Lung cells and inflammatory - - - 2(2) - - - 3Q2)
cells
Dilation of tubular
Duodenum cavity - - - 1(2) - - - -
Parathyroid o . o } .
ﬁland Cyst 1(3) - 3(2) 1(1) | 1(1)
. ‘ (1)
Degeneration of the lens ) ) ) 2(2) } ) ) 2(2)
fiber 13) 33)
Eyeball Interstitial edema 2(' D
accompanied with n
degeneration of the ° B B 1(2) ) (D B 1)
ciliary eth_hrelium
Ut Hyperplasia of © . B
erus endometrium R # . . ac acl
 Spleen Congestion 1(2) - - - - - 1) | 13)
Fibroid lymphangioma - - - - - - - 1(2)
Vacuolar degeneration 1 (1)
of renal tubular 2(2) | 1(2) - 200130 140 | . 4(2)
Kidney epithelium 3(2)
Foam cell aggregation in i
glomerulus 1(2) ' B N - 1(2) B N
Calcium deposition of
the collecting tubule SONRIORF RN BN FONEE 1(1)
 Heart ‘Ectopic thyroid gland - - - - - - - 1(2)
Cerebrum Calcium deposition in . . . ) o [ . ) _ 1(2)
: _vascular wall )
Skeletal Any finding . R - - - - - -
muscle , ——
Thyroid Round cell infiltration 1(3) - ) (D - [ el 12 L - -
HyperphasiaofCeells | 1(1) | 1) | - | - }8 | - [
Liver ‘Small Granuloma - - - - 1(2)
Stomach Hyperplasia of . . - r 1(2) - - -
lymphatic follicles

Values in () represent severity of the findings. 1: slight, 2: mild, 3: moderate, 4: severe
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12 Month Oral Toxncology Study in Dogs =
Hlstopathology (Recovery animals). -
- _ Male s B Female '
Dose(mg/kg) 0 3 b0 3
) 1 2 )
Aggregated foci of foam
Lung cells and inflammatory - - - -
cells
Dilation of tubular
Duodenum cavity - 1(1) - -
Parathyroid
Cyst - -
| gland ¥ : 1(2) 1(2)
Degeneration of the lens 13) 1(2)
fiber - - 1(3)
Eyeball Interstitial edema
accompanied with 1(1)
degeneration of the - b -
ciliary epithelium
Uterus Hyperplasia of
endometrium : L - -
Spleen Congestion - 1(2) - -
Fibroid lymphangioma - - - -
Vacuolar degeneration
of renal tubular - - 1(2) 2(2)
Kidney epithelium
Foam cell aggregation in 12
glomerulus __ B 2) - B
Calcium deposition of
the collecting tubule 1(2) 2(1) i 2(1) 2( 1)
L Heart Ectopic thyroid gland - - - -
Cerebrum Calcium deposition in
vascular wall - - - -
Skeletal .
muscle Any finding - - - -
Thyroid Round cell infiltration - 1(2) - -
Hyperplasia of C cells 1(2) - - -
Liver Small Granuloma - - _ - -
Stomach Hyperplasia of
tymphatic follicles - - - -

Values in () represent severity of the findings. 1: slight, 2: mild, 3: moderate,
4: severe

'AG25004 - Measurement of plasma and tissue concentrations of NK-104 in a 12-
month repeated oral dose toxicity study of NK-104 in dogs

AUC for NK-104 and NK-104 lactone increased in a slightly higher than dose- related
manner for males administered 0.3, 1.0, and 3.0 mg/kg on Day 1 and Month 12. AUC for
NK-104 and NK-104 lactone increased in a linear, dose-dependent manner for females
administered 0.3, 1.0, and 3.0 mg/kg on Day 1 and Month 12. There was no evidence of
accumulation of either NK-104 or NK-104 lactone in-either sex of dogs over 1 year of
daily administration of NK-104 by oral gavage.
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PLASMA TOXICOKINETICS OF NK-104 AND NK-104 LACTONE AFTER DAILY
ADMINISTRATION OF 0.3. 1.0, AND 3.0 MG/KG NK-104 TO MALE AND

Mean ph. ) Relative value®
Sex Drug Sampling 03mgkg _lmgkg _3mgkg 0.3 1 mg/kg 3mgikg
period Com (ng/ml)  AUC (nghw/ml)  C._ (ng/ml) AUC (ng.hw/mb)  C,_ (ugiml)  AUC (ghrml) Cou AUC(H) C., AUC(Y) Coee  AUC (1)
Male  NK-104 Day-1 78.1(19.8) 280(56) 493.4(99.2) 1328(142) 2.88(0.44) 7.07(0.92) 10 10 1.0 10 10 10
Month-3 93.7(9.3) 313(12) 295.1(61.5) 207 (156) 1.80¢0.48) 5.02(099) 1.2 11 0.6 0.7 06 0.7
Month-6 103.8(17.8) 453 (33) 590.0 (203.6) 2008 (310) 201(0.8D 9.29 (141) L3 16 L2 L5 Lo 13
Month-9 1467 252(28) 326.5(28.8) 1143 (29) 1.21(0.13) 412(0.39) 0.7 09 0.7 0.9 04 0.6
Mouath-12_ 107.3 (30.2) 384 (83) 3822(9.2) 1360 (33) 2.8 (0.56) 7.75 (1.20) 1.4 14 0.8 1.0 L0 11
NK-104 Day-1 108(1.7) 78(11) 50.8(7.7) 2T(R) 0.25(0.02) 1.35(0.14) L0 10 Lo 10 L 1.0
Lactone  Month-3 1850.1) 125(8) 53.8(5.7) 318(2n 0.33(0.05) 202(0.27) 17 1.6 11 2 14 Ls
Month-6 . 186(22) 139(13) 86.2(18.0) 558(65) 0.32¢0.04) 2.19(0.32) 17 18 17 P L3 L6
Moath-9 13.3(03) 21 (%) 5906(3.3) 381 (30) 0.32(0.03) 1.71 (0.18) 1.2 12 1.2 14 13 13
Month-12 16.0¢4.3) 105 (24) 58.5(6.2) 341 (40) 0.31(0.04) 1.70 (0.23) 15 13 1.2 1.3 12 L3
Female  NK-i04  Day-1 113.1(120) 421 (40) 545.5(303) 1463 (68) 219{0.49) 535(0.82) 10 10 1.0 10 10 10
Monthe3 75.5(2D 249¢73) 402.4 (60.7) 1294 (182) 1.63 (0.43) 3.68(090) 07 06 0.7 0.9 07 0.7
Month-6 75.5 (346) 309(82) 545.5(1633) 1880 (439) 171(02n 491 (0.43) 0.7 0.7 10 13 08 0.9
Month-9 43.7(16.2) 195 (68) 501.5 (87.0) 1477 (108) 1.15¢0.11) 3.60(0.23) 04 0.5 09 10 0.5 0.7
Month-12 60.4 (17.9) 238 (89) 324.5(85.2) 1363 (244) 1.83 {0.49) 334(1.31) 0.5 0.7 0.6 0.9 0.3 1.0
NK-104 Day-1 13.5(1.2) 87011 33.8(6.3) 331(39) 0.24(0.04) 1.28(0.20) L0 10 1.0 1o 10 Lo
Lactone  Month-3 1.1¢3.3) 3(22) 85.9(22.8) 515(109) 0.22(0.04) 1.27(0.29) 03 0.3 16 16 0.9 10
Month-6 13122 99(19) 86.8(21.3) 586 (139) 0.20(0.02) 1.32(0.20) 10 | B} 16 18 0.8 Lo
Month-9 88(12) 302 77.8(120) 492 (63) 0.23 (0.03) 136¢0.47) 0.7 0.6 14 LS 1.0 L1
" . / 12 »l(‘).G (2.3) . 70 {14) _ 786 (gl) 42 (107? ’ 0.21 :2.04! - 1.1% :0.22) . 08 0.8 1.5 14 0.9. .09
3, The valu obtained in day-1 was taken as 1. Parenthesise represents the S.E. of 4-6 dogs

(Sponsor, M4, AG25004, p29)

NK-104 and NK-104 lactone were detected in the lens of dogs in the 3 mg/kg group, but
NK-104 was below the lower limit of detection at lower doses. The percentage of NK-
104 lactone in lens (0.6%) compared to parent NK-104 was approximately 18-fold lower
(by Crax) than the percent of lactone as a percent of parent NK-104 in dog plasma
(approximately 11%) at the end of 12 months.

EYE TISSUE TOXICOKINETICS OF NK-104 AND NK-104 LACTONE AFTER
DAILY ADMINISTRATION OF 0.3, 1.0, AND 3,0 MG/KG NK-104 TO MALE AND
EMALE DOGS BY ORAL GAVAGE FOR ONE YEAR

TR AR TR T
Conc. of eye tissue (ng/mf or g)
Group of 0.3 mg/kg Group of 1 mg/kg Group of 3 mg/kg

Compound Sex No. Aqucous Lens Vitreume No. Aqueous Lens Vitreume No. Aqueous Lens Vitreume
NK-104 Male 1 nd. 32.t nd. H nd. 199 nd. i 0.54 1225 nd.
2 nd. 4248 nd 2 ad. 183.1 nd. 2 135 4793 1.0t
3 nd. 363 nd. 3 nd. 1358 nd. 5 047 516.5 nd.
4 nd. 503 n.d. 4 nd. 163.1 nd. 6 0.76 437.8 1.59
Mean - 0.00 404 0.00 - 0.00 150.5 0.00 - 0.718 389.0 0.65
S.E. - 0.00 4.0 0.00 - 0.00 14.0 0.00 - 0.20 90.3 0.39
Female 1 0.33 223 nd. 1 ad. 146.6 048 2 0.86 1503 Li7
2 nd. 235 nd. 2 n.d. 196.0 nd. 3 044 2058 6.61
3 nd. 305 nd. 3 0.2 1316 nd. 5 0.61 3564 042
4 nd. 25.0 n.d. 4 n.d. 121.5 nd. [ 0.64 454.2 .53
Mean - 008 253 0.00 - 0.06 1489 0.12 - 0.64 217 218
S.E. - 0.08 18 0.00 - 0.06 16.5 0.12 - 0.09 69.5 1.49
NK-104 Male 1 nd ad. nd. 1 nd. nd. nd. 1 nd. 0.7 nd.
lactone 2 nd. nd. nd. 2 nd nd. nd. 2 ad 4.7 nd.
3 nd. nd. nd. 3 nd. nd. od 5 nd. 22 nd.
4 nd. nd. n.d. 4 nd. nd. nd. 6 n.d. 1.9 nd.
Mean - 0.00 0.0 0.00 - 0.00 0.0 0.00 - 0.00 24 0.00
S.E. - 0.00 0.0 0.00 - 0.00 0.0 0.00 - 0.00 09 0.00
Female 1 nd. nd nd. 1 nd. nd. nd. 2 nd. nd. nd.
2 nd. nd. ad. 2 nd. 0.7 nd. 3 nd. 42 nd.
3 nd. nd. nd. 3 ad nd. nd. 5 nd. 28 nd.
4 nd. nd. nd. 4 n.d. ad. nd. [ nd. nd. nd.
Mean - 0.00 0.0 0.00 - 0.00 02 0.00 - 0.00 18 0.00
S.E. - 0.00 0.0 0.00 - 0.00 0.2 0.00 - 0.00 1.1 0.00

(Sponsor, M4, AG25004, p30)
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387/001 NK-104 2 week mtravenous toxncnty study in- the beagle dog

¢ No lens opa01ty was observed in dogs admlnlstered 0.5, 1,and 2 mg/kg/day by the
intravenous route

e Total cholesterol was decreased at all doses

¢ The NOAEL was determined to be >2 mg/kg/day by intravenous administration due to
no adverse and/or drug-related effects at that dose.

SBL17-34 - Four week consecutlve oral toxnclty study of NK-104 in cynomolgus
monkeys o

e In a one month monkey study where pltavastatln was admmlstered dally by oral
gavage, there were tubular lesions in kidney and signs of liver toxicity at 3 mg/kg/day
and higher. _

e A NOAEL was not identified in the one month study (<3 mg/kg/day).

e Decreased food consumption and decreased body weight in females administered 15
mg/kg/day.

o There were lung findings(alveolus, foamy cells) in animals of both sexes at the 15
mg/kg/day

e leum, cecum, colon, rectum showed epithelial damage in females administered 15
mg/kg/day.

¢ There was thymic atrophy in both sexes at the 15 mg/kg/day dose.

¢ Stomach erosion, hyperplasia in pyloric part was observed at the 15 mg/kg/day level.

¢ Kidney, tubular epithelial desquamation, swelling, hyaline cast, hyaline droplets,
mononuclear cell infiltration, was noted at 7 mg/kg/day and above in both sexes;
necrosis, regeneration was noted at all doses in both sexes (3 tol5 mg/kg/day)

e There were findings in lacrimal gland, interstitial mononuclear cell infiltration at all
doses in males (3 to 15 mg/kg/day). ‘

e Heart mononuclear cell infiltration was observed at 7 and 15 mg/kg/day in females
only.

e Spleen, atrophy of white pulp was seen in females administered 7 and 15 mg/kg/day.

e Pancreas, acinar cell atrophy in females at 7 and 15 mg/kg/day.

¢ Liver, hepatocyte, vacuole, swelling, neutrophilia, |glycogen in high-dose, 15
mg/kg/day females; hepatocyte, granuloma in males at 7 and 15 mg/kg/day.

e Adrenal hyperplasia, decreased fat in cortex (MD/HD females)

e Skeletal muscle atrophy and submandibular gland, interstitial mononuclear cell
infiltration, and tonsil atrophy were present in females administered 15 mg/kg/day.

e NOAEL <3mkd

Pivotal study already reviewed in detail.

RFG2514 - Plasma drug levels in cynomolgus monkeys ina four-week repeated
dose toxicity study of NK-104

Monkeys in 2/sex/group were given oral doses of NK-104 for 4 weeks and plasma
concentrations of parent and its lactone were measure. No accumulation was observed
after repeated dosing.
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Table II. Plasma conceatration and tonicokinaties parsmeter of NK-104 and its lactone form sfler oral sdministration of NK-104 to monkeys
Jmﬂ%mx_z____ Hixna Cogcantration { g/l Tmas  Cmwx  AUC T3
No. Dose  Sex ime( () (mg/ml) (mg.vmi) ()]

3 Mals 0083 008 0156 Q049 0.030 0.022 0.006 10 0.15¢ 0.5%4 3.0
3 Male 0008 0314 0.046  0.047 0.032 0.016 0.005 [X] 0.214 0.510 27
3 Famale 0000 Oun 0.049  0.033 0.021 0.021 0.000 [2] 41> 0.413 3.9
0 X , X
[]
] Male
Fomsle

(Sponsor, M4, RFG2514, p23)

NK-104 in cynomolgus monkeys =~

Key Study Findings:

e 6 mg/kg: increased kidney weight in males and females and decreased testis,
prostate, seminal vesicles, and epididymes weight in males, which was recoverable
at 8 weeks.

* 6 mg/kg/day: slight swelling of the proximal convoluted tubule in high-dose males
(3/4) and females (4/4), which was recoverable at 8 weeks (desquamation of
proximal convoluted tubules in males at 1 mg/kg/day was described before findings
were down-graded after peer review of histopathology).

* 3 mg/kg/day: Lung, foamy cells in alveolus, recovered. Esophagus, mononuclear
cell infiltration, recovered. Adrenal gland, mineralization between cortex and
medulla, recovered.

¢ 1 and 3mg/kg/day: increased kidney weight in males and females, recovered,
without correlating histopathological lesions.

0.5 mg/kg: no apparent treatment related changes.

¢ Notably, there were no pathologic findings in the eye or gastrointestinal tract as is
observed in dogs.

e NOAEL was | mg/kg (this dose represents ~2.9 multiple of human exposure by
AUC), based on findings in lung, foamy cells in alveolus (recovered), esophagus,
mononuclear cell infiltration (recovered), and adrenal gland, mineralization between
cortex and medulla (recovered) at 3 mg/kg/day.

'SBL17-35 - 26-week consecutive oral toxicity study and 8-week recovery study of

Amendment #, Vol #, and Page #: M4, SBL17-34
Conducting laboratory and location:® @
Date of study initiation: March 1996
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GLP Compliance: Yes
QA report: Yes

Methods: chronic oral toxicology study

Dosing:

- Species/strain: Cynomolgus monkeys

- #/sex/group or time point:

. 26 Week Oral Toxicity Study in *
- Monkeys - Group Assignments

G o' Dose | 26-week main | 8-week recovery
S Group | e
e | omghkg oM ol FC oM F
' Vehicle 0 4 4 2 2
LD 0.5 4 4 - -
MD 1.0 4 2 i X
'MHD | 3.0 - - - -
HD 6.0 4 4 2 2

- Age: 3-5 years

- Body weight: male: 2.68-3.85 kg, females: 2.00-3.45 kg

- Route: oral gavage

Drug, lot number, and purity: 104P-9201, 99.3% purity

Formulation/vehicle: 0.5% carmelose sodium solution
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Observations and Times:

Endpoints Time of Observation .~ -
Clinical signs Daily
Body weights Pre-dose, weekly

Food consumption

Pre-dose, weekly

Water Consumption

Pre-dose, weeks 4, 13, and 26 of dosing period and week
8 of recovery period.

Ophthalmoscopy Pre-dose, weeks 3, 12 and 25 of dosing period and week
7 of recovery period.
Electrocardiography Pre-dose, weeks 4, 13, and 26 of dosing period and week

8 of recovery period (5 to 8 hours after dosing).

Renal function tést

Pre-dose, weeks 8, 16 and 23 of dosing and week 6 of
recovery.

Urinalysis Pre-dose, weeks 4, 13, and 26 of dosing period, week 4
and 8 of recovery period.
pH, protein, glucose, ketone bodies, occult blood,
urobilinogen, bilirubin, and sediment were examined.
Hematology Pre-dose, weeks 4, 13, and 26 of dosing period, week 4

and 8 of recovery period.

RBC, WBC, platelet, hematocrit, Hb, MCV, MCH,
MCHC, reticulocyte, leukocyte classification, PT, APTT,
fibrinogen were examined.

Clinical biochemistry

Pre-dose, weeks 4, 13, and 26 of dosing period, week 4
and 8 of recovery period.

Glucose, total protein, albumin, A/G Raito, BUN,
creatinine, Ca, ALT, AST, LDH, CPK, ALP, GGT,
cholinesterase activity, triglyceride, total cholesterol,
phospholipid, Na, K, Cl were examined.

 Gross pathology At sacrifice
Organ weight At sacrifice
Histopathology At sacrifice.
J‘oxicokineti_c_s Report not attached.
Results:

Clinical signs: No apparent treatment related changes.

Mortality: None.

Body weights: No apparent treatment related changes.

Food and water consumption: No apparent treatment related changes.

Ophthalmology: No apparent treatment related changes.

ECG examination: No apparent treatment related changes, however the Tiax in monkeys
is ~2 hours, so the Cpax had already been reached and the concentration would be

declining.
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Renal function test: No apparent treatment related changes.

Urinalysis: No apparent treatment related changes.

Hematology: No apparent treatment related changes.

Clinical chemistry: Slight increases of LDH and CPK were noted in treated groups,
however, theses changes appeared to be within the range of control groups.

26 Week Oral Toxicity Study in- Monkeys Clinical Chemistry

[T, Male - = o . Female ol e

Dose (mgL_) 0 jos5) 1] 3] 61f0 03] 1 [3 1%
Pre 774 | 671 | 753 | 949 | 824 | 584 | 568 | 624 | 639 | 578

4wk 1087 | 1042 | 1188 | 1338 [ 976 {602 [ 575 | 778 | 712 | 793

LDH 13wk 1080 | 1005 | 1399 | 1302 [ 1204 | 832 | 732 | 1069 | 970 | 936
26wk 1013 [ 1114 | 1551 [ 1215 | 1025 [ 798 | 628 [ 993 [ 918 | 674

Riqwk | 809 [~ =} 656 | 440 514
R:8wk | 827 Sl oo | 682 | 624 | 608

Pre 176 | 112 | 154 | 129 [ 146 J129 [ 128 | 142 [ 133 | 116

4wk 222 | 126 | 150 | 170 | 216 J137 | 148 | 128 [ 157 ] 213

CPK 13wk 135 [ 152 | 238 | 266 | 198 J181 | 136 | 180 [ 133 [ 267
26wk 167 | 206 | 194 | 191 | 294 190 | 105 | 134 | 208 | 192
Ridwk | 184 | [ =1 139 [ 79 : : 97
R:8wk | 477 121 ]214 149

Organ weight: Increased kidney weight was observed at 2 1 mg/kg (n=6/group/dose).

Increased kidney weight was also present in control animals (n=2) at the end of 8 weeks

of recovery in males (but not females). Decreased testis weight, prostate, epididymes,

and seminal vesicles were observed at 6 mg/kg; findings appeared to be recoverable after

8 weeks.
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26 Week Oral Toxnclty Study in Monkeys-— Or&an Weights '

S “Male .o l Female , oL
Dose(mg_) : 0'-:* 1'05,.; 1 [ 3] '6 10 03 1] 3} 6
26wk [ 183|188 [ 193 | 267 | 38 | | S S
Rel. 40 | 42 | a3 5.6 1.0
Testis Rewk 11421 1 1 213
Rel. 3 ool f o] a9 | EEE ) B .
26wk 164 | 17.1 | 19.8* [ 20.5* | 184 F10.0 | 12.8 | 14.8% | 14.2* | 15.7*
. Rel. 3.6 | 39 | 46* | 46* | 48 [ 37 | a1 | 48 | 49* [ 50*
Kidneys Irswie [195 |- | ok et 176 B33 Fooo L e 1136
Rel. 49 | oo 39 F 42 |oevpasiisloo 45
26wk 14 | 1.2 1.3 1.1 06 b S e g
Rel. 03 | 03 | 03 0.2 0.2
Prostate R:8wk [ 0.6 | oifo i ioov=ii] 09
26wk [ 31 [ 32 ] 35 [ 42 1.3
Epididy [Rel. J 07 J 07 ] 08 | 09 [ 04
mis R8wk | 23 | | ] 30}
- | Rel. | o6 o R ey I;‘- |
26wk Q111 ]| 56 | 7.1 8.2 1.9 F
Seminal | Rel. 24 | 13 ] 16 1.8 0.5 l g
vesicle |[R:8wk { 20 | ] . 54 b
L Rel.  0.5 N e [ ;,;_'
*p<0.05

Gross Pathology: There were no drug-related findings upon autopsy in male or female
cynomolgus monkeys.

Histopathology: Microscopic findings included swelling of the proximal convoluted
tubule (very slight severity) in high-dose, 6 mg/kg/day, males (3/4) and females (4/4),
which was recoverable at 8 weeks. There was no incidence of this kidney finding outside
of the high dose groups.

There was an increase in incidence (1/4, 2/4, 1/4) of foamy cells observed in the alveolus
in females administered 1, 3, and 6 mg/kg/day lung, respectively. There was no
incidence of this finding in females of the recovery groups. This finding may be
attributable to oral gavage and not to the drug substance, per se.

In the adrenal gland, focal cell hypertrophy of zona fasciculata cells of female monkeys
were observed at a frequency of 1/4, 2/4, and 1/4 for the 1, 3, and 6 mg/kg/day doses,
respectively. This finding was observed in a control animal in the recovery group.
Therefore, this finding is not considered drug-related.

It is notable that there was no significant liver, thyroid, or muscle toxicity observed.
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26 Week _O' 'al Toxxcology Study in, Monkeys - Hlstopathology of Termmal
e o Group ,
o Male o b Female o
(mgkg) 1 0 05|13 ]6]0 [o5[ 1] 3 6
- Organ ° Fmdmgr - NP4 4 4444 ] 44 ]4]4
Periportal inflammatory 1
cell infiltration(x) - - - - - - ” ” ”
. Hyaline droplet in )
Liver hepatocyte(:) ” 1 N ~ B - - - - ”
Periportal mononuclear
cell infiltration(x) 3 4 2 5 4 4 3 3 2 4 4
Mineralization between 1 1 B 9
cortex and medulla(+) - - - - B ) B
Mononuclear cell
Adrenal _infiltration in medulla(:) " - - 3 _1 ” 1 ! - 1
Focal cell hypertrophy of
L zona fasciculata cell N 1 2 b B - 1 2 !
' Glomerulosclerosis(x) - 1 -1 -1 - - - - | -
Kidney Swelling of proximal ’ ' 3 4.
tubular epithelium() - B S A - - - N
Ll.ln'g‘ | Foamy cellin alveolus(x) f | | - - 1 - - - 1 2] 1
' Dilatation of gastric pit, . 1 ] ‘_ j . . . 1.
Stomach fundus(t) -
Granuloma in 1
submucosa, pylorus(x) [ - ” - N ) - N - ) )
Skeletal Mononuclear cell 1 1
Mauscle infiltration(x) - - - - - - - -
Mononuclear cell
Esophagus infiltration in muscle 1 - - - - - - 1 1 -
— layer() — » _
Pituitary Cyst in pars dlstahs(:l:) 1 - - -1 - - 1 2 -
Thyroid Ectopic thymus(P) } t 1 -1 -13 1 - 1 1 -
Thymus Atrophy(i) ‘ ' 1] - 313 - - - - 11 1L
ye Cyst(r) 2 2 [ 22 1 -1 -T2T12
Testis Immature(P) - - - - 13 O B
Sen.linal Immature(P) - - - - 1 . : | S
vesicle ) . G R
o Mineralization of 34 34 1= 3+ 2+
vary oocyte(x, +,++) I+ | 1+ ] 1+

(:i:) mdlcates “very slight”
(+) indicates “slight

(++) indicates moderate
(P) indicates “present”
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() indicates “very slight”
(P) indicates “present”

193

26 Week Oral Toxicology Study in Monkeys -
HlStOpathOﬂOf Recovery Group -
g5 oy o Male s L Female,
Dose(mg/kg) PO T6L0 6
Or&n Fmdmg NE2 |22 |.2.
Periportal inflammatory 1 1
cell infiltration(x) - -
. Hyaline droplet in
Liver hepatocyte(d:) ” - - -
Periportal mononuclear
cell infiltration(:) 2 121 |2
Mineralization between )
cortex and medulla() - - - -
Mononuclear cell
Adrenal infiltration in medulla¢) | 1 ! - -
Focal cell hypertrophy of 1
zona fasciculata cell - - \ -
Glomerulosclerosis(+) - - - -
Kidney Swelling of proximal
tubular eglthellums:i:) N N N '
Lung Foamy cell in alveolus(z) - - - -
Dilatation of gastric pit, . _ . .
Stomach fundus(t) 4 *
Granuloma in
submucosa, pylorus(x) H’” N - - -
Skeletal Mononuclear cell
Muscle infiltration(x) - - - -
Mononuclear cell
Esophagus | infiltration in muscle - - -

_ ) layer(+) s . . ;
Pituitary | Cyst in pars distalis(z) - - - -
Thyroid | Ectopic thymus(P) L] 1 ' 1

" Atrophy(z) ’
Thymus Tyt .
Testis Immature(P)
Sen_'lmal Immature(P)
vesicle . »
Ova Mineralization of
Y oocyte(, +4+)
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Repeat Dose Toxncolo / Studies — Hlstopatholoalnventory
Study RFG2506 RFG2503 RF G2504 | SBL17-35
ESpeciés .- .. i g ‘Rat D_og Dog Monkey
[Adrenals X* _X* X* X*
lAorta X X - X
Bone Marrow smear - X X X
Bone (femur) X X - X
Brain X* X* X* X*
fCecum X X X X
ECervix L - - -
JColon X X X X
EDuodenum X X X X
EEpididymis X X X X*
Esophagus X X X X
Eye X X X X
Fallopian tube - o - -
Gall bladder - X - X
Gross lesions - - - -

r ' X o T -

) X* X* X* X*
JHyphophysis - - - -
[ueum X ' X X X
Hinjection site - - - -
Pejunum X X X X
Kidneys X* X* X* X*
Lachrymal gland - - - -
Larynx - - - -
Civer - i ) X* X* X* X
Lungs o j X* X* X* X*
ILymph nodes, cervical - X ] X X
ILymph nodes mandibular - - - X*
ILymph nodes, mesenteric X X X X
[Mammary Gland . { X | X X X

- X X X
X* _ X* X* X*
* X* y ) X* - X*‘ . X*
. X__ _X -
JPeripheral nerve - - - -
I,Phary.nx . ‘.‘ - - -
Pituitary - X* CX* X* X*
Prostate X X* X* X*
Rectum ) ] X X - X
Salivary sland o ] X* X - -
Sciatic nerve o X X X X
[Seminal vesicles - X* - - X*
[Skeletal muscle X X X X
ISkin L X X X X
ISpinal cord X X X X
Fﬂeen , X* X* X* X*
Sternum X X X X
Stomach X X X X
Testes ] ) X* X* X* X*
Thymus X* X* X* X*
[Thyroid X X* X* X*
Tongue X X X X
Trachea X X X X
IUrinaQ bladder X - X X X*
Uterus ) X* X* X* X*
Vagina X X - X
Zymbal gland - - - -

* organ weight obtained
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Tox1cokmet1cs of NK~104 Lactone after Dally Administration of NK- 104 to
o Cynomolgus Monkeys by Oral Gavage for 6 Months '
1 Tmax . Cmax " : AUC Ty
|l Dose 3 “(h) (ng/mL) | ng°hr/mL ()

0.5 1.3 1.8 2 3 12 22 3.0 2.8

1 1 0.6 1.1 11 10 55 41 3.3 3.8
3 1.1 1.8 27 17 225 110 4.3 3.8

6 1.0 1.3 112 | 94 473 397 2.7 2.1

0.5 0.6 2.3 1 | 1 10 4 10.1 1.9

28 1 0.8 1.0 5 1 45 9 5.9 6.1
3 2.5 1.4 16 15 213 94 52 3.8

6 0.9 1.9 39 35 208 241 53 5.1

0.5 1.0 1.8 2 2 9 11 3.3 6.7

01 1 09 | 11 3 5 22 [ 19 179129
3 1.3 1.8 18 . 9 143 43 6.9 3.8

6 1.1 1.3 36 24 205 183 37 | 5.0

0.5 2.6 1.0 21 3 20 17 11.0 6.4
1 1.8 1.0 7 6 71 28 53 42

182 3 1.3 1.0 21 14 194 96 3.5 4.2
6 1.4 2.1 43 43 282 275 70 | 6.9

Increases in Cpax for NK-104 were higher than expected in male and female monkeys at
the highest, 6 mg/kg dose based on the dose-concentration relationship at the 3 mg/kg
and lower doses, while AUC for NK-104 was linear at all doses up to 6 mg/kg in male

and female monkeys.

Cmax ON DAY 1 IN MALE AND

FEMALE MONKEYS

Dose ( mg/kg )

(Sponsor, M4, RFG2515, p31)
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AUC ON DAY 1 IN MALE AND

Aebdbodendehaddd,

&

AUC (ng.vml. )

8 888

el

(-]
(]
i L
~ o
) -
&

Dose ( mg/kg )
(Sponsor, M4, RFG2515, p31)

2.6.6.4 Genetic toxicology

Results of Genetic Toxicology Battery for Pitavastatin
: ' E ok RS SRR Pitavastatin
Study o - Test ' Specnes_ or Routé |~ Concentration
Number | e Cell Line o B D
S N E | _-orDose
S pphimuram TA
3140 Reverse 98, TA100, TA . -89: 10-313 pg/plate
mutation 1535, TA1537 +89: 156-5000 pg/plate
) £ colf WP2uvrA _ M |
‘ Chromosomal ' -S9: 800-6200 pg/mL
34 | aberration CHL cells L +89:313.2500 yg/mL,
RG25003 Micronucleus | Mouse LOral_ T 250, 500, 1000 mg/kg/day §
92117 Micrqnpo!gus ; Ratng i Orgl 2, 10, 30(50) ‘mgggdaz
638 _UDS Rat Oral 5.2% .
L _A819 Comet Mouse Oral 125, 250, 500 mg/kg

{ 3140 - Mutagenicity ﬁs’t‘,ingofsNKd’M'iu bacterial re&e_rse mutation assays

Key study.findings:

o Pitavastatin was negative in a series of Ames reverse mutation assays, both with and

without metabolic activation.

Volume #, and page #: M4, 3140, 1-22

Conducting laboratory and location

(b) (4)

Date of study initiation: May 15, 1992
GLP compliance: Yes.

QA reports: yes (X) no( )
Drug, lot number, and purity: 104P-9202, 99.2% purity
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Methods:

Strains/species/cell line: S pphimurium, TA98, TA100, TA1535, TA1537, and £ cols
WP2 uvrA

Doses used in definitive study: Doses up to 313 pg/plate were used without metabolic
activation, and doses up to 5000 pg/plate were used with metabolic activation.

Basis of dose selection: Doses were obtained after preliminary tests with 1.2, 4.9, 20, 78,
313, 1250, and 5000 pg/plate in all strains. Growth inhibition with metabolic activation
was seen at 5000 pg/plate in S. typhimurium TA1537, however with TA1535 and TA98
growth was not considered to be inhibited at the maximum concentration of 5000
ug/plate. Growth inhibition without metabolic activation was observed at 313 pg/plate
and greater concentrations in all strains.
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Nusber of revortaats (ausber of coloaica/slste)
Vitk(*)or | Tost substance
sithout(-) | concentrat fon Bene~puir subetitution type Franeshify tyre
38 Mix (us/plste)
TA100 TA1538 WP2uvrA TASS TA1637
Solveataontrol 138 13 18 23 10
1. 2 103 17 27 18 8
4.9 13t 12 13 % i
SOMI x 20 122 12 15 1 0
(-) 78 128 1 " 22 9
31s 131s 18 188 18¢ Hs
1250 108s 12% 24 2 [t
§000 m 110 2% 12» 2s
Selveatcantrol 12 15 33 28 13
1. A2 . 14 1" 33 29 18
4. ¢ 118 7 34 22 20
SOMix ZO 124 1] 38 a3
(+) 78 128 17 38 23 13
813 129 18 22 41 21
1250 148 .20 23 R 19
" 5000 82 10 28 n 13s
Name AF-2 m|  NaN, | ap-2 AF-2 | 1cR-191®
Positive "
contrral | 'Concanteation
not (us/riste) 0. 01 0. 6§ 0. 01 Q. 1 1. 0
requiring - :
89 Nix Nunber of
colonies/plste nz 378 261 455 1525
Nams Blalp ™ 2AA 2AA BLalP- BLalP
Popitive | - ) )
coatrrol Conceatration
requiring | (Ba/plate) 8.0 2.0 10. 0 §.0 6. 0
S8 Mix
Hunber of
selonies/plete 7% 18 438 178 %
B2 Fury>4-(baltee-d-furrlsaryionide  BiiSedive salde  $3:Netsses IR-I8  $é:Denaolslpyrene
15:2-Asincantizacane ' .
#:Growth ishibition of Lested basterius ven chasrved,

(Sponsor, M4, 3140, p10)

Negative controls: DMSO treated.
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Positive controls:

Strain without S9 Mix (ug/plate) with S9 Mix (ug/plate)
TA100 AF-2 (0.01) BfajP (5.0)
TA1535 NN, (0.5) 204 (20)
TA98 AF-2 (0.1) Bfa]P (5.0)
TA1537 ICR-191  (1.0) BfalP (5.0)
WP2 uvrA AF-2 (0.01) 2AA (10.0)
AF-2 2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide
() 4) Lot No. SAJ0748; Special grade of JIS
standard)
N.N, Sodium azide )
(b) (4) : Lot No. DCJ6398; Special grade of JIS
standard) '
ICR-191" Mulagen ICR-191
(®) 4) Lot No. 52300; Purity greater than 95%)
| 2AA  2-Aminoanthracene’
(0) (4) . Lot No. KPQ0892; Special grade of JIS
standard)
Bla}P Benzofajpyrene
(b) 4 ) Lot No. AWK3751; Special grade of JIS
standard) '

Sodium azide (N,N,) was dissolved in distilled wate(b) (4)
Lot No. 9106VA), the other compounds were dissolved in DMSC(b) (4)

; Lot No. DSL5887).

(Sponsor, M4, 3140, p4)

Incubation and sampling times: Tests were carried out twice, in triplicate. Plates were
incubated for 48 hours at 37 °C then counted by automated colony counter.
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Results:
) e : ’ Tat,
', s Test wes Maber of reverteats (nusher of celonlen/plate)
without(~) | cencentration - Base-psir substitetien type Fraseshift tyme
$9 Xix Cue/viste) -
| TAt00 TA1888 | WP2uvrA TAOS TA1837
Solventcontrel | 128 i1 - 3 H
A | 8. N
o 8 (R%2.D] 19 (182 2.0) % (21| 11 (BX1D| 7 ( 8208
10 | | -3 RE 7 |
122 (852 36| 138 (M2 a0 M ( 3k L0 i (282 1.0 4§ ( sz 2D
20 |18 i g - :
97 (113£23.3)| 20 (1738 A.6) (ka0 21 (B£20 39 ( 73 1.9
s . - ot N .
SMix se |1 i H i '
=) 102 x| 12 (152 4.9)] 23 (9228 22 (28266 8 ( 72 2.0)
70 |i% i n H 5
_ 109 (H19%18,2)| 16 (175 2.0)[ 97 ( 38k 1.9 28 (2r8.1)| 3 (10% 2.1)
158 |} H g i B
1% QN8| 17 (152 2.0 38 (R END| 27 (x| 12 (125 1.6)
s1a |'E i M n e
1250 (175169 | 175 (165 2.1} | M ( 282 &1 | 265 (255 .0)| 7¢ { 1% 4.0)
Solventeoatro] {g ' ” . g gg };
o ,
128 (120% 9.0)) 16 (4k 2.5)| 8 ( 39k 4.8)| 30 (38 5.8)| 20 (192 1.5)
is8 7 NT 53 NT ﬁ ﬁ '
1T (20% 3.8} i 3¢ Caek10.00f 1 ( 15k 8.8
s1s |18 is 4 8 i
M anzen| i Coxcol B (nzxae| 8 (3% 5.00{ 18 (162 4.5
SOMix! ¢a5 |1o 3 H4 18 H
+) B asrnn 21 (a0 38 (szod| a1 (Brsf 8 (15xran
1260 |13 K H 9 m |
100 Cusxir)] 8 (uZ 4.0 4 (39 3.8 £ (wran| i§ ¢ M 4.0)
2500 |13 i 2 H A
» s s} i (uk o 3 (N 60| 30 (3% 2] 18 (152 2.1
84 18 % @ |3 10%
5000 | & i g 19 o=
88 (85% LO)] 12 (133 3.0)] 20 (NS00} 32 (285x 85| & ( 912
Name C AF-2 W NaN, ™ AFP=2 AP-2 ICR~181%
voaterel "
Rt o ot | o0.01 | o.5 | o 01 0. 1 1. 0
N - I N N
calenien/plste | 520 (2%5:£24.6) 380 - (384:219.8) (198%18.2) B wsszun v‘xﬂ(mz;sn.s)
Name BlalpP® 2AA M| 244 " BLalP | BladP
Positiv
Sencizing | Coentote) 5.0 2. 0 10. 0 5. 0 5. 0
ﬁts pom - ' ™ . L A — ok o
hm! f i 176 )
ol lc:mm % (814%64.7) i‘g (29215.4) | 611 (1224.5) lg (rezie.1)| S¢ ( 892 6.0)
wt(t-rwil)tﬂhlﬁrz-lml)mllum %kl mide  Bitesen 1181 HiSenislelosren
1 8-Aninceathrssens :
#:Groth Iahibition of tested Bacterius e oheseved. NIzNet tested
Notes:The averses nusber of celoniea fn cech comsentration s showa o the ¢ ).

(Sponsor, M4, 3140, pl1)
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Nusber of revertaats (nuber of colonles/plate)
'ltg.p r_ | Test substance
without(~) | eonceatration | - Base-pair sebstitution type Fraseshift type
89 Nix “Cualolste)
] TA100 TA18386 WP2uvrA TAGS8 - TA1B887
188 11 38 19 4
Solventcontrol | 138 ) 18 82 17 18
164 (150£10.0) | 21 ( 17 8.1} 27 ¢ U+ .2)|] 20 (19% 1.8)| U (122 7.8)
158 17 23 25 11
10 149 18 23 13 11
138 (43 8.1 17 (17: 0.8)| 37 ( kY $- 4 {.9) 25 (2 5.8) 14 12+ L.D
168 ’
20 148 }% %‘5 % l% .
138 (181k18.1) ) 15 ( 15% 2.8)| 28 ( 28% 4.9)] 19 { 20% 0.6)| 14 10k 4.
SOMi ' . . X -
X ss |19 18 3 n o i
(=) : M6 (148519.0) 9 ( 11k 4.4)| 27 (215 6.8)) 18 ( 18k 1.0)| 12 ( 12% 2.5)
13 a3 28 13
78 1 13 . 23 22 12
163 (148%84.8) | 13 (12% 2.3)| 29 (282 5.0)| 20 (22 1.5)( 18 ( 13% 2.8)
158 |15 i i RE i
135 (12£24.3)| 11 (112 0.0)| 18 (252 7.5) 22 (222 1.0)| 12 (14 4.0)
a1z |lss - A iy =
1248 (18L13.1) | 11 ( 11+ 2.0} 243 (23% 1.7 | 295 (UL 5.00] 3¢ ( Uz 4.8)
188 | 23 41 21
Solvanteontrol | 132 : 18 13 30 15
158 (149%15.0); 21 ( 18% 3.8)| 18 (20% 2.9)| 24 ( 32k 8.8)| 21 { 13% 3.9)
1586 NT 0 N"l' 30 B %
. 18 ‘( 19+ 1.0) i 32 (3% 4.7 Zz'? (25% 4.8
a1s |8 i 3 3 B
148 149k 3.5)1 M (195 4.5)| 20-(22%3.8)| 28 (352 7.8)| 25 (22 3.1)
souix[ s B (3. 13 2 i
(+) 129 (M6£15.1)| 16 (15 6.6) | 138 ( 22% 8.3)| 23 ( 39%10.1)| 1T ( 18 4.8
1250 |14 4 i i H
|18 ez am)| M ( Mz 0.8)| 22 ( 21k 2.8) 2 (91£10.0)| 283 (2% 8.1)
158 19 18 ' 2 C18s '
2500 152 8 23 25 25¢
192 (TER.0) | 18 (M 6| 18 (19% 3.0)] 29 (21| 13 (2% 1.8
o |1es 1 2 22 ' &
5000 108 12 19 13 132
) 84 (100£14.2) | 18 (12 1.0)| 15 ( 21k 7.2)] 82 ( 2% 9.5)| 10x (12 5.9)
Name AR-2 W NaN, AF-2 AP~-2 ICR-191 %
L e——

0
ﬁ:"” Kehplate 0.01 0.5 0. 01 0.1 1.0
e e T i & 7y

e.‘!?.:?;.:}_m;. 350 (369£13.7) {384 (330% 4.0) 182 (188 7.9) | 41) (amrxweM) 1%09_(\1&;;141.3)
Name - BLalP™ 2AA 2AA  BealP BLalP
Positiv v e “
contrro Conoontration
;;qu‘grlu (usfriate) 8.0 2.0 10. 0 5.0 §.0
X . .
Nusber 3 %: o] }5‘ 107
o .

v _ulq_.lq;m;. 353 (81538.0) | 188 (204%15.7) & (308543.5) 1} (181£20.6) | 129 (107222.0)
31:2-(2-Fary1)-8-(6-nitre-2-Fury))sorylanide B2:Sodium azide  #3cMutesen ICA-181  AéiBemmolelpyrene
#5:2-Akninosathrecens .

#:Groth inhibition of tested bacteriss wss cbeerved. NI:Not tested
Notes:The aversge nusber of celomies in sech concentrstion is showm ia the ( ).

(Sponsor, M4, 3140, p12)

Study validity: doubling or greater compared to the spontaneous reversion rate would
indicate a positive result.

202



Reviewer: Elmore, C. Lee, Ph.D. NDA No.22-363

l'314l — Chromosomal aberration test in cultured mammalian cellson NK-104 ]

Key findings: :

e Pitavastatin dissolved in 1% carboxymethylcellulose was positive for chromosomal
aberration in CHL cells with metabolic activation (+S9) at a drug concentration that
caused cytotoxicity (~50% growth inhibition).

® The concentration determined to be positive was 625 pg/mL; concentrations above 625
ug/mL were confounded by cytotoxicity.

e Pitavastatin dissolved in DMSO was negative for chromosomal aberrations in assays
with and without S9; however, the test substance was not dissolved uniformly in
DMSO. '

Volume #, and page #: M4, 3141, p1-37

Conducting laboratory and location®

Date of study initiation: May 15, 1992

GLP compliance: Yes.

QA reports: yes (X) no( )

Drug, lot number, and purity: 104P-9202, 99.2% purity

Methods:

Strains/species/cell line: Chinese hamster lung (CHL cells) fibroblast cell line.

Doses used in definitive study:

____ Chromosomal Aberration Assay in Msmmalian CHL Cells - Main Study -

| Chrom-Ab CSolvent/ .} f L n oL Test e Post-r o f Chromosomal
‘Test -~ .- | Positive | S9 -Doses .- | Substance | Exposure " Aberrations.
(Duplicate) - Control : : ‘Exposure | Incubation } . 7
Direct pmsomitC | - | 623LL608 | o 0 N/A No
: o _ . ] e gml } - v

. 3.9,2.08, 1.04,
Mf.tabt‘.’hc DMSO/DMN | + | 0.52,0.26,0.13, | 6hr 18 hr No
activation m meL
' . 2.5,1.25,0.938 Yes (468.5 pg/mL,

[1) - £ ] ,

M:.tabt‘.’hc lN/;/gxg + | 0.625,0.468, 6 hr 18 hr suspicious; 625
activation 0.313 mg/mL ug/_nlL, positive)
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Basis of dose selection:

Chromosomal Aberration Assay in Mammalian -

- .+ CHL Cells.— Preliminary Studies e e D
Growth. Solvent/ v S Test " |- Post=- | Cell -
Inhibition - | - Positive - | 89| ' Doses - . . | Substance | “Exposure | . Growth -
Test Control ' - | Exposure. | Incubation } Inhibition

, . 3.0, 1.5,0.75, 0.375,
Direct/1 DMSO/MIitC | - 0.188, 0.094 mg/mL 48 hr N/A ND

. o | 100, 50, 25, 12.5, , N
Direct/2 DMSO/MItC [ - | (37 in T o/l 48 hr N/A 3.1 pg/mL
Metabolic 3.0,1.5,0.75, 0375

A . N + Y £ y £

| activation/1 DMSO/DM | 0.188, 0.094 mg/mL. 6 hr 18 hr 520 ug/mL

. ‘ 3.9,3.0, 1.5, 0.75, '

Metabolic | .\ copmn | + | 0375, 0188, 0.094 6 hr 18 hr 950 pg/mL
activation/2 me/ml, »
Metabolic | 1% CMC- 5,2.5,1.25, 0.625, ' .
activation/1 | NapMN | T [ 03130156 mgmr | 6BF 18hr | 270 pg/mL
Metabolic 1% CMC- 5,2.5,1.25, 0.625,
activation/2| NaDMN | T | 03130156 mgmL | 0BT 18hr | 625 pg/mL

MitC: Mitomycin C
N/A: Not applicable.
ND: Not detected.

Negative controls: Untreated control, DMSO, 1% carboxymethylcellulose-sodium

solution.

Positive controls: For the direct method, mitomycin C (MitC). For the metabolic

activation method, N-nitrosodimethylamine (DMN).
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Results:
5-9Tine ¥1 Conc. Cells Polyploidy Judge Type of aberrations(%) il Judge
Mix (b 7] 1) observed cells (X cth cte csb_ cse others TA TAG
.T. - . . 8. 0.0 .0 0.0 . . -
S.C. #3 200 0.0 - ¢.0 1.0 1.0 0.0 @¢.0 0.0 2.0 2.0 -
. 200 0.0 - 6.6 0.5 0.0 0.6 0.0 0.0 0.5 1.0 -
- 24-0 1.8 200 0.0 - 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 -
3.1 200 0.0 - 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.5 ~
8.2 - 200 0.0 - 0.0 0.5 0.9 0.0 0.0 0.0 0.5 0.5 -
P.C. #4 200 0.5 - 0.5 27.5 40.5 0.0 0.0 0.0 57.0 57.0 +
N.T. 200 0.5 - 6.0 0.5 0.0 0.0 0.0 0.0 0.5 9.3 =
§.C. 200 0.5 - 0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.5 -
0.8 200 0.5 - 1.0 6.0 0.0 0.0 0.0 . 0.0 0.0 1.0 -
~  48-0 1.8 200 0.0 - 6.0 0.0 0.0 0.0 0.0 0.0 9.6 0.0 =~
3.1 200 0.0 - 0.6 0.0 0.0 0.0 0.0 0.0 0.8 0.0 -~
8.2 200 0.0 - 0.0 0.5 0.0 0.0 0.0° 0.6 0.5 0.5 -
P.C. 200 0.0 - 0.5 _36.0 50.5 0.0 0.6 0.5 85.5 85.5 +
81 Time : exposure time - recover time .
#2 N.T. © Non trestment #3 S.C.: Solvent control #4 P.C.: Positive control
[ ¢ chromstid gsap and chromosome gap cth : chrosstid break
cte ¢ chrosatid exchansge ¢sb : chrososose bresk
cse : chromosome exchage (dicentric chromosome, ring formation ete.)
others :© frsgmentation etc.
TA . Total sberrant cells excluding sap
TAG ¢ Totsal aberrant cells includinsg sap

Solvent Used . DNSO
Positive control : Ritomyein C 0.05x8/ml

(Sponsor, M4, 3141, p23)

S-9Time 21 Conc. Cells Polyploidy Judge Type of aberrations(}) Judge
Mix_(h 1) obs ells (X) cth _cte . csb cse athe G

.T. . - 0.0 O, . g, 0. .0 0. . -

S.C. #3 200 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

0.018 200 0.0 - 0.0 0.0 0.5 0.0 0.0 0.0 0.5 0.5 -

0,033 200 0.5 - 0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.5 -

- 8-18 0.085 200 0.0 - 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 -

0.13 200 0.5 - 6.6 0.0 0.0 0.0 0.0 0.0 8.0 0.0 -

0.28 200 0.0 e 0.0 0.0 6.0 0.0 0.0 0.0 6.0 0.0 il

0.52 200 1.0 - 6.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 -

1.04 200 1.0 - 6.5 0.5 0.6 0.0 0.0 0.0 0.5 1.0 -

P.C. 34 200 1.0 - .0 0,0 6.0 0.0 0.5 0.0 0.5 0.5 -

N.T. 200 0.0 - 0.0 0.0 0.5 0.0 0.0 0.0 0.5 0.5 =

s.C. 200 0.5 - 1.0 0.0 6.5 0.0 0.0 0.0 0.5 1.5 -

0.016 200 0.5 - 0.0 0.5 0.0 0.5 0.0 0.0 1.0 1.0 -

0.033 200 0.5 - 0.5 0.5 0.0 0.0 0.0 0.0 0.5 1.0 -

+ 8-18 0.085 200 0.5 - 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 =

.o 0,18 200 0.0 - 0.0 0.6 0.0 0.0 0.6 0.0 6.0 0.0 -

0.28 200 0.0 - 6.0 6.5 0.5 0.0 0.0 0.0 0.5 0.5 -~

0.52 200 1.0 - 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 -

1.04 200 0.0 - 6.5 2.¢ 1.5 0.0 0.0 0.0 3.0 35 -

P.C. 208 0.0 s 2.0 19.5 48.0 0.5 0.5 0.0 52.0 52.5 +

%1 Time @ exposure time - recover time :
#2 N.T. © Non treatment 33 S.C.: Solvent control #4 P.C.: Positive control

g : chronetid gap and chrososome gap cth : chrowmatid bresak

cte : chromatid exchange csh : chroaosome bresak

cse : chromosome exchage (dicentric chromosore, ring formation etc.)
others : fragsentation etc. '

TA ¢ Total aberrant cells excluding gap

TAG ¢ Totai aberramt cells including sap

Solvent Used . DMSO

Positive control : Dimethylnitrosoanine 0.4az/nl

(Sponsor, M4, 3141, p24)
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$S-9Tine #1 Conc. Cells Polyploidy Judge Type of aberrations(X). Judge
Mix _(h) ug/xl) obsd. cells (%) £ ctb  ote gg) cse others T4 TAG
.T. 200 0.0 . - 0.0 0.0 0.0 .0 0.0 .0 0.0 0.0 -
5.C. #3 200 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
0.52 200 0.0 - 0.5 0.5 0.0 0.0 0.0 0.0 0.5 1.0 -
- 8-18 1.04 200 1.0 - 0.0 1.0 0.5 0.0 0.0 0.0 1.0 1.0 -
2.08 200 t.0 - 0.0 0.5 0.5 0.0 0.0 0.0 1.0 1.0 -
‘3.90 200 0.5 - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 1.0 -
P.C. %4 200 0.0 - 0.0 1.0 ©.0 6.0 0.0 0.0 1.0 1.0 -
N.T. 200 0.0 - ¢.0 1.0 t.0 0.0 0.0 0.0 2.6 2.0 -
s.C. 200 0.0 - 0.0 0.5 0.5 0.0 0.0 0.0 0.5 0.5 -
0.52 200 1.0 - 0.5 0.5 0.5 0.0 0.0 0.0 0.5 1.0 -
+ 6-18 1.04 200 2.0 - 6.0 1.0 0.0 0.0 0.0 0.0 .0 1.0 -
2.08 200 0.0 - 1.0 0.5 1.0 0.0 0.0 0.0 1.5 2.5 -
3.90 200 0.5 - 0.0 1.5 1.5 0.0 6.0 0.0 3.0 3.0 -
P.C. 200 0.0 - 2.0 14.5 23.0 0.5 0.0 0.0 _38.5 40.0 +
#1 Time © exposure time - recover time
#2 N.T. : Non treatment #3 S.C.: Solvent control #4 P.C.: Pogitive control
[ : chromatid sap and chromosome gap ctb : chromatid break
cte : chromatid exchange csb : chromosome break
cse ! chromosome exchage (dicentric chromosons, ring formation etec.)
others : fragsentation etc.
TA : Total aberrant cells excluding sap
TAG : Total aberrant cells including gap
Solvent Used : DMSO
Pogitive control : Dimethylnitrosoamine 0.4mg/ml
(Sponsor, M4, 3141, p25)
5-9Tine #1 Conc. Cells Polyploidy Judse Type of aberrations{X) ] Judse
Hi ) (ng/ obsd. cells (%) g cth cte csb . cse others TA TAG
.T. #2 200 0.0 - 0.0 0. 0.0 0.0 0.0 0.5 0. -
S.C. %3 .200 0.0 - 0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.5 -
0.313 200 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
- 8~18 0.626 200 1.0 - 0.0 1.6 20 0.0 0.0 0.0 2.5 2.5 -
1.25 30 10X
2.5 0 ) T0X
P.C. #4 200 0.5 - 0.0 0.9 0.5 0.0 0.0 0.0 0.5 0.5 -
N.T. 200 0.0 - 0.5 0.0 0.5 ©.0 0.0 0.0 0.5 1.0 -
$.C. 200 0.0 - 0.5 0.0 0.5 0.0 0.0 0.0 0.5 1.0 -
0.313 200 0.0 - 0.5 0.5 0.5 0.0 0.0 0.0 1.0 1.5 -
+ 8-18 0.826 200 0.5 - 1.0 9.0 9.0 0.0 0.0 0.0 12.5 13.5 + =x
1.25 0 T0X
2.5 0 - ToX
P.C. 200 0.0 - 1.0 18.5 47.0 0.0 0.5 0.0 _54.0 55.0 +
#1 Time : exposure time - recover time
#2 N.T. : Non treatment #3 S5.C.: Solvent control ¥4 P.C.: Positive control
[ 4 . chronatid sap snd chrososome gap ctb : chromatid break
cte : chromatid exchange esb i chromosome break
cse : chromosome exchage (dicentric chromosome, ring forastion etc.)
others : fragmentation etc.
TA ¢ Totsl aberrant cells excluding gap
TAG . Total aberrant cells ineluding gap
Solvent Used :-1% CMC-Na solution.
Positive control : Dimethylnitrosoamine 0.4mg/n!
TOX ¢ Metaphase cells were observed less than 50 cells per culture by cytotoxicity.
* : Signiticantly defferent from solvent control (p<0.05).

(Sponsor, M4, 3141, p26)
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5-9 Tine #1 Conc. Cells Polyploidy Judge Type of aberrations(X) Judge
Nix_ (b S%ﬁ/gl)observed cells (%) g ctb cte csb__ cse others TA TAG
0 0.5 - 6.0 0.9 0.0 0. 0.9 .06 0.0 0.0 -
S.C. #3 200 0.5 - 6.0 0690 0.0 0.0 0.0 6.0 0.0 0.0 -
- 8-18 468.5 200 0.¢ - 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 -
82§ 200 1.0 - 0.0 9.5 0.0 0.0 0.0 0.0 0.5 0.5 -
938 200 2.0 ~ 0.0 3.5 5.5 0.0 0.0 0.0 7.0 7.0 + =
P.C. #4 200 0.0 i 0.0 6.5 0.0 0.5 0.0 0.8 1.0 1.0 -
K. T. 200 0.5 - 0.0 0.0 1.0 0.0 .0 0.0 1.0 1.0 -
s.C. 200 0.0 - 0.6 0.0 0.5 0.0 0.0 0.0 0.5 0.5 -
+ B8-18 488.5 200 0.5 - 0.0 3.5 3.5 0.0 0.0 0.0 8.5 8.5 : =
825 53 1.9 - 0.0 9.4 9.4 0.0 0.0 1.9 18.9 18.9 + xz
938 0 T0X
p.C. 200 0.0 = 0.5 35.5 54.0 0.5 0.0 0.0 71.5 71.5 +
#1 Time @ sxposure time - recover time
#2 N.T. : Non trestmeat #3 S.C.: Solvent control #$4 P.C.: Positive control
[3 : chronstid gap and chromosome gap cth : chrosatid bresk
cte : chromatid sxchange csb : chromosoms break
cse ¢ chromosone exchsge (dicentric chromosome, ring formation etc.)
others : fraguentstion etc.
TA : Tetal sbarrant cells excluding sap
TAG : Total aberrant cells including sap
Solvent Used : 1%CHC-Na solution.
Positive. control : Dimethylnitrosonmine 0.4ng/nl
TOX : Netaphase cells were observed less than 50 cells per culture by cytotoxicity.
x : Sisnificantly defferent from solvent control (p<0.05).
X . Significantly defferent from solvent control (p<0.001).

(Sponsor, M4, 3141, p27)

Study validity: A negative result was less than 5% aberrant cells. Suspicious was 5-10%
aberrant cells. Positive was >10% aberrant cells. Less than 50 metaphase cells per
culture was determined to be cytotoxic. The clastogenic response was detected near the
cytotoxic threshold for pitavastatin dissolved in 1% carboxymethylcellulose in this assay.

There were no (false) positive results of structural aberrations or polyploidy among
untreated and solvent-treated controls. There were no false negatives, as all the positive
controls produced expected chromosomal aberrations. Metabolic activity was requlred
by DMN for a positive response.

3638 — /n vivain wtm unscheduled DNA synthesns (UDS) test of NK-104 wnth rat
' hepatocyte

Key findings:

¢ NK-104 was negative for DNA damage in a UDS assay at doses up to 200 mg/kg/day.
Single dose, dose range-finding toxicity study RF9808 confirms this is a valid MTD in
Sprague-Dawley rats.

Volume #, and page #: M4, 3638, p1-42

Conducting laboratory and location: ® @

Date of study initiation: October 23, 1997

GLP compliance: Yes

QA reports: yes (X) no ()

Drug, lot number, and purity: 104P-9603, 99.2% purity
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Methods:

Strains/species/cell line: Sprague-Dawley rats

In vivo prase:

UDS ASSAY — GROUP ASSIGNMENTS

Test group Test dose Number of administered animals and

(mg/kg) animal number
2-Hr posttreatment  16-Hr posttreatment
group group
Vehicle control 0 4[1001-1004]  4[2001-2004]
NK-104 100 41101 - 1104} 4[2101 - 2104}
200 4 [1201 - 1204] 4 [2201 - 2204]
Positive control 5%* - 4[1301 - 1304] -
1000*** - 4 [2301 - 2304]
*: Time from administration to hepatic perfusion
**: DMN *xx. 2AAF

(Sponsor, M4, 3638, p16)

In vitro phase: At 2 or 16 hours after administration, primary cells were prepared from
livers after perfusion. Cells viability was between 50-80%.

Uptake of labeled thymidine into hepatocytes was assessed as a measure of active DNA
repair.

Doses used in definitive study: Doses of 100 and 200 mg/kg were administered 2 or 16
hours prior to harvesting of hepatocytes.

Basis of dose selection: The dose was chosen on the basis of the previously determined
maximum tolerated dose (MTD) in rats.

Negative controls: Vehicle (0.5% carboxymethylcellulose-sodium in water)

Positive controls: For 2 hour assay, DMN was used. For 16 hour assay, 2-
acetylaminofluorine was used.

Incubation and sampling times: Samples were incubated with test substance for 2 hours
or 16 hours.
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Results:

NK-104 was negative in an unscheduled DNA synthesis assay at doses up to 200 mg/kg.
That is, all dose groups exhibited signs of DNA repair that were below the stated 20%
threshold for positive findings (5.1% and 5.8% at 100 and 200 mg/kg NK-104,
respectively).

M&
Coapound Dose fusber  Muaber of “Muclear Cytoplasaic Net nuclear Colls in Judgegent
(og/kg) of obsarved grains graing graing regair a)
) aniesls Cells Yesn S, D, NesazxS.D. Xean:z:S. D Xean%S.0,
0.5% €¥C-)a b) ] 3 450 3 03 .3 Lo Lex a7 22 0.4
M-104 100 3 450 79 % 03 a1 09 1.3 07 S1x L9
C om0 3 450 232 0.8 16 06 -M4x 06 S8t L7
DX ¢) 5 3 450 .7+ 25 83+ 03 4z 25 100.6 £ 0.0 +
o) : WS positive cells : Percent of cells having § or gréater net suclear grains
b) : Vehicle control
€) : Positive control (DUN : Disethylnitrosaaine) :
(Sponsor, M4, 3638, p27)
Coopoued Dose Noaber  Nuber of Muclear Cytoplasaic Hot nyclear Colls in Judgesent
(ag/xg) of observed grains grains . osins repair a)
anisals Cells Bean£5. D, Yean 28D Nean£S D, Xean2S R
0. 5% CEC-¥a b) Q 3 456 1.8+ 0§ L4 L0 €72 47 LE = 04
NX-104 106 3 450 a0t 1.1 .2 a7 42 10 .3 23
200 - 3 450 a2z 43 83+ 09 6.0 67 64X 08
2MF ©) 180 3 480 st oS 80 0.4 29.8 £ 0.2' 100.0 £ 60 t
a) : UDS positive cells : Percent of cells having 5 or greater net nuclear grains
b) : Yehicle control
€) : Positive contro) (2AAF : 2-Acethylaainofluorene)

(Sponsor, M4, 3638, p28)

Study validity: If the number of net nuclear grains in a treatment group was 5 or more
and the incidence of repair cells was >20%, the result was judged as positive. All
positive controls met these criteria; negative controls did not. Study is considered valid.

[ RG25003 - Micronucleus test of NK-104 by single oral administration in mice

Key findings: NK-104 was negative in a micronucleus assay after single-dose
administration of up to 1000 mg/kg in mice.

Volume #, and page #: M4, RG25003, p1-53 .
Conducting laboratory and location: Kowa Company, Ltd., Tokyo, Japan
Date of study initiation: May 15, 1992

GLP compliance: Unknown.

QA reports: yes (X) no ()

Drug, lot number, and purity: 104P-9202, 99.2% purity
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Methods:

Strains/species/cell line: CD-1(ICR)(SPF) mice

Doses used in definitive study:

MAIN STUDY — GROUP ASSIGNMENTS

Group Time after No. of animals
administration :
— - Male Female
r&e ative control '
(0.5% CMC-Na) 24 hrs 8 (8) 6 (6)
NK-104  250mgkg 24 hrs B8 (6) 6 (6)
500mghkg 24 rs 8(5){3] 6(6)
1000 mgkg 24 hrs 12 (8) 12 (8)
Positive control .
(Cyclophosphamide 50 mg/kg) 24 hrs 6 (6) 6 (8)

(Sponsor, M4, RG25003, p12)

Basis of dose selection: Dosing was based on dose-finding experiments that indicated
that 1000 mg/kg was the maximum tolerated dose for a single oral administration of NK-
104 in CD-1 mice. A preliminary micronucleus assay was performed at 500 and 1000
mg/kg and euthanasia of study animals at 24, 48, and 72 hours to confirm the MTD and
establish the optimal time of sample preparation.

Negative controls: The negative control was 0.5% carboxymethylcellulose sodium salt
in water.

Positive controls: The positive control was 50 mg/kg cyclophosphamide in water.

Incubation and sampling times: Bone was removed 24 hours after administration of
control or test substances. Cells were washed out and prepared on glass slides. Cells
were fixed, stained, and washed. The numbers of micronucleated polychromatic
erythrocytes per 2000 polychromatic erythrocytes was counted.

Results:

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): Body weights of control- and test-substance-exposed animals were unaffected.
The carboxymethylcellulose negative controls and cyclophosphamide positive controls
were within the historical range for frequencies of MNPCE and RCT with each
compound. Counting of micronucleated polychromatic erythrocytes (MNPCE
frequency) and reticulocytes in erythrocytes (RCT frequency) were split between
observers and two fields were counted per sample.

Study outcome: MNPCE frequency and RCT frequency were calculated. Tables 12 and
13 below show that NK-104 did not increase MNPCE frequency or RCT frequency.
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Table 12 Results of the main micronucieus test in Crj: CD-1 male mice
after single oral administration of NK-104
Grow Tine after sl No. of Na. of
adeinistration nuaber ACT/Total & MECEPCE b -
201M 575/1000 2/2000
202M §71/1000 2/2000
Negative 2hours 203M 608/1000 2/2000
control | 204M 49171000 0/2000
(0. 5% OMC-Na) 205M 572/1000 4/2000
206M §26/1000 1/2000
X(Mean+S.D.) (55.8+4.2) (0.09:0.07)
X(ng..llln.) (60.8,49.1)  (0.20,0.00)
207TM 558/1000 4/2000
‘ 208M §27/1000 1/2000
NK-104 2AUhours 209M 661/1000 2/2000
250ng/ky 210M 629/1000 5/2000
21IM 485/1000 3/2000
212M 40071000 372000
o
X(Mean:S.D0.) (54.3+9.8) (0.15+0.07)
X(Max. ,Min.) (66.1,40.0) (0.25,0.05)
213M 573/1000 1/2000
216M 569/1000 372000
NK-104 24hours 218M 514/1000 2/2000
238M 503/1000 472000
240M 561/1000 4/2000
otal
X(Mean+S.0.) (54.4%3.3) (0.14+0.07)
%(Max. Min.) (57.3,50.3) (0.20,0.05)
219M §36/1000 172000
' 220M 504/1000 4/2000
" NK-104 Uhours 21M §30/1000 5/2000
1000mg/kg 222M 501/1000 3/2000
223M 493/1000 3/2000
224M 512/1000 2/2000
ota;
$(Mean+S.D.) (51.3+1.7)* (0.15-=-0. 07)
%(Max.,Min.) (53.6,49.3) (0.25,0.05)
225M 8684/1000 65/2000
226M 412/1000 62/2000
Pasitive 2dhours 22 §35/1000 66/2000
control 228M 370/1000 4172000
{CP} 229M 58271000 58/2000
230M $587/1000 47/2000
Tl T I ST
X(Mean+S.0.) (S2.5%11.3) (2.83:0.51)#
%¥(Max.,Min.) (66.4,37.0) (3.30,2.05)
a: Number of reticulocytes / total mumber of erythrocytes observed
b: Number of micronucleated polychromatic erythrocytes / total number of
polychromatic erythrocytes observed .
. CP: Cyclophosphanide
Significant at P<0.05(#:Kastenbaum & Bownan's tgble. ';Student's t-test)

211

(Sponsor, M4, RG25003, p29)



Reviewer: Elmore, C. Lee. Ph.D. NDA No.22-363

Table 13 Results of the main micronucleus test in Crj: CD-1 female mice
after single oral administration of NK-104

Group Time after Animal No. of No. of
adninistration number RCI/Total a  MNPCE/PCE
201F 682/1000 © 272000
202F 631/1000 2/2000
Nentxve 24hours 203F 719/1000 2/2000
24 F 618/1000 2/2000
(o 5% mC-Na) 205F 573/1000 0/2000
206F 661/1000 1/2000
Totat 38876000
%(Mean£S.D.) (64.7%5.1) (0.08+0.04)
X(Max..Min.) (71.9,57.3) (0.10, 0 00)
207F 692/1000 2/2000
28F 607/1000 4/2000
Hoomg g Hhours MoF  sudm &
5 F
211F 651/1000 2/2000
212F 583/1000 0/2000

~—Totat 336376000 71200
%(Mean£S.D.) (64.4%4.3) (0.14::0.10)
X(Max. ,Min.) (69.2,38.3) (0.30,0.00}

213F 628/1000 3/2000
214F 613/1000 172000
Song i s MaF  Ti0 om0
g 16 F
217F 643/1000 6/2000
218F 572/1000 0/2000
— 10t

at 384176000 16712000
%(Mean+S.D.) (84.0+4.8) (0.13+0, 14)
%(Max. ,Min.) (71.4,57.2) (0.30,0.00)

2I19F U1/1000 2/2000
2208 667/1000 3/2000
NK-104 2hours 221 p £43/1000 2/2000
1000me /g 222F 583/1000 2/2000
223 376/1000 2/2000
224F 570/1000 3/2000

—oal T 3555/6000 T/ 12000
%¥(Mean+S.D.) (59.3+11.8) .(0.12+0.03)
X%(Max.,Min.) (71.1,37.6) (0.15,0.10)

225 714/1000 21/2000
228F 575/1000 24/2000
Positive 24hours 27F 571/1000 43/2000
control 228F 602/1000 41/2000
{(CP) 2297 671/1000 45/2000
2307 594/ 1000 54/2000
Totat 2776000 228712000
X(Mean+S.0.) (62 1+£5.8) (1 90+0 64) 8
%(Max. Min.) (T.4,57.1) (2. 5)

: Number of reticulocytes / total number of crythrocytes observed
: Number of micronucleated polychromatic erythrocytes / total number of
po Yd'tromtic erythrocytes observed

%!hmt at P<0.05 in Kastenbam & Bownan's lable

(Sponsor, M4, RG25003, p30)

|’ KW92117 - Micronﬂgieus test. ofNK¥104_;rgpeate'd oral administration in rats

Key findings:

e NK-104 was negative in an 27 v/vo micronucleus assay in male rats at doses up to
30/50 mg/kg/day after 93 consecutive daily dose administrations (Day 1-35 at 50
mg/kg/day, and 30 mg/kg/day thereafter).

Volume #, and page #: M4, KW92117, p1-12

Conducting laboratory and location:

Date of study initiation: December 25, 1992

GLP compliance: No (study from which animals were obtained was GLP with QA
statements.

QA reports: yes ( ) no (X)

Drug, lot number, and purity: 104P-9202, 99.2%
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Methods:
Strains/species/cell line: Crj:CD(SD) rats from KW92083, Segment I, males only.

Doses used in definitive study: 0, 2, 10, 50/30 mg/kg/day from Segment I rat study; Day
1-35 at 50 mg/kg/day, and 30 mg/kg/day thereafter.

Basis of dose selection: Dose levels were determined from 1-month repeated dose tox

study in rats, where reduced body weight gain was observed in male rats at 100 mg/kg.

Group Administered Dose Number of used
substance (mg/kg/day) animals
Control group 0.5% CMC - 6
Low dose group NK-104 2 6
Middle dose group NK-104 10 6
High dose group NK-104 30 (50) 6

[*Day 1-35 at 50 mg/kg/day; Day 36-93 at 30 mg/kg/day ]
‘ (Sponsor, M4, KW92117, p4)

Negative controls: Negative control animals were administered 0.05%
carboxymethylcellulose as part of the preceding rat segment I study.

Positive controls: No positive control was utilized in this study. For 77 vvo studies, it is
not necessary to include concurrent treatments with positive controls in every study, after a
laboratory has established competence in the use of the assay (ICH S2(R1)Draft).

Incubation and sampling times: Male rats were administered NK-104 daily by oral
gavage for 93 consecutive days. Samples (5 samples from bilateral femur at autopsy)

were removed, bone tips cut, and cells washed out, centrifuged and resuspended in FBS.
Supernatant was removed again and cells were smeared onto a glass slide and dried.
Cells were fixed in methanol.

Results:

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): No positive control was utilized in this study, leading to an inability for this
reviewer to rule out false negative results.

Study outcome: There was no increase in micronucleated polychromatic erythrocytes

(MNPCEs) at doses up to 30/50 mg/kg/day after daily administration of NK-104 by oral
gavage for 93 days (Day 1-35 at 50 mg/kg/day, and 30 mg/kg/day thereafter).
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Number of MNECE ¥ Humber of

ICRONUCLEUS ASSAY INRATS _RESULTS

Dose Number of § PCEs ¥ erythrocytas @ PCE/B (X)) ®
Compound (ng/kg/day}{ aninals observed | Number of cells | % (Mean £ S.D.} | obsecved Mean % S.D. ¥in, - Max.
9.5% CNC 0 [ 6000 5 0.08 £ 0.08 6000 26.42 £ 1.69 24.20 = 28.60
2 6 6000 4 0,07 £ 0.08 5000 26.98 £ 1.1 28.30 - 18.00
NX-104 10 [] 6000 L] g.1¢ + 0.09 $000 27.20 £ 1.98 | 24.80 - 30.10
30(50) § 5080 7 0.12 + 0.12 8000 26.40 £ 1.38 24.00 ~ 27.90

Polychromatic srythcocytes

wice sated poly ic erythrocytes

Total erythrocytes (polychromatic and nocmachromatic aerythrooytes)
The ratio of polychromatic erythrocytes to total scythrocytes

(Sponsor, M4, KW92117, p4)

$0¢2

| A819 - Singlg cell gel _(SCG)_,-,assay' of NK-}104;_with mice (Comet Assay) -

Key findings:
o NK-104 was negative for genotoxicity in an zz vsvol 7z vitro Comet Assay after twice
administering NK-104 in mice at 500 mg/kg.

Volume #, and page #: M4, 3140, 1-22

Conducting laboratory and location® @

Date of study initiation: May 15, 1992

GLP compliance: Yes.

QA reports: yes(X) no( )

Drug, lot number, and purity: NK-104, NKO11NO6M, 99.9% purity

Methods:
Strains/species/cell line: Slc:ICR[SPF] mouse

Doses used in definitive study:
COMET ASSAY IN MICE- GROUP ASSIGNMENTS

Group Dosage Administration Number of animals and
. (mg/kg) _times animal ID No.
Vehicle control 10 mL/kg 2 5 [1001 to 1003]
125 2 51101 to 1105]
Test substance 250 2 5[1201 to 1205]
500 2 ~ 5[1301 to0 1305]
Positive control* 300 1 5 [1401 to 1405]

(Sponsor, M4, A819, p21)

Basis of dose selection: Dose selection was based upon results of study RFG2510, in
which the lethal dose of NK-104 in mice was determined to be 1000 mg/kg after
administering a single oral dose. Decreases in locomotor activity were noted at 500 in
males. Therefore the high dose was set at 500 mg/kg in male mice in this Comet assay.

Negative controls: Negative controls were administered 0.5% carboxymethylcellulose in
water.
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Positive controls: Positive control animals received 300 mg/kg ethyl methylsulfonate
(EMS)

Incubation and sampling times: Mice were administered vehicle or test article one on
two consecutive days by oral gavage. The positive control was administered once.
Liver, lungs, spleen, thymus were removed and cleaned with buffer, fixed and tissues
homogenized.

Results:

Study validity: 150 cells per organ were examined. The Sponsor utilized a CCD camera
and a Comet assay analyzer® @ and Comet scoring was obtained by
% DNA in the tail and the Olive tail moment. Statistical test was Dunnett multiple
comparison test (two-sided significant level of 0.05) between negative control and each
dose group and an Aspen-Welch t-test was utilized to compare each negative control
group to each positive control group. When the positive control group markedly
increased with a statistically significant difference from the negative control in terms of
at least liver and lung, the entire study was considered valid.

Study outcome: NK-104 was negative for genetic toxicity in an 2z vivo single cell gel
(Comet) assay that utilized cells from liver, lung, spleen, and thymus of male mice
treated for two days.

Table 1. Single cell gel electrophoresis (SCG) assay with liver cells obtained from NK-104-treated mice
[Male mice dosed once a day, for two days)
Number
Compound Dose Oorgan Number of of Olive tail moment % tail DNA
(mg/kg, p.0.) animals cells (Mean + S.D.) (Mean + S.D.)
analyzed
0.5 w/v% CMC-Na a) 0 5 750 0.406 + 0.101 3.126 = 0.720
NK-104 125 5 750 0.458 + 0.148 3.344 £ 1.043
250 Liver 5 750 0.601 =+ 0.083 ~ 4.028 = 0.638
500 5 750 0.471 + 0.066 3.698 = 0.442
EMS b} 300 S 750 4.009 £ 0.699 & 18.367 = 2.349
* : Significant difference from negative control (Dunnett test) :p<0.05
# : Significant difference from negative control (Aspin-Welch t test):pg0.025
a) : Negative control (0.5 w/v% Carboxymethyl cellulose sodium salt aqueous solution, 10 mL/kg)
b) : Positive control (Ethyl methanesulfonate, 10 mL/kg)

(Sponsor, M4, A819, p37)
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Table 2. Single cell gel electrophoresis (SCG) assay with lung cells obtained from NK-104-~treated mice
[Male mice dosed once a day, for two days]
Number
Compound Dose Organ Number of of Qlive tail moment % tail DNA
{mg/kg, p.o.} animals cells (Mean + §.D.) (Mean t S.D.)
analyzed
0.5 w/vs CMC+Na a) s} 5 750 0.884 = 0.151 5.365 + 0.817
NK-104 125 S 750 0.958 * 0.169 5.826 + 0.549
+ 250 Lung S 750 0.872 + 0.044 5.742 + 0.207
500 S 750 0.791 + 0.158 5.350 + 0.807
EMS b} 300 5 750 4,153 =+ 0.714 # 21.149 % 2.037 #
# : Significant difference from negative control (Aspin-Welch t test):p<0.025
a) : Negative control (0.5 w/v% Carboxymethyl ceilulose sodium salt agueous solution, 10 mL/kg)
b) : Positive control (Ethyl methanesulfonate, 10 mL/kg)
: (Sponsor, M4, A819, p38)
Table 3. Single cell gel electrophoresis {SCG) assay with spleen cells obtained from NK-l04-treated mice
(Male mice dosed once a day, for two days] .
Number
Compound Dese Organ Number of of Olive tail moment % tail DNA
(mg/kg, p.o.) animals cells (Mean + S.D.) (Mean + 8.D.)
analyzed
0.5 w/v% CMC-Na a) ¢ 5 750 0.558 & 0.055 5.565 = 0.452
NK-104 125 5 750 0.516 + 0.065 5.171 = 0.340
250 Spleen 5 750 0.531 + 0.109 5.280 x 0.735
500 5 750 0.514 + 0.036 5.245 £ 0.296
EMS b) 300 5 750 2.604 + 0.603 ¢ 15.821 + 2.277 %
# : Significant cifference from negative control (Aspin-Welch t test):p<0.025
a) : Negative control (0.5 w/v$ Carboxymethyl cellulose sodium salt aqueous solution, 10 mL/kg)
b} : Positive control (Ethyl methanesulfonate, 10 mL/kg)
(Sponsor, M4, A819, p39)
Table 4. Single cell gel electrophoresis (SCG) assay with thymus cells obtained from NK-104-treated mice
[Male mice dosed once a day, for two days)
Number
Compound Dose Organ Number of of Olive tail moment % tail DNA
(mg/kg, p.o.) animals cells {Mean + S.D.) (Mean £+ S.D.)
analyzed
0.5 w/v% CMC-Na a) 0 5 750 0.408 = 0.040 4.005 = 0.465
NK-104 128 S 750 C.437 + 0.088 4.253 = 0.577
250 Thymus 5 750 0.417 + 0.071 4.017 = 0.731
500 5 750 0.500 £ 0.029 4,788 = 0.170
EMS b) 300 5 750 2.087 + 0.240 & 14.128 =+ 1.442 §
¥ : Significant difference from negative control (Aspin-Welch t test):p<0.025
a) : Negative control (0.5 w/v% Carboxymethyl cellulose sodium salt aqueous solution, 108 mL/kg)
b) : Positive control (Ethyl methanesulfonate, 10 mL/kg}

(Sponsor, M4, A819, p40)
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2.6.6.5 Carcinogenicity

SPONSORS SUMMARY OF CARCINOGENICITY ASSESSMENT

Table 14. NK-104 Carcinogenicity Studies
Route and . - Dose
Study Number | Species | Treatment Duration | (mg/kg/da
KOW 14/952398 | Mouse | Oral 25,175,225
13 weeks

Key Findin
Mortality and gastric lesions at 225
mg/kg. Selected dose levels for
subsequent study <225 mg/kg
KOW 16/982522 | Mouse | Oral 1,12,30,75 ¢ No carcinogenicity attributed to NK-
92 weeks 104 <75 mg/kg in mice
KOW 12/942992 | Rat Oral 10, 30, 50 *  Thyroid follicular cell hypertrophy at
13 weeks 30 and 50 mg/kg; selected dose
levels for subsequent study <30
_mg/kg
KOW 13/971903 | Rat Oral 1,5,25 ¢ Increased incidence of follicular
Females: 92 weeks tumors of thyroid (p<0.001) in males
Males: 104 weeks treated with NK-104 25ma/kg/day
RF9811 Rat Oral 25,50,75 ¢ Mortality at 7S mg/kg
7, 14, and 28 days o Increases in T, in rats treated with 50
mg/kg >7 days
¢ Increases in TSH, thyroid weight,
and T, UDP-GT in rats treated with
50 mg/kg >14 days
*  Increases in Ty, TSH, and T, UDP-
GT in rats treated with 25 mg/kg, but
at a lesser degree than at 50 mg/kg..
RF9812 Rat Oral 5 ¢ ' No changes in T4, TSH, and thyroid
14 and 28 days weight at >14 days
¢ Nochanges in T4 UDP-GT at 28
days
® No effect dose on thyroid gland §
_mg/kg/day
G2523 Rat Oral Pretreatment | ¢ No promoting effect for thyroid
15 weeks with DHPN carcinogenesis observed at dose
and then: levels 1 and 5 mg/kg
1,5,25, and s Promoting effect (increase in
25+ T,7.5ug, follicular cell hyperplasia) for thyroid
25+ T, 15ug carcinogenesis observed at 25 mg/kg
¢ No promoting effect observed in rats
treated with NK-104 25 mg/kg
combined with T,.

(Sponsor, M4)
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Dose-hmltmg TOXlCltleS in Carcmogemclty Studles

' S e Multlple of-
Duratlon/Type o Dose/pre-neoplastlc‘ o] Doselneoplastlc Ehs human .
of study fmdmgs f ndmgs exposure at
75 mg/kg/day/Bemgn 75 mg/kg/day/No drug-
92-Week mouse | squamous cell papillomas in | related tumors at highest 26x
females (LOAEL) dose (NOAEL) )
25 mg/kg/day/Thyroid
25 mg/kg/day/Benign follicular cell adenoma
92-Week rat squamous cell papillomas in | and carcinomas, 295x
males (LOAEL) forestomach carcinomas,
) males (LOAEL)
150 mg/kg/day/No drug- 19x and 97x, at
26‘3:;}'; Tg 30;:; f’ék rgg:é”;ﬁgi%?j oh | related tumors at highest 30 and 150
dose (NOAEL) mg/kg/day
26-Week Tg 150 mg/kg/day/No drug- 19x and 97x, at
rasH2 + 30;:1 g/e kg/g:i};/}zﬁrgicé?;wh related tumors at highest 30 an d150
urethane yperp ) dose (NOAEL) mg/kg/day

KOW 16/982522 ~ NK-104 potentlal tumorlgemc effects in repeated oral gavage
administration to mice -

Key study findings:

e NK-104 was not carcinogenic in mice at doses up to 75 mg/kg for 92 weeks.
e No significant changes in clinical signs, body weight, food consumption, and

ophthalmology.

Higher mortality at 75 mg/kg during the first 6 months.
Higher incidence of skeletal muscle myofiber atrophy and epithelial hyperkeratosis of
forestomach in NK-104 treated animals.
e  Cuax and Cp, increased greater than proportionally with dose. Females appeared to
have higher values than females.
¢ No significant increase in neoplastic lesions.

Adequacy of the carcinogenicity study and appropriateness of the test model: In the 13-
week study, NK-104 caused animal death in females at 225 mg/kg. Body weight gain was

reduced 20% in males at 75 mg/kg.

In the carcinogenicity study at doses of 1, 12, 30, and 75 mg/kg/day, the study was
terminated at 92 weeks per study protocol. No significant change was noted in clinical
signs, food consumption, and ophthalmology. Body weight gain was reduced in high
dose groups (15% in females at 52 weeks and 13% in males at 92 weeks). Higher
incidence of skeletal muscle myofiber atrophy and epithelial hyperkeratosis of

forestomach was observed in treated animals.

Evaluation of tumor findings: The Committee felt that dose selections in the 92-week
study were adequate in the female, but questionable in the male.
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RFG2515 - Measurement of the plasma concentrations of NK-104 in‘a 26- week
repeated oral dose tox1clty study of NK-104 in cynomolgus monkeys, followed by an
8-week recovery period :

Total exposure (AUC) to NK 104 in males was 1 to 3 fold hlgher than that observed in
female monkeys at the same dose per body weight. Total exposure to NK-104 lactone
was also 1 to 3-fold higher in males than in female monkeys at the same dose per body

weight.
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1 1 0.6 0.9 33 29 232 142 7.3 6.7
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