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1 Executive Summary

1.1 Introduction

Selexipag (Uptravi®), submitted as IND 104504 in 2009, is the first non-
prostanoid prostacyclin agonist submitted to the FDA for the treatment of
Pulmonary Arterial Hypertension. Intact selexipag is active at the prostacyclin
receptor; but it is also rapidly converted to an active metabolite with a longer half-
life. This should allow for oral b.i.d. dosing. Most of the selexipag data was
submitted under the cognate IND in 2009. The data was reviewed at that time
and can be found in Appendix I. Uptravi is intended to treat pulmonary arterial
hypertension, N

1.2 Brief Discussion of Nonclinical Findings

Selexipag is rapidly absorbed and metabolized to ACT-333679 that has a
longer half-life. Both selexipag and its active metabolite are specific for the
prostacyclin receptor. Pharmacokinetic behavior may be age-related. Juvenile
and adult dogs had similar Cmax levels of the parent compound. However AUC
values in the juvenile dogs were more than 10-fold higher than in the adults.
Safety pharmacology studies showed no effects on hERG channels. Due to
its pharmacodynamics activity of relaxing blood vessels, especially arterioles,

It also lowered systemic blood pressure and raised heart rate. Flushing of the
skin in particular was observed, and not unexpected. At high dosages,
increased respiratory rates and tidal volumes, hunching, increased struggling
when handled, tip-toe gait and impaired righting reflex were observed, as well
as low body temperature, soft stools and impaired grasping. Lesions of the rat
and/or dog Gl tract included lethal intussusception, decreased peristalsis,
increased gastric acid secretion and lethal gastric erosion and ulceration.
Renal effects included decreased urinary output and decreased sodium and
chloride transport, as expected of vasodilators. All effects were reversible after
withdrawal of the drug. Similar results were found for the active metabolite,
ACT-333679.

In toxicology studies, the Gl tract and the skin were the primary target organs
of toxicity. High dosages of Uptravi caused lethal intussusception in the adult
and juvenile dog. Inthe 100-104 month mouse carcinogenicity studies, the
high dosage caused lethal gastric erosion in 24/60 females beginning after
approx. 72 weeks. The adverse gastrointestinal effects likely reflect the
prominence of prostacyclin receptors in the gastrointestinal tract. Cutaneous
effects were expressed as flushing, scaling, piloerection, alopecia, and hair
clumping. Adrenal glands showed hypertrophy. Bones exhibited increased
ossification of the periosteum and trabeculae. In mice, Uptravi upregulated
CYP-450 enzymes in the liver and increased T3 and T4 levels, but did not
affect the pituitary gland or TSH levels. In rats, reduced presence of Leydig cell
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was noted in the carcinogenicity assay, but no effects on testosterone levels
were seen that could be related to Uptravi exposure.

The pharmacology and toxicology profiles of selexipag are similar to those of
eicosanoid prostacyclin agonists. Most of the adverse effects are believed to
be extensions of, or related to, the pharmacology of the drug — namely
severe gastrointestinal effects at high dosages (i.e. gastric erosion and
intussusception), and some level of skin flushing at all dosage levels. Other
cutaneous effects included scaling, alopecia and piloerection, as well as hair
clumping, at the highest dosages.

While some antithrombotic activity is to be expected, bleeding time may also be
prolonged as slight increases in PT and APT were observed.

1.3 Recommendations

1.3.1 Approvability

Although Uptravi is a non-eicosanoid prostacyclin agonist, it is expected to have
toxicity, especially Gl, similar to that of other prostacyclin agonists though head-
to-head comparisons were not made in the animal toxicity studies. Oral
bioavailability, and twice a day dosing, should promote compliance. Uptravi is
approvable from a non-clinical pharmacology-toxicology perspective.

1.3.2 Additional Non Clinical Recommendations

None
1.3.3 Preliminary Labeling

13 NON-CLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis: In the 2-year carcinogenicity studies, chronic dietary
administration of selexipag revealed no evidence of carcinogenic potential in
rats or mice at up to 100 and 500 mg/kg/day, respectively. The mid dosage in the
mouse study afforded AUC exposures of parent and metabolite that were 800
and 100 times, respectively, the values in patients at a dose of 1.8 mg. In the rat,
the high dosage afforded multiples of clinical exposures of approximately 170 for
the parent compound and >300 for the active metabolite, and, at the mid-dosage,
multiples of approx. 50 and 90, respectively.

Mutagenesis: selexipag and ACT-333679 were negative in a battery of in
vitro and in vivo genotoxicity tests for mutagenicity and clastogenicity that
included Ames, Chinese Hamster Lung and rodent micronucleus tests.
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Impairment of Fertility: Fertility and early embryonic development in the rat were
not affected at dosages up to 60 mg/Kg. Selexipag was not teratogenic in rats
or rabbits at up to 20 and 30 mg/Kg, respectively.

2. Drug Information

2.1 Drug:
CAS Registry Number (Optional): 475086-01-2

Generic Name
Code Name

Chemical Name 2-{4-[(5, 6-diphenylpyrazin-2-yl) (isopropyl) amino] butoxy}-N-
(methylsulfonyl) acetamide

Molecular Formula/Molecular Weight C26H32N404S MW 496.62

Structure or Biochemical Description

N/

Pharmacologic Class: Platelet aggregation inhibitors excl. heparin; prostacyclin
receptor agonist

2.2 Relevant INDs, NDAs, BLAs and DMFs:
IND 104504

2.3 Drug Formulation:
Table 1. Tablet composition (200-1600 mcg strength).
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Table 1 Composition of selexipag film-coated tablets (200-800 pg)

Selexipag film-coated tablet
200 pg 400 pg 600 pg 800 pg
Selexipag 0.2 m, 0.4 0.6 m; 0.8 m,
D-mannitol
Corn starch
Low substituted hydroxypropylcellulose
Hydroxypropylcellulose

Maﬁesium stearate

Hypromellose
Propylenglycol
Titamum dioxide
Iron oxide red
Iron oxide black

Iron oxide vellow
Carnauba wax

Coating weight

Total weiiht of film-coated tablet _

Ingredients

Table 2 Composition of selexipag film-coated tablets (1000-1600 pg)

Selexipag film-coated tablet
1000 pg 1200 pg 1400 pg 1600 ug

Ingredients

Selexipag

D-mannitol

Corn starch

Low substituted hydroxypropylcellulose
Hydroxypropylcellulose

Maﬁesium stearate

Hypromellose
Propylenglycol
Titanium dioxide
Iron oxide red
Iron oxide black
Iron oxide yellow
Carnauba wax

Coating weight

Total Wei‘ ht of film-coated tablet

2.4 Comments on any novel excipients:

There are no novel excipients.

Table 2. composition film coat
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Table 5§

Color and composition of the film-coat (commercial production)

Selexipag dose strength

200 pg 400 pg 600 pug 800 pg
Color Light vellow Red Light violet Green
Hypromellose
Propylenglycol
Titanium dioxide
Iron oxide red
Iron oxide black

Iron oxide yellow

Selexipag dose strength

1000 pg 1200 pg 1400 pg 1600 pg

Color

Orange Dark violet Dark vellow Brown

Hypromellose

Propylenglycol

Titanium dioxide

Tron oxide red

Tron oxide black

Iron oxide yellow

Jyompanyproposes vy color S Y

2.5 Comments on any impurities/degradants of concern

Figure 1. degradation pathways, below

Figure 3

Degradation pathway of selexipag in the film-coated tablets

o

O 6 o
O |NJ\N’\/\/°\)LE:\S//\

Selexipag
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®@

®@ “Stability is not a concern.

2.6 Proposed Clinical Population and Dosing Regimen

Uptravi is proposed for treating patients with pulmonary arterial hypertension at.
200, 400, 600, 800, 1000, 1200, 1400 or 1600 mcg bid.

2.7 Regulatory Background

IND 104504 (selexipag) was submitted on September 29, 2009. Uptravi was
submitted as NDA 207947 on December 22, 2014.

3. Studies Submitted

3.1 Studies reviewed herein:

Mouse Carcinogenicity study, Report # T-10.648

Rat Carcinogenicity study, Report # T-10.649

Juvenile Toxicology study

Genetic toxicology (multiple metabolites, degradants and contaminants)
Mechanistic study: Mouse liver and thyroid hormones

Mechanistic study: testosterone-production in rat Leydig cell cultures
(Selexipag and ACT-333679)

¢ Mechanistic study: Rat pituitary-testicular hormones

3.2 Studies Not Reviewed

3.3 Studies previously reviewed under IND 104504 (see Appendix I).

Safe harm:
CNS, Cardiovascular, Pulmonary, Renal, Gl, Repro (uterine contraction)

Pharmacology:
Prostanoid receptor selectivity

Smooth muscle effects
Platelet aggregation Model of PAH

Pharmacokinetics:
ADME Drug interactions (P450)

Toxicology:
Single dose: mice, rats, dogs
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Repeat dose:

Mouse: 4 and 13 weeks

Rat: 4 weeks+ 4 weeks recovery; 26 weeks + 4 weeks recovery.
Dog: 2, 4 and 39 weeks.

Genotoxicity:

Ames

Chinese Hamster Lung
Rat Micronucleus.

Reproductive Toxicity:
Fertility & early development: Rat
Embryo-fetal development (teratogenicity): Rabbit, Rat.

Phototoxicity

4. Pharmacology:

The primary, secondary and safety pharmacology studies, previously reviewed
under IND 104504, are included in Appendix |

5. Pharmacokinetics/ADME/Toxicokinetics

PK, ADME, and toxicokinetic studies, previously reviewed in IND 104504, are
included in the Appendix 1.

6. General Toxicology

Single and repeat dose toxicity, previously reviewed in IND 104504, is included in
the appendix.

7. Genetic Toxicology

Tests for mutagenicity and clastogenicity, previously reviewed in IND 104504,
are included in the appendix.

Other Genetic Toxicity Studies:

Several other metabolites were screened under IND 104504. Compounds

identified as ® @

were all assessed in the Ames assay. None of the metabolites or
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degradants were mutagenic under the conditions tested, i.e., presence and
absence of rat mitochondrial S9 metabolic enzyme fraction.

8. Carcinogenicity

A. Mouse

Study title: Twenty-four-month oral gavage carcinogenicity study of NS-
304 in mice
Study no.: | #5939 (T-10.648)
Study report location:  Nippon Shinyaku Co., Ltd.
14, Nishinosho-Monguchi-cho, Kisshoin,
Minami-Ku, Kyoto 601-8550, Japan

Conducting laboratory and location: 2l

Date of study initiation: December 28, 2007
GLP compliance: Yes
QA statement:  Yes
Drug, lot #, and % purity:  NS-304, lots 26 & 33, 100% purity
CAC concurrence:  No

Key Study Findings:

There were no positive carcinogenicity findings per both Sponsor and FDA
survival-adjusted statistical analyses. A slight numerical excess of thyroid tumors
was not statistically significant, and, moreover was within historical control
incidence

Adequacy of Carcinogenicity Study:

Dosages were not sanctioned by the CDER execCAC. The dosages used
exceeded the MTD for females at 500 mg/kg, a dosage that was tolerated by the
males. With the exception of the high dose female group, the study lasted 105
weeks, an acceptable duration. Females in the high dosage group were
terminated at week 100 since only 27% of animals were alive. Severely reduced
survival was evident by approximately week 72 with severe gastric erosion being
the adjudicated cause of death.

Appropriateness of Test Models:

Test model was of a standard design, and utilized dosages that provided at least
25 times the clinical AUC exposure, satisfying a criterion for an adequate
exposure margin.
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Methods (from sponsor)
Doses:

Frequency of
dosing:

Dose volume:

Route of
administration:
Formulation/Vehicle:
Basis of dose
selection:
Species/Strain:
Number/Sex/Group:

Age:
Animal
housing:

Paradigm for
dietary
restriction:

Dual control :

Reference ID: 3859648

No

125, 250 and 500 mg/kg/day
Once daily

10 mL/kg body weight
Oral gavage

0.5% methylcellulose
13 week study

B6C3F1/Crlj SPF mice
55/M or F

APPEARSTHIS WAY ON

ORIGINAL

Beginning at 5 weeks of age

The animals were housed in an animal room at

23£3°C; relative humidity at 50+20% ;air ventilation at

12 to 17 times per hour; and 12-hour illumination.

The animals were housed individually, and on a pellet diet
Drinking water was provided ad libitum.

Food consumption was measured twice in the first week

of administration: on Day 1 (one days consumption from

the day before) and Day 7 (6 days cumulative consumption)

of administration for each animal. Thereafter, 7 days cumulative
consumption was recorded weekly at 7-day intervals until Week 14
of administration and thereafter every 2 weeks at 14-day intervals,
and one days food consumption was calculated from the
cumulative consumption (note 1).

Food consumption was also recorded in all surviving animals of both
sexes on the day before premature necropsy (Day 697) (note 2).



Interim sacrifice: No
Satellite groups: No

Conhorts (per
sponsor):
Group composition
Test Dose Concentration Dose Sex Mam group Satellite group
group (mg/kg/day) (mg/mL) vohune No.of Animal No.of Aninal
(mLkg/day) anmals No. anmals No.
Control” 0 0 10 M 55 1001-1055 9 1201-1209
o F 55 MI0L-ISS 9 1301-1309
Low 125 125 10 M 55 2001-2055 24 2201-2224
_ - _ F 55 2101-2155 24 2301-2324
Middle 250 25 10 M 55 3001-3055 24 3201-3224
) ) S ) E 133 3101-3155 24 3301-3324
High 500 S0 10 M 55 4001-4055 29 42014229
F 55 41014155 29 4301-4329
a): 0.5 w/v?o methylcellulose solution. M: Male. F: Female
Mortality:
Figure 2 : Male mortality
5939
100 ll B q A
90r- e %—m-%
80F
70F
£
@ 601
S 50f
©
>
T 40+
[
@
30+
Male
O o—»o 0 ng/kg/day
a——a 125 ng/kg/day
100 =m=—a& 250 ng/kg/day
&—— 500 ng/kg/day
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il

-— oF

Fig.1 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice

Survival rate
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Survival in treated males was not reduced, rather numerically exceeded that of
controls at study end.

Figure 3. Female mortality
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Fig.2 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice

Survival rate

For females in the high dosage cohort, morality was persistently highest starting
at 68 weeks. The high dosage female group was sacrificed at 100 weeks, rather
than 105 weeks, when survival had been reduced to approximately 27%. Lethal
gastric erosion was the primary pathology reported.
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Table 3. Cause of death

Text Table 2. Presumptive cause of demise

Sex Male Female
Dose (mg'kg/day) 0 125 250 500 0 125 250 5007
No. of animals used 55 55 55 55 55 55 55 55
No. of deaths 28 16 9 15 13 9 16 40
Tumor lesion
Adrenomedullary tumor 0 0 0 0 0 1 0 0
Bone tumor 0 0 1 0 0 0 1 0
Histiocytic tummor 2 0 0 1 2 0 3 0
Liver tummor 5 4 2 4 0 0 1 0
Lung tumor 1 0 0 0 2 0 0 0
Malignant lymphoma 2 2 1 1 6 1 3 0
Mesenchymal tiumor 0 0 0 0 0 0 1 0
Muscular tumor 0 0 0 1 0 0 0 0
Subcutaneous tumor 0 0 0 0 1 2 1 1
Vascular tumor 0 1 1 0 1 0 0 0
Ovarian tumor NA NA NA NA 0 1 0 0
Non-tumeor lesion
Intoxication 0 0 0 3? 0 0 0 3Y
Gastrointestinal lesion 0 0 1 1 0 0 6 24
Kidney lesion 1 0 0 0 0 0 0 0
Fat necrosis 0 0 0 0 0 1 0 0
Skin lesion 1 0 0 0 0 0 0 0
Urogenital tract lesion 14 8 3 2 0 0 0 0
Unclear 2 1 0 2 1 2 0 12
Gavage error 0 0 0 0 0 1 0 0

a): All srviving females in the 500 mo/kg group were sactificed m Week 100 after administration for 99 weeks.

b): These animals died on Days 3 and 4 of administration.
Values in the table mdicate the number of anmmals that died or were sacrificed as moribund.
NA: Not applicable

According to the Sponsors adjudication, there was no excess cancer death in
this study in either gender. Primary causes of premature death were
gastrointestinal lesions in high dose females, and, in the male control group,
urogenital lesions. The numerical incidence of cancer was appreciably less in
the treated cohorts (Table 6 below)

Clinical Signs

12
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Table 4. Treatment related clinical signs

Text Table 3. Incidence summary of treatment-related clinical signs

Sex Male Female

Dose (mg/kg/day) 0 125 250 500 0 125 250 500V
No. of animals used 55 55 55 55 55 55 55 55
No. of deaths 28 16 9 15 13 9 16 40
Creeping position 0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(1)
Flaccidity 0(0) 0(0) 192) 34(9) 0(0) 0(0) 153)  46(34)
Eye discharge 00)  00) 337 48(13) 00)  00)  48(14)  54(39)
Lacrimation 0(0) 00) 0(0) 00) 0(0) 0(0) 13(6)  3021)
Salivation 0(0) 00) 2(0) 14(4) 0(0) 0(0) 105)  32(26)
Flush (lumbs) 0(0) 3(0) 55(9)  55(15) 0(0) 9(4) 55(16)  55(40)

a): All surviving females in the 500 mg/kg group were sacrificed m Week 100 after admmistration for 99 weeks.
Number in the table mdicates the total number of animals and number m parentheses ndicates the number of animals that died or
were sacrificed as mortbind

Flaccidity, flushing and “cholinergic” effects (lacrimation, salivation)
predominated.

Body Weight:

Figure 4. Male Body Weights
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Fig. 3 Twenty-feur-month oral gavage carcinogenicity study of NS-304 in mice

Body Weight - Male

13
Reference ID: 3859648



Rate of gain in body weight was depressed in a dose dependent manner.
Numerical mean body weight of the high dose cohort was about 85% of that of
control.

Figure 5. Female Body Weights
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Fig. 4 Twenty-four-month oral gavage carcinogenicity stody of N5-304 in mice

Body Weight - Female

Rate of gain in female body weight was reduced by selexipag evident by week
30, although final body weight was not appreciably depressed

Food Consumption

Figure 6. Male Food Consumption
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Fig. & Twenty-four-month oral gavage carcinogenicity study of N5-304 in mice

Food Consumpiion - Male

Except for transient depression in the high dosage group, food consumption was not
different between the groups, Accordingly, enhanced survival in treated males noted
above (Figure 2) was associated with dose-dependent reduced body weight of up to
approx.15-20% by study end), but not with decreased food intake.

Figure 7. Female food consumption
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Food Corsumption - Female
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As with the males, food consumption was similar for all groups, except the high
dosage female group, which had lower consumption during the first few weeks,
then a return to normal consumption, followed by higher consumption after day

440.

Gross Pathology:

Table 5. Treatment related gross lesions with sponsor annotation

Reference ID: 3859648
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Text Table 8. Incidence summary of treatment-related gross lesions (all animals)

Sex Male Feimale
Dose (mg'kg/day) 0 125 250 500 0 125 250 5007
No. of anumals used 55 55 55 55 55 55 55 35
Stomach
Focus, dark red, glandular stomach 5 3 5 5 1 3 2 26
Perforation, glandular stomach 0 0 0 1 0 0 4 4
Adhesion 0 0 0 0 0 0 4 4
Focus, depressed. glandular stomach 0 0 0 0 0 0 1 2
Thickening, wall. glandular stomach 0 0 0 0 0 0 0 2
Tntestine, duodenum
Nodule 0 0 0 0 0 1 2 4
Focus, white 0 0 0 0 0 0 0 3
Perforation 0 0 0 1 0 0 0 1
Spleen
Small 1 0 0 3 0 0 0 11

a): All sirviving females m the 500 mg/kg group were sacrificed prematurely m Week 100 after administration for 99 weeks.
Number i the table indicates the munber of animals with respective lesions.

Stomach: Increased incidence of dark red foci in the glandular stomach was observed
n females in the 500 mg’kg group. Perforation in the glandular stomach was
observed in males i the 500 mg/kg group and in females in the 250 and 500
mg/kg groups. Adhesion with surrounding tissues and depressed foci in the
glandular stomach were observed m females m the 250 and 500 mgkg
groups. Thickening of the glandular stomach wall was observed in females
n the 500 mg/kg group.

Duodenum: Nodule that corresponds to erosion/ulcer in histopathology was observed in
females 1n the 250 and 500 mg/kg groups. White foci were observed m
females in the 500 mg/kg group. Perforation was observed in both sexes in
the 500 mg/kg group.

Spleen: Smallness was observed in females in the 500 mg/kg group.

The approximately 50% mortality in the females in the high dosage group was
attributed to severe gastric erosion and perforation. Otherwise, gross pathology
was not remarkable.

Histopathology per Peer review:

17
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PEER REVIEW STATEMENT

A microscopic peer review was performed as follows for this study:

1. Reexamination of all tissues from 10% of the control group (Group 1)

male and female mice and 10% from the high dose (Group 4) male and
female mice selected randomly:

Group 1M 1019, 1023, 1028, 1033, 1036, 1044
Group 4M 4002, 4028, 4032, 4034, 4042, 4047
Group 1F 1103, 1124, 1135, 1140, 1143, 1147
Group 4F 4102, 4118, 4121, 4136, 4152, 4155

. Reexamination of all diagnoses from the adrenal: bone+bone marrow,

femoral; bone+bone marrow, sternum; intestine, duodenum; kidney; liver;
pancreas; salivary gland, sublingual; spleen; stomach; thymus; thyroid,
from all male and female animals in all groups and mammary gland;
ovary; uterus; and vagina from all female animals in all groups.

3. Reexamination of all neoplasms and hyperplasias.

Following the review of the microscopic findings reported by the study pathologist, the
results were discussed and appropriate terminology and diagnoses mutually agreed
on. Differences of opinion between the study and reviewing pathologists were
resolved with agreement on the diagnoses.

Evaluation of Tumor Findings:

Statistical analysis revealed no increase in any tumor type. Spon_sor_noted a
small and insignificant trend in mouse thyroid tumors. Moreover, |nC|.den<.:es of
thyroid tumors at the high dosages were near the mean values for historical

controls.

Neoplastic findings: _
Table 6. Tumors and tumor bearing animals

Reference ID: 3859648
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Text Table 9. Number of tumors and tumor bearers

Sex Male Femule

Dose (mg/'kg/day) 0 125 250 500 0 125 250 00"

No. of anmnals nsed 33 35 35 35 53 35 53 35

Total No. of honors 2 46 M is 80 8l 66 3
No. of beman humors 37 24 23 21 45 40 27 21
No. of malmant s 25 2 21 14 M 41 39 9

Total No. of numor bearng animals 38 3l 26 27 45 41 42 19
No. of bemgn tmmor bearers 4 16 16 16 3l 26 3 15
No. of mahgant nor bearers 21 18 17 13 32 30 32 8

No. of nmlfiple fumor bearers 16 13 10 (] 26 23 19 9

a): All surviving females m the 500 mg/kg group were sacrificed prematuely m Week 100 after achunstration for 99 weeks.

Figure 8. Thyroid tumors and hyperplasia (sponsor’s Text Table 10).

Text Table 10. Incidence summary of tumors and hyperplasia in the thyroid

Sex
Dose (mg/kg/day)
No. of animals used

Thyroid

Adenoma, follicular cell

Adenoma + Carcinoma, follicular cell
Hyperplasia/hypertrophy, follicular cell (total)

Male Female
0 125 250 500 0 125 2350 3007
35 35 35 35 55 35 33 35
0 0 1 2 | 1 | 3
Carcinoma, follicular cell 0 0 1 0 0 0 0 0
0 0 2 2 1 1 1 3
1 2 17 36 2 51 52 52
®) | 2 17 33 2 41 20 4
(+H44) 0 0 0 3 0 10 32 43

a): All swrviving females in the 500 mg/kg group were sacrificed prematurely in Week 100 after administration for 99 weeks.
Numnbers in the table indicate the mumber of animals with lesions.
£ Minimal, +; Mild, ++; Moderate

Thyroid:

Reference ID: 3859648

Slightly higher incidence of follicular cell tumors (adenoma + carcinoma)
were observed in 2 males each m the 250 and 500 mg/kg groups and n 3
females in the 500 mg/kg group, although there were no statistically
significant ditferences i either trend analysis or pairwise comparison
between the control and any dose group. At the same time, increased
mncidence and severity of hyperplasia’hypertrophy of the follicular cells were
observed in the above groups. Follicular cell adenoma was also observed in
1 female each m the 125 and 250 mgkg groups, respectively, and the
possibility of mvolvement of treatment could not be completely excluded,
since mcreased mcidence and severity of hyperplasia/hypertrophy of the
follicular cells were also observed in these groups. However, it was hardly
judged to be treatment-related since follicular cell adenoma was also

observed in 1 control female in the present study.
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Overall, the incidence of tumors, both benign and malignant, was not enhanced;
rather, tumor burden was numerically reduced in both mice genders. Thyroid
tumor burden was lower than that encountered historically in controls, and the
sponsor determined that the numerical slight excess was not statistically
significant. In that context, the significance of the dosage -dependent
hyperplasia/hypertrophy of the follicular cells is moot.

Non neoplastic lesions:
Table 7. Non-tumor lesions

APPEARSTHIS WAY ON
ORIGINAL
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Text Table 11. Incidence summary of non-tumor lesions

Sex Male Female
Dose (mgkg/day) 0 125 250 500 0 125 250 5007
No. of animals used 55 35 55 55 55 35 55 55
Stomach =>4 =3 =4
Erosion/uleer, glandular stomach (total) 6 3 3 7 0 3 18 37
(e8] 5 2 2 3 0 2 2 9
(tto+++) 1 1 1 4 0 1 16 28
Adhesion (total. +/+) 0 0 0 0 0 0 2 4
Duodenm n=52 p=51 ©v=51 =47 n=>52 =50 =52
Eroston/uleer (total) 0 0 0 1 1 0 12 27
63 0 0 0 0 1 0 4 7
(tto+H) 0 0 0 1 0 0 8 20
Regeneration, nucosal (total, £/4) 0 0 0 0 0 0 4 |
Adhesion (total. +) 0 0 0 0 0 0 1 0
Liver
Hypertrophy, hepatocytic, central (total, =to ++) 0 20 43 51 0 0 6 26
Necrosis, hepatocytic, central (total, =) 0 1 0 9 1 0 0 1
Multinucleated hepatocyte (total, +) 0 0 17 21 0 0 0 0
Pancreas n=54
Decreased zymogen granule (total, ++/+4++) 3 3 0 3 1 2 3 30
Hyperplasia, acmar cell, focal (total, +/+) 0 1 5 4 0 6 22 25
Salivary gland, sublingual
Atrophy, acmar cell (total, + to +++) 1 3 2 3 0 0 1 13
Hypertrophy., acinar cell (fotal, +/+) 1 2 22 26 5 7 28 )
Adrenal
Hypertrophy, cortical, diffuse (total, /) 17 6 3 11 8 19 30 49
Kidney =54
Dilatation, tubular (fotal, = to +++) 4 1 0 3 0 5 24 42
Hypertrophy, tubular, papilla (total, +) 0 0 0 9 0 30 30 20
Basoplulia, tubular, cortical (total, = to ++) 0 0 0 0 0 1 3 9
Eosmoplhulic droplet, papillary epithelivn (fotal, =/+) 0 0 0 3 0 43 42 13
Hypertrophy, tubular, outer medulla (total, +) 0 0 0 0 0 0 0 5
Hyperplasia, papillary epithelum (total, +) 0 0 0 1 0 0 0
Regeneration, tubular (total, + to ++) 28 47 49 45 13 10 18 10
Urmary cast, hyaline (fotal, +/+) 20 28 52 48 48 34 37 50
Vacuolation, tubular cell (total, +/+) 50 35 0 0 0 0 4
Spleen
Increased pigment, red pulp (total, +++) 0 0 0 0 0 37 34 34
Atrophy (total. +4+) | 0 0 1 1 0 0 22

a); All swviving females in the 500 mg/kg group were saciificed prematurely m Week 100 after admumstration for 99 weeks.
Number in the table inlicates the numnber of animals with respective lesions.
£ Minimal, +; Mild, ++; Moderate, +++: Severe

(Continued to the next page)
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Text Table 11. (Continued)
Sex Male Female
Dose (mg/kg/day) 0 125 250 500 0 125 250 5007
No. of animals used 55 55 35 55 55 55 55 35
Thynus =54 =534 n=53 =34 =53

Atrophy (total, + to +++) 19 23 24 26 8 9 18 41
Fenmur (bone and bone marrow)

Granulopozesis (tofal, +/++) 14 7 3 3 1 3 10 12

Fibro-osseous lesion (total, +/4) 6 8 9 31 34 47 29 36
Stermuum (bone marrow)

Gramulopoiess (total, +/4+) 14 8 3 3 1 3 10 12
Ovary

Hypertrophy, corpora lutea (total, + to ++) NA NA NA NA 6 22 28 33
Vagma

Mucification (total, =/+) NA NA NA NA 4 12 17 17
Manumary gland

Hyperplasia, lobular (fotal, £ to ++) NA NA NA NA 1 22 30 18

a): All swrviving females i the 500 mg/kg group were sacrificed prematurely m Week 100 after admmistration for 99 weeks.
Number m the table mdicates the number of animals with respective lesions.

NA: Not applicable

= Minimal, +; Mild, ++; Moderate, +++; Severe

Stomach:

Duodenum:

Liver:

Pancreas:

Reference ID: 3859648

Increased incidence and severity of erosion/ulcer 1n the glandular stomach
were observed i males in the 500 mg/kg group and i females in the 250
and 500 mg/kg groups. Adhesion was observed m females m the 250 and
500 mgkg groups, and this was considered to be associated with
erosion/ulcer.

Increased incidence and severity of erosion/ulcer were observed in males in
the 500 mg/kg group and in females mn the 250 and 500 mg/kg groups.
Mucosal regeneration was observed in females in the 250 and 500 mg/kg
groups. Adhesion was observed m females m the 250 mgkg group.
Mucosal regeneration and adhesion were considered to be associated with
erosion/ulcer.

Hypertrophy of the centrilobular hepatocytes was observed n males n the
125 mg/kg and higher groups and in females in the 250 and 500 mgkg
groups. Increased incidence of necrosis of the centrilobular hepatocytes was
observed in males in the 500 mg/kg group. Multinucleated hepatocytes were
observed m males in the 250 and 500 mg/kg groups.

Increased incidence of decreased zymogen granules was observed in females
in the 500 mg/kg group. Increased incidence of hyperplasia of the acinar

cells was observed i females in the 250 and 500 mg/kg groups.
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Salivary gland, sublingual:

Increased meidence of atrophy of the acinar cells was observed i females m
the 500 mg/kg group. Increased incidence of hypertrophy of the acinar cells
was observed in males in the 250 and 500 mg’kg groups and in females in
the 250 mg’kg group.

Adrenal: Increased incidence of diffuse hypertrophy of the cortical cells was observed
in females in all dose groups.

Kidney: Increased meidence of tubular dilatation was observed n females in the 250
and 500 mg’kg groups. Tubular hypertrophy 1in the papilla and cosmophilic
droplet of the papillary epithellum in males i the 500 mg’kg group and in
females in the 125 mg/kg and higher groups, tubular basophilia in cortex in
females m the 125 mg/kg and higher groups, tubular hypertrophy in the outer
medulla in females 1n the 500 mg’kg group and hyperplasia of the papillary
epithelium in both sexes in the 500 mg’kg group were observed. In males
only, increased incidences in tubular regeneration in the 125 mgkg and
higher groups and hyaline casts m the 250 and 500 mgkg groups were
observed.

Spleen: Increased pigments in the red pulp were observed in females in the 125
mg’kg and higher groups. Increased incidence of atrophy was observed m
females m the 500 mg/kg group.

Thymus: Increased incidence of atrophy was observed in females in the 250 and 500
mg/kg groups.

Femur and stemum (bone marrow):

Increased ncidence of granulopoiesis was observed in females in the 250

and 500 mg’kg groups.

Femur (bone):  Increased incidence of fibro-osseous lesion was observed in males in the 500
mg/kg group.

Ovary: Increased incidence of hypertrophy of the corpora lutea was observed in

temales in the 125 mg/kg and higher groups.

Vagma: Increased meidence of mucification was observed m females n the 125
mg/’kg and higher groups.

Mammary gland: Increased mcidence of lobular hyperplasia was observed i females in the

125 mg’kg and higher groups.
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Hyperplasia/hypertrophy was found in multiple organs, but without any
associated neoplasia. Female reproductive organs were affected, which is
perhaps not surprising since prostacyclin is involved in pregnancy and may have
roles beyond affecting implantation and uterine contractility. Thymic and splenic
atrophy suggest a capacity for immune suppression although this was a high
dosage phenomenon, and confined to one gender. Kidney tubular dilatation may
be an extension of the pharmacodynamics activity of prostacyclin as one of the
primary actions of the eicosanoid is to increase renal blood flow and urine output
in electrolyte homeostasis. The increased incidence of centrilobular hepatocytes
was observed only at the highest dosage, and not in both genders. As noted
below, even at the mid-dosage, the exposure of parent and metabolite exceed
that in patients by several orders of magnitude.

Toxicokinetics in the mouse cancer trial

Table 8. Toxicokinetics

Text Table 12. Summary of TK parameters

Sex Male (=3) Female (1=3)
Dose (mo/ko/day) 125 250 500 125 250 500
NS-304
T ()
Day 1 05 0.5 0.5 0.5 0.5 0.5
Week 26 05 05 2 0.5 0.5 1
Cume (ng/m1l)
Day 1 16900 27000 24900 18500 39800 43900
Week 26 12600 22600 24700 16600 20200 38900
Cyp, (ng'mL)
Day 1 1460 5440 10800 2540 11000 15600
Week 13 554 1930 9900 1430 2860 20000
Week 26 902 4050 24700 1150 4590 16400
AUCqo4, (nglivmlL)
Day 1 18500 60800 247000 24900 67500 199000
Week 26 11600 36800 84400 18600 36700 91700
MRE-269
T (br)
Day 1 05 0.5 1 0.3 05 0.5
Week 26 05 05 2 0.5 0.5 1
Cee (ng/ml)
Day 1 12500 18500 18400 11800 18900 23000
Week 26 11800 12600 18000 12000 10300 17500
Cyp, (ng/mL)
Day 1 3070 8650 11700 3860 8840 11900
Week 13 841 3070 9240 1750 2690 18300
Week 26 1430 3840 18000 1120 4020 13300
AUCq 24, (ngh/ml)
Day 1 25700 77300 215000 24800 58800 153000
Week 26 13900 31700 67500 16000 30800 65500
24
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In healthy human subjects, the AUC for an 1,800 mcg dose was 44.8 ng-hr/mL
for the parent compound (ACT-293987 or NS-304 or MRE-304) and 276 ng-
hr/mL for the active metabolite (ACT-333679 or MRE-269). In the mouse
carcinogenicity trial, the AUC for both parent and metabolite at the well tolerated
dosage of 250 mg/Kg, was in the range of about 31,000 to 37,000ng hr/ml. This
provides very reassuring safety margins of exposure of approximately 800x for
the parent compound and 100X for the active metabolite.

Sponsor Tables 10-1 to 10-11 of tumor incidences in the mouse
carcinogenicity study are in Appendix IV.

B. Rat:

Study title: Twenty-four month oral gavage carcinogenicity study of NS-
304 in rats
Study no.: | #5940
Study report location:  Nippon Shinyaku co. Ltd.
14, Nishinosho-Monguchi-cho, Kisshoin,
Minami-Ku, Kyoto 601-8550, Japan

Conducting laboratory and location: ©e

Date of study initiation:  November 29, 2007
GLP compliance: Yes
QA statement:  Yes
Drug, lot #, and % purity: NS-304 (or MRE-304), lot # 26 and 33,
100% purity
CAC concurrence: Yes

Key Study Findings: No statistically significant increase in tumor burden was
seen. Non-tumor related findings were primarily gastric ulceration in the high
dose groups, mild hypertrophy of the liver and thymus, and pancreatic acinar cell
atrophy.

Adequacy of Carcinogenicity Study: The design, dosages and species were
approved by the CDER executive committee.
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Appropriateness of Test Models: Sprague-Dawley rats are commonly used in
carcinogenicity studies.

Methods (from sponsor):

Dosages:
Group composition
Test Dose Concentration Dose Sex Mam group Satellite group
roup (mg/ke/day) (1mg/ml ) voliune No. of Animal No.of Aninal
(L ke'day) annals No. annnals No,
Control” 0 0 5 M 60 1001-1060 5 1201-1205
F G0 1101-1160 5 1301-1305
Low 10 2 5 M 60 2001-2060 8 2201-2208
e B0 2101221608 3
Middle 30 6 5 M G0 3001-3060 8
High 100 20 5 M 60 4001-4060 8
F 60 4101-4160 8

a): 0.5 wiv?o methyleellulose solution, M: Male, F: Female

Frequency of dosing:
Dose volume: 5 mL/kg of body weight
Route of administration: Oral gavage

Formulation/Vehicle: 0.5% (w/v) methyl cellulose solution
Basis of dose selection: 26 week toxicity study
Species/Strain: Sprague-Dawley
Number/Sex/Group: 60/M or F/4
Age: 6 weeks old
Animal housing:

Paradigm for dietary restriction: NA
Dual control employed: No
Interim sacrifice: Not planned
Satellite groups: 4
Deviation from study protocol:

Observations and Results
Mortality

Figure 9. Survival, male
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Fig.1 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats

Survival rate

Selexipag did not significantly affect male survival

Figure 10. Survival, female
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Fig.2 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats

Survival rate
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The only effect of selexipag on survival of females prima facie seems to be
prolongation at the high- dosage.

Clinical Signs
Table 9. Treatment related clinical signs

Text Table 3. Incidence summary of treatment-related clinical signs

Sex Male Female

Dose (mgkg/day) 0 10 30 100 0 10 30 100
No. of animals used 60 60 60 60 60 60 60 60
No. of deaths 29 26 26 31 39 39 36 29
Soft feces 0(0) 0(0) 0(0) 6(4) 0(0) 0(0) 0(0) 0(0)
Lacrimation 0(0) 0(0) (5) 412D 0(0) 0(0) 37(22) 5127
Salivation 0(0) 00) 18(12)  49(23) 00) 0(0) 34 42(21)
Alopecia 0(0) 0(0) 0(0) 1(0) 0(0) o(0) 5(2) 12(4)
Flush (pinna, limbs) 0(0) 60(26)  60(26) 31) 0(0) 60(39)  60(36)  60(29)
Flush (whole body) 0(0) 0(0) 0(0) 16(7) 00) 0(0) 0(0) 14(6)
Flaccidity 0(0) 0(0) 0(0) 24(1D) ()] 00) 0(0) 10(5)
Creeping position 0(0) 0(0) 0(0) 1(0) 0(0) 0(0) 0(0) 0(0)

Number in the table indicates the total munber of animals and munber i parentheses indicates the number of animals that died or
were sactificed as moribund.

Flushing was seen at all dosages, and, at the high dosage, included the whole
body. Other symptoms, i.e. flaccidity, lacrimation, salivation and alopecia, were
high-dosage phenomena. .

Body Weight
Figure 11. Male Body Weights
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Body Weight - Male

There was an appreciable and dosage-related reduction in body weight of males
of up to approximately 50%.

29
Reference ID: 3859648



Figure 12. Female rat body weights
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Fig. 4 Twenty-four-menth oral gavage carcinogenicity study of NS-304 in rats

Body Weight - Female

Body weights in both genders decreased dose-dependently up to approximately
20% (male) to 30% (female). However, as can be seen in the food consumption
section, there was no apparent effect of dose on food consumption, therefore
dietary restriction per se cannot be invoked to explain some of the results of this
study e.g., the suggestion of reduced tumor burden., though the relatively
reduced body weight may be a factor.

Food Consumption
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Figure 13. Male Food consumption
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Food Consumplion - Male

Figure 14. Female Food consumption
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Food Consumption - Female
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With the exception of a transient early reduction in both genders, food
consumption was not affected by treatment. The previously noted dose-related
reduced body weight in both genders cannot be attributed to reduced food
intake

Gross Pathology

Table 10. Treatment related lesions

Text Table 10. Incidence summary of treatment-related gross lesions (all animals)

Sex Male Female
Dose (me/kg/day) 0 10 30 100 0 10 30 100
No. of animals used 60 60 60 60 60 60 60 60
Skin

Alopecia 0 0 0 0 0 0 5 7
Stomach

Focus, dark red, slandular stomach 9 15 9 19 4 7 9 15

Number in the table indicates the nunber of animals with respective lesions.

Skin: Alopecia was observed m females in the 30 and 100 mg/kg groups.
Stomach: Increased incidence of dark red foci in the glandular stomach was observed

n both sexes m the 100 mg/kg group.

At necropsy, the only treatment-associated effect was, besides alopecia at higher
dosages, a relative increase in incidence of dark red foci in the stomach
indicative of local gastric damage and extravasation of RBCs.

Peer-reviewed histopathology:
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TWENTY-FOUR MONTH ORAL GAVAGE
CARCINOGENICITY STUDY OF
NS-304 IN RATS
PEER REVIEW STATEMENT
A microscopic peer review was performed as follows for this study:

1. Reexanination of all tissues from 10% of the conirol group (Group 1)
male and female rats and 10% from the high dose (Group 4) male and

female rats selactad randomly:

Group 1M 1006, 1018, 1034, 1052, 1057, 1059
Group 4M 4011, 4013, 4029, 4038, 4052, 4058
Group 1F 1112, 1121, 1128, 1130, 1131, 1146
Group 47 4103, 4104, 4123, 4132, 4136, 4141

2. Reexamination of all diagnoses from the stomach, pancreas, thymus,
stemum and femur from all animals from all dose groups.

3. Roexamination of all neoplasms and hyperplasias.

Folowing the review of the microscopic findings reported by the study pathologist, the
results were discussed and appropriate terminology and diagnoses mutually agresd
on. mmmaoﬁummununmdyammummm
resolved with agreement on the diagnosss.

Table 11. Tumors and tumor-bearing rats
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Text Table 11. Number of tumors and tumor bearers

Sex Mlale Fenmle

Do {1 kg 'daw) 0 10 30 |00y 0 10 30 100}
No ul'.qmmhﬁ-..,tl L i il ) i) 1] 6 ]
Total No. of henors 121 124 a1 s 159 153 128 125
Mo of e henors [ 107 0 0 I 04 0% )
No. of mohgret tances i AT, | Oy | [N - NATPRSRNR. - SNOOON. | Y. _46
Totadl o, of umor bearmg anmuads 52 53 7 i3 36 J b a2
Mo, of bermgn o beaers I £2 37 1% £ £7 £ 16
Noofnmbondhenebeness 18 17 18 13 2 28 23 27

T - .” - e “ e e

No.of nultple nmor bewers

sy

As in mice, there may be a slight reduction in tumor burden prima facie, more

evident in the male, except for Leydig cell neoplasia and focal hyperplasia,

although those numbers were similar to historical control levels. Sponsor did

not specify whether tumors in any cohort were benign or malignant. The
sponsor’s interpretation follows:

Tumor that showed an increased incidence in dose groups as compared to the control
group were observed in the testis and pituitary and incidences of testicular tumor and
focal hyperplasia and pituitary tumor are summarized in the following Text Table 12 (cf

Tables 11-1 to 11-3, 11-8 and 11-9, Table 12-15).

Table 12. major tumors and hyperplasia

Text Table 12. Incidence summary of major tumors and hyperplasias

Sex Male Female

Dose (mg/kg/day) 0 10 30 100 0 10 30 100
No.of animalsused 60 60 60 60 60 60 60 60
“Testis

Leycligcell tumor 2%) 0 2 5 NA NA NA NA
Hyperplasia, Leycligcell, focal (total, +J+) 0 2 2 6 NA NA  NA NA
Pituitary

Adenoma 20 40* 23

Numbers in the table indicate the number of animalswith lesions.
$:p<0.025 (tatistically significant positive trend, rare tumor, Petois test)

**: p<Opole (statistically significant clifference from the control group, conmmon tumor, Petois tesf)
a): TIkre was no statistically significant positive trend in the control, 10and 30 mgkg groups.
+: Minimal, + Mild, NA: Notapplicable

Testis: Marginally increased incidence of Leydig cell tumor was observed in the
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100 mg/kg group, and statistically significant positive trend was noted
(rare tumor, p<0.025); however, there was no statistical significance in
pairwise comparison between the control and 100 mg/kg groups.
Also, slightly higher incidence in focal hyperplasia of Leydig cells was
observed in this group, although the difference in incidence between the
two groups was very small. The tumor incidence of the 100 mg/kg group
(5/60 animals, 8%) was marginally higher than that in our historical data
(0 to 4% in the incidence). In addition, there was no statistically
significant positive trend in incidence of Leydig cell tumor in the control,
10 and 30 mg/kg groups.

Table 13. Non-tumor lesions

Text Table 13. Incidence summary of hon-tumor lesions

Sex Male Female
Dose (mg/ke/day) 0 10 30 100 0 10 30 100
No. of animals used 60 60 60 60 60 60 60 60
Stomach
Frosionuleer, glandular stomach (total) 10 18 10 20 4 11 7 17
®» 6 8 4 4 1 5 3 8
A 4 9 6 14 2 4 4 3
(+) 0 1 0 2 1 2 0 4
Liver
Hypertrophy, centrilobular (fotal. £) 0 0 4 19 0 0 0 11
Pancreas
Atrophy, acinar (total) 15 26 25 39 8 35 37
) 11 14 12 19 7 25 22
e 4 10 12 19 1 8 6 13
() 0 2 1 1 0 0 4 2
Hyperplasia, acmar cell (total, = fo ++) 5 11 10 19 0 1 3 10
Thynms (n=58) (0=59)
Hyperplasia, epithelial (total) 1 3 6 3 37 44 4 53
€] 0 2 5 3 3 39 35 34
() 1 1 1 0 5 3 9 19
Fenmr
Enostosis (total) 2 0 3 1 9 14 22 26
(€3] 1 0 3 0 9 13 20 19
) 1 0 0 1 0 1 2 7
Stermum
Fnostosis (total) 1 0 1 1 4 12 20 29
(€3] 0 0 1 0 4 11 19 23
(€3] 1 0 0 1 0 1 1 6

Number in the table indicates the munber of animals with respective lesions.
=+ Minimal, + Mild, ++ Moderate, +++; Severe
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Stomach:

Liver:

Pancreas:

Thymus:

Increased incidence and severity of erosion/ulcer in the glandular stomach
were observed in both sexes in the 100 mgkg group. A high incidence of
erosion/uleer 1n the glandular stomach was also found in males i the 10
mg’kg group; however, it was judged to be incidental, since it was not
dose-related.

Hypertrophy 1n the centrilobular hepatocytes was observed in males m the

30 and 100 mg/kg groups and in females in the 100 mg/kg group.

Increased incidence and severity of acinar atrophy was observed in both
sexes 1n the 10 mg/'kg and higher groups. Increased incidence of hyperplasia
of the acinar cells was observed m males in all dose groups and n females in
the 100 mg’kg group.

Increased mcidence and severity of epithelial hyperplasia were observed n

temales in the 100 mg/kg group.

Femur and sternum:

Increased mcidence and/or severity of enostosis were observed m the
sternum n females i the 10 mg/kg and higher groups and i the femur
temales in the 30 and 100 mg/kg groups. Enostosis in the dose groups
except for the 100 mg'kg group was observed more frequently in the dead

and moribund sacrificed animals than the scheduled sacrificed animals.

As the sponsor notes, there was an increase in non-lethal stomach ulcers
in the rats. Effects of selexipag on the stomach and pancreatic acinar cells
may forecast an effect on the digestive system. One minor effect that was
only noted in the 2 year rat carcinogenicity study was retinal tortuosity. It
was only seen in the mid- and high dose groups, which provides a
significant safety margin, and was thought to be related to dilataion of the
retinal blood vessels due to selexipag treatment. There were no
histopathological findings associated with retinal tortuosity and the finding
is thought to be of little toxicological significance. Retinal tortuosity is
only known to cause a slight increase in risk of retinal hemorrhages and is
not linked to any vision or visual problems.

Toxicokinetics in the rat cancer trial: (Sponsor’s Text table 14 below).

Reference ID: 3859648
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Text Table 14. Summary of TK parameters

Sex Male (n=3) Female (1=3)
Dose (mg/ke/day) 10 30 100 10 30 100
NS-304
T (1)
Day 1 05 0.5 0.5 05 05 0.5
Week 26 05 0.5 0.5 0.5 0.5 0.5
Coe (ng/mil)
Day1 0451 1.16 3.80 0.209 1.22 372
Week 26 0419 1.28 641 0.888 335 9.83
Com (ug/ml)
Day 1 0451 116 3.80 0209 122 372
Week 13 0.185 0.653 334 0494 1.67 484
Week 26 0419 1.28 641 0.888 335 9.83
AUCq 24, (nghir/ml)
Day 1 0.395 1.84 111 0206 1.53 117
Week 26 0342 1.69 7.78 0.630 2.18 13.3
MRE-269
T (B)
Day | 1 1 1 1 l l
Week 26 1 1 0.5 1 0.5 1
Com (ng/mil)
Day1 230 755 14.9 1.56 838 156
Week 26 229 764 154 295 9.70 270
Com (1g/ml)
Day 1 1.13 321 8.85 1.03 390 103
Week 13 0.930 247 943 1.83 631 13.0
Week 26 122 412 154 263 9.70 19.1
AUCq 24 (ghir/ml)
Day 1 129 46.2 212 7.16 355 219
Week 26 7.62 254 90.7 114 26.9 162

Table 15. Human PK data

Appendix 21 Study AC-065-101: pharmacokinetic parameters of ACT-293987 and ACT-333679 on each 3w day
following multiple oral dose administrations of ACT-293987 to healthy male subjects (fed)

Dose N Crs Linax AUC, AUC,., ty;
(ng) . (ng/mL) (h) (ng-h/mL) (ng'h/mL) (h)
400 12 294 =117 2.00 (2.00-4.00) 9.78 = 4.60 - -
600 11 357 =143 2.00 (2.00-4.00) 122 = 6.72 - -
200 10 6.92 = 347 2.00 (2.00-2.00) 205 £ 107
ACT-293987 1,000 9 8.76 £ 4.72 2.00 (2.00-2.00) 263 + 149 - -
1,200 9 104 £ 5.63 2.00 (2.00-2.00) 304 = 151 - -
1.400 9 112 £ 415 2.00 (2.00-2.00) 317 £ 122 - -
1.600 9 11.0 =516 2.00 (2.00-2.00) 348 = 149 - -
1.800 8 13.8 + 6.71 2.00 (2.00-2.00) 446 + 174 44.8 £ 17.7 147 0.3
400 12 550 £220 4.00 (2.00-6.00) 414 £ 171
600 11 773 =281 4.00 (2.00-6.00) 547 £ 220
800 10 111 £ 514 4.00 (2.00-4.00) 741 £ 296 - -
1,000 9 13.7 £ 5.79 4.00 (2.00-4.00) 98.8 + 43.6 - -
ACT-333679
1.200 9 16.0 £ 7.55 4.00 (2.00-6.00) 111 + 488 - -
1.400 9 16.3 £ 6.23 4.00 (2.00-4.00) 117 + 456 - -
1.600 9 17.9 = 8.17 4.00 (2.00-6.00) 137 + 58.8
1.800 8 229 £ 953 4.00 (2.00-4.00) 166 £ 77.1 276 + 114 874 £ 125
37
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Name: NS-304 (MRE-304)
Lot number: 33
Assay: 99.8%

Organs

In healthy human subjects, the AUC for the 1,800 mcg dose was 44.8 ng-hr/mL
for the parent compound (ACT-293987 or NS-304 or MRE-304) and 276 ng-
hr/mL for the active metabolite (ACT-333679 or MRE-269). In the rats, the AUC
was 7780 ng-hr/mL for the parent compound, and 90700 ng-hr/mL for the active
metabolite. This provides margins of exposure of approximately 170x for the
parent compound and >300x for the active metabolite at the high dosage, and
approx. 50X and 90X, respectively, at the mid-dosage.

Tables of tumor incidences in the rat study (Sponsor tables 11- 1 to7, for
male; 11- 8 to13, for female) are found in Appendix V.

Prenatal and postnatal development:

Study title: STUDY FOR EFFECTS ON PRE- AND POSTNATAL DEVELOPMENT
INCLUDING MATERNAL FUNCTION IN RATS TREATED ORALLY WITH NS-304"

Key study findings: Animals received 0, 2, 6, or 20 mg/kg of selexipag between
the period of time of implantation of the embryos to weaning. The high dose
dams did have reduced body weights and food consumption, however, the
NOAEL for the pups was 20 mg/kg, since there were no abnormalities in any of
the pups.

Study no.: R-1048
Volume #, and page #: eCTD

Conducting laboratory and location: @

Date of study initiation: December 10, 2009
GLP compliance: Yes

QA reports: yes(x)no ()

Drug, lot #, and % purity:

Methods
Doses: see chart below
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Species/strain: Sprague-Dawley rats

Number/sex/group:
‘ ‘ Mam group Satellite group
T Dose level Dose Pose Number of . Number of :
est group . concenfration volume Animal Anmnal
(mgkg) (mg/mL) (mL/kg) copulated mumber copulated number
- animals™ animals®
Control 0 0 5 20(18) 1101-1120 4(4) 1121-1124
Low dose 2 04 5 20(20) 2101-2120 8(8) 21212128
Middle dose 6 12 5 20(19) 3101-3120 8(8) 3121-3128
High dose 20 40 5 20(20) 41014120 8(7) 41214128

*: Numbers between parentheses indicate the number of pregnant females.

Route, formulation, volume, and infusion rate: oral gavage
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results

Mortality (dams): no mortalities occurred in the dams in the study

Clinical signs (dams): The primary clinical signs were flushing of the ears

beginning approximately one hour post-dosing. There was also some minor

muscle flaccidity on the first day of treatment in 3 dams in the high dose group,
day 7 of gestation is when implantation occurs.

Table 1 Study for effects on pre- and postnatal development including maternal function in rats

treated orally with NS-304

Clinical signs in dams during the gestation period

Dose  Sigms Administration
ng/kg 0-6 1 8 9 10 11 12 13 M 15 1 17 B 19 2 A 2
0 No. of dams % 18 18 18 18 18 18 18 18 8 16 18 18 18 18 18 H 0
No. of dams with abnormal findings 0 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0
2 No. of dams 20 20 X 20 20 2 20 0 N W 220 w 0 D W PN 3 0
No. of dams with abnormal findings 0 ] 7 8 [ T W 4 i B ] 3 5 4 § i ]
Flush (pinna) b) 0 [} 7 8 [ T 10 4 § 6 ] 3 5 4 0 ]
[ ¥o. of dams 19 1% 18 19 18 19 19 19 19 19 18 9 18 19 19 19 1 0
¥o. of dams with abnormal findings 0 1% 19 18 19 19 B 15 15 13 18 g 1 10 8 3 0
Flush (pinna) b) 0 1 1 13 1 12 10 12 L] 4 13 1] 9 9 T 4 0
Flush (pinna and limbs) b) 0 3 8 5 ] 7 ] 3 9 5 5 0 2 1 1 1 0
20 No. of dams 0 2 20 20 20 X W 2 2 0 20 20 0 20 20 19 3 0
No. of dams with abnormal findings 0 X W X 2w N Hm W0 2 0 1% 1 g 12 9 10 0
Flush (pinna) b} 0 ] 0 0 1 3 5 g 1 ¥ 1 u 7 ] ] [ 0
Flush (pinra and limbs} b) 0 20 2 20 18 T L 1 9 6§ 8 § 2 3 1 4 0
Fleccidity b} 0 3 1 1 1 1 0 1 0 0 0 0 0 0 0 0 1]
a): Gestation day
b): Clinical signs were observed at approximately 1 hour after desing.
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Body weight (dams):

Slight decreases in body weight occurred in the high dose group of dams and
persisted through lactation.

R-1048
450
400+
= 350-
g
E
-, 300-
=
@
2501 0 mg/ka
2 mg/kg
6 mg/kg
0 mg/kg
200k E Administration ——— |
1 [T T TN TR TN N T (S (S N N N B A — 1 | 1 1 | 11
o= b 4 7 B 91011121314151617181320" 4 7 11 14 17 2021 (day)
|——— Gestation period { | - Lactation period ————
Fig.1 Study for effects on pre- and postnatal development including maternal function in rats

treated orally with NS-304
Body weight of dams

Food consumption (dams): Food consumption declined in the high dose dams
immediately after dosing with selexipag began. However, differences were not

large.
R-1048
BDI‘
70
= BOF
m
=2
ry
£ 50+
=
=
S 40
-t
g
=3
£ 30+
[=]
[&]
a2 -
£ 20 " o—a 0 mg/kg
A~ — A 2 mg/kg
m— —m 6 mg/kg
10+ o—-—o 20 mg/kg
| Administration —
0 1 1 11 1 L 1 A 7.1’( | 1 1 | 1 1 |-}
1 4 78 1 14 17 20 2 4 7 " 14 17 2021(day)
|——— Gestation period | f Lactation period ——
Fig.2 Study for effects on pre- and postnatal development including maternal function in rats
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Toxicokinetics:
Selexipag never reached detectable levels in the 2 mg/kg group, and by one hour

R-1048

Table 28-2  Study for effects on pre- and p devel including | function in rats treated orally with NS-304
Plasma concentration of N5-304 (final administration)

Dase Plasma Concentration (ug/ml)

Animal Animal Animal Animal Antmal Animal Animal Tmax Cmax  AUC 550,
(meke) No. P g OSW T oan T oan S oan U sn o SUTED a4 () (ug/ml) (ugiviml)
(Y]] NI
12z NI,
(] 1123 ND,
Mean L
sD. [}
2125 MD. 2121 ND. 2128 HD. 22 ND. 2125 ND. 2121 ND. 2125 N.D.
2126 ND. 2122 ND. 2126 ND. 2122 ND. 2126 NI 2122 ND. 2126 ND.
2 2127 N.D. 2123 N.D. 2127 M. 2133 MDD, 2127 ND. 2123 N.D. 2127 N.D.
Mean o [ [ [ [1] [ ] N.C KL, MN.C
5D, o L] L1} 1] 1] 1] L]
3125 ND. 2121 0316 3125 00699 3121 00633 3125 ND. :1 N.D. 3125 ND.
3126 ND. 3122 0153 3126 MDD 312 M. 3126 ND. 2 ND. 3125 ND.
& 327 N.D. 3123 0.379 3127 KD 312 MD. 3127 ND. 3133 N.D. 3127 N.D.
Mean ] 0.283 00233 00228 [] 1] L 05 0.283 0,193
S0 o 0117 00404 0.0354 1] 0 1]
4125 ND. 4121 18 4125 0070 4121 NI 4125 ND. 4121 NID. 4125 ND.
4126 ND, 4123 0LIT1 4126 Q08a 4123 ND. 4126 KD, 4123 00828 4126 N.D.
20 4127 ND. 4124 0.250 4127 0.183 4124 076 4127 00615 4174 DG4S 4127 K.D.
Mean o [75 0118 Q420 0.0205 00525 0 05 0887 117
S0 (] 1138 0057 00727 0.0355 0.0476 0

S.D. : Standard Deviation

N.D. : Not detected({<0.0500 gg/mL)

N.D. was calculated as zero{0} for Mean and 5.1
N.C. : Not caleulated

in the other groups was not detectable, while approximately one hour was Tmax
for the active metabolite.

R-1048
Table 29-1  Study for effects on pre- and p P including maternal function in rats treated orally with NS-304
Plasma concentration of MRE-269 (first administration)
Dose Plasma C iom (pg/mL)
Animal Animal Animal Animal Animal Animal Tmax Cmax  AUC 54,
(mglkg) No. UM e M N T Ne M N B T P Gl el
1121 N.D.
12z N.D.
o 1123 N.D.
Mean o
SD. o
1z 0,145 212% 0216 2121 0160 2125 00535 2121 00513 2125 N.D.
2122 0122 2126 0229 2122 0115 2126 00M3 2122 ND. 2126 N.D.
2 2123 0140 2137 0319 2123 0.079%0 2127 0.138 2123 ND. 2127 N.D.
Mean 0136 0.255 0.118 (L.088E 00171 o L0 0255 0873
S0 0012 0.056 0.041 0.0440 0.0296 o
3121 0805 3125 LB 3121 0.735 3125 0166 3121 00742 3125 H.D.
inn 0526 3126 114 3122 0488 3126 0172 3112 00549 3126 N.D.
[ 3123 0504 3127 174 3123 0.873 3127 0372 3123 0101 3127 H.D.
Mean 0.745 149 06590 0.237 00767 o Lo 149 402
3D, 0196 031 0.195 0117 0.0232 o
4121 559 4128 835 4121 6.17 4125 144 4171 187 4125 N.D,
4123 623 4126 114 4123 269 4126 207 4123 0647 4126 H.D.
20 4124 212 4127 233 41 248 4127 3,30 4124 0893 4127 N.D.
Mean 465 ©.69 378 bl 117 1] 10 9.69 338

5D, 21 1356 207 0.95 0.70 1]
5.D. : Standard Devialion
N.D. : Not detected(<0.0500 gg/mL)
N.D. was calculated as zero(0) for Mean and 5.0,

Terminal and necroscopic evaluations:C-section data (implantation sites, pre-
and post-implantation loss, etc.):

41

Reference ID: 3859648



Table 8 Study for effects on pre- and postnatal development

treated orally with N5-304

Gross pathological findings in dams

including maternal

noiuen

function in rats

Dose (mg/kg) 0 2 6 20
No. of dams examined 18 20 19 20
No. of dams with abnormal findings 0 0 0 0

As can be seen by the above table, no abnormal findings occurred in any of the

dams from the study.

Offspring (malformations, variations, etc.):

No differences were seen between the control and treated animals, no
malformations or irregularities. Neurological and learning tests also showed no
differences between the treated and controls into the F1 generation.
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Table 9

Study for effects on pre- and postnatal development including maternal function in rats
treated orally with NS-304

Sex ratio, body weight and external finding of liveborns at birth

Body weight(g) B(bternal b)
e AT SRS RS abiior=

Dose No. of ¥o. of No. of Sex ratio a) mor
ng/kg dans nales females Male Female mallties(%)c)
Total 137 124 0.52 0
0 18 Mean 7.8 8.9 6.4 6.0 ( 0.0)
S.D. 1.5 1.8 0.4 0.3 ( 0.0)
Total 125 126 0.50 0
2 20 Menn 6.3 6.3 6.5 6.1 ( 0.0)
$.D. 2.3 2.7 0.8 0.7  0.0)
Total 151 121 0.56 0
6 19 Mean 7.9 6.4 6.4 6.0 ( 0.0)
§.D. 2.4 2.3 0.5 0.4 ( 0.0)
Tatal 131 139 0.49 0
20 20 Mean 6.8 7.0 6.8 6.2 E 0.0}
S.D. 2.3 2.3 0.4 0.4 0.0)

a): No. of nales

/ No. of liveborns

b): No. of lLiveborns with external abnormalities
c): (No. of liveborns with external abnormalities / No. of liveborns) X 100
No significant difference in any treated groups from control group

Table 16 Study for effects on pre- and postnatal development including maternal function in rats
treated orally with N§-304
Gross pathological findings in pups at weaning
Dose (mg/kg) 0 2 6 20
Male
No. of pups examined 36 36 41 39
No. of pups with abnormal findings 0 o 0 1
Thyaic remnant in neck 0 0 0 1
Female
No. of pups examlned 36 34 36 40
No. of pups with abnormal findings 0 ] 0 0
Tablo 26 Study for effects on pre- and postnatal development Including maternal function in rats
treated orally with NS-304
Terminal examination at the middle stage of gestation in F, dams
No. of No. of Inplan- No. of No. of
Dose No. of - corpora implan- tation dead llve
ng/Kg F, dams lutea tations index % a) embryos (%)b) embryos
Total 225 213 16 107
o 18 Mean 14.1 13.3 04.3 ( 7.6) 12.3
S.D. 1.9 2.5 10.8 ( 9.5) 2.6
Total 288 279 24 255
2z 19 Mean 15.2 14.7 96.9 ( 8.8) 13.4
S.D. 1.8 1.8 4.0 ( 7.0) 2.1
Total 296 284 9 275
6 19 Mean 15.6+# 14.9« 96.2 ( 3.2) 14.5%=
S.D. 2.0D 1.9D 5.7 « 4.7) 2.1D
Total 296 289 18 271
20 19 Mean 15.6+ 15.2+« 97.9 ( 6.3) 14.3+
S.D. 1.4D 1.4D 6.5 ( 6.6) 1.7D

a): (No. of lImplantstions / No. of corpora lutea) X 100
b): (No. of dead embryos / No. of implantations) X 100
L

P<0.05: we:

p<0.01 (Significant difference from control group)

D: Dunnett's test

Reference ID: 3859648
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Table 27 Study for effects on pre- and postnatal development including maternal function in rats
treated orally with NS-304

Gross pathological findings in F, animals used for reproductive performance test

Dose (mg/kg) 0 2 6 20
Male
No. of F, animals examined 18 20 19 20
No. of F, animals with abnormal findings 0 0 0 0
Female
No. of F, animals examined 18 20 19 20
No. of F, animals with abnormal findings 0 0 0 0

Summary and conclusions: Selexipagtreatment had essentially no effect on the
progeny including the F1 generations. The only difference was selexipag
treatment led to higher implantation rates and corpora lutea. Otherwise, there
were no treatment related differences. Study was well planned and executed.

2.6.6.7 Local tolerance

ACT-293987:
Local Tolerability Study in Rabbits — Intravenous and
Paravenous Application

Key Findings: Uptravi was dosed to animals at rates of 0.5 mL/min
from stock solutions of 8 or 40 mcg/mL for 20 or 25 minutes. No signs
of irritation at the infusion or injection sites were reported.

Young adult New Zealand White rabbits were utilized in the study
allocated in the following fashion:

Allocationand  Groupl Group2 Group3  Groupi4

Dose iv. iv. p.v. p-v.
Concentrations

pg/mL 8 40 8 40
Males 1 2 3 4
Females 5-6 7-8 9-10 11-12

Reference ID: 3859643
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2.1 Test Item

Information as provided by the Sponsor (see Appendix [ on p. 61 )

Identification:
Description:

Batch Number:

Purity of Selexipag:
Correction for Purity:
Expiry Date (Retest Date):
Storage Conditions:

Safety Precautions:

2.1.1 Vehicle and Control Item
Identification:
Source:

Description:

Batch Number:
Stability of the Vehicle:
Expiry Date:

Storage Conditions:
Safety Precautions:

3.6 Treatment

Route of Application:

Rationale:

Frequency of Application:

Dose Volume:

Injection Rate:

Dose Formulation Concentration:

Rationale for Dose Level Selection:

Duration of Acclimatization Period:
Duration of Treatment and

Observation Period:

Reference ID: 3859648

ACT-293987
®@
FA496 02 001p092
99.826 (Assay by HPLC)
No
(b) (4)

(b) (4) ®@
®® s handled by (b) (4) )

Routine hygienic procedures (gloves, goggles, face
mask).

Physiological saline (0.926 NaCl)

(b) (4)
Colorless liquid
0427H51
Stable under storage conditions.
(b) (4)
(handled at (b) (4)

)
Ambient (20 = 5 °C)
Routine hygienic procedures (gloves, goggles, face
mask).

Groups | and 2:

Intravenously, by infusion, into the marginal ear vein,
without congestion at the edge of the vein during the
injection

Groups 3 and 4:

Paravenously, slow bolus

Intravenous infusion is the intended application method
for Phase I. Paravenous injection may accidentally
occur during clinical use.

One single administration per ear

Intravenous injection: 10 mL / ear
Paravenous injection: 0.5 mL / ear

Intravenous injection: 0.5 mL / min (10 mL in 20 min)
Paravenous injection: 0.1 mL / 5 sec (0.5 mL in 25 sec)
Groups | and 3: 8 pg/mL

Groups 2 and 4: 40 pg/mL

The test item formulations were injected into the right
ear: vehicle was injected into the left ear, which serves
as reference. The paravenous injections were performed
one after the other, starting with the vehicle. The
intravenous infusion was performed simultaneously in
both ears.

ACT-293987 is an orally available long-acting non
prostanoid agonist of the prostacyclin receptor (IP).
Enzymatic hydrolysis of  ACT-293987 by
carboxilyesterase 1 yields ACT-333679, the active
metabolite of ACT-293987. The concentration of
8 pg/mL  should cover the intended intravenous
administration of ACT-293987 in man. In humans,
conversion of ACT-293987 into its active metabolite
ACT-333679 after iv injection is unknown. An
additional concentration of 40 pg/mL should provide
preclinical cover to any significantly different
conversion of ACT-293987 into the active metabolite in
humans.

7 days
8 days
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3.2  Test System

Animals:
Rationale:

Breeder:

Number of Animals per Group:

Total Number of Animals:
Age (at Delivery):

Body Weight Range

(at Acclimatization Start):

Identification:

Randomization:
Acclimatization:

Results:

Young Adult New Zealand White Rabbit, SPF

Commonly used in studies of this type.
®) @)

One male and two females (nulliparous and non-
pregnant) per group

4 males and 8 females

12 to 15 weeks

2539 - 3303 g

By unique cage number and corresponding marking
with indelible pen on the ear.

Randomly allocated to groups by hand upon delivery.
Under test conditions after health examination. Only

animals without any visible signs of illness were used
for the study.

No mortalities occurred in the study.

No clinical signs were observed during the study with the exception of one
female rabbit with slight erythema on days 2 and 3 post-infusion. Erythema
subsequently resolved.

Body weights were not affected by the study.
No gross pathology was noted.
No histopathology was seen related to the infusion.

Conclusions and summary: The study was sufficient, but not optimal. Rabbits
received in one ear the test substance via intravenous infusion and
paravenously, while the contralateral ear received vehicle both intravenously and
paravenously. No signs of irritation were apparent visually or microscopically.
Animals were observed for 7 days post-treatment before sacrifice. Perhaps a
better protocol would have specified a repeat dose after 7 days with sacrifice
afterwards. However, the study is acceptable as performed.

Juvenile Toxicology study:
ACT-293987 — Juvenile up to 39-week toxicity study in the beagle
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dog by the oral (gavage) route.
Study #AB09680.

Actelion Pharmaceuticals Ltd
Gewerbestrasse 16

CH 4123 Allschwil
Switzerland.

Methods (from sponsor):

On the first day of dosing (day 0). for all arms of the study. dogs were 27 to 32 days old.

Animals were assigned to the following groups:

Group Dose Dose Dose Number of animals — Sacrifice in
level volume concentration | Week 13 | Week 26 | Week 39

(mg/kg/day) | (mL/kg/day) (mg/mlL.) M F M F M F

1. Control 0 5 0 ES 4 ES -+ 6 6

2. Low dose 1 5 0.2 4 4 4 4

3. Intermediate 3 5 0.6 4 4 4 4 4

dose

4. High dose 6/4(D 5 1.2/0.8(1 4 4 0@ 0@ | 4 4

M: males

F: females
(. high dose was reduced from 6 mg/kg/day to 4 mg/'kg/day from day 42 of the 39-week
arm of the study. High dose animals from the 13-weck arm of the study were treated at a

dose level of 4 mg/kg/day from day 0 onwards.

> . . . ~ .
2 ho high dose group was included in the 26-week arm of the study as not enough animals

were available from the supplier.

Control animals received the vehicle (0.5 % (w/v) methyleellulose 400 centipoises in water

for injection).

The following was assessed: morbidity/mortality, clinical signs, skin examinations, growth
parameters, post-weaning development, limb function, ophthalmology, body weights, food
consumption, cardiovascular parameters, clinical pathology, bone biomarkers,
toxicokinetics, organ weights and gross and microscopic pathology.

Results:
Toxicokinetics.

Cmax parameters between adults and juvenile dogs were similar; however, AUC
parameters were significantly higher in the latter. This indicates reduced rates of
excretion or reduced first pass liver metabolism or greater absolute bioavailability
in the juveniles. . In any case, the relative AUCs are evidence of significantly
higher systemic exposures in juveniles. Although sponsor felt that 1 mg/kg was a
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NOAEL dose at 13 and 26 weeks, it was not a NOAEL dose at 39 weeks, i.e.,
there appeared to be delayed toxicity.

Table 16. Juvenile dog.

Table 4 Toxicokinetic parameters and dose-dependence of ACT-333679 exposure
after oral administration of ACT-293987 to dogs

Dose Week | Sex | Tmax Cmax AUClast Tlast | Cmax/D AUClast/D
(mg/kg/day) (h) (ng/mL) | (h*ng/mL) (h) ((':f;,ll;/ (h;::ggl;y
| | f L 1260 15800 24 1300 16000
1 | m 4 982 13300 24 980 13000
| 13 f 2 884 6470 24 880 6500
1 13 m | 773 6770 24 770 6800
| 206 f 2 1900 14300 24 1900 14000
1 26 m 2 2110 20900 24 2100 21000
1 39 f 2 1900 13000 24 1900 13000
| 39 m 2 1940 16400 24 1900 16000
3 | f 4 4810 63800 24 1600 21000
3 | m 4 5360 70700 24 1800 24000
3 13 1 2 3510 25200 24 1200 8400
3 13 m l 3510 25000 24 1200 8300
3 26 f 2 5290 52800 24 1800 18000
3 20 m 2 5230 55200 24 1700 18000
3 39 f 2 5330 45400 24 1800 15000
3 39 m 2 6510 44700 24 2200 15000
4 | | 8 5570 79900 24 1400 20000
4 1 m 4 5730 71200 24 1400 18000
! 13 f 1 4320 36300 24 1100 9100
4 13 m 2 5350 34700 24 1300 8700
4 26 f 2 5600 48700 24 1400 12000
4 26 m 4 6200 57000 2 1600 14000
4 39 f 2 6470 50300 24 1600 13000
4 39 m I 5600 48800 12° 1400 12000
6 | f 8 5920 83000 24 990 14000
6 | m 8 5590 89800 24 930 15000

"Concentrations available at 1, 4 and 12 h post-dose from two dogs only
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Mortality

Table 17(sponsor Text table 1 below)

Text Table 1 Summary of mortality

Group | Animal | Gender | Day of | Age at Status Cause of death
number death | death or moribundity

1 5 M 9 PND37| Premature euthanasia Bronchopneumonia

2 14 M 30 PNDG60O | Premature euthanasia Lung mflammation

4 31 M 9 PND37 Found dead Intestinal intussusception

4 32 M 34 PND62 | Premature cuthanasia Protozoal enteritis

4 35 F 41 PNDG9 | Premature euthanasia Intestinal intussusception

Two animals in the high dose group died of intestinal intussusception, a
lethal lesion in the high dose group in the toxicity study in adults as
well. Intussusception is rare, but has also occurred in patients receiving
prostacyclin therapy .The other animals died incidentally of non-
treatment related causes.

Figure 15. Juvenile male body weights

Study: AB09680 Print Date: 30/07/2013 12:35

Figure 1
Body weight (kg) Mean body weights - Males

Animals from the 39 and Animals from the 39-week
26-week portions of the portion of the study
study

All animals

|||||||||||||||||||||||||||||||||||||||||||||||||||

Group 1, === Group2,  ====== Group 3, =-=-Group4,
0 mg/kg/day 1 mg/kg/day 3 mglkg/day 6/4 mg/kglday

File name: AB09680_gr v01.XLS
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Figure 16. Juvenile female body weights

Study: AB09680 Print Date: 30/07/2013 12:35

Figure 2
Body weight (kg) Mean body weights - Females

-
=
e

40 Animals from the 39 and Animals from the 38-week

All animals 26-week portions of the portion of the study
1E . study . .
0 : IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4 1 6 11 21 34 39 44 49 54 59 70 98 116 133 151 168 186 203 221 238 256 273
Day
Group 1, === Group2, ===--- Group 3, =-=-Group4,
0 mg/kg/day 1 mg/kg/day 3 mglkg/day 6/4 mg/kg/day

File name: AB09680_gr v01.XLS

Male high dosage animals had the greatest weight gain, while the high
dosage females had the lowest weight gain. The changes were not
significant in juvenile males, but body weight was significantly depressed in
the high dose juvenile female group.

Clinical Signs: the primary sign was flushing due to the vasodilator actions of
prostacyclin, along with alopecia, especially in the first 13 weeks. This was
more severe than in the adults, probably due to the higher exposures received
by the juvenile animals. No other effects were considered toxicological.

No treatment-related effects were observed on growth, limb function,
ophthalmology, heart rate, or on cardiac conduction, rhythm or
intervals.

No effects were noted on hematology, or coagulation; clinical chemistry, or
urine analysis parameters, or on markers of bone turnover.

Gross Pathology:
At necropsy, dermatitis, scaly skin, hair clumping and alopecia were the
primary gross findings in the treated animals.
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Both relative and absolute weights of the thymus, adrenal glands, prostate
uterus and ovaries were reduced. The ovaries were also still immature by the
end of the study in the intermediate and high dose animals. Although the study
ended while development was ongoing, it is possible that the treatment was
potentially slowing sexual development in dogs.

Bone: By 39 weeks of treatment, 2 of 3 low dose, and all the intermediate
and high dose males had increased ossification of the femoral shaft. Tibial
and femoral growth plates remained open. However, as they close between 8
and 10 months of age (approximately between 35 and 41 weeks), open
plates would not be unexpected in a 39 week study.

Ovaries: Intermediate and high dose females had delayed ovarian maturation,
characterized by pre-antral follicles rather than mature corpora lutea as seen in
the control and low dose animals. Sponsor considered that the delay in sexual
maturation may have been due to the lower weights (20% decrease, on
average) and food consumption in the high dose females. In any case, sexual
maturity seems to have been delayed in both genders.

Skin: Dose-related incidence and severity of dermatitis was a major issue.
Per sponsor’s description:

“This change was characterized by varying severities of orthokeratotic hyperkeratosis,
parakeratosis, epidermal hyperplasia, spongiosis with irregular rete ridges, lymphocytic
exocytosis of the epidermis, intraepidermal neutrophilic or eosinophilic pustules, dermal
mixed perivascular or diffuse inflammatory cell infiltration with lymphocytes, plasma
cells, histiocytes and often neutrophils, eosinophils and mast cells, as well as hyperplasia
of sebaceous glands and decreased numbers of hair follicles.”

The skin reactions were far more common and severe in juveniles versus
adult dogs. The increased flushing seems to have led to further infiltration by
cells of the immune system, potentially a factor in the increase in dermatitis in
the juvenile dogs.

Summary: Juvenile animals have increased drug exposure levels vs.
adults. Decreased food consumption and body weights were associated
with early death for the high dose adult females, and delays in ovarian
maturation. Toxicological dermatitis, accelerated bone ossification, and
lethal intestinal intussusception are prominent in this population.

The 10-fold increase in AUC in juveniles is noteworthy and a consideration in
the design and monitoring of any pediatric trials.

9 Special Toxicology Studies:
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The effect of ACT-293987 (selexipag) and its metabolite ACT-
333679 on testosterone production in rat Leydig cells in vitro

Primary cultures of rat Leydig cells were isolated and cultured to examine the
effects of Uptravi on testosterone production. Cells were treated with vehicle, or
exposed to concentrations of Uptravi and the active metabolite at 3, 10, 30, 50,
and 100 mcM. .

Table 17. Selexipag cytotoxicity in rat Leydig cells

Table 4 Cytotoxicity in cultured rat Leydig cells treated for 20 h

Low LH (0.1 ng/mL) Cell viability (%)
Treatment (M) n Mean % of control

Control 0 2 83.0 100

ACT-293987 3 2 82.7 100

10 2 82.0 99

30 2 78.5 95

50 1 69.2 83

100 2 53.7 05

ACT-333679 3 2 810 98

10 2 813 98

30 2 73.8 89

50 1 71.4 86

100 2 65.8 79

Ketoconazole 1 2 80.6 97

Aminoglutethimide 100 2 86.6 104

Values are means of single incubations from 2 independent experiments.

Sponsor Table 4 shows that at 30-50 mcM and above Uptravi and the active
metabolite exhibited cytotoxicity. This is also apparent in the assays of
testosterone production where the 100 mcM group usually showed a severe
decline though lower concentrations promoted testosterone synthesis. The
decline is probably related to the cytotoxicity shown in this table.
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Table 18. Basal testosterone production in Leydig cells

Table 1 Testosterone production in isolated rat Leydig cells treated for 3 h
under basal conditions

Unstimulated cells (basal) Testosterone (ng/10° cells/3h)
Treatment (nM) n Mean SD % of control
Control 0 4 3.16 £ 071 100
ACT-293987 3 4 3.69 £ 026 117

10 4 3.98 + 021 126
30 4 466 = 052 147
50 2 839%** £ 075 266
100 4 1.50%* =+ 049 47
ACT-333679 3 4 3.05 + 026 96
10 4 3.58 £ 036 113
30 4 430% = 046 136
50 2 721%% =001 228
100 4 177 = 076 56
Ketoconazole 1 2 057 = 048 18
Aminoglutethimide 100 2 072 £ 052 23

Values are means = standard deviations of n incubations from 2 independent experiments. Asterisks
indicate results significantly different (Student’s t-test) from the control: *p<0.05, **:p<0.01,
Hesfese. L -

p<0.001.

The effect of selexipag and its active metabolite on basal testosterone
production was identified in the absence of luteinizing hormone (LH). Basal
production under these conditions was low as anticipated. Uptravi treatment
effect was biphasic, i.e., steroid production was enhanced by up to 2.6-fold at 50
mcM but at 100 mcM, synthesis was reduced to 50% of basal production.
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Table 19. Testosterone production in Leydig cells stimulated by luteinizing

hormone
Table 2 Testosterone production in isolated rat Leydig cells treated for 3 h
under LH-stimulated conditions
LH-stimulated cells (100 ng/mL) Testosterone (ng/10° cells/3h)
Treatment (uM) n Mean SD % of control
Control 0 4 3931 + 165 100
ACT-293987 3 4 36.93 + 180 94
10 4 3351 + 574 85
30 4 44.76 £ 801 114
50 2 4901* = 588 125
100 4 3001 £ 088 8
ACT-333679 3 4 3493 £ 168 89
10 4 36.62 £ 089 3
30 4 39.24 £ 571 100
50 2 29.09%* £ 266 74
100 4 3799 £ 107 10
Ketoconazole | 2 0.78%*% + (.54
Aminoglutethimide 100 2 1.73%%% +  1.83

Values are means + standard deviations of n incubations from 2 independent experiments. Asterisks
indicate rtesults significantly different (Student’s t-test) from the control: *p<0.05, **:p<0.01,
KK g

p<0.001.

Effect of selexipag was biphasic whereas the active metabolite did not stimulate
synthesis of this steroid. At 100uM, both the parent and the active metabolite
significantly depressed synthesis of testosterone. The positive controls
Ketoconazole and aminoglutethimide behaved as expected.
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Table 20. Leydig cell testosterone production in 20 hr. treatment

Table 3 Testosterone production in cultured rat Leydig cells treated for 20 h
Low LH (0.1 ng/mL) Testosterone (ng/10° cells/20h)

Treatment (rM) n Mean SD % of control
Control 0 6 3705+ 201 100
ACT-293987 3 4 39.96 + 206 108

10 4 3839  + 3l 104

30 4 58.73%%F £ 969 159

50 2 105.30%*%* =+ 6.69 284

100 4 202%% £ 086 8
ACT-333679 3 4 3500 £ 129 94

10 4 38.31 = 221 103

30 4 68.53%%* £ 855 185

50 2 12478+ 274 337

100 3 621%* £ 222 17
Ketoconazole 1 3 1L18%** = 197 3
Aminoglutethimide 100 3 2.18%*% + 383 6

Values are means + standard deviations of n incubations from 2 independent experiments. Asterisks

indicate results significantly different (Student’s t-test) from the control: *:p<0.05, **:p<0.01,

#%9<0.001.
Sponsor’s Table 3 shows the effects of Uptravi and the active metabolite on
testosterone production after 20 hrs. of exposure to 100 ng/mL of LH. Both
significantly increased testosterone synthesis at 30 and 50 mcM, and both
decreased production at 100 mcM due to cytotoxicity. The positive controls
behaved as expected in this assay.

Since clinical serum levels will be closer to 3 mcM, selexipag and the active
metabolite are expected to have minimal, if any, effect on testosterone levels.

The effect of ACT-293987 (selexipag) on the pituitary-
testicular endocrine axis in the rat: Determination of hormone
levels

Sprague-Dawley rats were treated with 100 or 150 mg/kg/day of selexipag to
examine its effects on the pituitary-testosterone axis per luteinizing hormone (LH)
and testosterone levels. Ketoconazole, which inhibits testosterone production,
was the positive control, and vehicle was the negative control.
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Methods (from sponsor):

Treatments | Group 1 Group 2 Group 3 Group 4
(dose levels) | Control# Selexipag Selexipag Ketoconazole
Allocation vehicle 100 mg/kg/day 150 mg/kg/day | 50 mg/kg/day
A 1-10 11-20 21-30 31-35
36-38 39-41 42-44

“Control animals were treated with the vehicle only.
A: main study animals.
B: animals for PK.

6.8 Route and duration of administration

6.8.1 Main study (allocation A)

The animals were treated orally with the test or reference compound daily for 28
days. On Day 29, the animals were killed 2 h after last dosing. A constant dose
volume of 5 mL/kg was used. Intergroup variability was minimized by 4 days
stratification of treatments and sacrifices across the dose cohorts. Rats in
Allocation B were used to assay for blood levels.
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Figure 17. Testosterone levels

Figure 15 Individual and mean testicular testosterone concentrations
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The effect of selexipag and ketoconazole (keto.) on testicular testosterone content after 29 days of treatment. For each
group, the horizontal line represents group mean of the presented individual values (dashed line when statistically
different from control). Values are expressed in % of the mean value observed with the control group (100%). Absolute
values are presented in Table 10 and Table 11.

Sponsor’s Figure 15 shows that selexipag has reduced testosterone production
after 29 continuous days of oral treatment. The next figure provides some
mechanistic insight by showing that selexipag inhibits luteinizing hormone, which
is required for testosterone production by the Leydig cells.
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Figure 18. Luteinizing hormone concentrations

Figure 12 Individual and mean serum luteinising hormone concentrations
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The effect of selexipag and ketoconazole (keto.) on serum luteinising hormone content after 15 and 29 days of
treatment. For each group, the horizontal line represents group mean of the presented individual values (dashed line
when statistically different from control). Values are expressed in % of the mean value observed with the respective
control groups (100%). Absolute values are presented in Table 8, Table 9, Table 10, and Table 11.

LH was reduced at day 15, although there was some tolerance to this effect
noted by day 29. Selexipag reduced Prolactin slightly but not FSH or,
dihydrotestosterone levels.

Other selexipag-associated findings were: decreased body weights, weight gain,
and increased water consumption; significantly lowered absolute, but not relative,
prostate weights; significantly lowered absolute and relative seminal vesicle
weights; and increased adrenal gland weights. Testis weight and pituitary gland
size were unaffected.

In conclusion, selexipag significantly decreases testosterone production and
luteinizing hormone levels in 29 day trials in rats. However, there was no effect
on pituitary gland, and prolactin levels were not significantly depressed.
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Effects of NS-304 (MRE-304) on Liver Drug Metabolizing

Enzymes and Thyroid
Hormones in Mice

This study was designed to follow up on thyroid hyperplasia expressed in the 2-
year carcinogenicity study of selexipag in mice. The study examined CYP450

activity as well as thyroid hormones T4, TSH, and T3. The selexipag treatment
groups were configured as follows (from sponsor):

6.7 Group composition

Number of animals (animal number)

Male

Female

10 (10101 — 10110)

10 (50101 — 50110)

10 (10201 — 10210)

10 (50201 — 50210)

10 (10301 — 10310)

10 (50301 — 50310)

10 (10401 — 10410)

10 (50401 — 50410)

6.7.1 Main study group
Group  Test substance (1111);.i;)
1 Control " 0
2 NS-304 62.5
3 NS-304 125
4 NS-304 250
5 NS-304 400

10 (10501 — 10510)

10 (50501 — 50510)

"1 Vehicle (0.5 w/v% MC)

6.7.2 TK satellite group
Group  Test substance Dq_.sf: Number of animals (animal number)
(mg/kg) Male Female
| Control 0 6 (20101 —20106) 6 (60101 —60106)
2 NS-304 625 39 (20201 - 20239) 39 (60201 — 60239)
3 NS-304 125 6 (20301 —20306) 6 (60301 — 60306)
4 NS-304 250 6 (20401 — 204006) 6 (60401 — 604006)
5 NS-304 400 39 (20501 —20539) 39 (60501 — 60539)

"' Vehicle (0.5 w/v% MC)

Animals were dosed once daily via oral gavage for 28 days.
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Table 21. T3, T4 and TSH values in males

Table 1 Plasma T3, T4, and TSH concentrations in male mice treated with NS-304
Group No Test Dose Ty Ty TSH
~ " substance  (mg/kg) (ng/mL) (ug/dL) (ng/mL)
Mean 0.50 2.74 1.68
1 NS-304 0 S.D. 0.06 0.41 0.60
n 10 10 10
Mean 0.54 (108.0) 2.73 (99.6) 1.95 (116.1)
2 NS-304 62.5 S.D. 0.07 0.36 0.34
n 10 10 10
Mean 0.50 (100.0) 2.67 (97.4) 241 (143.5)
3 NS-304 125 S.D. 0.04 0.31 0.51
n 10 10 10
Mean 0.61 (122.0) 2.58 (94.2) 252 8 (150.0)
4 NS-304 250 s.D. 0.13 0.31 0.78
n 10 10 10
Mean 0.85 ## (170.0) 2.92 (106.6) 272 85 (161.9)
5 NS-304 400 S.D. 0.17 0.60 1.00
n 10 10 10

##: P<0.01 (significantly different from the control group by the Steel test)
$: P<0.05, 85: P<0.01 (significantly different from the control group by the Dunnett test)
Figures in parenthesis indicate the percentage of concentration of N5-304 treatment group to the 0 mg/kg group.

Table 22. T3, T4, and TSH values in females

Table 2 Plasma T3, T4, and TSH concentrations in female mice treated with NS-304
. Test Dose T, T, TSH
Group No. substance  (mg/kg) (ng/mL) (ug/dL) (ng/mL)
Mean 0.50 2.54 1.02
1 NS-304 0 S.D. 0.08 0.45 0.75
n 10 10 10
Mean 0.55 (110.0) 2.33 (91.7) 1.55 (152.0)
2 NS-304 62.5 S.D. 0.10 0.42 0.92
n 10 10 10
Mean 0.48 (96.0) 2.50 (98.4) 1.05 (102.9)
3 NS-304 125 S.D. 0.07 0.52 0.82
n 10 10 10
Mean 0.67 %5 (134.0) 2.57 (101.2) 1.31 (128.4)
4 NS5-304 250 S.D. 0.10 0.59 0.89
n 10 10 10
Mean 0.68 55 (136.0) 2.37 (93.3) 1.50 (147.1)
3 N5-304 400 5.0, 0.12 0.32 0.93
n 10 10 10

$5: P<0.01 (significantly different from the control group by the Dunnett test)
Figures in parenthesis indicate the percentage of concentration of NS-304 treatment group to the 0 mg/kg group.

The results of thyroid hormone assays are not readily interpretable. Hepatic
CYP450 enzymes are responsible for the breakdown of thyroid hormones T4 and
T3. Since liver enzyme activity is apparently increased in treated mice(see table
23 immediately below), the sponsor proposes that the reason T4 and T3 levels
remain essentially constant except at the highest doses, is that the increased
TSH production is able to increase T3 and T4 levels above the rate of destruction
due to the increase in liver enzyme activity..
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Table 23. Liver microsomal protein, male

Table 7 Microsomal protein contents in liver Male
Test Substance Microsomal protemn concentration Microsomal protem content i liver
Animal mg protein/mL mg protein/g liver
Dose Number
NS-304 Mean 136 (100.0) 285 (100.0)
0 mg/kg S.D. 1.1 2.5
n 10 10
NS-304 Mean 129 (94.9) 275 (96.5)
062.5 mgkg S.D. 0.8 1.6
n 10 10
NS-304 Mean 14.3 (105.1) 303 (106.3)
125 mg/kg SD. L0 20
n 10 10
NS-304 Mean 14.3 (105.1) 30.7 (107.7)
250 mg/ke S.D. 13 29
n 10 10
NS-304 Mean 159 ** (116.9) 337 *#* (118.2)
400 mg/kg S.D. 0.9 1.6
n 10 10

¥ P<0,01 (significantly different from the NS-304 0 mg/kg by Dunnett test)
Figures in parenthesis indicate the percentage to NS-304 0 mg/kg group.

Table 24. Liver microsomal protein, female

Table 8 Microsomal protein contents i liver Female
Test Substance Microsomal protein concentration Microsomal protein content in liver
Animal mg protem/mL mg protein/g liver
Dose Number
NS-304 Mean 160 (100.0) 337 (100.0)
0 mgkg SD. 1.1 1.8
n 10 10
NS-304 Mean 46+ (913) 30.6 ** (90.8)
62.5 mgkg S.D. 1.2 26
n 10 10
NS-304 Mean 147* (91.9) 312% (926)
125 mg/kg S.D. 1.0 21
n 10 10
NS-304 Mean 15.1 (94.4) 321 (953)
250 mg/kg SD. 1.0 1.6
n 10 10
NS-304 Mean 159 (99.4) 337 (100.0)
400 mg/kg S.D. 1.2 23
0 10 10

*: P<0.03. **: P<0.01 (significantly different from the NS-304 0 mg/kg by Dunnett test)
Figures in parenthesis indicate the percentage to NS-304 0 mg'kg group.
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Sponsor tables 23 and 24 reveal a 15% increase in liver microsomal proteins in
males treated with 400 mg/Kg of selexipag.

Table 25. Liver cytochrome P450 levels, male mice

Table 9 Cytochrome P450 contents m liver

Male

Test Substance

Cytochrome P450 content

Animal nmol/mg protein nmol/g liver nmol/total liver
Dose Number
NS-304 Mean 0.759 (100.0) 215 (100.0) 30.7 (100.0)
0 mg/ke SD. 0.088 2.6 41
n 10 10 10
NS-304 Mean 0.855 (112.6) 234 (108.8) 34.8 (113.4)
62.5 mg/kg SD. 0.071 1.5 28
n 10 10 10
NS-304 Mean 0.935 ** (123.2) 284 #2 (132.1) 423 *% (137.8)
125 mg/kg SD. 0.080 35 59
n 10 10 10
NS-304 Mean 1.10 ** (144.9) 338 ## (157.2) 534 %% (173.9)
250 mg/kg SD. 0.12 48 73
n 10 10 10
NS-304 Mean 1.25 ** (164.7) 420 ## (1953) 73.6 ¥* (239.7)
400 me/ke SD. 0.10 20 14
n 10 10 10

w4 P<0.01 (significantly different from the NS-304 0 mg/kg by Dunnett test)
##: P<0.01 (significantly different from the NS-304 0 mg/kg by Steel test)
Figures in parenthesis indicate the percentage to NS-304 0 mg/kg group.

63
Reference ID: 3859648



Table 26. Liver cytochrome P450 levels, female mice

Table 10 Cytochrome P450 contents i liver Female
Test Substance Cytochrome P450 content
Animal nmol/mg protemn nmol/g liver nmol/total liver
Dose Number
NS-304 Mean 0.629 (100.0) 212 (100.0) 293 (100.0)
0mgke SD. 0.044 13 21
n 10 10 10
NS-304 Mean 0.719 ** (114.3) 22.0 (103.8) 31.0 (105.8)
02.5 mg/kg S.D. 0.065 21 29
n 10 10 10
NS-304 Mean 0.758 ** (120.5) 237 (1118) 329# (1123)
125 mg/kg SD. 0.057 28 28
n 10 10 10
NS-304 Mean 0914 ** (1453) 203 #% (1382) 422 ## (144.0)
250 mgkg S.D. 0.036 1.3 25
n 10 10 10
NS-304 Mean 1.23 #% (195.5) 41.3 %% (194.8) 03.9 # (218.1)
400 mg/kg S.D. 0.07 34 76
n 10 10 10

#%: P<0.01 (significantly different from the NS-304 0 mg/kg by Duimett test)
#: P<0.05, ##: P<0.01 (significantly different from the NS-304 0 mg/kg by Steel test)
Figures in parenthesis indicate the percentage to NS-304 0 mg/kg group.

Selexipag doubles the CYP450 activity in males and females over a dose range
of 62-400 mg/Kg. To support this, the sponsor tables 11-18 (not shown) show
that all the basic substrates for CYP 450 activity showed increased activity to go
along with the increase in CYP450 protein. The study was GLP-compliant, and
toxicokinetics and clinical signs were similar to those reported in the other
toxicology studies of selexipag.

11.0 Integrated Summary and Safety Evaluation

Selexipag (Uptravi®) is the first non-eicosanoid prostacyclin agonist submitted to
the FDA for the treatment of Pulmonary Arterial Hypertension. While the intact
molecule is active at the prostacyclin receptor, it is rapidly converted to a
metabolite with a longer half-life. This allows for orally-active selexipag to be
given bid, unlike Ventavis that requires approximately 9 administrations per day
or some of the other prostanoids that require continuous infusion due to short
half-life.

Most of the selexipag data was submitted with ND in 2009. The data was
reviewed at that time and can be found in Appendix I.

Uptravi is intended to treat pulmonary arterial hypertension, R

(b) (4)
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Selexipag, and its active metabolite, are specific for the prostacyclin receptor.
Safety pharmacology studies show no effects on hERG channels. However, due
to its pharmacological activity of relaxing arterioles it can lower blood pressure
and raise heart rate. Flushing of the skin in particular was noted. High doses also
increased respiratory rates and tidal volumes. Hunching, increased struggling
when handled, tip-toe gaits, righting reflex problems, low body temperature, soft
stools and impaired grasping were noted at higher dosages. The Gl effects
(decreased peristalsis, decreased gastric acid secretion) are not unexpected.
Decreased urinary output with decreased sodium and chloride transport were
also expected consequences of selexipag treatment. All effects were reversible
after withdrawal of the drug. Similar activity was expressed for the active
metabolite, ACT-333679.

Selexipag is the parent compound is rapidly absorbed and metabolized to ACT-
333679 that has a much longer half-life. This allows for bid dosing in humans.
Pharmacokinetic behavior may be age-dependent as juvenile and adult dogs had
similar Cmax levels, but the former had AUC values for the metabolite that were
over 10-fold that of adults.

The toxicity of selexipag in safety studies was overtly dose-related i.e., no
idiosyncratic reactions were observed. In dogs, lethal intussusception occurred in
the highest dose groups in both the adult and juvenile studies. In the mouse
carcinogenicity studies, severe lethal gastric erosion occurred in 24/60 females in
the high dosage group. Adverse Gl effects may reflect the prominence of
prostacyclin receptors in that tract. The skin was also a major target of toxicity.
With higher dosing, flushing, scaling, piloerection, alopecia, and hair clumping
were observed. Dermatological effects were significant by the end of the
carcinogenicity study, especially in the high dosage group. Adrenal glands
developed hypertrophy, while bones had increased ossification of the periosteum
and trabeculae. In mice, selexipag treatment upregulates CYP 450 enzymes in
the liver and leads to an increase in T3 and T4 levels. In rats, there was a
concern over testosterone production since Leydig cell neoplasia and
hyperplasia were detected in the carcinogenicity assay. Selexipag had a biphasic
effect on testosterone production in vitro, and depressed secretion in vitro and in
vivo only at concentrations that will not be achieved clinically.

Non-clinical findings indicate that selexipag is pharmacodynamically and
toxicologically similar to other prostacyclin agonists. Most of the adverse effects
are considered to be extensions of the pharmacology of the drug. This
prominently includes gastric erosion, intussusception, and some level of skin
flushing at all dosage levels

Toxicokinetic data (Sponsor tables 27 and 28 below) show that for the adverse
events, there is a reassuring safety margin for human usage. Juvenile dogs,
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evidently less capable than adults at metabolizing selexipag, however provide
data that would forecast a smaller safety margin for pediatric use absent a dose
adjustment.

Although selexipag is a nonprostanoid prostacyclin agonist, it is forecast to carry
the risk of gastro-intestinal side effects, including diarrhea and nausea, vaso-
dilation and some increased bleeding that other prostacyclin agonists do. The
primary improvement would be oral bioavailability and b.i.d. dosing. This should
afford better compliance. The non-clinical toxicological and pharmacokinetic
data are adequate to identify both safety issues and safety margins (table 27) of
selexipag to support its approval.

66
Reference ID: 3859648



Table 27. Exposure multiples based on AUC at NOAELSs vs. clinical:

Table 21 Exposure ratios based on systemic exposures of ACT-333679 in
animals at NOEL/NOAEL/LOEL and in healthy subjects at

1600 pg b.i.d.

ACT-333679 - exposure ratio based on AUC

Animal data Exposure ratio’
o AUC,4 (ng'h/mL) Human exposure:
Study Dose (mg/kg/day) Mean (M+F) AUC.4: 276 llg'h"’lllL
26 week rat NOAEL: 6 5780 20.9
39 week dog LOEL: 1 29400 107
S NOEL: 2 49700 180
(intussusception)

[Corrected for potency] [2.20]
ek NOEL: 30 25400 92.0
(neoplastic findings)

Toveesk fouee NOEL: 125 14950 542

(neoplastic findings)

ACT-333679 - exposure ratio based on Cy,,

Animal data Exposure ratio’
. ) 3 , Cinax (ng/mL) Human exposure:
Study Dose (mg/kg/day) Mean (M+F) Cone: 27 ng/mL
26 week rat NOAEL: 6 1520 56.3
39 week dog LOEL: 1 2930 109
. NOEL: 2 5580 207
(intussusception)
[Corrected for B
potency] B52]
104 week rat y 5 s
(neoplastic findings) L F e
T0R woek miuss NOEL: 125 11900 441

(neoplastic findings)

! Human AUC, 1o, (geometric mean of male and female mean AUC on Day 23) is doubled to account for b.i.d.
dosing to obtain AUCg.y, [D-13.117. Table 23].

2 End of treatment mean values from male animals due to testes findings.

AUC: area under the plasma concentration vs time curve; b.i.d.: twice daily; C,,,: maximum observed plasma
concentration; IP: prostacyelin; LOEL: lowest-observed-effect level: NOAEL: observed-adverse-etfect level:
NOEL: no-observed-effect level.
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Table 28. Exposure ratio comparison to animals and humans

Table 22 Exposure ratios based on systemic exposures of selexipag in
animals at NOEL/NOAEL/LOEL and in healthy subjects at
1600 pg b.i.d.

Selexipag - exposure ratio based on AUC

Animal data Exposure ratio’

. . . AUC 24 (ng-h/mL) Human exposure:
Study Dose (mg/kg/day) Mean (M+F) AUCg.4: 276 ng-h/mL
26 week rat NOAEL: 6 260 2.95
39 week dog LOEL: 1 2715 309
39 week dog NOEL: 2 7345 83.5
(Intussusception)

104 week rat NOEL: 30 16907 19.2
(neoplastic findings)

104 week mouse NOEL: 125 15100 172

(neoplastic findings)

Selexipag - exposure ratio based on C,,,,

Animal data Exposure ratio’
. ! ! Cpax Mean (M+F) Human exposure:
Study Dose (mg/kg/day) (ng/mL) Connc: 27 ng/mL
26 week rat NOAEL: 6 1782 99.0
39 week dog LOEL: 1 1400 77.8
39 week dog NOEL: 2 2445 136
(1ntussusception)
104 week rat C Then? .
(neoplastic findings) NOEL: 30 1280 711
104 week mouse NOEL: 125 14600 811

(neoplastic findings)

T Human AUC_;, (geometric mean of male and female mean AUC on Day 23) is doubled to account for b.i.d.
dosing to obtain AUC,4, [D-13.117, Table 22].

2 End of treatment mean values from male animals due to testes findings.

AUC: area under the plasma concentration vs time curve; b.i.d.: twice daily; C,,: maximum observed plasma
concentration; IP: prostacyclin; LOEL: lowest-observed-effect level; NOAEL: observed-adverse-effect level;
NOEL: no-observed-effect level.

12 Appendix/Attachments:
Appendix |. IND 104504 review.
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Appendix ll. Statistical review of carcinogenicity data

Appendix lll. CAC data sheets for rat and mouse
carcinogenicity studies.

Appendix IV. Sponsor tables of mouse
carcinogenicity study tumor incidence.

Appendix V. Sponsor table of rat carcinogenicity
study tumor incidence.

Appendix VI. Executive CAC minutes for
Selexipag

APPENDIX I: IND 104504 review (J. Willard,6/28/2010) :

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW -
Appendix |

2.6.1INTRODUCTION AND DRUG HISTORY

IND number: 104504

Review number: 1

Sequence number/date/type of submission:
Information to sponsor: Yes ( x) No ()

Sponsor and/or agent: Actelion Pharmaceuticals, Ltd.

Manufacturer for drug substance: e
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Reviewer name: James M. Willard, Ph.D.

Division name: Division of Cardiovascular and Renal Products
HFD #: 110

Review completion date: 6/28/2010

Drug:

Trade name:

Generic name:

Code name: ACT-293987 (also NS-304)

Chemical name: 2-{4-[(5, 6-diphenylpyrazin-2-yl) (isopropyl) amino]
butoxy}-N-

(methyl sulfonyl) acetamide

CAS registry number:

Molecular formula/molecular weight: /C6H32N404S/496.62

g\/[:j\*/\/\/\)k}{

Relevant INDs/NDAs/DMFs:

Structure:

Drug class: Prostacyclin (IP) receptor agonist

Intended clinical population: Patients with Pulmonary Arterial Hypertension
(PAH)

Clinical formulation:

Table 1: Quantitative compositions of ACT-293987 Tablet

-2 -2
Ingredient Specification Function T.\a iit-f 33 ?:g Ta-:)cle-{ (}S;iffgo)
ACT-293987 In house API 02mg -
D-Mannitol USP/NF A
Com starch USP/NF
Low substituted ‘
Hvdroxypropvlcellulose USP/NE
Hydroxypropvlcellulose USP/NF
Magnesium stearate USP/NF
® @
Hypromellose USP/NF
Propylene glycol USP/NF
Titanium oxide USP/NF
Yellow ferric oxide USP/NF
Carnauba wax USP/NF
Coating weight

. . ®) @
Total weight of film-coated tablet
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Route of administration: oral

Proposed clinical protocol:

From the sponsor:
“The sponsor intends to start two identical multicenter, double-blind,
randomized, placebo-controlled, parallel group, event-driven clinical
studies in adult patients with symptomatic PAH. Each trial will have 272
patients to be randomized into 2 groups (n = 136/group), placebo: active
(1:1). The primary objective for each single study will be to demonstrate
the effect of ACT-293987 on 6 minute walk distance (6MWD) from
baseline to Week 16. The co-primary objective for the pool of the two
studies will be to demonstrate the effect of ACT-293987 on time to clinical
worsening up to the end of treatment (EOT) (expected maximum duration
4.1 years). An open-label extension (AC-065A303) of these two studies
will be aimed at collecting long-term safety and tolerability in patients who
will have experienced a clinical worsening of PAH or who will have
completed the double-blind phase of the two studies.”

Previous clinical experience: Six clinical studies have been done with ACT-
293987, originally developed by Nippon Shinyaku Co. Ltd., Kyoto, Japan. Five
Phase | studies were done, fulfilling a first in man study, and looking at
pharmacokinetics and tolerability. One Phase 2a study has been carried out of
17 weeks duration, with an open-label extension still ongoing. Approximately
184 patients have been exposed to ACT-293987 with the following side effects
seen: headache, myalgia, arthralgia, flushing, jaw pain, nausea, vomiting and
diarrhea.

Disclaimer: Tabular and graphical depictions of information are constructed by
the reviewer unless cited otherwise.
Note: For IND reviews, unused headings may be deleted.

Studies reviewed within this submission:
Studies not reviewed within this submission:
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2.6.2PHARMACOLOGY

2.6.2.1 Brief summary

Prostacyclin receptors are primary targets in Pulmonary Arterial Hypertension, however,
this development area has had issues with most of the compounds not being orally
available and having very short half-lives requiring frequent administration. ACT-
293987 is a pro-drug of ACT-333679, which is produced by hydrolysis of the parent
compound in the liver. ACT-333679 is a non-prostanoid compound that acts as an
agonist at the IP receptor with high affinity. Studies show ACT-333679 is highly
selective for IP receptors, with some small reactivity with EP, receptors. In animal
models of PAH, ACT-333679 improved hemodynamic parameters indicative that it has
a potential to help clinical cases of PAH. One important issue is that all the non-
prostanoid prostacyclin agonists have more the properties of a partial agonist and are
not fully able to activate all the functions of both IP1 and IP2 receptors that endogenous
prostacyclin does. (Seller, et al., 1997, Prostaglandins 53:21-35)

2.6.2.2 Primary pharmacodynamics

Mechanism of action: ACT-293987 is a pro-drug that is hydrolyzed into ACT-333679,
which is a high affinity agonist at IP receptors, and intended for relief from PAH.

Drug activity related to proposed indication: ACT-293987 is a pro-drug that is
hydrolyzed into ACT-333679, which is a high affinity agonist at IP receptors intended to
relieve PAH.

2.6.2.3 Secondary pharmacodynamics. No studies have been conducted beyond the
safety pharmacology studies noted below which are observational rather than
mechanistic, and typically explore high dosages.

2.6.2.4 Safety pharmacology

Neurological effects:

Central nervous system

Irwin screen Y Oral Single Sprague- 0. 10. 30, 6 m/ group
E (4)08.267] dose Dawley rats 100 mg/kg
Body temperature, Y Oral Single Sprague- 0. 10, 30, 6 m/ group
sleep & pain response dose Dawley rats 100 mg/’kg
[T-08.383]
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The modified Irwin Screen performed by the sponsor was designed to look for signs of
behavioral or physiologic changes indicative of effects on the central or peripheral
nervous systems. The sponsor used high doses of the compound, 10, 30, and 100
mg/kg in rats. The low and mid dose had no noticeable effects on the rats, however,
the high dose group exhibited hunchback position, reddened skin, struggle response to
handling, tip-toe gait, problems with righting reflex, prolonged standing on the hind
paws, low body temperature, deep respiration, soft stools, and difficulty with the wire
maneuver. All signs disappeared within 24 hrs. of drug administration.

The second study on body temperature, sleep and pain responsiveness used a control
group, and doses of 10, 30, and 100 mg/kg. The high dose group saw all three
parameters impacted, with a body temperature lowered7%, sleep prolonged by 77%,
and pain response reduced by 26%. The mid dose group only saw a reduction in body
temperature.

Summary: The neurological safety pharmacology studies indicate at high doses notable
effects occur in the modified Irwin screening, along with results of an examination of
CNS effects (body temperature, sleep, and pain response).

Cardiovascular effects:
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Cardiovascular system

hERG channel Y Invitro N/A CHO-KI cell 0. 3. 10, 30, 6 replicates
K™ current line expressing 100 uM
( »(&b)(.'T-293987) hERG K™
@08.268] channel
hERG channel Y Invitro N/A CHO-Klcell 0.3,10,30uM 6 replicates
K™ current line expressing
(ACT-333679) hERG K™
£508.270] channel
Contractile force & Y Invitro N/A Isolated right 0. 3, 10. 30, 6m
heart rate (right atria) atrrum from 100 uM
(ACT-293987) Hartley guinea
908.271] pig
Contractile force & Y Invite N/A Isolated right 0. 3, 10, 30, 6m
heart rate (right atria) atrium from 100 uM
(ACT-333679) Hartley guinea
$508.382] pig
Cardiac Y Invitro N/A Isolated 0. 3. 10, 30, 6m
electrophysiology papillary 100 uM
(bg‘(t})CT-293987) muscle frqm
-08.269] Hartley guinea
pig
Hemodynamics & Y Oral Single Conscious 0,1,3. 10 mgkg 4m
cardiac dose x 4 Beagle dogs
electrophysiology (crossover
(telemetry study) design)
(508.265]
Blood coagulation Y Oral Single Sprague- 0,10, 300r 6 m/ group
[T-08.387] dose Dawley rats 100 mg’kg

Several studies were done to explore potential effects of ACT-293987 on the

cardiovascular system. Prostacyclin agonists are known to be vasodilators, the basis
for expecting efficacy in Pulmonary Arterial Hypertension (PAH). Therefore it is
important to assess any impact on the cardiovascular system.

ACT-293987 at concentrations up to 30 mcM had no effect on hERG channels, and only
had effects on guinea pig atria and papillary muscle in vitro at the highest dose tested,
100 mcM, indicating it probably affects Na or Ca channels. ACT-293987 had no effect
on blood coagulation in vivo in rats. However, the compound reduced blood pressure at
its lowest dose, and at the mid dose it also increased heart rate and respiration rates.
There were no effects on ECG parameters or hemoglobin oxygenation.

Pulmonary effects:
Respiratory system

Whole body Y Oral Single Conscious, 0, 10, 30, 6 m/ group
n%be)thysmo graphy dose unrestrained 100 mg/kg
@08.266] Sprague-

Dawley rats
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Rats were treated with control, 10, 30, 100 mg/kg of ACT 293987. Animals in the mid
and high dose groups showed higher respiration rates, tidal volumes and minute
volumes.

Renal effects:

Urinary system

Water & electrolyte Y Oral Single Sprague- 0, 10, 30, and 6 m/ group
excretion dose Dawley rats 100 mg/kg

®®yg 572]

Results indicate that ACT-293987 at all tested doses decreased chloride and
sodium/potassium ratio in rats.

Gastrointestinal effects:

Gastrointestinal
system

Intestinal transport Y Oral Single Sprague- 0. 10. 30, 6 m/ group
[T-08.384] dose Dawley rats 100 mg/kg
Gastric secretion Y Intra- Single Sprague- 0. 10, 30, 6 m/ group
[T-08.384] duodenal dose Dawley rats 100 mg'kg

Prostacyclin receptors are common in the gastrointestinal tract. All doses of ACT-
293987 tested inhibited Gl transit of the carbon powder and decreased acid output in
the stomach.

Abuse liability: n/a
Other:

Reproductive system

Amplitude & Y Invino N/A Sprague- 0, 10, 30, 6 £/ group
frequency of uterine Dawley rats 100 uM (4 ffor 100
contraction uM)
(ACT-333679)

[T-08.385]

Spontaneous contractions of the uterine muscle were not affected by the low dose of
ACT-293987, while the mid and high doses significantly reduced uterine muscle

contractions.

2.6.2.5 Pharmacodynamic drug interactions - No studies done, but see below for
anticipated interactions based on pharmacology of prostacyclin.

2.6.3 PHARMACOLOGY TABULATED SUMMARY:
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Table 1 Affinities of ACT-293987, ACT-333679 and beraprost for human
prostanoid receptors

Binding Affinity (K;, utM)

IP EP, EP, EP; EP, DP FP TP

ACT-293987 0.26 > 10 >10 > 10 > 10 >10 > 10 > 10
ACT-333679 0.02 > 10 5.8 > 10 49 2.6 > 10 > 10
Beraprost 0.039 > 10 >10 0.68 7.2 > 10 >10 > 10

IP = PGI, receptor; EPy_ = PGE, receptor; DP = PGD; receptor; FP = PG, receptor; TP = TXA; receptor

Figure 1 Effect of ACT-333679 on proliferation of human pulmonary arterial
smooth muscle cells

140+
120+
100+

O ACT-333679
® |loprost

% Control
(o))
o
1

28— O Beraprost
204 n=8

-9 -8 -7 -6 -5
Agonist (log M)

Cells were stimulated with PDGE (10 ng/mL) either in the absence or presence of test compounds for 24 h, and cellular
incorporation of radioactivity was measured. Data is presented as mean =S.EM. (n = 8).

Table 2 Inhibition of platelet aggregation by ACT-293987 and ACT-333679
in platelet-rich plasma from different species

Platelet aggregation ICz, (uM)

Drug Human Monkey Dog Rat
ACT-293987 5.5+0.8 34x1.1 456 =23 -
ACT-333679 0.21 £0.04 0.21 £0.02 25+1.5 10 +0.4

— = not determined; data is presented as mean £ S EM. (n=4).
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Figure 4 Effect of ACT-293987 on RVSP in rats with MCT-induced PAH

1001
A = _ *
o
o
g 60-
E
3-, 40
z
20-
0
Normal Vehicle ACT-293987
control
MCT - + +
ACT-293987 - - +

1ma/kg p.o., b.i.d.

Data 1s presented as mean + SEM. # P < 0.01 vs normal rats, *, P < 0.01 vs vehicle control rats. (n = 12)

Figure 8 Effect of ACT-293987 on survival of rats with MCT-induced PAH
100
S 80
Y
© 60
m —_—
©
> 404 P =0.0416
Z —
& 204 —e—Control
—e— ACT-293987 1mg/kg p.o., b.i.d.
0 I I I I 1
0 10 20 30 40 50

Days

Survival data is presented using the Kaplan-Meier method and compared by the log-rank test. Day 0 indicates the time
of injection of MCT and the beginning of admimnistration of ACT-293987. (n= 30).

2.6.4PHARMACOKINETICS/TOXICOKINETICS
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2.6.4.1 Brief summary: ACT-293987 is rapidly absorbed from the Gastro-intestinal
tract with a Tmax of approximately 1 hr. and a bioavailability of 80 to 90%.

Radiolabeled ACT-293987 accumulates first in the liver after oral dosing, followed by
accumulation in the stomach. This is probably due to the high level of activity and
receptors present in the stomach, where prostacyclin agonists apparently have high
activity. Most adverse events for prostacyclin agonists are related to their effects on the
gastrointestinal system. ACT-293987 is primarily excreted through the biliary system,
with only 2% of its excretion due to renal pathways. ACT-293987 is a prodrug, although
it also has activity at prostacyclin receptors, and is hydrolyzed to ACT-333697, the
primary prostacyclin agonist. ACT-333697 is glucuronidated primarily and excreted
through the biliary system, although in toto there are up to 15 potential metabolites of
ACT-293987.

2.6.4.2 Methods of Analysis

HPLC @@ nm or mass
spectrophotometric methods was used to quantify the amounts of ACT-293987 and/or
ACT-333697 in serum. Both methods provided a wide and useful range

2.6.4.3 Absorption

Rat Dog
Bioavailability 72% 84%
Dose Proportionality | Linear Linear
Food Effects Decreased Cmax

AUC unchanged
Increased Tmax

Gender Differences | No effect Slight increases in Females vs. Males
Accumulation None None
Tmax 1 hr. 1hr

2.6.4.4 Distribution

Upon initial absorption of ACT-293987, the liver is the primary site of accumulation,
presumably part of the normal first pass effect. It is also desirable with ACT-293987
since it is a prodrug and is metabolized to the active product, ACT-33679, primarily in
the liver. After that, the stomach becomes the primary organ of accumulation of ACT-
293987 and its active metabolite, ACT-333679. Although the sponsor does not
comment on this (and seems to ignore it), presumably this, among other possibilities, is
due to the importance of prostacyclins in the gastric environment and may reflect a
receptor mediated accumulation of the drug products. Since gastro-intestinal effects
are the primary drivers of the adverse events seen in the dog and human studies, the
issue is worth taking note of. Prostacyclins are thought to increase blood flow to the
gastric mucosa and also to inhibit gastric acid secretion.
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2.6.4.5 Metabolism

ACT-293987 is a pro-drug that has modest activity by itself as a prostacyclin agonist,
and is hydrolyzed to ACT-333679, an active metabolite at prostacyclin receptors. As
shown in the metabolic pathways figure below, ACT-333679 is not the only metabolite
of ACT-293987, with a total of 15 possible metabolites.

Figure 5 Metabolic pathways of ACT-203487
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2.6.4.6 Excretion In rats:

Biliary excretion accounted for 95% of the excretion of ACT-293987 and its metabolites,
while in dogs, 80-88% was recovered in the bile. 85% of the radiolabeled compound
was eliminated within the first 24 hrs.

2.6.4.7 Pharmacokinetic drug interactions

ACT-293987 and ACT-333697 are poor substrates for most of the CYP-450 enzyme
systems, having only weak activity at CYP2C8 and CYP 2C9, which are more minor
metabolic enzymes. Both substrates are also negligible at the multi-drug resistance
transporters. These results would predict minimal interactions with most drugs.

2.6.4.8 Other Pharmacokinetic Studies none
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2.6.4.9 Discussion and Conclusions

The oral pro-drug, ACT-293987, is hydrolyzed by carboxyesterases to ACT-
333697, a prostacyclin agonist. ACT-293987 is highly bioavailable, with approximately
80-90% absorbed from the gastro-intestinal tract. Hydrolysis to ACT-333697 is variable
by species, rats having high serum levels of carboxyesterases, while dogs, monkeys,
and man have high levels primarily in the liver. Although the half-life is approximately
14 hrs, distribution of oral doses are first primarily to the liver followed by accumulation
in the stomach, an area with a significant level of prostacyclin receptors and activity. Of
note is that most of the adverse reactions involving prostacyclin agonists are related to
their activity in the gastro-intestinal system. ACT-293987 is primarily metabolized to
ACT-333697 which is glucuronidated and excreted primarily through the biliary system.
Only 2% of radiolabel from ACT-293987 is excreted through the kidneys. ACT-293987
and its metabolites are only minor substrates for 2 minor CYP enzymes, 2C8 and 2C9,
and are not substrates for the multi-drug transporters, thereby minimizing the potential
for major interactions with other drugs. Possible additive or synergistic effects with
other vasodilators (e.g. nitrates), H2 blockers or other acid blockers, and anti-platelet
drugs is possible in view of the vasodilating activity of ACT-293987 and ACT-333697
and inhibition of gastric acid secretion and platelet aggregation. Reduction of acid in the
stomach is known to affect the uptake of vitamin B12 in man, and it is also known to
affect absorption of some drugs, for example clopidogrel. So, although drug-drug
interactions at the metabolic or drug transport level are not expected to occur, there is
still potential for interactions based on vasodilating, gastro-intestinal, and/or platelet-
modulating activities of ACT-293987 and ACT-333697.

2.6.4.10 Tables and figures to include comparative TK summary
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Table 2 Summary of ACT-293987 and ACT-333679 exposures in the 4- and
13-week toxicity studies with ACT-293987 in mice

ACT-293987 Time Couae (ng/mL) AUC,_14 (ng-h/mL)
(mg/kg) Male Female Male Female
4-week toxicity study in mice [T-08.291]: NOAEL at 100 mg/kg/day

ACT-293987 1.49 1.50 1.33 1.41
30 Day |
ACT-333679 2.14 1.91 2.86 245
ACT-293987 .97 10.1 11.3 13.9
100 Day 1
ACT-333679 6.53 6.93 16.2 17.0
ACT-293987 14.5 224 64.2 70.0
300 Day 1
ACT-333679 10.7 13.2 65.9 62.2
ACT-293987 1.45 1.54 1.07 1.41
30 Week 4
ACT-333679 2.16 1.76 225 1.99
] ACT-293987 8.32 11.3 9.30 10.6
100 Week 4
ACT-333679 6.01 6.9 119 10.5
i ACT-293987 8.33 15.1 248 232
300 Wecek 4 )
ACT-333679 8.03 8.02 28.7 243
13-week toxicity study in mice [T-08.292]: NOAEL at 100 mg/kg/day
ACT-293987 9.66 12.2 15.0 19.5
100 Day 1
ACT-333679 10.0 8.23 23.6 21.4
. ACT-293987 26.5 358 88.4 115
300 Day |
ACT-333679 19.5 19.1 99.6 98.8
ACT-293987 21.1 45.6 295 310
500 Day |
ACT-333679 17.5 17.0 250 223
ACT-293987 16.9 10.8 12.2 10.1
100 Week 13
ACT-333679 11.4 7.15 12.4 9.99
ACT-293987 232 249 52.1 444
300 Week 13
ACT-333679 124 13.5 51.5 39.8
ACT-293987 273 18.8 90.0 74.0
500 Week 13
ACT-33367Y 20.3 12.4 71.5 58.0

Values are means of 3 mice/sex/dose/sampling time.
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Table 3 Summary of ACT-293987 and ACT-333679 exposures in the 4- and
26-week toxicity studies in rats

ACT-293987 Time Conax (ng/mL) AUCo.24 (ng-h/mL)
(mg/kg) Male Female Male Female
4-week toxicity study in rats [T-08.275]

ACT-293987 0.28 0.63 0.29 0.46
20 Day 1

ACT-333679 2,76 2.8 13.3 9.53

ACT-293987 1.05 2.1 241 3.64
60 Day 1

ACT-333679 7.15 93 64.5 554

ACT-293987 2.5 3.3 8.22 13.7
180 Day 1

ACT-333679 14.7 16.68 210 226

ACT-293987 027 0.53 0.32 0.51
20 Week 4

ACT-333679 3.04 3.25 12.2 9.54

ACT-293987 1.2 23 2.14 292
60 Week 4

ACT-333679 8.99 11.9 38.8 363

ACT-293987 255 6.01 8.77 24 8
180 Week 4

ACT-333679 14.5 27.2 137 304

4-week toxicity study in rats [T-08.276]: NOAEL at 6 mg/kg/day

ACT-293987 n.d. n.d. nd. n.d.
2 Day |

ACT-333679 0.16 0.10 1.23 0.34

ACT-293987 0.10 0.13 0.09 0.09
6 Day 1

ACT-333679 0.86 0.63 4.3% 2.89

ACT-293987 1.29 3.66 251 5.92
60 Day |

ACT-333679 8.69 13.2 614 75.0
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ACT-293987 n.d. n.d. n.d. n.d.
2 Week 4

ACT-333679 0.11 0.11 0.21 0.12

ACT-293987 0.02 0.08 0.01 0.04
6 Week 4

ACT-333679 0.53 0.46 1.40 0.95

ACT-293987 1.21 2.30 2.10 4.09
60 Week 4

ACT-333679 9.63 13.6 509 63.6

26-week toxicity study in rats [T-08.285]: NOAEL at 6 mg/kg/day

ACT-293987 0.20 0.18 0.14 0.13
6 Day 1

ACT-333679 [.12 0.90 6.43 3.10

ACT-293987 1.27 2.08 1.73 1.72
25 Day 1

ACT-333679 7.06 6.85 38.5 332

ACT-293987 4 89 551 13.1 12.4
100 Day 1

ACT-333679 22.3 20.0 192 190

ACT-293987 04 0.40 0.23 0.29
6 Week 26

ACT-333679 1.26 1.78 4.77 6.79

ACT-293987 0.50 2.77 1.43 2.81
25 Week 26

ACT-333679 4.46 11.9 22 457

ACT-293987 2.07 10.1 5.33 18.8
100 Week 26

ACT-333679 12.7 437 76.3 202

Values are means of 3 rat/sex/dose/sampling time. n.d. = not determined.
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Table 5 Summary of ACT-293987 and ACT-333679 exposures in the 2-, 4-,
and 39-week toxicity studies in dogs

ACT-293987 Time Cuax (ug/mL) AUC_»4 (ng-h/mL)
(mg/kg/day) Male Female Male Female
2-week toxicity study in dogs [T-08.277]: NOAEL at 2 mg/kg/day
. Dav 1 ACT-293987 3.17 2.36 7.42 6.18
2 a
¥ ACT-333679 5.16 5.59 59.5 62.4
ACT-293987 9.59 5.48 257 222
6 Day |
ACT-333679 15.2 12.1 186 181
ACT-293987 10.1 18.2 455 59.9
20 Day |
ACT-333679 18.8 274 281 403
ACT-293987 3.19 2.90 7.50 6.72
2 Week 2 )
ACT-333679 5.99 6.34 50.8 67.8
ACT-293987 10.1 8.50 24.3 25.1
6 Week 2 .
ACT-333679 14.8 13.5 154 155
ACT-293987 22.0% 23.3+% 77.2% 103 %:#
20 Week 2 _
ACT-333679 44.6* 359%> 576* 532%*
4-week toxicity study in dogs [T-08.290]: NOAEL at 1.5 mg/kg/day
1.5 Day | ACT-293987 223 3.39 547 7.95
ACT-333679 2.80 522 i 50.2
3 Day 1 ACT-293987 5.25 5.08 14.4 14.8
ACT-333679 7.13 8.20 91.0 105
6 Day | ACT-293987 9.38 10.6 238 315
ACT-333679 12.6 15.2 168 211
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1.5 Week 4 ACT-293987 1.98 3.09 5.39 7.29

ACT-333679 3.72 4.71 39.7 54.6
3 Week 4 ACT-293987 4.25 4.99 13.1 144

ACT-333679 6.82 8.33 829 85.6
6 Week4  ACT-293987 6.77 13.2 292 354

ACT-333679 12.4 159 159 201

39-week toxicity study in dogs [T-08.286]
] Dav 1 ACT-293987 0.98 1.53 2.55 3.36
a
Y ACT-333679 2.50 3.05 24.6 332
, Dav | ACT-293987 2.54 2.87 8.44 7.30
2 ay
’ ACT-333679 5.27 5.56 499 54.0

ACT-293987 5.77 5.21 17.4 17.6
4 Day 1

ACT-333679 9.17 8.62 94.4 104

ACT-293987 1.83 0.97 3.49 2.85
1 Week 26

ACT-333679 329 2.52 28.8 246

ACT-293987 4.50 3.26 10.2 9.15
2 Week 26

ACT-333679 6.40 6.13 55.8 522

ACT-293987 5.00 5.03 18.1 16.2
4 Week 26

ACT-333679 6.89 10.4 584 90.8

ACT-293987 1.03 1.36 2.55 2.88
1 Week 39

ACT-333679 2.60 3.26 231 357

ACT-293987 3.10 1.79 8.15 6.54
2 Week 39

ACT-333679 5.29 5.87 40.5 589

ACT-293987 8.62 6.88 213 18
4 Week 39

ACT-333679 9.54 12.5 109 120

Values are means of 3 dog/sex/dose/sampling time. *: 1 dog/sex/dose; **: 2 dog/sex/dose.

2.6.5PHARMACOKINETICS TABULATED SUMMARY
2.6.6TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicoloqy:

From the mouse studies:

Study Doses Results NOAEL
Length
4 weeks | 0, 30, 100, No mortality, @300 mg/kg/day flaccidity and 100
300 flushing mg/kg/day
mg/kg/day
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13 0, 100, 300, 500 mg/kg/day one mortality, CK & ALT 100
weeks 500 increase; 300 mg/kg/day decrease in food mg/kg/day
mg/kg/day consumption, flushing, flaccidity, BUN
decreased, kidney tubular vacuolation
From the rat studies:
Study Doses Results NOAEL
Length
4 weeks 0, 20, 60, 20 mg/kg/day alveolar hemorrhage and Not
180 decreased platelets, loss or black determined
mg/kg/day | discoloration of tail tip;
4 weeks + | 2,6, 60 60 mg/kg/day flushing, decreased movement, | 6
4 weeks mg/kg/day piloerection, reduced body wt and food mg/kg/day
recovery consumption. Reversible
26 weeks + | 0, 6, 25, >25, 100 mg/kg/day liver and adrenal 6
4 week 100 hypertrophy, hyperplasia mammary gland, mg/kg/day
recovery mg/kg/day | salivary gland, follicular cells in thyroid; all
treated animals, flushing, decreased
movement, reversible; one animal died in high
dose group of malignant lymphoma
From the dog studies:
Study Doses Results NOAEL
length
2 2,6, 20 20 mg/kg/day led to mortalities, 2
weeks | mg/kg/day Intussuseception, QTc prolongation; 6 mg/kg/day
mg/kg/day increased ossification, bone marrow
fibrosis; 2 mg/kg/day decreased platelet, wbc,
& neutrophils.
4 15,3,6 6 mg/kg/day intussusception; 3 mg/kg/day 15
weeks | mg/kg/day | intussusception, bone marrow fibrosis, mg/kg/day
ossification; 1.5 mg/kg/day vomiting, diarrhea,
jelly feces
39 1,2,4 4 mg/kg/day 2 mortalities, intussusception; Not
weeks | mg/kg/day 1mg/kg/day bone marrow fibrosis and determined
ossification

Genetic toxicology: ACT-293987 was negative in most of the genotoxicity testing. The

exception was a small signal of clastogenicity in the Chinese Hamster Lung cell in vitro
assay. This was not present in the in vivo mouse micronucleus study.

Reference ID: 3859648
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Carcinogenicity: not done

Reproductive toxicology: For the rat studies, the NOAEL was the same as for the
standard toxicity testing, 6 mg/kg/day. In the rat studies, the primary issue appeared to
be low birth weight, which in humans is correlated with developmental difficulties.

In the rabbit study, the NOAEL was 10 mg/kg/day, with one animal dying at 30
mg/kg/day, reproductive function and fetal development were not affected.

Special toxicology: Study title: in vitro phototoxicity study

Key study findings: both ACT-293987 and ACT-333697 were positive for phototoxicity
with UVA light, suggesting absorption in the UV spectrum.

2.6.6.2 Single-dose toxicity

Table 1 Overview of completed toxicity studies with ACT-293987
Study type G Route Species/ Treatment Dose (mg/'kg/day)/ Animals/ sex/
[Reference] L test system  duration conceniration groups

Batch number* P

Single dose

Acute Y oL Sle:ddy Single dose 0. 10, 20, and 40 5/sex/group
[T-08.284] mice

Lot 20 (m & 1)

Acute Y Oral SD rats Single dose 0. 125, 250, 500, 5/sex/group
[T-08.274] (m & f) and 1.000

Lot 20

Acute Y v SD rats Single dose 0,10, 20, and 40 5/sex/group
[T-08.283] (m & f)

Lot 20

Acute Y Oral Beagle dogs  Single dose 20, 200, and 2,000  2/group
[T-08.273] (m)

Lot 20

Single intravenous doses of up to 40 mg/kg were given to mice and rats. There were no
mortalities, in mice, there was flushing at 10 mg/kg, decreased movement at 20 mg/kg,
and prone position at 40 mg/kg, in rats, prone position, decreased movement, flaccidity
and flush were observed at all doses above 10 mg/kg, with severity and reversibility
dependent on the dose.

Single oral doses were given to rats and dogs. In rats the oral lethal dose was 500
mg/kg, in dogs 2,000 mg/kg. Reasons for mortality were different, with the cause of
death evidently being severe hypotension due to peripheral vasodilation in rats, while in
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dogs the cause of death was intussusception. In general, the dogs showed more
adverse clinical signs related to gastrointestinal effects, with some of the animals
flushing as a sign of vasodilatation., In the rats, signs were similar to those seen after
40 mg/Kg iv , but with increased severity resulting in death at 500mg/Kg po.

No serum levels were reported, making it difficult to compare the toxicities of the oral vs.
intravenous routes of administration as a function of blood levels.

2.6.6.3 Repeat-dose toxicity

Study title: Twenty-six-week oral gavage toxicity study of NS-304 in rats with 4-week
recovery period

Key study findings: One male died in the high dose group, however, upon necropsy it
was determined the animal had malignant lymphoma. This was thought to be not drug
related, but it will not be known until the carcinogenicity study is done. Doses were 6,
25, and 100 mg/kg/day, with 6 mg/kg/day being the NOAEL dose. Flushing was the
primary observation, with alopecia and reduced body weights and food consumption
observed in the high dose groups. . Many of the changes seen were reversible in the 4
week recovery period.

Study no.: T-08.285

Volume # and page #: eCTD

Conducting laboratory and location: o

Date of study initiation: July 7, 2006

GLP compliance: yes

QA report: yes(x)no( )

Drug, lot #, and % purity:

Test Article

The test article, NS-304, was supplied by Nippon Shinyaku Co Ltd. The lot number,

appearance and other information on the test article used in the present study were as

follows (Attached Data 1).

Name: NS-304 (another name: MRE-304)

Lot number: 20

Content: 100.3%

Appearance: Pale yellow crystalline powder

Stability: Characterization analysis was conducted at
after animal experiment, and

the stability during the administration period was

deduced (Study No. A-1942, Attached Data

2-1).

Handling precautions: Mask and gloves were worn as the test article is a

skin irritant.

Storage conditions:

(b) (4)

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

b) (4
Storage place: e Gds
® @
Methods
Doses:
Text Table 1. Group composition
Test Dose Concentration Dose Sex Main group Recovery group
group  (mg/kg/day)  (mg/mL) volume No. of Animal No. of Animal
(mL/kg/day) animals No. animals No.
Control 0 0 5 M 12 1001-1012 6 1013-1018
Low 6 1.2 5 M 12 2001-2012 - -
F 12 2101-2112
Middle 25 5 5 M 12 3001-3012 6 3013-3018
R S F 2 sloi=stz o 6 3113-3118
High 100 20 5 M 12 4001-4012 6 4013-4018
F 12 4101-4112 6 4113-4118
M: Male, F: Female
(continued)
Test Dose Concentration Dose Sex Satellite group
group  (mgkg/day)  (mg/mL) volume No. of Animal
(mL/kg/day) animals No.
Control 0 0 5 M 8 1201-1208
L F 8 1301-1308
Low 6 1.2 5 M 8 2201-2208
o o F 8 2301238
Middle 25 5 5 M 8 3201-3208
S B R 8 3301-3308
High 100 20 5 M 8 4201-4208
F 8 4301-4308

M: Male. F: Female

Species/strain: Crl:CD(SD) SPFrats ( 2©
)

Route, formulation, volume, and infusion rate: oral gavage, 0.5% w/v% methyl
cellulose, 5 mL/kg body weight,

Age: 4 weeks old

Weight: 195-234 g in males, 137-177 g in females

Sampling times: see observation and times

Unique study design or methodology (if any):

Observation and Times:

6.11.1 Clinical Observation

All animals were observed for clinical signs including external appearance, nutritional
condition, posture, behavior and excretions 3 times a day (before, immediately after and
approximately 2 hours after dosing; however twice on Saturdays, Sundays and
holidays: before and immediately after dosing) during the administration period.
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During the recovery period, all animals were observed once a day in the morning.
6.11.2 Measurement of Body Weight

During the administration period, all animals were weighed before administration twice
in week 1 (days 1 and 7) of administration, and once a week every 7 days thereafter.
During the recovery period, all animals were weighed twice in week 1 (days 1 and 7) of
recovery and once a week at 7-day intervals thereafter. Measurement was done

between 08:30 and 11:32. Body weight gains for the entire period of administration (26
weeks) or recovery period (4 weeks) were also calculated. In order to calculate the
relative organ weight of the animals sacrificed as scheduled, the body weight was also
recorded on the day of necropsy after depriving the animals of food overnight
(approximately 16 hours). The animal that died was weighed before

carrying the animal out of the animal room for necropsy; however, this data was
omitted from the table and appendix.

6.11.3 Measurement of Food Consumption

During the administration period, food consumption was measured for each animal
twice in week 1 (days 1 and 7) of administration, and once a week every 7 days
thereafter. During the recovery period, food consumption was measured for each
animal once a week. Measurement was done between 08:57 and 12:09. On day 1 of
administration, one day's food consumption was measured from the day before the start
of administration and that on day 7 was calculated from 6-day's cumulative food
consumption. Thereafter, 7-day's cumulative consumption was measured and one day's
food consumption was calculated. On day 7 of recovery, one day's food consumption
was measured from 6-day's cumulative consumption and thereafter, 7-day's cumulative
consumption was measured and one day's food consumption was calculated.

6.11.4 Ophthalmology

Before the start of administration (during the quarantine/acclimatization period, 11 and
12 days before administration), all animals were examined, and the animals

with pre-existing ophthalmological abnormalities that might affect the toxicity evaluation were
excluded from animal grouping for the main and recovery groups (note).

During the administration period, examination was done in month 3 (week 12, days 80
and 81) and month 6 (week 25, days 171 and 172) of administration. All survivors of
each sex in control and high dose group were examined after dosing on the day of
examination. Examination was not done in middle and low dose groups, since no
treatment-related changes were observed in the high dose group. During the recovery
period, examination was done in week 4 (day 22) of recovery. All survivors of each sex
in each test group were examined. The procedure for examination was as follows.

First, the light reflex was tested using an ophthalmoscope (BXa-13 type: NEIZ Inc.).
Then mydriatic agent (Mydrine P: Santen Pharmaceutical Co., Ltd., Lot Nos. MP0872,
MPQ931 and MP0947) was applied to dilate the pupil and the anterior portion,
transparent body (optic media) and fundus oculi were examined using a hand slit lamp
(SL-14 type: Kowa, Inc.) and an ophthalmoscope (Omega 200: HEINE OPTOTECNIK
GmbH & Co. KG, Germany).

note: Four males and 3 females with severe ophthalmological abnormalities such as aqueous
flare, hemorrhage of iris, retinal hemorrhage and impossibility of observation in
transparent body and fundus were excluded from the present study. Twelve males and 19
females with ophthalmological abnormalities such as focal corneal vascularization,
residue in anterior chamber, synechia, focal opacity in lens, adhesion posterior lens
capsule, persistent tunica vasculosa lentis, persistent hyaloids artery, vitreous hemorrhage,
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persistent hyperplastic primary vitreous and retinal hold were excluded as candidates for
the main and recovery groups since it was judged that the above abnormalities might
affect the toxicity evaluation. However, they were included as candidates for the satellite
group.

6.11.5 Urinalysis (including water intake)

Examination was done in all survivors of each sex in months 3 (week 13, days 85 to 87)

and 6 (week 25, days 169 to 171) (note) of administration and in week 4 (days 24 to 25)

of recovery.

During the administration period, after the dosing, all survivors of each sex in main and
recovery groups were accommodated in cages with trays attached for urine collection

and 4-hour urine samples were collected under fasting conditions but withfree access to water. Then
the following 20-hour urine samples were collected under free access to food and water.

In week 4 of recovery, the survivors were accommodated in cages with trays attached

for urine collection, and 4-hour urine samples were collected under fasting but free

access to water. The following 20-hour urine samples were collected under free access

to food and water. The parameters listed in the following were examined. The 4-hour

urine samples were used for examination of pH, protein, ketone body, glucose, occult

blood, bilirubin, urobilinogen, color, urinary sediments and urine volume. The urinary
sediments obtained by centrifugation (set at 1,500 rpm, approximately 440xg for 5

minutes) were subjected to microscopic examination without fixation or staining.

Urine volume (24h) was calculated by totaling the volume of 4-hour and 20-hour urine.

One day's output of electrolytes was calculated by their concentration and 24-hour urine volume.
One day's water intake was measured using water bottles on the day of urinalysis for

each animal.

Text Table 2. ltems, Methods and Equipment for Urinalysis Examinations
Item Method Unit

pH Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)

protein Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a

ketone body Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)s)
glucose Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)

occult blood Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)
bilirubin Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)
urobilinogen Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)
color macroscopic observation

urinary sediments microscopic examination

urine volume (24h) volumetry mL/24h

osmotic pressure freezing point methods) mOsm/kg

sodium (Na) ion selective electrode methode) mmol/24h

potassium (K) ion selective electrode methodc mmol/24h

chloride (CI) coulometric titration methodc) mmol/24h

Equipment used

a): AUTION MINItm AM-4290 (ARKREY, Inc.)

b): Osmotic Pressure AUTO & STAT OM-6030 (ARKREY, Inc.)

c): Automatic Electrolyte Analyzer PVA-a II (Analytical Instrument Inc.)

note: At the examination in month 6, 2 males was subjected to re-collection of urine sample or
re-examination was conducted (days 176 and 177).

In No. 2001, re-collection of the urine sample was conducted to examine osmotic pressure
and output of electrolytes, since an initial urine sample was dropped on the floor and could
not be collected. The data from re-collected urine for urine volume was adopted.

In No. 4007, re-examination of water intake was conducted, since a relatively high value
compared to other animals was recorded, although there was no apparent abnormality in

any other parameter. The data from re-examination were adopted, since it was judged that

the re-examined value was normal for these weeks of age.
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6.11.6 Hematology

At the time of necropsy conducted on the day following the end of the administration
period or the end of the recovery period, the survivors were deprived of food overnight
(approximately 16 to 20 hours) prior to blood collection. Blood samples were collected
from the abdominal aorta under ether anesthesia into blood collection tubes
(approximately 1 mL, SB-41: Sysmex Corp.) containing an anticoagulant (EDTA-2K)
and the following items were determined. May-Gruenwald-Giemsa staining smears
from all animals were prepared as reserve in the case of microscopic examination,
although examination was not actually conducted. However, for determining PT,
APTT and fibrinogen, plasma obtained by centrifuging (set at 3100 rpm, approximately
1690 x g for 12 minutes) blood samples (approximately 0.9 mL) treated with 3.8 w/v%
sodium citrate (1 vol sodium citrate solution/9 vol blood) was used.

Text Table 3. Items, Methods and Equipment for Hematological Examinations

Item Method Unit

red blood cell count (RBC) dual angle laser flow-cytometric measurementa) 104/uL

hemoglobin (HGB) modified cyanmethemoglobin methods) g/dL

hematocrit (HCT) calculated from mean corpuscular volume and red blood

cell counta)

%

mean corpuscular volume (MCV) dual angle laser flow-cytometric measurementa) fL

mean corpuscular hemoglobin (MCH) calculated from red blood cell count and hemoglobina) pg

mean corpuscular hemoglobin concentration

(MCHC)

calculated from hematocrit and hemoglobina)

g/dL

reticulocyte ratio (Reticul.) laser flow-cytometric measurement with RNA staina) %

platelet count (PLT) dual angle laser flow-cytometric measurementa) 104/pL

white blood cell count (WBC)

dual angle laser flow-cytometric measurementa)

102/uL

differential leukocyte count (note) peroxidase flow-cytometric measurement and dual angle

laser flow-cytometric measurementa)

%

prothrombin time (PT) clot methodb) s

activated partial thromboplastin time

(APTT)

clot methodb) s

Fibrinogen (FIB) thromboplastin methodsy mg/dL

Equipment used

a): ADVIA@120 Hematology System (Bayer Corporation, New York, USA)

b): Coagulometer ACL 100 (Instrumentation Laboratory)

note: Lymphocytes (LYM), neutrophils (NE), eosinophils (EOSINO), basophils (BASO), monocytes (MONO)

and large unstained cells (LUC)

6.11.7 Blood chemistry

At the same time as hematology, blood samples were collected from the abdominal
aorta into blood collection tubes (approximately 5 or 6 mL, Venoject I1-Autosep:
Terumo Corporation) containing serum separator, and the serum was obtained by
centrifugation (set at 3,100 rpm, approximately 1,690xg for 12 minutes). The
following items were determined on the serum. However, for determining AST, ALT
and CK, the plasma obtained by centrifuging (set at 3,100 rpm, approximately 1,690xg
for 12 minutes) blood samples collected into test tubes (approximately 2 mL)
containing anti-coagulant heparin sodium salt (approximately 20 units/mL blood) was

used. The following parameters were determined.

Text Table 4. ltems, Methods and Equipment for Blood chemistry Examinations
Item Method Unit

AST UV-rate methoda) IU/L

ALT UV-rate methoda) IU/L
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AIP (ALP) Bessey-Lowry methoda) 1U/L

CK UV-rate methoda) IU/L

total cholesterol (T-CHO) CEH-COD-POD methoda) mg/dL
triglyceride (TG) LPL-GK-GPO-POD methoda) mg/dL

total bilirubin (T-BIL) bilirubin oxidase methoda mg/dL

glucose (GLU) glucose dehydrogenase methoda) mg/dL

blood urea nitrogen (BUN) urease-LEDH methoda) mg/dL

creatinine (CRNN) creatininase-creatinase-sarcosine oxidase-POD methoda) mg/dL
sodium (Na) ion selective electrode methoda) mmol/L

potassium (K) ion selective electrode methods mmol/L

chloride (CI) ion selective electrode methoday mmol/L

calcium (Ca) OCPC methoda mg/dL

inorganic phosphorus (P) molybdic acid methoda) mg/dL

total protein (TP) Biuret methoda) g/dL

AJG ratio (A/G) calculated from protein fractions

protein fractions cellulose acetate membrane electrophoresiss) %
Equipment used

a): Toshiba Biochemical Analyzer Model TBA-120FR (Toshiba Corp.)
b): CLINISCAN SA-V (Helena Co. Ltd.)

6.11.8 Pathology

6.11.8.1 Necropsy

After collecting blood samples, all survivors were sacrificed by exsanguination from
the abdominal aorta under ether anesthesia. External appearance and all the
organs/tissues in the cranial, thoracic and abdominal cavities were carefully examined
and the results were recorded. The animal that was found dead was necropsied as soon
as it was discovered.

6.11.8.2 Organ weights

After necropsy, the organs listed below of all survivors were weighed (absolute weight)
and organ weight per 100 g body weight (relative weight) was calculated based on the
fasted animal’'s body weight and absolute organ weight. The paired organs indicated by
asterisks (*) were weighed separately; however, evaluation was done on the total value
of the right and left organs. Organ weights were not measured on the animals that were
found dead.

brain, pituitary, thyroids (including parathyroids)*, adrenals*, thymus, spleen, heart,
lungs (including bronchus), salivary glands (submandibular + sublingual glands)*, liver,
kidneys*, testes*, ovaries*, epididymides*, uterus, prostate and seminal vesicles
6.11.8.3 Histopathology

All the organs/tissues listed below of all animals were fixed and preserved in phosphate
buffered 10 vol% formalin. However, the eyeballs and optic nerves were fixed with a
mixture containing 3 w/v% glutaraldehyde and 2.5 vol% formalin, and the testes and
epididymides of all survivors were fixed with Bouin's solution, and then preserved in
phosphate buffered 10 vol% formalin. All organs/tissues of all animals were embedded
in paraffin, sectioned and stained with hematoxylin and eosin (H.E). Of these, all
organs/tissues from the control and the high dose groups were examined
histopathologically in the main group (26-week sacrificed group). In addition, sections
of the adrenal and liver in both sexes and mammary gland, submandibular gland and
thyroid in females from all other groups were subjected to histopathological
examination, since treatment-related lesions were suspected in these organs. The
submandibular gland in males was also suspected to be a target organ and it was also
examined; however, it was ultimately judged that there were no treatment-related
changes. In the recovery groups, the above organs/tissues suspected to be the target
organ from all animals were examined. The paired organs indicated by asterisks (*)
were examined bilaterally; however, the organs marked with # were examined
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unilaterally:

cerebrum, cerebellum, spinal cord (cervical, thoracic and lumbar), sciatic

nerves#, eyeballs*, optic nerves*, Harderian glands*, pituitary, thyroids*,
parathyroids*, adrenals*, thymus, spleen, submandibular lymph node,

mesenteric lymph node, heart, thoracic aorta, trachea, lungs (including

bronchus), tongue, esophagus, stomach, duodenum, jejunum, ileum, cecum,

colon, rectum, submandibular glands*, sublingual glands*, parotid glands*,

liver, pancreas, kidneys*, urinary bladder, testes*, epididymides*, prostate,

seminal vesicles*, ovaries*, uterus*, vagina, mammary glands (inguinal region,

both sides)#, sternum (including bone marrow), femurs (including bone

marrow)#, femoral skeletal muscles#, skin (inguinal region, both sides)#,

preputial glands*, clitoral glands* and gross lesions

Besides the organs/tissues listed above the oviducts, extraorbital lacrimal glands,
Zymbal's glands, larynx, nasal cavity and the site of animal identification (ear auricle)
were preserved.

6.11.8.4 Electron microscopy

At the time of necropsy conducted on the day following the end of the administration
period or the end of the recovery period, liver and kidney (cortex and medulla) from 2
animals in each sex in the control and 100 mg/kg group (note) were fixed with phosphate
buffered 0.5 w/v% glutaraldehyde and 1.5 w/v% paraformaldehyde, post fixed with 1

w/v% tetroxide osmium and embedded in epoxy resin.
note: animal Nos. 1001, 1003, 4002, 4004, 1101, 1103, 4101 and 4103 at week 26 of administration,

animal Nos. 1013, 1015, 4013, 4015, 1113, 1115, 4113 and 4115 at week 4 of recovery Adequate
Battery: yes (x), no ( )—explain

Peer review: yes( ), no()
Results:

Mortality: Below is the sponsor table on the progression for the one animal that died in
the study in the high dose group.

Tahle 1-1 Twenty-six—week oral gavage toxicity study of NS-304 in rats with 4-week recovery period

Clinical signs (Administration period, dead animals)

Dav Week of administration
Sex  Dose Animal of
mg/ kg number death 1 2-14 15 16 17 15-26

Male 100 1001 113

==
t
==

AKL

A ¢ Flush(pinna, 1imhs)
B @ Flush(whole body)

.| . Deerease, spontanecous movement

K © Deep breathing
¢ Unkempt Tur
I Dead

Clinical signs:

Body weights:
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Ophthalmoscopy: no treatment related abnormalities were reported

EKG: not done
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Hematology:
Text Table 3-1.

Summary of hematology —End of the administration period—

Sex Male Female
Dose (mg/kg/day) 6 25 100 6 25 100
No. of animals 12 12 11 12 12 12
HGB N N N N N 404 FF
HCT N N N N N -404%
MCV N N N N +49%* N
WBC -3 1%%* N -23%* N N N
Differential
leukocyte ratio

Lymphocyte ratio N +2 30 %% +16%** N N N

Neutrophil ratio N -4 %% -27%* N N N

Monocyte ratio N N -34%%* N N -35%%
Platelet =150, ** -16%** -3204%% N N -1 7%**
Fibrinogen N N N N +23%%* +46%%*

Values 1in the table indicate percentage of change against the control mean (-: decrease. +: increase).

N: No remarkable changes

* (*%): p=0.05 (0.01) (significantly different from the control group)

Text Table 3-2. Summary of WBC and differential leukocyte count™

—End of the administration period—
Sex Male Female
Dose (mg/kg/day) 0 6 25 100 0 6 25 100
No. of animals 12 12 12 11 12 12 12 12
' 107.2. T4 . 84.2 "

Lymphocyte ratio 62.6% 76.8%p%*

actual number 671 NC 647 398 NC _NC
Neutrophil ratio 30.8% N 18.2%**  22.6%* 22.8% N
_____ actwalnumber 330 ) NC
Monocyte ratio 3.8% N
actual number 4.1 NC

Values are group mean.

a): Actual number of each cell type was calculated from WBC and differential leukocyte ratio (unit: 10%/ulL).
N: No remarkable changes

#(*%): p=0.05 (0.01) (significantly different from the control group)

NC: Not calculated, since there were no statistical ditferences from the control group in the ratio

Text Table 3-3. Summary of hematology —End of the recovery period-

Sex Male [emale
Dosc (mg/kg/day) 25 100 25 100
No. of animals O 0 o O
Dillerential
leukocyte ratio

Basophil ratio -25%* =500 ** N N
PT N -4%* N N
APTT -10%* -10%* N N

Values in the table indicate percentage of change against the control mean (-: decrease).
N: No remarkable changes
# (%) p<0.05 (0.01) (significantly different from the control group)
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Clinical chemistry:

Text Table 4-1. Summary of blood chemistry —End of the administration period—

Sex Male Female
Dose (mg/kg/day) 6 25 100 6 25 100
No. of animals 12 12 11 12 12 12
AST N N N N -490FF -56%FF
ALT -51%* N N N -48%** -52%%*
CK N N N N -14%* BT
AlP N N N N N +90%**
T-CHO N N N N N +2905%
TG N N -51%%* N N -62%*
Glucose N N -] ROG** N N N
BUN N N N N N -20%*
K N N -80p%* N N N
Protein fractions
Albumin ratio N +0%* N N N N
u;-globulin ratio N N N N N £20%%*
B-globulin ratio -6%* “To%%* N N N +10%*
v-globulin ratio N N +17%* N N N
AJG ratio N +14%% N N N -11%%

Values in the table indicate percentage of change against the control mean (-: decrease. +: increase).

N: No remarkable changes
*(**): p=0.05 (0.01) (significantly different from the control group)

Text Table 4-2. Summary of blood chemistry —End of the recovery period—

Sex Male Female
Dose (mg/kg/day) 25 100
No. of animals 6 6
CK -229%* N N
BUN +17%%* N N
P 1 N
Protein fractions
B-globulin ratio -10%* N N
v-globulin ratio N +28%*

Values in the table indicate percentage of change against the control mean (-: decrease, +: increase).

N: No remarkable changes

*(*%): p<0.05 (0.01) (significantly different from the control group)

Urinalysis:

Text Table 2-1. Summary of urinalysis —Month 3 of administration—

Sex Male Female
Dose (mg/kg/day) 6 25 100 6 25 100
No. of animals 12 18 18 12 18 18
Urine volume N £54%%* £36% N £166%** +30505%*
Water intake N +30% +24% N £24% £82%%*
Osmolality N -23% -28%* N -46%%* -60%**
Na N N N N +44%p** +33%%*
K N N N N +53%%* +35%%
Cl N N N N +55%** £36%*
Values i the table indicate percentage of change against the control mean (-: decrease, +: increase).

N: No remarkable changes

* (%) p=0.05 (0.01) (significantly different from the control group)
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Gross pathology:
1) Dead animal (one male in the 100 mg/kg group, Animal No. 4001)

Nodule in the thymus, enlargement of the submandibular, mesenteric and other lymph
node, excess fluid in abdominal and thoracic cavities, enlargement of the spleen and
liver, dark red focus in the femur and unkempt fur were observed.

2) End of the administration period
(1) Males

There were no treatment-related changes in any animal.
(2) Females

Hair loss (alopecia) was observed in 2/12 females in the 100 mg/kg group.

3) End of the recovery period
There were no treatment-related changes in any animal in either sex.
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Organ weights (specify organs weighed if not in histopath table):
Text Table 5-1. Summary of organ weights —End of the administration period-

Sex Male Female

Dose (mg/kg/day) 6 25 100 6 25 100
No. of animals 12 12 11 12 12 12
Body weight at necropsy N -5% -1 705 N N N
Brain

absolute N N N N N N
relative N N +2204%* N N N
Thyroid

absolute N N N N N N
relative N N N N +26%* +3]1%**
Salivary gland

absolute N N N N N +219%0%*
relative N N +23%** N N +26%%*
Heart

absolute N N N N N +2305%*
relative N +12%* 23%p%* N F16%** +29%p%*
Lung

absolute N N N N N +15%**
relative N +15%** 31 %%** N +14%* +22%%*
Liver

absolute N N N N N +25%%*
relative N N +2 1 %** N +13%%% +30%%*
Kidney

absolute N N -11%* N N N
relative N N N N N +8%*
Adrenal

absolute N +15%* +22%p%* N +23 %% * +4 0% *
relative N +22%** +56%%* N +29%%* +4804%*
Testis

absolute N N N NA NA NA
relative N N +21%** NA NA NA
Prostate

absolute N N =190, %* NA NA NA
relative N N N NA NA NA
Epididymis

absolute N N -10%* NA NA NA
relative N N N NA NA NA
Seminal vesicle

absolute N N -19%%* NA NA NA
relative N N N NA NA NA
Values in the table indicate percentage of change against the control mean (-: decrease, +: increase).

N: No remarkable changes
NA: Not applicable

(%) p=0.05 (0.01) (sigmficantly different from the control group)
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Text Table 5-2. Summary of organ weights —End of the recovery period—

Sex Male Female

Dose (mg/kg/day) 25 100 25 100
No. of animals 6 6 6 6
Body weight at necropsy -5% -20%%* N N
Brain

absolute N N N N
relative N +22045%* N N
Pituitary

absolute -18%p™* -24%%* N N
relative -129p%* N N N
Thyroid

absolute N N +41%%* N
relative N 4995 * +450,% N
Salivary gland

absolute N -16%%* N N
relative N N N N
Thymus

absolute N N N +71%*
relative N N N FRRBYL*
Heart

absolute N N N N
relative +8%* +]120p%* N +29%*
Lung

absolute +10%* N N +14%*
relative +15%* ] 90p%* N F199%g%*
Liver

absolute N N N N
relative N N N F17%*
Spleen

absolute N N N N
relative +149%% N N N
Kidney

absolute N -18%%%* N N
relative N N N N
Adrenal

absolute N -219%* N N
relative N N N +42%*

Values in the table indicate percentage of change against the control mean (-: decrease, +: increase).
N: No remarkable changes
(*%): p<0.05 (0.01) (significantly different from the control group)

Histopathology: Adequate Battery: yes (x ), no ( )—explain
Peer review: yes( ), no()
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Text Table 6. Incidence summary of histopathological lesions —End of the administration period—

Sex Male Female
Dose (mg/kg/day) 0 6 25 100 0 6 25 100
No. of animals 12 12 12 11 12 12 12 12
Adrenal
Hypertrophy, zona glomerulosa (+, +) 2 1 4 11 1 3 10 12
Liver
Hypertrophy. hepatocytic, central (+) 0 0 0 5 0 0 0 9
Mammary gland
Hyperplasia, acinar cell, diffuse (total) 0 NE NE 0 8 6 9 11
() 0 NE NE 0 7 5 9 1
(+) 0 NE NE 0 1 1 0 10
Submandibular gland
Hypertrophy, acinar cell (%) 0 1 1 1 0 0 7 10
Thyroid
Hyperplasia, follicular cell, diffuse () 0 NE NE 0 0 0 1 4

Values in the table indicate the number of animals with lesions.
+: Minimal, +: Mild
NE: Not examined

Toxicokinetics:
Text Table 7. Summary of TK parameters
Sex Male (n=3) Female (n=3)
Dose (mg/kg/day) 6 25 100 6 25 100
NS-304
T (h)
Day 1 0.5 0.5 1.0 0.5 0.5 0.5
Week 26 0.5 0.5 1.0 0.5 0.5 0.5
Clne (ng/ml)
Day | 0.204 1.27 4.89 0.181 2.08 5.51
Week 26 0.398 0.498 2.07 0.405 2.77 10.1
Cyp, (ng/mL)
Day | 0.0462 0.787 4.89 0.0476 0.642 3.60
Week 13 0.0626 0.415 1.37 0.0609 0.368 3.59
AUCqa4, (ng-h/mL)
Day 1 0.137 1.73 13.1 0.126 1.72 12.4
......... Week26 . .029 14 533 028 28 188
MRE-269
T o {h)
Day 1 1.0 1.0 1.0 1.0 1.0 1.0
Week 26 1.0 1.0 1.0 1.0 1.0 1.0
Cunx Ul‘_-’-"rmL)
Day 1 1.12 7.06 223 0.904 6.85 20.0
Week 26 1.26 446 12.7 1.78 11.9 43.7
Cyp (ug/mL)
Day | 1.12 7.06 223 0.904 6.85 20.0
Week 13 1.31 5.07 8.13 1.71 6.01 24.8
AUCqa4, (ng-h/mL)
Day | 6.43 385 192 310 332 190
Week 26 477 227 76.3 6.79 457 202

Value in the table (C,,,, and AUC,,,) indicates the mean value of 3 animals.

Other:

Study title: 39-week oral (capsule) toxicity study in the Beagle dog
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Key study findings: dogs were placed in 4 groups of 6 males and 6 females receiving
0, 1, 2 or 4 mg/kg/day. 2 Females in the high dose group were sacrificed moribund on
day 24 and 124, respectively.

Study no.: T-08.286

Volume #, and page #: eCTD 4.2.3.2
Conducting laboratory and location: el
Date of study initiation: July 25, 2006

GLP compliance: Yes

QA report: yes(x)no ()

Drug, lot #, and % purity: NS-304 (MRE-304)/ Lot # 20/ 100.3% purity

Methods
Doses:
Text Table 1. Group Composition
76- - v , ow _week ’ ;o
Test eron Dose level o 26-week necropsy group 39-week necropsy group
gowp (mg'kg) > No. of Animal No. of Animal
animals number animals number
Control 210 0 Male 3 1001-1003 3 1004-1006
grovp Female 3 1101-1103 3 1104-1106
Low dose 2 1 Male 3 2001-2003 3 2004-2006
ow dose group Female 3 2101-2103 3 2104-2106
Middle dose , Male EN 3001-3003 ED 3004-3006
sroup - Female 3 3101-3103 3 3104-3106
. Male 3 4001-4003 3 4004-2006
High dose group 4 Femle 3 11014103 3 31044106

Species/strain: Beagle dogs

Route, formulation, volume, and infusion rate: Oral/gelatin capsules packed with
drug compound.

Satellite groups used for toxicokinetics or recovery:  none

Age: 6 months

Weight: 6.6 to 9.4 kg in males and 6.1 to 8.3 kg in females
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Sampling times:

Text Table 2. Iltems and Schedule for Observation and Examination (In-life)

Item Schedule / Frequency
Observation of Week —1 of administration: once daily (morming)
general condition Administration peried: before and 1 hour after dosing (every day) and 3 hours after dosing

(once a week)

Measurement of bedy | Once in Week —1 of adninistration (morning)

weight Until Week 13 of administration: On Day 1 of adnmunistration and once a weelk thereafter
(before dosing of the day)

From Week 14 of administration: Onee every 2 weeks (moming) and before necropsy on
the day of necropsy

Measurement of foed | Every day from Week —1 of administration until the end of the admunistration period
CONSMIptcn

Measurement of Once in Week —2 of admimstration

water intake Administration period: Onee each in Weeks 4. 13, 26 and 39 of administration

Ophthalmelogical Week -2 of administration: Once

examination Adminsstration period: Onece each in Weels 12, 25 and 38 of administration (1 to 4 hours
after dosing)

Electrocardiography | Week —2 of administration: Once (morning)
Administration period: Onee each in Weels 13, 26 and 39 of adounistration (before
dosing and 1 to 4 hours after dosing)

Urinalysis Week -2 of administration: Once
Administration period: Once each in Weeks 4. 13, 26 and 39 of administration

Hematological Week -1 of administration: Once

examination Admindstration period: Once each 1n Weeks 13, 26 and 39 of adounistration (before
dosing)

Blocd chemistry Week -1 of administration: Once

examination Admindstration period: Once each 1n Weels 13, 26 and 39 of adounistration (before
dosing)

Unique study design or methodology (if any):

Observation and Times:

6.13.1 Clinical Observation

All animals were observed for clinical abnormalities such as the condition of visual
mucosa and appearance of excreta and abnormal behaviors and abnormalities observed
were recorded.

6.13.2 Measurement of Body Weight

All animals were weighed between 08:12 and 9:50 on the days of measurement (before
dosing of the day during the administration period). On the day of necropsy, animals
were weighed after fasting for at least 16 hours from the previous day. Moribund
animals were weighed before necropsy.

6.13.3 Measurement of Food Consumption

For all animals, feed was supplied and removed as described in 6.5, one-day food
consumption was calculated from the residual amount, and mean daily food consumption
was calculated from the cumulative food consumption for 1 week.

6.13.4 Measurement of Water Intake

For the animals that were alive at the time of urinalysis, 1000 mL of water was put into
a 1000-mL polyethylene container for each animal, and the amount of water that
remained was measured (by weight and recorded by volume) at 08:40-09:44

on the following day to calculate daily intake. During the measurement of water

intake, the automatic water supply system was stopped. For the animal (No. 3001) for
which contamination of the urine collected in Week 13 of administration with drinking
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water was suspected and for the animal (No. 2001) which took all the water given and
thus correct water intake could not be measured, the amount of water intake was
measured again and urinalysis was done again using the urine re-collected.

6.13.5 Ophthalmological Examination

For all animals, using the equipments listed in Text Table 3, each item was examined
macroscopically, or using a slit lamp, binocular indirect ophthalmoscope or fundus
camera. Light reflex test was done first, and the anterior portion and fundus of the eye
were examined after application of Mydrine P (Lot Nos. MP0932, MP0940, MP0935,
Santen Pharmaceutical Co., Ltd.), a mydriatic agent, to the eyes. Fundus oculi was
photographed for all animals before the start of administration and only for one animal
(No. 2002) in Week 25 of administration. For this animal, fundus oculi was also
examined and photographed in Week 26 of administration to examine progress of the
changes.

Text Table 3. Ophthalmological Examinations

Examination Equipment Ttems

Macroscopic observation Pen light Macroscopic examination of
external appearance of the eves

Examination of anterior porticn, | Binocular indirect ophthalmoscope ¥ | Observation of comea, comjunctiva,

optic media and fundus oculi and slit lamp ¥ lens, ins, vitrecus body and fundus
oculi

Photography of fundus oculi Fundus camera ® Photography of fundus oculi

Instruments used

a): Omega 200, HEINE OPTOTECHNIE, Germany

b): Slitlamp (SL-14, Kowa Co., Ltd.)

c): Fundus camera (Kowa GENESIS, Eowa Co., Ltd.)

6.13.6
Electrocardiography
For all animals, items listed in Text Table 4 were recorded and calculated. During the
administration period, the examination after dosing was performed in such a way that
the examination time was approximately the same time for each group.

Text Table 4. Electrocardiography

Eecording conditions Position of amimals etc.: Unanesthetized, night recumbent position, standard limb lead
Equipment used: Electrocardiograph (LABO-SYSTEM ZM-5012; Fulmda
M.E. Co. Ltd)

Ttems calculated Heart rate, P-E_ Q-T and QRS intervals,
QTc: Q-T interval (s) VE-F interval is) = 1.000

6.13.7
Urinalysis

For all animals, fresh urine and cumulative urine were collected and items listed in Text
Table 5 were examined by the method described in the same table. A urine collector

was placed under each cage and fresh urine (comparatively fresh urine after urination)

was collected between 08:50 and 13:20 before dosing during the administration period
under deprivation of feed and drinking water. Cumulative urine was collected

thereafter for approximately 20 hours from 13:00 (after dosing during the

administration period) to 09:20 next morning with free access to feed and drinking

water. At the same time as for cumulative urine collection, water intake was measured.
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Text Table 5. ltems, Methods and Equipment in Urinalysis

1) Examination on fresh vrine 1) Examunation on comulative urine

Ttem Method Item Method

rH ™y urine volume  measuring cylinder Uitz ml)
protein

glucose Multistix Test Paper

ketones »  (Bayer Medical Ltd., Lot Nos. sodium ] ion selective electrode method ®
occult blood SKI11C, 6B10C, 6C15D, 6HI9C, | potassium = (Unit: mmcl/20h)
urobilinogen GLO9IY chloride _J

bilirubin

sediment mucroscopic examination

specific gravity  refractometry ™

color MACIOSCOPIC eXanunation

Ecuipment used

a): Clinical Refiactometer (Erma Inc.)

I): Clinical Laboratory System TBA-120 FR (Teoshiba Corporation)

For the animal (No. 2001) which took all the water given and thus accurate water intake
could not be measured and for the animal (No. 3001) for which contamination of the
urine collected with drinking water was suspected in Week 13 of administration, the
amount of water intake was measured again and urinalysis was done again using the
re-collected urine. The data of re-urinalysis were adopted since they were all within the
range of the background data of the testing facility. For the animals that showed occult
blood (£ to ++) or protein (++) in the urinalysis of fresh urine in Week -2 of
administration and Week 13 of administration, re-examination was done (2 to 4 times)
for confirmation. However, since the values obtained in the re-examination were
similar to the initial values and the initial data were adopted, the data obtained in the
re-examinations were regarded as supporting data.

6.13.8 Hematological Examination

After deprivation of feed for at least 16 hours from the previous day, blood samples
(approximately 2 mL) were collected via the cephalic vein of all animals. Blood
samples (approximately 1 mL) that were put into blood collecting tubes containing
EDTA-2K (SB-41: Sysmex Corporation, Lot Nos. G5090, G6002, G6040) and items
listed in Text Table 6-1) were measured by the method specified in the same table.
Blood smear specimens were prepared by the May-Gruenwald-Giemsa staining method
for all animals. In addition, blood samples (approximately 1 mL) that were collected
into blood collecting tubes containing 3.8 w/v% sodium citrate solution (volume ratio

of blood to citrate solution = 9:1) were centrifuged (approximately 1,600 x g, 10
minutes) and plasma samples were examined for items listed in Text Table 6-2) by the
method specified in the same table. For moribund animals (Nos. 4102, 4106), blood
was collected in the same manner and examined, but these animals were not fasted
before blood collection.
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Text Table 6. Items, Methods and Equipment for Hematological Examinations

1) Examination en EDTA-2K treated blocd samples
Item Method Unit
red blood cell count (RBC) dual-laser flow cytometry 105l
hemoglobin (Hb) modified cyanmethemoglobin method ¥ g/dL
hematocrit (Ht) calculated from red blood cell count and mean %9
corpuscenlar volume ¥
mean corpuscular volume (MCV) dual-laser flow eytometey ™ il
mean corpuscular hemoglobin (MCH) calculated from red blood cell count and hemoglobin ¥ PE
mean corpuscular hemoglobin concentration  caleulated from hematocrit and hemoglobin™ g/dL
(MCHC)
reficulocyte percentage (Reticulocyte) and laser flow cytometry by EINA staining ? Yo,
count 107/l
platelet count (Platelet) dual-laser flow cytometry ™ 104l
white blood cell count (WBC) dual-laser flow cytometey ™ 103.-'|.|I_
differential white blood cell percentage and flow cytometry by peroxidase staining + dual-laser flow %
differential white blood cell count cytometry ™ 103.-'|.|I_
2) Examination on plasma samples separated from sodium citrate-treated blood samples
Item Method Unit
prothrombin time (PT) clot method * 5
activated partial thromboplastin tiume (APTT)  clot method ™ . 5
fibiinogen fhrombeplastin method ) mg'dl
Equipment used
a): Advia 120 Hematology System (Bayer Corporation, New Tork, TUSA)
b): Coagulometer ACL 100 (Instrumentation Laboratory)

White blood cells were classified as monocytes. neutrophils, eosinophlils, basephils,
lymphocytes and large unstained cells.

6.13.9 Blood Chemistry Examination

Portions of blood samples (approximately 4 mL) that were collected

for hematology were put into test tubes, and allowed to stand at room temperature. The
serum samples obtained by centrifugation (approximately 1,600 x g, 10 minutes) were
examined for items listed in Text Table 7-1) by the method specified in the same table.
Blood samples (approximately 2 mL) that were collected into blood collecting tubes
containing heparin (approximately 20 units of heparin per 1 mL blood, Heparin sodium
for injection "Simizu", Ajinomoto Pharma Co., Ltd., Lot No. 40231) were centrifuged
(approximately 1,600 x g, 10 minutes) and the plasma samples obtained were examined
for items listed in Text Table 7-2) by the method specified in the same table. For
moribund animals, examination was done as far as possible. Fractions for protein
electrophoresis were evaluated as _ (_1+_ 2+ 3), _(_1+_2), and _. The serum samples
remaining after examination were sent to the Sponsor in a freezing condition for their
use.
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Text Table 7. Items, Methods and Equipment for Blood Chemistry Examinations

1) Examination on sera separated after standing at room femperature

Item hdethod Lnit
ALP Bessey-Lowry method ¥ ) L
total cholesteral (CHO) CEH-COD-POD method mg/dL
triglyeeride (TG) LPL-GK-GPO-POD method 3 mg/dL
total bilirobin (BIL) bilirubin oxidase method ™ mg/dL
glucose (GLLT) glucose debydrogenase method mg/dL
blood wrea nitrogen (BUIN) ureaze-LEDH method * mg'dL
creatinime (CRE) creatininase-creatinase-sarcosine-oxidase-POD method ™ mg/dL
sodiuvm (MNa) ion selective electrode method ¥ mmelT
potassinm (K) ion selective electrode method ™ mmeolT
chloride (C1) ion selective electrode method ¥ mmolT
calcinm (Ca) OCPC method ™ mg/dl
inorganic phosphoms (IP) molybdic acid method ¥ mg/dL
total protein {TF) biuret method ™ g/dL
albumin (AT E) BCG method ™ gidl
AJG ratio calculated from total protein and albumin )

protein fractions electrophoresis using cellulose acetate membrane ) b

2) Examination of plasma samples from hepann treated blood sample

Ttem Method _ Uit
AST(GOT) UV-rate method ™ UL
AILT(GPT) UV-rate method ™ UL
LDH UV -rate method ™ L
CPK UV-rate method ¥ ILL
Equipment used

a): Climieal Laberatory System TBA-120FE. (Toshiba Corporation)

b): Cliniscan 2 (K K Helena Kenloyyve)

6.13.10 Pathological Examinations

1) Necropsy

All animals subjected to necropsy were fasted for at least 16 hours from the previous
day. They were sacrificed humanely by exsanguination via the cervical artery under
anesthesia by intravenous injection of pentobarbital sodium (30 mg/kg, Tokyo Kasei
Kogyo Co., Ltd., Lot No. GM01). They were subjected to necropsy as soon as possible
after sacrifice. The organs/tissues weighed and collected for histopathological
examination are listed in Text Table 8.

2) Measurement of Organ Weight

For the organs listed in Text Table 8, absolute weight was measured and the weight per
body weight (relative weight) was calculated from the animal’s terminal body weight
and the absolute organ weight. For the paired organs, organ weight was measured
separately but evaluation was done on the total weight.

3) Histopathological Examination

The subject organs/tissues are shown in Text Table 8. For all animals, the organs and
tissues were removed and fixed in phosphate buffered 10 vol% formalin. However, the
eyeballs and optic nerves were fixed in phosphate buffered 3 vol% glutaraldehyde/2.5
vol% formalin and the testes were fixed in Bouin’s solution and these organs/tissues
were preserved in phosphate buffered 10 vol% formalin. All the organs/tissues of all
animals were embedded in paraffin, and sections were prepared, stained with
hematoxylin/eosin (H&E) and subjected to microscopy.
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Text Table 8. List of Organs/tissues for Pathological Examination

Histopathology
HE&E

Organ/tissne Crgan weight

cerehmim Y Y
cerebellum ' 1 (together)

¥
medulla oblongata i =
spinal cord y

Opic nerve A

sciatic nerve 4

eveball '4'

lacrimal gland

pituitary

throid

parathyroud

adrenal

thvimns

spleen

submandibular lymph node

S A N P A B
e

mezenteric lvmph node

heart

aotta (acrtic arch)

larymx

trachea

lung {including bronchus)

tongue

esophagus

stomach

duodenum

8]

ilenm

CEeC

colon

recium

submandibular sland

NN PN N N N P N U PN R N

sublmznal gland

parotid gland

liver
gallbladder

Y
JL e geThe*rj

E I I .

pafcreas A

ludney

J =
=

ureter

<]

urinary hladder

testis/ovary LR L

epididynus/utens J iy R

prostate/ vagina Wi y /

mammary gland

sternum (including bone marrow)

femur (including bone marmow)

femoral skeletal muscle

- ) o R

slan (abdominal region)

part for individual identification (ear auricle) {preservation only)

Adequate Battery: yes (x), no ( )—explain
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Peer review: yes (), no(x)
Results:

Mortality:

Clinical signs:

Body weights:

(kg)
?

7+
O—0 0 m/kg
sl A- —A 1 my/kg
L 1B Initial bogy weiont a3 4 1]
c A L A A '} e A A ' A A A L A ' A ' A A ok L 'S L 1 A A A "
-1k 1 2 3 4 5 6 7 8 9 1011 1213 15 17 19 21 23 25 27 29 3 33 35 7 39
} Dosing period (Weeks) —
10
QL g
OO ~o
. g o
E o8 Female R .
7=
0 mg/kg
A~ —A 1 mg/kg
6k & —{71 2 m/kQ
e I8K: Initial body weignt &—-—& 4 my/kg
A L A A I} ' A L ' L A L A A ' L 1 1 ' I A A A A L A A
-{I8W1 2 3 4 56 7 8 910111213 5 17 19 20 23 25 27 29 U I} I I
!

I Dosing period (Weeks)

Fig.1 39-week repeated dose oral toxicity study of NS-304 in dogs
Body weight changes
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Food consumption:

300
;m_ \>
s
£
2
100
O 0 my/kg
A— —A 1 mg/kg
E— —2 mg/kg
c L 1 1 1 ' A ' i 1 1 'S L 1 1 o_._04mg/k°
=112 3 45 6 7 8 91011121314 1516 17 18 102021 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 39 9
(o Dosing period (Weeks) |
300+
7 20k
=
-3
8
=2
100~
o 1 ' ' A A A A 1 1 L L 1 1 1 L I 1 1 1 L ' A 1 A L AL A AL ' ' ' 1 Al L A ' ' 1 I
-1 2 345 6 7 8 9 101112131415 % 17 18‘92021222324252527282930313233343553738319
1

.

Dosing period (Keeks)

Fig.2 39-week repeated dose oral toxicity study of NS-304 in dogs

Food consumption changes

Histopathology: Adequate Battery:
Peer review:
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Text Table 9-1 TK Parameters of NS-304 in Plasma (Mean Values)

Male' Femule

Dose

(mgkg) Week

AUCh
(ug-hmL)

2.355/336

Text Table 9-2 TK Parameters of MRE-269 in Plasma (Mean Values)

Dose

Male Female

Week C

(mgkg) Lug’EI.)

AUC 3
(ug-hml)

Toxicokinetics:

Other:

Study title: Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice

Key study findings: Study was primarily to determine doses for the carcinogenicity
study. Doses of 0, 100, 300, and 500 mg/kg/day were administered. The top dose of
500 mg/kg/day had one animal die, and liver and kidney effects after only 13 weeks.
That may be too high a dose for a 104 week carcinogenicity study, leading to loss of the

high dose group.

Study no.: T-08.292
Volume #, and page #: eCTD 4.2.3.2
Conducting laboratory and location:

Date of study initiation: Oct. 24, 2006
GLP compliance: Yes
QA report: yes(x)no ( )
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Drug, lot #, and % purity: NS-304, lot # 20, 100.3% pure

Methods
Species/strain: B6C3F1/Crlj SPF mice
Route, formulation, volume, and infusion rate: Oral Gavage
Age: 5 weeks of age
Weight:
group, respectively, to evaluate toxicity and systemic exposure. Individual body

weight on the starting day of administration ranged from 21.1 to 24.8 g in males and
17.2 to 20.3 g in females for the main group, and that for the satellite group ranged from
21.2t025.4 ginmales and 17.2 to 21.3 g in females.

Sampling times: see observation & times

Text Table 1. Group compaosition

Test Dose Concentration Dose Sex Main group Satellite group
group  (mghkgday) {mg/mL}) volume Mo, of Animal Mo. of Animal
{mLkp/day) animals No. animals Mo,
Control 0 0 10 M 10 1001-1010 20 1201-1220
F 10 1101-1110 20 1301-1320
TR T — TR TTR— T T E— FE— 3351354
-  _F 10 o210 42 2301-242
Middle 300 30 10 M 10 3001-3010 42 3201-3242
0 __F 10 3030 42 3301342
High 500 50 10 M 10 4001-4010 42 4201-4242
F 10 4101-4110 42 4301-4342

M: Male, F: Female

Observation and Times: Clinical signs:
All animals were observed for clinical signs including external appearance, nutritional

condition, posture, behavior and excretions 3 times a day (before, immediately after and
approximately 2 hours afier dosing; however twice on Saturdays, Sundays and
holidays: before and immediately afier dosing) during the administration period. In
addition, the observation of 2 hours after dosing was done at days 3 (Saturday) and 4

(Sunday).
Body weights:

All animals were weighed twice in week 1 (days 1 and 7) of administration, and once a
week every 7 days thereafter. Measurement was done before administration between
08:37 and 10:23. In order to calculate the relative organ weight, the body weight was

also recorded on the day of necropsy (not fasted).
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Food consumption:
Food consumption was measured for each animal twice in week | (days | and 7) of

administration, and once a week every 7 days thereafter. Measurement was done
between 08:50 and 11:12. Onday | of administration, one day's food consumption was
measured from the day before the start of administration and that on day 7 was
calculated from 6-day's cumulative food consumption. Thereafter, 7-day's cumulative
consumption was measured and one day's food consumption was calculated.

Ophthalmoscopy:
Before the start of administration (during the quarantine/acclimatization period, 3 days

before administration), all candidate animals for main group were examined, and the
animals with ophthalmological abnormalities that might affect the toxicity evaluation
were excluded from animal grouping for the main group (note).
In month 3 of administration (week 13, day 85), all animals of each sex in the control
and 500 mg/kg groups were examined afier dosing on the day of examination. The
examination in the 100 and 300 mg/'kg groups were not done, since no treatment-related
changes were observed in the 500 mg/kg group. The procedure for examination was as
follows.
The mydriatic agent (Mydrin® P: Santen Pharmaceutical Co., Ltd., Lot No. MP0947)
was applied to dilate the pupil and the anterior portion, transparent body (optic media)
and fundus oculi were examined an ophthalmoscope (Omega 200: HEINE
OPTOTECNIK GmbH & Co. KG, Germany).

note:  Two males and one female with severe ophthalmological abnormalities such as focal

opacity in lens, persistent tunica vasculosa lentis and myelinated nerve fiber were

excluded from the present study.

EKG: not done
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Hematology:
At the time of necropsy on the day following the end of the administration period, blood

samples were collected from the vena cava inferior of all animals (not fasted) using

syringes treated with heparin sodium under ether anesthesia into blood collection tubes

(approximately 0.35 mL) containing an anticoagulant (EDTA-2K, Microtainer™ Tube:
Japan Becton Dickinson Inc)). The following parameters were detemmined.
May-Gruenwald-Giemsa staining smears from all animals were prepared as reserve in
the case of microscopic examination. (Ultimately, the microscopic examination was
rot corducted.)

Text Table 2. Iltems, Methods and Equipment for Hematological Examinations

Item Method Uit
red blood cell count (RBC) dual angle laser flow-cytometric messurement’ 10%ul
hemaglobin (Hb) modified cyanmethemoglobin method*! g/l
bematocnt (HCT) calculatzd from mean corpuscular volume and red blood Yo

cell count®
mear corpuscular volume ( MCV) dual angle laser flow-cytometric measurement”’ ) fl.
mearn corpuscular hemoglobin (MCH) calculatzd from red blood ce!l count and hemog lobin® rs
mean corpuscular hemoglobin concentration  calculatzd fiom hematocrit ad hemoglobin™ gL
(MCHC)
reticulocyte ratio ‘Reticul.) laser flow-cytometriz measurement with RNA stan® ‘o
platelet count (PLT) dual angle laser flow-cytometric messurement’ 10YpL
white blood cell count (WBC) dual angle laser flow-cylometric measurement* 107/l
differential leukocyte count (note) peroxidase flow.cytometric measurement and dua! angle Y%
laser flow-cytometriz measurement®
Equipment used
a)  ADVIA®I20 Hematology System (Baver Corporation, New Y ork, USA)

note: Lymphocytes (LYM), neutrophils (NE), eosinophils (EOSINC), basophils (BASO), monocytes (MONO)
and large unstained cells (LUC)
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Clinical chemistry:
At the same time as hematology, blood samples were collected from the vena cava

inferior into blood collection tubes (approximately 0.45 or 0.55 mL) containing
anticoagulant heparin lithium (Capiject™: Capillary blood collection tubes, Terumo
Corporation). The plasma samples were obtained by centrifugation (set at 3,100 rpm,

approximately 1,690=g for 12 minutes) and the following items were determined.
Text Table 3. ltems, Methods and Equipment for Blood chemistry Examinations

Item Method Unit
AST UV-rate method” /L
ALT UV-rate method” UL
AlP Bessey-Lowry method” UL
CK UV-rate method” UL
total cholesterol (T-CHO) CEH-COD-POD method” mg/dL
triglyeeride (TG) LPL-GK-GPO-POD method® mg/dL
total bilirubin ( T-BIL) bilirubin oxidase method™ mg/dL
glucose (GLU) glucose dehydropensse method™ mg/dL
blood urea nitrogen (BLUN) urease-LEDH method® mg/dL
creatinme (CRNN) creatininase-creatinase-sarcosine oxidase-POD method® mg/dL
sodium (Ma) ion selective electrode method” mmol/L
potassium (K) ion selective electrode method™ mmol/L
chloride (CI) ion selective electrode method” mmol/L
calcium (Ca) OCPC method” mg/dL
inorganic phosphorus (P) molybdic acid method® mg/dL
total protein (TF) Biuret method” widl.
albumin (ALB) BCG method” gL

Equipment used
a):  Toshiba Biochemical Analyzer Model TBA-120FR (Toshiba Corp.)

Urinalysis: not done
Gross pathology:
After collecting blood samples, all animals were sacrificed by exsanguination from the

abdominal aorta under ether anesthesia. Extermnal appearance and all the organs/tissues
in the cranial, thoracic and abdominal cavities were carefully examined and the results
were recorded.
Organ weights (specify organs weighed if not in histopath table):

After necropsy, the organs listed below of all animals were weighed (absolute weight)

and organ weight per 100 g body weight (relative weight) was calculated based on the
animal's body weight (not fasted) and absolute organ weight. The paired organs
indicated by asterisks (*) were weighed separately; however, evaluation was done on
the total value of the right and left organs.

brain, spleen, heart, lungs (including bronchus), salivary glands (submandibular +

sublingual glands)*, liver (including gall bladder), kidneys*, testes* and uterus

117
Reference ID: 3859648



Histopathology:
All the organs/tissues listed below of all animals were fixed and preserved in phosphate

buffered 10 vol% formalin. However, the eyeballs and optic nerves were fixed with a

APPEARS THIS WAY ON ORIGINAL
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mixture containing 3 w/v% glutaraldehyde and 2.5 vol% formalin, and the testes and
epididymides were fixed with Bouin's solution, and then preserved in phosphate
buffered 10 vol% formalin. The organs/tissues marked with # listed below of all
animals were embedded in paraffin, sectioned and stained with hematoxylin and eosin
(H.E). Of these, all organs/tissues from the control and the high dose groups were
examined histopathologically. In addition, sections of the liver in both sexes and
kidney in males from all other groups were subjected to histopathological examination,
since treatment-related lesions were suspected in these organs. In addition, the
mammary gland in females from all groups was observed, since treatment-related
changes were observed in a 26-week oral gavage toxicity study of NS-304 in rats with
4-week recovery period ( @9 Study No. | @5895)". Ultimately,
no treatment-related changes were observed in mammary gland in the present study.
Other than the above, the animal that was found dead on day 3 in the 500 mg/kg group
(No. 4328, satellite group) was necropsied and all the organs/tissues listed below were
fixed, preserved and examined histopathologically to presume the cause of death, since
no treatment-related deaths were observed in the main or satellite groups during the
administration period except for this animal. The paired organs indicated by asterisks
(*) were examined unilaterally; however, these were preserved bilaterally.
cerebrum, cerebellum, spinal cord (cervical, thoracic and lumbar), sciatic
nerves*, eyeballs#*, optic nerves#*, Harderian glands*, pituitary#, thyroids#*,
parathyroids*, adrenals#*, thymus#, spleen#, submandibular lymph node,
mesenteric lymph node, heart#, thoracic aorta, trachea, lungs (including
bronchus)#, tongue, esophagus, stomach#, duodenum#, jejunum, ileum,
cecum#, colon, rectum, submandibular glands#*, sublingual glands#*, parotid
glands*, liver#, gallbladder#, pancreas, kidneys#*, urinary bladder#, testes#*,
epididymides*, prostate, seminal vesicles*, ovaries#*, uterus#*, vagina,
mammary glands (inguinal region, females only)#*, stermum (including bone
marrow ), femurs (including bone marrow)#*, femoral muscles*, skin (inguinal
region)*, oviducts*, extraorbital lacrimal glands*, Zymbal's glands*, larynx,
nasal cavity, preputial glands®, clitoral glands* and gross lesions (note)
Besides the organs/tissues listed above, the site of animal identification (ear auricle)
was preserved.

note:  Gross lesions were observed only in the animal that was found dead in the satellite group.
Adequate Battery: yes ( x), no( )—explain
Peer review: yes( ), no( )
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Results:

Mortality: one female in the high dose group died of treatment related causes on
treatment day 3, but this individual was in the toxicokinetics group. One male died in
the low dose group, but it was not thought to be due to treatment.

Clinical signs:

Table 1 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice
Clinical signs

(b)
(4938

Week of administration

Sex Dose Findings
mg/%g/day 1 2 3 1 5 6 7 8 9 10 11 12 13
0 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 10 10 10 10 10 10 10 10 10 10 10 10 10
Male 100 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 10 10 10 10 10 10 10 10 10 10 10 10 10
300 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 0 9 8 L) 7 5 5 5 6 4 5 6 4
Flaccidity 7 0 0 0 0 0 0 0 0 0 0 0 0
Flush(limbs) 10 1 2 1 3 5 5 5 1 8 5 4 8
500 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 0 2 1 2 1 1 1 0 2 1 1 0 0
Flaceidity 10 0 0 0 0 0 0 0 0 0 0 0 0
Flush(limbs) 10 8 9 8 9 9 9 10 8 9 9 10 10
Creeping position 1 0 0 0 0 0 0 0 0 0 0 0 0
0 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 10 10 10 10 10 10 10 10 10 10 10 10 10
Female 100 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No abnormality 10 10 10 10 10 10 10 10 10 10 10 10 10
300 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No anormality 2 6 6 2 3 2 2 1 1 1 3 3 4
Flaccidity 6 0 0 0 0 0 0 0 0 0 0 0 0
Flush(limbs) 6 4 1 8 7 8 8 6 6 9 7 7 6
500 No. of animals 10 10 10 10 10 10 10 10 10 10 10 10 10
No alnormality 0 1 1 2 1 1 0 1 1 0 1 1 3
Flaccidity 10 0 0 0 0 0 0 0 0 0 0 0 0
Flush(limbs) 10 9 9 8 9 9 10 9 9 10 9 9 7
Creeping position 2 0 0 0 0 0 0 0 0 0 0 0 0
Eye discharge 2 0 0 0 0 0 0 0 0 0 0 0 0
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Body weights:

(]
0.0 _
6.0
.0
5.0 L R, re
8-_&;-‘.‘5‘!:"";-._——0'—
0.0 [
150 |
—&— 0 /ks
=== W0 s2/ke
0o G 300 ag/kg
= 400 e/l
5.0 L
0o " . L M L M " il
0 7 £ 21 ] 35 41 L&) 56 i3 70 7 8 Bl
Fig. | Thirteen-veek oral gavage range-finding toxicity study of NS-304 Im mice
Body Neight - Nale
(g)
1.0
I I N
0.0 |
D o ———f
25.0 =
gt = -
0.0 e
=
15.0
e 0wk
=== 100 mz/kg
10.0 | e 300 we/ke
e 500 we/lg
5.0 |
0o i " i " i . n i N 4
0 7 14 21 b § 36 2 LEl 56 [} 70 kL o 8
Fig. 2 Thirteen—week ornl javege range—{lading toxicity study of NS-304 in nice

Bedy Weight - Fesals

121

Reference ID: 3859648



Food consumption:

w
ne .
(]
i |
-
- - - TS T Se— g T TR TPV Pty o —— |
4“0 ,—3""Wﬁ» K a "'""'“"“’"‘——'8; e S K it
e
e 0w/
T 0 e/
a0 se/ks
1.0 . 500 ae/te
0.0 a A " i A L N i
0 1 4 2 % R i 1" o6 L3 0 " L1} L1l
(Day)
Fig. 3 Thirteenweek oral gavage range-finding tealcity study of NS-JM in mice
Food Consunption - Wele
“)
e
(N
(N
P C— o - o — < - P —
R » i v ——
10 S - <5 - . a - o ) Q- o e 2 E
=
" eelke
- I w
° ¥ /s
.0 “o e ey
6o 7S
o " n " " « “ “ 0 » n " |
(Dayt
Fig ¢ Thirveen-veek arnl govage range-{inding taxicity study of 55-384 in mice

Food Consumption - Fermle

Ophthalmoscopy: no abnormalities reported

EKG: not done

122

Reference ID: 3859648



Hematology:

Table 5-1 Thirteen-week oral gavage range-finding toxicity study of NS-30 in mice
Item : Hematology Stage : Week 13
Sex : Male
Test Article RBC Hb Hr MOV MCH MCHC
Dose 10E4/ul g/dL % fL PR g/dl
NS-304 Mean 979 15.7 M2 1.1 16.0 35.5
0 mg/'kg S.D. 27 0.5 14 0.3 0.1 0.4
n 10 10 10 10 10 10
NS-304 Mean 997 16. 2 45.8 45. 9D 24+ 16. 2D2++ 35.4
100 mg/kg S.D. 43 0.6 L8 0.5 0.2 0.3
n 10 10 10 10 10 10
NS-304 Mean 1013 16, 6D2++ 46, 8D 24+ 45, 2D 24+ 16, 4D2 %+ 35.5
300 mg/kg S.D. 48 0.8 2.3 0.6 0.1 0.4
n 10 10 10 10 10 10
NS-304 Mean 1008 16. 5D2* 46. TD2* 46. 3D 2% 16. 402 #+ 35.4
500 mg/kg S.D. 3B 0.6 L8 0.5 0.2 0.2
n 10 10 10 10 10 10
Significantly different from control D% PLO. 05, ** PO, 01
D2:Dunnett Test Two-Side
Table 5-4 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice 'm
Item : Hematology Stage : Week 13
Sex ! Female
Test Article RBC Hb HCT MY NCH MCEC
Dose 1064/ ul. w/dL . L PR g/d
NS-304 Mean 990 16. 1 454 45.8 16.2 35.4
0 me/ke S.D - 0.4 Lo 0.5 0.2 0.5
n 10 10 10 10 10 10
NS-304 Mean 1018 16, S02es 45,002 AT 102 16, 602 ee 353
100 mg/kg S.D. @ 0.7 L8 0.5 ol 0.2
n 10 10 10 10 10 10
NS-304 Mear 1040024+ 17. 102es 48502 46. 902 16, 502+ 351
300 mg/kg S.D. 3% 0.6 Lé 0.5 ol 0.4
n 1] 10 10 10 10 10
NS-304 Mean 104502+ 17. 302+ 494D 2% AT, 002 16, 502+ 35.0
500 mg/kg 5.0, M 05 L4 04 02 0.5
n 10 10 10 10 10 10
Significantly different from control Dor P05, wx PO, 01
D2:Dunnett Test Two-Side
Table 5-5 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice 938
Item : Hematology Stage © Week 13
Sex : Female
Test Article Reticulocyte PLT waC LM N BOSIND
Dose . 1064/ul. 10E2/ul LY . .
NS-304 Mean 2.5 108. 8 3.0 82.0 | £ 1.2
0 mg/kg S.D. 0.5 50 9.3 4.3 40 0.7
n 10 10 10 10 10 10
NS-304 Mear. 2.4 110, 4 154 84.8 122 | )
100 mg/kg s.D. 0.3 35 54 38 41 1o
n 10 10 10 10 10 10
NS-304 Mean 2.6 118, 0D2es zZs 82.2 4.9 1.3
300 mg/kg S.D. 0.5 58 7.4 5.1 5.6 0.9
n 10 10 10 10 10 10
NS-304 Mean 3. ones 116, 302 29.5 B5.1 128 0.8
500 my/kg s.Db. 0.3 58 161 L9 23 0.3
n 10 10 10 10 10 1]
Significantly different frem control % P05, *» PO, 01

D2:Dunnett Test Two-Side

Clinical chemistry:
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Table 6 -1 Thirteen—week oral gavage range—finding toxicity study of NS-304 in mice Esm
Item : Blood Chemistry Stage © Week 13
Sex : Male
Test Article AST ALr CK AlP T-CHo TG
Doge 1L wa /L /L mg/dL mg/dL
NS-304 Mean 11 b3 aT 258 102 60
0 mg'kg S.D. 3 3 15 17 9 13
n 10 10 10 10 10 10
NS-304 Mean 12 2 66 262 11302+ 64
100 mg/kg S.D. 1 2 11 20 10 23
n 10 10 10 10 10 10
NS-304 Mean H 2 93 266 121024+ 55
300 mg/kg S.D. 6 2 78 21 10 18
n 10 1 10 10 10 10
NS-304 Mean 42 2 6IS2* 274 133D2%+ 67
500 mg/kg S.D. 5 5 29 2 6 15
n 10 10 10 10 10 10
Significantly different from control I % PCO. 05, *+ PLO. 01
D2:Dunnett Test Two-Side ,SZ2:Steel Test Two-Side
Table 6-2 Thirteen-week oral gavage range—finding toxicity study of NS-304 in mice F
Item : Blood Chemistry Stage : Week 13
Sex  Male
Test Article T-BIL GLU BN CRNN Na K
Dose mg/dL mg/dL mg/dL mg/dL mmol/L mmo1/L
NS-304 Mean 0.1 202 29 0.07 154 16
0 mg/kg S.D. 0.0 20 5 0.01 1 0.4
n 10 10 10 10 10 10
NS-304 Mean 0.1 196 b1 0. 08 155 4.8
100 mg/'kg S.D. 0.0 16 6 0.01 1 0.4
n 10 10 10 10 10 10
NS-304 Mean 01 198 25 0.09 155 4.5
300 mg/kg s.0. 0.0 19 5 0.01 1 0.3
n 10 10 10 10 10 10
NS-304 Mean 0.1 186 2002+ 0. 08 155 1.4
500 mg/kg S.D. 0.0 17 3 0.01 2 0.2
n 10 10 10 10 10 10
Significantly different from control :o*% PCO.0L
D2 :Dunnett Test Two-Side
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Table 6 -4 Thirteen—week oral gavage range-finding toxicity study of NS-304 in mice @9&
1tem : Blood Chemistry Stage : Week 13
Sex : Female
Test Article AST ALT CK AlP T-CHO TG
Dose 1u/L w/L w/L /L mg/dL mg/dL
NS-304 Mean 48 z 46 441 96 “
0 mg/kg S.D. 9 2 10 48 11 6
n 10 10 10 10 10 10
NS-304 Mean 47 25 66 428 103 56
100 mg/kg S.D. 7 3 31 K] 9 20
n 10 10 10 10 10 10
NS-304 Mean 49 26 53 444 11902++ 49
300 mg/kg S.D. 11 9 17 15 11 10
n 10 10 10 10 10 10
NS-304 Mean 58 4182% 5l 440 126024+ 58
500 mg/kg S.D. b2 23 22 39 9 17
n 10 10 10 10 10 10
Significantly different from control D% PO, 05, s+ PLO. 01
D2:Dunnett Test Two-Side ,S2:Steel Test Two-Side
Table 6-5 Thirteen—week oral gavage range—finding toxicity study of NS-304 in mice %938
Item : Blood Chemistry Stage : Week 13
Sex : Female
Test Article T-BIL GLU BIN CRNN Na K
Dose mg/dL mg/dL mg/dL mg/dL mmol/L mmo 1/L
NS-304 Mean 0.1 192 18 0.09 134 4.1
0 mg/kg S.D. 0.0 16 3 0.02 1 0.6
n 10 10 10 10 10 10
NS-304 Mean 0.1 202 16 0.11 155 4.1
100 mg/kg S.D. 0.0 11 2 0.01 1 0.4
n 10 10 10 10 10 10
NS-304 Mean 0.1 210 15D 24+ 0.11 134 4.6
300 mg/kg S.D. 0.0 15 2 0.01 3 L1
n 10 10 10 10 10 10
NS-304 Mean 0.1 198 15D 24+ 0.11 154 4.0
500 mg/kg S.D. 0.0 25 1 0.02 2 0.3
n 10 10 10 10 10 10
Significantly different from control Dok PO 01

D2:Dunnett Test Two-Side

Urinalysis: not done

Gross pathology:

Table 8-1 Thirteen-wesk oral gavage range-finding toxicity swudy of NS-304 1a mice
Gross pathological Cindings (Dead animal, Satellite grouwp)

Or gans Sex: F
Dose (eg/kg/day) © 500
Findings Nanber - 1
Stamach
Focus, dark red, glandular stamach 1
Tongue
Focus, dark red 1
Table §-2 Thirtesn-wesk oral gavage range-finding toxicity swdy of NS-304 in mice
Gross pathological findings (Survivars, Main group)
Ot gans Sex: N N N N F F F F
Dase g/ kg/day) - 0 100 300 500 0 100 300 0
Findings Number: 10 10 10 10 10 10 10 10
All tissues
Not remarkable 10 10 10 10 10 10 10 10
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Organ weights (specify organs weighed if not in histopath table):

Table 7-1 Thirteen—week oral gavage range-finding toxicity study of NS-304 in mice
Item : Absolute Organ Weight Stage : Week 13
Sex : Male
Test Article Body weight Brain Salivary gland-RL Heart Lung Liver
Dose 4 mg m mg mg L4
NS-304 Mean 3.3 505 201.6 148 152 Lar
0 mg/kg S.D. LS 1 16.0 12 10 0.1z
n 10 10 10 10 10 10
NS-304 Mean L1 513 224. 6D2%¢ 141 151 L 3%
100 mg/kg S.D. 1.4 11 1.8 10 7 0. 14
n 10 10 10 10 10 10
NS-304 Mean 3.1 497 223. 1D2¢+ 141 154 L. 5302+
300 mg'kg S.D. L2 7 9.5 16 9 0.11
n 10 10 10 10 10 10
NS-304 Mean 30. 5 496 225.3D2%+ 126024+ 155 L. E8D2w¢
500 mg/'kg S.D. 0.8 7 1.0 9 10 0. 05
n 10 10 10 10 10 10
Significantly different from control %% P01
D2:Dunnett Test Two-Side
Table 7-2 Thirteen—week oral gavage rangefinding toxicity study of NS-304 in mice ‘938
Item - Absolute Organ Weight Stage : Week 13
Sex : Male
Test Article Spleen Kidney—RL Testis—RL
Dose mg mg mg
NS-304 Mean 62 a7 187
0 ag/kg s.b. 7 31 19
n 10 10 10
NS-304 Mezn 58 461 194
100 mz/kg sDb. 3 38 15
n 10 10 10
NS-304 Mean 57 41902¢+ 159
300 mg/kg SD. 3 24 10
n 10 10 10
NS-304 Mean 5602 407D2¢s 187
500 mz/kg Sb. 5 15 17
n 10 10 10
Significantly different from control T % PLO.05, s+ PO 01
D2 :Dunnett Test Two-Side
Table 7-3 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice '938
Item : Absolute Organ Weight Stage : Week 13
Sex : Female
Test Article Body weight Brain Salivary gland-RL Heart Lung Liver
Dose £ mg mg mig ng £
NS-304 Mean 26.0 521 121.6 127 143 .25
0 mg/kg S.D. 0.8 7 8.8 8 8 0.07
n 10 10 10 10 10 10
NS-304 Mean 26. 2 518 135, TD2#++ 124 142 1. 26
100 mg/kg S.D. L2 13 i1 7 9 0. 10
n 10 10 10 10 10 10
NS-304 Mean 26. 0 S08D2+ 137, 8D2++ 121 143 L. 38D2++
300 mg/kg S.D. 0.6 12 10.0 6 8 0. 06
n 10 10 10 10 10 10
NS-304 Mean 26.2 50602% 140. 4D 2%+ 11402+ 147 1. T0D2#+
500 mg/kg S.D. 0.9 12 8.6 5 10 0.11
n 10 10 10 10 10 10

Significantly different from control
DZ2:Dunnett Test Two-Side

I % PO. 05, #** PLO. 0L
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Table 7-4 Thirteen—week oral gavage range-finding toxicity study of NS-304 in mice
Item : Absolute Organ Weight Stage : Week 13
Sex : Female
Test Article Spl een Kidney-RL Uterus
Dose mg mg o
NS-204 Mean 90 330 154
0 mg/kg S.D. 11 12 36
n 10 10 10
NS-304 Mean 75024+ 321 145
100 mg/kg S.D. 8 19 29
n 10 10 10
NS-304 Mean TED2er 6 D2k 137
300 me'kg s.D. 6 13 a2
n 10 10 10
NS-304 Mean T30 06 D24 131
500 my/kg S.D. 6 4 36
n 10 10 10
Significantly different from control 1 %% PQO.01

D2 :Dunnett Test Two-Side

Table 7-5 Thirteen—week oral gavage range-finding toxicity study of NS-304 in mice
Item : Relative Organ Weight Stage : Week 13
Sex : Male
Test Article Body weight Brain Salivary gland—RL Heart Lung Liver
Dose £ mg/100g mg/100g mg/100g mg/100g 2/ 100g
NS-304 Mean 0.3 1673 666, 1 488 502 4.53
0 mg/kg S.D. LS 107 8.9 37 30 0.35
n 10 10 10 10 10 10
NS-304 Mean a1 1651 724, OD2* 454 486 4.46
100 mg/kg S.D. 1.4 a1 49. 4 35 25 0.35
n 10 10 10 10 10 10
NS-304 Mean 0.1 1653 T42. 9024+ 469 512 5. 0SDZ 4+
300 ma/kg s.D. L2 69 42.0 52 28 0.34
n 10 10 10 10 10 10
NS-304 Mean 30.5 1626 T8, SD2+* 424D2%% 508 6. 1TD2 %+
500 mg/kg S.D. 0.8 50 3.0 32 26 0.21
n 10 10 10 10 10 10

Significantly different from control
D2:Dunnett Test Two-Side

¢ # PO.05, ++ P, 01

Table 7-6 Thirteen—week oral gavage range-finding toxicity study of NS-304 in mice
Item : Relative Organ Weight Stage : Week 13
Sex I Male

Test Article Spleen Kidney-RL Testis-RL
Dose mg/100g mg/100g mg/100g
NS-304 Mean 204 1577 621
0 mg/kg S.D. 22 68 72
n 10 10 10
NS-304 Mean 187 148202+ 625
100 mg/kg S.D. 12 106 55
n 10 10 10
NS-304 Mean 188 1395024« 630
300 mg/kg S.D. 11 66 40
n 10 10 10
NS-304 Mean 183D2% 133502+ 613
500 mg/kg S.D. 16 a7 56
n 10 10 10

Significantly different from control
DZ:Dunnett Test Two-Side
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Table 7-7 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice EQ&S
Item : Relative Organ Weight Stage : Week 13
Sex : Female
Test Article Body weight Brain Salivary gland-RL Heart Lung Liver
Dose g mg/100g mg/100g mg/100g mg/100g 2/100g
NS-304 Mean 26.0 2006 467,14 490 548 4.80
0 mg/kg S.D. 0.8 74 3.8 8 22 0. 26
n 10 10 10 10 10 10
NS-304 Mean 26. 2 1981 518, 4D2¢+ 475 544 4.80
100 mg/kg S.D. 1.2 15 235 z 22 0.23
n 10 10 10 10 10 10
NS-304 Mean 26.0 1953 529, TD2ee 466 551 5. 3202+
300 mg/kg S.D. 0.6 69 415 21 3% 0.23
n 10 10 10 10 10 10
NS-304 Mean 26. 2 1934 535. TD2#+ 437024 561 6. 48D2 %+
500 mg/kg S.D. 0.9 51 25.8 28 31 0.31
n 10 10 10 10 10 10

Significantly different from control
D2:Dunnett Test Two-Side

¢k P01

Table 7-8 Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice
Item : Relative Organ Weight Stage : Week 13
Sex ! Female
Test Article Spleen Kidney-RL Uterus
Dose mg/100g mg/100g mg/100g
NS-304 Mean 6 1268 593
0 mg/kg S.D. 46 48 147
n 10 10 10
NS-304 Mean ZBTD2*+ 1224 567
100 mg/kg S.D. 30 54 110
n 10 10 10
NS-304 Mean 29202+ 1176024+ 525
300 mg/kg S.D. 20 14 128
n 10 10 10
NS-304 Mean ZT9D2% 1166024+ 500
500 mg/kg S.D. 25 27 127
n 10 10 10
Significantly different from control T %% P01

DZ2:Dunnett Test Two-Side

Histopathology: Adequate Battery:
Peer review:

yes (x), no ( )—explain
yes( ), no(x)
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Table 9-2 Thirtesmweek aral gavage range-finding toxicity study of NS-304 in mioce
Histopathological findings (Survivars, Msin group)

Sex: M Il M Il ¥ F F F
Doselng/kg/day): 0 100 300 500 a 100 300 500
Findings Nuzber: 10 10 10 10 10 10 10 10

Organs

Adrenal
Number exsmined 10
Hyperplasia, subcapsular oell 1
minimal 1

—
Voo

10
10

oo
[N
——

[N

Eye
Mumber exsminad
Dysplasia, retinal
minimal
Kidney
Number examined
Vacuolation, tubular oell
minimal
mild
Regenerat jon, tubular
minimal
Urinary cast, hyaline
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minimal
Cell infiltration
minimal
Liver
Number examined
Necrosis, focal
minimal
Microgranuloma
minimal
Hypertrophy, hepatocy te, centri lobu lar
minimal
mild
Lung{brancius)
Number exsmined
Cell infiltration
minimal
Thickening, arterial wall
minimal
Pituitary
Number examined
Cyst
minimal
Spleen
Number examined
Hematopoiesis, extramedul lary
minimal
Stomach
Nugber exained
Eotopic tissus
minimal
Thymus
Nugber exsmined
Cyst
minimal
Thyroid
Nugber exsmined
Dilatation, follicular
mild
Hyperplasia,C cell, focal
minimal
Urinary bladder
Number exapined
Cell infiltration
minimal
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Toxicokinetics:
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Text Table 5. Summary of TK parameters

Sex Male (n=3) Female (n=3)
Dose (mg/kg/day) 100 300 500 100 300 500
NS-304
T oo ()
Day | 0.5 0.5 8 0.5 0.5 0.5
Week 13 0.5 0.5 2 0.5 0.5 0.5
Chax (ng/mL)
Day | 9660 26500 21100 12200 35900 45600
Week 13 16900 23200 27300 10800 24900 18800
AUCy.4n (ng-h/mL)
Day 1 15000 88400 295000 19500 115000 310000
Week 13 12200 52100 90000 10100 44400 74000
MRE-269
T (h)
Day 1 1 1 8 0.5 1 0.5
Week 13 0.5 0.5 2 0.5 0.5 2
Ciax (ng/mL)
Day 1 10000 19500 17500 8230 19100 17000
Week 13 11400 12400 20300 7150 13500 12400
AUC o4, (ng-h/mL)
Day 1 23600 99200 250000 21400 98800 223000
Week 13 12400 51500 71500 9990 39800 58000

Value in the table (C,. and AUC24) indicates the mean value of 3 amimals.

Tonay indicates the time shown Cyay.

Other:

Histopathology inventory

Reference ID: 3859648

Study

Species

Adrenals

Aorta

Bone Marrow
smear

Bone (femur)

Brain

Cecum

Cervix

Colon

Duodenum

Epididymis

Esophagus

Eye

Fallopian tube

Gall bladder

Gross lesions

Harderian gland
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Heart

[leum

Injection site

Jejunum

Kidneys

Lachrymal gland

Larynx

Liver

Lungs

Lymph nodes,
cervical

Lymph nodes
mandibular

Lymph nodes,
mesenteric

Mammary Gland

Nasal cavity

Optic nerves

Ovaries

Pancreas

Parathyroid

Peripheral nerve

Pharynx

Pituitary

Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicles

Skeletal muscle

Skin

Spinal cord

Spleen

Sternum

Stomach

Testes

Thymus

Thyroid

Tongue

Trachea

Urinary bladder

Uterus

\Vagina

Zymbal gland
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2.6.6.4 Genetic toxicology

Study title: Reverse mutation test of NS-304

Key findings: ACT-293987 and ACT-333679 were non-mutagenic under the
conditions used in this Ames bacterial assay

Study no.: T-08.279, T-08.278

Volume #, and page #. eCTD

Conducting laboratory and location: Name of facility where the test was conducted:
Toxicology Department, Research and Development Division, Nippon Shinyaku Co., Ltd.
Address:

14 Kisshoin-Nishinosho-Monguchi-cho, Minami-ku, Kyoto

Date of study initiation: Study initiation date: 24-Aug-2004

GLP compliance: yes

QA reports: yes( ) no( )

Drug, lot #, and % purity: 1.1 Compound code: MRE-269

1.2 Lot number: 9

1.3 Date received: 31-Aug-2004

1.4 Source and responsible person: H. Yamashita, Test Article Management Unit

1.5 Quantity received @%@ g

1.6 Characteristicsz)

1.6.1 Description: A pale yellow crystalline powder, meeting the specified requirements
1.6.2 Identification (ultraviolet spectrophotometry): MRE-269 proved to meet the specified
requirements.

1.6.3 Purity (liquid chromatography): The total area of the peaks

other than the peak of MRE-269 was ®®%, thus meeting the specified requirements
(not more than ®“%).

Study No.: TX-1298

1.6.4 Assay: The assay value was  ®%®%, hence meeting the specified requirements (98.0
to

101.0%).

(b) (4)

Methods
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Strains/species/cell line:

Sirain designation (Genetic characteristics
TAL100 His  uviB . fa. R
TA1535 His™, uwvrB", tfa
TAGE His™, wwrB ™, fa, R
TA1537 His, uwvrB ., fa
WP2invrd Trp™, wvrA”

His : Histidine-requuirement

Trp : Tryptophan- requurement

uvrB : Defective of DNA repair system (sensttive to ultraviolet rays)
uvrA : Defective of DNA repair system (sensifive to ultraviolet rays)
rfa: Membrane mutation (sensitive to crystal violet)

R: Ampicillin-resistant

Doses used in definitive study: see tables below

Basis of dose selection: dosing study done

Negative controls: see tables below

Positive controls: see tables below

Incubation and sampling times: from the sponsor:

13 Test Procedure

13.1 Test method

The test was performed by the preincubation method with and without a metabolic
activation system (S9 liver microsomal fraction from arochlor-treated rats).

13.2 Number of assay plates

In both the dose-finding assay and the main assay, the test was conducted with a
negative control (DMSO), the test article and each positive control by treatment
(incubation) with and without metabolic activation using duplicate assay plates per dose
except the negative control for which triplicate plates were used.

13.3 Identification of plates

Each plate was marked with the study number, name of tester strain, presence or
absence of S9, name of test article or control article, concentration (treatment
concentration and stock solution number) of test article or control article, and
intra-treatment identification number.

13.4 Treatment with test article or control article, and incubation

To each tube, 0.1 mL of the test article solution or control article solution, 0.5 mL of S9
mix, and 0.1 mL of the bacterial suspension were added, mixed, and agitated for 20
minutes at 37°_C. Two mL of the top agar was then added to the mixture and poured
evenly over a minimum glucose agar plate, and the plate was observed for test article
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precipitation. After the top agar hardened, the plates were incubated in a T.H. Type
Digital Incubator Model HD-12-b (Hirasawa Works Co., Ltd.) at 37_C for about 48
hours.

13.5 Observation of revertant colonies

Plates were observed for inhibition of bacterial growth of the tester strain under the
inverted microscope to check for antibacterial (cytotoxic) effect of the test article. They
were then examined for the number of colonies formed by prototrophic revertants that
emerged, and observed for test article precipitation. Colonies were counted with an
automated colony counter (Bio-Multiscanner BMS-400; Toyo Sokki Co., Ltd.). Colony
enumeration data were tallied using the Genotoxicity Study System MUTAPACK, of
which protocol registration was made by the study director.

13.6 Sterility test

Top agar was added, 2 mL each, to 0.1 mL of the test article solution and to 0.5 mL of
S9 mix, and these were poured evenly over nutrient agar plates. After the top agar layer
hardened, the plates were incubated in the same manner as indicated in Section 13.4, and
examined for bacterial contamination.

13.7 Interpretation of results

Plates were subjected to interpretation of results for mutagenic activity of the test article
providing that the sterility test showed no bacterial contamination and that the numbers
of revertant colonies on plates treated with the negative control and those on plates
treated with positive control articles were within the limits (mean_3SD) of background
datauo).

The test was interpreted as positive when the number of revertant colonies (mean per
plate) on plates treated with the test article was twice or more than that on negative
control plates and when the increase was dose-dependent. No statistical processing of
the data was performed.

Results
Study validity (comment on replicates, counting method, criteria for positive results,
etc.): studies followed guidelines, had sufficient replicates, used typical criteria, and

positive and negative controls behaved as expected.

Study outcome: Findings were interpreted as negative
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Table 2 Reverse mutation test of MRE-250

(Main assay)
Revertant coloniesplate
Compound Slmix Bage exchange type Frapeshift type
{ pgdplate) Tal0D TAI535 VP2 evrd TAIR TAISHT
] £ 25 18 i
85 7 17 14 i
i - BY [ BTI LT 16 {210 16 ¢ 18} 50 8
51 15 I7 11 [
78,13 - B3 [ B0} T 17 ( 17) 16§ 140 50 B
B4 B 18 11 ]
156,25 - BE ([ 5} 5007 1% ( 18) i ¢ 11 0 4
04 B 25 17 7
32.5 - EL . E( &) 1T ( 21) 17§ 20 8
o5 B 17 13 4
625 — BE ( 92) 1m0 17 (17 17 § 158 T Bl
B3 : B 11 fi 2
1250 B3 { @3} Bi0T 13 (12 12 ¢ & FR
71 4 24 11 3
2500 = 66 [ GA) B{ B 19 (22 m ¢ 11 P
] 11 17 10 2
000 — 25 2ok m (1 19 (18] 66 a 40 B
487 356 &1 334 BOS
FC —  GBE [ 533) 23l ( 245) g6 [ Bd4) 336 ( 338) LOET | B46)
111 B 22 33 14
L1Z 10 2% 28 q
0 + o7 [ 107} (g 130 22 (28 10 11
oy 3 21 25 5
78,13 - 98 [ 09) g0 T 24 [ 28 26 ¢ 26 40 5
BE f 26 21 g
156. 25 +  1og [ om 70T 27 26) 24 (38 13 { 11}
104 fi 3 21 18
325 4 107 { 108) 12 ( a9 (o 20 {210 0 13
o0 11 a0 16 2
628 + 85 (98} 11 (1 20 (26 16 ¢ 18} Ti{ 5
&0 B 2 17 7
1250 + BE [ B4) 60 &) 20021 e ( 23) 1w @
' o1 £ 12 11 7
2500 + 14 [ oo8) 50 &) 16 ( 14) 12 ¢ 12 80 6
41 § 1l 15 &
sgan o 4+ 30 ATk i g i (18 13 7 14} 6 &
1140 265 fll 306 29
PC + 1226 (1183) 278 [ 272) 445 ( 52R) a24 (315} 331 En
Vehicle control : Dimethy] sul focide
PCOpesi tive aontrols) (ugfplate)
Hithout Sfnix Bith Sfindx
TAL0D 2-(2-furyl 1-3-{5-ni tro-2-furyl) Z-pincanthracens (13
aerylanide C0.01)
TAIRE Sodium azide (0, 53 2-enincanthracena (2}
WP vl 2-02-Furyl)-3-(5-ni tro-2-furyl) F-amircanthracens {100
gorylenica (001D
TAGR 2-(2-furyl)-3-(5-ni tro-2-furyl) 2-gmircanthracens (1. 5)
acrylanide (0.1)
TA153T Q-amincacridineg (ADD Z-zaincanthracens {E)
¥ : Toxic affect was observed.
t :Precipitates of test chemical were ohserved
The mmber in paretheses neans the average of plates.
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Teble 2 Heverse mutation test of N5-004

(Main assay)
Revertant colondes/plate
. . Strix Base nchenge type Frameshift type
Cprafplate) THI00 Th1535 VP2 uwrd TARR TALEET
9i 11 20 20 E
a3 11 30 19 10
0 | F A 40 10 30 E0) 18 (19 11 (10}
a3 11 28 13 E
T8 13 - 82 88 i 2 { ZB) 100 12 w8
TH i 3 11 10
156, 26 — 91 { as) T{ & 20 -2a) (o1 10 [ 10)
a1 7 e 12 [
312.5 — 108 ¢ aa ai{ 1 34 an 1z {1z} T{ 7
100 f Ch] 18 3
625 — 104 102 6{ &) b 3] 200 19 T B
a7 f 2 18 7
1250 - a3 (o aa) 4{ 8 134 am 17 ( 18) 1w {5
T8 i 5 17 g
aE00n — 88 ( a3l 7L FXR1Y] 22 (0] 10 1
40 7 a7 20 a
S000 - 40 [ 40 T T FY U] (a0 gl o
44 298 95 07 941
PC —  GBb [ 55%) 300 ( pag) 95 | a6 345 [ 336) 1020 { 981)
Lod 11 a0 a5 12
120 R an 27 14
i + 110§ 113 g4 @ {29} 26 (26 14 {13
122 12 an 18 13
TE. 13 + 131 f1Em 1E [ 12) 28 { 29) 25 (£ {13
123 I 54 | 12
166, 25 + 116 {1200 11 (11 3z (33 PR 11 12
112 13 31 bk 18
B12.5 + 120 {118 T 01 33 az) 18 {21 19 ( 18}
104 3 3z 13 12
625 + 114 {11m a{ & #00 &z 12 { 13 11 ¢ 18
9 10 an 1% 11
1250 - a0 { a8 111 113 [ 31 16 ¢ 15} 11 ¢ 11
_ ) A0 10 32 14 B
2500 = 86 { 81) w{ 1 M0 o) 16 { 18} IR 1]
95 16 e 16 12
5000 + g5 (91} 11 11} 30 16 [ 18] 110 12
1271 280 5a2 az7 291
FC £ 1101 (1136) 275 { 263) 805 { 544 41 0 334) 80 {arn
Yehicle cmtrol : Dimethyl sulfocide
Bpositive controls) pgfplate) -
+ Rithout Seix Vith Sfndx
TALOD B-(2-furyl 1-3-C5-ni tro-2-furyl) Z-anincanthracens (1)
aerylamide (0010
TAISES Sodiun azide (0L5) f-anincenthracens (20
Ve ovrd Z=(3=furyl )-3-(5-nitro-2-furyl) T-anincenthrecens (100
acrylamide 0. 013
TARE E-(B-furyl3=3=(5-ni tro-2-furyl) 2-mminpanthrecens (0L 5)
acrylamide (0. 1)
TA153T {-eminoacridine (800 -aircanthracens (23

* : Toxic effect was observed
The mmber in parentheses sesms the average of plates

Study title: Chromosome Aberration test for MRE-269 and MRE-304

Key findings: ACT-269987 in the absence of S9 was clastogenic at a high dose of 250
mcg/mL, but negative in the presence of S9, ACT-333697 was negative for
chromosomal aberrations in Chinese hamster lung cells.
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Study no.: T-08.280 and T-08.281

Volume #, and page #: eCTD

Conducting laboratory and location:

Name of facility where the test was conducted:

Toxicology Department, Research and Development Division, Nippon Shinyaku Co., Ltd.
Address:

14 Kisshoin-Nishinosho-Monguchi-cho, Minami-ku, Kyoto

Date of study initiation: Study initiation date: 16-Sep-2004

GLP compliance: yes

QA reports: yes(x) no ()

Drug, lot #, and % purity:

1.1 Compound code: MRE-269

1.2 Lot number: 9

1.3 Date received: 30-Sep-2004

1.4 Quantity received: 8.0 ¢

1.5 Source and responsible person: H. Yamashita, Test Article Management Unit

1.6 Characteristics)

1.6.1 Description: A pale yellow crystalline powder, meeting the specified requirements
1.6.2 Identification by ultraviolet spectrophotometry: MRE-269 proved to meet the specified
requirements.

1.6.3 Purity by liquid chromatography: The total area of the peaks (of related substances)
other than the peak of MRE-269 was®®%, thus meeting the specified requirements

(not more than 3 %).

1.6.4 Assay: The assay value was ®®%, hence meeting the specified requirements (98.0 to
101.0%)

Methods

Strains/species/cell line: A cell line derived from newborn Chinese hamster lung (CHL/IU) was
used.

Doses used in definitive study:

Basis of dose selection: cytotoxicity and solubility

Negqative controls: DMSO

Positive controls: Mitomycin C (-S9), Benzo(a)pyrene (+S9)

Incubation and sampling times: see below tables

Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): study used typical criteria for positive and negative results, counting methods and
a typical number of replicates.
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Study outcome:

Table 1 Chromosome aberration test of NS-304 : Short Time Treatment Method

Trestment  Recovery Humber afstructural abemant celle Number of Cell
Substance HD:/“"IU t(:; - ("') ::‘ m:mro::: A e ek e Tof:w £V mb(‘!g cells Pm'::fl(:)ﬂﬂ
DMSO - 6 = 18 - 200 0 2 0 0 0 0 2( 10) 0( 00) 100.0
NS-304 31.25 6 - 18 - 200 0 1 1 0 o 0 2( 10) 0( o00) 1008
625 6 = 13 = 200 0 1 1 0 0 0 2( 10) o( 00) 9.7
125 6 - 18 - 200 0 0 0 0 0 0 0( 00) 1( 05) 720
250 6 - 18 - 131 1 19 45 0 0 0 53 ( 405)™ 0( 00) 547
500 6 - 18 = 0 - - b - . - -( -) - ¢ =) 81
1000 P 6 - 18 - 0 - - - - = = -3 = -) 28
MMC 0.1 6 = 18 = 200 1 58 106 0 (1] 0 123 ( 61.5) ™ 0( 00) 94.7
DMSO = 6 - 18 + 200 0 1 0 0 1] 0 1( 05) 0( 00) 1000
NS-304 25 6 - 18 + 200 0 0 1 0 0 0 1( 05) 0( 00) 848
50 6 - 18 - 200 0 0 0 0 0 0 0( 00) 0( 00) 808
100 6 - 18 + 200 0 0 2 0 0 0 2( 1w0) 0( 00) 80.2
200 6 - 18 + 200 o 1 3 0 0 0 3( 15) 0( 00) 483
400 [} - 18 . 0 - - - - - - - =) -=( =) 80
800 P 6 - 18 * 0 g - - - = = - e | ( '} 20
Bla)P 20 8 - 18 + 200 0 30 108 0 1 0 116 ( 580) ™ 0( 00) 824
otb, chromatid break: ote, chromatid exchange; csb, chromosome break; cse, ch hange; frg, fi
MMC, mitomycinC; B(a)P, Benzo(a)pyrene
* Significantly different from negative control (p<0.05)
™ Significantly different from negative control (p<0.01)
P, Precipitation
Table 2 Chromosome sberration test of NS~304 : Long Time Treatment Method
Treatment  Recovery Wevboor of hacrark oalls Number of Cel
Sstance (llo:/..nu ::; e ::; analyzed o:'ﬂ- gp otb cte csb cse frg T"_‘_:'“) powp & ; colls rate (%)
DMSO - 24 - 0 200 0 1 0 0 0 1 1( 05) 0( 00) 1000
NS-304 15 24 - 0 200 0 o 0 o o 1 0( 00) 0{ 00) 1034
30 2 - 0 200 0 0 1 o o [ 1 ( 08) 0( 00) 1053
60 24 - 0 200 0 1 1 0 0 [ 2( 10) 0( 00) 884
120 24 - 0 200 0 o o o L] o 0o( 00) 0o( 00) 641
240 24 - 0 0 - - - - - -=( =) -( =) 3.1
480 24 - 0 0 - - - - - - -( -} -( -) n2
860 P 24 - 0 o - - - - - - - -) - ( -) 0s
MMC 0.05 24 - 0 200 0 33 62 0 0 0 8 (40s5)" 0( 00) 838
DMSO - 48 - 0 200 0 1 o o 0 o t( 05) 0( 00) 1000
NS-304 625 48 - 0 200 0 1 1 0 0 [ 2( ) 0( 00) 1008
125 48 - 0 200 0 1 0 0 0 0 1 ( o0s) 0( 00) 9.7
25 45 - o 200 0 o 0 0 0 0 0( 00) 0( 00) 1012
50 48 - 0 200 0 o o 0 0 0 o( 00) 0( 00) 837
100 43 - 0 200 0 2 E 0 o o 6( 30) 0( 00) 301
200 48 - 0 0 - - - - & - - ( -] - -3 200
400 48 - 4] 0 - - - = = = “'x -) -( =) 181
MMC 0.05 48 - 0 200 0 45 m 0 0 0 123 ( 615) * 0( 00) 745
cth, chromatid break; cte, chromatid exchange; csb, chromosome break: cse, ch hange, frg, frag: 2
MMC, mitomycinC
* Significantly different from negative control (p<0,05)
** Significantly different from negative control (p<0.01)
P, Precipitation
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Table 1 Chromosome aberration test of MRE-269 : Short Time Treatment Method

Treatmant Recovery Mumber of structural sherrant cells Number of Cell
Substance ( Dose time - tirme S8 Number of Total (%) polyploid cells proliferation
#e/ml) the) the) M analyzedoells o oth  cte  csh ocse g - ) rate [%)
DMS0D - (] - 18 - 200 0 3 1 0 0 0 4 ( 20) o 0oy 100.0
MRE-269 36.25 [ - 18 - 200 0 o ] i o ] 0¢ 00l 0 0o0) 988
725 [ - 18 - 200 0 2 1 ] 0 ] 3( 1852 0 o0} 100.0
145 6 - 18 - 200 0 0 1 ] 00 1( 08) o ¢ oo} 949
290 [ - 18 - 200 0 4 4 o 0 0 7( 35) 0 00} 479
580 P [ - 18 - 0 - - - - = - -{ =) -{ =) 6.5
new P 6 - 18 - 0 e T S -t -} 18
MMC o1 i - 18 - 200 1 48 96 0 ] 0 112 ( 560) ™ 00 00) 889
DMS0 - [ - 18 + 200 ] o 1 a 1] 0 10 05) 0C 00) 100.0
MRE-264 7.5 [ = 18 + 200 ] o ] 1] L] 1] 0f( oo) 0 00l 1012
6 i - 18 + 200 0 1 0 0o o0 ®© 1( 05) 00 00) 825
0 -] - 18 + 200 1] ] 1 [i] a i 10 05) o{ 00) BR.7
140 [ - 18 + 200 ] 1 1 ] 1] ] 2( 103 0( o003 806
280 i - 18 + 22 - - - - - - -{ =3 = =) 242
560 P i - 18 + ] - - - - - - = =3 -0 = 7.5
Bla)P 20 [ - L] + 200 0 21 &8 1] 1 0 75 ars) * 0( 0o) 735
cth, chromatid break; ete, chromatid exchange; osb, chromosome break: cse, chromosome exchange; frg, fragmentation
MMC. mitomycinG; B(a)P, Benzolalpyrens
* Significantly different from negative control (p<0.05)
** Significantly different from negative contrel (p<0.01}
P, Precipitation
Takle 2 Chroemosome aberration test of MRE-268 : Long Time Treatment Method
Treatment Racovery Number of structural aberrant cells Mumber of Call
Substance '( Dose time - time Number of Total (%) pobyploid cells proliferation
Helml) (hel {he) snalyzed cells gan cth  ote osb  cse  fig —gap IE3) rate (%)
DMS0 - 24 - o 200 0 L1 0 o 0 ] o ( 00) 10 08) 100.0
MRE-26% 225 24 - 0 200 0 1 o o 0 b 10 08) 00 o) 90.3
45 24 - 0 200 0 0 0 [} 0 ] o0( op) 00 o) 933
90 24 - 1] 200 0 1 0 0 0 b 10 08) o{ oo) 746
180 24 - [i] 200 1] 2 0 o 0 0 20 1) 0( 00) 54.2
dg0 P 24 = 4] L] - - - - - - -1 - - { =) 324
120 P 24 - o 3] - = - - - = -1 =) -4 -) 1.7
MMG 0.05 24 - 0 200 0 32 80 0 ] 014 ( sz20) ™ 00 00) 711
DMS0 - 48 - ] 200 0 1] 1 0 ) 0 1{ 05) o( 00) 100.0
MRE-260 13.75 48 - o 200 0 o 0 [} 0 [ 0 { 00) 0{ 00) 104.4
215 48 - 1] 200 1] 2 0 ] 0 1] 20 10) ¢ { 00) 08.7
56 48 - o 200 o o 1 ] o 1] 1 { 08) 0( 00} 83.3
110 48 = o 200 L] 0 0 o 0 ] 0 oo) 0 o) 480
220 LE] - 0 0 - - - - - - = ( =1 =( =) 2.2
440 P 48 - 0 L] - - - - = - -« -] ={ -1 15.3
MMGC 0.05 48 = 0 200 1 59 140 0 0 o 148 ( 740D) ™ o( o00) §7.7

ath, chromatid break; ote, chromatid exchange; csb, chromosoma break; cse, chromosome exchange; frg, frapmentation
MMUC, mitormycinC

* Significantly different from negative control (p<0.05)

** Significantly different from negative contral (p<0.01)

P, Precipitation

Study title: Micronucleus test of NS-304 (MRE-304) with mouse bone marrow cells

Key findings: No indications of in vivo clastogenic activity by ACT-293987 or ACT-
333679 were seen in the assay.

Study no.: T-08.282

Volume #, and page #. eCTD
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Conducting laboratory and location:
Date of study initiation:

GLP compliance: yes

QA reports: yes(x) no()

Drug, lot #, and % purity:

Methods

Strains/species/cell line: male Slc:ddY mice

Doses used in definitive study: 125, 250, and 500 mg/kg/day

Basis of dose selection: previous dose and toxicity studies

Negative controls: 0.5% methylcellulose

Positive controls: mitomycin C at 2 mg/kg

Incubation and sampling times: from the sponsor:

5. Preparation and Administration of the Test Article and Negative Control

5.1 Route of Administration and Rationale

5.1.1 Route of Administration: Oral

5.1.2 Rationale for Selection: Oral route of administration was selected according to the
envisaged administration route for humans and the Guideline for Genotoxicity Studies.
5.2 Dosing Volume: 10 mL/kg. The animals were weighed immediately before
administration on the first day of administrating using an LP2200S electronic balance
(Sartorius K.K.) and a computer system for genotoxicity studies MUTAPACK. Based

on the body weight measured, the dosing volume for each animal was determined at 10

10
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Study No.: TX-1321

mL/kg of body weight. The dosing volume was calculated to 2 decimal places by
rounding up the third decimal place.

5.3 Method of Administration and Rationale

5.3.1 Method of Administration: The test solution was administered to mice by oral
gavage using a sterile disposable syringe (Terumo Corporation) attached with a metallic
oral sonde.

5.3.2 Rationale for Selection: The method was selected because it is generally used for
oral administration of drugs to mice, and, as documented by Sponsor, it is orally absorbed,
and metabolized to active drug in the mouse .

5.4 Number of Administration and Rationale

5.4.1 Number of Administration: Once daily for two days.

5.4.2 Rationale for Selection: The frequency and number of administration was decided
according to the Guideline for Genotoxicity Studies.

5.5 Time of Administration
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5.5.1 Dose Finding Study: 9:30 to 9:55 a.m. on January 25, 2005 and 9:36 to 9:56 a.m.
on January 26, 2005

5.5.2 Main Study: 9:43 to 10:23 a.m. on February 15, 2005 and 9:44 to 10:25 a.m. on
February 16, 2005

5.5.3 TK Measurement Study: 10:00 a.m. to 4:20 p.m. on March 1, 2005 and 10:01 a.m.
to 4:20 p.m. on March 2, 2005

5.6 Doses and Rationale for Selection

5.6.1 Dose Finding Study

Doses: 62.5, 125, 250, 500, 1000 and 2000 mg/kg

The highest dose was set at 2000 mg/kg according to the Guideline for Genotoxicity
Studies. Totally 6 doses were set using a common ratio of 1/2.

5.6.2 Main Study

Doses: 62.5, 125, 250, 500 and 1000 mg/kg

More than half the animals died at 1000 mg/kg in

the dose finding study (See Results).

11
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Results
Study validity: Study followed OECD approved methods, criteria, and replicates.

Study outcome: Study was considered to be negative for clastogenicity.

® o
Table 4 Micremucleus test of NS-304 Study Ko TI-1321E ®
[male micel ﬁ E]
=F
: ¥
Humber Frequency Range of Ratio of K E
Compsund Dase of af WIPCE 1] NNPCE/2000PCE ME [1] 5=
{o/ked aninals Mean £ 5.0.0 Min - Max} (Bean = 5.0.) = D
-
0., B¥C Q i .6 = 0.6 £4- 1 BLE £ L% =
-
fE=304 12§ ] L = 0 -7 .8 £ 1.1 Q
250 § 035 2 00 8- 1 L8 = L3 &

500 H 0iE £ 00 1- & 0.6 £ 4.9

LIS 5l i 5.IT £ 105 = 56 - 165 Bld £ 1.4

¥asten-Baum  Sipmificant difference from control #:p<0.05, ##:pd0. 01
Student t-test Significant difference frem control $:p<0.05, #:p40.01

2.6.6.5 Carcinogenicity not done

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development
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Study title: study of fertility and early embryonic development to implantation in rats
treated orally with ns-304.

Key study findings: The high dose group females experienced a brief weight drop on
day 4, but then recovered and gained weight at the same rate as the other groups.

The high dose group (60 mg/kg) was delayed in time to copulation, and all the treated
animals had reduced litter size, however, the reduction was not statistically
significant.and there was no effect on number of corpora lutea, or pre or post-
implantation loss.

Study no.: R-950

Volume #, and page #. eCTD

Conducting laboratory and location: a—

Date of study initiation: October 3, 2006
GLP compliance: yes

QA reports: yes(x)no ()

Drug, lot #, and % purity:

Name: NS-304 (MRE-304)
Lot number: 20
Assay: 100.3%
Methods
Test Dose Dose Dose Main group Satellite group
group level concentration volume Sex MNumber Animal Mumber Animal
(mg/kg) (mg/mL) (mL/kg) of number of number
animals animals
Male 20 1001-1020 4 1021-1024
Control 0
o v 3 Female 20 1101-1120 4 1121-1124
Low P 19 p Male 20 2001-2020 8 2021-2028
dose . Female 20 2101-2120 B 21212128
Middle 20 4 s Male 20 3001-3020 8 3021-3028
dose Female 20 3101-3120 8 3121-3128
High 50 1 5 Male 20 40014020 ] 4021-4028
dose Female 20 41014120 & 4121-4128
Doses:
Species/strain: Sprague-Dawley rats
Number/sex/group:

Route, formulation, volume, and infusion rate: oral gavage,
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results
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Mortality: none

Clinical signs: At all doses, flushing occurred in the ears and extremities.

Body weight:

Actelion Research Report T-08.287
Racaived May 2008

Py R-950

350

300

Body weight (g)

2601

200F Administration |
[ - 1 | 1 L I N TR TN T N R N i |
1 4 a 1 15 012 345678 " 14 (day)
— Pre-mating period | } Gestation period ——
Fig.3 Study of fertility and early embryonic development to implantation in rats

treated orally with NS-304
Body weight of female rats
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A-950
600
500
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£ 450+
©
=
=
& 400+
N o——a 0 mg/kog
350 A= — a6 ma/kg
m— —m 20 mg/kg
&—-—& B0 mg/kg
- 3001
(jl_— L 1 1 1 1 1 I 1 1
1 4 g & 15 18 22 25 29
Day of administration
Fig.1 Study of fertility and early embryonic development to implantation in rats
treated orally with NS-304
Body weight of male rats
Food consumption:
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Day of administration

Study of fertility and early embryonic development to implantation in rats

treated orally with NS-304
Food consumption of male rats
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Toxicokinetics:
Table 15-1 Study of fey}illt{ and early esbryonic development to implantation in rats
treated orally with N5-304
Plasma concentratlon of N5=304 (Day 1)}
Male

K=uoy

Flosna concentration (pg/ad)

[ose Animal Animal Animal Animal Animal Animal (max Thax AIC O-24h
ng/kg mmher 055  mumber 1h  munber th  mmber 4 pasber 8 nusber  I4h lygfal] (B} (g Djald
@ KD
W KD
[ 0@ KD
Nesn 0
5.0,
05 ND oM ND Wil ND o4 ND i N B ] 204 ND.
w5 K.D. s WD n2 N M ND
§ 4 0111 16 0.0078 0 KD 202 WD 033 ND 2026 N.D.
Wean  0.0783 0,057 ] ] ] ] 0073 05 0,077
8.0, 0.0062 00483
0 0.1 4007 AL KD a4 KD 021 WD 30z MDD,
L 0.17 M2 0.119 e Ml s KD 12 ND 3025 N.D.
n N 033 NI 0IM O 3 MO e WD @\ N nw/ - ND.
Hean 0174 0,148 ] ] ] 01714 0.5 1187
8D, 0050 0,081
4021 0.520 43 170 4L KD 4024 0.704 01 KD 42 0,110
4 0.M0 465 15D 40N2 00R1T 015 04N MR ND 4025 ND.
0 3 L4l w06 1B 4DI3 039 MM LE 33 ND s ND.
Mean 1.8 LT2 0197 0.785 ) 0.0387 1. 0.5 5.12
5.0, FAT LR -] 0.7 0.:42 0.0635
N.D. : Not detectsble (<0.05 gg/nl)
¥.D. wis caloulated as zero(d) for Mesns 5.0,
Table 15-2 Study of fertility and early embryonic development to Implantation in rats
treated oraily with NS-304 i i -
Plasma concentration of NS-304 (Day 15)
Male
Phasma coneentration {pg/nl]
[ose Animal Animal Anlnal Anilnal Aninal Aninal Animal (max  Teax  ALC 0-240
BE/kg muber  Pre mmber ©0.5h mmber  Ih mmber I numer 4 mmber  Bh o mmber 2% (pgfek) (W) (eg-hiel)
03 ND.
102 D
[ 0y D,
Yean [}
5.D.
NN  ND 0.3 20 0.0873 X4 ND M N xn KD MM MDD
Wi ND. M2z 0178 2005 0.0867 D s KD nn KD W ND
2 0% OND. 2023 0208 2000 0086 A wp. o5 ND 2B MDD M2 KD
Yean ] 0.208 0.0745 (] 1 ] ] 0.208 0.5 0.160
5.0, 0.004 0.0008
MM OND MEL D42 M4 0.1 ME ORD. d0B4 00ER a0l WD MB ND
i ND a2 0.530 e 0.ET2 Mz ND 0B KD, 012 0,012 W2 N
n Wi WD 2y 0.676 e 0L @ N e N HE ND Wz N
] i} 0.543 0.L45 0 0018 00043 1] 061 0.5 0.708
5.0 0127 0.m1 4.030 10,0420
024 ND. 4021 2.3 4024 116 4021 0,082 4094 00T 4021 0,108 40 ND
4025 ML 022 2198 wis 1.7 022 0.215 025 0.1 4002 0.0085 w2 ND
(1] Wi’ ND. Wz 14l 40 1.62 4023 0.458 4028 0121 4003 0.180 W ND
Mean 0 1.97 1.5 0.254 0.157 0.1% ] 19T 0.5 .30
5.D. 049 0.18 0. 188 0.1 0.050
M.0. : Mot detectable [<0.05 zg/ul)
K.D. mas calculated s= zero{0) for Meanst 5.0.
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Table 15-3

trea rally wi
Plasma concentration of NS-304 (Day 1)
Female

Stud{egfofertillthaﬁ _gszly embryonic development to implantation in rats

Plasna concentration (ag/al)

Dose Anizal Animal Animal Aninal Aninal Anizal Cnax ~ Teax  AUC 0-24h
ne/kg nunber 0.5 number 1h  number 2 ounber  4h number 8 nunber  2¢h {xg/al) (h) {peg-h/nl)
121 ND.
1122 N.D.
0 128 ND.
Mean 0
s.0.
2121 0.221 2024 KD 2121 ND 2124 N.D. 2121 ND 2124 XD,
222 013 2225 ND 2122 ND. 2123 ND. 2122 ND 2125 N.D
§ 2123 0.204 2126 N.D 212 ND. 2128 N.D. 2123 ND 228 ND
0.188 0 0 0 ] 0 0.188 0.5 0.0M0
S.D. 0.043
121 0.23% 3124 0.584 3121 0.0847 3124 0.0817 3z ND U ND
312z 0.2% 325 0.262 3122 N.D. 3125 N.D, 322 ND 3% ND.
2 AW 0.20 3126 0.759 3123 ND 3126 ND. 3123 ND 3% ND
Nean 0.251 0,535 0.0216 0.0208 0 0 0.5 1.0 0.621
s.D. 0.034 0,252 0.0374 0.0356
4121 .U 4124 2.3 4121 2.0 44 110 4121 0.2%5 4124 0.0
4122 5.25 4125 4.55 4122 1.8 4125 1.6 4122 012 41235 ND.
80 4123 1.8 4226 692 4123 LA 4% 251 4123 0.1% 4125 0.0821
Mean §.38 5.80 1.68 1.76 0,180 0.0546 6,38 035 1.8
S.0. L2 3.86 0.47 0.1 0,08 0.0484

N.D. : Not detectable (<0.05 xg/nL)

¥ N wan aalaulated an namalf) Pae Mase @ 00

K-¥ou
Table 15-4 Study of fertility and early embryonic develp, t to implantation in rat
treated orally wl%h NS-304 v v cvelopsent to implan rars
Plasma concentration of NS-304 (Day 15)
Female
Plasna concentration (xg/nL)
Dose Animal Aninal Animal Aninal Aninal Animal Anipal (nax  Teax AUC 0-2¢h
ng/kg nuer Pre nusber 0.5h mumber Ik nwnber  2h  quwber 4 oumber  Bh  number 24h  (pgAl) (W) (agh/al)
1121 N.D.
1122 N.D.
0 1123 N.D.
0
S.D.
2124 ND 2121 0.252 2124 N.D. 2121 ND 224 ND 2121 XD, 2124 KD
2125 N.D. 2122 0.241 2125 ND. 222 ND 225 N.D. 2 ND 2125 N.D
[ 212 N.D 2123 0.148 2128  N.D. 2123 KD 2% ND 2128 XD 2126 ND
Mean 0 0.214 0 0 [} 0 0 0.24 05 0.107
S.D. 0.057
24 ND d121 0.124 3124 0.321 3121 0.0802 33U ND 3121 N.D. 3124
3125 XD 3122 0,953 3125 0. A2 ND, 3125 ND. 3122 N.D. 3126 N.D.
20 3126 XD, 323 0.845 0.267 3123 ND. 328 ND 3123 XD 3126 N
Nean 0 0.574 0.226 0.0301 0 0 0 0.574 0.5 0.502
s.0. 0.419 0.122 0.0821
4124 XD 4121 0,543 4124 3. 4121 0.136 4124 N.D. 4121 0.0731 4124 ND
4125 \D. 4122 1.2 4125 0.652 4122 0.0524 4125 0.15€ 4122 N.D. 4125 ND
80 4126 0124 4123 221 4126 0366 4123 0.53¢ 4126 0.2 4123 0.0582 4126 N.D
Nean  0.0413 1.32 1.3% 0.241 0.130 0.0441 0 1L.% 1.0 2.88
S.0.  0.0716 0.84 1.4 0.257 0.120 0.0388
N.D, : Not detectable (<0.05 gg/aL)
N.D, was calculated as zero(0) for Mean+S.D.
Necropsy:
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Table 12 Study of fertility and early embryoniec development to implantation in rats
treated orally with N5-304

Gross pathological findings in female rats

Dose (mg/lg) 0 fi 20 60
No. of animals examined 20 20 20 20
No. of animals with abnormal findings i} 0 1} 0

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):

Table 13 Study of fertility and early embryonic development to implantation in rats
treated orally with N§=-304

Mating and fertility of animals

Days until Copulation Fertility
Dose No. of No. of copulation index index =
mg/kg males females MeansS.D. (%) a) (%) b)
] 20 20 2.3+1.1 20/20(100.0) 20/200100.0}
[ 20 20 2.0+0.9 20/200100.0) 18/20{ 95.0)
20 20 0 2.7+1.5 20/200100.0) 18/200 95.0)
:11] 20 20 4.341.4+D  20/20(100.0) 20/20{100.0)

a): {No. of copulated animals / No. of mated animals) X 100
b): {No. of pregnant animals / No. of copulated animals) ¥ 100
#: p=0.05 (Significant difference from control group)

D: Dunnett's test

Table 14 Study of fertility and early embryonic development to implantation in rats
treated orally with N$-304

Findings at examination at the middle of gestation in dams

Mo, of No. of Implan- No. of Ko. of
Dose No. of COFpOra implan- tation dead live
ng/kg dams lutea tations index % a) embryos (%)b)  embryos
Total 326 300 1z 485
0 20 Mean 16.3 15.0 93.0 { £.4) 14.3
5.0 2.0 2.1 13.3 ( E.0) 2.6
Total 304 287 2% 264
3 19 Mean 16.0 15.1 94.0 [ 7.5) 13.9
5.0, 3.3 3.6 11.1 ( 7.9) 3.4
Total 315 290 21 269
20 19 Mean 16.6 15.3 93.2 { 7.4} 14.2
5.D. 3.2 1.9 8.7 [ 7.1} 2.2
Total 329 290 23 287
60 20 Mean 16.5 14.5 .2 { 1.9) 13.4
5.D. 2.4 3.6 19.2 { 8.1) 3.7

al: (No. of implantations / No. of corpora lutea) X 100
b): (Ne. of dead embryos / No. of implantations) X 100
No significant difference in any treated groups from control group.

Embryofetal development

Study title: Study for effects on embryo-fetal development in rats treated orally with
NS-304
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Key study findings: The high dose group (20 mg/kg) experienced slightly, but
statistically significantly, decreased birth weights of the fetuses.

Study no.: R-951

Volume #, and page #: eCTD

Conducting laboratory and location: a—

Date of study initiation: November 14, 2006
GLP compliance: Yes

QA reports: yes(x)no ()

Drug, lot #, and % purity:

MName: N5-304 (MRE-304)
Lot number; 20
Assay: 100.3%
Methods
Doses:
Species/strain: Sprague-Dawley rats
Number/sex/group:
Dase Dose Daose . Ma.in.grnup Satellite group
Test group lewel conceniration | wolume | Mumber of . Number of .
(mgfkgh (mg/mlL) (mLkg) | copulated Animal copulated Aninial
) ] amimals* ) number anﬁl;al:‘ number
Control 0 0 3 20(20) | 1101-1120 4[4 1121-1124
Low dose 2 0.4 5 | 20¢20) | 2103-2130 B (5} 2121-2128 |
|_Middle dose fi 1.2 5 2020) | 3101-3120 B (8) 3121-3128
Highdose | 20 4 5 1 2000 | 4101-4120 B (E) 4121-4123 |

*: The number between the parenthesss indicates the number of pregnant animals.

Route, formulation, volume, and infusion rate: oral gavage
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results

Mortality (dams): none

Clinical signs (dams): flushing of ears and extremities, sporadic flaccidity in the high
dose group (20 mg/kg)

Body weight (dams): minor reductions in body weight in the high dose dams (20 mg/kg)

Food consumption (dams): food consumption reduced for one day in the 6 mg/kg
group, for approximately 4 days in the 20 mg/kg group.

Toxicokinetics:
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Table 9-1 Study for effects on embryo-fetal developmeat in rats treated orally with NS-304
Plasma concentration of N5-304 (Day 1)

Plassz concentretion pgfell

Dot Animsl Animal Mnimil fniral fnlmal Anigal Casx  Tesxr  AUC 0-24h
ag'ke mmber  D.3h mwber  Ih ojuster 2 mmber 4 mmber A mmber  MA (agal)  (h) (pphsel)
i K
1132 W
1 113 W
Mean 0
5.0
Ml ND. 25 WD, mI KD s D WKL s R,
mnaE Nl M WD, m2E WD, nm KD Wik ONL 2E o MD.
H HI3 006 AT KD HIS WD T KD wn ONL O N; WD,
¥em  0.0178 ] 1] 0 1 o 0T W \
0 [I.tl&:lu G &5 0.8
Imooea I3 00517 i ND s m. E1EI . N a6 WD
IR nx® o ND i e B aue WD HE WD a6 WD
L3 3 4 I N, AES A T WD HM KD EIFT B
Mean 101 0172 [ ] 1 ] 001 0.3 0108
5.0, 0,048 .0248
418 118 4115 045K 4121 0.05T% 4125 0073 4 owD HIE WD
an L Al26 0415 4132 0.0527 HIE WD, &2 n 4122 WD,
a0 4133 LGB 4127 {567 4133 0.0 4127 0.0520 &3 WD 4127 WD,
Mo 135 0.48% 0.0622 0.0418 t 1] L% 0.5 147
5.0 (%) 0,088 0.0124 0.0378
K.D. : ot detectable (<05 pgiall
H.D. was caleulsted ag zero|D) for Mean+ 5.0,
Table 5-2 Study for effects on embryo-fetal developmeat in rats treeted orally with N5-304
Flasma concentration of N%-304 (Day 11)
Plasma concentration [ppfel)
Dese Animal Animal Animal Animal Aninal Anieal fninel fmax  Twax A 0-34h
ag'kg mmber  Pre mmber 0.5h  mmber  1h pusber W pmber 4 mmber B: nmber  #h [ggenl)  Ih) (ag-hiell
e N,
12 WD,
0 18 M
M L]
AN
225 KD L 04814 B WD it WD i ML 1 WD, uE ND
2 NI 2132 04707 I WD i WD o ML I ON.D, nm 8D
] EIET I N 2123 00414 T WD H2E KD 017 WD IS N.D T WD
Wem L] 0.0812 [ 1] h] 1 O DOEIZ 05 0.0d08
5.0. 00104
a5 WD d121 018 a5 00812 i NI 3125 ML sk KD di35 N
A126 WD 42 0.M&  JI26 DG JlE MO 3126 KL HE WD W WD
3 32T KD BT R (11 T T T N 3T KL HE M nmw oKD
Mean [ 0. a7 0.0 Q ] ] [ 0.20m 0E 0.15%
5.0 4013 00105
4185 KD 4131 068 4135 0B 4131 0.OTET 4125 WD 411 00908 4135 KDL
1% KD 4128 0.TE 185 0.EE 4132 WD, 413 0085 42 KD 126 N.D.
2 4137 K.D. 4123 0,558 4157 0,058 4 N 4137 NI £123 D.oans 13T H.D
Mean 1 0.634 0.185 00254 0.0083 0.05TE 1] 0.6 0.5 1.15
5.0 0.1m 0,085 D043 0.0 0048

b & Mot debectable [<0.05 sgful)
b

K.
K. waz culenlated &5 rero(d) for Meens 5.0,

Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):
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Table 4 Study for effects om cabryo-fetal developent In rats treated orally with NS-304
Cross pathological findings o dams

Dose (mg/kg) 0 2 6 20

No. of dams examined 20 20 20 20

No. of dams with abnormal findings 0 0 0 0
Table & Study for effects on embryo-fetal developmeit In rats treated orally with NS-304

Cesarean section data

0. of mbry-fetal deaths

%. of Jo. of Iple- Total Isplan-  Resorted Flacental Early Late Ioad M. of
Do ». of corjors  isplam-  talion Lation aecersted materaled i
ke dam lutes tations fndex %2l (W)  frece  embrw  remant  fetes feins fetus  fetusen
Total 30 6 1 0 L 1 ] [} n %
[} »  Ran 6.0 153 9%.8 [ 35 us
s 1.8 13 5.5 (1] ]
Teal @2 W ] 0 L) H 1 ] o 0
H N B 16.1 15.5 B6.4 | 01‘ 4.5
s, 2.0 15 5.5 | 61 1.0
Trtal &7 208 19 0 " 2 ] 0 o m
] n 15.4 "9 m.3 1 02 Ho
$0. L6 13 .5 K3 1.3
Ttal I %3 15 ) 18 0 ] 0 L 1)
» 0 e 15.2 4.5 9.1 {48l 3.7
8D, i8 7 191 ( 83) 3.5
8): (M. of haplmtations / ¥o. of corpora lutse) X 10O
b): (0. of mbeyo-futal deatds / Yo. of inplatations) X 100
% eignificat @iffemesce In any traated prowgs from coatrol growp.
Table & Study for effects on embryo-fetal developmeat im rats treated orally with NS-304

Exanination of live fetuses

Felald tody weightie) “:ih" feteses

[ose W, of %, of M. of Sex ratlo a) " Groas evaluation of placenta
kg dims mles  fomales Male  Feeale woorsalities {V)b)
Total 156 1% 0.5 b
0 2 Mean T8 7.0 408 0 ( 0.0) %o abaarsal findings
$.0. 4 3 (% T (o0
Tokal 148 7] 0.51 0
2 % ‘em T4 1.1 I8 AN (0.0 %o stoormal findings
5D 12 1.8 (% I B (0.0
Total 140 1% 0.5 [3
§ %N e 1.8 1.0 40 M (60 % wbrorsal findings
D, Lt 4 o [ &) [ X}
Tota! 1% ] (X ] [
» ®  Nem (%] () 180 )8 |1 .0 % atworml (adings
5.0, 12 2.5 oL X ()
#): No. of meles / Yo. of lve fetuses
b): (W, of 1ive fetuses with exterml abworsalities / fo. of liwe fetases) X 300
oo pe. 01 |Significant difference from coatrol grow)
D: Dummett’s test

Offspring (malformations, variations, etc.):
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Table T Study for effects on embryo-fetal developredt in rats

Visceral exanination

of live fetuses

treated orally with NS=304

BESTAVAILABLE COPY

Dose (mg/ke) a 20
No. of fetuses examined 141 134
N¥o. of fetuses with abnormality (%) 4 Z.9+ T.5) 100 T7.2+1L.0}
Situs inversus totalis O 00+ 0.0 1{ 0.7+ 2.9}
Ventricular septal defect I 1.4+ 4.4) 41 3.1+ 7.5)
Abmormal origin of
left pulmonary artery 0T 5.2 3l 2.0+ 8.3)
Abnormal lobation of liver W 0. 72 B.2) 1( 0.8+ 3.8]
Dilatation of renal pelvis and ureter M 0.0+ 0.0} 1 0.7s 2.9)
No. of fetuses with variation (%) 114 8.2= 8,1} A0 2.5+ B.0)ed
Th¥mic remnant in neck T 6.1+ T.1) 10 0.7+ 2.81+]
Convoluted ureter 2 1.7+ 3.4) I L.1x 4.8)
Left umbilical artery 20 1.4: 4.4) 1 0.8+ 5.3)
= p<0.06 (Eignificant difference from control group)
J: Wilcoxon's rank sum test
Table & Study for effects on embryo-fetal development in eats treated orally with N5-304
Skeletal examipation of live fetusas
Dose (kg ] b ] bl
Fo. of fetuses exmained 154 1a0 145 L4
Wo. of fetuses with abaormality (%) Of 0.00 0.0} Or &0 0.6} 0r .02 001 G 0.0 0.01
Koo of fetuses with varlstion (%) 150 %.Be15.1] 40 2.8:13.3F 260 13.1:16.5) Ml 8.345.1)
Nevy rlihs QL .0 001 TR -T 1 06+ 3.8 H 0. 0.0)
14th rib 15 G.Es15.1) 14 8.0:13.4] Z5] 1750176} 121 B.5+13.3)
Splitting of thoracic vertebral body I T 32 0 0@ 0.0 Of 0. 0.0 N LA
Lmmharizstion of sserel vertebea I 0.8 2B [ RN ] o 0 00) 0f 005 0.0
Frogress of assificat bom
¥o. of csalfied sternshess (%)
st 15400000+ 0.0) 120020004+ 0.0)  14S(000.0+ 00F LA0010G.00 0.0}
nd 15400000+ 0.0} 1480 98,2+ 3.T) 145020004 0.2] LADCL0D, 0= 0.0
Ird 1540200, 0+ 0.9} 1500100.0+ 0.0} 14501000+ 0.0 L&0010 . 0s .0
dth IS4(100.0¢ 0,00 1480 88,0+ 3.7} 14SCL00.04 0.01  L0(100.0+ 0.0]
Bth D430 B3, La03.0) 04O B3.0S10.3)  12E( BL3AIT.L) LB 85.8019.3)
fith 1541109, 0+ 0.0} L&l .2 3.7) 1840 B3.2- 3,7] Lagl §9.4r 281
Ko. of ossified metscarpl [Mesas5.0,] - B
RIght 4,00+0,00 4000000 40040, 00
Left 40040, 00 1,594, &.00:0. 00
Ka. af ossified metatarsi [Means3.0.]
Eight L0 10 L0 £.3140.12 4.70:0.21
Left 49640, (8 £.8T40. 20 43R+ 1R 4, B30.37
Mo, of ossified B
aacrel and caudal vertebrae [MeaneS.D. §.45:0.3] E.a2=0.47 a2 43 &, 27+0.98

Ko simiricant difference in any treated groups from coateel Eroug,

Study title: Study for effects on embryo-fetal development in rabbits treated orally with

NS-304

Key study findings: Fetuses from the high dose group (30 mg/kg) experienced
increased incidence of right retrocaval ureter. No other statistically significant excess
soft tissue or skeletal anomalies were detected. Fertility parameters were not affected.

Study no.: R-952

Volume #, and page #: eCTD
Conducting laboratory and location:

Reference ID: 3859648
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(b) @)

Date of study initiation: December 14, 2006
GLP compliance: Yes

QA reports: yes(x)no ()

Drug, lot #, and % purity:

MName: N5-304 (MRE-304)
Lot number: 20
Assay: 100.3%
Methods
Doses:
Species/strain: New Zealand White Rabbits
Number/sex/group:
Text Table 1. Group Composition Table
. Dioze Level Dioze Concentration Dicse Volume Tumber of . -
Test Group (melke) (sl (L) Copulated F Arrimal Mumiber
Control 0 0 5 2 1101 10 1122
Low dose 3 06 5 2 2101102122
Middle dose 10 2 5 2 3101103122
Hizh dose 30 6 5 2 4101 104122

Route, formulation, volume, and infusion rate: oral gavage
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results

Mortality (dams): one dam in the high dose group died one hour post-dose, probably
test article related.

Clinical signs (dams):
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Tahle 1 Study for effects on embryo-fetal development in rabbits treated orally with NS-304
Clinical slgns in dams

Administretion
[mse dlgms
a'ig -5 & T B 9 I U 1@ B 1M 15 6 17 16 19 M 1 22 B M OB N O By
1 Ko, of dams N B R N WP BHNR YRR RN RRIRRTRZTRLOR
Ko, of das with amoreal fisdings bo» ¢ 0 @ ¢ @ ¢ 1 1 1 1 1 & 1 0 & & 0 0 & @ @ @
Dacresse le the amount of feces L R T A N | ¢ 1 1 1 1 1 0 1 0 0 o0 0 0 @& & 4 10
3 K. of dams 21 021 3N ;W oA ;oA oA U oN NN NN AN KN D NN Mo
Ao, of cams with stmomal fimdings [ T gobo1 L0 0 0 0 & & ¢ 19
Decregse Lo the maunt of fetes 0o 1 0 ¢ ® ¢ ¢ r 1 B F ¥ 1 & L 0 0 o0 0 8 & @ 0
1 W, of dwe #don oM oM on B B B ¥ omow NN N NN DN NN ODR
Fo. of doms with atocemal {isdings O oH 2 o9 ¥ ¥ o® o1 12 1% w T & 0 0 0 0 0 O @ 0 0 0
Fleshielcle) o W 1% 158 15 M [ & 5 4 5 1 0 0 0 0 0 0 0 4 4 0
Fleshiaromd wpoer sad lower 1ip,
aromnd epelid) @ 1% 1 17 14 1 ¥ 135 8 w0 11 & E 3 0O 0 0O 0 0 O @ 4 0 D
Decregse In the mount of feess oo 3 0@ & 10 B 1 ¢ o 8 0 o0 0 00O o® % w0
] Ko, of s A 0 N % N W M oW oW X OW W OWN NN N NN NN NDNDN
Fo. of dme with atmomal fiadings 002 N N N oMW om om o2 o2 o2 020 N N 1 L o0 0 0 0 8 & 0 10
Flushimelele) o on ¥ N OH N N N N N NN 0 0 0 0 0 0 & & 0 0
Flushiaround wpper and lower Lip,
eromd cg.‘e].‘jﬂe D2 W W oW W W N O®H NN OWOWON O ¢ 0 0 0 0 0 0 0
erpni D1 1 12 14 M W % 5 & 6 6 T T & 0 0 0 0 0O 0 © & @
Decregse in the amouet of ferss oo 1T T 4 L+ 0+ ¢ & ¢ 0O O O 1 1} ¢ 0 0 0 0O ©° & & @
Stalning arousd the snus region b B o2 OO0 OO0 & 0% 0 @ 0O 0 0 0 ¢ @ 0 0 0 0 0 ¢ & 0
Deerease Lo lecoapblon setivity [ A A R T - T A T A A A
Soft feves o0 1 0 ¢ @& & & 0o 0 0 0 L 0 & & & @ & 0O 0 O O O
Teath oo 1 0 ¢ & & & 4 0 0 0 0 0 @ @ @& & @& O 0 0 ° @
al: Gestatlonal day
Body weight (dams):
l R-852

Ej
g 9
(=]
§
o
—
B
o—a 0 mg/ko
A —a 3 mg:’kg
m— —m 10 mo/kg
2k b Administration —— +——= 30 ng/kg
ﬁl— i i 1 i i 1 i 1 i i L 1 I i i I i i L 1
0 3 B 7 6 9 1011121314 15 16 17 18 19 22 24 26 28
Gestational day

Fig. 1  Study for effects on embryo-fetal development in rabbits treated orally with N3-304
Body weight changes of dams

Food consumption (dams):
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A-952
%
=
= 200+
0
]
™
£
=
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(=)
=
(=N
E
=
= 100+
=
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=
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s
0 mg/|
A 3 mg/]
B— —a 10 mg,/|
b Administration ——— #—-=—s 30 mg/kg
C I 1 A1 1 1 1 Fi Il 1 L 1 1 I I 1 1 1 1 1 ]
1 E| B 7 B8 9 1011 12 13 14 45 16 17 18 1 22 24 26 28
Gestational o

Fig. 2  Study for effects on emyryo-fetal development in rabbits treated orally with NS-304
Food consumption of dams

Toxicokinetics:

Tabla 16-1 Stidy for effects an embryo-fetal development in rabbits treated orally with K5=304
Flagms concentration of N3-304 (Gestational day 18)

Flasma concentration {sg/mL}

Animal

Doze -
(mESki) number Pre @.Eh 1ih 2h 4h 8h 24h I.E:gﬁl'-l 1?%* %HE;EIEH
1118 N.D. M. K.D. LI, N.D. o .. - =
1119 H.D. N.D N.D. H.D. N.D. K.D N.D. - - -
a 1120 K.D. E.D ®.D. H.D. R.D. o XD -
Mean L] a /] o Q o o
5.0,
2116 .. 0.137 H.D. N.D. N.D .. 1] ©.137 0.5 T.0685
2118 N.D. N.D. H.D. N.D. K. N.D. H.D o - o
3 2120 0. N.D. M.D. N.D. N . 0} - L]
Mean Li] 0.04ET [i] ] L] o o . 0457 o5 0.0228
8.D. 0.0781 . 0791 . 0385
2118 K.D 0.0886 N.D. N.D. N.D. N.Do N.D. 0. 06BE 0.6 ©.0333
al1e N.D. 0. 335 0.07T84 H.L N.Dv, N.D. H.D. 0.325 o5 0.228
10 Fzo N.D. 0.223 0. 0820 N.D R.D N.D L] .22 o5 .17
Mean L] a.208 0. 0530 [+] L} Q o 0.208 0.5 0. 144
5.0 0. 135 0. 0483 0,136 0.0 0. Lo
41189 N.D. Z.55 1.31 0. 34 N .0 2.36 0.5 2.76
4121 K.D. 0.921 0,492 0. 0461 N.D ®.D H.D 0.8EL 0.5 0.974
an 4122 M.D. 0.T40 @554 0.120 N N.D 0.740 0.5 AEE
Mean o 1.34 0. 785 a.208 o a Q 1.34 0.5 1.58
8.0. o.88 .50 0. LB6 Q.88 o0 1.0

N.D: Hot detectable {<0.08 sg/ml}
. was caleulated as zers{d) for Mean=3.D. and AUC,
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Table 10-% Study for effects on embryo-fetal development in rabbits treated arally with NS-304
Flasma eoncentration of WRE-289 [Gestaticnal day 18)

Flasma concentration {sg/ml}

Dose Animal Coax Tmax  AUC 0-24h
img/ke) nunber Pre 0.8k ih 2h 4h Eh 24h leginLl {h e homl )
1118 H.D N.D. N.D. H.D H.I N.D. N.D. o = =
1119 H.D N.D. N.D. N.D. N.D. W.D. N.D. - N -
o 1120 N.D. N.D. N.D N.D H.D N.D. N.D. - - -
Mean o [+] L] 0 o L L1
§.0.
2118 H.D. 0420 OG0 0. 204 a.102 N.D. H.0 a.504 1.0 1.20
2118 N.D. 0343 o.ang 0.148 o070 N.D. N.D 0.443 a.5 0.644
3 2120 N.D. 0176 0.221 0. 108 0.07TE3 D.0874 N.D 0.2Z1 1.0 L.30
Mearn ] 0,348 0. 389 0.153 0.0812 0.0225 @ 0.288 a.8 1,18
5.0. 0.148 0. 149 o, 048 0. 0180 0.0388 Q.47 0.3 0,18
118 N.D. 0.406 0.552 0.512 0,332 0,348 N.D. 002 1.0 .84
a11% N.D. 0,932 1.03 B.172 0.140 0. 14 H.D 1.03 1.0 .01
p ) 3120 ¥.D 0.845 1.07 0. 365 0,161 0.112 H.D 1.07 1.0 540
Mean L] 0,744 0.884 0, 350 0,211 9. 150 o 0.B24 1.0 4,09
E.D. 0,264 0.288 0171 0.108 0.137 0.288 a.0 1.55
4118 N.D. 3.26 5.17 .77 @,7832 0,304 H.p E.1 1.9 16.4
4121 M.D. 2.11 d.41 1.27 0. B06 0.800 H.D .41 1.0 1E.1
ao 4122 H.D. 1.32 2,38 1.49 0,857 0.508 N.D 2.3 1.0 1.7
Mean a 2.23 3.86 2.18 0. 632 0,475 H] a.64 1.0 3.7
5.D. .68 1.41 1.38 0.115 0.186 1.41 &0 .4

N.O.: Kot detectable (<0.05 sp/ol)
N.B. was caleulated as zerold) for Mean®S5.D. and AUC,

Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):

K-waz
Table 4 Study for effects on embryo-fetal development ln rabbits treated orally with N5-304
Gross pathological findings in dams

Dose ] a 10 30
mg/ kg
Mo, of dams examined 22 21 22 21
Mo, of dams with abnormal findings 1] ] 1] 1a4a)
Thymue : Discoloration, dark red Q 0 0 1
Lung : Discoloration, dark red 1} 0 i 1
Stemach : Disecloration, dark red, sucosal i 0 0 1
Subcutapeus : Hemorrhage, around the mammary gland region, many 1} 0 0 1
: Hemorrhage. around the neck 1} o i 1

aj: Finding in dead dan
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E-852
Table 5 Study for effects on embryo-fetal development in rabbits treated orally with NS-304

Cezaresn section data on dams

Yo, of Ko, of Isplan- Mo, of resorbed or dead fetuses Mo, of  Placental weightlg)  Gross evaluatlon

Deee Mo af coepora Implax-  tabico live of placeatae
BEig dams lytes  tatloms Index % &) Totalls| b} Early ¢ late d) feteses male femnle
Totel 22 181 u 11 3 157
1] 2 Mean 1.3 B2 ELT | B.Z) 7.6 3.4 3.0 o aboermal findings
8.0, 1.3 L8 I i 10,10 28 .78 0.5
Total 205 138 ] H 4 e
k] 11 Mean .3 [ ] | 5.4 7.6 3.40 3.12 Mo abreomal findings
8.0 LB LT 2 [ B5) 7 054 0.53
Total 1M 16 15 1 7 150
in B Men .9 5 a4 [ 1800 6.8 3.58 i) P abmormal findings
50 15 2.9 18.9 [ 214} 7 &3 .63
Total 200 176 1T (4] 4 it
o 0 Mean 10.0 E& TR [ 10.4) B.0 3.38 3.3 Mo abnoemal findings
8.0 1.1 2.4 ([8: i 164} 7 §AT (U]
al: (%o, of Implantaticens S ¥o. of corpora luteal X 100
bl: (¥a. of resorbed or dead fetuses / No. of implantations) ¥ 100
c): Implantation trace, resorbed embryo and placental respant
d): Early macerated fetuws. late macerated fetus and dead fetus
No significant difference from control group in eny treated group
Offspring (malformations, variations, etc.):
E-B52
Table & Study for effects on embryo-fetal development in rabhits teeated orally with N5-304
External examination of live fetuses
No. of Mo, of Sex ratio Fetal body weight(g) No. of fetuses
Dose No. of —————  —  with external
me/kg dang nales fenales a) Male Fenale abnormalities (%) b)
Total 75 62 a
] 23 Megn 3.4 4.2 0,45 G4.80 33,68 {00}
5.0, 1.7 2.0 0,13 5.90 4,32 [ ]
c}
Total G4 44 1
3 21 Mean 3.0 4.5 0.40 3598 34,41 { 2.4)
5.D. 1.7 2.0 0.13 3.3z 4. 38 i o1m.8]
dl
Total 75 T2 a
1 21 Mean g8 4.4 0.51 36 .31 34,83 { L.8)
5.0, 1.8 1.8 0.24 3.54 4,31 { 4.8)
Total B4 15 a
30 1] Hean 4.2 3.8 0.57 33.80 33,77 [ 0.0)
5.0, 1.7 2.2 0.21 3.43 3.48 [N ]
aj: No. of males / ¥o. of live fetuses
b::: é o hff live fetuses with external abnormalities f Ne. of live fetusas) x 100
[ rachyur
di: ﬂypﬁplasln in cavity, Amelia in forelimbs, Spina bifida. Paw hyperflexion in forelimb (left), Gastroschisls
Ko significant difference from control group in any treated group
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Tahle T Study for effects on embryo-fetal development in rabbits treated orally with NS-304

Visceral examipation of Llive fetuses

Dose (mg/kEh o a0

Ho. of fetuses examined 167 158

Mo, of fetuses with abnarmalities (S:Mean+5.D.) 00 0.0+ 0.0} 20 1.1= 5.0)
Absent gallbladder Of 0.0+ 0.0} [ 1.1s 5.0)

Mo. of fetuses with variation (%iMean:5.D.] B B.1:12.4) 100 §.1:10.6)
Abnornal lung lobatiom

(Abaent accessory lohe) 30 2.8+10.8) a0 1,50 4.9)

Abnornal origin of right subclavian artery 5f 3.3+ 7.5) 1 0.5= 2.2)
Eetrocaval ureter (right) Of 0.0 O.0) B[ 3.1= 7.5)e]

L Rtﬂ.b.‘:- (Significant difference from control group)

J: Wilcoxon's rank sum test

Table B-1 Study for effects on enbryo-fetal development in rabbits tresated orally with N5-304

) Skeletal examination of live fetuses

Dose {ng/kgh 1] M

No. of fetuses examined 167 159

Wo. of fetuses with abnormalities (%:Means+S.D.) 81 5.8:10.0) M 1.52 4.9)
Fused sternebra 8 3.7+ 0.0) 2{ 1.0= 3.1}
Branched rib 11 1.1+ 5.3) 1{ 0.5= 2.2}
Fused rib 1{ 1.1+ 5.3) oL 0 0.0}
Absent thoracic vertebral arch 0 0.0+ 0.0} 1 0 2.2}
Absent lumbar arch 1{ ©0.5% 2.1} of 0. 0.4
Lumhar hemiwvertebra Il 0.5+ 2.1) 0 0.0z 0.0}
Halpositioned candal wertebra Il 0.5x 2.1) M 0.5z 2.2)

No. of fetuses with variation (%:Mean:$.0.) T 4.3+ 9.4 { &6.5= 8.1}
Cervical rib 1 0.9+ 4.3) 3 1.8% 4.48)
Asyemetric stermebra 1{ 1.1+ 5.3) 1{ 0.5s 2.1}
Splitting of sternebra 11 0.4+ 1.9) 20 1.0= 3.1]
Uncssified talus 4l 1.8« 6.0) 4 2.2+ 4.8}

No. of fetuses with 13th rib [%:Means5.D.] 128( TE.G+27.T) 1170 74.4225.7]

Ko significant difference from control group in any treated group

Prenatal and postnatal development: Not done

2.6.6.7 Local tolerance not done

2.6.6.8 Special toxicology studies

Study title: in vitro phototoxicity study

Volume #, and page #: eCTD 2.6.6.8.1 or 4.2.3.7.7
Conducting laboratory and location: not provided
Date of study initiation: not provided

GLP compliance: no

158
Reference ID: 3859648



QA reports: yes( ) no(x)

Drug, lot #, and % purity: ACT-333679 (code: MRE-269; batch number: ELB0O066-
1217.00) and ACT-293987 (code: NS-304; batch number: ELB0066-1216.00)
Formulation/vehicle: 10 mM stock solution in DMSO, final dilution in phosphate
buffered saline.

Methods

Doses:

ACT-333679; +UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 uM
ACT-333679; -UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 uM
ACT-333679; +UVA: 1,000.0, 333.3,111.1, 37, 12.3,4.1, 1.4, 0.5 nM
ACT-333679; -UVA: 1,000.0, 333.3, 111.1, 37, 12.3,4.1, 1.4, 0.5 nM

ACT-293987; +UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 uM
ACT-293987; -UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 pM
ACT-293987; +UVA: 1,000.0, 333.3, 111.1, 37, 12.3, 4.1, 1.4, 0.5 nM
ACT-293987; -UVA: 1,000.0, 333.3, 111.1, 37, 12.3,4.1, 1.4, 0.5 nM

Study design:
Results:
Table 1 Survival data
ACT-293987 ACT-333679

ACT-293987 ACT-293987 Presence of UV Absence of UV ACT-333679 ACT-33367T9 Presence of UV Absence of UV

[uM] [mM] (%= Survival) {% Survival) [uM] [nM] (% Survival) (%= Survival)
100.00 25 95 2105 100.00 2524 24 14
3333 26.35 21.39 3333 26.19 24 38
11.11 2545 229§ 11.11 24 88 2509

360 2699 5532 360 2548 T6.45
1.20 26.09 97 65 1.20 2548 9822
040 2622 9339 040 2571 96.33
0.14 26.99 95.07 0.14 2440 ov.aer
0.05 2095 100.00 0.05 2357 100.00
1000.00 243 9255 1000.00 2373 87.58

333.30 A2ET 0438 33330 25.90 87.20

111.10 7254 5559 111.10 7349 9242

3r.00 9285 58.05 37.00 96.75 214

12.30 95 60 5345 12.30 9892 97.89

410 o714 5522 4.10 96.39 9217

1.40 96.15 58.51 1.40 100.00 9342

0.50 9505 5508 0.50 96.27 9839

% Suwrvival was calcolated with respect to mean maximal value of hexaplicates obtained across all treated and non-
treated samples.

2.6.6.9 Discussion and Conclusions: Although both substances, at concentrations of
approx 100nM and higher, were positive for phototoxicity enabled by UVA, the drug
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does not accumulate in the skin or pigmented cells near the surface, so risk of such
toxicity may be low.

2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

APPEARS THIS WAY ON ORIGINAL
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Table 8 Incidence of intussusception in the dog

Study LOEL Mortality Day Gender
(Found dead or humanely killed)

Single-Dose (plus 15 200 mg/kg N=1outof6 7 7 (FD)
days observation)
[T-08.273]
2-week study 20 mg/kg/day N=3outof 6 6 ¢ (FD)
[T-08.277] 10 4 (UN)

13 7 (FD)
4-week study + 4 week 6 mg/kg/day N=1 out of 10 29 3
recovery [T-08.290] Intussusception observed during

routine necropsy

39-week study 4 mg/kg/day N=2outof 12 24 % (UN)
| T-08.286] 124 ¢ (UN)

FD = found dead; UN = unscheduled necropsy

Reference ID: 3859648
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Table 9 Safety margins for intussusception based on AUC data
Drug Dog study NOEL Mecan AUC 4 Safety* Corrected
(mg/kg/day/day) (ng.h/mL) margins safety
margins**
ACT-333679 2-week study 6 154,000 562 5
ACT-293987  [T-08.277 24,675 355
ACT-333679  4-week study 3 84,255 308 3
ACT-293987  recovery period 13,720 197 2
(4-week)
[T-08.290]
ACT-333679  39-week study 2 49,700 181 2
ACT-293987 [T-08.286] 7.345 106 1

*Achieved plasma exposure after administration of 1,600 pg ACT-293987 b.i.d. at steady state in humans subjects:
ACT-293987 AUC(_o4y, of 69.6 ng'h/mL; ACT-333679 (active metabolite) AUC o4, of 274 ng-h/mL

¥*Taking into account the species difference between dogs and humans of in virro inhibition of ADP-induced platelet
aggregation by ACT-333679 5208.253]. The exposure at the respective NOAEL is corrected for the species
difference of in vitro 1Csg values on platelet aggregation inhibition. The ratio ICsg o/ 1Cs0 human 15 119 with
ACT-333679 and 83 with ACT-293987. The safety margin is corrected by this factor.

Table 10 Safety margins for intussusception based on C,.. data
Drug Dog Study NOEL Mean Cjax Safety* Corrected
(mg/kg/day/day) (ng/mL) margins Safety
margins**
ACT-333679 2-week study 6 14,135 790 7
ACT-293987 [T-08.277] 9.290 845 7
ACT-333679 4-week study 3 7,575 423 4
ACT-293987  fecovery period 4,620 387 3
(4-week)
[T-08.290]
ACT-333679 39-week study 2 5.580 312 3
ACT-293987 [T-08.286] 2.445 222 2
* Achieved plasma exposure after administration of 1,600 ng ACT-293987 b.i.d. at steady state in human subjects:

ACT-333679 (active metabolite): Cyoy 17.9 ng/mlL: ACT-293987 (drug): C,,,,x || ng/mL

#* Taking into account the species difference between dogs and humans of in vitro inhibition of ADP-induced platelet
aggregation by ACT-333679 9’)08.253]. The ratio of inhibition of ADP induced platelet aggregation by
ACT-333679 between dogs and humans is 119. The safety margin is corrected by this factor.

®)
Table 11 Inhibition of platelet aggregation in platelet-rich plasma ©-08.253]
ICy, of platelet aggregation (M)
Drug Human Dog Rat
ACT-333679 0.21 (88.1 ng'mL) 25 (10,488 ng/mL) 10 (4,195 ng/mL)
ACT-293087 5.5(2,731 ng/mL) 456 (226,459 ng/mL) -

—=not tested

ACT-333679 (active metabolite): C,oc 17.9 ng/mL: ACT-293987 (drug): C,,.x 11 ng/mL
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Table 12 Safety margins for drug-related bleeding potential based on AUC

data
Compound  Human' Dog’ Rat’
AUC Mean Safety Corrected Mean Safety Corrected
(ng.h/mL) AUC margin safety AUC margin safety
(ng.h/mL) margin®  (ng.h/mL) margin’
ACT-333679 274 554,000 2,022 17 139,000 507 11
ACT-293987 09.6 90,000 1,293 16 12,000 172 na

Achieved plasma exposure after administration of 1,600 pg ACT-293987 b.i.d. at steady state in human subjects:
ACT-293987 AUC(_24p, 0f 69.6 ng:h/mL; ACT-333679 (active metabolitc) AUC 4, 0f 275 ng-h/mlL..

* Dog NOAEL 20 mg/kg/day/day, 2-week oral toxicity study [T-08.277)

' Rat NOAFL 100 mg’kg/day/day. 26-week oral toxicity study [T-08 285]

¥ The exposure at the respective NOAEL is corrected for the species difference of in vitro ICsy values on platelet
aggregation inhibition. The ratio ICsq goe/ 1C50 upan 18 119 with ACT-333679 and 83 with ACT-293987. The ratio
1C30 rat’ 1Cs0 tuman 15 48 with ACT-333679 [Table 11].

Table 13 Safety margins for bleeding based on C,,,, data
Compound  Human' Dog’ Rat’
Cinx Mean C,,., Safety Corrected Mean C,,., Safety Corrected
(ng/mL)  (ng/mL) margin safety (ng/mL) margin safety
margin’ margin’

ACT-333679 17.9 40,000 2,235 19 28,175 1,574 33
ACT-293987 11 22,630 2,057 25 6,070 552 na

T

Achieved plasma exposure after administration of 1600 ug ACT-293987 b.i.d. at steady state in human subjects:
ACT-333679 (active metabolite): Cyyay 17.9 ng/ml; ACT-293987 (drug): Cppy 11 ng/ml.

Dog NOAEL 20 mg/kg/day/day, 2-week oral toxicity study [T-08.277]

Rat NOAEL 100 mg/kg/day/day, 26-weck oral toxicity study [T-08.285]

The exposure at the respective NOAEL is corrected for the species difference of ICs, values on platelet aggregation
nhibition. The ratio 1Cso aoa’ 1Cs0 tuman i 119 with ACT-333679 and 83 with ACT-293987.

The ratio TCsq ! 1C50 puman 1S 48 With ACT-333679 [Table 11].

PR *)

163

Reference ID: 3859648



Table 14 Safety margin for increased ossification in dogs based on AUC data

Study Bone finding in dogs NOEL Mean AUC,_54 Safety Corrected
(mg/kg/day) (ng'h/mL) margins safety
for ACT- margins*~
333679*
2-week study  Bone (femur) increased 2 59.290 216 2
[T-08.277 ossification in the
trabeculae (males and
females) and/or

increased ossification of
the periosteum (females)

4-week study  Bone (femur) increased 1.5 47.110 172 1
[T-08.290] ossification in the

trabeculae (mmales and

females) and/or

increased ossification of
the periosteum (males)

39-week Bone (femur) increased LOEL 29.400 107 1
study ossification in the 1
[T-08.286] trabeculae (males and

females)
39-week Bone (femur) increased 2 49,700%%* 181 2
study interim  ossification in the
cvaluation trabeculac (females)

(26-week)
[T-08.286]

* Achieved plasma exposure after administration of 1,600 ug ACT-293987 b.i.d. at steady state in humans subjects:
ACT-333679 (active metabolite) AUC) 54, 0f 274 ng-h/ml.

** Taking into account the species difference between dogs and humans of in vitro inhibition of ADP-induced platelet
aggregation by ACT-333679 }")()R.ZSB]. The ratio of inhibition of ADP-induced platelet aggregation by
ACT-333679 between dogs and humans is 119. The safety margin is corrected by this factor.

##* Exposures at the end of the study (39-week).

LOFL = lowest observed effect level
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Table 15 Binding affinity for human receptors

Binding affinity (K1, pM) for human receptor

Drug IP EP, EP, Fold differences for
EP vs IP receptor
affinitics (worst casc
scenario)
ACT-333679 (MW 419) 0.02 58 49 245
(8.4 ng/mL) (2436 ng/mL)  (2.058 ng/mL)
ACT-293987 (MW 496) 0.26 >10 >10 38
(129 ng/mL) (4,960 ng/mL) (4,960 ng/mL)

Rcti?rences: 9"2—()8.2¥7| 10 | @)8.222] and E:;()SQSS]
MW = molecular weight

Table 16 Human safety margin for EP,/EP, subtype receptor binding

Drug EP; (Ki) Margins EP> vs human EP4(K7) Margins EP,; vs human
achieved** C,,. al achieved™* C,,, al
1600ug b.id. 1,600 pg b.i.d.
ACT-333679%* 5.8 1M 136 4.9 M 115
(2,436 ng/mL) (2.058 ng/mL)
ACT-293087** >10 uM 451 >10 uM 451
(4,960 ng/mL) (4,960 ng/mL)

#*Achieved concentration at 1,600 pnghb.id: C

max
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Table 17 Incidence of bone marrow fibrosis and associated findings in dogs

Incidence
Study Dose Bone marrow White/red cell Extramedullary
(mg/kg/day) fibrosis counts decrease hematopoiesis
2-week study 6 5outof 6 Vv X
[T-08.277] 20 3 out of 3 v X
4-week study 3 4 outof 6 X X
[T-08.290] 6 6 out of 6 v 3 out of 6
4-week recovery period 3 0 outof 4 X X
(4-week study) 6 0 out of 4 X X
[T-08.290]
39-week study + 3 out of 5 X X
[T-08.286]
v = sign present
X =not observed
Table 18 Safety margin for bone marrow fibrosis
Study Bone marrow NOEL Mean AUC,_»4 Safety Corrected
finding in dogs  (mg/kg/day) (ng-h/mL) margins* Safety
ACT-333679 margins**
ACT-333679
2-week study Bone marrow 2 59,290 216 2
[T-08.277] fibrosis
4-week study Bone marrow 1.5 47,110 172 1
[T-08.290] fibrosis
4-week study +  Bone marrow 6 180.250 658 6
4-week fibrosis
recovery period
[T-08.290]
39-week study ~ Bone marrow 2 49,700 181 2

[T-08.286] fibrosis

*Achieved plasma exposure alter administration of 1,600 pg ACT-293987 b.1.d. at steady state in human subjects:
ACT-333679 (active metabolite) AUC, 5y, 0274 ng-h/mL..

** Taking into account the species difference between dogs and humans of in virro ihibition of ADP-induced platelet
aggregation by ACT-333679  408.253]. The ratio of inhibition of ADP-induced platelet aggregation by
ACT-333679 between dogs and humans is 119. The safety margin is corrected by this factor.

NOEL = No observed effect level

OVERALL conclusions and recommendations

Summary: ACT-293987 is a prostacyclin agonist that has an ester group conjugated to
it to improve oral bioavailability .It is rapidly metabolized to ACT-333679, the primary
active compound. For this submission, the indication is for treatment of pulmonary
arterial hypertension (PAH).
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The primary pharmacology studies project efficacy in PAH based on appreciable relief
in models of PAH and an ability to reduce right ventricular hypertrophy (RVH)in such.
The receptor binding profile suggests that the basis for this efficacy is selective binding
to the IP receptor..

Some of the positive findings in the safety pharmacology studies reflect prostacyclin
pharmacology. The cardiovascular safety studies indicated flushing, hypotension, and
increased bleeding times - issues to be aware of, although platelet inhibiton and
vasodilatation are expected of prostacyclin agonists.r There were also positive CNS
findings i.e., in the modified Irwin screening, and manifest as changes in body
temperature, sleep, pain response, and respiration rates. . ACT-293987 also
decreased urinary sodium and potassium excretion.. Prostacyclin receptors mediating
smooth muscle tone are common in the gastrointestinal tract, and intussusception was
observed at necropsy, especially in the dog. Most adverse events for prostacyclin
agonists are related to their effects on the gastrointestinal system.

ACT-293987 is rapidly and extensively absorbed from the gastro-intestinal tract with a
Tmax of approximately 1 hr and a bioavailability of 80 to 90%. Radiolabeled ACT-
293987 accumulates first in the liver after oral dosing, followed by accumulation in the
stomach. This is probably due to the high concentration of receptors present in the
stomach, where prostacyclin agonists apparently have high activity. ACT-293987 is
primarily.,excreted through the biliary system (i.e., enterohepatic) with only 2% being
excreted by the kidneys. ACT-293987 is a pro-drug, although it also has activity at
prostacyclin receptors, and is hydrolyzed to ACT-333697, the primary prostacyclin
agonist. ACT-333697, one of up to 15 potential metabolites of ACT-293987, is
glucuronidated primarily and excreted through the biliary system..

General toxicoloqy:

From the mouse studies:

Study Doses Results NOAEL
Length
4 weeks 0, 30, 100, No mortality, @300 mg/kg/day flaccidity and 100
300 flushing mg/kg/day
mg/kg/day
13 0, 100, 300, 500 mg/kg/day one mortality, CK & ALT 100
weeks 500 increase; 300 mg/kg/day decrease in food mg/kg/day

mg/kg/day consumption, flushing, flaccidity, BUN
decreased, kidney tubular vacuolation
From the rat studies:

Study Doses Results NOAEL
Length
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4 weeks 0, 20, 60,
180
mg/kg/day

4 weeks + 2,6,60

4 weeks mg/kg/day

recovery

26 weeks + 0, 6, 25,

4 week 100

recovery mg/kg/day

From the dog studies:

Study
length
2

weeks

weeks

39
weeks

Doses

2,6,20
mg/kg/day

15,3,6
mg/kg/day

1,2, 4
mg/kg/day

20 mg/kg/day alveolar hemorrhage and Not

decreased platelets, loss or black

determined

discoloration of tail tip;
60 mg/kg/day flushing, decreased movement, 6
piloerection, reduced body wt and food mg/kg/day
consumption. Reversible
>25, 100 mg/kg/day liver and adrenal 6
hypertrophy, hyperplasia mammary gland, mg/kg/day
salivary gland, follicular cells in thyroid; all
treated animals, flushing, decreased
movement, reversible; one animal died in high
dose group of malignant lymphoma
Results NOAEL
20 mg/kg/day led to mortalities, 2
Intussuseception, QTc prolongation; 6 mg/kg/day
mg/kg/day increased ossification, bone marrow
fibrosis; 2 mg/kg/day decreased platelet, wbc,
& neutrophils.
6 mg/kg/day intussusception; 3 mg/kg/day 15
intussusception, bone marrow fibrosis, mg/kg/day
ossification; 1.5 mg/kg/day vomiting, diarrhea,
jelly feces
4 mg/kg/day 2 mortalities, intussusception; Not
1mg/kg/day bone marrow fibrosis and determined

ossification

Genetic toxicology: ACT-293987 was negative in most testing except for a small signal

of clastogenicity in the Chinese Hamster Lung cell in vitro assay. However, the in vivo
mouse micronucleus assay for clastogenicity was negative..

Carcinogenicity: not done

Reproductive toxicoloqgy: For the rat studies, the NOAEL was the same as for the

standard toxicity testing, 6 mg/kg/day. In this species, but not the rabbit, the primary
issue appeared to be low birth weight, which in humans has been correlated with

developmental difficulties.
In the rabbit study, the NOAEL was 10 mg/kg/day,and one animal died at the highest
dose tested i.e., 30 mg/kg/day, Reproductive function and fetal development were not

affected.
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Special toxicology: In an in vitro phototoxicity study both ACT-293987 and ACT-
333697 were positive for phototoxicity with UVA light. Phototoxic concentrations were
approx 100 nm (0.1uM) and above, relatively high exposures unlikely to be achieved at
therapeutic dosages since no accumulation was observed in skin or eye.

Based on the animal safety studies, ACT-293987 and its active metabolite ACT-333697
primarily carry, risk of intussusception, and bleeding due to platelet effects. and.
However, PAH is a high risk disease state, and with the appropriate safety measures in
place , it should be reasonably safe to begin clinical trials at the proposed starting dose .
Also, the prospect of an orally available prostacyclin agonist may be attractive for the
treatment of these patients considering the other prostacyclin agonists are only
available in intravenous or nebulizer formulations.

Internal comments:

External comments (to sponsor):

Signatures (optional):

Reviewer Signature

Supervisor Signature Concurrence Yes _x__ No
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1. EXECUTIVE SUMMARY

Both the report for rats and the report for mice included the statement that: “The
purpose of the present study is to evaluate carcinogenicity of NS-304 [(i.e., Uptravi®)] in
rats by a 2-year oral gavage administration. In addition, systemic exposure to NS-304
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was evaluated.” (page 7 of both reports). Both studies were conducted at the (in
English, rather unfortunately named) .

1.1. Conclusions and Recommendations

The Sponsor summarizes study design in the rat report as follows:
“Carcinogenicity of NS-304 (prostaglandin 12 agonist) was evaluated in Crl:CD(SD)
rats. NS-304 was administered orally by gavage to male and female rats (60/sex/group
for a main group, 6 weeks of age at the start of treatment) for 104 weeks. The dosage
levels of NS-304 were set at 0 (0.5 w/v% methylcellulose solution), 10, 30 and 100
mg/kg/day.” (page 14 of rat report)

Alternatively, gross aspects of the study design for the rat study are summarized
in Table 1 below:

Table 1. Design of Rat Study (dose volume 5 mL/kg/day )

Treatment Animals | Nominal Concen-

Group / Dose tration
Gender | (mg/kg/day | (mg/mL)

)

1. Vehicle! | 60 (5) 0 0

2. Low 60 (8) 10 2

3. Medium 60 (8) 30 6

4. High 60 (8) 100 20

10.5 wiv% methylcellulose solution (0.5 w/v% MC solution)

General aspects of the study design for the rather similar mice study are
summarized in Table 2 below. The Sponsor’s report described the conduct of the
mouse study as follows: “Carcinogenicity of NS-304 (prostaglandin I2 agonist) was
evaluated in B6C3F1/Crlj mice. NS-304 was administered orally by gavage to male and
female mice (55/sex/group for a main group, 6 weeks of age at the start of treatment)
for 2 years. The dosage levels of NS-304 were set at 0 (0.5 w/v% methylcellulose
solution), 125, 250 and 500 mg/kg/day. Since the survival rate in females in the 500
mg/kg group decreased with the progression of the administration period, all surviving
females in this group were prematurely sacrificed in Week 100 after administration for
99 weeks. Further, systemic exposure to NS-304 was evaluated by determining
plasma NS-304 and its metabolite, MRE-269 concentrations on the satellite animals.”
(page 14 of mice report)

Table 2. Design of Mice Study (dose volume 10 mL/kQ)

Treatment # Main study Dose

Group' animals (# (mg/kg/day | Concentration
toxicology study | ) (mg/mL)
animals)/gender
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1. Vehicle® 55 (9) 0 0
2. Low 55 (24) 125 12.5
3. Medium 55 (24) 250 25
4. High 55 (29) 500 50

0.5% w/v% methylcellulose solution

Summary tables of survival in rats are presented in Tables 18 and 19, below,
with corresponding tables in mice in tables 26 gnd 27. Kaplan-Meier survival curves for
the both genders in both studies are presented in Appendix 1, Figures A.1.1 through
A.1.4. The interpretation of these plots is supported by the tests of homogeneity and
differences in survival over the treatment groups. The statistical significance levels (i.e.,
p-values) for rats are provided in Table 3, below. One might note that the log rank tests
place greater weight on later events, while the Wilcoxon test tends to weight them more
equally, and thus, it actually tends to place more weight on differences in earlier events
than does the log rank test.

Table 3. Statistical Significances of Tests of Homogeneity and Trend in Survival

in Rats

Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n Kk n

Homogeneity over all four groups 0.4880 0.0656
0.5181 0.1189

No Trend over all four groups 0.4084 0.0095
0.3716 0.0200

No difference between high dose and 0.8753 0.0380

vehicle 0.7931 0.0444

Figure A.1.1, in Appendix 1, the Kaplan-Meier estimated survival curves in male
rats suggest that during the last third of the study the low dose group had slightly higher
survival than the other three study groups, which in turn, were largely intertwined.
However, none of the comparisons in male rats would be categorized as being
statistically significant (i.e., all six p 2 0.3716). In almost a reversal of fate, in Figure
A.1.2, in female rats, the the high dose group seems to have higher survival than the
other study groups, but again with the remaining dose groups largely intertwined.
These differences are not sufficient to result in a statistically significant, though close to
significance, test of overall homogeneity (Logrank p=0.1189, Wilcoxon p=0.0656).
However, there is evidence of a statistically significant test of trend in dose (Logrank
p=0.0200, Wilcoxon p=0.0095), and a somewhat weaker result in the test of differences
between the high dose and vehicle control (Logrank p=0.0444, Wilcoxon p=0.0380).

Similar results in mice are presented below.
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Table 4. Statistical Significances of Tests of Homogeneity and Trend in Survival

in Mice
Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n Kk n
Homogeneity over all four groups 0.0002 | 0.0001 <0.0001
<0.000
1
No Trend over all four groups 0.0100 | 0.0104 <0.0001
No difference between high dose and 0.0080 | 0.0083 <0.0001

In particular, from the Kaplan-Meier plot in Figure A.1.3. in male mice the vehicle
control has, by a considerable extent, the lowest survival, with eventually the medium
group having the highest survival, and the low and high dose groups eventually largely
intertwined between these two curves. Note these differences are sufficient to result in
statistically significant differences in tests for homogeneity in both genders (both p <
0.0002), as is the test of trend in dose (both p < 0.0104), as wells as the test of no
differences in the high and control low doise u. Similarly, the comparison between the
high dose and vehicle test of was statistically significant (both p < 0.0083). In female
mice the high dose groups have much higher mortality than the other study groups,
resultin in highly statistically significant tests of homogeneity, trend, and sifference
between high dose and control (all six p < 0.0001). Note that even if the most
conservative adjustment for multiplicity were applied the results in female rats would still
be highly significant.

Typically a large number of tumors are identified in the analysis of neoplasms,
implying a large number of statistical tests. Following the frequentist paradigm, when
interpreting significance levels (i.e., p-values), one can use the Haseman-Lin-Rahman
(HLR) rules to adjust for the multiplicity of tests. Two approaches have been
investigated, one for testing dose related trend and pairwise comparison between the
high dose and control seperately and the other these hypotheses jointly (please see
Section 1.3.1.5, below, for details). Usual statistical practice would be to test these
hypotheses separately, but some scientists want to control Type | error only when
simultaneously testing both the trend and pairwise hypotheses. That is, in the two year
study, when testing for trend over dose and, separately, the difference between the
highest dose group with a control group, to control the overall Type | error rate for the
joint tests in a two species submission to roughly 10%, one compares the unadjusted
significance level of the trend test to 0.005 for common tumors and 0.025 for rare
tumors, and the pairwise test to 0.01 for common tumors and 0.05 for rare tumors. For
the testing these hypothese jointly for common tumors one compares the unadjusted
significance level of the trend test to 0.005 and the pairwise test to 0.05, and for rare
tumors 0.025 for tests of trend and 0.10 the pairwise comparison. Using these
adjustments for other tests, like testing the comparisons between the Low and Medium
dose groups versus vehicle can be expected to increase the overall type | error rate to
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some value above the nominal rough 10% level, possibly considerably higher than the
nominal 10% rate. .

Table 5 and 6 below show the tumors in rats and mice that had at least one non-
multiplicity adjusted test that was statistically significant at or close, to a 0.10 level (or
contributed to a significant test). For each tumor-organ combination the tumor incidence over
the four dose groups is listed first, followed by the significance levels of the overall test of trend
over all four dose groups, and finally the comparison of the high, medium and low dose groups
with vehicle.

Table 5. Potentially Statistically Significant Results for Organ-Tumor Combinations in

Rats Overall Results
Tumor Incidence Significance Levels
Gender Veh Low Med High ptrend phigh
pmed plow
Organ/Tumor vsVeh
vsVeh vsVeh
Male Rats
Testis
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 46.3
LEYDIG CELL TUMOR 2 0 2 5 .0226 .2264
.7157 1
Thyroid
# Evaluated 58 57 56 59
Adj. # at Risk 44 .9 47.4 46.4 45.6
CARCINOMA,C-CELL 0 0 2 2 .0705 .2528
.2584
Female Rats
Adrenal
# Evaluated 60 60 60 60
Adj. # at Risk 43.3 41.4 42.4 49.5
PHEOCHROMOCYTOMA 0 0 1 3 .0261 .1467
.4941 .
Adj. # at Risk 43.3 41.4 42.4 49.5
Pheochromocytoma, Any 0 1 1 3 -0590 .1467
.4941 .4881
Thyroid
# Evaluated 59 59 59 59
Adj. # at Risk 42.5 40.9 42.9 49.5
ADENOMA, C-CELL 1 5 5 7 .0999 .0478
.1008 .0899

Using the tumor incidence in the vehicle to determine whether a tumor should
be classified as rare or common, only c-cell carcinoma and pheochromocytoma (both
above) were classified as rare tumors, the remainder common. Although some of
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these tumors exceed the 0.10 level, after adjusting for multiplicity using the Haseman-
Lin-Rahman rules only the test of trend for Pheocromocytoma is close to statistical
significance (p = 0.0261 = 0.025). Complete tables of tumor incidence are given in
Tables A.2.2 and A.2.3, in Appendix 2, below.

Similar results in mice are presented in Table 6, below.

Table 6. Potentially Statistically Significant Results for Organ-Tumor Combinations in

Mice Ooverall Results
Tumor Incidence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh

vsVeh vsVeh
Male Mice
Testis

# Evaluated 55 55 55 55

Adj. # at Risk 42_.4 51.5 52.0 49.0

LEYDIG CELL TUMOR 0 0 1 2 .0644 .2816
.5484 .
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA, FOLLICULAR CELL 0 0 1 2 .0644 .2816
.5484 .

Adj. # at Risk 42.4 51.5 52.0 49.0

Foll. Cell Adenoma/Carcinoma O 0 2 2 .0749 .2816
.3034

Female Mice
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.2 41.1
ADENOMA, FOLLICULAR CELL 1 1 1 3 .0889 .2245
. 7524 .7524
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Only the tests of trend above show significance levels below 0.10 (i.e. 10%).
Using the tumor incidence in the vehicle to determine whether a tumor should be
classified as rare or common, only follicular cell adenoma would be classified as
common, the remaining tumors as rare. But then, after adjusting for multiplicity using
the Haseman-Lin-Rahman rules, no tests would be categorized as statistical significant.

Complete tables of tumor incidence are given in Tables A.2.5 and A.2.6, in
Appendix 2, below.

1.2. Brief Overview of the Studies

Two studies were submitted, conducted at Gl

Study No. @5940: Twenty-four-month oral gavage carcinogenicity study of NS-
304 in rats.

and,

Study No. $5939: Twenty-four-month oral gavage carcinogenicity study of NS-
304 in mice.

These studies were designed to assess the carcinogenic potential of Uptravi
(Selexipag). In both studies, the actual dose groups were labeled in this report as the
Low, Medium, and High dose groups, respectively, plus the Vehicle control group.

1.3. Statistical Issues and Findings
1.3.1. Statistical Issues

In this section, several issues, typical of statistical analyses of these studies, are
considered. These issues include comments on the details of the survival analyses,
tests on tumorigenicity, multiplicity of tests on neoplasms, and the validity of the
designs.

1.3.1.1. Survival Analysis:

The survival analyses presented here are based on both the log rank test and the
Wilcoxon test comparing survival curves. The Wilcoxon statistic provided by SAS®
(technically the Gehan-Wilcoxon statistic) can be cast as a log rank test weighted by the
number of subjects at risk, and thus is more sensitive to earlier differences (when more
subjects are at risk). The logrank test is most powerful when the survival curves track
each other, and thus the hazards, i.e., the conditional probability of the event in the next
infinitesimal interval, would be roughly proportional. Note the logrank test seems to be
the test usually recommended by statisticians, and is one of the tests used by the
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Sponsor (in addition to the Tarone’s test). Both the logrank and the Wilcoxon tests are
used in the FDA analysis of mortality.

Appendix 1 reviews the specific FDA animal survival analyses in more detail.
The results of the Sponsor’s analysis are summarized in Sections 3.2.1.1 and 3.2.2.1.

1.3.1.2. Multiplicity of Tests on Survival:

Using both the logrank and Wilcoxon tests, for each gender in rats and, ignoring
the positive control, mice there are six tests of survival differences in each gender in
each species. Assuming tests were performed at the usual 0.05 level, and the tests
were stochastically independent, but there were actually absolutely no differences in
survival across groups (so one would hope no tests would be statistically significant),
the probability of at least one statistically significant result in each gender in each
species was about 0.2649 in rats and 0.708 in both genders in both species. These
bounds assume the tests are stochastically independent, which they clearly are not, but
these values can give some idea of the possible price paid for the multiplicity of
hypothesis tests in the statistical frequentist paradigm. Further general comments on
adjusting for the multiplicity of tests are presented in Section 1.3.1.4 below.

1.3.1.3. Tests on Neoplasms:

Sponsors are requested to provide data in either SEND (Standard for the
Exchange of Nonclinical Data) format, part of the CDISC consortium, or in the older
FDA Biometrics format. Data from both studies fit the latter format. The FDA
Biometrics format data sets requested for the analysis of rodent carcinogenicity studies
are supposed to include a record for each animal organ combination that was not
evaluated. If a number of the animals are not examined, but the proportions of animals
showing the tumor under study in each treatment group is roughly the same as in the
subset of animals actually reported the calculated p-values will generally be too large,
i.e., results will be less statistically significant than they should be, possibly much less

The Sponsor’s analyses of tumorigenicity in both species are Peto tests, with
incidental and fatal plus mortality independent tumors. Note that Peto methods require
accurate determination of whether a tumor is fatal or incidental. In both species survival
was generally consistent across study dose groups.

The FDA analysis in both species is based on a modification of the Cochran-
Armitage test of trend (please see Bailer & Portier, 1988, Bieler & Williams, 1993),
adjusted for differential mortality. Inspecting a large number of studies, Bailer and
Portier noted that survival time seemed to fit a Weibull distribution, generally with a
shape parameter of between 1 and 5, with 3 a typical value. With tyax denoting the
maximal time to terminal sacrifice and tops the time to detection of the tumor in the
animal, they proposed weighting the animal by (tobsltmax)k, so that an animal that
survives for say 52 weeks in 104 week study without the tumor being analyzed is
counted as (1/2)* of an animal in the risk set for that tumor. For k = 3, that means that
particular animal would count as 1/8 of an animal. Further, the k = 3 specification
seems to represent tumor incidence where some animals are perhaps more sensitive
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and respond earlier to the insult than the remining animals. Under this structure time to
incidence would tend to follow a cubic expression. Thus an animal with the specific
tumor being studied or who survives to terminal sacrifice without the tumor will be given
a weight of 1 when counting the number of animals at risk. However, animals that die
early without the tumor are down weighted when counting the number of animals in the
risk set for that specific tumor. With differential mortality, as in male mice, this can
mean a substantial reduction in the size of that risk set. Note this seems to be an
appropriate adjustment for dose groups that are terminated early. The report of the
Society of Toxicological Pathology “town hall” meeting in June 2001 recommeded the
use of this poly-k modification of the so-called Cochran-Armitage tests of trend over the
corresponding Peto tests used by the Sponsor.

The computed significance levels are based on small sample exact permutation
tests of tumor incidence. In the tumor incidence tables the effective size of the risk set
for each tumor is listed in the row labeled “Adjusted # at risk ”, and seems to be a more
appropriate denominator when comparing incidence rates than the simple unadjusted
number evaluated.

1.3.1.4. Multiplicity of Tests on Survival and Neoplasms:

In each species and gender combination there were tests of homogeneity in
survival or tumorigenicity over dose, tests of trend in survival, and comparisons of the
high (and possibly other) dose to vehicle control. The individual p-values for hypothesis
test are based on controlling the probability of rejecting a true null hypotheses in each
seperate test. There are a number of ways of controlling the overall error of rejecting
any true null hypothesis among a set of such hypotheses. The most conservative test is
based on so called Bonferroni comparisons where the individual p-value is divided by
the number of comparisons. While experimenting with other approaches, current FDA
practice in testing tumorigenicity is usually based on the Haseman-Lin-Rahman
multiplicity adjustments..

The Haseman-Lin-Rahman rules are based on the original multiplicity adjustment
of Haseman (1983) and extended by Lin and Rahman on the basis of various
simulations. Based on his extensive experience with such analyses, for pairwise
tests in a two species study comparing control to the High dose group, Haseman
(1983) claimed that for a roughly 0.10 (10%) overall false positive error rate, rare
tumors should be tested at a 0.05 (5%) level, and common tumors (with a
historical control incidence greater than 1%) at a 0.01 level. Lin & Rahman
(1998) proposed a further p-value adjustment for tests of trend. That is, for a
roughly 0.10 (10%) overall false positive error rate in tests of trend, rare tumors
should be tested at a 0.025 (2.5%) level and common tumors at a 0.005 (0.5%)
level. The general specifications are presented in the Table 4 below. This
approach is intended to balance both Type | error and Type Il error (i.e., the error
of concluding there is no evidence of a relation to tumorgenicity when there
actually is such a relation).
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The proposed Haseman-Lin-Rahman bounds are taken from Guidance for
Industry Statistical Aspects of the Design, Analysis, and Interpretation of Chronic
Rodent Carcinogenicity Studies of Pharmaceuticals, (HHS, 2013). The bounds
on the right in table 7, below, are grouped so that the last four columns
correspond to testing both trend and the pairwise comparison between the high
dose and control jointly. The first four columns ( columns 2-5), correspond to
testing both overall trend and pairwise tests between the high dose and control
seperately. Within each group there is a column giving the corresponding
bounds for a two year, one species study, and another column for the alternate
6-month study. In this analysis we follow the usual practice of testing parameters
separately, so the bounds in the leftmost columns are used. The observed tumor
incidence in the vehicle group is used to decide if a tumor is classified rare or
common.

Table 7. Recommended Multiplicity Adjusted Bounds on Significance

Levels
Tests Separate testing of Joint testing of trend

trend and pairwise and pairwise
differences Differences
Trend Pairwise Trend Pairwise

Common 0.01 0.05

Tumor 0.005 0.005

Rare Tumor 0.05 0.10
0.025 0.025

In words, as noted in the FDA Guidance (2013) “For tests for positive trend
alone, it is recommended that common and rare tumors are tested at 0.005 and 0.025
significance levels, respectively, in the two-year study ...

“For [the] control-high pairwise comparison alone, it is recommended that common and
rare tumors are tested at 0.01 and 0.05 significance levels, respectively, in the two-year
study .. .

“For tests for positive trend and control-high pairwise comparison jointly, it is
recommended that common and rare tumors are tested at 0.005 and 0.025 significance
levels, respectively in trend test, and at 0.05 and 0.10 significance levels, respectively,
in control-high pairwise comparison in the two-year study . . . ” (page 32 of 2013
Guidance)

The significance levels of the pairwise tests between the vehicle control with the
Low and Medium dose groups are also provided in the tumor analysis tables below.
Following the HLR rules, adding these comparisons can be expected to increase the
overall type | error rate to some level above the usual rough 10% level, possibly
considerably larger. Again, because of the possibility of genetic drift and for
convenience, incidence in the vehicle group is used to determine if the tumor is
classified as rare or common.
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1.3.1.6. Validity of the Designs:

When determining the validity of designs there are two key points:
1) adequate drug exposure
2) tumor challenge to the tested animals.

1) is related to whether or not sufficient animals survived long enough to be at
risk of forming late-developing tumors and 2) is related to the Maximum Tolerated Dose
(MTD), designed to achieve the greatest likelihood of tumorigenicity.

Lin and Ali (2006), quoting work by Haseman, have suggested that in standard
laboratory rodent species, a survival rate of about 25 animals, out of 50 or more animals
(i.e. 50%), between weeks 80-90 of a two-year study may be considered a sufficient
number of survivors as well as one measure of adequate exposure. From tables 14
and 15 in Section 3.2.1.2 and tables 14 and 15 in Section 3.2.1.2 below, as a
percentage of the High dose group animals that survived to week 91, this criterion is
considerably exceded in both genders (Male rats high dose: 71.7% and Female rats:
75.0%, Male mice high dose: 87.3% and Female mice: 61.8% ). This may be
interpreted as evidence that the MTD was not achieved in both genders in both species.
However, such a determination requires the expertise of the toxicologist.

Tables 8 through 11 below indicate the weight changes in those animals that
survived to near the end of each study. Chu, Ceuto, and Ward (1981), citing earlier
work by Sontag et al. (1976) recommend that the MTD “is taken as ‘the highest dose
that causes no more than a 10% weight decrement as compared to the appropriate
control groups, and does not produce mortality, clinical signs of toxicity, or pathologic
lesions (other than those that may be related to a neoplastic response) that would be
predicted to shorten the animal’s natural life span’” From Tables 8 through 11 below, it
seems that the weight criterion is exceded in all dose groups in both genders in both
species. This also may be further evidence that the MTD was exceded in species, but
such a determination requires the expertise of the toxicologist.

Table 8. Mean Weights and Changes (in g) in Male Rats

Dose Dose N Day Change % change
Group mg/kg/d 0 700 from relative to
ay Baseline | vehicle
1. Vehicle 0 34 236.0 | 8424 606.5
2. Low 10 41 238.2 | 771.8 533.5 88.0%
3. 30 36 238.0 | 681.3 | 4433 73.1%
Medium
4. High 100 31 391.3 64.5%
236.43 [ 627.75
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Table 9. Mean Weights and Changes (in g) in Female Rats

Dose Dose N Day Change % change
Group mg/kg/d 0 700 from relative to

ay Baseline | vehicle
1. Vehicle 0 27 164.0 | 542.3 378.4
2. Low 10 26 1569.7 | 479.5 319.8 84.5%
3. 30 27 161.7 | 427.0 265.3 70.1%
Medium
4. High 100 37 162.3 | 395.5 233.2 61.6%
The Sponsor’s rat report notes the following:
“1) Male
In the 10 mg/kg group, statistically significant lower values for body weight were
observed
from Week 18 (Day 126) to the end of the administration period and mean body weight
at the

end of the administration period was 10% lower than that in the control group.

“In the 30 mg/kg group, lower values for body weight were observed from Week 1 (Day
7)to

the end of the administration period and statistically significant differences were
recorded at

almost all measured points. Mean body weight at the end of the administration period
was 21%

lower than that in the control group.

In the 100 mg/kg group, statistically significant lower values for body weight were
observed

from Week 1 (Day 7) to the end of the administration period and mean body weight at
the end

of the administration period was 25% lower than that in the control group.

“2) Female

In the 10 mg/kg group, lower values for body weight were observed from Week 14 (Day
98) to

the end of the administration period and statistically significant differences were
recorded at

many measured points. Mean body weight at the end of the administration period was
11%

lower than that in the control group.

In the 30 mg/kg group, lower values for body weight were observed from Week 8 (Day
56) to

the end of the administration period and statistically significant differences were
recorded at

almost all measured points. Mean body weight at the end of the administration period
was 19%
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lower than that in the control group.

In the 100 mg/kg group, statistically significant lower values for body weight were

observed in

Week 1 (Day 7) and from Week 6 (Day 42) to the end of the administration period, and

mean

body weight at the end of the administration period was 27% lower than that in the

control

group. (pages 39-40)

At least one way to indicate results in mice is as follows:

Table 10. Mean Weights and Changes (in g) in Male Mice

Dose Dose N Day Change % change

Group mg/kg/d 0 700 from relative to
ay Baseline | vehicle

1. Vehicle 0 29 247 40.6 15.9

2. Low 125 43 246 38.6 14.0 88.1%

3. 250 49 247 36.3 11.6 73.0%

Medium

4. High 500 41 246 34.8 10.2 64.2%

Table 11. Mean Weights and Changes (in g) in Female Mice

Dose Dose N Day Change % change

Group mg/kg/d 0 630 from relative to
ay Baseline | vehicle

1. Vehicle 0 50 19.6 37.4 17.8

2. Low 125 51 19.6 34.1 14.5 81.5%

3. 250 50 19.6 32,4 12.8 71.9%

Medium

4. High 500 34 19.5 314 11.9 66.9%

The Sponsor’s mice report notes the following:

“1) Male

In the 125 mg/kg group, statistically significant lower values for body weight were
observed

from Week 10 (Day 70) to the end of the administration period and mean body weight at
the

end of the administration period was 5% lower than that in the control group.

In the 250 mg/kg group, statistically significant lower values for body weight were
observed

from Week 9 (Day 63) to the end of the administration period and mean body weight at
the end

of the administration period was 11% lower than that in the control group.
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In the 500 mg/kg group, statistically significant lower values for body weight were
observed in

Week 1 (Day 7) and from Week 9 (Day 63) to the end of the administration period and
mean

body weight at the end of the administration period was 14% lower than that in the
control

group.

“2) Female

In the 125 mg/kg group, lower values for body weight were observed from around Week
26

(Day 182) to the end of the administration period and statistically significant differences
were

recorded at almost all measured points. Mean body weight at the end of the
administration

period was 8% lower than that in the control group. Although statistically significant
differences were observed in Weeks 5 (Day 35) and 8 (Day 56), they were judged to
be

incidental, since they were temporary and minimal.

In the 250 mg/kg group, lower values for body weight were observed from around Week
4

(Day 28) to the end of the administration period and statistically significant differences
were

recorded at many measured points. Mean body weight at the end of the administration
period

was 11% lower than that in the control group.

In the 500 mg/kg group, lower values for body weight were observed from around Week
4

(Day 28) to the end of the administration period (Day 697) and statistically
significant

differences were recorded at many measured points. Mean body weight at the end of
the administration period was 14% lower than that in the control group.” (pages 39-40 of
mouse report)

The Sponsor also report indicate that only the 10 mg/kg dose in rats was
associated with food consumption comparable to the vehicle control, with lower
consumption in the medium (30 mg/kg) and high (100 mg/kg) dose groups. In mice the
higher dose groups were described as having lower food consumption during the first
half or more of the study.

Again from 2) above, excess mortality not associated with any tumor or sacrifice
in the higher dose groups might suggest that the MTD was exceeded. This suggests
that a potentially useful way to assess whether or not the MTD was achieved is to
measure early mortality not associated with any identified tumor. If this mortality is
related to dose, it suggests that animals tend to die before having time to develop
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tumors. From the table below it seems that in rats there is no particular evidence of
heterogeneity across dose groups.

Table 12. Natural Death with No Identified Tumor in Rats (Male/Female)

1.Vehicle | 2. Low 3.Medium | 4.High
Males Event 5 3 4 11
No 55 57 56 49

event
Females Event 1 1 1 3
No 59 59 59 57

event

The apparent lack of homogeneity in natural death without tumor is confirmed the
results of Fisher exact tests of homogeneity ( Males p = 0.0004 and Females p =
0.0297). This does seem to suggest that the high dose may have been above the MTD,
however to be conclusive this observation requires the expertice of the toxicologist.

Table 13. Natural Death with No Identified Tumor in Mice (Male/Female)

1.Vehicle | 2. Low 3.Medium | 4.High
Males Event 12 4 4 6
No 43 51 51 49

event
Females Event 1 4 3 32
No 54 51 52 23

event

There also seems to be an apparent lack of homogeneity in natural death without
tumor in mice, although it is structurally different than the simple results in mice. In
male mice the difference seems to be largely due to early deaths in the vehicle control,
while in female mice has many more deaths without tumor in the high dose group. This
is confirmed the results of Fisher exact tests of homogeneity ( Males p = 0.0773 and
Females p < 0.0001). This does seem to suggest that at least in female mice the high
dose may have been above the MTD, however, again, such a conclusion requires the
expertice of the toxicologist

1.3.2. Statistical Findings
Please see Section 1.1 above.

2. INTRODUCTION
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2.1. Overview

The Sponsor’s reports summarize results from two two-year studies, one in rats,
and the other in mice, both with daily gavage, to assess the carcinogenic potential of
Uptravi (Selexipag) in the Sponsor’s reports.

2.2. Data Sources

SAS data sets for both species, following the requested FDA Biostatistcs format,
both labeled tumor.sas7bdat, plus were translated from SAS transport files both labeled
tumor.xpt. In addition both studies included SAS data sets labeled as food.sas7bdat
and weights.sas7bdat as translated from the corresponding SAS transport files.

3. STATISTICAL EVALUATION

3.1. Evaluation of Efficacy
NA

3.2. Evaluation of Safety
More detailed results on the studies in rats and mice are presented below.

3.2.1. Study No. ©5940: Twenty-four-month oral gavage carcinogenicity study of NS-
304 in rats.

CRO: (b) (4)

STUDY DURATION: 104 Weeks

DOSING STARTING DATE: December 13, 2007

STUDY COMPLETED (Terminal Necropsy): Males: December 11 and 14, 2009
Females: December 10, 2009. :

RAT STRAIN: Crl:CD(SD) Rats

ROUTE: Daily Oral gavage

The Sponsor’s report describes the study as follows: “Two hundred and ninety-

nine (299) male and 299 female Crl:CD(SD) SPF rats ( Rh
), at 5 weeks of age, were obtained on December 3, 2007. ... The

animals were quarantined and acclimatized for 10 days, and clinical observations (once
a day) and measurement of body weight (3 times) were conducted. In addition,
ophthalmological examination was conducted once on all animals. Based on the
above examinations, healthy animals showing normal body weight gains and no
abnormal clinical signs were selected and used at 6 weeks of age. During the

186
Reference ID: 3859648



guarantine/acclimatization period, 1 female showed excoriation and was removed from
animal allocation. Except this, no observable abnormalities were found in clinical
observations or body weight; however, the animals with ophthalmological abnormalities
were removed from the present study . . ..

“After animal selection, the animals were ranked by individual body weight on the
day of animal allocation (2 days before the start of administration). Then the animals
were assigned to each group so as to ensure the homogeneity of group means for body
weight. This procedure was done using a computer by block placement and
randomization methods (the appropriate
number of groups was composed by block placement method, and test groups and
animal
numbers in each test group were randomly assigned).

“Two hundred and forty (240) animals of each sex were provided for a main
group to evaluate toxicity and 29 animals of each sex were provided for a satellite
group to evaluate
toxicokinetics. Individual body weight on the starting day of administration ranged from
212 to
269 g in males and 142 to 184 g in females for the main group, and that for the satellite
group
ranged from 220 to 268 g in males and 145 to 184 g in females.

“Of the animals remained after animal allocation, 12 animals of each sex (total of
5 planned animals and 7 reserve animals) were reserved as monitor animals for
microbiological test. Other animals were excluded from the study and they were used
for collection of TK matrix.
“note: The number of animals ordered according to the protocol was 290 of each sex,
but 299 of each sex” (pages 21-22 of rat report)

Gross aspects of the study designs for the main study animals are summarized
in Table 14 below (a repeat of Table 1 above):

Table 14. Design of Rat Study (dose volume 5 mL/kg/day )

Treatment Animals Concen-

Group / Nominal | tration
Gender Dose | (mg/kg)

(mg/kg)

1. Vehicle® | 60 (5) 0 0

2. Low 60 (8) 10 2

3. Medium 60 (8) 30 6

4. High 60 (8) 100 20

The Sponsor’s report indicates that dose levels were based upon results: “In a
26-week repeated dose toxicity study of NS-304 in rats with 4-week recovery period
( ®® Study No. #5895, dosage levels: 0, 6, 25 and 100
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mg/kg/day) ..., suppression of body weight gain (male: -19%, female: -6%) and
increased incidence or severity of diffuse acinar cell hyperplasia in the mammary gland
was observed in females in the 100 mg/kg group. Therefore, the high dose level in the
present study was set at 100 mg/kg/day and the middle and low dose levels were set at
30 and 10 mg/kg/day, respectively. There were 4 test groups including a control group
for each sex. Sixty (60) animals of each sex were provided for each test group as the
main group. In addition, in each group, another 5 (control group) or 8 (dose groups)
animals of each sex served as a satellite group for determination of plasma drug
concentrations.” (pages 23-24 of rat report)

Animals were housed individually with water available ad libitum. The Sponsor
states that all animals were observed for clinical signs three times a day.
3.2.1.1 Sponsor’s Results and Conclusions

This section will present a summary of the Sponsor’s analysis on survivability
and tumorigencity in rats.
Survival analysis:

The Sponsor’s conclusions on survival in rats are summarized as follows:

“1) Male

There were no effects of NS-304 on the survival rate.

“2) Female

A statistically significant trend of an increase in the survival rate with increasing dose
levels was

observed, and the survival rate of the 100 mg/kg group was significantly higher than that
of the control group.” (page 36 of rat report)

Table 15: Sponsor’s “Text Table 1. Summary of mortality and survival rate”

Sex Male Female

Dose (mg/kg/day) 0O 10 30 100 0O 10 30 100
No. of animals used 60 60 60 60 60 60 60 60
Week of administration

1-26 0O 1 O 1 0 0 0 0
1-52 5 3 2 3 2 0 2 1
1-78 11 7 8 10 10 16 13 4
1-105% 29 26 26 31 39 39 36 29
No. of survivors 31 34 34 29 21 21 24 31
Survival rate (%) 51.7 56.7 56.7 48.3 35.0% 35.040.0 51.7*
Values in the table indicate the cumulative number of animals that died or were sacrificed as
moribund.

$: p<0.05 (statistically significant trend, Tarone.s test)

*: p<0.05 (statistically significant difference from control group, log-rank test)

a): All surviving animals were necropsied in Week 105 after administration for 104 weeks.”
(page 36 of rat report)

Tumorigenicity analysis:
The Sponsor’s report states that: “Tumors that occurred with high incidence (10 or more
animals in total for each sex, >10) were evaluated using survival-adjusted Peto’s test11) to assess
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increasing trend of incidence to dose level for all groups and to compare the incidence between
the control group and each dose group. Tumors that occurred with low incidence (less than 10
animals in total for each sex, <10) were evaluated using exact permutation trend test to assess
increasing trend of incidence to dose level for all groups and to compare the incidence between
the control group and each dose group. For incidental tumors, the analysis intervals were: weeks
0 through 52, tumors and 0.025 (one tailed-level) for rare tumors. Pairwise comparison was
conducted at the significance levels of 0.01 (one tailed-level) for common tumors and 0.05 (one
tailed-level) for rare tumors. Common tumors were defined as those with a historical incidence
in controls (Crl:CD(SD) rats) at @@ exceeding 1% (>1%) and rare tumors
as 1% or less (<1%),” (pages 34-35 of rat report)

The overall count of tumors is summarized in the following Table 16 (Text Table 11):

Table 16: Sponsor’s “Text Table 11. Number of tumors and tumor bearers”

Sex Male Female

Dose (mg/kg/day) 0 10 30 100 0 10 30100
No. of animals used 60 60 60 60 60 60 60 60
Total No. of tumors 121124 91 84 159 153 128 125
No. of benign tumors 102 107 70 69 104 94 95 79
No. of malignant tumors 19 17 21 15 55 59 33 46
Total No. of tumor bearing animals 52 55 47 43 56 57 59 52
No. of benign tumor bearers 46 52 37 38 52 52 57 46
No. of malignant tumor bearers 18 17 18 13 29 28 23 27
No. of multiple tumor bearers 31 34 23 20 41 37 39 36

“There was no treatment-related increase in either number of tumors or tumor bearing
animals in
either sex.

“A decrease in the number of benign tumors was observed in males in the 30 and 100
mg/kg

groups. Decreases in the total number of tumors, number of malignant tumor bearing
animals

and number of multiple tumor bearing animals were observed in males in the 100 mg/kg
group.

However, they were not regarded as an adverse effect of treatment, as these changes were
decreases.” (page 45 of rat report)

“Tumor(s] that showed a increased incidence in dose groups as compared to the control
group were

observed in the testis and pituitary and incidences of testicular tumor and focal hyperplasia
and

pituitary tumor are summarized in the following . . . "

Table 17.Sponsor’s«Text Table 12. Incidence summary of major tumors and
hyperplasias”
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Sex Male Female
Dose (mg/kg/day) 0O 10 30 100 0 10 30 100
No. of animalsused 60 60 60 60 60 60 60 60
Testis
Leydig cell tumor 26a) 0 2 5 NA NA NA NA
Hyperplasia, Leydig cell,
focal (total, £/+) 0 2 2 6 NA NA NA NA
Pituitary
Adenoma, anterior 20 40** 23 22 49 44 44 38
Numbers in the table indicate the number of animals with lesions.
$: p<0.025 (statistically significant positive trend, rare tumor, Peto.s test)
**: p<0.01 (statistically significant difference from the control group, common tumor, Peto.s test)
a): There was no statistically significant positive trend in the control, 10 and 30 mg/kg groups.
+: Minimal, +: Mild, NA: Not applicable” (page 45 of rat report)

The Sponsor’s report further summarizes results as:

“Testis:

“Marginally increased incidence of Leydig cell tumor was observed in the 100 mg/kg
group, and statistically significant positive trend was noted (rare tumor, p<0.025);
however, there was no statistical significance in pairwise comparison between the
control and 100 mg/kg groups. Also, slightly higher incidence in focal hyperplasia of
Leydig cells was observed in this

group, although the difference in incidence between the two groups was very small.
The tumor incidence of the 100 mg/kg group (5/60 animals, 8%) was marginally higher
than that in our historical data (0 to 4% in the incidence). In addition, there was no
statistically significant positive trend in incidence of Leydig cell tumor in the control, 10
and 30 mg/kg groups.

“In the pituitary, increased incidence of anterior adenoma was observed in males in the 10
mg/kg

group with statistical significance (common tumor, p<0.01). However, it was not considered
to

be treatment related, since it was not dose-related.

“The other tumors . . . were judged to be incidental since they were consistent with the
spectrum of spontaneous tumors expected in aged rats of this strain.” (pages 46-47 of rat
report)

3.2.1.2 FDA Reviewer's Results

This section will present the current Agency findings on survival and
tumorigenicity in male and female rats.

Survival analysis:

Kaplan-Meier plots comparing treatment groups in both studies are given in
Appendix 1, along with more details of the analyis. The following tables (Table 18 for
male rats, Table 19 for female rats) summarize the mortality results for the dose groups.
The data were grouped for the specified time period, and present the number of deaths
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during the time interval over the number at risk at the beginning of the interval. The
percentage cited is the percent survived at the end of the interval.

Table 18. Summary of Male Rats Mortality (dose/kg/day)

Period | 1.Vehicle | 2.Low 3.Medium | 4.High
0-50 5/60 3/60 2/60 3/60
91.7% 95.0% 96.7% 95.0%
51-70 2/55 2/57 2/58 5/57
88.3% 91.7% 93.3% 86.7%
71-90 10/53 6/55 13/56 9/52
71.7% 81.7% 71.7% 71.7%
91-105 | 12/43 13/49 9/43 14/43
51.7% 60.0% 56.7% 48.3%
terminal | 31 36 34 29

1 number deaths / number at risk
2 per cent survival to end of period.

Table 19. Summary of Female Rats Mortality (dose/kg/day)

Period 1.Vehicl 2.Low 3.Mediu 4.High
e m

0-50 2/60 0/60 2/60 1/60
96.7% 100.0% 96.7% 98.3%

51-70 7/58 8/60 4/58 2/59
85.0% 86.7% 90.0% 95.0%

71-90 11/51 16/52 21/54 12/57
66.7% 60.0% 55.0% 75.0%

91-105 19/40 15/36 9/33 14/45
35.0% 35.0% 40.0% 51.7%

terminal 21 21 24 31

1 number deaths / number at risk

2 per cent survival to end of period.
Kaplan-Meier survival curves for the rat study are presented in Appendix 1. The
results of statistical tests of differences in survival are given below (a repeat of Table 3):

Table 20. Statistical Significances of Tests of Homogeneity and Trend in Survival

in Rats

Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n k n

Homogeneity over all four groups 0.4880 0.0656
0.5181 0.1189

No Trend over all four groups 0.4084 0.0095
0.3716 0.0200

No difference between high dose and 0.8753 0.0380
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| vehicle [0.7931 | [0.0494 | |

From Figure A.1.1 in the appendix, in male rats the Kaplan-Meier estimated
survival curves are largely intertwined, consistent with no tests of differences in survival
being close to statistical significance. From Figure A.1.2 survival in female, the vehicle
and low dose groups track each other closely with the higher survival than the high and
medium dose groups. These differences were statistically significant (Logrank p=
0.0204, Wicoxon p= 0.0225). The high and medium dose groups track each other
somewhat closely, but with some tendency for higher survival in the high dose group.
No other tests or comparisons quite reached the usual 0.05 level of statistical
significance.

Tumorigenicity analysis:

Table 21 below, a repeat of Table 6 above and Table A.2.1 below, shows the tumors in
rats that had at least one non-multiplicity adjusted test that was statistically significant at a 0.10
or lesser level . For each tumor-organ combination the tumor incidence over the four dose
groups is listed first, followed by the significance levels of the overall test of trend over all four
dose groups, and finally the comparison of the high, medium and low dose groups with
vehicle. .

Table 21. Potentially Statistically Significant Results for Organ-Tumor Combinations in

Rats Overall Results
Tumor Incidence Significance Levels
Gender Veh Low Med High ptrend phigh
pmed plow
Organ/Tumor vsVeh
vsVeh vsVeh
Male Rats
Testis
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 46.3
LEYDIG CELL TUMOR 2 0 2 5 .0226 .2264
.7157 1
Thyroid
# Evaluated 58 57 56 59
Adj. # at Risk 44 .9 47.4 46.4 45.6
CARCINOMA,C-CELL 0 0 2 2 .0705 .2528
.2584
Female Rats
Adrenal
# Evaluated 60 60 60 60
Adj. # at Risk 43.3 41.4 42.4 49.5
PHEOCHROMOCYTOMA 0 0 1 3 .0261 .1467
.4941 .
Adj. # at Risk 43.3 41.4 42.4 49.5
Pheochromocytoma, Any 0 1 1 3 -0590 .1467
.4941 .4881
Thyroid
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# Evaluated 59 59 59 59

Adj. # at Risk 42.5 40.9 42.9 49.5
ADENOMA, C-CELL 1 5 5 7 .0999 .0478
.1008 .0899

Using the tumor incidence in the vehicle to determine whether a tumor should
be classified as rare or common, only c-cell carcinoma and pheochromocytoma (both
above) were classified as rare tumors, the remainder common. Although some of
these tumors exceed the 0.10 level, after adjusting for multiplicity using the Haseman-
Lin-Rahman rules only the test of trend for Pheocromocytoma is close to statistical
significance (p = 0.0261 = 0.025).

Complete tables of tumor incidence are given in Tables A.2.2 and A.2.3, in
Appendix 2, below.

3.2.2 Study No. 5939: Twenty-four-month oral gavage carcinogenicity study of NS-
304 in mice.

CRO: b
STUDY DURATION: Up to 104 Weeks

DOSING STARTING DATE: December 28, 2007

STUDY COMPLETED: February 9. 2011

MOUSE STRAIN: SB6C3F1/Crlj SPF mice

ROUTE: Daily Oral gavage

The Sponsor’s report indicates that in the mouse study: “Carcinogenicity of NS-
304 (prostaglandin I2 agonist) was evaluated in B6C3F1/Crlj mice. NS-304 was
administered orally by gavage to male and female mice (55/sex/group for a main group,
6 weeks of age at the start of treatment) for 2 years. The dosage levels of NS-304 were
set at 0 (0.5 w/v% methylcellulose solution), 125, 250 and 500 mg/kg/day. Since the
survival rate in females in the 500 mg/kg group decreased with the progression of the
administration period, all surviving females in this group were prematurely sacrificed
in Week 100 after administration for 99 weeks. Further, systemic exposure to NS-
304 was evaluated by determining plasma NS-304 and its metabolite, MRE-269
concentrations on the satellite animals.” (page 14 of mouse report)

General aspects of the study design for the mice study are also summarized in
Table 18 below (a repeat of Table 2 above):

Table 22. Design of Mice Study (Volume 10 mL/kg)

Treatment # Main study Dose

Group* animals  (# (mg/kg/day | Concentration
toxicology study | ) (mg/mL)
animals)/gender

1. Vehicle® 55 (9) 0 0
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2. Low 55 (24) 125 12.5
3. Medium 55 (24) 250 25
4. High 55 (29) 500 50
0.5% w/v% methylcellulose solution

The Sponsor’s report indicates that the:”oral route was selected since it was an
intended route in clinical use. The length of the administration period was 24 months
(104 weeks, until the day before necropsy) according to the toxicity guideline. In
females in the 500 mg/kg group, since the mortality increased with the progression of
the administration period, all surviving females in this group were prematurely sacrificed
in Week 100 after administration for 99 weeks when survivors decreased to 15 (73%
mortality). The frequency of administration was once daily (7 times per week), which is
ordinary for repeated dose toxicity studies. The dose volume was set at 10 mL/kg body
weight and dosing formulations were administered orally once daily (between 08:38 and
15:10) by gavage using a flexible stomach tube. Animals in the control group
received the vehicle (0.5 w/v% MC solution) in the same manner. Individual dose
volumes (unit: 0.01 mL) were calculated based on the most recently measured body
weight.” (page 24 of mouse report)

Animals were approximately six weeks old at first dosing. Animals were housed
individually with food and water available ad libitum. The Sponsor states that animals
were checked three times daily.
3.2.2.1 Sponsor’s Results and Conclusions
This section will present a summary of the Sponsor’s analysis on survivability and
tumorigencity in mice.

Survival analysis:

The Sponsor’s report notes that “The survival rate in females in the 500 mg/kg
group was extremely low, where many deaths occurred in the late phase of the
administration period. Contrary to females, in males, higher survival rate was observed
in all dose groups.” (page 14 of mouse report)

Specifically, mortality and survival rate are summarized in the following table:.

Table 23 Text Table 1. Summary of mortality and survival rate

Sex Male Female
Dose (mg/kg/day) 0 125 250 500 0 125 250 5009
No. of animals used 55 55 55 55 55 55 55 55
Week of administration
1-26 0 0 0 3 0 1 0 3
1-52 2 0 1 3 0 1 0 3
1-78 11 2 4 5 1 1 2 9
1-100 26 12 6 14 8 5 12 40
1-105” 28 16 9 15 13 9 16 NA
No. of survivors 27 39 46 40 42 46 39 15
Survival rate (%)
Week 100 527 78.2 89.1 745 855 909 782 27.3*
Week 105hb) 49.1$ 70.9*83.6* 72.7* 76.4$ 83.6 709 NA
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a): All surviving females in the 500 mg/kg group were sacrificed in Week 100
after

administration for 99 weeks.

b): All surviving animals except for females in the 500 mg/kg group were
necropsied

as scheduled in Week 105 after administration for 104 weeks.

Values in the table indicate cumulative number of animals that died or were
sacrificed as

moribund.

$: p<0.05 (statistically significant trend, Tarone’s test)

*: p<0.05 (statistically significant difference from the control group, log-rank test)

NA: Not applicable

“1) Male

A statistically significant trend of an increase in the survival rate with increasing
dose levels was observed, and the survival rates in all dose groups were significantly
higher than that in the control group.

“2) Female

A statistically significant trend of a decrease in the survival rate with increasing
dose levels was observed, and the survival rate in the 500 mg/kg group was
extremely low with statistical significance, where many deaths occurred in the late
phase of the administration period.” (page 36 of mouse report)

Tumorigenicity analysis:

The Sponsor’s analysis of carcinogenicity is based on Peto survival-adjusted tests. Where
results with low tumor incidence were computed using exact permutation tests. In particulat
The Sponsor claims that the test drug did not increase any specific tumor deaths.

Table 24: Text Table 9. Number of tumors and tumor bearers

Sex Male Female
Dose (mg/kg/day) 0 125 250 500 0 125 250 500%
No. of animals used 55 55 55 55 55 55 55 55
Total No. of tumors 62 46 44 35 89 81 66 30
No. of benign tumors 37 24 23 21 45 40 27 21
No. of malignant tumors 25 22 21 14 44 41 39 9
Total No. of tumor bearing animals 38 31 26 27 45 41 42 19
No. of benign tumor bearers 24 16 16 16 31 26 23 15
No. of malignant tumor bearers 21 18 17 13 32 30 32 8
No. of multiple tumor bearers 16 13 10 6 6 23 19 9

3 All surviving females in the 500 mg/kg group were sacrificed prematurely in
Week
100 after administration for 99 weeks.

“There was no treatment-related increase in either number of tumors or tumor
bearing animals in either sex.
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“Decreases in total number of tumors and number of benign tumors were
observed in females in the 250 and 500 mg/kg groups. Decreases in number of
malignant tumors, total number of tumor bearing animals, number of benign tumor
bearing animals and number of malignant tumor bearing animals were observed in
females in the 500 mg/kg group. A decrease in number of multiple tumor bearing
animals was observed in both sexes in the 500 mg/kg group. However, they were not
regarded as an adverse effect of treatment, as these changes were decreases.” (page
45 of mouse report)

“Tumors that showed a tendency toward increase in the incidence in the dose
groups as compared to the control group were observed in the thyroid and the
incidence of tumors and related non-tumor findings are summarized in the following:

Table 25: Text Table 10. Incidence summary of tumors and hyperplasia in the

thyroid

Sex Male Female

Dose (mg/kg/day) 0 125 250 500 O 125 250 500?
No. of animals used 565 55 55 55 55 55 55 55
Thyroid

Adenoma, follicular cell 0 0 1 2 1 1 1 3
Carcinoma, follicular cell 0 0 1 0 0 0 0 0
Adenoma + Carcinoma, follicular cell 0 0o 2 2 1 1 1 3
Hyperplasia/hypertrophy, follicular cell (total) 1 2 17 36 2 51 52 52

* 1 2 17 33 2 41 20 4
(+/++) O 0O 0 3 0O 10 32 48
- All surviving females in the 500 mg/kg group were sacrificed prematurely in Week 100 after
administration for 99 weeks.
Numbers in the table indicate the number of animals with lesions.
+: Minimal, +; Mild, ++; Moderate

“Thyroid:

“Slightly higher incidence of follicular cell tumors (adenoma + carcinoma) were observed
in 2 males each in the 250 and 500 mg/kg groups and in 3 females in the 500 mg/kg
group, although there were no statistically significant differences in either trend
analysis or pairwise comparison between the control and any dose group. At the
same time, increased

incidence and severity of hyperplasia/hypertrophy of the follicular cells were observed in
the above groups. Follicular cell adenoma was also observed in 1 female each in the
125 and 250 mg/kg groups, respectively, and the possibility of involvement of
treatment could not be completely excluded, since increased incidence and severity of
hyperplasia/hypertrophy of the

follicular cells were also observed in these groups. However, it was hardly judged to be
treatment-related since follicular cell adenoma was also observed in 1 control female
in the present study.

“Decreased incidences of tumors were observed in the following; however, reduced
incidences
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of common spontaneous tumors are not regarded as adverse effects of treatment.
Liver: Hepatocellular adenoma in both sexes in the 250 and 500 mg/kg groups
Pituitary: Anterior adenoma in females in the 500 mg/kg group
Hemolymphoreticular: Malignant lymphoma in females in the 500 mg/kg group

“The other tumors described in the Tables and Appendices were judged to be incidental
since they were consistent with the spectrum of spontaneous tumors expected in aged mice
of this strain.” (page 46 of mouse report)

3.2.1.2 FDA Reviewer's Results

This section will present the current Agency findings on survival and
tumorigenicity in male and female mice.

Survival analysis:

Kaplan-Meier plots comparing treatment groups in are given in Appendix 1, along
with more details of the analyis. The following tables (Table 26 for male mice and Table
27 for female mice) summarize the mortality results for the dose groups. As with rats,
the data were grouped for the specified time period, and present the number of deaths
during the time interval over the number at risk at the beginning of the interval. The
percentage cited is the percent survived at the end of the interval.

Table 26. Summary of Male Mice Mortality

Period | 1.Vehicle | 2.Low 3.Medium | 4.High
0-50 1/55 0/55 1/55 3/55
98.2% 100.0% 98.2% 94.5%
51-70 9/54 1/55 2/54 2/52
81.8% 98.2% 94.5% 90.9%
71-90 9/45 5/54 1/52 2/50
65.5% 89.1% 92.7% 87.3%
91-105 9/36 10/49 5/51 8/48
49.1% 70.9% 83.6% 72.7%
terminal 27 39 46 40

1 number deaths / number at risk

2 per cent survival to end of period.

Table 27. Summary of Female Mice Mortality

Period | 1.Vehicle | 2.Low 3.Medium | 4.High

0-50 0/55 1/55 0/55 3/55
100.0% 98.2% 100.0% 94.5%

51-70 1/55 0/54 0/55 3/52
98.2% 98.2% 100.0% 89.1%

71-90 4/54 3/54 5/55 15/49
90.9% 92.7% 90.9% 61.8%

91-105 8/50 5/51 11/50 19/34
76.4% 83.6% 70.9% 27.3%

terminal 42 46 39 15 '
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! humber deaths / number at risk
2 per cent survival to end of period.

Table 28. Statistical Significances of Tests of Homogeneity and Trend in Survival

in Mice
Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n Kk n
Homogeneity over all four groups 0.0002 | 0.0001 <0.0001
<0.000
1
No Trend over all four groups 0.0100 | 0.0104 <0.0001
No difference between high dose and 0.0080 | 0.0083 <0.0001

In Appendix 1. from Figure A.1.3 in male mice the vehicle control has, by a
considerable extent, the lowest survival, with eventually the medium group having the
highest survival, and the low and high dose groups eventually largely intertwined
between these two curves. Note these differences are sufficient to result in statistically
significant differences in tests for homogeneity in both genders (both p < 0.0002), as is
the test of trend in dose (both p < 0.0104), as wells as the test of no differences in the
high and control low doses. Similarly, the comparison between the high dose and
vehicle test of was statistically significant (both p < 0.0083). In female mice the high
dose groups have much higher mortality than the other study groups, resultin in highly
statistically significant tests of homogeneity, trend, and difference between high dose
and control (all six p < 0.0001).

Again, Kaplan-Meier plots comparing treatment groups in both studies are given
in Appendix 1, along with more details of the analysis.
Tumorigenicity analysis:

Table 29 below, a repeat of Table 7 above and Table A.2.2 below, shows the
organ-tumor combinations associated with at least one non-multiplicity adjusted test
that was statistically significant at a 0.10 level.

Table 29. Potentially Statistically Significant Results for Organ-Tumor Combinations in
Mice Overall Results
Tumor Incidence

Veh Low Med High

Significance Levels

organ/tumor ptrend phigh
pmed plow

vsVeh

vsVeh vsVeh

Male Mice

Testis

# Evaluated 55 55 55 55
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Adj. # at Risk 42.4 51.5 52.0 49.0

LEYDIG CELL TUMOR 0 0 1 2 .0644 .2816
.5484 .
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA, FOLLICULAR CELL 0 0 1 2 .0644 .2816
.5484 .

Adj. # at Risk 42.4 51.5 52.0 49.0

Foll. Cell Adenoma/Carcinoma O 0 2 2 .0749 .2816
.3034

Table 29. (cont.) Potentially Statistically Significant Results for Organ-Tumor

Combinations in Mice Overall Results
Tumor Incidence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh
vsVeh vsVeh
Female Mice
Thyroid
# Evaluated 55 55 55 55
Adj. # at Risk 52.4 52.8 52.2 41.1
ADENOMA, FOLLICULAR CELL 1 1 1 3 .0889 .2245
.7524 .7524

Using the tumor incidence in the vehicle to determine whether a tumor should be
classified as rare or common, only follicular cell adenoma would be classified as
common, the remainder rare. Again, several of the tests of trend fall below the 0.10
level, after adjusting for multiplicity using the Haseman-Lin-Rahman rules no tests
would be categorized as statistical significant. Complete tables of tumor incidence are
given in Tables A.2.5 and A.2.6, in Appendix 2, below.

4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

NA

5. SUMMARY AND CONCLUSIONS
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5.1. Statistical Issues and Collective Evidence
Please see Section 1.3 above.

5.2. Conclusions and Recommendations

Please see section 1.1 above.
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APPENDICES ( for FDA statistical review of carcinogenicity studies)

Appendix 1. Survival Analyses

Simple summary life tables in mortality in rats are presented in the report (Tables
18 and 19, above). Kaplan-Meier estimated survival curves across study groups for
each gender in rats are displayed below in Figures A.1.1 and A.1.2. The plots include
95% confidence intervals around each survival curve (colored area around each curve).
These plots are also supported by tests of homogeneity in survival over the treatment
groups. The statistical significance levels (i.e., p-values) are provided in Table A.1.1.,
below. One might note that the log rank tests place greater weight on later events,
while the Wilcoxon test tends to weight them more equally, and thus, it actually tends to
place more weight on differences in earlier events than does the log rank test.

Table A.1.1 Statistical Significances of Tests of Homogeneity and Trend in
Survival in Rats

Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n Kk n

Homogeneity over all four groups 0.4880 0.0656
0.5181 0.1189

No Trend over all four groups 0.4084 0.0095
0.3716 0.0200

No difference between high dose and 0.8753 0.0380

vehicle 0.7931 0.0444

Kaplan-Meier survival curves for these studies are presented below. From
Figure A.1.1, the Kaplan-Meier estimated survival curves in male rats suggest that
during the last third of the study the low dose group had slightly higher survival than the
other three study group, which in turn, were largely intertwined. However, none of the
comparisons in male rats would be categorized as being statistically significant (i.e., all
six p 2 0.3716). In almost a reversal of fate, in Figure A.1.2, in female rats, the the high
dose group seems to have higher survival than the other study groups, but again with
the remaining dose groups largely intertwined. These differences are not sufficient to
result in a statistically significant, though close to significance, test of overall
homogeneity (Logrank p=0.1189, Wilcoxon p=0.0656). However, there is evidence of a
statistically significant test of trend in dose (Logrank p=0.0200, Wilcoxon p=0.0095), and
a somewhat weaker result in the test of differences between the high dose and vehicle
control (Logrank p=0.0444, Wilcoxon p=0.0380).
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Figure A.1.1 Kaplan-Meier Survival Curves for Male Rats

Product-Limit Survival Estimates
With 95% Hall-Wellner Bands
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Figure A.1.2 Kaplan-Meier Survival Curves for Female Rats
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The results of the same set of statistical comparisons in survival are given in
Table A.1.2,, with corresponding Kaplan-Meier survival curves in Figures A.1.3 and
A.1.4, below. In mice a there is a somewhat different pattern. Note that summary tables
of survival are given in Tables 26 and 27 above. .

Table A.1.2. Statistical Significances of Tests of Homogeneity and Trend in
Survival in Mice

Hypotheses Males Females
Logran | Wilcoxo | Logran | Wilcoxo
k n k n
Homogeneity over all four groups 0.0002 | 0.0001 <0.0001
<0.000
1
No Trend over all four groups 0.0100 | 0.0104 <0.0001
No difference between high dose and 0.0080 | 0.0083 <0.0001

From Figure A.1.3 in male mice the vehicle control has, by a considerable extent,
the lowest survival, with eventually the medium group having the highest survival, and
the low and high dose groups eventually largely intertwined between these two curves.
Note these differences are sufficient to result in statistically significant differences in
tests for homogeneity in both the logrank and Wilcoxon tests (both p < 0.0002), as is
the test of trend in dose (both p < 0.0104), as wells as the test of no differences in the
high and control low doses. Similarly, the comparison between the high dose and
vehicle test of was statistically significant (both p < 0.0083). In female mice the high
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dose groups have much higher mortality than the other study groups, sufficient to result

in highly statistically significant tests of homogeneity, trend, and difference between high
dose and control (all six p < 0.0001).

Figure A.1.3 Kaplan-Meier Survival Curves for Male Mice

Product-Limit Survival Estimates
With 95% Hall-Wellner Bands
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Figure A.1.4 Kaplan-Meier Survival Curves for Female Mice
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Appendix 2. FDA Poly-k Tumorigenicity Analysis

The poly-k test, here with k = 3, modifies the original Cochran-Armitage test to
adjust for differences in mortality (please see Bailer & Portier, 1988, Bieler & Williams,
1993). The tests used here are small sample exact permutation tests of tumor
incidence. When there were no tumors of the specific type being analyzed in either
column of the 2x2 table corresponding to a pairwise comparison an argument could be
made that the p-value for this test should be 1.0. However, largely for readability, in the
tables below these p-values are considered as missing (i.e., corresponding to a null
test), denoted by a period “.”. Note that the StatXact program used for these analyses
adjusts for the variance, which would be 0. Then the significance levels of the test
statistics are based on the result of a division by 0, i.e., undefined, and hence StatXact
codes these p-values as missing.

For each gender by organ combination the number of animals microscopically
analyzed is presented first. Note that indicating an organ was not examined requires a
specification in the data (please see section 2.2 above). It is possible that this
specification could be missing for some organ combinations in some study groups in
this data. Then the number of animals at risk could be inflated, and the proportion of
animals with tumor would be artificially decreased. Thus, as discussed in Section
1.3.1.5 above, for some of these organs it is possibly more appropriate to define the
actual endpoint used in the statistical analysis be the condition of being microscopically
analyzed and show the tumor. This does have problems if the treatment groups are
treated equally except for actual treatment applied.

The entry for each tumor is preceded by the adjusted number of animals at risk
for that endpoint. It seems clear that an animal that dies early without having
displaying that endpoint reduces the size of the risk set for that getting that particular
endpoint. The poly-k test down weights such animals, and as also discussed in Section
1.3.1.5, above, the sum of these poly-k weights seems to be a better estimate of the
number of animals at risk of getting that tumor than the simple number of animals
analyzed. This sum is given in the row labeled “Adjusted # at risk”. For these analyses,
incidence in the control vehicle, water group is used to assess background tumor
incidence, and thus whether a tumor is considered to be rare (background incidence <
1%) or common. Note that for these analyses a tumor is only classified as rare if the
vehicle control group shows none of that particular tumor.

To adjust for the multiplicity of tests the so-called Haseman-Lin-Rahman (HLR)
rules discussed in Section 1.3.1.6 are often applied. In this particular case we have two
two-year study in rats and mice. An adjustment that seems to work is that for a roughly
10% overall error rate tests of trend would be considered significant it the tests for
positive trend alone would be tested at 0.005 and 0.025 significance levels, for common
and rare tumors respectively. Control-high pairwise differences would be tested at a
0.01 and 0.05 significance levels, for common and rare tumors respectively. If we
require both the tests of trend and the pairwise comparison to be significant, the only
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change would be that the pairwise test in the two year study be tested at a 0.10 level for
rare tumors. Using these adjustments for other tests, like testing the comparisons
between the low and medium dose groups versus vehicle can be expected to increase
the overall type | error rate to some value above the nominal rough 10% level, possibly
considerably higher than the nominal 10% rate.

Table A.2.1, below, a repeat of Table 5 above, shows those rows with at least one tumor
with at least one non-multiplicity adjusted test that was statistically significant or close, to a 0.10
level.

Table A.2.1. Potentially Statistically Significant Results for Organ-Tumor Combinations in

Rats Overall Results
Tumor Incidence Significance Levels
Gender Veh Low Med High ptrend phigh
pmed plow
Organ/Tumor vsVeh
vsVeh vsVeh
Male Rats
Testis
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 46.3
LEYDIG CELL TUMOR 2 0 2 5 .0226 .2264
.7157 1
Thyroid
# Evaluated 58 57 56 59
Adj. # at Risk 44 .9 47.4 46.4 45.6
CARCINOMA,C-CELL 0 0 2 2 .0705 .2528
.2584
Female Rats
Adrenal
# Evaluated 60 60 60 60
Adj. # at Risk 43.3 41.4 42.4 49.5
PHEOCHROMOCYTOMA 0 0 1 3 .0261 .1467
.4941 .
Adj. # at Risk 43.3 41.4 42.4 49.5
Pheochromocytoma, Any 0 1 1 3 -0590 .1467
.4941 .4881
Thyroid
# Evaluated 59 59 59 59
Adj. # at Risk 42.5 40.9 42.9 49.5
ADENOMA, C-CELL 1 5 5 7 .0999 .0478
.1008 .0899

Using the tumor incidence in the vehicle to determine whether a tumor should
be classified as rare or common, only c-cell carcinoma and pheochromocytoma (both
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above) were classified as rare tumors, the remainder common. Although some of
these tumors exceed the 0.10 level, after adjusting for multiplicity using the Haseman-
Lin-Rahman rules only the test of trend for Pheocromocytoma is close to statistical
significance ( p = 0.0261 = 0.025). Complete tables of tumor incidence are given in
Tables A.2.3 and A.2.4, below.

Similar results in mice are presented in Table A.2.2, below.

Table A.2.2. Potentially Statistically Significant Results for Organ-Tumor Combinations in

Mice overall Results
Tumor Incidence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh

vsVeh vsVeh
Male Mice
Testis

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

LEYDIG CELL TUMOR 0 0 1 2 .0644 .2816
.5484 .
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA, FOLLICULAR CELL 0 0 1 2 .0644 .2816
.5484 .

Adj. # at Risk 42.4 51.5 52.0 49.0

Foll. Cell Adenoma/Carcinoma O 0 2 2 .0749 .2816
.3034

Female Mice
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.2 41.1
ADENOMA, FOLLICULAR CELL 1 1 1 3 .0889 .2245
.7524 .7524

Using the tumor incidence in the vehicle to determine whether a tumor should be
classified as rare or common, only follicular cell adenoma would be classified as
common, the remainder rare. Again, several of the tests of trend fall below the 0.10
level, after adjusting for multiplicity using the Haseman-Lin-Rahman rules no tests in
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mice would be categorized as statistical significant. Complete tables of tumor incidence
are given in Tables A.2.5 and A.2.6, in Appendix 2, below.

Table A.2.3. Incidence and Results for Organ-Tumor Combinations in Male Rats
Overall Results

Tumor Incidence Significance Levels
Organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh

vsVeh vsVeh
Abdominal cavity

# Evaluated 60 59 60 60

Adj. # at Risk 45.8 49.1 48.1 46.0

FIBROMA 0 0 0 1 .2406 .5000
Adj. # at Risk 45.8 49.1 48.1 45.9

L IPOMA 0 0 0 1 .2406 .5000
Adrenal

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 46.7
ADENOMA,CORTICAL CELL 0 1 1 1 .2939 .5055
.5161 .5263

Adj. # at Risk 46.4 50.7 48.8 47.5
PHEOCHROMOCYTOMA 16 11 5 7 .9710 .9936
.9992 .9475

Adj. # at Risk 45.8 50.1 48.1 46.0
PHEOCHROMOCYTOMA , MAL IGNANT 0 1 1 1 .2939 .5055
.5161 .5263

Adj. # at Risk 46.4 50.7 48.8 47.5

209

Reference ID: 3859648



Pheocromocytoma, any 16 11 6 7 9712 .9936

.9977 .9475

Bone, vertebral

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 46.7
CHONDROSARCOMA 0 0 1 1 .1825 _.5055
.5161 .

Adj. # at Risk 45.8 50.1 48.1 45.9
OSTEOSARCOMA 1 0 0 0 1 1
1 1
Cerebellum

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.7 45.9

GRANULAR CELL TUMOR 0 1 1 0 .6231
.5161 .5263
Cerebrum

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 46.7
ASTROCYTOMA ,MALIGNANT 0 0 0 1 .2434 .5055
Adj. # at Risk 45.8 50.1 48.1 45.9

OL 1GODENDROGL IOMA 1 0 0 0 1 1
1 1

Forelimb

# Evaluated 59 59 60 60

Adj. # at Risk 45.5 49.2 48.1 45.9
PAPILLOMA, SQUAMOUS CELL 1 0 0 0 1 1
1 1

Adj. # at Risk 45.8 49.2 48.1 45.9
SCHWANNOMA , MAL IGNANT 1 0 0 0 1 1
1 1

Endo. Schwannoma, any 2 0 0 0 1 1
1 1

Adj. # at Risk 45.8 50.1 48.1 45.9
SCHWANNOMA , ENDOCARDIAL 1 0 0 0 1 1
1 1

Adj. # at Risk 46.5 50.1 48.1 45.9
SCHWANNOMA , ENDOCARDIAL, 1 0 0 0 1 1
1 1

MAL IGNANT

Table A.2.3. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Rats
Overall Results
Tumor Incidence Significance Levels
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Organ/tumor Veh Low Med High ptrend phigh

pmed plow
vsVeh
vsVeh vsVeh
Hemolymphoreticular(all sites)
# Evaluated 60 60 60 60
Adj. # at Risk 46.8 50.3 48.1 45.9
LEUKEMIA,LARGE GRANULAR 2 1 0 1 .6569 .8750
1 .8938
LYMPHO
Adj. # at Risk 45.8 51.1 48.1 45.9
LYMPHOMA , MAL IGNANT 1 2 0 0 .9416 1
1 .5473
Adj. # at Risk 46.4 50.6 48.1 46.8
SARCOMA,HISTIOCYTIC 3 3 2 2 .6771 .8195
.8323 .7003
Intestine, ileum
# Evaluated 57 59 56 57
Adj. # at Risk 44 .2 49.3 45.8 44.2
ADENOMA 0 0 1 0 .4890
.5056
Kidney
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
L IPOMA 0 2 0 0 .8157
. .2744
Adj. # at Risk 45.8 50.1 48.1 45.9
L IPOSARCOMA 1 0 0 0 1 1
1 1
Adj. # at Risk 45.8 50.1 48.1 45.9
LipomaZLiposarcoma 1 2 0 0 .9416 1
1 .5399
Liver
# Evaluated 60 60 60 60
Adj. # at Risk 46.1 50.1 48.1 45.9
ADENOMA ,HEPATOCELLULAR 5 4 2 0 .9960 1
.9508 .7969
Adj. # at Risk 45.8 50.1 48.1 45.9
CARCINOMA ,HEPATOCELLULAR 0 0 0 1 .2394 .5000
Adj. # at Risk 45.8 50.1 48.1 45.9
LYMPHANG IOMA 0 1 0 0 . 7606
. .5263
Lung(bronchus)
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
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ADENOMA ,,BRONCHIOLO-ALVEOLAR O 0 1 0 .4947

.5161
Mammary gland
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
FIBROADENOMA 1 1 0 0 .9437 1
1 .7783
Adj. # at Risk 45.8 50.1 48.1 46.9
Fibroadenoma/Zmixed tumor 1 1 0 1 .5280 .7582
1 .7783
Adj. # at Risk 45.8 50.1 48.1 46.9
TUMOR ,MIXED,BENIGN 0 0 0 1 .2434 .5055
Mesothel tum
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
MESOTHEL I0OMA , MAL IGNANT 1 0 0 1 .4224 .7528
1 1
Table A.2.3. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Rats
Overall Results
Tumor Incidence Significance Levels
Organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh
vsVeh vsVeh
Oral cavity
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.6 45.9
CARCINOMA, SQUAMOUS CELL 0 0 1 0 .4947
.5161
Origin unknown
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
CHORDOMA 0 0 1 0 .4947
.5161
Palate
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 51.0 48.1 45.9
CARCINOMA, SQUAMOUS CELL 0 1 0 0 . 7606
.5263
Pancreas
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.4 48.1 46.4
ADENOMA,ACINAR CELL 1 3 3 1 .6920 .7582
.3332 .3494
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Adj. # at Risk 45.8 50.1 48.1 45.9

ADENOMA,ACINAR-ISLET CELL 1 0 1 0 .7460 1
.7686 1

Adj. # at Risk 47.5 50.4 49.0 45.9

ADENOMA, ISLET CELL 22 16 10 6 .9997 .9999
.9986 .9558

Adj. # at Risk 45.8 50.4 48.2 46.4

Acinar Cell Adenoma/Carcin. 1 3 4 1 .7069 .7582
.2014 .3494

Adj. # at Risk 45.8 50.1 48.2 45.9
CARCINOMA,ACINAR CELL 0 0 1 0 .4947

.5161 .

Adj. # at Risk 45.8 50.1 48.1 45.9

CARCINOMA, ISLET CELL 2 6 2 1 .9075 .8792
.7157 .1708

Adj. # at Risk 47.5 50.4 49.0 45.9

Islet Cell Adenoma/Carcin. 22 16 11 6 .9997 .9999
.9970 .9558
Parathyroid

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.2 48.1 45.9

ADENOMA 2 5 0 1 .8932 .8792
1 .2636
Pituitary

# Evaluated 60 60 60 60

Adj. # at Risk 49.2 56.3 52.3 48.6

ADENOMA ,ANTERIOR 20 40 23 22 .8277 .3846
.4423 .0014

Adj. # at Risk 45.8 50.1 48.1 45.9

ADENOMA, INTERMEDIATED 1 0 0 1 .4224 .7528
1 1

Adj. # at Risk 46.4 50.1 48.5 46.1
CARCINOMA,ANTERIOR 2 0 1 1 .5656 .8791
.8868 1
Prostate

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 46.0

ADENOMA 0 1 0 1 .3120 .5055

.5263

Table A.2.3. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Rats
Overall Results

Tumor Incidence Significance Levels
Organ/tumor Veh Low Med High ptrend phigh
pmed plow
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vsVeh

vsVeh vsVeh

Skin/Subcutis

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 46.0

CARCINOMA , SEBACEOQUS 0 0 0 1 .2434 _.5055
Adj. # at Risk 45.8 50.1 48.3 45.9

CARCINOMA, SQUAMOUS CELL 0 0 1 0 .4947

.5161

Adj. # at Risk 46.0 50.3 48.1 45.9

FIBROMA 5 4 2 4 .5297 .7464
.9508 .7969

Adj. # at Risk 45.9 50.4 48.1 45.9

FIBROSARCOMA 1 1 0 1 .5213 .7528
1 .7783

Adj. # at Risk 46.1 50.1 48.1 46.0
KERATOACANTHOMA 1 1 1 3 .1054 .3083
.7632 .7730

Adj. # at Risk 45.8 50.1 48.9 45.9
LEIOMYOSARCOMA 0 0 1 0 .4947

5161 .

Adj. # at Risk 45.8 50.1 48.1 45.9

LI1POMA 0 0 1 0 .4947

5161 .

Adj. # at Risk 45.8 50.1 48.5 45.9

L IPOSARCOMA 0 0 1 1 .1792 .5000
.5161 .

Adj. # at Risk 45.8 50.1 48.1 45.9

PAPILLOMA, SQUAMOUS CELL 1 1 1 0 .8294 1
.7686 .7783

Adj. # at Risk 46.0 50.1 48.3 45.9

SCHWANNOMA , MAL IGNANT 1 0 1 0 .7433 1
.7632 1

Adj. # at Risk 45.8 50.1 48.1 46.0

TUMOR,HAIR FOLLICLE,BENIGN 1 2 1 1 .5992 .7528
.7686 .5399
Spleen

# Evaluated 60 60 60 60

Adj. # at Risk 45.8 50.1 48.1 45.9

HEMANG I0SARCOMA 0 1 0 0 . 7606

. .5263

Adj. # at Risk 45.8 50.1 48.5 45.9

SARCOMA,NOS 0 0 1 0 .4947

.5161
Stomach
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# Evaluated

Adj. # at Risk
PAPILLOMA, SQUAMOUS CELL
1 .7730

Systemic

# Evaluated

Adj. # at Risk
HEMANG I 0OSARCOMA

.5263
Testis

# Evaluated

Adj. # at Risk
LEYDIG CELL TUMOR

Adj. # at Risk
SEMINOMA
-5263

60 60 60 60
46.2 50.1 48.1 45.9

1 1 0 0 .9417 1
60 60 60 60
45.8 50.1 48.1 45.9
0 1 0 0 . 7606
60 60 60 60
45.8 50.1 48.1 46.3
2 0 2 5 .0226 .2264 .7157
45.8 50.1 48.1 45.9
0 1 0 0 . 7606

Table A.2.3. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Rats

Overall Results
Tumor Incidence

Significance Levels

Organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh
vsVeh vsVeh
Thymus
# Evaluated 60 60 58 59
Adj. # at Risk 45.8 50.4 46.7 45.0
THYMOMA 0 1 0 0 .7581
.5263
Adj. # at Risk 45.8 50.4 47.6 45.0
THYMOMA ([B]+[M}) 0 1 1 0 .6216
.5109 .5263
Adj. # at Risk 45.8 50.1 47.6 45.0
THYMOMA , MALIGNANT 0 0 1 0 .4920
.5109 .
Thyroid
# Evaluated 58 57 56 59
Adj. # at Risk 44_.9 47.5 46.8 45.7
ADENOMA,C-CELL 5 5 4 4 .6449 .7691
.7796 .6720
Adj. # at Risk 45.0 47.4 46.4 45.4
ADENOMA, FOLLICULAR CELL 3 1 1 0 9725 1

.9469 .9492
Adj. # at Risk

Reference ID: 3859648

44.9 47.5 46.8 45.9
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C-Cell Adenoma/Carcinoma 5 5 6 6 .3610 .5161
.5319 .6720

Adj. # at Risk 44.9 47.4 46.4 45.6
CARCINOMA,C-CELL 0 0 2 2 .0705 .2528
.2584
Trigeminal nerve
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.8 45.9
SCHWANNOMA , MAL IGNANT 0 0 1 0 .4947
.5161
Urinary bladder
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
PAPILLOMA,TRANSITIONAL CELL 0 0 1 0 .4947
.5161 .
Zymbal gland
# Evaluated 60 60 60 60
Adj. # at Risk 45.8 50.1 48.1 45.9
ADENOMA 1 0 0 0 1 1
1
Adj. # at Risk 46.4 50.1 48.5 45.9
Adenoma/Carcinoma 2 0 2 0 .8206 1
.7076 1
Adj. # at Risk 46.4 50.1 48.5 45.9
CARCINOMA 1 0 2 0 .6733 1
.5161 1

Table A.2.4. Incidence and Results for Organ-Tumor Combinations in Female Rats
Overall Results

Tumor Incidcence Significance Levels
Organ/tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh vsVeh
Adrenal
# Evaluated 60 60 60 60
Adj. # at Risk 43.5 41.5 42.4 49.4
ADENOMA,CORTICAL CELL 1 1 2 1 .5562 .7843 .4911 .7410
Adj. # at Risk 43.3 41.4 42.7 49.4
CARCINOMA,CORTICAL CELL 0 0 1 0 .5200 . .4941
Adj. # at Risk 43.5 41.5 42.7 49.4
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Cortical Adenoma/Carcinoma 1

Adj. # at Risk 43.3
PHEOCHROMOCYTOMA 0
Adj. # at Risk 43.3
PHEOCHROMOCYTOMA , MAL IGNANT 0
Adj. # at Risk 43.3
Pheochromocytoma, Any 0
Cerebrum

# Evaluated 60
Adj. # at Risk 43.3
ASTROCYTOMA , MAL IGNANT 1
Adj. # at Risk 43.3
PAPILLOMA,CHOROID PLEXUS 0
Hemolymphoreticular(all sites)

# Evaluated 60
Adj. # at Risk 441
LEUKEMIA,LARGE GRANULAR LYMPHO 1
Adj. # at Risk 43.3
LYMPHOMA , MAL IGNANT 0
Adj. # at Risk 43.6
SARCOMA,HISTIOCYTIC 2
Intestine, jJejunum

# Evaluated 58
Adj. # at Risk 41.5
LEIOMYOSARCOMA 0
Kidney

# Evaluated 60
Adj. # at Risk 43.3
ADENOMA,RENAL CELL 0
Adj. # at Risk 43.3
LIPOMA 0
Liver

# Evaluated 60
Adj. # at Risk 43.3
ADENOMA ,HEPATOCELLULAR 1

60
41.4

41.6

41.4

56
39.9

60
41.4

41.4
60

41.4
0

60
42.4

43.2

60

42.4
0

1
49.5

49.4

49.5

60
49.4

49.4

58
48.8
0

60

49_4
0

49_4
0

60
49.9
1

.5917

.0261

- 7543

-0590

.4347

- 7543

.3444

-9036

. 7574

.7543

.5227

-4828

.7843

-1467

-1467

.7843

-5326

1

.7843

.2991 .7410

-4941 .

- .4881

-4941 4881

7471 1

- .4881

1 1

- .4881

.8751 1

- -4875
.4881

.5000

1 1

Table A.2.4. (cont.) Incidence and Results for Organ-Tumor Combinations in Female Rats
Overall Results
Tumor Incidcence

Significance Levels

Organ/tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh vsVeh

Mammary gland

# Evaluated 60 60
Adj. # at Risk 47.7 47.
ADENOCARC INOMA 23 18
Adj. # at Risk 45.2 44.
ADENOCARCINOMA IN FIBROADENOMA 6 9
Adj. # at Risk 43.3 42.
ADENOMA 0 3
Adj. # at Risk 49.2 49.
Adenoma/Fibro-/-carc/carc in 36 28
Adj. # at Risk 45.3 44.

Reference ID: 3859648

60

18

1 43.2

5 42.8

0 50.5

0 45.9

60

18
49.8

49.4

53.1

50.1

217

-8704

-9045

.6138

.9594

-9506

.8743

.5326

.9912

-9088

-9663

.2412

.8913

-8941

.2700

-1162

-9634



FIBROADENOMA 20 14 15 15 -8651 .9527 .9029 .9139

Adj. # at Risk 43.3 41.4 42.4 49.4

LIPOMA 0 1 0 0 .7543 . . .4881
Adj. # at Risk 43.8 41.4 42.4 50.2

TUMOR ,MIXED,MALIGNANT 2 0 0 1 .6356 .9049 1 1
Oral cavity

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.5 43.0 49.7

CARCINOMA, SQUAMOUS CELL 0 1 1 1 .3339 .5326 .4941 .4881
Ovary

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.4 49.4

GRANULOSA CELL TUMOR 0 0 1 0 .5200 . 4941 .
Adj. # at Risk 43.3 41.4 42.9 49.4

THECOMA ,BENIGN 0 0 1 0 .5200 . .4941 .
Pancreas

# Evaluated 60 60 60 60

Adj. # at Risk 43.9 41.6 42.4 49.4

ADENOMA, ISLET CELL 5 4 4 2 .9204 .9622 .7465 .7340
Adj. # at Risk 43.3 41.4 42.4 49.4

CARCINOMA,ACINAR CELL 0 0 1 0 .5200 . .4941 .
Adj. # at Risk 43.3 41.4 42.4 49.4

CARCINOMA, ISLET CELL 0 0 0 1 .2800 .5326 . .
Adj. # at Risk 43.9 41.6 42.4 49.4

Islet Cell Adenoma/Carcinoma 5 4 4 3 .8239 .9045 .7465 .7340
Parathyroid

# Evaluated 58 59 59 59

Adj. # at Risk 41.9 41.3 41.9 49.4

ADENOMA 1 0 2 0 .7303 1 .5000 1
Pituitary

# Evaluated 60 60 60 60

Adj. # at Risk 58.1 56.7 55.4 54.7

ADENOMA ,ANTERIOR 49 44 44 38 .9572 .9787 .8079 .8544
Adj. # at Risk 58.7 58.0 56.4 55.5

Anterior Adenoma/Carcinoma 51 48 47 41 .9633 .9814 .8116 .8532
Adj. # at Risk 43.9 42.7 43.4 50.3

CARCINOMA,ANTERIOR 2 4 3 3 .5633 .5719 .5000 .3267
Skeletal muscle,femoral

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.4 49.5

FIBROSARCOMA 0 0 0 1 .2800 .5326 . .

Table A.2.4. (cont.) Incidence and Results for Organ-Tumor Combinations in Female Rats
Overall Results

Tumor Incidcence Significance Levels
Organ/tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh vsVeh
Skin/Subcutis
# Evaluated 60 60 60 60
Adj. # at Risk 43.3 41.5 42.4 49.4
CARCINOMA , SQUAMOUS CELL 0 1 0 0 . 7543 . - .4881
Adj. # at Risk 43.3 42.3 42.4 49.4
FIBROSARCOMA 0 1 0 0 . 7557 . - .4941
Adj. # at Risk 43.3 41.4 42.4 49.4
KERATOACANTHOMA 0 1 0 0 . 7543 . - .4881
Adj. # at Risk 43.3 41.4 42.4 49.4
LIPOMA 1 0 0 0 1 Thyroid
# Evaluated 59 59 59 59
Adj. # at Risk 42.5 40.9 42.9 49.5
ADENOMA, C-CELL 1 5 5 7 .0999 .0478 .1008 .0899
Adj. # at Risk 42.3 40.7 42.3 48.8
ADENOMA, FOLLICULAR CELL 1 1 2 0 .8236 1 .5000 .7407
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Adj. # at Risk 42.3 40.9 42.3 49.4

CARCINOMA,C-CELL 1 4 0 1 .8344 .7897 1 .1648
Stomach

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.6 49.4

PAPILLOMA, SQUAMOUS CELL 0 0 1 0 .5200 . .4941
Thymus

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.4 49.4

THYMOMA 0 0 0 1 .2800 .5326

Uterus

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.4 49.4

GRANULAR CELL TUMOR 1 0 0 1 .4828 .7843 1 1
Adj. # at Risk 43.3 41.4 42.4 49.4

LEIOMYOMA 0 0 1 0 .5200 . .4941

Adj. # at Risk 44.3 43.0 43.0 49.9

POLYP,ENDOMETRIAL STROMAL 8 5 4 5 .8023 .9206 .9306 .8674
Adj. # at Risk 43.3 41.4 42.4 49.6

SCHWANNOMA , MAL IGNANT 0 0 0 1 .2800 .5326
Vagina

# Evaluated 60 60 60 60

Adj. # at Risk 43.4 41.4 42.4 49.4

GRANULAR CELL TUMOR 1 0 0 0 1 1 1 1
Adj. # at Risk 43.3 41.9 42.4 49.4

POLYP,VAGINAL STROMAL 0 2 0 0 .8249 . . .2352
Adj. # at Risk 43.3 41.4 42.5 49.7

SCHWANNOMA , MAL IGNANT 0 0 1 1 .2124 .5326 .4941

Zymbal gland

# Evaluated 60 60 60 60

Adj. # at Risk 43.3 41.4 42.4 49.5

CARCINOMA 1 0 0 1 .4828 .7843 1 1 1 1
Adj. # at Risk 43.3 41.4 42.4 49.5

PAPILLOMA,SQUAMOUS CELL 0 0 0 1 .2800 .5326

Adj. # at Risk 43.3 41.5 42.4 49.5

Sq.Cell Carc,Pap,Keratoacan- O 2 0 1 .4805 .5326 . .2352

thoma

The following two tables give similar results in mice. Again, for each identified
neoplasm within organ, the adjusted number at risk is presented first. The next row
provides the tumor incidence over all five dose groups, followed by the significance
levels of test of trend over the actual dose groups 1-4, and then followed by the results
of the comparisons between the high dose and the high-medium dose, respectively,
with the vehicle. The next row, with slightly indented p-values lined up with those of the
preceding row, presents the significance levels of the comparisons between the low and
positive control, respectively, with vehicle.

Table A.2.5. Incidence and Results for Organ-Tumor Combinations in Male Mice
Overall Results

Tumor Incidcence Significance Levels

Organ/Tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh vsVeh

Adrenal

# Evaluated 55 55 55 55

Adj . # at Risk 42.4 51.5 52.0 49.0

ADENOMA , SUBCAPSULAR CELL 2 0 0 0 1 1 1 1

Cranial bone

# Evaluated 55 54 55 55

Adj. # at Risk 42.4 50.6 52.7 49.0

219
Reference ID: 3859648



OSTEOSARCOMA 0 0 1 0 .5208 . .5532 .
Harderian gland

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOCARC INOMA 0 0 0 1 .2500 .5333 . -
Adj. # at Risk 43.1 51.5 52.0 49.0

ADENOMA 5 7 5 3 .8807 .8992 .7334 .5053
Adj. # at Risk 42.4 51.5 52.0 49.0

Adenoma/Adenocarcinoma 0 0 0 1 .2500 .5333 . .
Heart

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

HEMANG I 0OSARCOMA 1 0 0 0 1 1 1 1
Hemolymphoreticular(all sites)

# Evaluated 55 55 55 55

Adj. # at Risk 42 .6 52.0 52.7 49.0

LYMPHOMA , MALIGNANT 7 7 5 5 .8373 .8811 .9079 .7664
Adj. # at Risk 43.6 51.5 52.0 49.1

SARCOMA,HISTIOCYTIC 3 1 0 2 .7323 .8575 1 .9595
Intestine, overall

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA 1 1 0 0 .9530 1 1 . 7987
Intestine,cecum

# Evaluated 51 53 53 47

Adj. # at Risk 40.2 50.3 50.7 45.7

LEIOMYOSARCOMA 0 1 0 0 .7838 . . .5556
Intestine,duodenum
# Evaluated 52 51 51 47

Adj. # at Risk 40.6 48.7 49.7 45.7

ADENOMA 1 0 0 0 1 1 1 1

Table A.2.5. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Mice
Overall Results
Tumor Incidcence Significance Levels
Organ/Tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh vsVeh

Intestine, ileum

# Evaluated 52 52 52 50

Adj. # at Risk 40.3 49.3 49.8 47.2

ADENOMA 0 1 0 0 .7838 . . .5506
Adj. # at Risk 40.8 49.3 49.8 47.2

HEMANG I OMA 1 0 0 0 1 1 1 1
Kidney

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA,RENAL CELL 0 0 0 1 .2500 .5333 . .
Liver

# Evaluated 55 55 55 55

Adj. # at Risk 43.7 52.3 52.0 49.1

ADENOMA ,HEPATOCELLULAR 15 10 7 7 .9897 .9950
-9962 .9749

Adj. # at Risk 44 .0 52.5 52.6 49.6
CARCINOMA,HEPATOCELLULAR 9 7 8 5 .9086 .9578
.8342 .8930
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Adj. # at Risk 42.4 51.5 52.0 49.0

CARCINOMA ,HEPATOCHOLANGIO- 0 1 0 0 .7812
.5484
CELLULAR
Adj. # at Risk 42.4 51.5 52.0 49.0
HEMANG IOMA 0 0 1 0 .5156
.5484 .
Adj. # at Risk 42.4 51.6 52.0 49.0
HEMANG I0SARCOMA 1 1 1 0 .8684 1
.7987 .7987
Adj. # at Risk 45.3 52.9 52.6 49.7
Hepato. Adenoma/Carc./Heman- 22 16 15 12 .9897 .9964
.9875 .9791
gio-
Lung(bronchus)
# Evaluated 55 55 55 55
Adj. # at Risk 42.6 51.5 52.0 49.1
ADENOMA ,,BRONCHIOLO-ALVEOLAR 5 2 3 4 .6298 .8283
-9238 .9689
Adj. # at Risk 42.5 51.5 52.0 49.0
CARCINOMA,BRONCHIOLO-ALVEOLAR 2 1 1 0 .9566 1
.9115 .9115
Pancreas
# Evaluated 55 55 55 55
Adj. # at Risk 42.4 51.5 52.0 49.0
ADENOMA,ACINAR CELL 0 0 0 1 .2500 .5333
Skin+Subcutis
# Evaluated 56 55 55 55
Adj. # at Risk 42.4 51.5 52.0 49.0
HEMANG IOMA 0 1 0 0 .7812
. .5484
Adj. # at Risk 42.4 51.5 52.0 49.0
HEMANG I0SARCOMA 0 0 1 0 .5156
.5484
Adj. # at Risk 42.4 51.5 52.0 49.0
Hemangioma/-sarcoma 0 1 1 0 .6499
.5484 .5484
Adj. # at Risk 42.4 51.5 52.0 49.8
LEIOMYOSARCOMA 0 0 0 1 .2539 .5385

Table A.2.5. (cont.) Incidence and Results for Organ-Tumor Combinations in Male Mice
Overall Results
Tumor Incidcence Significance Levels
Organ/Tumor Veh Low Med High ptrend phigh pmed plow
vsVeh vsVeh  vsVeh
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Systemic

# Evaluated 55 55 55 55

Adj. # at Risk 42.8 51.5 52.0 49.0

HEMANG 10MA 1 1 1 0 .8684 1
.7987 .7987

Adj. # at Risk 42.4 51.6 52.0 49.0

HEMANG I0SARCOMA 2 1 2 0 .9219 1
.7611 .9115

Adj. # at Risk 42.8 51.6 52.0 49.0
Hemangioma/-sarcoma 3 2 3 0 .9615 1
.7490 .8738
Testis

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

LEYDIG CELL TUMOR 0 0 1 2 .0644 .2816
.5484
Thymus

# Evaluated 54 55 54 53

Adj. # at Risk 42.1 51.5 51.0 47.5

THYMOMA 0 0 1 0 .5105
.5435 .
Thyroid

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0

ADENOMA, FOLLICULAR CELL 0 0 1 2 .0644 .2816
.5484 .

Adj. # at Risk 42.4 51.5 52.0 49.0
CARCINOMA, FOLLICULAR CELL 0 0 1 0 .5181
.5532 .

Adj. # at Risk 42.4 51.5 52.0 49.0

Foll. Cell Adenoma/Carcinoma O 0 2 2 .0749 .2816
.3034
Tongue

# Evaluated 55 55 55 55

Adj. # at Risk 42.4 51.5 52.0 49.0
PAPILLOMA, SQUAMOUS CELL 1 0 0 0 1 1
1 1
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Table A.2.6 Incidence and Results for Organ-Tumor Combinations in Female Mice
Overall Results

Tumor Incidcence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow

vsVeh
vsVeh vsVeh
Adrenal
# Evaluated 55 55 55 55
Adj. # at Risk 52.4 52.8 52.1 41.1
ADENOMA,CORTICAL CELL 0 0 1 0 .4721
.5000 .
Adj. # at Risk 52.4 52.8 52.1 41.1
ADENOMA , SUBCAPSULAR CELL 1 1 0 0 .9313 1
1 .7524
Adj. # at Risk 52.4 52.8 52.1 41.1
PHEOCHROMOCYTOMA 0 2 0 1 .3914 .4409
. .2476
Adj. # at Risk 52.4 52.8 52.1 41.1
PHEOCHROMOCYTOMA , MALIGNANT 0 1 0 0 .7360
-5000
Adj. # at Risk 52.4 52.8 52.1 41.1
Pheochromocytoma, Any 0 3 0 1 4791 .4409
.1214
Bone+Bone marrow, femoral
# Evaluated 55 55 55 55
Adj. # at Risk 52.4 52.8 52.1 41.1
HEMANG IOSARCOMA 0 1 0 0 .7360
-.5000
Brachium
# Evaluated 55 55 55 55
Adj. # at Risk 52.4 52.8 52.1 41.1
SARCOMA,NOS 0 0 1 0 .4721
-.5000
Buccal
# Evaluated 55 55 55 55
Adj. # at Risk 52.4 52.8 52.1 41.1
OSTEOSARCOMA 0 1 0 0 .7360
-5000
Harderian gland
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# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.4 41.6

ADENOMA 5 6 2 3 .7913 .7748
.9439 .5000
Hemolymphoreticular(all sites)

# Evaluated 55 55 55 55

Adj. # at Risk 53.6 53.2 52.5 41.1

LYMPHOMA , MAL IGNANT 24 20 15 5 .9999 .9999
.9745 .8378

Adj. # at Risk 52.7 52.8 53.2 41.1
SARCOMA,HISTIOCYTIC 4 0 7 1 .6544 .9500
2741 1

Intestine,duodenum

# Evaluated 52 55 50 52

Adj. # at Risk 50.3 52.8 48.1 39.3

ADENOMA 0 1 0 0 .7354

. .5098

Kidney

# Evaluated 55 55 54 55

Adj. # at Risk 52.4 52.8 51.4 41.1

ADENOMA,RENAL CELL 1 0 0 0 1 1

1 1

Adj. # at Risk 52.4 52.8 51.4 41.1
CARCINOMA,RENAL CELL 2 0 0 0 1 1

1 1

Adj. # at Risk 52.4 52.8 51.4 41.1

Renal Cell Adenoma/carcinoma 2 0 0 0 1 1

1 1

Table A.2.6. (cont.) Incidence and Results for Organ-Tumor Combinations in Female Mice
Overall Results

Tumor Incidcence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow

vsVeh

vsVeh vsVeh

Liver

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.3

ADENOMA ,HEPATOCELLULAR 12 6 3 3 .9934 .9923
.9980 .9662

Adj. # at Risk 52.6 52.8 52.1 41.1

CARCINOMA ,HEPATOCELLULAR 3 4 6 1 .7298 .9073
.2439 .5000

Adj. # at Risk 52.7 52.8 52.1 41.1
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HEMANG IOSARCOMA 1 0 0 0 1 1

1 1

Adj. # at Risk 52.6 52.8 52.1 41.3

Hepato. Adenoma/carcinoma 15 9 9 4 .9897 .9955
.9489 .9489

Lung(bronchus)

# Evaluated 55 55 55 55

Adj. # at Risk 52.6 52.8 52.1 41.1

ADENOMA , BRONCHIOLO-ALVEOLAR 3 1 1 1 .8227 .9073
.9411 .9411

Adj. # at Risk 52.6 52.8 52.1 41.1

Bronch-Alv. Adenoma/Carc. 6 2 2 2 .8971 .9388
.9701 .9701

Adj. # at Risk 52.4 52.8 52.1 41.1
CARCINOMA,BRONCHIOLO-ALVEOLAR 3 1 1 1 .8227 .9073
.9411 .9411
Mammary gland

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.1
ADENOACANTHOMA , MAL IGNANT 0 2 0 0 .7913

. .2476

Adj. # at Risk 52.4 52.8 52.1 41.1
ADENOCARCINOMA 0 2 0 0 .7913

. .2476

Adj. # at Risk 52.4 52.8 52.1 41.1

ADENOMA 1 1 0 0 .9313 1
1 .7524

Adj. # at Risk 52.4 52.8 52.1 41.1
Adenoma/-carc./-canthoma 1 4 0 0 .9365 1
1 .1813
Ovary

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.1
CYSTADENOMA 0 1 0 0 .7360

. -5000

Adj. # at Risk 52.4 52.8 52.1 41.1

GRANULOSA CELL TUMOR 0 0 1 0 .4721
.5000 .

Adj. # at Risk 52.4 52.8 52.3 41.1

HEMANG IOMA 0 1 1 0 .5825
.5000 .5000

Adj. # at Risk 52.4 52.8 52.1 41.1

LUTEOMA 1 0 0 0 1 1
1 1

Adj. # at Risk 52.4 52.8 52.1 41.1

SERTOLI CELL TUMOR 1 1 0 0 .9313 1
1 .7524
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Adj. # at Risk

TERATOMA 0 0

.5000 .

Adj. # at Risk

YOLK SAC CARCINOMA 0 1
-5000

1

0

52.4 52.8 52.6 41.1

0 .4721

52.4 52.8 52.1 41.1

0 . 7360

Table A.2.6. (cont.) Incidence and Results for Organ-Tumor Combinations in Female Mice

Overall Results
Tumor Incidcence

Significance Levels

organ/tumor Veh Low Med High ptrend phigh
pmed plow
vsVeh

vsVeh vsVeh

Pancreas

# Evaluated 55 55 54 55

Adj. # at Risk 52.4 52.8 51.4 41.3

ADENOMA, ISLET CELL 0 0 0 1 .2092 .4409
Pituitary

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.9 41.6
ADENOMA,ANTERIOR 10 8 10 2 .9701 .9936
.5980 .7812

Adj. # at Risk 52.4 52.8 52.1 41.1

ADENOMA, INTERMEDIATED 0 1 1 0 .5825

.5000 .5000
Skin+Subcutis

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 53.2 52.1 41.1
CARCINOMA,BASAL CELL 0 1 0 0 . 7374

. .5048

Adj. # at Risk 52.4 52.8 52.1 41.1

FIBROMA 1 0 0 0 1 1

1 1

Adj. # at Risk 52.4 52.8 52.2 41.6

FI1BROSARCOMA 1 0 2 1 .3506 .6900
.5000 1

Adj. # at Risk 52.4 52.8 52.1 41.1

HEMANG 10SARCOMA 1 0 0 0 1 1

1 1

Adj. # at Risk 52.4 53.2 52.1 41.1

L IPOSARCOMA 1 1 0 0 .9320 1

1 .7571

Adj. # at Risk 52.4 52.8 52.1 41.1
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MELANOMA , MAL IGNANT 0 1 1 0 .5825

.5000 .5000

Adj. # at Risk 52.4 52.8 52.1 41.1
SARCOMA,NOS 0 1 1 0 .5825
.5000 .5000

Spleen

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.1

HEMANG 10MA 1 0 0 0 1 1
1 1

Stomach

# Evaluated 54 55 54 54

Adj. # at Risk 51.7 52.8 51.1 40.3
NEUROENDOCRINE TUMOR,MALIG- 1 0 0 0 1 1
1 1

NANT

Adj. # at Risk 51.7 52.8 51.1 40.5
PAPILLOMA, SQUAMOUS CELL 1 0 1 2 .1498 .4088
.7525 1
Systemic

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.3 41.1

HEMANG 10MA 1 1 2 0 .7440 1
.5000 .7524

Adj. # at Risk 52.7 52.8 52.1 41.1

HEMANG 10SARCOMA 2 2 1 0 9365 1
.8786 .6912

Adj. # at Risk 52.7 52.8 52.3 41.1
Hemangioma/-sarcoma 3 3 3 0 .9338 1
.6609 .6609

Table A.2.6. (cont.) Incidence and Results for Organ-Tumor Combinations in Female Mice
Overall Results

Tumor Incidcence Significance Levels
organ/tumor Veh Low Med High ptrend phigh
pmed plow

vsVeh
vsVeh vsVeh
Thoracic cavity
# Evaluated 53 54 55 55
Adj. # at Risk 50.6 51.9 52.7 41.1
OSTEOSARCOMA 0 0 1 0 4794
.5098 .
Thyroid
# Evaluated 55 55 55 55
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Adj. # at Risk 52.4 52.8 52.2 41.1

ADENOMA, FOLLICULAR CELL 1 1 1 3 .0889 .2245
.7524 .7524

Uterus

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.1
ADENOCARC INOMA 1 2 1 0 .8511 1
.7524 .5000

Adj. # at Risk 52.4 52.8 52.1 41.1
CYSTADENOMA 0 1 0 0 . 7360

. .5000

Adj. # at Risk 52.4 52.8 52.1 41.1

GRANULAR CELL TUMOR 0 1 1 0 .5825
.5000 .5000

Adj. # at Risk 52.4 52.8 52.1 41.1

HEMANG 1 OMA 0 0 1 0 .4721
.5000 .

Adj. # at Risk 52.4 52.8 52.1 41.1

HEMANG I 0OSARCOMA 0 2 0 0 .7913

. .2476

Adj. # at Risk 52.4 52.8 52.1 41.1

LEIOMYOMA 1 0 0 0 1 1
1 1

Adj. # at Risk 52.4 52.8 52.1 41.1
LEIOMYOSARCOMA 0 0 1 0 .4721
.5000 .

Adj. # at Risk 52.4 52.8 52.1 42.0
POLYP,ENDOMETRIAL STROMAL 2 4 1 3 .3897 .3989
.8786 .3391
Vagina

# Evaluated 55 55 55 55

Adj. # at Risk 52.4 52.8 52.1 41.1

HEMANG I 0OSARCOMA 0 0 1 0 4721
.5000
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Appendix Ill. CAC Rat and Mouse Study Information

Carcinogenicity Assessment Committee (CAC/CAC-EC) Cover Sheet
Review of Carcinogenicity Study Design/Dose Selection Proposals

Application (IND/NDA) number: NDA 207947

Submission date and number: 12/22/2011, #55

Division: DCaRP

Project manager: Wayne Amchin

CAS#:475086-01-2

Drug name: Selexipag

Pharmacological Classification: Platelet aggregation inhibitors excl. heparin
Sponsor/Applicant: Actelion Pharmaceuticals

Sponsor/Applicant contact name: James B. Davis

Sponsor/Applicant telephone and fax number: 856-773-5719 (phone) 856-773-4247
(fax)

Date submitted (stamp date):12/18/14

45-day date (from submission stamp date):

P/T Reviewer(s):James M. Willard

Date Review Completed: 6/23/15

Date of CAC review: Scheduled for Dec 1, 2015

CAC members:

Summary of Proposal for Review:
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Species/strain: B6C3F1/Crlj SPF mice
Number/sex/dose:

Group composition

Test Dose Concentration Dose Sex Mamn group Satellite group
group (mg/kg/day) (mg/ml) volume No.of Animal No.of Animal
(mL/kg/day) animals No. animals No.
Control” 0 0 10 M 55 1001-1055 9 1201-1209
F 55 1101-1155 9 1301-1309
Low 125 12.5 10 M 55 2001-2055 24 2201-2224
F 55 2101-2155 24 2301-2324
Middle 250 25 10 M 55 3001-3055 24 3201-3224
F 55 3101-3155 24 3301-3324
High 500 50 10 M 55 4001-4055 29 4201-4229
F 55 4101-4155 29 4301-4329
a): 0.5 wiv% methylcellulose solution, M: Male, F: Female
Route: oral gavage
male female
Doses proposed: 0, 125, 250, 500 mg/kg/day 0, 125, 250,
500 mg/kg/day
Basis of dose selection:
MTD 13 week study 13 week study
AUC ratio saturation
MFD
PD
other
Kinetics submitted: rodent human
pharmacokinetics X _ X
metabolism X _ X
protein binding X _ X
Notable design features: none
Summary of Recommendations to CAC
male female
Doses recommended by reviewer:
Basis for recommendation (details):
CAC Concurrence (y/n):
CAC Recommendations:
Comments:
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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT
AND
FDA-CDER RODENT CARCINOGENICITY DATABASE FACTSHEET

P/T REVIEWER(S):
DATE:

IND/NDA:
DRUG CODE#:
CASH#:
DIVISION(s):
DRUG NAME(s):

SPONSOR:
LABORATORY:
CARCINOGENICITY STUDY REPORT DATE:

THERAPEUTIC CATEGORY:
PHARMACOLOGICAL/CHEMICAL CLASSIFICATION:
MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay):
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RAT CARCINOGENICITY STUDY (multiple studies? Std1; Std2 etc.):
\cdsesub1\evsprod\IND104504\0053\m4\datasets\t-10-649\listings

RAT STUDY DURATION (weeks):105
STUDY STARTING DATE:11/29/2007
STUDY ENDING DATE:2/8/2011
RAT STRAIN: Crl:CD(SD) SPF
ROUTE: oral gavage

DOSING COMMENTS:

NUMBER OF RATS and RAT DOSE LEVELS* (mg/kg/day):

Group composition

Test Dose Concentration Dose Sex Main group Satellite group
group (mg/kg/day) (mg/mL) volume No. of Animal No. of Animal
(mL/kg/day) animals No. animals No.
Control® 0 0 5 M 60 1001-1060 5 1201-1205
F 60 1101-1160 5 1301-1305
Low 10 2 5 M 60 2001-2060 8 2201-2208
F 60 2101-2160 8 2301-2308
Middle 30 6 5 M 60 3001-3060 8 3201-3208
F 60 3101-3160 8 3301-3308
High 100 20 5 M 60 4001-4060 8 4201-4208
F 60 4101-4160 8 4301-4308

a): 0.5 w/v%e methyleellulose solution, M: Male, F: Female

BASIS FOR DOSES SELECTED (MTD; AUC ratio; saturation; maximum feasible): MTD
(b)

based on a 26 week study, ' «5895.
PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date): no
RAT CARCINOGENICITY (conclusion: negative; positive; MF; M; F): negative

RAT TUMOR FINDINGS (details):

Text Table 11. Number of tumors and tumor bearers

Sex Male Female

Dose (mg/kg/day) 0 10 30 100 0 10 30 100

No. of amimals used 60 60 60 60 60 60 60 60

Total No. of funors 121 124 91 84 159 153 128 125
No. of bemgn tumors 102 107 70 69 104 94 95 79
No. of malienant tumors 19 17 21 15 55 59 33 46

Total No. of tumor bearing animals 52 55 47 43 56 57 59 52
No. of bemgn tumor bearers 46 52 37 38 52 52 57 46
No. of mahgnant tuumor bearers 18 17 18 13 29 28 23 27

No. of multiple fumor bearers 31 34 23 20 41 37 39 36
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Text Table 12. Incidence summary of major tumors and hyperplasias

Sex Male Female
Dose (mg/kg/day) 0 10 30 100 0 10 30 100
No. of animals used 60 60 60 60 60 60 60 60
Testis
Leydig cell tumor 249 0 2 5 NA NA NA NA
Hyperplasia, Leydig cell, focal (total, =) 0 2 2 6 NA NA NA NA
Pituitary
Adenoma, anterior 20 40%* 23 22 49 44 44 38

Numbers in the table indicate the number of animals with lesions.

$: p<0.025 (statistically significant positive trend, rare tumor, Petois test)

*k: p<0.01 (statistically significant difference from the control group, conmmon tumor, Petois test)
a): There was no statistically significant positive trend m the control, 10 and 30 mg/kg groups.

+: Minimal, +: Mild, NA: Not applicable

Testis:

Marginally mereased incidence of Leydig cell tumor was observed i the
100 mg/kg group, and statistically significant positive trend was noted (rare
tumor, p<0.025); however, there was no statistical signiticance in pairwise
comparison between the control and 100 mg/kg groups. Also, shightly
higher mncidence m focal hyperplasia of Leydig cells was observed in this
group, although the difference in incidence between the two groups was very
small. The tumor incidence of the 100 mg/kg group (5/60 animals, 8%) was
marginally higher than that in our historical data (0 to 4% in the incidence).
In addition, there was no statistically significant positive frend in incidence of

Leydig cell tumor in the control, 10 and 30 mg/kg groups.

In the pituitary, increased incidence of anterior adenoma was observed in males m the 10 mg/kg

group with statistical significance (common tumor, p<0.01). However, it was not considered to

be treatment related, since it was not dose-related.

Decreased incidence of islet cell adenoma in the pancreas was observed in males in the 10

mg’ke and higher groups; however, reduced incidence of a common spontaneous tumor was

not regarded as adverse effect of treatment.

RAT STUDY COMMENTS:
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MOUSE CARCINOGENICITY STUDY (multiple studies? Std1; Std2 etc.): Single study.
\\cdsesub1\evsprod\IND104504\0052\m4\datasets\t-10-648\listings

MOUSE STUDY DURATION (weeks):105
STUDY STARTING DATE:12/28/2007
STUDY ENDING DATE:

MOUSE STRAIN: B6C3F1/Crlj SPF
ROUTE:oral gavage

DOSING COMMENTS:

NUMBER OF MICE:
- Control-1 (C1):55M/55F
- Low Dose (LD):55M/55F
- Middle Dose (MD):55M/55F
- High Dose-1 (HD1):55M/55F

MOUSE DOSE LEVELS* (mg/kg/day):
- Low Dose:125
- Middle Dose:250
- High Dose-1:500

BASIS FOR DOSES SELECTED (MTD; AUC ratio; saturation; maximum feasible): MTD
from 13 week study

PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date):No
MOUSE CARCINOGENICITY (conclusion: negative; positive; MF; M;F):Negative

MOUSE TUMOR FINDINGS (details):

Text Table 9. Mumber of tumors and fumor bearers

Sex Male Femuale

Dose (ko 'day) 0 125 250 500 0 125 250 so0"

Mo, of anmnals used 35 55 53 33 55 35 55 35

Tootal No. of onors 62 46 44 i5 89 8l 66 30
No. of benugn tunors 37 24 23 21 45 40 27 21
No. of maligant tonos 25 2 2 14 H 41 39 9

Total No. of tumor bearing animals 38 3l 26 27 45 41 42 19
No. of benugn tmnor bearers 24 16 16 16 3l 26 3 15
No. of mahgnant nunor bearers 21 18 17 13 32 30 32 8

No, of nmiltiple nuor bearers 16 13 10 [ 26 23 19 o

a): Al serviving fernales i tlee SO0 e e grougy were sacrificed premanuely i Week 100 after administration for 99 weeks.,
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Text Table 10. Incidence summary of tumaors and hyperplasia in the thyroid

Sex Male Female
Dose (mg/ke/day) 0 125 250 500 0 125 250 5007
No. of animals used 55 55 55 55 55 55 55 55
Thyroid
Adenoma, follicular cell 0 0 1 2 1 1 1 3
Carcinoma, follicular cell 0 0 1 0 0 0 0
Adenoma + Carcinoma, follicular cell 0 0 2 2 1 1 1 3
Hyperplasiahypertrophy, follicular cell (total) 1 2 17 36 2 51 52 52
() 1 2 17 33 2 41 20 4
() 0 0 0 3 0 10 32 43

a); All swrviving females in the 500 mg/kg group were sacrificed prematurely m Week 100 after admimistration for 99 weeks.
Numbers m the table ndicate the mumber of amimals with lesions.
+; Minimal, +; Mild, ++; Moderate

Thyroid:

Shightly higher incidence of follicular cell tumors (adenoma + carcinoma)
were observed in 2 males each i the 250 and 500 mg/kg groups and n 3
females m the 500 mgkg group, although there were no statistically
significant differences mn either trend analysis or pairwise comparison
between the control and any dose group. At the same time, increased
incidence and severnity of hyperplasia‘hypertrophy of the follicular cells were
observed in the above groups. Follicular cell adenoma was also observed m
1 female each mn the 125 and 250 mgkg groups, respectively, and the
possibility of involvement of treatment could not be completely excluded,
since mcreased incidence and severity of hyperplasia’hypertrophy of the
follicular cells were also observed in these groups. However, 1t was hardly
judged to be treatment-related since follicular cell adenoma was also

observed in 1 control female in the present study.

MOUSE STUDY COMMENTS: The sponsor identified an increase in the incidence of
tumors and hyperplasia in the thyroid gland. Although there is a minor increase there,
the numbers are not large. Of the 440 animals examined, there was only one thyroid
carcinoma detected. Also detected were 9 adenomas, with a small dose dependency,
with one of the adenomas in the control group (female). Hyperplasia/hypertrophy
apparently fitted a more dose dependent incidence in the mice. In the males, 1,2,17,
and 36 incidences were recorded in the, respectively, control, low, mid and high dose
groups. All but 3 in the high dose group were minimal in nature. In the females, the
sensitivity to hyperplasia/hypertrophy was more strongly linked to the presence of
selexipag, with 2, 51, 52, 52 positive animals in the control, low, mid, and high dose
groups. A higher proportion of the female mice also had mild/moderate
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hyperplasia/hypertrophy, with 0, 10, 32, and 48 in the control, low, mid, and high dose
groups.

However, it is important to note that in the sponsor’s text table 9, it is clear that in
general all types of tumors were reduced in the mice, with the exception of the thyroid
gland, in a dose dependent fashion. It is important to note that these doses were at a
very high multiple of the human equivalent dose.

Selexipag does not apparently increase tumors in this study in the mouse.

Appendix IV. Sponsor tables of tumor incidence in
the mouse carcinogenicity study.
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(b)

5939
Table 10-1 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice =
Histopatheological findings - tumor data
Kill type : 2All
organs sex: M M M M
Dose (mg/kg/day) : 0 125 250 500

Findings Number: 55 55 55 55
Adrenal

Number examined 55 55 55 55

ADENOMA, SUBCAPSULAR CELL 2 0 0 0
Harderian gland

Number examinsd 55 55 55 55

ADENOMA 5 7 5 3

ADENOCARCINOMA 0 0 0 L
Heart

Number examined 55 55 55 55

HEMANGIOSARCOMA 1 0 0 0
Intestine, duodenum

Number examined 52 51 51 47

ADENOMA 1 0 0 0
Intestine, ileum

Number examined 52 52 52 50

ADENOMA o] 1 0 0

HEMANGIOMA 1 0 0 0
Intestine, cecum

Number examined 51 53 53 47

LETOMYOSARCOMA 0 ! 0 0
Kidney

Number examined 55 55 55 55

ADENOMA, RENAL CELL 0 0 0 1
Liver

Number examined 55 55 55 55

ADENOMA , HEPATOCELLULAR 15 10 7 7

HEMANGIOMA 0 0 1 0

CARCINOMA , HEPATOCELLULAR 9 7 8 5

CARCINOMA , HEPATOCHOLANGIOCELLULAR 0 1 0 0

HEMANGIOSARCOMA 1 1 1 0
Lung (bronchus)

Number examined 55 55 55 55

ADENOMA , BRONCHIOLO-ALVECLAR 5 2 3 4

CARCINOMA , BRONCHIOLO-ALVEOLAR 2 i 1 0
Pancreas

Number examined 55 55 55 55

ADENOMA , ACINAR CELL 0 0 0 1L
Skin+Subcutis

Number examined 55 55 55 55

HEMANGICMA 0 pl ] 0

HEMANGTIOSARCOMA 0 0 1 0

LEIOMYOSARCOMA 0 0 0 1
Testis

Number examined 55 55 55 55

LEYDIG CELL TUMOCR 0 0 1 2
Thymus

Number examined 54 55 54 53

THYMOMA 0 0 1 0
M : Male
No statistically significant difference
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Table 10-2 Twentv-four-month oral gavage carcinogeniclity study of NS-304 1in mic
Histopathological findings - tumor data
Kill type : All
Organs Sex: M M M M
Dose (mg/kg/day) : 0 125 250 500

Findings Number: 55 55 55 55
Thyroid

Number examined 55 55 55 55

ADENCMA , FOLLICULAR CELL 0 0 1 2

CARCINOMA, FOLLICULAR CELL 0 0 1 X 0

Total with ADENOMA, FOLLICULAR CELL and

CARCINOMA, FOLLICULAR CELL 0 0 2 2
Tongue

Number examined 55 55 55 55

PAPILLOMA, SOUAMOUS CELL 1 0 0 0
Hemeolymphoreticular(all sites)

Number examined 55 55 55 55

LYMPHOMA , MALIGNANT 7 5 5

SARCOMA ,HISTIOCYTIC 3 1 0 2
Cranial bone

Number examined 0 1 3 0

OSTEOSARCOMA 0 0 1 0
M : Male

Nc statistically significant difference
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(b)_

939
Table 10-3 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice -
Histopatholeogical findings - tumor data
Kill type : Found dead / Moribund sacrifice
Organs Sex: M M M M
Dose (mg/kg/day) : Q 125 250 500

Findings Number : 28 16 9 15
Harderian gland

Number examined 28 16 l 15

ADENOMA 3 0 0 0
Intestine,lleum

Number examined 25 13 6 10

HEMANGIOMA 3 Q 0 0
Liver

Number examined 28 16 9 15

ADENOMA , HEPATOCELLULAR 4 3 1 1

CARCINOMZ , HEPATOCELLULAR 5 o 2 4

CARCINOMA, HEPATOCHOLANGIOCELLULAR Q g ¢ 0 0

HEMANGIOSARCOMA a 1 0 4]
Lung (bronchus)

Number examined 28 16 9 15

ADENOMA , BRONCHIOLO-ALVECLAR 3 1

CARCINOMZ , BRONCHIOLO-ALVEOLAR 1 1 0 0
Skin+Subcutis

Number examined 28 16 9 15

HEMANGIOSARCOMA Q 0 i L 0

LETIOMYOSARCOMA a 0 0 1
Thyroid

Number examined 28 16 9 15

CARCINOMA, FOLLICULAR CELL ag g 1 4]
Hemolymphoreticular(all sites)

Number examined 28 16 9 15

LYMPHCMA, MALIGNANT 3 2 1 1

SARCOMA ,HISTIOCYTIC 2 Q 4] A
Cranial bone

Number examined (o] 1 1 o]

OSTEOSARCOMA Q [¢] g | 0
M : Male
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(b)

4)5939
Table 10-4 Twenty-four-month oral gavage carcinogenicity study of NS-304 1in mice 9
Histopathological findings - tumor data
K11l type : Scheduled sacrifice
Organs sex: M M M M
Dose (mg/kg/day) : 0 125 250 500

Findings Number: 27 39 46 40
Adrenal

Number examined 27 39 46 40

ADENOMA , SUBCAPSULAR CELL 2 0 0 0
Harderian gland

Number examlined 27 38 46 40

ADENOMA 2 7 5 3

ADENOCARCINOMA 0 0 0 1
Heart

Number examined 27 38 46 40

HEMANGIOSARCOMA 1 0 0 0
Intestine, duodenum

Number examined i 39 46 40

ADENOMA 1 0 0 0
Intestine, ileum

Number examined 27 39 46 40

ADENOMA 0 1 0 0
Intestine, cecum

Number examined 27 39 46 40

LETIOMYOSARCOMZA 0 1
Kidney

Number examined 27 39 46 40

ADENOMA , RENAL CELL 0 0 0 i
Liver

Number examined 27 39 46 40

ADENOMA , HEPATOCELLULAR i 7 5] 6

HEMANGICMA 0 0 1 0

CARCINOMA , HEPATOCELLULAR 4 2 6 1

HEMANGIOSARCOMA 1 0 1 0
Lung (bronchus)

Number examined 27 39 46 40

ADENOMA , BRONCHTIOLO -ALVEOLAR 4 2 2 3

CARCINOMA, BRONCHIOLO-ALVEOLAR 1 0 1 0
Pancreas

Number examined 27 39 46 40

ADENOMA , ACINAR CELL 0 0
Skin+Subcutis

Number examined 27 39 46 40

HEMANGIOMA 0 1 0 0
Testis

Number examined 27 39 46 40

LEYDIG CELL TUMOR 0 0 1 2
Thymus

Number examined 27 39 45 39

THYMOMA 0 0 1 0
Thyroid

Number examlined 27 38 46 40

ADENOMA , FOLLICULAR CELL 0 0 1 2
M : Male
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Table 10-5 Twenty-four-menth oral gavage carcinogenicity study of NS-304 in mice
Histcopathological findings - tumcr data
Kill type : Scheduled sacrifice
Organs Sex: M M M M
Dose (mg/kg/day) : 0 125 250 500
Findings Number: 27 39 46 40
Tongue
Number examined 27 39 46 40
PAPILLOMA, SQUAMOUS CELL 1 0 0 0
Hemolymphoreticular(all sites)
Number examined 27 39 46 40
LYMPHOMA , MAL.IGNANT 4 5 4 a
SARCOMA,HISTIOCYTIC 1 A 0 1

M : Male
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Table 10-6 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice
Histopathological findings - tumor data
Kill type : All

Organs Sex: F F F F
Dose (mg/kg/day) : 0 125 250 500
Findings Number : 55 55 55 55
Adrenal
Number examined 55 55 55 55
ADENOMA , CORTICAL CELL 0 0 x: 0
ADENOMA |, SUBCAPSULAR CELL 1 Al ] 0
PHEOCHROMOCYTCOMA 0 2 0 1
PHEOCHROMOCYTOMA , MAL IGNANT 0 ji il 0 0
Bone+Bone marrow, femoral
Number examined 55 55 55 55
HEMANGIOSARCOMA 0 1 0 0
Harderlan gland
Number examined 55 55 55 55
ADENOMA 5 6 2 3
Intestine, duodenum
Number examined 52 55 50 52
ADENOMA 0 1 0 0
Kidney
Number examined 55 55 54 55
ADENOMA  RENAL CELL 1 0 0 0
CARCINOMA, RENAL CELL 2 0 0 0
Liver
Number examined 55 55 55 55
ADENOMA , HEPATOCELLULAR 12 6 3 3
CARCINOMA, HEPATOCELLULAR 3 4 6 1
HEMANGIOSARCCOMA 1 0 0 0
Lung (bronchus)
Number examined 55 55 55 55
ADENOMA , BRONCEIOLO-ALVEOLAR 3 1 1 i E
CARCINCOMA , BRONCHIOLO-ALVEOLAR 3 1% 2 2
Mammary gland
Number examined S5 55 55 55
ADENOMA 1 2 ] 0
ADENOCARCINOMA 0 2 0 0
ADENOACANTHOMA , MALIGNANT 0 2 0 0
ovary
Number examined 55 55 55 55
CYSTADENOMA 0 X 0 0
GRANULOSA CELL TUMOR 0 0 1 0
HEMANGIOMA 0 21 L 0
LUTEOMA 1 0 0 0
SERTOLI CELL TUMOR 5 2 0 0
TERATOMA 0 0 2 8 0
YOLK SAC CARCINOMA 0 24 0 0
Pancreas
Number examined S5 55 54 55
ADENOMA , ISLET CELL 0 0 ] 1
Pituitary
Number examined 55 55 55 55
ADENOMA , ANTERIOR 10 8 10 2
ADENOMA , INTERMEDIATED 0 1 X 0
F : Female
No statistically significant difference
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Table 10-7 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice
Histopathological findings - tumor data
Kill type : All

Organs Sex: F F F F
Dose (ng/kg/day) - 0 125 250 500
Findings Number: 55 55 55 55
Skin+Subcutis
Number examined 55 55 55 55
FIEROMA 1 0 0 0
CARCINOCMA, BASAL CELL 0 1 (o] 0
FIBROSARCOMA 14 0 2 12
HEMANGTIOSARCOMA 1 0 4] 0
LIPOSARCOMA 1 i C 0 0
MELANOMA , MALTGNANT 0 1 Al 0
SARCOMA , NOS 0 z X 0
Spleen
Number examined 55 55 55 55
HEMANGIOMA 1 0 0 0
Stomach
Number examined 54 55 54 54
PAPILLOMA, SQUAMOUS CELL 1 0 15 2
NEUROENDOCRINE TUMOR, MALIGNANT 1 0 0 0
Thyroid
Number examined 55 55 55 55
ADENOMA , FOLLICULAR CELL 1 a1 i 3
Uterus
Number examined 55 55 55 55
CYSTADENOMA 0 B 0 0
GRANULAR CELL TUMOR 0 | & 0
HEMANGIOMA 0 0 1 0
LEIOMYOMA 1 0 0 0
POLYP, ENDOMETRIAL STRCMAL 2 4 1 3
ADENOCARCINOMA ol 2 1 0
HEMANGIOSARCOMA 0 2 0 0
LEIOMYOSARCOMA 0 0 s ]
Vagina
Number examined 55 55 55 55
HEMANGIOSARCOMA 0 0 1 0
Hemolymphoreticular (all sites)
Number examined 55 55 sS SS
LYMPHOMA , MALIGNANT 24 20 15 5
SARCOMA ,HISTIOCYTIC 4 0 Ak 2t
Brachium
Number examlned 0 0 1 0
SARCOMA,NOS 0 0 1 0
Buccal
Number examined 0 k2 0 0
OSTEOSARCOMA 0 1 0 0
Thoracic cavity
Number examlined 2 1 1 0
OSTEOSARCOMA 0 0 1 0
F : Female
No statistically significant difference
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Table 10-8 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice “
Histopathological findings - tumor data
Kill type : Found dead / Moribund sacrifice
Organs Sex: F F F F
Dose (mg/kg/day) : 0 125 250 500

Findings Number: 13 9 16 40
Adrenal

Number examined 13 9 16 40

PHEOCHROMOCYTOMA , MALTIGNANT 0 1 0 0
Harderian gland

Number examined 13 9 16 40

ADENOMA 2 1 2
Liver

Number examined 13 9 16 40

ADENOMA , HEPATOCELLULAR 2 0 L 1

CARCINOMA, HEPATOCELLULAR 1 1 1 0

HEMANGIOSARCOMA 1 0 0 0
Lung (bronchus)

Number examined 13 = 16 40

ADENOMA , BRONCHIOLO-ALVEOLAR 2 0 Q 0

CARCINOMA, BRONCHIOLO-ALVEOLAR 2 0 0 0
ovary

Number examined 13 =] 16 40

HEMANGIOMA 0 0 1 0

SERTOLI CELL TUMOR 1 0 0 0

TERATOMA 0 Q 3 ¥ 0

YOLK SAC CARCINOMA 4] 1 4] 0
Pancreas

Number examined 153 9 15 40

ADENOMA, ISLET CELL 0 0 Q 1
Pituitary

Number examined 13 9 16 40

ADENOMA , ANTERIOR 0 1 4 1
Skin+Subcutis

Number examined 13 9 16 40

CARCINOMA, BASAL CELL 0 1 0 0

FIBROSARCOMA 0 0 a 1

LIPOSARCOMA al 1 0 0

SARCOMA,NOS 0 1 1 0
stomach

Number examined 12 g 15 3c

PAPTLLOMA, SQUAMOUS CELL 0 0 0 1
Thyroid

Number examlined 13 = 16 40

ADENOMA , FOLLICULAR CELL 0 0 1 0
Uterus

Number examlned 13 9 16 40

POLYP, ENDOMETRIAL STROMAL a 0 Q 2

ADENOCARCINOMA 1 0 Q 0
Hemolymphoreticular(all sites)

Number examlined 13 = 16 40

LYMPHOMA , MALIGNANT 7 3 3 0

SARCOMA, HISTIOCYTIC 3 0 4
Brachium

Number examlned 0 0 1 0

SARCOMA,NOS 0 0 i [ 0
F : Female

245

Reference ID: 3859648



)
or

@) 5939
Table 10-9 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice
Histopathological findings - tumor data
Kill type : Found dead / Moribund sacrifice

Organs sex: F F F F

Dose (mg/kg/day}) : 0 125 250 500

Findings Number: 13 9 16 40
Thoracic cavity

Number examined 2 1 1 0

OSTEOSARCOMA 0 0 1 0

F : Female
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Table 10-10 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice #
Histopathological findings - tumor data
Kill type : Scheduled sacrifice / Unscheduled terminal
Organs Sex: F F F F
Dose (mg/kg/day) : 0 125 250 500

Findings Number : 42 48 39 15
Adrenal

Number examined 42 45 39 15

ADENOMA , CORTICAL CELL 0 0 1 0

ADENOMA , SUBCAPSULAR CELL 1 ¥ 0 0

PHEOCHROMOCYTOMA 0 2 0 1
Bone+Bone marrow, femoral

Number examined 42 46 39 15

HEMANGIOSARCOMA 0 23 0 0
Harderian gland

Number examined 42 46 39 15

ADENOMA 4 4 1 1
Intestine, duodenum

Number examined 42 45 39 15

ADENOMA 0 h & 0 0
Kidney

Number examined 42 46 39 15

ADENOMA, RENAL CELL 1 0 0 0

CARCINCMA, RENAL CELL 2 0 0 0
Liver

Number examlned 42 a6 39 15

ADENOMA , HEPATOCELLULAR 10 3 2 2

CARCINOMA , HEPATOCELLULAR 2 3 5 1
Lung (bronchus)

Number examined a2z a6 39 15

ADENOMA , BRONCHIOLO -ALVEOLAR 1 1 1 1

CARCINCMA , BRONCHIOLO-ALVEOLAR 1 1 1 1
Mammary gland

Number examlned 42 a6 39 15

ADENOMA 1 1 0 0

ADENOCARCINOMA 0 2 o) 0

ADENOACANTHOMA , MALIGNANT 0 2 0 0
ovary

Number examined 42 45 39 15

CYSTADENOMA 0 1 0 0

GRANULOSA CELL TUMCR 0 0 1 0

HEMANGIOMA 0 2} 0] 0

LUTEOMA 1 0 0 0

SERTOLI CELL TUMOR 0 E 0 0
Pituitary

Number examined 42 46 3g 15

ADENOMA , ANTERIOR 10 7 6

ADENOMA , INTERMEDIATED 0 ¥ 1 0
Skin+Subcutis

Number examined 42 46 39 15

FIBROMA 1 0 0 0

FIEROSARCOMA 1 0 il 0

HEMANGIOSARCOMA 1 0 0 0

MELANOMA , MALTGNANT 0 1 1 0
Spleen

Number examined 42 46 39 15

HEMANGIOMA 0 0 0
F : Female
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Table 10-11 Twenty-four-month oral gavage carcinogenicity study of NS-304 in mice
Histcpathelogical findings - tumor data
Kill type : Scheduled sacrifice / Unscheduled terminal

Organs Sex: F F F F
Dose (mg/kg/day) : 0 125 250 500
Findings Number: a2 16 39 15
Stomach
Number examined 42 16 39 15
PAPILLOMA, SQUAMOUS CELL 1 0 1 1
NEUROENDOCRINE TUMOR,MALIGNANT 1 0 0 0
Thyroid
Number examined 42 46 39 15
ADENOMA , FOLLICULAR CELL 1 1 0 3
Uterus
Number examined a2 16 39 15
CYSTADENOMA 0 1 0 0
GRANULAR CELL TUMOR 0 1 1 0
HEMANGIOMA 0 0 1 0
LEICMYOMA 1 0 0 0
POLYP, ENDOMETRIAL STROMAL 1 4 1 1
ADENOCARCINOMA 0 2 1 0
HEMANGIOSARCOMA 0 2 0 0
LEIOMYOSARCOMA 0 0 1 0
Vagina
Number examined a2 16 39 15
HEMANGIOSARCOMA 0 0 1 0
Hemolymphoreticular(all sites)
Number examined 42 46 39 15
LYMPHOMA , MALIGNANT 17 17 12 5
SARCOMA,HISTIOCYTIC 1 0 3 1
Buccal
Number examined 0 1 0 0
OSTEOSARCOMA 0 1 0 0

F : Female

Appendix V. Sponsor tables of tumor incidence in the
rat carcinogenicity study.
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Table 11-1 Twenty-four-month cral gavage carcinogenicity study of NS-304 in rats 4
Histopathological findings - tumor data
Kill type : All
Organs Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number : 60 60 60 60
Adrenal

Number examlined 50 60 60 60

ADENOMA, CORTICAL CELL 0 1 1 1

PHEOCHROMOCYTOMA 16 11 5 7

PHEOCHROMOCYTOMA , MALIGNANT 0 1 12 1
Cerebellum

Number examined 60 60 60 60

GRANULAR CELL TUMOR 0 1 1 0
Cerebrum

Number examined 60 60 60 60

ASTROCYTOMA, MALIGNANT 0 0 0 1

OLIGODENDROGLIOMA 1 0 0 0
Heart

Number examined 60 60 60 60

SCHWANNOMA , ENDOCARDIAL 1 0 0 0

SCHWANNOMA , ENDOCARDIAL , MALIGNANT 1 0 0 0
Hemolymphoreticular(all sites)

Number examined 60 60 60 60

LYMPHCMA , MALIGNANT 1 2 0 0

SARCOMA , HISTIOCYTIC 3 3 2 2

LEUKEMIA, LARGE GRANULAR LYMPHOCYTIC 2 1 0 i
Intestine,ileum

Number examined 57 59 56 57

ADENOMA 0 0 1 0
Kidney

Number examined 60 60 60 60

LIPOMA 0 2 0 0

LIPOSARCOMA 1 0 0 0
Liver

Number examined 60 60 60 60

ADENOMA , HEPATOCELLULAR 5 4 2 0

LYMPHANGIOMA 0 1 0 0

CARCINOMA, HEPATOCELLULAR 0 0 0 1
Lung (bronchus)

Number examined 60 60 60 60

ADENOMA , BRONCHIOLO-ALVEOLAR 0 0 1 0
Mammary gland

Nuuber exaumined 60 60 60 60

FIBROADENOMA 1 1 0 0

TUMOR , MIXED, RENIGN 0 0 0 T
Mesothelium

Number examined 60 60 60 60

MESOTHELICMA, MALIGNANT 1 0 0 1
Pancreas

Number examined 60 60 60 60

ADENOMA,ACINAR CELL 1 3 3 1

ADENOMA, ISLET CELL 22 16 10 é

ADENOMA, ACINAR-ISLET CELL 1 0 ! 0

CARCINOMA, ACTINAR CELL 0 0 1 0

CARCINOMA, ISLET CELL 2 6 2 L
M : Male

No statistically significant difference
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Table 11-2 Twenty-four-menth oral gavage carclinogenicity study of NS-304 in rats “
Histopathological findings - tumor data
Kill type : All
Organs Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number: 60 60 60 60
Parathyroid

Number examined 60 60 60 60

ADENCMA 2 5 0 1
Pltultary

Number examined 60 60 0 60

ADENCMA , ANTERIOR 20 40** 23 22

ADENCMA, INTERMEDIATED 1 0 0 1

CARCINOMA, ANTERIOR 2 0 1 1
Prostate

Number examined 60 60 60 60

ADENCMA Q 1 0 1
Skin/Subcutis

Number examined 60 60 60 60

TUMOR, HAIR FOLLICLE, BENIGN 1 2 1 i [

FIBROMA 5 4 2 4

KERATOACANTHOMA 1 1 1 3

LIPOMA 0 0 I 0

PAPILLOMA, SQUAMOUS CELL 1 bk 3 0

CARCINOMA, SQUAMOUS CELL 0 0 1 0

FIBROSARCOMA E : B 0 1

LETIOMYOSARCOMA 4] 0 1 0

LIPOSARCOMA 0 0 1 1

SCHWANNOMA , MALTGNANT 1 0 1 0

CARCINOMA, SEBACECQUS 0 0 0 1
Spleen

Number examined 60 60 50 60

HEMANGIOSARCOMA Q 1 0 0

SARCOMA, NOS 4] 0 1 0
Stomach

Number sxamined 60 60 60 60

PAPTLLOMA, SQUAMOUS CELL 1 1 0 0
Thymus

Number examined 60 60 58 59

THYMCMA Q 1 0 0

THYMOMA , MALIGNANT 0 0 1 0
Thyroid

Number examined 58 57 56 59

ADENCMA, C-CELL 5 5 4 4

ADENOMA, FOLLICULAR CELL 3 1 1 o]

CARCINOMA, C-CELL 4] 0 2 2
Testis

Number examined 60 60 60 60

LEYDIG CELL TUMOR 25a) 0 2 5

SEMINOMA 0 1 0 0
Urinary bladder

Number examined 60 60 60 60

PAPTLLOMA, TRANSITIONAL CELL Q 0 23 0
Abdominal cavity

Number examined 0 3! 0 2

FIBRRCOMA 4] 0 0 1

LIPOMA 0 0 0 L
M : Male

$ : p<0.025 (statistically significant positive trend, rare tumor, Peto's test)
a) : There was no statistically significant positive trend in the 0, 10 and 30 mg/kg groups.
** : p<0.01 (statistically different from the control group, common tumor, Peto's test)
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Table 11-3 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats
Histopathological findings - tumor data
K11l type : All

organs Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100
Findings Number : 60 50 60 60

Bone,vertebral

Number examined 1 0 1 1

CHONDROSARCOMA 0 0 1 1

OSTEOSARCOMA 1 0 0 0
Forelimb

Number examined 3 1 0 0

PAPILLOMA, SQUAMOUS CELL 1 0 0 0

SCHWANNOMA , MALIGNANT 1 0 0 0
Oral cavity

Number examined 0 0 22 0

CARCINOMA, SQUAMOUS CELL 0 0 1 0
Origin unknown

Number examined 0 0 1 0

CHORDOMA 0 0 1 0
Palate

Number examined 0 T 0 0

CARCINOMA, SQUAMOUS CELL 0 p 2 0 0
Trigeminal nerve

Number examined 0 0 h | 0

SCHWANNOMA , MALIGNANT 0 0 1 0
Zymbal gland

Number examined 2 0 2 4]

ADENOMA . 0 0 0

CARCINOMA 1 0 2 0
M : Male

No statistically significant difference
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Table 11-4 Twenty-four-month oral gavage carclinegenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : Found dead Moribund sacrifice

Oorgans Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number : 29 26 26 31
Adrenal

Number examlned 2% 26 26 31

ADENOMA, CORTICAL CELL 0 0 0 1

PHEOCHROMOCYTOMA 4 4 3 5:

PHEOCHROMOCYTOMA , MALIGNANT 0 0 0 1
Cerebellum

Number examined 29 26 26 31

GRANUTAR CRTT. TIIMOR n 0 1 (o]
Cerebrum

Number examined 29 26 26 31

ASTROCYTOMA , MAL IGNANT 0 0 0 1
Heart

Number examined 29 26 26 31

SCEWANNOMA , ENDOCARDIAL , MALIGNANT 4 0 0 o
Hemolymphoreticular(all sites)

Number examined 29 26 26 31

LYMPHOMA , MALIGNANT 0 2 0 0

SARCOMA, HISTIOCYTIC 1 2 0 2

LEUKEMIA, LARGE GRANULAR LYMPHOCYTIC 2 1 0 0
Liver

Number examined 29 26 26 31

ADENOMA , HEPATOCELLULAR 32 0 0 0
Lung (bronchus)

Number examined 29 26 26 31

ADENOMA , BRONCHIOLO-ALVEQOLAR 0 0 28 0
Mammary gland

Number sexamined 28 26 26 31

FIEROADENOMA 0 1 0 0

TUMOR, MIXED, BENIGN 0 0 0 1
Pancreas

Number examined 29 26 26 31

ADENOMA , ACINAR CELL 0 i3 0 1

ADENOMA, ISLET CELL 4 2 2 0

CARCINOMA,ACINAR CELL 0 0 1 (4]

CARCINOMA, ISLET CELL a ¢ 0 0 0
Parathyroid

Number examined 29 26 26 31

ADENOMA 0 2 0 0
Pituitary

Number examined 29 26 26 31

ADENOMA , ANTERIOR =} 19 1d 9

CARCINOMA, ANTERIOR 2 0 1 & §
Prostate

Number examlned 29 26 26 ax

ADENOMA 0 0 0 al
Skin/Subcutis

Number sxamined 29 26 26 31

TUMOR,HATR FOLLICLE,BENIGN 0 0 0 1

FIBROMA 1. 2 0 0

KERATOACANTHOMA 1 0 0 1

PAPILLOMA, SQUAMOUS CELL 7 & 1 0 0
M : Male
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Table 11-5 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats

Histopathological findings - tumor data
Kill type : Found dead Moribund sacrifice

?35940

Organs Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number: 29 26 26 31
Skin/Subcutis (continued)

CARCINOMA, SCUAMQUS CELL 0 0 1 0

FIBROSARCOMA X 1 0 0

LETIOMYOSARCCMA 0 0 1 0

LIPOSARCOMA 0 0 1 0

SCHWANNOMA , VALIGNANT 1 0 1 0

CARCINOMA, SEBACEOUS 0 0 0 1
Spleen

Number examined 29 26 26 31

SARCOMA, NOS 0 0 1 0
Stomach

Number sxamined 29 26 26 31

PAPILLOMA, SCUAMOUS CELL T 1 0 0
Thymus

Number examined 29 26 24 30

THYMOMA 0 h 0 0

THYMOMA , MALIGNANT 0 0 i ¥ 0
Thyroid

Number examined 27 23 22 30

ADENCMA, C-CELL 0 1 2 1

ADENOMA, FOLLICULAR CELL % 0 0 0

CARCINOMA, C-CELL 0 0 0 1
Testls

Number examined 29 26 26 31

LEYDIG CELL TUMOR 0 0 0 3
Abdominal cavity

Number sxamined 0 0 0 p

FIBROMA v} 0 0 5 K
Bone,vertebral

Number examined 6] 0 2! 1

CHONDROSARCCMA 0 0 2k 1
Forelimb

Number examined 3 I 0 0

PAPTLLOMA, SCUAMOUS CELL 1 0 0 0

SCHWANNCOMA , VAL IGNANT x 0 0 0
Oral cavity

Number examined o] o] 1 0

CARCINOMA, SCUAMOUS CELL 0 0 5E 0
Palate

Number examined 0 1 0 0

CARCINOMA, SCUAMOUS CELL 0 1 0 0
Trigeminal nerve

Number examined 0 0 1 0

SCHWANNOMA , MVALIGNANT 0 0 i B 0
Zymbal gland

Number examined 1 o] 1 0

CARCINOMA 1 0 1 0
M : Male
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Table 11-6 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats “
Histopathological findings - tumor data
K11l type : Scheduled sacrifice
Oorgans Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number : 31 34 34 29
Adrenal

Number examined 31 34 34 29

ADENOCMA, CORTICAL CELL 0 1 1 0

PHEOCHROMOCYTOMA 12 2 2

PHEOCHROMOCYTOMA , MALTGNANT 0 1 1 0
Cerebellum

Number examined 31 34 34 29

GRANULAR CELL TUMOR 0 1 0 0
Cerebrum

Number sexamined 31 34 34 29

OLICCDENDROCLIOMA Tz 0 0 0
Heart

Number examined 31 34 34 29

SCHWANNOMA , ENDOCARDIAL 1 0 0 0
Hemolymphoreticular (all sites)

Number examined 31 34 34 29

LYMPHOMA , MALTGNANT 1 0 0 0

SARCOMA, HISTIOCYTIC 2 1 2 0

LEUKEMIA, LARGE GRANULAR LYMPHOCYTIC 0 0 0 1
Intestine,ileum

Number examined 31 34 34 29

ADENOMA 0 0 1 0
Kidney

Number examined 31 34 34 29

LIPOMA 0 2 0 0

LIPOSARCOMA 1 0 0 0
Liver

Number sxamined 31 34 34 29

ADENCMA , HEPATOCELLULAR 4 4 2 0

LYMPHANGTOMA 0 1 0 0

CARCINOMA, HEPATOCELLULAR v} 0 0 1
Mammary gland

Number examined 31 34 34 29

FIBROADENOMA 1 0 0 0
Mesolhel lum

Number examined 31 34 34 29

MESOTHELIOMA, MALIGNANT 1 0 0 1
pancreas

Number examined 31 34 34 29

ADENOMA , ACINAR CELL 1 2 3 0

ADENCMA, ISLET CELL 18 14 8 6

ADENOMA , ACINAR-ISLET CELL 1 0 i b 0

CARCINOMA, ISLET CELL 1 6 2 A b
Parathyroid

Number examined i3 34 34 29

ADENCMA 2 3 0 1
pituitary

Number examined 31 34 34 29

ADENOMA , ANTERIOR 11 21 12 13

ADENCMA, INTERMEDIATED 1 0 0 1
M : Male
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Table 11-7 Twenty-four-menth oral gavage carclnogenicity study of NS-304 in rats 4
Histopathological findings - tumor data
Kill type : Scheduled sacrifice
Organs Sex: M M M M
Dose (mg/kg/day) : 0 10 30 100

Findings Number : 31 34 34 29
Prostate

Number sxamined 31 34 34 29

ADENCMA 0 0 0
Skin/subcutis

Number examined 3% 34 34 29

TUMOR, HATR FOLLICLE, BENIGN p 2 1 0

FIBROMA 4 2 2 4

KERATOACANTHOMA 0 il 1 2

LIPOMA Q 0 1 0

PAPILLOMA, SQUAMOUS CELL 4] 0 i 0

FIBROSARCOMA 0 0 0 1

LIPOSARCOMA 0 0 0 1
Spleen

Number examined 31 34 34 29

HEMANGIOSARCOMA 0 1 0 0
Thyroid

Number sxamined 31 34 34 29

ADENOMA, C-CELL 4 2 3

ADENCMA, FOLLICULAR CELL 2 3 1 0

CARCINOMA, C-CELL (4] 0 2 1
Testis

Number examined 31 34 34 29

LEYDIG CELL TUMOR 2 0 2 2

SEMINOMA 0 1 0 0
Urinary bladder

Number examined 31 34 34 29

PAPTLLOMA, TRANSITIONAL CELL Q 0 I 0
Abdominal cavity

Number examined 0 1 0 1

LIPOMA 0 0 0 1
Bone,vertebral

Number examined 1 0 0 0

OSTEOSARCOMA 1 0 0 0
Origin unknown

Number sxamined 0 0 1 0

CHORDOMA 4] 0 1 0
zZymbal gland

Number examined 1 0 1 0

ADENOMA 1 0 0 0

CARCINOMA 4] 0 1 0
M : Male
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Table 11-8 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : All

Organs Sex: F F F F
Dose (mg/kg/day) : 0 10 30 100
Findings Number: 60 60 60 60
Adrenal
Number examined 60 60 60 60
ADENCMA, CORTICAL CELL 1 1 2 1
PHEOCHROMOCYTOMA 0 0 1 3
PHEOCHROMOCYTOMA , MALIGNANT 0 1 0 0
CARCINOMA, CORTICAL CELL 0 0 1 0
Cerebrum
Number examined 60 60 60 60
PAPTLLOMA, CHOROID PLEXUS 0 1 0 0
ASTROCYTOMA , MALIGNANT 1 0 1 X
Hemolymphoreticular (all sites)
Number sexamined 60 60 60 60
LYMPHOMA , MALIGNANT 0 1 0 1
SARCOMA, HISTIOCYTIC 2 0 1 0
LEUKEMIA, LARGE GRANULAR LYMPHOCYTIC £ 0 4] 0
Intestine, jejunum
Number examined 58 56 57 58
LETOMYOSARCOMA 0 1 0 0
Kidney
Number examined 60 60 60 60
ADENOMA , RENAL, CELL 0 h | 0 0
LIPOMA 0 0 1 0
Liver
Number examined 60 60 60 60
ADENCMA , HEPATOCELLULAR 1 0 0 z
Mammary gland
Number sxamined 60 60 60 60
ADENOMA v} 3 2 5 K
FIBROADENOMA 20 14 15 15
LIPOMA 0 1 0 0
ADENOCARCINOMA 23 i8 18 18
TUMOR, MIXED, MALTGNANT 2 0 0 1
ADENOCARCINCMA IN FIBROADENOMA 6 9 2 4
ovary
Number examined 60 60 60 60
GRANULOSA CELL TUMOR 0 0 1 0
THECCMZA , BENIGN 0 0 1 0
Pancreas
Number examined 60 60 60 60
ADENCMA, ISLET CELL 5 4 4 2
CARCINOMA, ACINAR CELL 0 0 1 0
CARCINOMA, ISLET CELL 0 0 4] i §
Parathyroid
Number examined 58 59 59 59
ADENCMA I 0 2 0
pituitary
Number sxamined 60 60 60 60
ADENOMA , ANTERIOR 49 44 44 38
CARCINOMA, ANTERIOR 2 4 3 3
Skeletal muscle, femoral
Number examined 60 60 60 60
FIBROSARCOMA 0 0 0 1

F : Female
No statistically significant difference
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Table 11-9 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : All

Organs Sex: F F F F
Dose (mg/kg/day) : 0 10 30 100

Findings Number : &0 60 60 60
Skin/Subcutis

Number examlned 60 60 60 60

KERATOACANTHOMA 0 E 0 0

LIPOMA 1 o] 0 0

PAPILLOMA, SQUAMOUS CELL 0 0 0 1

CARCINOMA , SQUAMOUS CELL 0 1 o 0

FIBROSARCOMA 0 1 0 0
Stomach

Number examined 60 60 60 60

PAPTILLOMA, SQUAMOUS CELL 0 0 1 0
Thymus

Number examined 60 60 60 60

THYMOMA 0 0 0 1
Thyroid

Number examined 59 59 59 59

ADENOMA, C-CELL T B 5 7

ADENOMA, FOLLICULAR CELL 1 1 2 0

CARCINOMA, C-CELL i 4 0 1
Uterus

Number examined 60 60 60 60

GRANULAR CELL TUMOR 14 0 0 1

LEIOMYCMA 0 0 1 0

POLYP, ENDOMETRIAL STROMAL 8 5 4 5

SCHWANNOMA , MALIGNANT 0 0 0 1
Vagina

Number examined &0 60 60 60

GRANULAR CELL TUMOR 0 0 0

POLYP, VAGINAL STROMAL 0 2 0 0

SCHWANNOMA , MALIGNANT 0 0 1 1
Oral cavity

Number examined 0 1 1 1

CARCINCMA, SQUAMOUS CELL 0 1 1 1
zymbal gland

Number examined T 0 0 1

CARCINCMA i § 0 0 1
F Female
No statistically significant difference
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Table 11-10 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : Found dead Moribund sacrifice

Organs Sex: F F F F
Dose (ng/kg/day) : 0 10 30 100

Findings Number : 39 39 36 29
Adrenal

Number examined 39 39 36 29

ADENOMA, CORTICAL CELL 3 # 8 1 0 0

PHEOCHROMOCYTOMA 0 0 0 .

CRARCINOMA, CORTICAL CELL 0 0 i} (]
Hemolymphoreticular(all sites)

Number examined 39 39 36 29

LYMPHOMA , MALIGNANT 0 i 0 1

SARCOMA / HISTIOCYTIC 1 0 3 ]

LEUKEMIA, LARGE GRANULAR LYMPHOCYTIC i 0 0 0
Intestine, jejunum

Number examined 37 35 33 27

LEIOMYOSARCOMA 0 1 0 0
Kidney

Number examined 39 39 36 29

LIPOMA 0 0 1 (o]
Liver

Number examlned 39 39 36 29

ADENOMA , HEPATOCELLULAR 0 0 0 1
Mammary gland

Number examined 39 39 36 29

ADENOMA 0 3 x 0

FIBROADENOMA 8 7 7 5

ADENOCARCINOMA 16 14 i B 12

TUMOR , MIXED, MALIGNANT 2 0 0 1

ADENOCARCINOMA IN FIBROADENOMA 6 7 1 2
ovary

Number examined 39 39 36 29

THECOMA , BENIGN 0 0 2 0
Pancreas

Number examined 39 39 36 29

ADENOMA, ISLET CELL 2 2 0 0
Parathyroid

Number examined 38 38 35 28

ADENOMA 1 0 0 0
Pituitary

Number examined 39 39 36 29

ADENOMA , ANTERIOR 33 33 28 17

CARCINOMA, ANTERIOR 2 2 2 2
Skeletal muscle, femoral

Number examined 39 39 36 29

FIBROSARCOMA 0 0 0 1
Skin/subcutis

Number examined 39 39 36 29

PAPTILLOMA, SQUAMOUS CELL 0 0 0 X

CARCINOMA, SQUAMOUS CELL 0 1 0 0

FIBROSARCOMA 0 X 0 0
Stomach

Number examined 39 39 36 29

PAPILLOMA, SQUAMOUS CELL 0 0 1 0
F : Female
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Table 11-11 Twenty-four-month oral gavage carcincgenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : Found dead Moribund sacrifice

Organs Sex: F F F F
Dose (mg/kg/day) : 0 10 30 100

Findings Number: 39 39 36 29
Thyroid

Number examined 38 38 35 28

ADENCMA, C-CELL 1 2 2 3

ADENOMA, FOLLICULAR CELL 0 2 0 0

CARCINOMA, C-CELL 0 % B 0 2
Uterus

Number examined 39 39 36 29

POLYP, ENDOMETRIAL STROMAL 5 3 1 2

SCHWANNOMA , MALTIGNANT 0 0 0 1
Vagina

Number examined 39 39 36 29

GRANULAR CELL TUMOR s K 0 0 0

POLYP, VAGINAL STROMAL 0 1 0 0

SCHWANNOMA , MALIGNANT 0 0 1 1
Oral cavity

Number examined 0 1 a

CARCINOMA, sQUAMOUS CELL 0 z) 1 1
Zymbal gland

Number examined 0 0 0 1

CARCINOMA 0 0 0 1

F : Female
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Table 11-12 Twenty-four-month oral gavage carcinogenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : Scheduled sacrifice

organs Sex: F F F F
Dose (mg/kg/day) : 0 10 30 100

Findings Number: 21 2% 24 31
Adrenal

Number examined 21 21 24 31

ADENCMA, CORTICAL CELL 0 0 2 1

PHEOCHROMOCYTOMA 0 0 1 2

PHEOCHROMOCYTOMA , MALTGNANT 0 1 0 0
Cerebrum

Number examined 21 21 24 34

PAPTILLOMA, CHOROID PLEXUS 0 1 0 0

ASTROCYTOMA , MALIGNANT 2 0 1
Hemolymphoreticular(all sites)

Number examined 21 21 24 31

SARCCMA,HISTIOCYTIC 1 0 0 0
Kidney

Number examined 21 27 24 31

ADENCMA, RENAL CELL 0 1 0 0
Liver

Number examined 21 21 24 31

ADENCMA , HEPATOCELLULAR i 0 0 0
Mammary gland

Number examined 23 22 24 33

ADENCMA 0 0 3 1

FIBROCADENCOMA 12 7 8 10

LIPOMA 0 1 0 0

ADENCCARCINCMA 7 4 7 6

ADENCCARCINOMA IN FIBROADENOMA 0 2 i & 2
ovary

Number examined 21 21 24 31

GRANULOSA CELL TUMOR 0 0 3 0
Pancreas

Number examined 21 21 24 31

ADENCMA, ISLET CELL 3 2 4 2

CARCINOMA, ACINAR CELL 0 0 3. 0

CARCINOMA, ISLET CELL 0 0 0 1
Parathyroid

Number examined 20 21 24 31

ADENCMA 0 0 2 8]
Pituitary

Number examined 21 21 24 33

ADENCMA , ANTERIOR 16 Xa 16 21

CARCINOMA, ANTERIOR 0 2 1 4
Skin/Subcutis

Number examined 21 21 24 31

KERATOACANTHOMA 0 1 0 0

LIPCOMA 2 | 0 0 o}
Thymus

Number examined 21 21 24 31

THYMOMA 0 0 0] 1
Thyroid

Number examined 21 23 24 31

ADENCMA, C-CELL 0 3 3 4

ADENCMA , FOLLICULAR CELL 1 0 2 0

CARCINOMA, C-CELL it 3 0 0
F : Female
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Table 11-13 Twenty-four-month oral gavage carcincgenicity study of NS-304 in rats
Histopathological findings - tumor data
Kill type : Scheduled sacrifice

Organs Sex: F F F F
Dose (mg/kg/day) : 0 10 30 100
Findings Number: 21 21 24 31
Uterus
Nunber examined 21 21 24 31
GRANULAR CELL TUMOR 1 0 0 1
LEIOMYOMA 0 0 1 0
POLYP, ENDOMETRIAL STROMAL 3 2 3 3
vagina
Number examined 21 21 24 31
POLYP, VAGINAL STROMAL D 1 0 0
zymbal gland
Number examined 1 0 0 0
CARCINOMA 1 D 0 0

F : Female

Appendix VI. Executive CAC minutes for Selexipag

Executive CAC
Date of Meeting: December 1, 2015

Committee: Karen Davis Bruno, Ph.D., OND 10O, Chair
Abby Jacobs, Ph.D., OND IO, Member
Paul Brown, Ph.D., OND IO, Member
Tim McGovern, Ph.D., OND IO, Member
John Leighton, Ph.D., DHOT, Alternate Member
Albert De Felice, Ph.D., DCRP, Pharm Tox Supervisor
James Willard, Ph.D., DCRP, Presenting Reviewer

The following information reflects a brief summary of the Committee discussion and its
recommendations.

NDA # 207947
Drug Name: Uptravi (selexipag)
Sponsor: Actelion Pharmaceuticals, Itd.

Background:

Selexipag is a non-prostanoid prostacyclin agonist for the treatment of pulmonary
arterial hypertension. In the genotoxicity assays in bacteria, eukaryotic cell cultures and
in vivo, selexipag was found to be negative. The sponsor did not obtain dose
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concurrence from the Executive CAC.

Mouse Carcinogenicity Study

B6C3F1/Crlj SPF mice (55/sex/group) were administered 0, 125, 250 or 500 mg/kg/day
of selexipag in 0.5% methylcellulose via oral gavage daily for 104 weeks. Dosages
were selected to achieve an AUC exposure up to, or more than, 25x the human
exposure. Significant mortality occurred in the female 500 mg/kg/day group beginning
around week 72 due to severe gastric erosion, with 24 of 55 animals dying from this
adverse effect. This group was prematurely sacrificed at week 100 of 104 weeks. AUC
values were similar between high dose males and females, while Cmax values were
much higher in the females for selexipag, the parent compound (24,900 ng/mL for the
males versus 43,900 ng/mL for the females on day 1). This difference may help
account for the severe gastric erosion in the high dose female group, while sparing the
high dose male group. No other treatment related mortality was seen in the study.
After correcting for multiplicity testing, CDER statisticians found no significant dose-
related excess in any tumor incidence.

Rat Carcinogenicity Study

Sprague-Dawley rats (60/sex/group) were administered 0, 10, 30, or 100 mg/kg/day of
selexipag in 0.5% methylcellulose via oral gavage for 104 weeks. As in the mice, doses
were selected to achieve an AUC exposure of up to, or more than, 25x the human
exposure. No significant treatment related mortality occurred in the study. There was
no significant dose-related increase seen in incidence of any tumor type in the selexipag
treated groups at margins of exposure of approximately 170x of the human AUC for the
parent compound and >300x of the human AUC for the active metabolite at the high
dosage.

Executive CAC Recommendations and Conclusions

Mouse:
e The Committee concurred that the study was acceptable.

e The Committee concurred that there were no drug-related neoplasms

e The Committee concurred that the study was acceptable.

e The Committee concurred that there were no drug-related neoplasms.

262
Reference ID: 3859648



Karen Davis Bruno, Ph.D.
Chair, Executive CAC

cc:\
/Division File, DCRP
Albert De Felice/Team leader, DCRP
James Willard/Reviewer, DCRP
Wayne Amchin/CSO/PM, DCRP
/ASeifried, OND 10
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR

NDA/BLA or Supplement
NDA Number: 207947 Applicant: Actelion Stamp Date: 12/18/2014
Drug Name: Uptravi NDA Type: Standard

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes | No Comment

1 |[Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a X
manner to allow substantive review to
begin?

2 |Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?

3 |Is the pharmacology/toxicology section
legible so that substantive review can
begin?

4 |Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on X
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?

5 |If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with X
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).

6 |Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?

7 |Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the| X
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

8 |Has the applicant submitted all special
studies/data requested by the Division X
during pre-submission discussions?

File name: 5 Pharmacology Toxicology Filing Checklist for NDA BLA or Supplement
010908
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement

Content Parameter Yes | No Comment

9 |Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m?2 or comparative
serum/plasma levels) and in accordance
with 201.57?

10 Have any impurity — etc. issues been
addressed? (New toxicity studies may not | x
be needed.)

11 |Has the applicant addressed any abuse
potential issues in the submission? X [No abuse potential assumed for this drug
and indication.

12 |If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been N/A
submitted?

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? Yes

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

No known issues at this time after initial examination of the NDA submission

Reviewing Pharmacologist Date

Team Leader/Supervisor Date

File name: 5 Pharmacology Toxicology Filing Checklist for NDA BLA or Supplement
010908
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

IND number: 104504

Review number: 1

Sequence number/date/type of submission:

Information to sponsor: Yes ( x) No ()

Sponsor and/or agent: Actelion Pharmaceuticals, Ltd.

Manufacturer for drug substance: (b) (4)

Reviewer name: James M. Willard, Ph.D.

Division name: Division of Cardiovascular and Renal Products
HFD #: 110

Review completion date:

Drug:
Trade name:
Generic name:
Code name: ACT-293987 (also NS-304)
Chemical name: 2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)amino]butoxy}-N-
(methylsulfonyl) acetamide
CAS registry number:
Molecular formula/molecular weight: /Ca¢H3,N404S/496.62

IDI\/WL:\/:

Structure:
Relevant INDs/NDAs/DMFs:
Drug class: Prostacyclin (IP) receptor agonist
Intended clinical population: Patients with Pulmonary Arterial Hypertension (PAH)

Clinical formulation:



Table 1: Quantitative compositions of ACT-293987 Tablet

ACT-293987 ACT-293987

Tngredieat Specification  Fumction  p110¢ 200 ug  Tablet (Placebo)
ACT-293987 In hounse API 0.2 mg -
D-Manaitol USP/NF () (4)
Com starch USP/NF
Low substituted
Hydroxypropylcellulose USPAE
Hydroxypropylcellulose USP/NF
Magnesium stearate USP/NF
Core tablet weight
Hypromellose USP/NF
Propvlene glycol USP/NF
Titanium oxide USP/NF
Yellow fernic oxide USP/NF
Camauoba wax USP/NF
Coating weight

Total weight of film-coated tablet e

Route of administration: oral

Proposed clinical protocol:

From the sponsor:
“The sponsor intends to start two identical multicenter, double-blind, randomized,
placebo-controlled, parallel group, event-driven clinical studies in adult patients
with symptomatic PAH. Each trial will have 272 patients to be randomized into 2
groups (n = 136/group), placebo:active (1:1). The primary objective for each
single study will be to demonstrate the effect of ACT-293987 on 6 minute walk
distance (6MWD) from baseline to Week 16. The co-primary objective for the
pool of the two studies will be to demonstrate the effect of ACT-293987 on time
to clinical worsening up to the end of treatment (EOT) (expected maximum
duration 4.1 years). An open-label extension (AC-065A303) of these two studies
will be aimed at collecting long-term safety and tolerability in patients who will
have experienced a clinical worsening of PAH or who will have completed the
double-blind phase of the two studies.”

Previous clinical experience: Six clinical studies have been done with ACT-293987,
originally developed by Nippon Shinyaku Co. Ltd., Kyoto, Japan. Five Phase I studies
were done, fulfilling a first in man study, and looking at pharmacokinetics and
tolerability. One Phase 2a study has been carried out of 17 weeks duration, with an open-
label extension still ongoing. Approximately 184 patients have been exposed to ACT-
293987 with the following side effects seen: headache, myalgia, arthralgia, flushing, jaw
pain, nausea, vomiting and diarrhea..

Disclaimer: Tabular and graphical depiction of information are constructed by the
reviewer unless cited otherwise.
Note: For IND reviews, unused headings may be deleted.



Studies reviewed within this submission:
Studies not reviewed within this submission:

APPEARS THIS WAY ON ORIGINAL
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2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Prostacyclin receptors are primary targets in Pulmonary Arterial Hypertension, however,
this development area has had issues with most of the compounds not being orally
available and having very short half-lives requiring frequent administration. ACT-
293987 is a pro-drug of ACT-333679, which is produced by hydrolysis of the parent
compound in the liver.. ACT-333679 is a non-prostanoid compound that acts as an
agonist at the IP receptor with high affinity. Studies show ACT-333679 is highly
selective for IP receptors, with some small reactivity with EP, receptors. In animal
models of PAH, ACT-333679 improved hemodynamic parameters indicative that it has a
potential to help clinical cases of PAH. One important issue is that all the non-prostanoid
prostacyclin agonists have more the properties of a partial agonist and are not fully able
to activate all the functions of both IP1 and IP2 receptors that endogenous prostacyclin
does. (Seller, et al., 1997, Prostaglandins 53:21-35)

2.6.2.2 Primary pharmacodynamics

Mechanism of action: ACT-293987 is a pro-drug that is hydrolyzed into ACT-333679,
which is a high affinity agonist at IP receptors, and intended for relief from PAH.

Drug activity related to proposed indication: ACT-293987 is a pro-drug that is
hydrolyzed into ACT-333679, which is a high affinity agonist at IP receptorsintended to
relieve PAH.

2.6.2.3 Secondary pharmacodynamics No studies have been conducted beyond the
safety pharmacology studies noted below which are observational rather than
mechanistic, and typically explore high dosages.

2.6.2.4 Safety pharmacology

Neurological effects:

Central nervous systen
@7&31'1: screen Y Oral Single Sprague- 0, 10, 30. 6 m. group
08.267] dose Dawley rats 100 mg'kg
Body temperature, Y Oral Single Sprague- 0. 10, 30. 6 m: group
sleep & pain response dose Dawley rats 100 mgkg
[T-08.383]

The modified Irwin Screen performed by the sponsor was designed to look for signs of
behavioral or physiologic changes indicative of effects on the central or peripheral
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nervous systems. The sponsor used high doses of the compound, 10, 30, and 100 mg/kg
inrats. The low and mid dose had no noticeable effects on the rats, however, the high
dose group exhibited hunchback position, reddened skin, struggle response to handling,
tip-toe gait, problems with righting reflex, prolonged standing on the hind paws, low
body temperature, deep respiration, soft stools, and difficulty with the wire maneuver.
All signs disappeared within 24 hrs of drug administration.

The second study on body temperature, sleep and pain responsiveness used a control
group, and doses of 10, 30, and 100 mg/kg. The high dose group saw all three
parameters impacted, with a body temperature lowered7% , sleep prolonged by 77%, and
pain response reduced by 26%. The mid dose group only saw a reduction in body
temperature.

Summary: The neurological safety pharmacology studies indicate at high doses notable
effects occur in the modified Irwin screening, along with an results of an examination of
CNS effects (body temperature, sleep, and pain response).

Cardiovascular effects:

Cardiovascuiar systen:

hERG channel Y Invins NA CHO-K1 cell 0.3.10. 30. 6 replicates
K current line expressing 100 M
(ACT-293987) hERG K~
[B-08.268] chaanel
hERG channel Y Livine /A CHO-Klcell 0.3.10.30uM 6 replicates
K™ current line expressing
(bgaa(:’l'-333679) hERG K™
08.270) channel
Contractile force & Y Invino NA Isclated right 0.3.13. 30. ém
heart rate (right atna) atrium from 100 pM
(ACT-293987) Hartley gunea
@)(008.271] pg
Contractile force & Y Invins NA Isolated right 0.3.14. 30. 6m
heart rate (right aina) atnium from 100 M
(ACT-333679) Hartley gumea
@ 0g 382) pig
Carchac Y  Iivins NA Isolated . 3.14.30. 6m
electrophysiology papullary 100 ph
(ACT-293987) muscle from
® g 269] Hartley gumea
pig
Hemodynamics & Y Oral Single Conscious 0.1.3. 10mg'kg 4m
cardiac dose » 4 Beagle dogs
electrophysiology {crossover
(telemetry study) design)
® @ 265)
Blood coagulation Y Oral Single Sprague- 0.10.30or 6m: group
[T-08.387] dose Dawley rats 100 mg'kg
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Several studies were done to explore potential effects of ACT-293987 on the
cardiovascular system. Prostacyclin agonists are known to be vasodilators, the basis for
expecting efficacy in Pulmonary Arterial Hypertension (PAH). Therefore it is important
to assess any impact on the cardiovascular system.

ACT-293987 at concentrations up to 30 mcM had no effect on hERG channels, and only
had effects on guinea pig atria and papillary muscle in vitro at the highest dose tested,
100 mcM, indicating it probably affects Na or Ca channels. ACT-293987 had no effect
on blood coagulation in vivo in rats. However, the compound reduced blood pressure at
its lowest dose, and at the mid dose it also increased heart rate and respiration rates.
There were no effects on ECG parameters or hemoglobin oxygenation.

Pulmonary effects:
Respiratory system
Whole body b Oral Single Conscions, 0, 10. 30, 6 m - group
ol‘ieﬂxysmogmphy dose unrestramed 100 mg'kg

®©®ps 266] Sprague-

Dawley rats
Rats were treated with control, 10, 30, 100 mg/kg of ACT 293987. Animals in the mid
and high dose groups showed higher respiration rates, tidal volumes and minute volumes.

Renal effects:
Urinary sysfem
Water & electrolyte Y Oral Single Sprague- 0,10.30,and 6 m/ group
excretion dose Dawley rats 100 mg'kg
O 48 272

Results indicate that ACT-293987 at all tested doses decreased chloride and
sodium/potassium ratio in rats.

Gastrointestinal effects:

Gastrointestinal

system

Intestinal transport Y Oral Single Sprague- 0. 10. 30, 6 m  group
[T-08.384] dose Dawley rats 100 mg'kg

Gastric secretion Y  Iara- Single Sprague- 0. 10. 30, 6m ¢ group
[T-08.384] duodenal dose Dawley rats 100 mg’kg

Prostacyclin receptors are common in the gastrointestinal tract. All doses of ACT-
293987 tested inhibited GI transit of the carbon powder and decreased acid output in the
stomach.

Abuse liability: n/a
Other:
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Reproduciive system

Amplitude & Y Imvine NA Sprague- 0. 10. 30, 6 £/ group
frequency of uterine Dawley rats 100 pM (4 ffor 100
contraction [TRY))
(ACT-332679)

[T-08.385]

Spontaneous contractions of the uterine muscle were not affected by the low dose of
ACT-293987, while the mid and high doses significantly reduced uterine muscle
contractions.
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2.6.2.5 Pharmacodynamic drug interactions - No studies done, but see below for
anticipated interactions based on pharmacology of prostacyclin.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

Table 1 Affinities of ACT-293987, ACT-333679 and beraprost for human
prostanoid receptors

Binding Affinity (K;, pM)

1P EP, EP. EP: EP; DP FP TP
ACT-203987 0.26 > 10 > 1) >0 > 10 > 10 > 10 > 10
ACT-333679 0.02 > 10 58 =10 49 26 > 10 > 1)

Berapiost 0,039 > 10 =10 (.68 7.2 > 10 > 10 > 10

IP = PG, receptor: P, = PGE; receptor: DI = PG, receptor. FP = PGF,,, receptor; TP = FXA; receptor

Figure 1 Effect of ACT-333679 on proliferation of human pulmonary arterial
smooth muscle celis
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Table 2 Inhibition of platelet aggregation by ACT-293987 and ACT-333679
in platelet-rich plasma from different species
Platelet aggregation ICg, (uM)
Drug Human Monkey Dog Rat
ACT-293987 5508 3411 35623
ACT-333679 0.21 £0.04 0.21 £ 002 25%1.5 10=04

— = not determined; daa is presenied as mean = S.EM, (n = 4).
Effect of ACT-293987 on RVSP in rats with MCT-induced PAH

Figure 4
1
00+ A o A .
& 907 ||
-
g 604
£
‘Z, 40+
& 20-
0
Normal Vehicle  ACT-293987
control
MCT - % +
ACT-293987 - - +

1mg/kg p.o., b.i.d.

Data i presented as mean = S.EM. = 1 < 0.01 vs normal rats. *. P < 0.0] vs vehicle control rats. (n = 12).
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Figure 8 Effect of ACT-293987 on survival of rats with MCT-induced PAH
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—o— ACT-293987 1mgikg p.o., b.i.d.
0 1 1] T ¥ 1
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Survavad data 1s presented wing the Kaplan-Meier method and compared by the log-rank test. Day 0 mdicates the time
of mjection of MC I and the beginning of admnistration of ACT-293987. (n = 30)

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary ACT-293987 is rapidly absorbed from the Gastro-intestinal tract
with a Tmax of approximately 1 hr and a bioavailability of 80 to 90%. Radiolabeled
ACT-293987 accumulates first in the liver after oral dosing, followed by accumulation in
the stomach. This is probably due to the high level of activity and receptors present in
the stomach, where prostacyclin agonists apparently have high activity. Most adverse
events for prostacyclin agonists are related to their effects on the gastrointestinal system.
ACT-293987 is primarily excreted through the biliary system, with only 2% of it’s
excretion due to renal pathways. ACT-293987 is a prodrug, although it also has activity
at prostacyclin receptors, and is hydrolyzed to ACT-333697, the primary prostacyclin
agonist. ACT-333697 is glucuronidated primarily and excreted through the biliary
system, although in toto there are up to 15 potential metabolites of ACT-293987.

2.6.4.2 Methods of Analysis
HPLC with either analysis ®® or mass
spectrophotometric methods was used to quantify the amounts of ACT-293987
and/or ACT-333697 in serum. Both methods provided a wide and useful range

2.6.4.3 Absorption

Rat Dog

Bioavailability 72% 84%

Dose Proportionality | Linear Linear

Food Effects Decreased Cmax
AUC unchanged

11
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Increased Tmax
Gender Differences | No effect Slight increascs in Females vs. Males
Accumulation None None
Tmax 1 hr 1 hr

2.6.4.4 Distribution

Upon initial absorption of ACT-293987, the liver is the primary site of accumulation,
presumably part of the normal first pass effect. It is also desireable with ACT-293987
since it is a prodrug and is metabolized to the active product, ACT-33679, primarily in
the liver. After that, the stomach becomes the primary organ of accumulation of ACT-
293987 and it’s active metabolite, ACT-333679. Although the sponsor does not
comment on this (and seems to ignore it), presumably this, among other possibilities, is
due to the importance of prostacyclins in the gastric environment and may reflect a
receptor mediated accumulation of the drug products. Since gastro-intestinal effects are
the primary drivers of the adverse events seen in the dog and human studies, the issue is
worth taking note of. Prostacyclins are thought to increase blood flow to the gastric
mucosa and also to inhibit gastric acid secretion.

2.6.4.5 Metabolism

ACT-293987 is a pro-drug that has modest activity by itself as a prostacyclin agonist, and
is hydrolyzed to ACT-333679, an active metabolite at prostacyclin receptors. As shown
in the metabolic pathways figure below, ACT-333679 is not the only metabolite of ACT-
293987, with a total of 15 possible metabolites.

Figure & Aenmbalic patherays of ACT- 293657
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2.6.4.6 Excretion In rats, biliary excretion accounted for 95% of the excretion of ACT-
293987 and it’s metabolites, while in dogs, 80-88% was recovered in the bile. 85% of
the radiolabeled compound was eliminated within the first 24 hrs.

2.6.4.7 Pharmacokinetic drug interactions ACT-293987 and ACT-333697 are poor
substrates for most of the CYP-450 enzyme systems, having only weak activity at
CYP2C8 and CYP 2C9, which are more minor metabolic enzymes. Both substrates are
also negligible at the multi-drug resisitance transporters. These results would predict
minimal interactions with most drugs.

2.6.4.8 Other Pharmacokinetic Studies none

2.6.4.9 Discussion and Conclusions

The oral pro-drug, ACT-293987, is hydrolyzed by carboxyesterases to ACT-333697, a
prostacyclin agonist. ACT-293987 is highly bioavailable, with approximately 80-90% absorbed from the
gastro-intestinal tract. Hydrolysis to ACT-333697 is variable by species, rats having high serum levels of
carboxyesterases, while dogs, monkeys, and man have high levels primarily in the liver. Although the half-
life is approximately 14 hrs, distribution of oral doses are first primarily to the liver followed by
accumulation in the stomach, an area with a significant level of prostacyclin receptors and activity. Of note
is that most of the adverse reactions involving prostacyclin agonists are related to their activity in the
gastro-intestinal system. ACT-293987 is primarily metabolized to ACT-333697 which is glucuronidated
and excreted primarily through the biliary system. Only 2% of radiolabel from ACT-293987 is excreted
through the kidneys. ACT-293987 and its metabolites are only minor substrates for 2 minor CYP enzymes,
2C8 and 2C9, and are not substrates for the multi-drug transporters, thereby minimizing the potential for
major interactions with other drugs. Possible additive or synergistic effects with other vasodilators (e.g.
nitrates) ,H2 blockers or other acid blockers, and anti-platelet drugs. is possible in view of the vasodilating
activity of ACT-293987 and ACT-333697 and inhibition of gastric acid secretion and platelet
aggregation Reduction of acid in the stomach is known to effect the uptake of vitamin B12 in man, and it is
also known to affect absorption of some drugs, for example clopidogrel. So, although drug-drug
interactions at the metabolic or drug transport level are not expected to occur, there is still potential for
interactions based on vasodilating, , gastro-intestinal, and/or platelet-modulating activities of ACT-
293987 and ACT-333697.

2.6.4.10 Tables and figures to include comparative TK summary
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Table 2 Summary of ACT-293987 and ACT-333679 exposures in the 4- and
13-week toxicity studies with ACT-293987 in mice
ACT-293987 Time Crun (pg/mL) AUCo.2s {pe-himlL)
(mg/ky) Male Female Male Female
4-week toxicity study in mice |[T-08.291]: NOAEL at 100 my/kg/day

ACT-293987 149 1,50 1.32 141
30 Day I :

ACT-33367 214 .91 286 245

ACT-2939K7 Tt 10 113 139
100 Day |

ACT-333679 0.583 693 16.2 17.0

ACT-293987 14.5 224 64.2 T0.0
ki1l Day |

ACT-333679 10.7 122 639 62.2

; 293947 A5 3 07 n
- Week 4 ACT ) 1.4 1.54 l 1.41

ACT-333679 216 L.76 228 Lvy

ACT-293987 K32 3 9.36 0.6
100 Weoek 4 ' 1 ! 1.6

ACT-333679 6,01 HnY 11,9 10,5

ACT-293987 833 15.1 248 232
0n Week 4 v X

ACT-333679 R.03 8.02 ot Bl 24.3

13-week toxicity study in mice [T-08.292]: NOAEL at 100 mg/kg/day

ACT-2939%7 9.60 122 15.0 19.5
NG Day |

ACT-333679 1.0 8.23 2.6 214

ACT-293987 26,8 359 XK. 118
300 Day 1

ACT-333679 19.5 1.1 9.6 9X.}

ACT-293987 211 456 295 ]
St bay |

ACT-3336™ 138 17.0 250 223

ACT-2939R7 6y (133 22 0.1
fon Week 13 £y o ‘ .

ACT-333679 [ 715 124 999

ACT-293987 3.2 249 2.1 4.4
300 Week 13

ACT-333079 124 135 SES 39.8

ACT-293987 273 KK 90.0 74.0
S0 Week 13 ' l g !

ACT-33367Y 202 12.4 7L.5 X0

Vahes are meins of 3 mice sex dose sampling fime
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Table 3 Summary of ACT-293987 and ACT-333679 exposures in the 4- and
26-week toxicity studies in rats
ACT-293987  Time Cs (ng/mL) AUC,y (pe-h/mL)
(myg/kg) Male Female Male Female
4-week tonicity study in rats [T-08.275]
ACT-29387 028 0.63 .29 0.46
20 Day |
ACT-333679 276 28 13.3 9.53
, ACT-293987 1.05 2l 241 3.64
60 Day 1 )
ACT-333679 2,15 93 64.5 554
ACT-293987 25 33 822 13.7
180 Day 1
ACT-333679 14.7 [6.68 20 226
~-J939%7 027 0.53 0,32 0.5
20 Week 4 ACT l
ACT-333679 304 A28 12,2 9.54
ACT-293987 1.2 23 24 2492
ol) Week 4
ACT-233679 £.99 1LY ki 36.3
ACT-293987 2.5 6.01 877 248
1%0 Week 4 ’ '
ACT-333679 14.5 272 137 04
4-week toxicity study in rats [T-08,276): NOAEL at 6 mg/ke/day
ACT-293987 nd. n.d. nd nd.
2 Day 1
ACT-333679 wle 0.0 1.23 0.34
) ACT-2939%7 0.10 0.3 .09 0.09
6 Day |
ACT-33367y 086 0.63 $1.38 2.89
ACT-293987 1.29 3.66 251 592
1] Day |
ACT-333679 .69 13.2 61.4 750
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ACT-293987 n.d. nd. n.d. n.d.
2 Week 4 !
ACT-333679 0.11 0.11 0.21 012
ACT-293987 0.2 0.08 0.0 0.4
6 Week 4
ACT-333679 0.53 146 I.40 09s
i ACT-293987 1.21 130 2.6 409
of) Week 4
ACT-333679 9.63 136 A0 6310
26-week toxicity study in rats [T-08,285]: NOAEL at 6 mg/kg/day
ACT-293987 (1.20 hix 0.4 0.13
[d Day |
ACT-33367Y 1.12 (90 643 30
ACT-293087 1.27 2.08 1.73 172
25 Duy |
ACT-333679 7.06 6.85 3RS 332
ACT-293987 489 551 13.1 124
100 Day |
ACT-333679 223 200 [22 190
ACT-2939%7 0.4 130 023 029
6 Week 26
ACT-33307Y 126 178 4.77 6,79
o ACT-293987 030 277 [43 2X1
23 Week 26
ACT-333679 446 1Y 237 45.7
ACT-293987 207 1ot bk} 188
100 Week 26
ACT-333679 127 43.7 6.3 202

Values are means of 3t sex dose samplig time, n.d. = not deternuned
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Table § Summary of ACT-293987 and ACT-333679 exposures in the 2-, 4,
and 39-week toxicity studies in dogs
ACT-293987 Time Caun (pg/mL) AUGCq a4 (pug-h/mL)
(mg/kg/day) Male Female Male Female
2-week toxicity study in dops [T-08.277): NOAEL at 2 mg/kg/day
5 Dav 1 ACT-293987 a7 236 742 6.18
- HAY
. ACT-333679 s16 5.59 §9.5 624
ACT-293987 9.59 S54% 287 222
6 Day 1
ACT-333679 15.2 12.1 186 18]
ACT-293987 1.1 8.2 455 599
20 Day | ’ . .
) ACT-333679 IR.R 274 281 403
> Week 2 ACT-293987 1Y 290 7.50 672
ACT-333679 599 6.34 50.8 67.%
ACT-293987 10,1 8.50 243 5.1
@ Week 2 Gt
ACT-333679 148 13.5 154 155
ACT-293987 22.0* 23.3#% Ti.3% [03s*
20 Week 2
ACT-333679 44.6¥% 359 5767 $32%»
4-week toxicity study in dogs [T-08.290]: NOAEL at 1.5 mg/kg/day
I.5 Day 1 ACT-293987 223 KR 547 T.95
ACT-333679 2.80 522 3L7 50.2
3 Day 1 ACT-293987 523 508 144 4N
ACT-333679 7.13 R.20 910 tus
6 Day 1 ACT-293987 938 o 238 315
ACT-333679 12.6 5.2 168 211
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L5 Week 4 ACT-293987 1.U8 309 539 7.29
ACT-333679 372 471 .7 4.6
3 Wecek 4 ACT-293987 425 499 121 144
ACT-33367Y9 6.82 833 829 R3.6
0 Week 4 ACT-293987 .77 13.2 292 54
ACT-333679 124 159 159 201
39-week toxicity study in dogs [T-08.286]
i Dav | ACT-2939x7 [FAY 1.53 258 .36
av
) ACT-333679 2.50 RIOA] 240 332
) ACT-2939R7 254 287 844 7.30
2 Dav 1 i )
: ACT-33367Y 527 5.56 499 REXG
ACT-293987 337 k]| 17.4 17.6
4 Dav 1
) ACT-333679 917 R.02 4.4 104
. ACT-293987 |.83 097 349 2.XS
I Week 26 '
ACT-3330679 329 2.52 RER 4.0
ACT-293UR7 4.50 326 112 9.15
2 Woek 26
ACT-323679 640 613 558 522
ACT-293987 .00 303 181 16.2
4 Week 26
ACT-333679 680 0.4 S84 YO8
" ACT-2939K87 1.03 1.36 255 28R
I Week 39 )
ACT-333679 2.60 326 231 357
. ACT-293987 KR{G 1.7y R.15 6.54
2 Week 39
ACT-333679 5.29 SN7 40.3 S8R9
d sl 10 ACT=293987 R0 688 214 18
eek 3¢
ACT-333679 .54 12.5 109 120
Values are meuns of 3 dop sex dose sampling e, 72 1 dog sex dose: #7. 2 dog sex duse,
2.6.5 PHARMACOKINETICS TABULATED SUMMARY
2.6.6 TOXICOLOGY
2.6.6.1 Overall toxicology summary
General toxicology:
From the mouse studies:
Study Doses Results NOAEL
Length
4 weeks | 0, 30, 100, No mortality, @300 mg/kg/day flaccidity and 100
300 flushing mg/kg/day
mg/kg/day
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13 0, 100, 300, 500 mg/kg/day one mortality, CK & ALT 100
weeks 500 increase; 300 mg/kg/day decrease in food mg/kg/day
mg/kg/day consumption, flushing, flaccidity, BUN
decreased, kidney tubular vacuolation
From the rat studies:
Study Doses Results NOAEL
Length
4 weeks 0, 20, 60, 20 mg/kg/day alveolar hemorrhage and Not
180 decreased platelets, loss or black discoloration | determined
mg/kg/day | of tail tip;
4weeks + |2,6,60 60 mg/kg/day flushing, decreased movement, | 6
4 weeks mg/kg/day | piloerection, reduced body wt and food mg/kg/day
recovery consumption. Reversible
26 weeks + | 0, 6, 25, 100 | >25, 100 mg/kg/day liver and adrenal 6
4 week mg/kg/day | hypertrophy, hyperplasia mammary gland, mg/kg/day
recovery salivary gland, follicular cells in thyroid; all
treated animals, flushing, decreased
movement, reversible; one animal died in high
dose group of malignant lymphoma
From the dog studies:
Study | Doses Results NOAEL
length
2 2,6,20 20 mg/kg/day led to mortalities, 2
weeks | mg/kg/day | Intussuseception, QTc prolongation; 6 mg/kg/day
mg/kg/day increased ossification, bone marrow
fibrosis; 2 mg/kg/day decreased platelet, wbc,
& neutrophils.
4 1.5,3,6 6 mg/kg/day intussusception; 3 mg/kg/day 1.5
weeks | mg/kg/day | intussusception, bone marrow fibrosis, mg/kg/day
ossification; 1.5 mg/kg/day vomiting, diarrhea,
jelly feces
39 1,2,4 4 mg/kg/day 2 mortalities, intussusception; Not
weeks | mg/kg/day | lmg/kg/day bone marrow fibrosis and determined
ossification

Genetic toxicology: ACT-293987 was negative in most of the genotoxicity testing. The

exception was a small signal of clastogenicity in the Chinese Hamster Lung cell in vitro
assay. This was not present in the in vivo mouse micronucleus study.
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Carcinogenicity: not done

Reproductive toxicology: For the rat studies, the NOAEL was the same as for the
standard toxicity testing, 6 mg/kg/day. In the rat studies, the primary issue appeared to be
low birth weight, which in humans is correlated with developmental difficulties.

In the rabbit study, the NOAEL was 10 mg/kg/day, with one animal dying at 30
mg/kg/day, reproductive function and fetal development were not effected.

Special toxicology: Study title: i vitro phototoxicity study

Key study findings: both ACT-293987 and ACT-333697 were positive for
phototoxicity with UVA light, suggesting absorption in the UV spectrum.

2.6.6.2 Single-dose toxicity

Table 1 Overview of completed toxicity studies with ACT-293987
Study type G Route Species’ Treatnent Dose {mg'kg/day) / Animals / sexs
[Reference] L test system  duration concentration groups

Batch number* P

Single dose

Acute Y 1w Sle:ddy Single dose 0. 10.20.and 40  Sisex’group
[T-08.284] mice

Lot 20 (mé&f)

Acute Y Oral SD rats Single dose 0. 125,250, 500. 5 sex-group
[T-08.274} (m & f) and 1.000

Lot 20

Acute Y v SD rats Single dose  §. 10. 20, and 40 5’sex group
[T-08.283] (m & f)

Lot 20

Acute Y Ol Beagle dogs  Single dose 20, 200. and 2,000  Z’group
[T-08.273] (m)

Loz 20

Single intravenous doses of up to 40 mg/kg were given to mice and rats. There were no
mortalities, in mice, there was flushing at 10 mg/kg, decreased movement at 20 mg/kg,
and prone position at 40 mg/kg, in rats, prone position, decreased movement, flaccidity
and flush were observed at all doses above 10 mg/kg, with severity and reversibility
dependent on the dose.

Single oral doses were given to rats and dogs. In rats the oral lethal dose was 500 mg/kg,
in dogs 2,000 mg/kg. Reasons for mortality were different, with the cause of death
evidently being severe hypotension due to peripheral vasodilation in rats, while in dogs
the cause of death was intussusception. In general, the dogs showed more adverse
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clinical signs related to gastrointestinal effects, with some of the animals flushing as a
sign of vasodilatation., In the rats, signs were similar to those seen after 40 mg/Kg iv,
but with increased severity resulting in death at S00mg/Kg po.

No serum levels were reported, making it difficult to compare the toxicities of the oral vs.
intravenous routes of administration as a function of blood levels.

2.6.6.3 Repeat-dose toxicity

Study title: Twenty-six-week oral gavage toxicity study of NS-304 in rats with 4-week
recovery period

Key study findings: One male died in the high dose group, however, upon necropsy it
was determined the animal had malignant lymphoma. This was thought to be not drug
related, but it will not be known until the carcinogenicity study is done. Doses were 6,
25, and 100 mg/kg/day, with 6 mg/kg/day being the NOAEL dose. Flushing was the
primary observation, with alopecia and reduced body weights and food consumption
observed in the high dose groups. . Many of the changes seen were reversible in the 4
week recovery period.

Study no.: T-08.285
Volume #, and page #: eCTD
Conducting laboratory and location: (b) (4)

Date of study initiation: July 7, 2006
GLP compliance: yes
QA report: yes(x)no( )
Drug, lot # and % purity:
Test Article
The test article, NS-304, was supplied by Nippon Shinyaku Co Ltd. The lot number,
appearance and other information on the test article used in the present study were as
follows (Attached Data 1).
Name: NS-304 (another name; MRE-304)
Lot number: 20
Content: 100.3%
Appearance: Pale yellow crystalline powder
Stability: Characterization analysis was conducted at ' () (4)
after animal experiment, and
the stability during the administration period was
deduced (Study No. A-1942, Attached Data
2-1).
Handling precautions: Mask and gloves were worn as the test article is a
skin irritant.
Storage conditions: (b) (4)

&)
Storage place: o
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® @
Methods
Doses:
Text Table 1. Group composition
Test Dose Comentration Dose Sex Main moup Revovery group
group  (mgke'duy)  (mg ml) volume No. of Animal No. of Animal
(mlf ke ‘day) animals No, animals Nu,
Control 0 ) 5 M 2 1001-1012 6 1013-1018
) 3 12 1101-1112 g 1113-1118
low 6 12 L M 12 20012012
— . ] 12 2101-2112 .
Middle 25 5 5 M 12 3001-3012 6 3013-3018
) E 12 2101-3112 6 MR L
High 100 20 s M 12 4001-3012 6 4013-4018
F 12 41014112 i 4113-4118
M: Male F: Femak
(continued)
Test Dove Concentration Dose Sex Sutellite group
group  (mg kg dav)  (mgml) volume Nu of Animwl
(ml. kg 'day ) animals No.
Control Q 0 s M 8 1201-120%
F X 1301-1308
L ow 6 12 3 M X 22012208
P . i 8 23M-2308
Middic 25 S 5 M & 3201-3208
1 8 330133
Ihigh 100 20 s M 8 4201-420x
} 8 43014305

M: Male. F: Female

Species/strain: Crl:CD(SD) SPF rats| (0

Route, formulation, volume, and infusion rate: oral gavage, 0.5% w/v% methyl
cellulose, 5 ml./kg body weight,

Age: 4 weeks old

Weight: 195-234 g in males, 137-177 g in females

Sampling times: see observation and times

Unique study design or methodology (if any):

Observation and Times:

6.11.1 Clinical Observation

All animals were observed for clinical signs including external appearance, nutritional
condition, posture, behavior and excretions 3 times a day (before, immediately after and
approximately 2 hours after dosing; however twice on Saturdays, Sundays and

holidays: before and immediately after dosing) during the administration period.
During the recovery period, all animals were observed once a day in the morning.
6.11.2 Measurement of Body Weight
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During the administration period, all animals were weighed before administration twice
in week 1 (days 1 and 7) of administration, and once a week every 7 days thereafter.
During the recovery period, all animals were weighed twice in week 1 (days 1 and 7) of
recovery and once a week at 7-day intervals thereafter. Measurement was done
between 08:30 and 11:32. Body weight gains for the entire period of administration (26
weeks) or recovery period (4 weeks) were also calculated. In order to calculate the
relative organ weight of the animals sacrificed as scheduled, the body weight was also
recorded on the day of necropsy after depriving the animals of food overnight
(approximately 16 hours). The animal that died was weighed before

carrying the animal out of the animal room for necropsy; however, this data was
omitted from the table and appendix.

6.11.3 Measurement of Food Consumption

During the administration period, food consumption was measured for each animal
twice in week 1 (days 1 and 7) of administration, and once a week every 7 days
thereafter. During the recovery period, food consumption was measured for each
animal once a week. Measurement was done between 08:57 and 12:09. On day 1 of
administration, one day's food consumption was measured from the day before the start
of administration and that on day 7 was calculated from 6-day's cumulative food
consumption. Thereafter, 7-day's cumulative consumption was measured and one day's
food consumption was calculated. On day 7 of recovery, one day's food consumption
was measured from 6-day's cumulative consumption and thereafter, 7-day’s cumulative
consumption was measured and one day's food consumption was calculated.

6.11.4 Ophthalmology

Before the start of administration (during the quarantine/acclimatization period, 11 and
12 days before administration), all animals were examined, and the animals

with pre-existing ophthalmological abnormalities that might affect the toxicity evaluation
were excluded from animal grouping for the main and recovery groups (note).

During the administration period, examination was done in month 3 (week 12, days 80
and 81) and month 6 (week 25, days 171 and 172) of administration. All survivors of
each sex in control and high dose group were examined after dosing on the day of
examination. Examination was not done in middle and low dose groups, since no
treatment-related changes were observed in the high dose group. During the recovery
period, examination was done in week 4 (day 22) of recovery. All survivors of each sex
in each test group were examined. The procedure for examination was as follows.
First, the light reflex was tested using an ophthalmoscope (BXa-13 type: NEIZ Inc.).
Then mydriatic agent (Mydrine P: Santen Pharmaceutical Co., Ltd., Lot Nos. MP0872,
MP0931 and MP0947) was applied to dilate the pupil and the anterior portion,
transparent body (optic media) and fundus oculi were examined using a hand slit lamp
(SL-14 type: Kowa, Inc.) and an ophthalmoscope (Omega 200: HEINE OPTOTECNIK
GmbH & Co. KG, Germany).

note: Four males and 3 females with severe ophthalmological abnormalities such as aqueous

flare, hemorrhage of iris, retinal hemorrhage and impossibility of observation in

transparent body and fundus were excluded from the present study. Twelve males and 19

females with ophthalmological abnormalities such as focal corneal vascularization,

residue in anterior chamber, synechia, focal opacity in lens, adhesion posterior lens

capsule, persistent tunica vasculosa lentis, persistent hyaloids artery, vitreous hemorrhage,
persistent hyperplastic primary vitreous and retinal hold were excluded as candidates for

the main and recovery groups since it was judged that the above abnormalities might
affect the toxicity evaluation. However, they were included as candidates for the satellite
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group.
6.11.5 Urinalysis (including water intake)

Examination was done in all survivors of each sex in months 3 (week 13, days 85 to 87)
and 6 (week 25, days 169 to 171) (note) of administration and in week 4 (days 24 to 25)
of recovery.

During the administration period, after the dosing, all survivors of each sex in main and
recovery groups were accommodated in cages with trays attached for urine collection
and 4-hour urine samples were collected under fasting conditions but withfree access to
water. Then the following 20-hour urine samples were collected under free access to food
and water.

In week 4 of recovery, the survivors were accommodated in cages with trays attached
for urine collection, and 4-hour urine samples were collected under fasting but free
access to water. The following 20-hour urine samples were collected under free access
to food and water. The parameters listed in the following were examined. The 4-hour
urine samples were used for examination of pH, protein, ketone body, glucose, occult
blood, bilirubin, urobilinogen, color, urinary sediments and urine volume. The urinary
sediments obtained by centrifugation (set at 1,500 rpm, approximately 440xg for 5
minutes) were subjected to microscopic examination without fixation or staining.

Urine volume (24h) was calculated by totaling the volume of 4-hour and 20-hour urine.
One day's output of electrolytes was calculated by their concentration and 24-hour urine
volume.

One day's water intake was measured using water bottles on the day of urinalysis for
each animal.

Text Table 2. ltems, Methods and Equipment for Urinalysis Examinations

Item Method Unit

PH Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)s

protein Urine test strips AUTION Sticks-7EA (ARKREY, Inc. )

ketone body Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)a)

glucose Urine test strips AUTION Sticks-7EA (ARKREY. Inc.)s)

occult blood Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)s)

bilirubin Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)s)

urobilinogen Urine test strips AUTION Sticks-7EA (ARKREY, Inc.)s)

color macroscopic observation

urinary sediments microscopic examination

urine volume (24h) volumetry mL/24h

osmotic pressure freezing point methodyy mOsm/kg

sodium (Na) ion selective electrode method:) mmol/24h

potassium (K) ion selective electrode methodey mmol/24h

chloride (Cl) coulometric titration methodc) mmol/24h

Equipment used

a): AUTION MINItm AM-4290 (ARKREY, Inc.)

b): Osmotic Pressure AUTO & STAT OM-6030 (ARKREY, Inc.)

c): Automatic Electrolyte Analyzer PVA-o II (Analytical Instrument Inc.)

note: At the examination in month 6, 2 males was subjected to re-collection of urine sample or
re-examination was conducted (days 176 and 177).

In No. 2001, re-collection of the urine sample was conducted to examine osmotic pressure

and output of electrolytes, since an initial urine sample was dropped on the floor and could

not be collected. The data from re-collected urine for urine volume was adopted.

In No. 4007, re-examination of water intake was conducted, since a relatively high value

compared to other animals was recorded, although there was no apparent abnormality in

any other parameter. The data from re-examination were adopted, since it was judged that

the re-examined value was normal for these weeks of age.

6.11.6 Hematology

At the time of necropsy conducted on the day following the end of the administration

period or the end of the recovery period, the survivors were deprived of food overnight
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(approximately 16 to 20 hours) prior to blood collection. Blood samples were collected
from the abdominal aorta under ether anesthesia into blood collection tubes
(approximately 1 mL, SB-41: Sysmex Corp.) containing an anticoagulant (EDTA-2K)
and the following items were determined. May-Gruenwald-Giemsa staining smears
from all animals were prepared as reserve in the case of microscopic examination,
although examination was not actually conducted. However, for determining PT,
APTT and fibrinogen, plasma obtained by centrifuging (set at 3100 rpm, approximately
1690 x g for 12 minutes) blood samples (approximately 0.9 mL) treated with 3.8 w/v%

sodium citrate (1 vol sodium citrate solution/9 vol blood) was used.

Text Table 3. Items, Methods and Equipment for Hematological Examinations

Item Method Unit

red blood cell count (RBC) dual angle laser flow-cytometric measurementa) 104/pL

hemoglobin (HGB) modified cyanmethemoglobin methoda) g/dL

hematocrit (HCT) calculated from mean corpuscular volume and red blood

cell counts)

%

mean corpuscular volume (MCV) dual angle laser flow~cytometric measurementa fl.

mean corpuscular hemoglobin (MCH) calculated from red blood cell count and hemoglobing pg

mean corpuscular hemoglobin concentration

(MCHC)

calculated from hematocrit and hemoglobins)

g/dL

reticulocyte ratio (Reticul. ) laser flow-cytometric measurement with RNA staina) %

platelet count (PLT) dual angle laser flow-cytometric measurementa) 104/pL

white blood cell count (WBC)

dual angle laser flow-cytometric measurements)

102/pL

differential leukocyte count (note) peroxidase flow-cytometric measurement and dual angie

laser flow-cytometric measurements)

%

prothrombin time (PT) clot methods) s

activated partial thromboplastin time

(APTT)

clot methodn) s

Fibrinogen (FIB) thromboplastin methods) mg/dL

Equipment used

a): ADVIA#120 Hematology System (Bayer Corporation, New York, USA)

b): Coagulometer ACL 100 (Instrumentation Laboratory)

note: Lymphocytes (L' YM), neutrophils (NE), eosinophils (EOSINO), basophils (BASO), monocytes (MONO)
and large unstained cells (LUC)

6.11.7 Blood chemistry

At the same time as hematology, blood samples were collected from the abdominal
aorta into blood collection tubes (approximately 5 or 6 mL, Venoject II-Autosep:
Terumo Corporation) containing serum separator, and the serum was obtained by
centrifugation (set at 3,100 rpm, approximately 1,690xg for 12 minutes). The
following items were determined on the serum. However, for determining AST, ALT
and CK, the plasma obtained by centrifuging (set at 3,100 rpm, approximately 1,690xg
for 12 minutes) blood samples collected into test tubes (approximately 2 mL)
containing anti-coagulant heparin sodium salt (approximately 20 units/mL blood) was

used. The following parameters were determined.

Text Table 4. ltems, Methods and Equipment for Blood chemistry Examinations
Item Method Unit

AST UV-rate methoda)IU/L

ALT UV-rate methods IU/L

AIP (ALP) Bessey-Lowry methods) IU/L

CK UV-rate methoda) IU/L

total cholesterol (T-CHO) CEH-COD-POD methods) mg/dL

triglyceride (TG) LPL-GK-GPO-POD method:) mg/dL
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total bilirubin (T-BIL) bilirubin oxidase methods) mg/dL

glucose (GLU) glucose dehydrogenase methodsy mg/dL

blood urea nitrogen (BUN) urease-LEDH methoda) mg/dL

creatinine (CRNN) creatininase-creatinase-sarcosine oxidase-POD method.) mg/dL
sodium (Na) ion selective electrode methodsy mmol/L

potassium (K) ion selective electrode methodsy mmol/L

chloride (CI) ion selective electrode methodsy mmol/L

calcium (Ca) OCPC methods) mg/dL

inorganic phosphorus (P) molybdic acid methods) mg/dL

total protein (TP) Biuret methods) g/dL

A/G ratio (A/G) calculated from protein fractions

protein fractions cellulose acetate membrane electrophoresist) %
Equipment used

a): Toshiba Biochemical Analyzer Model TBA-120FR (Toshiba Corp.)
b): CLINISCAN SA-V (Helena Co. Ltd.)

6.11.8 Pathology

6.11.8.1 Necropsy

After collecting blood samples, all survivors were sacrificed by exsanguination from
the abdominal aorta under ether anesthesia. External appearance and all the
organs/tissues in the cranial, thoracic and abdominal cavities were carefully examined
and the results were recorded. The animal that was found dead was necropsied as soon
as it was discovered.

6.11.8.2 Organ weights

After necropsy, the organs listed below of all survivors were weighed (absolute weight)
and organ weight per 100 g body weight (relative weight) was calculated based on the
fasted animal's body weight and absolute organ weight. The paired organs indicated by
asterisks (*) were weighed separately; however, evaluation was done on the total value
of the right and left organs. Organ weights were not measured on the animals that were
found dead.

brain, pituitary, thyroids (including parathyroids)*, adrenals*, thymus, spleen, heart,
lungs (including bronchus), salivary glands (submandibular + sublingual glands)*, liver,
kidneys*, testes*, ovaries*, epididymides*, uterus, prostate and seminal vesicles
6.11.8.3 Histopathology

All the organs/tissues listed below of all animals were fixed and preserved in phosphate
buffered 10 vol% formalin. However, the eyeballs and optic nerves were fixed with a
mixture containing 3 w/v% glutaraldehyde and 2.5 vol% formalin, and the testes and
epididymides of all survivors were fixed with Bouin's solution, and then preserved in
phosphate buffered 10 vol% formalin. All organs/tissues of all animals were embedded
in paraffin, sectioned and stained with hematoxylin and eosin (H.E). Of these, all
organs/tissues from the control and the high dose groups were examined
histopathologically in the main group (26-week sacrificed group). In addition, sections
of the adrenal and liver in both sexes and mammary gland, submandibular gland and
thyroid in females from all other groups were subjected to histopathological
examination, since treatment-related lesions were suspected in these organs. The
submandibular gland in males was also suspected to be a target organ and it was also
examined; however, it was ultimately judged that there were no treatment-related
changes. In the recovery groups, the above organs/tissues suspected to be the target
organ from all animals were examined. The paired organs indicated by asterisks (*)
were examined bilaterally; however, the organs marked with # were examined

unilaterally, | Deleted: .

-

cerebrum, cerebellum, spinal cord (cervical, thoracic and lumbar), sciatic
nerves#, eyeballs*, optic nerves*, Harderian glands*, pituitary, thyroids*,
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parathyroids*, adrenals*, thymus, spleen, submandibular lymph node,

mesenteric lymph node, heart, thoracic aorta, trachea, lungs (including

bronchus), tongue, esophagus, stomach, duodenum, jejunum, ileum, cecum,

colon, rectum, submandibular glands*, sublingual glands*, parotid glands*,

liver, pancreas, kidneys*, urinary bladder, testes*, epididymides*, prostate,

seminal vesicles*, ovaries*, uterus*, vagina, mammary glands (inguinal region,

both sides)#, sternum (including bone marrow), femurs (including bone

marrow)#, femoral skeletal muscles#, skin (inguinal region, both sides)#,

preputial glands*, clitoral glands* and gross lesions

Besides the organs/tissues listed above the oviducts, extraorbital lacrimal glands,
Zymbal's glands, larynx, nasal cavity and the site of animal identification (ear auricle)
were preserved.

6.11.8.4 Electron microscopy

At the time of necropsy conducted on the day following the end of the administration
period or the end of the recovery period, liver and kidney (cortex and medulla) from 2
animals in each sex in the control and 100 mg/kg group (note) were fixed with phosphate
buffered 0.5 w/v% glutaraldehyde and 1.5 w/v% paraformaldehyde, post fixed with 1

w/v% tetroxide osmium and embedded in epoxy resin.
note: animal Nos. 1001, 1003, 4002, 4004, 1101, 1103, 4101 and 4103 at week 26 of administration,
animal Nos. 1013, 1015, 4013, 4015, 1113, 1115, 4113 and 4115 at week 4 of recovery

Adequate Battery:  yes ( x), no ( )—explain
Peer review: yes( ), no( )

Results:

Mortality: below is the sponsor table on the progression for the one animal that died in
the study in the high dose group.
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Clinical signs:

Body weights:
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Ophthalmoscopy: no treatment related abnormalities were reported

EKG: not done
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Hematology:
Text Table 3-1. Summary of hematology ~End of the administration period-

Sex Male Female
Dose (mg'kg day) 6 25 100 6 25 100
Na. of animals 2 12 11 ]2 12 12
HGB N N N N N ~4"e""
1HCT N N N N N o
MCV N N N N gt N
WBC “3ett N 22300 N N N
Differental
leukocyte satio
Lymphocyte ratio N r23%** < 16%*¢ N N N
Neutrophil ratio N “Jlent <279 N N N
Monocyte ratio N N N N -350,"
Platelet ~15%7¢ 160 ; N N =17
1 ihrinogen N N N N -3¢ * B L S
Values 1n the table indicsile perventage of change against the control mean (- deerease, = mereasy)
N: No remarkable changes
* (%) p0.05 (0.01) tsignificansly different from the control gioup)
Text Table 3-2. Summary of WBC and differential leukocyte count”
-~End of the administration period-
Sex Male Female
Dose (mg kg day) 0 0 25 100 0 o 25 100
No. of animaly 12 2 12 il 12 ]2 12 2
WHC (10 7.2 743" 842 s21° 6om 592 s4% 710
Lymphocyic matio 62 6% N 76857 T TR0 7L TN N N
actual mumber 67 1 NC 64.7 508 NC NC NC NC
Neutrophil ratio 30.5% N IX2%**  22.6%* 2.8% N N N
actual number B[O ONC 153 REXC NC _ NC NC O NC
Monocyte ratie 38" N N 2.5%¢ 14 N N 22N
actual nuniber 4.1 NC NC 2.1 2.} NC - NCU 1.6

Valucs are group mean

a): Actual number of each cell tvpe was calculated from WBC and ditterential lewkocvie rato (unit: 10° pl ).
N Na renarkable chainges

Y p0 0% (0 01) signifivantdy differen from the conwrol groap)

NC: Not caleulated since there were ne stawshcal dhfferences from the centiol group m the raue

Text Table 3-3. Summary of hematology —End of the recovery period—

Sex Male Female
Dose (mg'kg/day) 25 100 25 100
No. of ammals 6 6 6 6
Differential
leukocyte ratio

Basophil ratio -25%* S5080** N N
PT N -40q ¥ N N
APTT -10%* -10%* N N

Values in the table indicate percentage of change against the control mean (-: decrease).
N: No remarkable changes
* (*%): p<0.05 (0.01) (significantly ditferent from the control group)
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Clinical chemistry:

Text Table 4-1. Summary of blood chemistry —End of the administration period—

Sex Male 1 emale
Dose (mg'kg day) 6 25 100 6 5 100
No. of animals 12 12 11 12 12 12
AST N N N N -394 -56%*°
All =51%e" N N N ~4Rp%? 52048
CK N N N N =14%,¢ B B
AlP N N N N N 190%**
T-CHO N N N N N 1209,
TG N N S0*E N N ~62°%*
Glucose N N SIRO N N N
BUN N N N N N -200¢
K N N A% N N N
Protein fractions
Albumin ratio N 16%% N N N N
ax-globulin ratio N N N N N 120%%*
R-globulm ratio 6% ~7%" N N N 2 10%*
y-globulin ratio N N 17 N N N
A G ratio N 140" N N N -11%*

Values 19 the 1able indicate perventage of change against the control mean (- decrease. - increase)
N: No remmkable changes
¢ (**): p<0.05 (0.01) (~ignificantly different from the control group)

Text Table 4-2. Summary of blood chemistry —End of the recovery period-

Sex Male Female
Duose (mg‘kg/dav) 25 100 35 100
No. of animals [ 6 6 6
CK -21%" -220% N N
BUN N +17%** N N
P i 1410% N N N
Protein fructions
B-globulin ratio N -10%* N N
x-globulin 1aL0o N N N ~28%*

Ffalues in the table indicate percentage of change aganst the control mean (-: decrease. +: increase).
N: No remarkable changes
& (#%): p<0.05 (0.01) (signiticantly different from the control group)

Urinalysis:

Text Table 2-1. Summary of urinalysis —Month 3 of administration—

Sex Male Female

Daose (mg'kg dav) 6 25 100 6 25 100
No. of animals 12 18 1R 12 18 18
Unine volume N -84%,* =36% N 16605 % +3080,7¢
Water intake N -30% < 24% N 24% (82000
Osmolality N 239 -28%" N (T 600 **
Na N N N N 1440500 133057
K N N N N ~§3%%* +35%*
Cl N N N N 1 550437 +36%°

Values in the table indicate percentage of change against the control mean (+: decreuse, ~: increase),

N: No remarkable changes

* (%) p<0.03 (0.01) (significamly dulterent from the control group)
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Gross pathology:
1) Dead animal (one male in the 100 mg/kg group, Animal No. 4001)

Nodule in the thymus, enlargement of the submandibular. mesenteric and other lymph
node, excess fluid in abdominal and thoracic cavities, enlargement of the spleen and
liver, dark red focus in the femur and unkempt fur were observed.

2) End of the administration period
(1) Males
There were no treatment-related changes in any animal.

(2) Females
Hair loss (alopecia) was observed in 2/12 females in the 100 mg/kg group.

3) End of the recovery period
There were no treatment-related changes in any animal in either sex.
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Organ weights (specify organs weighed if not in histopath table):

Text Table 5-1. Summary of organ weights —End of the administration period-

Sex Male TFemale
Dose (mg kg, day) [ 25 100 d 2 100
No. of animals 12 3 }1 {2 12 12
Body weight at necropsy N -8ty BRAA N N N
Bram
absolute N N N N N N
relative N N 122%™ N N N
Thyroid
absolute b N N N N N
relative N N N N =2605% +3] %%
Salivary gland
absolute N N N N N “2[%%*
relative N N 239" N N ~26%.%°
Heart
absolute N N N N N «23%™>
relative N 129 £330, N <16Pet " Y
Lung
absolute N N N N N
relative N R R +319,°% N - 149%™
Liver
absolute N N N N N
relative N N +21%"# N 13254
Kidney
absolute N N ~11%* N N
relative ™ N N N N
Adrenal
absolute N + [5%e% £ 004" N
relative N 220+ +5600"* N +20%%9
Tests
absolute N N N NA NA NA
relative N N +21%% NA NA NA
Prostate
abaolute N N B C A NA NA NA
relative N N N NA XA NA
Cpididymis
absolute h N -10%" NA NA NA
relative N N N NA NA NA
Semunal vesicle
absolute N N =Jgeyie NA NA NA
relativ e N N N NA NA NA

Values m the table indicate percentage of change against the control mean (-. decrease. *: increase).
N: No remarkable changes

NA: Nuot applicable

LY peO5 (001 (sigaificantly different from the controd group)
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Text Table 5-2. Summary of organ weights —End of the recovery period—

Sex Male

Daose ¢mgkeday) 25 100 25 100
No. of animals 6 [ 6 G
Body weight at necropsy -5% -200p%* N N
Brain

absolute N N N N
relative N +2205%* N N
Prwitary

absolute ~1R4 T S24uy N N
relative -12%e*F N N N
Thyroid

absolute N N ~31% N
relative N +39%* ~45% N
Salivary gland

absofute N -G8 N N
rebative N N N N
Fhymus

absolute N N N 71%®
relative N N N 8RO
Heart

absolute N N N N
relative ROW* =] 20400 N 2904 *
Lung

absolute 1076% N N BE LS
relative =1 5%* =190 % N —[99FE
Fiver

absolute N N N N
relative N N N 17%%
Spleen

ahsolute N N N N
relative - [ 4% N N Y
Kidnev

absolute N -18%*% N N
relative N N N N
Adrenal

absoluwe N -21%* N N
relative N N N = 204%

Values in the table indicate percentage of change against the control mean (-: deerease. - increase).

N: No remarkable changes
) 20,058 (0.01) (significantly different from the control group)

Histopathology: Adequate Battery: yes (x ), no ( }—explain
Peer review: yes (), no( )
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Text Table 6. Incidence summary of histopathological lesions ~End of the administration period~

Sex Male Female
Dose (mg kg dav) 0 6 25 100 0 6 25 100
Nu_of ammals 12 12 12 11 12 12 12 12
Adrenal
Hypertrophy. 7ona glomerulosa (1. ) 2 I 4 1 1 3 10 12
[ wer
Hypertrophy., hepatocytic. central () [ 0 0 5 0 0 0 9
Mammary gland
Hypeiplasia. acinar vell, diftuse (total) 0 NE NE (1] S 6 9 11
(L) 0 NE NE 4] 7 5 v ]
() [ NI NI 0 ! 1 0 10
Submandibular gland
Hypenrophy. acinar cell {4) 0 1 1 1 0 0 7 10
Thyreid
Hyvpermplasia follicular cell, diffuse (=) U RE NE 0 [ 0 | 4

Values m the 1able indicate the number of animals with lesions.
«: Minimal. +: Mild
NI Not examined

Toxicokinetics:
Text Table 7 Summary of TK parameters
Sex Male (n 3) Female (n 3)
Daose (mg kg-day) 6 23 100 4 25 100
NS-304
Luw ()
Day 1 0.5 (15 10 0s 0.5 0S5
Week 26 05 0s Lo 0.5 0.5 0.5
C e fugml)
Day 1 0.204 127 4.89 0.151 208 51
Week 26 0.308 498 2.07 0408 27 10.]
Cyp (ng ml)
Day | 00462 0787 489 0.0470 0.642 160
Week 13 00626 0415 1.37 0.0609 0.368 139
AUCazq (pgh ml)
Day | 0.137 .13 13.1 0126 1.72 124
Week 26 0229 —— Ld% in 0.286 281 IS8
MRE-269
Toan thy
Dav | 10 1.0 o 10 1.0 1.0
Week 26 1.0 LNt 10 1.0 (KU 10
Cpu (1gml)
Day | 1.2 7.06 213 0.904 685 0.0
Week 26 1.26 4.46 127 1.7% 1.9 43.7
Cpy (ng mb)
Day | 112 7.06 >3 0.904 6.85 20.0
Week 13 1.3 5.07 %13 1.7 601 248
AlUCiay (nghml)
Day | 643 xRS 192 3,10 32 1960
Week 26 4.77 22.7 76.3 6.7Y 48.7 202
Value in the table (Cypc and AUCq 2y, ) indicates the mean value of 3 amimals.
Other:

Study title: 39-week oral (capsule) toxicity study in the Beagle dog
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Key study findings: dogs were placed in 4 groups of 6 males and 6 females receiving 0,
1, 2 or 4 mg/kg/day. 2 Females in the high dose group were sacrificed moribund on day
24 and 124, respectively.

Study no.: T-08.286
Volume #, and page #: eCTD 4.2.3.2
Conducting laboratory and location: ®

Date of study initiation: July 25, 2006

GLP compliance: Yes

QA report: yes (x)no( )

Drug, lot #, and % purity: NS-304 (MRE-304)/ Lot # 20/ 100.3% purity

Methods
Doses:
Text Table 1. Group Composition

" Dose level - 26-week necropsy group 39-week vecropsy groun

e (mglgy No. of Animal No. of Animal

animals nombet animals number

Male 3 ~1001-1003 3 1004-1006

Comzol gy t Female 3 1101-1103 3 1104-1106

e Male 3 2001-2003 K] 2004-2005

Low dowe wowp 1 Fenale 3 2301-2103 3 21042106
Middle dose . Male 3 3001-3003 3 | 3004306
oroun . Female 3 3101-3103 3 3104-3105
Ttk 4 Male 3 40013003 3 3004005
gl dowe grovp Fenale 3 41014103 3 4104106

Species/strain: Beagle dogs

Route, formulation, volume, and infusion rate: Oral/gelatin capsules packed with
drug compound.

Satellite groups used for toxicokinetics or recovery: none

Age: 6 months

Weight: 6.6 to 9.4 kg in males and 6.1 to 8.3 kg in females
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Sampling times:
Text Table 2. ltems and Schedule for Observation and Examination (In-life)

Ttem Schedule ‘ Frequency

Obszervation of Week —1 of admindstration: once daily (moming)

generat condition Administration period: before and I hour after dosing (every day} and 3 hours after dosing
{onece z week)

Afeaswrement of body | Once in Week ~1 of adnuaistraticn (moming)

weight Untit Week 13 of administration: On Day 1 of administration and cnce a week thereafter
(before dosing of the dzy)
From Week 14 of administration: Once every 2 weeks (moming) and before necropsy on
the day of necropsv

Measurement of food | Every day from Week —1 of administration untd the end cf the administratian period

consumption

Measwement of Once in Weel: —2 of adumnistration

water intake Administration period: Once each 11 Weeks 4. 13. 26 and 39 cf administration

Opkthalmclogical Week -2 of administration: Once

examination Administration period: Once each in Weels 12. 25 and 38 cf administration {1 to 4 hours
after dosing)

Electrocardiography | Week -2 of administration: Once (morming)
Admindstration period: Once each in Weels 13, 26 and 39 of administration (before
dosing and 1 1o 4 hours after dosing)

Ulinalysis Week =2 of adminisiration: Once
Administration peniad: Once each in Weeks 4. 13. 26 and 39 of administration

Hematological Week -1 of administration: Once

examination Administration petiod: Once each in Weeks 13. 36 and 39 of administration (before
dosiag)

Blced chemistry Week -1 of administration: Once

examinaticn Administration period: Once each 1o Weeks 13, 26 aad 39 of adamnistration (before
dostag)

Unique study design or methodology (if any):

Observation and Times: (this information can be provided in a separate section OR
evaluation times can be described for each parameter in the results section).
6.13.1 Clinical Observation

All animals were observed for clinical abnormalities such as the condition of visual
mucosa and appearance of excreta and abnormal behaviors and abnormalities observed
were recorded.

6.13.2 Measurement of Body Weight

All animals were weighed between 08:12 and 9:50 on the days of measurement (before
dosing of the day during the administration period). On the day of necropsy, animals
were weighed after fasting for at least 16 hours from the previous day. Moribund
animals were weighed before necropsy.

6.13.3 Measurement of Food Consumption

For all animals, feed was supplied and removed as described in 6.5, one-day food
consumption was calculated from the residual amount, and mean daily food consumption
was calculated from the cumulative food consumption for 1 week.

6.13.4 Measurement of Water Intake

For the animals that were alive at the time of urinalysis, 1000 mL of water was put into
a 1000-mL polyethylene container for each animal, and the amount of water that
remained was measured (by weight and recorded by volume) at 08:40-09:44

on the following day to calculate daily intake. During the measurement of water
intake, the automatic water supply system was stopped. For the animal (No. 3001) for
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which contamination of the urine collected in Week 13 of administration with drinking
water was suspected and for the animal (No. 2001) which took all the water given and
thus correct water intake could not be measured, the amount of water intake was
measured again and urinalysis was done again using the urine re-collected.

6.13.5 Ophthalmological Examination

For all animals, using the equipments listed in Text Table 3, each item was examined
macroscopically, or using a slit lamp, binocular indirect ophthalmoscope or fundus
camera. Light reflex test was done first, and the anterior portion and fundus of the eye
were examined after application of Mydrine P (Lot Nos. MP0932, MP0940, MP(0935,
Santen Pharmaceutical Co., Ltd.), a mydriatic agent, to the eyes. Fundus oculi was
photographed for all animals before the start of administration and only for one animal
(No. 2002) in Week 25 of administration. For this animal, fundus oculi was also
examined and photographed in Week 26 of administration to examine progress of the
changes.

Text Table 3. Ophthalmological Examinations

Exnmiation Equipment Ttems
Macroscopic abservation Pen light Macroscopic examination of
| extenal appearance of the eves
Examunatica of antenior portion. | Bimocdar indirect ophtazhincscope™ | Observation of comes, conjunctiva,
optic media nad fundus ecul: aad slit lamp len:. its. vrirecus bedy and fuedys
ocali
Photograpay of fundus oculi Funchys camera Photography of fisndus oculi
Instruments used
a): Omega 200. HEEINE OPTOTECENIX. Germany
b): Stitlamp {SL-14. Kowa Co.. LtG.)
¢): Fuadus camera (Kowa GENESIS. Kowa Ce.. Ltd)

6.13.6 Electrocardiography

For all animals, items listed in Text Table 4 were recorded and calculated. During the
administration period, the examination after dosing was performed in such a way that
the examination time was approximately the same time for each group.

Text Table 4. Electrocardiography

Recerding conditions Paviticn of anumals ete: Unanesthetized. night recumbent position. stanndard limb lead
used: Electrocardiogzph (LABO-SYSTEM ZM-501 2: Fukuda

ME. Co.. L1d)}

Iteins calculated Eeast ate. P-R. Q-7 2a0d QRS intervals.

QTc Q-T interval (s) vR-R inferval (s) * 1.000

6.13.7 Urinalysis

For all animals, fresh urine and cumulative urine were collected and items listed in Text
Table 5 were examined by the method described in the same table. A urine collector
was placed under each cage and fresh urine (comparatively fresh urine after urination)
was collected between 08:50 and 13:20 before dosing during the administration period
under deprivation of feed and drinking water. Cumulative urine was collected

thereafter for approximately 20 hours from 13:00 (after dosing during the
administration period) to 09:20 next morning with free access to feed and drinking
water. At the same time as for cumulative urine collection, water intake was measured.
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Text Table 5. tems, Methods and Equipment in Urinalysis

1) Exanvination on fresh urine 3} Exanvination on cwmulative urine

Ttem Method Item Method

pPH ™ ugige volume  measuring cvlinder (Urit: sl )
protein

glucese Multistix Test Paper ) .
ketones » (Baver Medical Ltd., Lot Nos. sodimm ) 1on selective electrode method *
occult bicod SK11C. 6B10C, 6C15D, 6H19C. | potassium j’ (Cnit: mneols20h)

wcbhilinogen 6L09D) chioride

bilirubin o

sediment microscopic examination

specific gravity  refractometry ™

color MACIOSCOPIC exantination

Equipment used

a): Clinical Refinctometer (Exma Inc.)

y: Clinical Laberatory System TBA-120 FR {Toshiba Corporaticn)

For the animal (No. 2001) which took all the water given and thus accurate water intake
could not be measured and for the animal (No. 3001) for which contamination of the
urine collected with drinking water was suspected in Week 13 of administration, the
amount of water intake was measured again and urinalysis was done again using the
re-collected urine. The data of re-urinalysis were adopted since they were all within the
range of the background data of the testing facility. For the animals that showed occult
blood (+ to ++) or protein (++) in the urinalysis of fresh urine in Week -2 of
administration and Week 13 of administration, re-examination was done (2 to 4 times)
for confirmation. However, since the values obtained in the re-examination were
similar to the initial values and the initial data were adopted, the data obtained in the
re-examinations were regarded as supporting data.

6.13.8 Hematological Examination

After deprivation of feed for at least 16 hours from the previous day, blood samples
(approximately 2 mL) were collected via the cephalic vein of all animals. Blood
samples (approximately 1 mL) that were put into blood collecting tubes containing
EDTA-2K (SB-41: Sysmex Corporation, Lot Nos. G5090, G6002, G6040) and items
listed in Text Table 6-1) were measured by the method specified in the same table.
Blood smear specimens were prepared by the May-Gruenwald-Giemsa staining method
for all animals. In addition, blood samples (approximately 1 mL) that were collected
into blood collecting tubes containing 3.8 w/v% sodium citrate solution (volume ratio
of blood to citrate solution = 9:1) were centrifuged (approximately 1,600 x g, 10
minutes) and plasma samples were examined for items listed in Text Table 6-2) by the
method specified in the same table. For moribund animals (Nos. 4102, 4106), blood
was collected in the same manner and examined, but these animals were not fasted
before blood collection.
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Text Table 6. Items, Methods and Equipment for Hematological Examinations

1) Examiration ois EDTA-2K weated blcod samcles

Item Aethad Unit

red blood cell couat (RBC) dual-laser flow cytometry® ) 107pL

hemoglobia (Hb) modified cvaomethenioglobin method ™ gdl

hematocr:t (Ht) caleulated fom red l'glood cell count and mearr %%
cxpuscnlar velume™

mean corpuscular volume (MCV) dual-laser flow cytometry ™ ) il

mezn corpuscular bemoglobin (MCH) calenlated fom red blood cell coun: and hemoglobin ™ rg

mena corpuscular hemoglobia coacenwyation  calenlated from hematcerit 1ad hemcglebin™ g'dl

{MCHC)

reticulocyte percentage (Reticulocyte) and laser flow cytometry by RNA stainig © Co.

counr 10%pL

platelet couns (Platelet) dual-laser flow cytometry ™ 10%L

white biood cell couct {WBC) dual-laser flow cytometry ™ 10%:uL

diZerential white blood cell percentage and  flow cytometry by peroxidate smining + dual-lazer fow %

diZevential wiite blcod cell connt cytemetry 10%,L

2) Examiration on: clasma samples separated from sodium citrate-treated blood samples

prothsonisin time (PT) clet methed 5

activared partial thromboplastin e (APTT)  clot methed* ) s

fbnaocen thromSoplastin method me/dL

Equiement vsed

a): Advia 120 Hematology Syutemi Bayer Cerporaiten, New Yorz USA)

b): Ceagulometer ACL 100 Cnstrumentatica Laboratory)

White dlood cells were clessified as monocyies. neutrophils. cosinophils. basophils,
Irmphocytes and large unstained cells.

6.13.9 Blood Chemistry Examination

Portions of blood samples (approximately 4 mL) that were collected ,
for hematology were put into test tubes, and allowed to stand at room temperature. The
serum samples obtained by centrifugation (approximately 1,600 x g, 10 minutes) were
examined for items listed in Text Table 7-1) by the method specified in the same table.

Blood samples (approximately 2 mL) that were collected into blood collecting tubes

containing heparin (approximately 20 units of heparin per 1 mL blood, Heparin sodium
for injection "Simizu", Ajinomoto Pharma Co., Ltd., Lot No. 40231) were centrifuged
(approximately 1,600 x g, 10 minutes) and the plasma samples obtained were examined

for items listed in Text Table 7-2) by the method specified in the same table. For

moribund animals, examination was done as far as possible. Fractions for protein
electrophoresis were evaluated as _ (_1+_2+_3), _ (_1+_2), and _. The serum samples
remaining after examination were sent to the Sponsor in a freezing condition for their

use.
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Text Table 7. ltems, Methods and Equipment for Blood Chemistry Examinations

1) Examination on sera separated after standing at rocm temperatura

Ttem Methed Lnit
ALP Bessey-Lowry method % UL
total cholestercl (CHOY CEH-COD-POD method ™ mgdl
triglyeeride (TG) 1PL-GK-GPO-POD method * mg'dl
total bilitubin (BIL) bitirubin oxidase method ™ mgdl
glucose (GLU) glucose dehydrogenase method ™ mgdL
blood urea nitrogen (BUN) urease-LEDH method ™ mgdl
creatinine (CRE) creatininase-creatinase-sarcozine-oxidase-POD method ™ mgdL
sodium (Na) icn selective electrode methcd ¥ mmolT
potassinen K ion selective electrode method © mmot T
chioride (C1) 1on selectve electrode method ™ mrob L
calciom (Ca) OCPC method ‘ mgdL
inorganic phospherus (IP} mctvbdic acid methed * mgdL
total protein (TP) biuret method > gdl
albumin (ALB) BCG method™ gdl
A/G matio calculated from total protein and albumin .

pretein fractions electrophoresis using celiufose acetate membrane ™ %%

2) Examination of plasma samples from heparin treated blood sample

Ttem Methed Lait -
AST (GOT) UV -rate method ¥ UL
ALT (GPT) UV-rate method ¥ oL
LDH TV-rate method ¥ UL
CPK TUV-rate method ¥ UL
Equipment used

a): Clinical Laboratory System TBA-120FR (Toshiba Corporation)

b): Cliniscan 2 (KK Heleaz Kenkyujvo)

6.13.10 Pathological Examinations

1) Necropsy

All animals subjected to necropsy were fasted for at least 16 hours from the previous
day. They were sacrificed humanely by exsanguination via the cervical artery under
anesthesia by intravenous injection of pentobarbital sodium (30 mg/kg, Tokyo Kasei
Kogyo Co., Ltd., Lot No. GMO01). They were subjected to necropsy as soon as possible
after sacrifice. The organs/tissues weighed and collected for histopathological
examination are listed in Text Table 8.

2) Measurement of Organ Weight

For the organs listed in Text Table 8, absolute weight was measured and the weight per
body weight (relative weight) was calculated from the animal’s terminal body weight
and the absolute organ weight. For the paired organs, organ weight was measured
separately but evatuation was done on the total weight.

3) Histopathological Examination

The subject organs/tissues are shown in Text Table 8. For all animals, the organs and
tissues were removed and fixed in phosphate buffered 10 vol% formalin. However, the
eyeballs and optic nerves were fixed in phosphate buffered 3 vol% glutaraldehyde/2.5
vol% formalin and the testes were fixed in Bouin’s solution and these organs/tissues
were preserved in phosphate buffered 10 vol% formalin. All the organs/tissues of all
animals were embedded in paraffin, and sections were prepared, stained with
hematoxylin/eosin (H&E) and subjected to microscopy.
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Text Table &. List of Organsiissues for Pathotogical Examination

Histcpathelogy

Organ tissue

H&E

Organ weight

cerebrum

cerebellum

medulla cblengata

¥
} (together)

spinal cord

OpiLc nerve

sCiatic nerve

eveball

lacrimal gland

pituitary

thyroid

paratbyreid

adyenal

thyoms

spleen

subnuzndioular lymph node

me:enteric h’% aode

heart

aofta ;‘aomc asch)

larynx

tracaea

lang (iccludiag broncims)

tengue

esoplagus

stomach

ducdeanm

{EfIan

ilewm

cecum

coloa

rectum

submandibula gland

sublingual gland

parotid gland

liver

enllcladder

pancreas

ladeey

ureter

urinary bladder

testis ovarn

< el el el |l e "_(4.‘ e Je |lcld |LBe Jeleledelelelaellle |1

epicidynus uterus

embg
Pro<iate t[gas

manumary glaed

stemnum (including bone marrow)

femur (iachuding bone muzsrow)

femora! skeletal nscle

shia (abdominal region)

B B 3 I B R

part for individual identification (ear avsicle)

(presesvatict: culy)

| Adequate Battery:

yes ( x ), no ( )—explain
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Peer review: yes (), no(x)

Results:
Mortality:
Clinical signs:

Body weights:
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Fig.t 3%-week repeated dose oma) texjcity study of KS-304 in dogs
Body weight changes
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Food consumption:

®)
Male (4
WF @ ‘ ; :
e S
]
100
@ e 0 13/kG
&~ ~—&1ngKg
‘ &— —{" 2 mg/kg
O & MK
) S TR S O SO SN WO 0 BN S O W VRGO S T R T S TR N, VPP W (R RO WP Wy g 0
1423 ¢8E7ESUNMRNPBUBETBUVNINRAIUZXDBADNRIXLBFRTEN
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8
§
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Histopathology: Adequate Battery: yes ( x), no ( }—explain
Peer review: yes( ), no( )
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Reviewer:
Toxicokinetics:
Text Table 9-1 TK Parameters of NS-304 in Plasma (Mean Values}
Dose ees Jisle E-uh
gk . 3
1
- . --*.,":—:—1:;:,. ,...'....j(.,l}._.i.;g.u.. -
o T
4
Text Table 9-2 TK Parameters of MRE-269 in Plasma (Mean Values)
Doze 2
(ks
1
4
Other:

Study title: Thirteen-week oral gavage range-finding toxicity study of NS-304 in mice

Key study findings: Study was primarily to determine doses for the carcinogenicity
study. Doses of 0, 100, 300, and 500 mg/kg/day were administered. The top dose of 500
mg/kg/day had one animal die, and liver and kidney effects after only 13 weeks. That
may be too high a dose for a 104 week carcinogenicity study, leading to loss of the high

dose group.

Study no.: T-08.292
Volume #, and page #: e¢CTD 4.2.3.2
Conducting laboratory and location:

Date of study initiation: Oct. 24, 2006

GLP compliance:

Yes

QA report: yes(x)no( )
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Drug, lot #, and % purity: NS-304, lot # 20, 100.3% pure

Methods

Species/strain: B6C3F1/Crlj SPF mice

Route, formulation, volume, and infusion rate: Oral Gavage

Age: 5 weeks of age

Weight:
group, respectively, to evaluaic toxicity and systemic exposure.  Individual body
weight on the starting day of administration ranged from 21.1 to 24.8 g i males and
17.2 t0 20.3 g in females tor the main group, and that for the satellite group ranged from

21210254 ginmales and 17.210 21.3 g in females.
Sampling times: see observation & times

Text Table 1. Group compositon

Test Dose Concentration Dose Sex Main group Satelhte group
group  (mpkg'day) {mg'mi} voiume No. of Animal No. of Antmal
{mlkgday) animals No. animal No,
Contrel 0 0 10 M 10 10011019 20 12011220
ersat s e ey eeases s s ree e O AAOLAEO 20 13014320
“Low e 10 it M 10 20012010 42 22012242
ety D PO SRR oS, oS || . ||| [ S— -,
Middie 300 30 10 M 10 30013010 42 3201-3242
e e e Jo, Awsi0 43 33013542
 High 500 st 10 M 0 404010 42 420i-4242
3 10 41014110 42 4301.4342

M. Male I:Female

Observation and Times: (this information can be provided in a separate section OR
evaluation times can be described for each parameter in the results section).

Clinical signs:
All animials were observed for clinical signs including external appearance, nutriiional

condition, posture, behavior and excretions 3 times a day (before, immediately afier and
approximately 2 hours afier dosing: however twice on Saturdays, Sundays and
holidays: before and immediately after dosing) during the administration period. In
addition, the observation of 2 hours after dosing was donc at days 3 (Saturday) and 4
{Sunday).

Body weights:
All animals were weighed twice in week 1 (days | and 7) of administration. and once a

week every 7 days thereafier, Measurement was done before adiministration between
08:37 and 10:23. In order to caleulate the relative organ weight, the body weight was

also recorded on the day of necropsy (noi fasted).
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Food consumption:
Food consumption was measured for cach animal twice in week 1 {days 1 and 7) of

administration. and once a week every 7 days thereafter. Mcasurcment was donc
between 08:50 and 11:12. On day 1 of administration, one day's food consumplion was
measured from the day before the start of administration and that on day 7 was
calculated from 6-day's curnulative food consumption. Thereatier, 7-day's cumulative
consumption was measurcd and one day’s food consumption was calculated.
Ophthalmoscopy:

Before the start of administration {during the quarantine/acclimatization period, 3 days
before adiministration), all candidate animals for main group were examined, and the
animals with ophthalmological abnormalitics that might affect the toxicity cvaluation
were excluded from animal grouping for the main group {note).

In month 3 of administration (week 13, day 85), all animals of each sex in the control
and 500 mg/kg groaps were examined afier dosing on the day of examination. The
examination in the 100 and 300 mg/kg groups were not done, since no treatment-related
changes were observed in the 500 mgikg group. The procedure for examination was as

follows.
The mydriatic agent (Mydrin™ P: Santen Pharmaccutical Co., Ltd., Lot No. MP0947)
was applicd to dilate the pupil and the anterior poriion, transparent body (optic media)
and fundus oculi were cxamined an ophthalmoscope (Omega 200: HEINE
OPTOTECNIK GimbH & Co. KG, Germany).
note:  Two males and one female with severe ophthalinological abnormalities such as focal
opacity in fens. persistent tunica vascuiosa lentis and myelinated nerve fiber were

excluded trom the present study.

EKG: not done
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Hematology:
At the time of neeropsy on the day following the end of the administration period, blood

samples were collecied from the vena cava inferior of all animals (not fasted) using

syringes treated with heparin sodium under ether ancsthesia inio blood collection tubes

(appzoximately 0.35 mL) containing an anticoagulant (EDTA-2K, Microtainer™ Tube:
Japan Becton Dickinson Inc.)).  The following paramcicrs were detennined.
May-Gruenwald-Giemsa siaining smears from all animals were prepared as resenve in
the case of microscopic exanunation. (Ultimately, the microscopic examination was
not conducted.)

Text Table 2. Items, Methods and Equipment for Hematological Examinations

ftem Method Uit

red blood cell count (RBC) duat angle laser flow-cyviometric measurerent” 10% UL

hemoglobin {Hb) modified cyanmethemog lobin method™ grdd

hematoerit (HCT) calcutated from mean corpuscuiar volume and red blood %
ceif count®

mean corpuscular volume (MCY) duat angle laser flow-cytomemnc mezsurement” il

mean corpuscuia hemoglobin {(MCH) calculated from red blood celi count ard hemogloba™ e

mean corpuscular hemoplabin concentration  calculated from hematoorst and hemoglobin®™ prdi.

(MCHC)

raticulocyte rato (Reticul ) laser low-cytomeine measurement with RNA stain® Y

platelet count (PLT) dua! angle laser fow-cytometric measurement” WL

white biood cell coum (WBC' dual angic taser flow-cytometric measurement” 105

differential leukocyte count { pate) peroxidase flow.cytometric measurement and dual angle %
lascr flow < yvtometnic measurement’’

Equipment used
a).  ADVIA™120 Hematology System (Bayer Corporation, New York. USA)

note Lymphocyies (LY M neutrophuls (NE), eosnophils (EOSINGY), basophuls (BASQ}, monocytes (MONO)
and iarge unstained cel's (LUC)
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Clinical chemistry:
At the same time as hematology, blood samples were collected from the vena cava

inferior into blood collection tubes (approximately 0.45 or 0.55 mL) containing
anticoagulant heparin lithium (Capiject”: Capillary blood collection tubes, Terumo
Corporation). The plasma samples were obtained by centrifugation {sct at 3,100 rpm,

approximately 1.690x¢g for 12 minutes) and the following items were delermined.
Text Table 3. Items, Mathods and Equipment for Blood chemistry Examinations

ltem Method Unit
ASl UV-rate method™ FEE
ALY UV-rate method™ L
Alp Bessev-Lowry method™ L
CK UV-1ate method™ na
total eholesterol (T-CHO) CEH-COD-POD method™ mgAdL.
wiplyeenide (1G} LPLGK-GPO-POD method? mgidL
total bilirubin (T-BIL) Dbilirubin oxidase method™ mpdl
ghucose {GLU) glucose dehydrogenase method™ mgidL
blood urea nitrogen (BUN) wrease-L EDH method® mg/dL
creatipine ({CRNN) creatininzse-creatinase-sarcosine oxtdase-POD method® mgdL
sodium (Na) ion selective electrode method® mmolfL
potassium {K) ion selective electrode method™ mmolL
chloride (Cl) ioh selective electrode method” mmolL
calciurm (Ca) OCPC method® _ mgidL
inorpanic phosphorus (P} molybdic acid method® mgdL
totel protein (1F) Biuret methed gidL
atbumin (ALB) BOG method® gl

Equipment used
2):  Toshiba Biecherical Anabvzer Mode! TBA-1205R (foshiba Corp.)

Urinalysis: not done

Gross pathology:
After collecting blood samploes, all animals were sacrificed by exsanguination from the

abdoininal aorta under cther anesthesia. Extemal appearance and all the organsitissucs
in the cranial, thoracic and abdominal cavitics were carefully cxamined and the results
were recorded.
Organ weights (specify organs weighed if not in histopath table):
After necropsy, the organs listed below of all animals were weighed (absolute weight)
and organ weight per 100 g body weight (relative weight) was calculated based on the
animal's body weight (not fasted) and absolute organ weight. The paired organs
indicated by asterisks (*) were weighed separately: however, evaluation was done on
tiwe total value of the right and left organs.
brain, spleen, heat, lungs (including bronchus), salivary glands (submandibular +
sublingual glands)*, liver {including gall bladder), kidneys™, testes* and uterus
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Histopathology:
All the organsitissues listed below of all animals were fixed and preserved in phosphate

buffered 10 volY formalin. However, the eyeballs and optic nerves were fixed with a

APPEARS THIS WAY ON ORIGINAL
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mixture containing 3 w/v% glutaraldehyde and 2.5 vol% formalin, and the testes and
cpididymides were fixed with Bouin's solution, and then preserved in phosphate
buffered 10 vol%, formalin. The organsitissues marked with # listed below of all
animals were embedded in paraffin, sectioned and stained with hematoxylin and cosin
(H.E). Of these, all organsétissucs from the control and the high dose groups were
cxamined histopathologically. [n addition. sections of the liver in both sexes and
kidney in males from all other groups were subjected to histopathological examination,
since treatment-related lesions were suspected in these organs.  In addition, the
mammary gland in females from all groups was obscrved, since treatment-related
changes were obscrved in a 26-week oral gavage toxicity study of NS-304 in rats with
4-week recovery period ® @ Study No. 85895)“. Ultimately,
no treatment-related changes were ohserved in mammary gland in the present study.
Other than the above, the animal that was found dead on day 3 in the 500 mgkg group
(No. 4328, satellite group) was necropsied and all the organsAtissues listed below were
fixed, preserved and examined histopathologically to presume the cause of death, since
no treatment-related deaths were observed in the main or satellite groups during the
administration period except for this animal. The paired organs indicated by asterisks
(*) were examined unilaterally: however, these were preserved bilaterally.
cerchrum, cercbellum, spinal cord (cervical, thoracic and lumbar), sciatic
nerves*, eyeballsi*, oplic nerves#¥, Harderian glands*. pituitary#. thyroids#*,
parathyroids*, adrenals#*, thymus#. spleen#, submandibular lymph node,
mesenteric lymph node, heart#. thoracic aorla, trachca. lungs (including
bronchus)#, tongue, csophagus. stomach#, duodenum#, jejunum, ileum,
cecumd, colon, rectum, submandibular glands#*, sublingual glands#*, parotid
glands*, liver#. gallbladder#, pancreas, kidneys#*. urinary bladder?, testes#*,
cpididymides®. prostate, seminal vesicles®, ovaries#*, uterus#*, vagina.
mammary glands (inguinal region, females only)#*, stemum (including bone
marrow), femurs (including bone marrow)i*, femoral muscles*, skin (inguinal
region)*, oviducts®, extraorbital lacrimal glands*, Zymbal's glands*, larynx.
nasal cavity. preputial glands*, clitoral glands* and gross lesions (note)
Besides the organs/tissues listed above, the site of animal identification (car auricle)
was preserved.
note:  Gross lesions were observed only in the animal that was found dead in the satellite group.

Adequate Battery:  yes (x), no( }—explain
Peer review: yes( ), no( )
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Results:

Mortality: one female in the high dose group died of treatment related causes on
treatment day 3, but this individual was in the toxicokinetics group. One male died in the
low dose group, but it was not thought to be due to treatment. BEST AVAILABLE COPY

Clinical signs: ®)
3338
Tatle | Tair<een-wees oral gavage range-findiag texicity study of No-21 o mize (@)
Clinical sigs
Feer of adnivianatics
Sex Base FiaMuge

i day 1 2 3 4 H L 7 8 3 1% u 5] 13
L Mo of aninals 1 ¥ 10 1< 19 " 0w 10 B 1 1o 1 10
X. sbeornality 1 ) 10 1 1c 1 1% i w 10 10 ¢ 1
Rale e 3. of animals 1y © ) LI O 18 1 1" 16 1 1 10 1 10
© o rmality 1w b 1 15 W 1 W 1 |V w 10 i 10
p So o aaimals 1y B KoK K 1 K8 3 JLANES DR V) w
Mo el oraalizy [ 9 & € 7 K d 5 € 1 ] < 4
Flacidity 7 v v < [ ¢ < ¢ < 0 ] b b
Plasdlint ) 15 1 2 1 3 H 3 5 4 [ £ 1 &
0 Ne. ¢f animals 14 1® i 1 1 Ko1K 10 1 10 10 I [
2a tnality U} 2 1 2 1 1 1 [ : 1 1 ¢ v
Flas:idizy v ¢ < v < 4 ¢ L4 k3 [ < % 0l
Tlasiflinds) 1 5 2 8 b k) 9 1 & @ 9 1© e
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Body weights:
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Food consumption:
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Ophthalmoscopy: no abnormalities reported

EKG: not done
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Hematology:
Table 3-1 Teirieir-werk oral mavags rarge-firZing toxicity stedy of NC-304 ir mioe A
Item : Yematolopy Stagz ¢ Week 13
Sex  Msle
Test Article A8 13 T WV MO
Dosz 1084l =il » L e f. 200
Ny Mear e ne 4.0 LES | 1.0 xD
¢ me/kg 8.9, a €& 14 0.4 @l L
z 1 1 1 n ”® 15
N304 Meax vo7l 165 455 43 9D2es 1€, Zi2es 35.4
100 me'hy s.D. “@ Gé 1= 0.5 [ @
r "n 10 1 10 10 1w
N34 Mear 1212 16. 6D 4G 004 40 DA 16 e 358
35 oafke S.p 4 (%3 L3 e 0l 0.4
3 10 16 16 1w 1 0
N304 Mean 1009 16, Kioe 6. 70 46. 2 16, A2+ A4
= mwke 5.0, K ©.6 LE a3 0z c.L
T 1 10 1 10 1@ 10
Sieniricartly ciffsrani trom corul I P 0E, wPD0)
Doibeerete Test Two~Zich
Tabl: &-~4 Thirtser-week eral eavage raxge-findicg toaieity sty of WS-304 ir mice L0
1tem ; Rematolegy Stage : Week 12
Sex @ Fuaule
Test Asticle RBC e T MY L) N
Dose B el &5 . fl ™ [ 20
NS-334 Searn N 191 45.4 45.2 1z %4
0 meikg 50 & ¢4 LC 2.5 e o
L | 16 16 16 10 g
NE-IM Mrar 1518 M CITA 43 002% 4719244 15, 60Ces 353
160 mg'ke b, ° 0.7 18 (3 o1 LS
3 10 10 1% 1l e 1]
N&-3M Mean 15400 15, 1o 45 S 4D 1.0« a1
2% make sD. x 0.€ L€ (%3 el c4
r 16 1¢ 1 1¢ ] |8
NE-20 Hear 104000 17, Sies L4000 47, G 16 G4 356
50 me'¥g 0. M 0.5 14 04 62 [OR
T 1% 14 w 10 | 1 1w
Sigrifisertly differer: from control e ROOL e P00
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Title 5-5% Thirteer—wezk cral gavags range-firdire towizity stuiv of Ne-204 ir mice .ﬂ‘l
Item © Bematelogy Stage @ Wek 13
Sex : Female
Test Artizle Retirulocyte PLT Ly L e RS
Dose . * 1CE4AL 0E2AL % S
Us-34 Near - 105, % o EL0 155 1.2
¢ npfRe 5. 0§ 50 €3 4.3 16 0.7
T 1¢ 10 10 1% 1 I
N Near =4 ne4 =4 S48 12.2 L2
V9 ngka 8.0, «©3 3.5 £4 it il LG
] % 1w 16 1 p1g big
NS~ Maar 2€ 11E, C0ie s el 14.¢ 1.2
YL mxke b 8 Q& e 7.4 &1 5.4 .9
4 189 1% 1w bt 1¢ ¢
NE-3C4 Rear 2 Loz 16, 2Dl 8.8 5.1 142 6.3
O medke 5.0, L] E8 K1 L9 2.2 6.2
- 114 1¢ ) (3 1z o 1%
Simificartly Zifferent frcm sortrol HER SRS T o )

DEiDumrett Test Two-Side

Clinical chemistry:
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Teble & -1 Trirteer=woe s cral gavage rerpe-firding toxicity study of W-304 {= mice
Item : Blood Cramistry Stage 1 duk 12
Sex ! Male
Test Artizle ALT CK AlP T-00 ™
Boza L /L /L mre g/ dl
NS-304 Mear 41 5 v = 1% &
0 maing S0, 2 3 18 iy s 13
1 i 16 Y: ] 16
NS-304 Mear 3 A 113 picd 120 “
1% me/ke §0. 1 < 11 B & 3
1 W 10 10 1 1 10
NS-34 Nesr “ | 93 2 L0 £
300 mefke &, € 2z 8 2 ¢ ®
T 10 v 10 10 w 1w
NS-2M L5 4 > 635z 24 13302 €
U mglke 5.0, 3 3 29 = € 15
13 b v ¢ 16 % »
agrifizartly zifferent from comtral » PG, w4 P00
Dotbammett Tast Two —Side (Slisteed Tesi Iw.ld
Tatle €-2 Thirtcer-week orel yavaer ra w-finding texizity stedy of "E-304 ix mise 4-;:
Itpn © Blzow Cramiztry Staps 1 Week 12
Sex & Male
Tezt Article T-X1L (R o N N
‘ meil ool mean m aoc )L e 1L
NI Meax &1 0 P33 T 14 1€
& medie D (R el ¥ .01 1 4
= ) L 1 16 w 1w 1
Ne-2M Mear el 1455 N oo bl 4.8
1 me e £D (R d 1 € .5 1 64
T 1’ w 10 1¢ 10 1¢
Moar 6.1 19 = .09 15 4z
L&D, e 19 3 .01 1 L)
r 14 1 16 0 1 1%
N304 Mear 6.1 ¥ e g 0.0 155 4.4
e me/ke an 0.9 N 2 .9l < F
bd " LG 1 w 1¢ |
Signidicartly ciffarent fria coatrol Y T |

DoiDurrett Text Two-sicz
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Table &-4 Thirteer-weik ural gavasz. ravge-finzime tixicity stuiy of NS-304 ir mice

Item © Blecéd Chemistry Stags ¢ Week 12
fex 1 Timale
Tess Article AT ALT K ALP ™GD ™
nse na s R/ na my7EL me L
N Mear 4L & 4C “l 123 “
C mg ke S0, L = 19 *® n €
(4 1w 1° ¢ e 10 1
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) 12 L] 19 1 ) 13 »
N2 Mean 9 % 52 4 115022 49
0 mz kg 0. 1 v 17 L1 11 w
= 19 ] 10 14 10 12
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Organ weights (specify organs weighed if not in histopath table):

Tabls T-1 Thirteen—week cral gavipe range—finding toxizity siuly of No-104 ir mice
Tvem § Absoluete Orgar Weighy Stape ¢ Week 12
Sex o Mele
Test Article Uody weight Brair Salivary glens-E. ficart Lang Liver
Dose r's me LT3 ne L3 L4
NS-304 Mear 6.3 505 201.¢ 14 182 .37
0 meke SN 13 14 .o 12 10 [ 3
n 10 10 d 1% 16 L)
Ne-iy Mear. al 318 4l 151 L®
1 maskg sD 1.4 11 16 7 o 14
n 10 ©e 1 (4] 1
Ni-¥d Meax ol § 457 141 1E ] 1. 33004
ECON "3 73 EXN L2 1€ 14 el
L 10 » | [ 10 1
No-3d Mear 3.3 9% S35. 202w 13 155 1. S0
6wk 0. oe T 1ne 9 ¢ [ o
L 12 K 14 b 16 10
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ee mg L3 me
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€ meike 2 1 ) 1
[ ¢ 1 ¢
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¢ mrike £ N I 3 18
r 16 1© 1
NE-1d Mear 31 415000 185
W ma e S0 2 S | 1%
‘ = 1w i 1
NI~ Mian L HaDoe 1@
S marke &p. 3 15 17
L 1% 12 W
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LRSS Mcar .0 &l 12Le R [EN L
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Tatle 7-4 Thirteer-week oral pavage ravos-firdirg toxizity stedy of NS-204 ir mice
Itea © Absolsie frpa Weient Staes © Weer 13
Zex ! Femalz
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Duge oe me mw
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Table 7-7 Trirteer-week oral gavage ranpe-finding toxicity study of NS-304 ir mice 935
Item : Relative Urpan Weighs btage @ Week 1Y
Sex ¢ Female
Test Article EBody weight 3rairn Salivary gland-¥L leart lxg Liver
Dote '3 ng/1%g ng/100g me, 100 me /1 241508
NE-3M Mear %0 X6 7.4 E B4t 4.8
© meke £0. 0.8 kL] 4.8 3 =2 @
3 1 10 10 10 10 i
NS-¥M Msar %2 1581 L4 L 475 48
160 mesne 5.0, L2 iE 2.0 = o
T 1¢ 10 1¢ e 1w
NE-¥H Mear x£.9 |y £29, ToAs L= RS
I s kT s.p € (-] 4.5 <l L
E 10 13 10 15 »
N3 Moax 2.2 1924 LIS T A Dk el €, 4200w
0 mefam <D 0.9 £l £.& = A L) |
3 |y 1w 114 1o 1w 1%
Sigrificantly Zifferamt from contral Tk P 0)
D2iDuexett Test Two-tice
Tatle 7-§ Tritteei-—wei% cral paveve vanee-firiire toxicity study of N-204 1n mice s
Item : Jelative Orger Weight Stags : Wesk 12
Sex ¢ Female
Test Artacle Enleer Kicrey-Ho Uierns
Duss [T 4 i lidn LISt
Na~3dq Mear M 1202 53
0 me kg . 4% 45 M7
T I3 1% ¢
NS-Hd Mear LT 1224 et
WK e Ko S E2d] 34 ne
b4 1¢ 1¢ ) {2
Nk Mot & 1Teims &2
L0 mie S0 a0 44 124
r 1% 10 1e
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B0 e ke 8.9, k1]
3 "
Sierificantly zifferest from eontral T ee P01

Wihrrets Tost Two ~=ids

Histopathology: Adequate Battery: yes (X ), no ( }—explain
Peer review: yes( ), no(x)
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IND No.

Text Table 5. Summary of TK parameters

Fuemale (n—3)

Sex Male (n—3)
Dose {mz ke day) 100 300 500 1600 300 S0
NS-304
-‘!‘ll‘lii\ (h)
Dy 1 0.5 0.5 ¥ ns (G5 0.5
Week 13 0s 0.5 2 ns 0.3 (0.5
Cppon (02 mLy
Day | 9660 26500 21100 12200 35900 45600
Wiek 13 16900 23200 27300 1R00 24900 JEROO
ALCu s (n-h mll)
Day 1 15000 HEI00 295000 19500 J15000 310000
Week 13 12200 S2100 90000 10106 44400 T4
MRE-26%
o thy
Day | ] 1 X 03 t 0.5
Week 13 03 05 2 us 0s 2
Cin (nz'ml)
Day 1 16000 J9500 175040 X230 19144 17000
Week 13 11400 12400 20300 7150 13500 12400
ALCq g, (ngh mly
Day i 23600 Y9200 250000 21400 9R¥00 223000
Week 13 12400 1500 1500 YY) 3urou S8000

Vahae m the table (O, and AUC, ») indicates the mean value of 2 animals.
Ty incicates the time shown C.

Other:

Histopathology inventory

Study

Species

Adrenals

Aorta

Bone Marrow smear

Bone (femur)

[Brain

f[Cecum

[[Cervix

Colon

Duodenum

Epididymis

[Esophagus

[Eye

Fallopian tube

Gall bladder

Gross lesions

Harderian gland

Heart

leum

Injection site

Jejunum

62



Reviewer:

IND No.

||Kidneys

[[Lachrymal gland

[Larynx

over

(Lungs

[Lymph nodes, cervical

ymph nodes
mandibular

Lymph nodes,
mesenteric

[Mammary Gland

[Nasal cavity

[Optic nerves

[Ovaries

{Pancreas

[Parathyroid

IPeripheral nerve

[Pharynx

[Pituitary

[[Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicles

Skeletal muscle

Skin

Spinal cord

Spleen

Sternum

Stomach

Testes

Thymus

Thyroid

Tongue

Trachea

Urinary bladder

Uterus

_\_/a_gina

Zymbal gland

X, histopathology performed ??
* organ weight obtained 77

2.6.6.4 Genetic toxicology

Study title: Reverse mutation test of NS-304

Key findings: ACT-293987 and ACT-333679 were non-mutagenic under the conditions
used in this Ames bacterial assay



Reviewer: IND No.

Study no.: T-08.279, T-08.278

Volume #, and page #: eCTD

Conducting laboratory and location: Name of facility where the test was conducted:
Toxicology Department, Research and Development Division, Nippon Shinyaku Co., Ltd.
Address:

14 Kisshoin-Nishinosho-Monguchi-cho, Minami-ku, Kyoto

Date of study initiation: Study initiation date: 24-Aug-2004

GLP compliance: yes

QA reports: yes( ) no( )

Drug, lot #, and % purity: 1.1 Compound code: MRE-269

1.2 Lot number: 9

1.3 Date received: 31-Aug-2004

1.4 Source and responsible person: H. Yamashita, Test Article Management Unit

1.5 Quantity received: 3.00 g

1.6 Characteristics 1

1.6.1 Description: A pale yellow crystalline powder, meeting the specified requirements
1.6.2 Identification (ultraviolet spectrophotometry): MRE-269 proved to meet the specified
requirements.

1.6.3 Purity (liquid chromatography): The total area of the peaks (of related substances)
other than the peak of MRE-269 was® D%, thus meeting the specified requirements

(not more than ®9%).

Study No.: TX-1298

1.6.4 Assay: The assay value was ® ®%, hence meeting the specified requirements (98.0 to
101.0%).

Methods

Strains/species/cell line:

Strain designation Genetic characreristics
TA100 His. worB.fa R
TAI335 His™. uwerB . rfa
TAOS His™. weB. rfa. R
TA1537 His™. worB". rfa
WP2mvrA Trp™. uerA”

His : Histidine-requirement

Tip : Tryptophan- requirement

wsrB : Defective of DNA repair system (sensitive to ultraviolet ravs)
usTA : Defective of DNA repair system (sensitive to ultravioiet ravs)
rfa: Membrane mutation (sensitive to crystal viofet)

R: Amprcillin-resistant
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Doses used in definitive study: see tables below

Basis of dose selection: dosing study done

Negative controls: see tables below

Positive controls: see tables below

Incubation and sampling times: from the sponsor:
13 Test Procedure

13.1 Test method

The test was performed by the preincubation method with and without a metabolic
activation system (S9 liver microsomal fraction from arochlor-treated rats).

13.2 Number of assay plates

In both the dose-finding assay and the main assay, the test was conducted with a
negative control (DMSO), the test article and each positive control by treatment
(incubation) with and without metabolic activation using duplicate assay plates per dose
except the negative control for which triplicate plates were used.

13.3 Identification of plates

Each plate was marked with the study number, name of tester strain, presence or
absence of 89, name of test article or control article, concentration (treatment
concentration and stock solution number) of test article or control article, and
intra-treatment identification number.

13.4 Treatment with test article or control article, and incubation

To each tube, 0.1 mL of the test article solution or control article solution, 0.5 mL of S9
mix, and 0.1 mL of the bacterial suspension were added, mixed, and agitated for 20
minutes at 37°_C. Two mL of the top agar was then added to the mixture and poured
evenly over a minimum glucose agar plate, and the plate was observed for test article
precipitation. After the top agar hardened, the plates were incubated in a T.H. Type
Digital Incubator Model HD-12-b (Hirasawa Works Co., Ltd.) at 37_C for about 48
hours.

13.5 Observation of revertant colonies

Plates were observed for inhibition of bacterial growth of the tester strain under the
inverted microscope to check for antibacterial (cytotoxic) effect of the test article. They
were then examined for the number of colonies formed by prototrophic revertants that
emerged, and observed for test article precipitation. Colonies were counted with an
automated colony counter (Bio-Multiscanner BMS-400; Toyo Sokki Co., Ltd.). Colony
enumeration data were tallied using the Genotoxicity Study System MUTAPACK, of
which protocol registration was made by the study director.

13.6 Sterility test

Top agar was added, 2 mL each, to 0.1 mL of the test article solution and to 0.5 mL of
S9 mix, and these were poured evenly over nutrient agar plates. After the top agar layer
hardened, the plates were incubated in the same manner as indicated in Section 13.4, and
examined for bacterial contamination.

13.7 Interpretation of results

Plates were subjected to interpretation of results for mutagenic activity of the test article
providing that the sterility test showed no bacterial contamination and that the numbers
of revertant colonies on plates treated with the negative control and those on plates
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treated with positive control articles were within the limits (mean_3SD) of background
dataio).

The test was interpreted as positive when the number of revertant colonies (mean per
plate) on plates treated with the test article was twice or more than that on negative
control plates and when the increase was dose-dependent. No statistical processing of
the data was performed.

Results
Study validity (comment on replicates, counting method, criteria for positive results,
etc.): studies followed guidelines, had sufficient replicates, used typical criteria, and

positive and negative controls behaved as expected.

Study outcome: Findings were interpreted as negative
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Table 2 Beverse mutation test of NE-268
Ukalr: assay)
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Teale & Reverse mutation test of XS 34

Qein sssay)
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Study title: Chromosome Aberration test for MRE-269 and MRE-304

Key findings: ACT-269987 in the absence of S9 was clastogenic at a high dose of 250
mceg/mL, but negative in the presence of S9, ACT-333697 was negative for chromosomal

aberrations in Chinese hamster lung cells.
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Study no.: T-08.280 and T-08.281

Volume #, and page # e¢CTD

Conducting laboratory and location:

Name of facility where the test was conducted:

Toxicology Department, Research and Development Division, Nippon Shinyaku Co., Ltd.
Address:

14 Kisshoin-Nishinosho-Monguchi-cho, Minami-ku, Kyoto

Date of study initiation: Study initiation date: 16-Sep-2004

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity:

1.1 Compound code: MRE-269

1.2 Lot number: 9

1.3 Date received: 30-Sep-2004

1.4 Quantity received: 8.0 g

1.5 Source and responsible person: H. Yamashita, Test Article Management Unit

1.6 Characteristics1)

1.6.1 Description: A pale yellow crystalline powder, meeting the specified requirements
1.6.2 Identification by ultraviolet spectrophotometry: MRE-269 proved to meet the specified
requirements.

1.6.3 Purity by liquid chromatography: The total area of the peaks (of related substances)
other than the peak of MRE-269 was | ®%, thus meeting the specified requirements

(not more than ' ®%).

1.6.4 Assay: The assay value was ® ®9%, hence meeting the specified requirements (98.0 to
101.0%)

Methods

Strains/species/cell line: A cell line derived from newborn Chinese hamster lung (CHL/IU)
was used.

Doses used in definitive study:

Basis of dose selection: cytotoxicity and solubility

Negative controls: DMSO
Positive controls: Mitomycin C (-S9), Benzo(a)pyrene (+S9)

Incubation and sampling times: see below tables

Results
Study validity (comment on replicates, counting method, criteria for positive results,

etc.): study used typical criteria for positive and negative results, counting methods and a
typical number of replicates.
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Study outcome:

Tablo 1 Chromosome abevation test of NS-304 : Bhort Time Treatment Method

Trectmert  Recorery Nuniisciod st Sharsant ool Number of Can
I e S e
DMSO - 8 - 13 - 200 o 2 ¢ 0 0 0 2( 10) o o0} 1000
NS-304 81.25 ¢ -8 - 200 o 1 1t o o o z2( 10) o( ©o) 1008
625 6 . 113 - 200 o 1 ' 0 [ 2( 10) 0( 00 L1k
126 6 - 8 - 200 o o © o 0 o of 00) 1( 03) 7o
250 ] - " - 19 1 1% 4 ©0 0 0 53(405)* o0 o0) 547
500 6 - 13 - ° - - - - . L ¢ =} ¢ =) a1
1000 P L] & 1] & 0 - 2 = - = - - -) -( -) 28
MMC 0.1 8 - 135 - - 200 188 103 0 0 0 1IW(HS5)™ o0 oo) 847
oMSO - s - 18 . 200 o 1 0 © 0 o 1( o5 o( oo) 1000
NS-304 25 ] - 13 . 200 o L 1 0 0 0 1( ©s5) o op) 840
50 6 - un . 200 o o o o 0 o0 ©of( 00) 0( opn) 808
100 [ 18 . 200 o o 2 o o o 2( 18) 0( oo) 802
200 @ _ 18 + 200 0 1 3 0 0 o 3a( us) 0( 090) 483
4o ] -’ . 0 e N G | -0 =) 0
60 P B - % . ° - - = = & = =) -¢ =) 20
BlalP 20 A - 18 + 200 0 108 1 0 ne( 50)" O0( 00) 624
oth, chromatid bresk, cte, d osh, brosk: cie, henge, g, fra
MNC, mitemyeinG; Ble)P, Benzolalpyrene
* Signficantly different from nagstive cantrel (p<0.09)
* Significantly differsnt frem nagative contrel (pC0.01)
P, Pracipitation
Table 2 Chromosome aberrstion test of NS-304 : Long Time Treotment Method
Dose Trestment Rno‘onn = : Number of strustursl absrmant callc Number of Cef
Sbens (wwmd TN Ty amysedodle cp ch cte osb we "‘_:pm T e
DMSO - 24 o 200 0 1 1] 0 0 0 1t ( os) o oe) 1000
NS-304 15 2 0 200 o o 0o o o © Dbp{ 00) o ( 00) 1034
30 2 0 200 o o 1 0 o o t{ 05) 0 { 00) 1053
80 2 0 200 o 1 10 o 0o 2( 10) o ( 00) 884
120 24 0 200 o o o 0 © o ©0¢ 00) 0( 00) 841
240 4 0 0 e - - - - w - ¢ =) -{ ot | 391
480 2 o o - - - - - - - ¢ -) - =) n2
® P 0 0 = - - - - “w( =) - = e
MMC 005 24 0 200 0 B & 0 0 0 83 ( 415) 0 ( 00) 838
oMSO - 4 ] 200 [ 1 e o0 o0 o0 1{ 05) o( 0o’ 1000
NS-304 625 48 0 200 0 1 1 0 9 0 20 10) 0( 00) 1008
125 48 0 200 0 1 0 0 0 ] 1( 05) 0{ H a7
% 4@ 0 200 @ @ © o o o of 00) o{ 00) 1012
50 a8 0 200 o [ ] (4] o 0 0( 00) 0{ 00) 87
100 48 0 200 6o 2 4 o0 0 0 6( 30) o o0) 381
200 48 0 0 - = = = - = = i = sy = 200
400 L] 0 0 - = - - = - -f -3 { -) 181
MMC BLS 48 0 260 0 45 11 0 0 O 123 ( 615)* 0{ 00) 745
ath, chromatic broak, cte, ch 4 owb, oh brosk; cse, chr hange, fry. Fr

MHO, s tomyeinG
* Siznificantly different from negative contro! (p<0.05)
* Significantly differsrt from negative control (p<D.01)

P. Preciitation
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Table 1 Chromosome abarration tect of MRF-289 | Short Time Treatment Mathod

Dose  Trestment  Recowny o5 gppecof oo e e ottt el e
g0 T e ik oo e e o 4 TS waisk e
DMSO - ] - ® - 200 0 3 1 O 0 0 4( 20) o( 00) 16,0
MRE-269 36,25 ] - 18 - 200 ¢ 0 o0 0 o ©° 0( 00) 0 00) (1]
728 ] - - 200 6 2 1 o0 o ¢ 3( 15) 0( 00 106.0
s € - w8 200 6 e 1 0 o 0o 1( 08 0¢ 00) 9
% P 8 - B - 200 0O 4 4 0 0 0 1( 385 0( 00) s
5% P 3 - 18 - ] - - - - - - -t =) -¢ =} 65
10 P & - 18 - 3 - e S | =t =) 78
MNC 01 § -~ 18 - 200 1 48 8 0 0 O 112( 50)" 0( 00) 389
DMSO - 8 - © - 200 o o t 0 © o 1( 0s) o ( 00) 1000
MRE-266 75 [ - . + 200 o o6 © o o o o 00) o 00) 1012
£ L ] + 200 6 1 ¢ 0 © o 1( 08 0 00) 25
7 5 - 18 . 200 o © 1« o 0o o0 1( 05) o 00) 8.7
140 6 - 1 + 200 6 1 1 0o 0o o 2( 10) o 00) 0ne
280 6 - 18 + 22 - =~ & =& - = = =) - = M2
%0 P 8 - 18 e 0 T G ! %
Bl 20 6 - 18 + 200 21 88 75 ( 915) * 0 ( 00) 735
oth, braak; ote, chromatid axchange; 2ab, chr break; com, ch changs, frg, fi
MG, : BOYP, o
* Significantly ¢fferect from negalive control (9<0.05)
** Sizoificantly different from negative contro! (p€0.01)
P, Preoitation
Tat'e 2 Chremotome abemration test of MRE-268 : Long Time Treatment Method
™ ”, Number of structural abeans, colls Naber of Gol
. Dose Number of 4
Substence "o, 0y m - m B Tq—alm o) odwlddm oufls Mmm
DMSO - % - 0 200 o © o ¢ o 9 o( o0) 1( 05) 100.0
MRE-26% 225 2% - 0 o0 o 1 o 0 o 0 1¢( 08) o( 00) 803
45 2 - 0 200 ¢ ©o o0 © 0 0 o0 00) 0 00) 033
% u - 0 200 o 1 © o6 o 0 1{( o5 o ( BO) 748
180 % -~ 0 200 6 2 o0 0 0 0o 2( 10) 0 00) 542
W P AU - 0 L} = L = = = =f =3 = =1 a4
W P M4 - 0 3 S GRS - = "1
Muc 0.05 U - 6 200 O 32 o 0 0 0 4! 520)% 0 { 00) 731
DMSO - @« - 0 200 ¢ © 1 © 0 0o 1{ 05) 0( 00) 100.0
MRE-260 13,35 € - 0 200 © 0 © © 0o o 0{ 00) 0( 00) 1044
215 a8 - 0 200 o 2 L] 0 [ [} 2 ( 10) o 00) 887
35 “ - 0 200 ¢ ¢ v 9 0 o 1% 085) e ( og) 923
110 48 - 0 200 0 0 0 0 0 L] 0¢ 00), 0 00) €0
220 4% - 13 o - - - -( =) -( =) 72
40 P 4 - 0 [} - = = - -t =3 -{ =3 163
MMC 005 48 - 0 200 1 5_! 140 0 148 ( 740) ™ 0 ( 00) £7.7
cth, chromatid brack; ote, chromatid sxchange; cb. ch bresi; cve, change; fre, i
MMC, mitomycinG
* 5% difforent fr gotive control (p<0.05)

* Significantty Cftuzent from negative control (p<0.01)
P, Precigitation

Study title: Micronucleus test of NS-304 (MRE-304) with mouse bone marrow cells

Key findings: No indications of in vivo clastogenic activity by ACT-293987 or ACT-
333679 were seen in the assay.

Study no.: T-08.282

Volume #, and page #: eCTD
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Conducting laboratory and location:
Date of study initiation:

GLP compliance: yes

QA reports: yes(x) no( )

Drug, lot #, and % purity:

Methods
Strains/species/cell line: male S1c:ddY mice

Doses used in definitive study: 125, 250, and 500 mg/kg/day

Basis of dose selection: previous dose and toxicity studies

Negative controls: 0.5% methylcellulose
Positive controls: mitomycin C at 2 mg/kg

Incubation and sampling times: from the sponsor:

5. Preparation and Administration of the Test Article and Negative Control

5.1 Route of Administration and Rationale

5.1.1 Route of Administration: Oral

5.1.2 Rationale for Selection: Oral route of administration was selected according to the
envisaged administration route for humans and the Guideline for Genotoxicity Studies.
5.2 Dosing Volume: 10 mL/kg. The animals were weighed immediately before
administration on the first day of administrating using an LP2200S electronic balance
(Sartorius K.K.) and a computer system for genotoxicity studies MUTAPACK. Based
on the body weight measured, the dosing volume for each animal was determined at 10
10

Actelion Research Report T-08.282

Received May 2008

Study No.: TX-1321

mL/kg of body weight. The dosing volume was calculated to 2 decimal places by
rounding up the third decimal place.

5.3 Method of Administration and Rationale

5.3.1 Method of Administration: The test solution was administered to mice by oral
gavage using a sterile disposable syringe (Terumo Corporation) attached with a metallic
oral sonde.

5.3.2 Rationale for Selection: The method was selected because it is generally used for
oral administration of drugs to mice, and, as documented by Sponsor, it is orally absorbed,
and metabolized to active drug in the mouse .

5.4 Number of Administration and Rationale

5.4.1 Number of Administration: Once daily for two days.

5.4.2 Rationale for Selection: The frequency and number of administration was decided
according to the Guideline for Genotoxicity Studies.

5.5 Time of Administration

5.5.1 Dose Finding Study: 9:30 to 9:55 a.m. on January 25, 2005 and 9:36 to 9:56 a.m.
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on January 26, 2005
5.5.2 Main Study: 9:43 to 10:23 a.m. on February 15, 2005 and 9:44 to 10:25 a.m. on
February 16, 2005

5.5.3 TK Measurement Study: 10:00 a.m. to 4:20 p.m. on March 1, 2005 and 10:01 a.m.

to 4:20 p.m. on March 2, 2005

5.6 Doses and Rationale for Selection

5.6.1 Dose Finding Study

Doses: 62.5, 125, 250, 500, 1000 and 2000 mg/kg

The highest dose was set at 2000 mg/kg according to the Guideline for Genotoxicity
Studies. Totally 6 doses were set using a common ratio of 1/2.
5.6.2 Main Study

Doses: 62.5, 125, 250, 500 and 1000 mg/kg

More than half the animals died at 1000 mg/kg in

the dose finding study (See Results).

11
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Results
Study validity: Study followed OECD approved methods, criteria, and replicates.

Study outcome: Study was considered to be negative for clastogenicity.
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2.6.6.5 Carcinogenicity not done

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development

Study title: study of fertility and early embryonic development to implantation in rats

treated orally with ns-304.
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Key study findings: The high dose group females experienced a brief weight drop on
day 4, but then recovered and gained weight at the same rate as the other groups.

The high dose group (60 mg/kg) was delayed in time to copulation, and all the treated
animals had reduced litter size, however, the reduction was not statistically
significant.and there was no effect on number of corpora lutea, or pre or post-
implantation loss.

Study no.: R-950

Volume #, and page #: eCTD

Conducting laboratory and location:

®@
Date of study initiation: October 3, 2006
GLP compliance: yes
QA reports: yes(x)no( )
Drug, lot #, and % purity:
Name: NS-304 (MRE-304)
Lot number: 20
Assay: 100.3%
Methods
Test Dose Dose Dose Main group Satellite group
level concentration ¢ volume Sex Number . Number
group Animal Animal
(mg/kg) | (mg/mi) | (ml/kg) of s | momber of pursber
‘ Maic 20 | 1001-1020 4 1021-1024
Ol | 9 v 5 | Femme | 20 ! oo | & | 1211124
Low o - 5 Male 20 | 2001-2020 8 20212028
dose ; Female 20 | 2:01-2120 8 2121-2128
Middle 20 2 5 Malc 20 | 3001-3020 8 3021-3028
dosc Femzle 20 | 3101-3120 8 31213128
High P 1a s Male 20 | 4001-4020 8 4021-4028
dose Female 20 | 4101.4120 8 4121-4128 |
Doses:
Species/strain: Sprague-Dawley rats
Number/sex/group:

Route, formulation, volume, and infusion rate: oral gavage,
Satellite groups used for toxicokinetics:
Study design:
Parameters and endpoints evaluated:
Results
Mortality: none

Clinical signs: At all doses, flushing occurred in the ears and extremities.
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Food consumption:
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Toxicokinetics:
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Table 12 Study of fertility and carly embryonlc deveicpment 1o Implantation in yats
treated orally with N5-304
Oross pathological findings In female rats
Dose (wg/kg} 0 6 20 60
Ne. of animale exanined 20 20 20 20
Nc. of snimsls with sbnorsal fimdings 0 9 C ¢

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):

Table 13 Siudy of fertidity and early esbryonic development to isplantation fn rats
treated orally wi*h MS-304
Huling ant fervility of animals
Dars until Copulatfon Fertility
Dose No. of No. of copulation Index Index
ng/ke oales  females  Mean:S.D. (%) a) (%) b}
L] 20 20 2.323.1 20/200200.0) 20/221100.0}
€ 20 20 2.020.8 20/20(300.0) 19/204 $5.0)
0 20 20 2.7:1.86 20/20(1¢0 0) 167200 95.0)
60 20 20 3.3:1.450  20/20(100.0) 20/231100.0)

al: (Mo. of copalated animals / No. of wafed anirals) x 100
b): (No. of pregnant animals / ho. of copuiated animals) x 100
o p<0.05 (Significant difference from control group)

D: Dunnett’s trest

Tuble 14 Stady of fertility and early esbryonic development to Implantation fn rats
treated orally with N&-304
Findings at exeuinailon at the middle of gesratson in dans
No. of ¥o. of Isplan- M. of No. of
Dose Xo. of corpura implan- tat fon del 1live
mg/Xg dans Iutes tations index % a) eobryos (2)b)  embryos
Total 328 300 12 285
] 20 Nean i6.3 18.0 3.6 (4 14.3
S D. 2.0 [ & 15.3 [ E0) 2.8
Total 304 287 2% 264
6 1% Nean 16.0 15.1 94.0 ( 1.5) 13.9
5.0, 3.3 3.6 1n.a [ 3.4
yotal 315 290 21 269
20 1% Nea 16.¢ 15.2 63.2 { w5 14.%
<. 8.2 1.9 8.7 { % 2.2
Total 323 90 20 267
60 20 Nean 16.5 4.6 88.2 { 1.8 13.4
5.0, .4 3.6 18.2 [} 3.7

a): (No. of iwplantatfons / No. of corpora lvtea) X 100
bi: (No. of dead enbryes / No. of fsplartstions) X 100
No signtficent differance In any treatud groups from control greup.

Embryofetal development

Study title: Study for effects on embryo-fetal development in rats treated orally with
NS-304
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Key study findings: The high dose group (20 mg/kg) experienced slightly, but
statistically significantly, decreased birth weights of the fetuses.

Study no.: R-951

Volume #, and page # ¢CTD

Conducting laboratory and location:

(b) (4)
Date of study initiation: November 14, 2006
GLP compliance: Yes
QA reports: yes(x)no( )
Drug, lot #, and % purity:
Name: NS-304 {MRE-304)
Lot number: 20
Assay: 100.3%
Methods
Doses:
Species/strain: Sprague-Dawley rats
Number/sex/group:
. ; -
Dosc | Those Dose Main group | sueliegos |
Test growp level ¢ comcentration | volume Num?wvol Animal | -Vumberof Animal i
.(-&'ks)g (mg/el) .(ml/m copuiated | wunber wpulal::i s 5
lCon::oI - 0 5 20020) | V011120 | 44y 121-1124
| dowdose ! . os S___|.20Q0) [ 21012120 | _ B8 21212178
Maddiedose |6 12 {5 (20) _| 3101.3120 8 (8) 31253128
Highdose | 20 4 i 5 | 2000 | 41014120 8(8) 41214128 |

*: The number betsveen the pnm;l;s:s indicates ths number of pregnant animals,
Route, formulation, volume, and infusion rate: oral gavage
Satellite groups used for toxicokinetics:

Study design:
Parameters and endpoints evaluated:
Results

Mortality (dams): none

Clinical signs (dams): flushing of ears and extremities, sporadic flaccidity in the high
dose group (20 mg/kg)

Body weight (dams): minor reductions in body weight in the high dose dams (20 mg/kg)

Food consumption (dams): food consumption reduced for one day in the 6 mg/kg group,
for approximately 4 days in the 20 mg/kg group.

Toxicokinetics:
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Tabie &-1 Study for effects on embryo-fetal develcpmest in *afs Lrecled orally with hs.dmd
Maswa concertration of NS 364 (Day 1)
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Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-

implantation loss, etc.):
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Tehle 4 Study for effects on ewdeyo-fetal Sevelopmen: “n *ats treaied oralls with KS-204
Gross pattolopical firdings ix dams

Dase (mg/ivg' n $ 6 “n

No. of dams exapinec H] 20 20 on
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Table & Stugy tor effects cu embryu-fetdl developmenst In rats treated orajly ®ith N5-304
Exanirarion ~f llve fetuses
Teiel wody seigiblg) Moo of tetiges
Toww L b1 6! Mol Sor oty al ——————— 3thextérsal st @ lurt i oi 2T i
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Hil x [5] A 1.8 [ (.ﬂ Vo sbmorsa! Findiage
ST, EA 5 A oar LR &

)i Mo, ¢f zades / Yo, of lne fetuves

Biz (W of 12ve fetasts vith errernal odmrmiitivs / So. of 1ive fetzees! X 14
491 ped. 61 |Sipnificant diftrrene Prem nantre. gros:)

D Dunpett’s test

Offspring (malformations, variations, etc.):
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Teble 7 STudy ¥av sfferls of »abrye feta) devalopmedt [T rats frrated erally with A%-300
Vistoral wxamiuation of llve fetuses
Dese (mg/kg) [ N
5o, of fetuses exanined 142 154
No. of fetuses wilh abnovwa'licy (%) 4( t.9: 1.8} 10¢ 7.2+4L.00
Situs Inversus totalis of .02 0.3} 14 9.7+ 2.9
Ventricular septal gefeor a0 .45 4.4) 2t 3.1 1.3)
Abnorsal crigln of
left pnimonary ericry 6.9+ 5.2 3 2.6 £6.9)
Abporsal lobation of liver 1o 0.7 5.2} 1 0.% 3,8)
Dilatation of renal pel.ys an. ureter Gf 0.0~ =0} Iousl 2.m)
No. of fetoses wifh veriutivr 131 1l 8.2~ 8, ot 2.5 8,008
Thywlc remoact in neck " 5.1s 7. LT 2.80eT
Coavoluted urefer 2t 1.7- 5.4) A0 1.4 4.8)
Left uabilical artery 21 1.4z a. Iy 6.8 3.%)

«; p20,00 (Significanmt aifference froa contrcl group?
J: wileoxen's rank sur test
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Study title: Study for effects on embryo-fetal development in rabbits treated orally with

NS-304

Key study findings: Fetuses from the high dose group (30 mg/kg) experienced increased
incidence of right retrocaval ureter. No other statistically significant excess soft tissue or
skeletal anomalies were detected. Fertility parameters were not affected.

Study no.: R-952
Volume #, and page # e¢CTD
Conducting laboratory and location:

BEST AVAILABLE COPY
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(b) (4)

Date of study initiation: December 14, 2006
GLP compliance: Yes

QA reports: yes(x)no( )

Drug, lot #, and % purity:

Name: NS-304 (MRE-304)
Lot number: 20
Assay: 100.3%
Methods
Doses:
Species/strain: New Zealand White Rabbits
Number/sex/group:
Text Table 1. Group Composition Table
Dose Level Dose Concentration Dose Vokime Nomber of y <
T Animal Number
TP | i) (weal) (alig) | CopiedFensles
Cortrol C 0 3 2 1i0l o 1122
Low dose 3 0.6 3 2 210102122
Middle dose 10 2 3 ] 3101 03122
High dose 30 6 3 22 4101 04122

Route, formulation, volume, and infusion rate: oral gavage
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results

Mortality (dams): one dam in the high dose group died one hour post-dose, probably test
article related.

Clinical signs (dams):
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Table Study for affects en enbrya-fera! dovelanw-at in rs'dits trested orally wish & M4
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Fig. 1 wey for effects on embryo-fetal deveicprert in reobils ireated orally with NS-304
Body weight changes cf dams

Food consumption (dams):
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100~

F00d Corsumption (g/rabbit/day)
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Fig. 2  Study for effects or emdryo-fetsl development i1 rabbits t~eated orally with NS-304
food consumption of dems

. . .
Toxicokinetics:
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Table 10-% Studs for effects oo eubryo~fetai development 1n nunu trexies orally with N§-3U4
Fiansa concentration of NRE-28% (Gescational day 18
P16SOA CONCe Ot FATI0n (ME/NL)
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D 0,032 [T .0, 1. 1.0 203
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B-552
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Prenatal and postnatal development: Not done

2.6.6.7 Local tolerance not done
2.6.6.8 Special toxicology studies
Study title: in vitro phototoxicity study

Volume #, and page #: eCTD 2.6.6.8.1 or 4.2.3.7.7
Conducting laboratory and location: not provided
Date of study initiation: not provided

GLP compliance: no

QA reports: yes( ) no(x)

Drug, lot #, and % purity: ACT-333679 (code: MRE-269; batch number: ELB0066-
1217.00) and ACT-293987 (code: NS-304; batch number: ELB0066-1216.00)
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Formulation/vehicle: 10 mM stock solution in DMSO, final dilution in phosphate
buffered saline.

Methods

Doses:

ACT-333679; +UVA: 100.0, 33.3,11.1, 3.6, 1.2, 0.4, 0.14, 0.05 pM
ACT-333679; -UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 uM
ACT-333679; +UVA: 1,000.0, 333.3, 111.1, 37, 12.3,4.1, 1.4, 0.5 nM
ACT-333679; -UVA: 1,000.0,333.3, 111.1, 37, 12.3, 4.1, 1.4, 0.5 nM

ACT-293987; +UVA: 100.0, 33.3, 11.1,3.6, 1.2, 0.4, 0.14, 0.05 uM
ACT-293987; -UVA: 100.0, 33.3, 11.1, 3.6, 1.2, 0.4, 0.14, 0.05 pM

ACT-293987; +UVA: 1,000.0, 333.3, 111.1, 37, 12.3, 4.1, 1.4, 0.5 nM
ACT-293987; -UVA: 1,000.0, 333.3, 111.1, 37, 12.3, 4.1, 1.4, 0.5 nM

Study design:
Results:
Table 1 Survival data
ACT-293987 ACT-333679

ACT-203987 ACT-293987 Presence of UV Absence of UV ACT-333679 ACT-333679 Presence of UV Absence of U¥

Jum} InM] {% Survival) {*% Survival} [um} [nM] 1% Survival) {% Survival)
100.00 25.98 21.85 10025 25.24 2414
3333 2635 21.39 3233 28.19 2433
1111 2648 2288 1M1 24 88 2552
360 2698 5532 380 2548 7645
1.20 2608 G7.85 1.2 2545 9622
040 6.2 93.38 040 257 96.32
0.13 2653 95.37 0.74 2440 97.87
o5 208E 132.00 0.05 2357 #02.50
1350.00 2421 8235 1800.00 2373 B7.58
233.30 3287 94.33 333.30 2590 87.20
111.10 7254 893 111.40 7349 G242
37.00 g28c 98.05 37.00 98.75 w41
12.30 9562 9348 12.30 8a.82 67.8%
4.10 714 s5.22 410 96.39 .17
1.40 96.1¢ 85 140 100.00 9342
2.50 @525 €803 0.50 96.27 98.29

®% Survival was calculated with respect to mean maximal value of hexaplicates obtained across all treated and non-
treated samples.

2.6.6.9 Discussion and Conclusions: Although both substances, at concentrations of
approx 100nM and higher, were positive for phototoxicity enabled by UVA, the drug
does not accumulate in the skin or pigmented cells near the surface, so risk of such
toxicity may be low.
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2.6.6.10 Tables and Figures

92



Reviewer:

IND No.

2.6.7 TOXICOLOGY TABULATED SUMMARY

Table 8 Incidence of intussusception in the dog
Studdy LOEL Mortality Day Gender
(Found dead or humaacly killed)

Single-Dose (plus 18 200 mg'kg N=1outof6 2 (FD)
days observation)
[T-08.273}
2-week study 20 mg kgduy N=3outof 6 [0 (FD)
[T-08.277] 10 (UN)

13 (FD)
J-week study + 4 week 6 mg/kg/day N=1outof 10 2
recovery [T-08.290] Intussusception observed during

routineg necropsy

39-week siudy 4 mg'kg day N=2ouwofl2 24 - (UN}
[T-08.2%6) 124 L (UN)

FI = found dead: TN = unscheduled necropsy
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Table9 Safety margins for intussusception based on AUC data
Drug Dog study NOEL Mean AUCqay Safety® Corrected
(mg/kg/day/day) (ng.h/mL) margins safety
margins®®
ACT-33379  2-week study 6 154,000 S62 5
ACT-293987  [T-08.277] 24675 388 4
ACT-333679  4-weehk siudy 3 84,255 RIS 3
ACT-293087  fecovern period 13,720 197 2
(4=-week)
| T-08290)
ACT-333679  39-week study 2 49.700 1X1 2
ACT-293987 | T-08.280) 7348 16 1

ZAchioved phisima expostire atter adminstiation of Fo0 pe ACT-293987 bl ot steady state i humans subjects:
ACT=2939%7 AU, 2 0l 6 meh mib 0 ACT-333679 anave metabolined AUCy > 01 274 nghiml

=% Faking nto aecount the speaies difference between dogs and humans of i viizo inhibition of ADP-induced pluelet
aggregation by AU T-333679 (®) 08 257] The exposure at the respachive NOAR T s comected for the species
ditference of ia vinw 1C values on plitelet agaregation inhbition The mo 1Cq g0 1Canyucts T2 With
AC 12333679 and X3 with ACT-22987. The safety maram is comected by this factor

Table 10 Safety margins for intussusception based on C,,,, data
Drug Dog Study NOEL Mean Cppy Safery® Corrected
(myg/kp/dayiday) (ng/mL) margins Safety

margins“®

ACT-33367Y 2-week study 6 14.135 T 7

ACT-2939x7 IT-08277] 9.290 RED 7

ACT-33367Y 4-week study 3 7578 4 4

ACT-293987 recovery period 4.020 w7

t4-week)
[T-0%.290]
ACT-333679 3W-week study 2 5.580 i R
ACT-20198~ [T-08.2%6] 2448 22 2

* Achreved plasnua exposure after admunistration of 1600 g ACT-293987 bod. at steady state 1 humian subevts.
ACT-333679 (active metabolite). Co . 179 ne ml: ACT-293987 (drug): Cp T ng ml

#* Taking mto sccount e spectes difference between dogs and humans of 72 vitre inhibition of ADP-induced plateler
aggregation by ACT-233679 [13-08.253]. The muo of inhintion of ADP induced platelet aggregation by
ACT-333079 between dogs and humans is 119 The safety margim is corrected by this Lactor.

(O]
Table 11 Inhibition of platelet aggregation in platelet-rich plasma (4)08.2531
IC 5, of platelet aggregation (pM)
Drug Human Dog Rat
ACT-333679 0.21 (SR ng mbL) 23 (10488 ng mL) 10 (4,198 ng ml)
ACT-293987 55273 ngmb) 456 (226,489 ngml) -

==t ln:.\lmr
ACT-333679 (active metabolite) Uy, 179 ng ml - ACT-293987 (drugy: Cypy 1 ng ml
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Table 12 Safety margins for drug-related bleeding potential based on AUC

data
Compound  Human' Doy’ Rat’
AUC Mcan Safety Corrected Mean Safety Corrected
(ng.h mb)y ALC margin safety AUC margin safety
(ng.hvmL) margin’ _ (ng.hrmL) margin®
ACT-33367Y 274 S54.000 2022 17 139.000 507 Il
ACT-293987 69.6 90,000 1,293 16 12.0() 172 n

T Achieved plasma exposure afier adiministratson of 1600 pg ACT-293987 b at steady state in human subjects:
_ ACT-293987 AUG, 3, of 69.6 ng-leml: ACT-333679 qactive metabolite) AUC ;01 275 ng-homl.
= Dog NOALL 20 mgkg/dav/day, 2-week oral toxicity study | 1-08 277]
Rat NOATL'L 100 mg kg day:day. 26-week oral toxicity study | 108 285)
The exposire ot the respective NOAF] s corrected {or the species difference ol virre 1C+, values on platelet
aggregation inhibition. The ratio 1Cs0 e 1Csiquen 15 119 With ACT-333679 und 83 with ACT-293987 The ratic
e 1C0 s 15 SX With ACT-333679 Table 1]

Table 13 Safety margins for bleeding based on C,,,, data
Compound  Human' Dog’ Rat’
G Mean C,,,. Safety Correcied  Mean C,,.,, Safety Correcied
(mz'mL)  (ng'ml) margin safety (ng mL) margin safety
margin’ margin'
ACT-333679 17.9 40,000 2235 & 28175 1.574 32
ACT-2939%87 11 22,630 2057 25 6,070 552 na

b Achievad plasma exposure after administration of 1600 g ACT-293987 hid atsteady state in human subjects
ACT-333679 (aetive metabolite): Cu 179 ng mE ACT-293987 (drug). Cg T g ml.
Dog NOAEL 20 mpke dav dav. 2-week oral toxieny study [ 1-08 277
Rat NOAF] 100 mg kg day day, 26-week oral wxicuty study j 105 255)
P The expostire al the respective NOAET is corrected Tor the spevies difference of 1Cs, values on pltelet aggregation
mhibition. The ratio 1w e’ 1Cq g 5 119 with ACT-333679 and 83 with ACT-293987
The @0 W ce. BCs0 pnra 15 48 With ACT-333679 | Tablc |1].

» 1
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Table 14 Safety margin for increased ossification in dogs based on AUC data

Study Bone finding in dogs NOEL Mean AUC,54 Safety Corrected
(mg/kg/day) (ng-h/mL) marging safety
for ACT-  margins**

333679*

2-week study  Bone (fenr) increased 2 59.290 216 2
| T-08.277) ossification in the

trabeculac (males and

females) and or

increased ossitication of

the periosteum (femiles)
4-week study  Bone (femur) increased 1.5 47,110 172 I
J T-0%.290) ossification in the

trabeculae (males and

females) and-or

increased ossification of

the periosteun (males)
3-week Bone (femur) increased LOEL 29,400 7 1
study ossification in the |
| T-OR.286] trabeculac tntdes and

females)
39-week Bone (femur) increased 2 497007 ¢ IN1 2
study interim ossification in the
evalwtion trabeculae (females)

{26-week)

| T-08 2861

# Achieved plasmu exposare atter admunistration of 1600 pp AC 293987 houd. at steady state i hunans subjeets:
ACT-333679 (uctive metaholite) AUC, 308 274 ng-h ml

“ Faking mto account the spectes difierence between dogs and humans of a1 virro mhition of ADP-induced platelet
aggregatton by ACT-333679 7 @)% 25 1] The ratio of inhibition ol ADP-mduced platelet aggresation by
ACT-333679 between dogs anfDunmans is 119 e safety margin is cotevted by ihis fctor

=55 Eaposures al the end of the study (39-week)y

FOEL = lowest obwervad effect level
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Table 1§ Binding affinity for human receptors
Binding affinity (Ki. yM) for human receptor
Drug EP. EP; Fold diffcrences for
EP vs IP receptor
affinitics (worst case
SCenario)
ACT-333679 (MW 419) 0.02 53 4.9 248
(8.4 ng'mL) (2436 ngml) (2058 ngimL)
ACT-293987 (MW 496) 0.26 >0 > ki
B 129 ng‘mL) (4960 ng'mL)  (4.960 ng’'mL)

Reterences) @-08.217] to | g0%.222
MW = molecBlar weight

Jand

(L) ey
@ " 2551

Table 16 Human safety margin for EP,/EP, subtype receptor binding
Drug EP-(Ki) Margins EP- vs human EP,(KD) Margins EP: vs human
achieved** Cuux it achieved** C,,c a
1600pe b.id. 1.600 pg b.id.
ACT-323679%* S8 uM 136 4.9 uM 15
(2436 ng ) (2058 ng'ml)
ACT-293987%% =10 pM 451 210 pM 451
(4.960 ng mL) (4960 ng'mL)

**Achieved concentration at 1600 pug bid: . 179 ng ml tACT-333679) or Cyp o 11 ng ml (ACF-293987)

97



Reviewer: IND No.

Table 17 Incidence of bone marrow fibrosis and associated findings in dogs
Incidence

Study Dose Bone marrow White/red cell Extramedullary
(my/kg/day) fibrosis counts decrease hematopoicsis

2-week study 0 Soutof6 \ X

[T-08.277] 20 Toutof 3 N X

4-week study 3 4outof 6 X X

[T-08.290] 6 6outof 6 \ 3omof6

4-week recovery period 3 Ooutof 4 X X

(4-week study) 6 Ooutof 4 X X

[T-08.290]

W-week study 4 Youtof§ X X

| T-08.286]

N Sagh present
X = not nhservd

Table 18 Safety margin for bone marrow fibrosis
Study Bone marrow NOEL Mean AUCyay Safety Corrected
finding in dogs  (myg/kg/day) (ngh/ml) margins® Safety
ACT-333679 marging”#
ACT-333679

2-week study Bone marrow 2 59.290 216 2

| T-08.277] fibrosis

4-week siudy Bone marrow 1.5 47,110 172 1

[T-0R.290] fibrosis

4-weck study - Bone marrow 8 150,250 658 6

4-week librosis

recovery period

[ T-08.290]

-week stndy  Bone marrow 2 49,700 181 2

{T-08.286] fibrosis

*Achieved plasmis exposure after achmimistation of Lo g ACT-293987 bk ar steady state in buman subjects.
ACT-333679 active metabolite) AVC, «p 0f 274 nghml .

# Faking imo gecount the species difference between dogs and humans of i vre mhibition of ADP-indaced platelel
nggregution by ACT=333679 0 08 253) The mutio of mubition of ADP-mduced platelet aggregation hy
ACT-3336079 hetween dogs and humans 1s 119 The satety margast s conected by thus Lictor

NOHL = No vbserved effect level

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Summary: ACT-293987 is a prostacyclin agonist that has an ester group conjugated to it
to improve oral bioavailability .It is rapidly metabolized to ACT-333679, the primary
active compound. For this submission, the indication is for treatment of pulmonary
arterial hypertension (PAH).
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The primary pharmacology studies project efficacy in PAH based on appreciable relief in
models of PAH and an ability to reduce right ventricular hypertrophy (RVH)in such. The
receptor binding profile suggests that the basis for this efficacy is selective binding to the
IP receptor..

Some of the positive findings in the safety pharmacology studies reflect prostacyclin
pharmacology. The cardiovascular safety studies indicated flushing, hypotension, and
increased bleeding times - issues to be aware of, although platelet inhibiton and
vasodilatation are expected of prostacyclin agonists.r There were also positive CNS
findings i.e., in the modified Irwin screening, and manifest as changes in body
temperature, sleep, pain response, and respiration rates. . ACT-293987 also decreased
urinary sodium and potassium excretion.. Prostacyclin receptors mediating smooth
muscle tone are common in the gastrointestinal tract, and intussusception was observed
at necropsy, especially in the dog. Most adverse events for prostacyclin agonists are
related to their effects on the gastrointestinal system.

ACT-293987 is rapidly and extensively absorbed from the gastro-intestinal tract with a
Tmax of approximately 1 hr and a bioavailability of 80 to 90%. Radiolabeled ACT-
293987 accumulates first in the liver after oral dosing, followed by accumulation in the
stomach. This is probably due to the high concentration of receptors present in the
stomach, where prostacyclin agonists apparently have high activity. ACT-293987 is
primarily.,excreted through the biliary system (i.e., enterohepatic) with only 2% being
excreted by the kidneys. ACT-293987 is a pro-drug, although it also has activity at
prostacyclin receptors, and is hydrolyzed to ACT-333697, the primary prostacyclin
agonist. ACT-333697, one of up to 15 potential metabolites of ACT-293987, is
glucuronidated primarily and excreted through the biliary system..

General toxicology:

From the mouse studies:

Study Doses Results NOAEL - Formatted Table
Length
4 weeks | 0, 30, 100, No mortality, @300 mg/kg/day flaccidity and 100

300 flushing mg/kg/day

mg/kg/day ' ‘
13 0, 100, 300, 500 mg/kg/day one mortality, CK & ALT 100
weeks 500 increase; 300 mg/kg/day decrease in food mg/kg/day

mg/kg/day consumption, flushing, flaccidity, BUN

decreased, kidney tubular vacuolation

From the rat studies:

Study Doses Results NOAEL Formatted Table
Length
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4 weeks 0, 20, 60, 20 mg/kg/day alveolar hemorrhage and Not
180 decreased platelets, loss or black discoloration | determined
mg/kg/day | of tail tip;
4 weeks+ | 2,6, 60 60 mg/kg/day flushing, decreased movement, | 6
4 weeks mg/kg/day | piloerection, reduced body wt and food mg/kg/day
recovery consumption. Reversible
26 weeks + | 0, 6, 25, 100 | >25, 100 mg/kg/day liver and adrenal 6
4 week mg/kg/day | hypertrophy, hyperplasia mammary gland, mg/kg/day
recovery salivary gland, follicular cells in thyroid; all
treated animals, flushing, decreased
movement, reversible; one animal died in high
dose group of malignant lymphoma

From the dog studies:

Study | Doses Results NOAEL .
length

2 2,6,20 20 mg/kg/day led to mortalities, 2

weeks | mg/kg/day | Intussuseception, QTc prolongation; 6 mg/kg/day

mg/kg/day increased ossification, bone marrow
fibrosis; 2 mg/kg/day decreased platelet, wbc,

& neutrophils.

4 1.5,3,6 6 mg/kg/day intussusception; 3 mg/kg/day 1.5

weeks | mg/kg/day | intussusception, bone marrow fibrosis, mg/kg/day
ossification; 1.5 mg/kg/day vomiting, diarrhea,
jelly feces

39 1,2,4 4 mg/kg/day 2 mortalities, intussusception; Not

weeks | mg/kg/day | 1mg/kg/day bone marrow fibrosis and determined
ossification

Genetic toxicology: ACT-293987 was negative in most testing except for a small signal
of clastogenicity in the Chinese Hamster Lung cell in vitro assay. However, the in vivo
mouse micronucleus assay for clastogenicity was negative..

Carcinogenicity: not done

Reproductive toxicology: For the rat studies, the NOAEL was the same as for the
standard toxicity testing, 6 mg/kg/day. In this species, but not the rabbit, the primary
issue appeared to be low birth weight, which in humans has been correlated with
developmental difficulties.

In the rabbit study, the NOAEL was 10 mg/kg/day,and one animal died at the highest
dose tested i.e., 30 mg/kg/day, Reproductive function and fetal development were not
affected.
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Special toxicology: In an in vitro phototoxicity study both ACT-293987 and ACT-
333697 were positive for phototoxicity with UVA light. Phototoxic concentrations were
approx 100 nm (0.1uM) and above, relatively high exposures unlikely to be achieved at
therapeutic dosages since no accumulation was observed in skin or eye.

Based on the animal safety studies, ACT-293987 and its active metabolite ACT-333697
primarily carry, risk of intussusception, and bleeding due to platelet effects. and.
However, PAH is a high risk disease state, and with the appropriate safety measures in
place , it should be reasonably safe to begin clinical trials at the proposed starting dose .
Also, the prospect of an orally available prostacyclin agonist may be attractive for the
treatment of these patients considering the other prostacyclin agonists are only available
in intravenous or nebulizer formulations.

Internal comments:

External comments (to sponsor):

Signatures (optional):

Reviewer Signature

Supervisor Signature Concurrence Yes _x__ No
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