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NDA 209-899 was submitted by Celgene International II Sarl on December 22, 2017, to support
marketing approval of Zeposia for treatment of adult patients with relapsing forms of multiple
sclerosis (RMS). A Refusal to File letter was issued on February 23, 2018, based on the lack of
adequate nonclinical and clinical pharmacology data on RP112273 (CC112273), an active
metabolite that was stated to account for the majority ( ® (4)%) of drug-related material in human
circulation. The NDA was resubmitted on March 25, 2019. Clinical development of ozanimod
for RMS was conducted under IND 109159.

A standard battery of nonclinical studies was conducted on ozanimod, with additional studies to
directly assess major human metabolites. These studies were reviewed in detail by Dr. Toscano
(Pharmacology/Toxicology NDA Review and Evaluation, NDA 209-899, Christopher D.
Toscano, Ph.D., March 10, 2020), who has concluded that the data support approval of the NDA;
however, Dr. Toscano finds the pre- and postnatal development (PPND) study in rat to be
deficient (lack of adequate exposure to a major human metabolite, CC1084037) and recommends
a PPND study of CC1084037 as a post-marketing requirement.

Ozanimod is a sphingosine-1-phosphate (S1P) receptor agonist and functional antagonist, which
binds with high affinity to human S1P receptors 1 and 5. Binding of ozanimod to the S1P;
receptor causes internalization of the receptor, which results in inhibition of egress of
lymphocytes from lymph nodes, decrease in circulating lymphocytes, and reduced migration of
lymphocytes into the central nervous system (CNS). It is through this mechanism that ozanimod
is thought to be therapeutic in adult patients with RMS.

Following oral administration of ozanimod in humans, two major metabolites are formed,
CC112273 and CC1084037; both are active at S1P; and S1Ps receptors. Following multiple oral
doses, ozanimod and these metabolites account for @@ of total drug-related material.
(According to a single-dose mass balance study, RP101124, an inactive metabolite, was found to
account for | ®“% of total circulating drug-related material in humans; however, because of the
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long ti20f CC112273 and CC1084037, RP101124 was determined, following multiple doses, to
account for only 10% of total circulating material in humans, which is just below the threshold
for a major metabolite according to ICH M3(R2) [January 2010].)

While both metabolites are formed in mouse, rat, rabbit, and monkey, there were quantitative
differences in exposure among species. In vitro binding data (ECs¢) for mouse, rat, and human
receptors are summarized below:

CMPD S1P: (nM) S1Ps (nlll)
mouse rat human mouse rat human
ozanimod 0.90+0.21 1.02+0.14 1.03+0.16 1048.80+160.22 10.66=0.29
CC112273 2.77+0.30 2.82+0.27 2.9940.17 310.60+28.93 29.32+1.98
CC1084037" 0.160.01 0.17+0.02 0.20+0.01 164.07+35.71 3.024+0.16

*CC10804037 is a racemate; both enantiomers have similar binding affinity; **rat S1Ps receptor not available

According to the sponsor, “Recombinant receptors for the cynomolgus monkey were not
available.. but in silico analysis of amino acid sequences suggests that the pharmacology will
likely be similar to human.”

At the time of the original NDA submission, there were concerns regarding the lack of systemic
exposure data for CC112273, in the animal species used in the pivotal nonclinical studies and for
human, because of the abundance of this metabolite in human circulation. Additional information
was provided in the NDA resubmission to address these concerns, although the nonclinical
pharmacokinetic/toxicokinetic data were presented in a manner (e.g., different units or animal
strains, combining males and females) that made them unnecessarily burdensome to evaluate.

Toxicology

The pivotal oral (gavage) toxicology studies were conducted in Sprague-Dawley rat (28-day +
14-day recovery, 13-week, and 26-week) and cynomolgus monkey (28-day + 14-day recovery,
13-week, and 39-week + 6-week recovery).

Rat: In rat, findings reported in all studies included reductions in total wbe and lymphocyte
counts (all doses), increased lung weight and alveolar changes (edema, foamy macrophage
accumulation), and increased spleen weight and lymphoid depletion. Kidney findings (tubular
epithelium degeneration/regeneration, anisocytosis) observed in the 28-day and 13-week studies
were not detected in the 26-week study. Overall, the no-effect dose was 0.2 mg/kg/day, based
primarily on lung findings at higher doses.

Plasma ozanimod AUCs (ng*hr/mL) at the last sampling time are summarized below:

DOSES MALES FEMALES
| (ng/kg/day) 28-day 13-week | 26-week 28-day 13-week | 26-week
0.2 37.2 53.5 27.2 91.2 97.5 57.8
2 701 561 616 1130 1330 750
30 13300 13800 8847 22900 21700 14676
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Plasma exposures to the major human metabolites, CC112273 and CC1084037, were not
quantitated in the toxicity studies. In a 14-day bridging study, plasma AUCs (ng*hr/mL) for
these metabolites were as follows:

DOSES MALES FEMALES
(mg/kg/day) | CC112273 CC1084037 CC112273 CC1084037
0.2 231 0.069 225 <L.LOQ
2 43.2 2.30 40.4 1.8
30 1100 49.3 879 32.7

Monkey: In monkey, findings reported in the 28-day and 13-week studies included reductions in
total wbc and lymphocyte counts at all doses, and increased lung weight and alveolar changes
(multifocal macrophage accumulation) and increased spleen weight and lymphoid depletion at
the mid and high doses. Findings observed only at the high dose included clinical signs (e.g.,
trembling, vomiting, dehydration), decreases in rtbc parameters, renal histopathology (basophilia
of collecting duct epithelium or anisocytosis/anisokaryosis and basophilia of the proximal
tubule), and adrenal cortex hypertrophy. The NOAEL in both studies was 0.15 mg/kg/day.

Because of the findings at the high dose, ozanimod was administered at lower doses in the 39-
week study. No clinical signs were observed; however, effects on wbe and lymphocyte counts,
lung, and spleen were similar to those that occurred in the shorter duration studies. The NOAEL

was 0.1 mg/kg/day.

Plasma ozanimod AUCs (ng*hr/mL) at the last sampling time are summarized below:

DOSES MALES FEMALES
(mg/kg/day) 28-day 13-week | 39-week 28-day 13-week | 39-week
0.15 26.3 39.8 16.5 35.3 44.5 19.1
1 199.9 193.7
3 681 769 765 968
15 3556 2088
30 8070 12400 9560 13600

Plasma exposures to the major human metabolites, CC112273 and CC1084037, were not
quantitated in the toxicity studies. In a 14-day bridging study, plasma AUCs (ng*hr/mL) for
these metabolites were as follows (males and females combined):

(mD?! SaFdfw) CC112273 CC1084037
0.15 21.2 4.83
1 203 42.9
15 4100 947

Reproductive and Developmental Toxicology

A standard battery of reproductive and developmental toxicology studies was conducted for
ozanimod (fertility and early embryonic development (to implantation) in rat, embryofetal
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development in Sprague Dawley rat and New Zealand White rabbit, and pre- and postnatal
development in Sprague Dawley rat). In all studies, ozanimod was administered by oral gavage.

Fertility: In the fertility study, ozanimod was administered to male and female rats at doses of 0,
0.2, 2, and 30 mg/kg/day, prior to and during mating and continuing in females through gestation
day (GD) 7. There were no adverse effects on a standard battery of fertility parameters.
Toxicokinetic (TK) data were not collected during the study. Data from a 28-day toxicity study
indicate plasma ozanimod exposures (AUC) at 30 mg/kg/day of 13300-22900 ng*hr/mL; data
from a 14-day bridging study indicate plasma AUCs at 30 mg/kg/day for metabolites, CC112273
and CC1084037, of 1100-879 and 49.3-41.0 ng*hr/mL, respectively.

Embryofetal Development: In rat, oral administration of ozanimod at doses of 0, 0.2, 1, and 5
mg/kg/day during organogenesis (GD 6 through GD 17) resulted in embryolethality (primarily
late resorptions), reduced fetal body weight, malformations (anasarca in 3 fetuses from 2 litters;
malpositioned testes in 2 fetuses from 2 litters; 1 fetus with local (neck) edema and cleft palate),
and skeletal variations (abnormal/delayed ossification) at the high dose. In dams, there were no
drug-related deaths or clinical signs; the lower body weight in HD dams was considered to
reflect the lower litter size at that dose. At the no-effect dose for embryofetal toxicity (mid dose
of 1 mg/kg/day), plasma ozanimod exposure (AUC) was 284 ng*hr/mL; TK data were not
collected for CC112273 or CC1084037. In a 14-day bridging study, Day 14 plasma AUCs for
these metabolites in females at 1 mg/kg/day were 17.2 and 0.678 ng*hr/mL, respectively.

In rabbit, oral administration of ozanimod at doses of 0, 0.2, 0.6, and 2.0 mg/kg/day during
organogenesis (GDs 6-19) resulted in embryolethality (early and late resorptions) at the high
dose and increased malformations (malformed blood vessels) and skeletal variations at the mid
and high doses. Maternal toxicity was not observed. At the no-effect dose (0.2 mg/kg/day) for
adverse effects on embryofetal development in rabbit, ozanimod was not detectable in rabbit
plasma; plasma exposure data were not available for the major human metabolites, CC112273
and CC1084037. In a bridging study in pregnant rabbit, plasma ozanimod exposure (AUC on
GD19) at 0.2 mg/kg/day was determined to be 40.4 nM*hr or 17.8 ng*hr/mL (MW = 440.92
Da); the sponsor provided a value of 21.20 ng*hr/mL. In a separate 14-day bridging study in
pregnant rabbit, plasma AUCs for CC112273 and CC1084037 at 0.2 mg/kg/day (GD19) were
6.77 and 3.78 ng*hr/mL, respectively.

Pre- and postnatal development: Oral administration of ozanimod (0, 0.2, 0.7, and 2 mg/kg/day)
to female rats from GD 6 to lactation day (LD) 20 resulted in reduced male and female offspring
body weight at the HD, which persisted during the postweaning period. In female offspring,
there was an increase in estrus cycle length (5.2 vs 4.2 days in controls) and reduced (~18%)
body weight during gestation at the HD. The only effect on neurobehavioral function was an
increase in locomotor activity in female offspring at the HD; however, effects on learning and
memory were not evaluated using a complex task, such as the Morris or Cincinnati water maze.
Plasma ozanimod exposures (AUC) in dams at the LD, MD, and HD were <LOQ, 142, and 431
ng*hr/mL. Plasma exposures for metabolites, CC112273 and CC1084037, were not quantitated.
In a 14-day bridging study, plasma AUCs for CC112273 at 0.2 and 2 mg/kg/day were 2.25 and
40.4 ng*hr/mL, respectively, and for CC1084037 at 0.2 and 2 mg/kg/day were <LOQ and 1.82
ng*hr/mL, respectively.
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Plasma exposures (AUC; ng*hr/mL) at the highest doses tested in each study are summarized
below. The data are from the reproductive and developmental studies, from other (e.g., toxicity)
studies, TK bridging studies, or are estimated (in parentheses) based on available data.

DOSE

STUDY OZANIMOD | CC112273 | CC1084037
(mg/kg)
RAT
fertility 30 8847-22900 | 1100-879 | 49.3-32.7
EFD 5 1903 (100) 5)
PPND 2 431 40.0 1.82
RABBIT
EFD | 2 | 130 [ 60) | (40)
HUMAN
RPCO01-1001 | 0.92mg | 4.776 | 67.007 | (13.292)

Distribution: In pregnant Sprague Dawley rat, distribution of ozanimod into fetal plasma and
milk was demonstrated following oral doses of 0.2, 0.7, and 2 mg/kg/day throughout gestation
(GDs 6-18) or throughout gestation and lactation (GD 6 to LD 20). At the high dose, fetal plasma
exposure (AUC) was 181.58 ng*hr/mL, with a fetal-to-maternal ratio of 0.23, on GD 18. AUC
for ozanimod in milk at 2 mg/kg/day was 937.40 ng*hr/mL, with a milk-to-maternal plasma ratio
of 1.99.

In pregnant New Zealand White rabbit, distribution of ozanimod into fetal plasma was assessed
only at the lowest dose (0.2 mg/kg/day) tested in the embryofetal development study. At that
dose, the fetal plasma AUC for ozanimod was 16.30 ng*hr/mL; the fetal-to-maternal plasma
AUC ratio was 1.21.

Juvenile animal toxicology: the potential for adverse effects of ozanimod on postnatal
development was assessed in two pivotal juvenile animal studies.

In a 10-week (+ 2-week recovery) study, ozanimod was administered to juvenile rats at doses of
0, 0.3, 3, and 10 mg/kg/day, starting on postnatal (PND) 21. However, this study was inadequate
by design, particularly regarding the assessment of CNS effects. The neurobehavioral evaluation
did not include a complex task (e.g., Morris or Cincinnati water maze) and was assessed in too
few animals, and there was no indication that an expanded neurohistopathological evaluation
was conducted. These deficiencies are of particular importance considering the expression of the
S1Ps receptor in the brain and its reported role in development and maturation of
oligodendrocytes (Novgorodov AS et al. FASEB J. 21: 1503-1514, 2007).

In a separate (+ 2-week recovery) study, ozanimod was administered to juvenile rats at doses of
0, 0.3, 3, and 10 mg/kg/day for 33 days, starting on PND 21. Wbc and lymphocyte cts were
reduced at all doses at the end of the dosing and recovery periods. T-dependent antibody
response (TDAR) was evaluated on Days 25 and 33 using KLH. Primary (IgM) and secondary
(IgG) antibody responses were significantly inhibited at the mid and high doses; however,
reversibility was not assessed.
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Genetic Toxicology

Ozanimod was negative in a standard battery of OECD-compliant in vitro (Ames, mouse
lymphoma tk) and in vivo (rat micronucleus) assays. Metabolite CC112273 was negative in an
Ames assay and an in vitro chromosomal aberration assay in human peripheral blood
lymphocytes, with and without metabolic activation. Metabolite CC1084037 was negative in an
Ames assay (with and without metabolic activation) and positive in an in vitro mammalian cell
micronucleus assay in TK6 cells (human lymphoblastoid cell line), primarily in the absence of
metabolic activation, but negative in an in vivo rat micronucleus/comet assay.

Carcinogenicity

The carcinogenic potential of ozanimod was tested in a 26-week study in Tg.rasH2 mouse (0, 8,
25, and 80 mg/kg/day) and a 2-year study in Sprague-Dawley rat (0, 0.2, 0.7, and 2 mg/kg/day).
In both studies, ozanimod was administered daily by oral gavage.

In Tg.rasH2 mouse (CByB6F1-Tg(HRAS)2.Jic), there was an increase in combined hemangioma
and hemangiosarcoma in males and females at the mid and high doses (males: 0/25, 5/25, 17/25,
and 10/25 in C, LD, MD, and HD groups, respectively; females: 0/25, 3/25, 8/25, and 11/25 in C,
LD, MD, and HD groups, respectively). TK analysis was conducted for ozanimod but not for
CC112273 or CC1084037. On Day 177, plasma AUCs for ozanimod were 9423-6592, 29966-
19694, and 89372-65513 ng*hr/mL for control, LD, MD, and HD groups, respectively.
CC112273 was quantitated in a 28-day bridging study in CByB6F1 mouse; at doses of 10, 30,
and 100 mg/kg/day, plasma AUCs on Day 27 were 47.6-56.2, 117-181, and 192-245 ng*hr/mL,
respectively. In CByB6F1 mouse, plasma exposure data for CC1084037 were collected only at 8
mg/kg/day in a 14-day study; plasma AUCs on Day 14 were 13.8-23.6 ng*hr/mL.

In rat, no drug-related increase in tumors was observed. At the high dose, plasma exposures
(AUC) for ozanimod and CC112273, were 517-685 and 131-92.6 ng*hr/mL, respectively, on
Day 185. CC1084037 was not quantitated in the 2-year study; in a 14-day bridging study, plasma
CC1084037 exposures (AUC) at 2 mg/kg/day were 2.8-1.82 ng*hr/mL.

Metabolites

Because CC112273 is the most abundant drug-related material in human circulation (66% at
steady-state), the sponsor conducted studies in which CC112273 was administered directly by
oral gavage to CByB6F1 mouse (28-day toxicity), Sprague Dawley rat (96-day toxicity), and
pregnant New Zealand White rabbit (dose-ranging/TK) at doses up to 100 mg/kg/day.

In mouse, the only finding was a slight decrease in body weight gain at the high dose in males;
no effects on wbc or lymphocyte counts were evident. In rat, the only finding was a decrease
(~25%) in wbc and lymphocyte counts in males at the high dose. In pregnant rabbit (0, 10, 30, 60
and 100 mg/kg/day), complete abortion occurred in two females, one at 60 mg/kg/day and one at
100 mg/kg/day; the high dose was also associated with a decrease in fetal body weight. At 100
mg/kg/day, plasma CC112273 exposures (AUC) were 180-253, 61.8-50.1, and 13.9 ng* hr/mL
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in mouse, rat, and rabbit, respectively. Therefore, higher exposures were not achieved with direct
oral administration of CC112273.

Conclusions and Recommendations

Overall, the nonclinical studies are adequate to support approval of ozanimod for the proposed
indication, although systemic exposures to the two major (and active) human metabolites
(CC112273 and CC1084037) were lower in several pivotal studies than in humans at the
maximum recommended human dose (0.92 mg/day). Specifically, CC112273 and CC1084037
exposures in the pre- and postnatal development (PPND) study and CC1084037 exposures in the
embryofetal development and carcinogenicity studies in rat were lower than those in humans at
the MRHD. However, for the most abundant metabolite (CC112273), the sponsor demonstrated
that higher exposures were not achieved with direct oral administration (doses up to 100 mg/kg)
and that wbc and lymphocyte counts were not affected (rat), as would have been expected based
on the in vitro binding affinity of CC112273 for the S1P; receptor. Studies with direct
administration of CC1084037 were not conducted.

Dr. Toscano concluded that the PPND study is inadequate because of the lack of sufficient
exposure to CC1084037 and recommended the metabolite be assessed in a PPND study as a
post-marketing requirement. However, the available data demonstrate that ozanimod,
administered to pregnant animals, has clear adverse effects on the developing organism,
including teratogenicity, which are consistent with the critical role of the S1Py and S1Ps
receptors in embryogenesis (including vascular and neural development) and should discourage
use during pregnancy. Therefore, I do not believe the sponsor needs to conduct such a study.

A juvenile animal toxicology study is not needed to support use of ozanimod in adult patients
with relapsing forms of multiple sclerosis; however, a study in juvenile animals, to include an
adequate assessment of effects on neurobehavioral development and an expanded
neurohistopathological evaluation, should be conducted as a post-marketing requirement to
support development in pediatric patients <12 years of age, if ozanimod is approved.
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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT

1  Executive Summary

1.1 Introduction

Zeposia (ozanimod, RPC1063) is a small molecule that exhibits potent agonism at
sphingosine 1-phosphate (S1P) 1 and 5 receptors. Zeposia has been developed for the
treatment of relapsing forms of multiple sclerosis (MS) in adults.

1.2 Brief Discussion of Nonclinical Findings

Agonism of lymphocytic S1P receptors inhibits the release of T-cells and B-cells from
peripheral lymphoid organs, subsequently decreasing the available pool of autoreactive
circulating lymphocytes available for entry into the central nervous system. Consistent
with the known pharmacology of S1P agonists, ozanimod induced leukopenia in every
nonclinical species used in the nonclinical program. Ozanimod (RPC1063) is
extensively metabolized, with three metabolites, CC112273, CC1084037, and
RP101124, considered to be major human metabolites. The parent and the major
human metabolites, with the exception of RP101124, were demonstrated to be agonists
at S1P; and S1Psreceptors.

In the general toxicology studies, spleen, thymus, and lung were determined to be
targets of ozanimod in both rat and monkey. Ozanimod and its major human
metabolites (except for CC1084037) were negative for mutagenicity or clastogenicity in
a genotoxicity battery. When assessed in vitro in TK6 cells, CC1084037 increased the
number of micronuclei by up to 4-fold in the absence of metabolic activation. RP101124
was not assessed in an in vitro chromosomal aberration assay. In carcinogenicity
studies, ozanimod increased the combined incidence of hemangioma and
hemangiosarcoma in transgenic mice dosed daily for 6 months; there was no drug-
related neoplasia detected in the two-year carcinogenicity study conducted in rats.
There were no effects on fertility in male or female animals dosed with ozanimod.
Embryolethality and developmental effects (e.g., incomplete skeletal ossification,
malpositioned vertebrae, malformed or absent arteries, anasarca, malpositioned testes,
and cleft palate) occurred in pregnant rats and/or rabbits exposed to ozanimod and its
metabolites during gestation. Hyperactivity (increased motor activity in the open field
assessment) and increased sensitivity to touch were the only ozanimod-related findings
in the pre- and postnatal development study. While not required to support the use of
ozanimod in adult MS patients, the sponsor assessed toxicity in juvenile rats; there were
no ozanimod-related findings at the highest dose studied.

Given the extensive metabolism of ozanimod, the sponsor conducted toxicokinetic (TK)
analyses of ozanimod and the three major human metabolites, including several
bridging studies assessing the two major human metabolites discovered late in
development, CC112273 and CC1084037. Based on these TK data, it was determined
that ozanimod and its three major human metabolites were adequately assessed in the
nonclinical studies with the following exceptions:

e RP101124 was not assessed in an in vitro chromosomal aberration assay.

e (CC1084037 was not adequately assessed in the pre- and postnatal development

study conducted in rat.
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1.3 Recommendations
1.3.1  Approvability

The nonclinical data provided in the NDA support approval, with one recommended
postmarketing requirement (PMR). The sponsor should determine, as a PMR, if
CC1084037 adversely impacts the pre- and postnatal developmental period. Although
not assessed in this application, conducting an in vitro chromosomal aberration assay
with RP101124 as a PMR or prior to approval would not substantially add to the current
understanding of the carcinogenic potential of this metabolite because it was adequately
tested in the 6-month carcinogenicity assay, which was positive.

1.3.2 Additional Nonclinical Recommendations
None.
1.3.3 Labeling

Sponsor’s Proposed Labeling Recommended Labeling
-------- INDICATIONS AND USAGE INDICATIONS AND USAGE---------
ZEPOSIA is indicated for the treatment of | ZEPOSIA is a sphingosine 1-phosphate
adults with relapsing forms of receptor modulator indicated for the
multiple sclerosis (MS) (1). treatment of adults with relapsing forms of

multiple sclerosis (MS) (1).

8.1. Pregnancy 8.1. Pregnancy
Risk Summary Risk Summary
There are no adequate data on the There are no adequate data on the
developmental risk associated with the developmental risk associated with the
use of ZEPOSIA in pregnant women ®® | use of ZEPOSIA in preghant women.
In the U.S. general population, the Based on animal data, ZEPOSIA can
estimated background risk of major cause fetal harm when administered to a
birth defects and miscarriage in clinically | pregnant woman (see Data).
recognized pregnancies is 2% to Reproductive and developmental studies
4% and 15% to 20%, respectively. The in pregnant rats and rabbits have
background risk of major birth demonstrated ZEPOSIA-induced
defects and miscarriage for the indicated | embryotoxicity and teratogenicity in rats
population is unknown. | ©¢ and rabbits. Increased incidences of post-

®€ | implantation loss, fetal lethality, and fetal

abnormalities (skeletal, urogenital)
occurred in rat with a no-effect dose that
was 2-times the maximum recommended
human dose of 1 mg, on a mg/m? basis.
Skeletal fetal abnormalities were present
at all doses tested in the pregnant rabbit,
with the lowest dose being 4-fold higher
than the maximum recommended human
dose of 1 mg, on a mg/m? basis. Higher
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doses in the pregnant rabbit were
associated with vascular abnormalities,
abortion and embryolethality.

In the U.S. general population, the
estimated background risk of major

birth defects and miscarriage in clinically
recognized pregnancies is 2% to

4% and 15% to 20%, respectively. The
background risk of major birth

defects and miscarriage for the indicated
population is unknown. If the

patient becomes pregnant or plans to
become pregnant while taking
ZEPOSIA, she should be informed of the
potential hazards and

discontinuation of therapy should be

considered.
Data Data
Animal Data Animal Data

(b) (4

When ozanimod (0, 0.2, 1, or 5 mg/kg)
was orally administered to pregnant rats
during the period of organogenesis,
malformations (skeletal and urogenital),
postimplantation loss, and fetal lethality
occurred at > 0.2 mg/kg, a dose that is 2-
times higher than the maximum
recommended human dose of 1 mg, on a
mg/m? basis. At the no-effect level of 0.2
mg/kg, exposure to ozanimod and
RP101124, was 8.9- and 13.7-times
higher than the exposure at the maximum
recommended human dose of 1 mg;
exposure to the other two major human
metabolites, CC112273 and CC1084037,
was less than the exposure at the
maximum recommended human dose.

When ozanimod (0, 0.2, 0.6, or 2 mg/kg)
was orally administered to pregnant
rabbits during the period of
organogenesis, a no-effect dose could
not be determined because skeletal
malformations were observed at all
doses. Vascular malformations, with a no-
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effect dose of 0.2 mg/kg, and
spontaneous abortion and
embryolethality, with a no-effect dose of
0.6 mg/kg, occurred at higher doses. The
lowest dose, 0.2 mg/kg, represented a
dose that is 4-fold higher than the
maximum recommended human dose.
Exposure to ozanimod at the lowest dose
of 0.2 mg/kg was 2.2-fold higher than
exposure at the maximum recommended
human dose; the level of the three major
human metabolites did not exceed
exposure at the maximum recommended
human dose.

When ozanimod (0, 0.2, 0.7, or 2 mg/kg)
was orally administered to female rats
throughout pregnancy and lactation,
offspring exhibited an increase in activity
and reactivity to touch with a no-effect
dose of 0.7 mg/kg, which is 7-times
higher than the maximum recommended
human dose, on a mg/m? basis. Exposure
to ozanimod and RP101124, a major
human metabolite, at the no-effect dose
was 30- and 40-times higher than at the
maximum recommended human dose;
exposure to the other two major human
metabolites, CC112273 and CC1084037,
was less than the exposure at the
maximum recommended human dose.

8.2. Lactation

Risk Summary

There are no data on the presence of
ozanimod in human milk, the effects

on the breastfed infant, or the effects of
the drug on milk production.

(b) (4)

8.2. Lactation

Risk Summary

There are no data on the presence of
ozanimod in human milk, the effects

on the breastfed infant, or the effects of
the drug on milk production.

A study in lactating rats has shown
excretion of ozanimod and its metabolites
in milk.

The developmental and health benefits of
breastfeeding should be considered along
with the mother’s clinical need for
ZEPOSIA and any potential adverse
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effects on the breastfed infant from
ZEPQOSIA or from the underlying maternal

condition.

8.3 Females and Males of 8.3 Females and Males of
Reproductive Potential Reproductive Potential
Contraception Contraception
Women of childbearing age should use Before initiation of ZEPOSIA treatment,
effective contraception ~ “¢ women of childbearing potential should

®® for 3 months be counseled on the potential for a
after stopping ZEPOSIA. serious risk to the fetus and the need for

effective contraception during treatment
with ZEPOSIA [see Use in Specific
Populations (8.1)]. Women of
childbearing age should use effective
contraception  ©%

® for 3 months
after stopping ZEPOSIA.

8.4. Pediatric Use 8.4. Pediatric Use
Safety and effectiveness in pediatric Safety and effectiveness in pediatric
patients have not been established. patients have not been established.

Juvenile Animal Toxicity Data

Juvenile rats were given a daily oral dose
of 0, 0.3, 3, or 10 mg/kg/day ozanimod for
10 weeks beginning on postnatal day 21.
There were no drug-related effects
observed on development up to the
highest dose tested (10 mg/kg) which
was 97-fold higher than the MRHD of 1
mg on a body surface area basis.
Systemic exposure to ozanimod and the
three major human metabolites
(RP101124, CC112273, and CC1084037)
at the highest dose tested,10 mg/kg/day,
was 582-, 1131-, 3-, and 1.1-fold greater,
respectively, than exposure at the
maximum recommended human dose of

1 mg.

12.1. Mechanism of Action 12.1. Mechanism of Action
Ozanimod is a sphingosine 1-phosphate | Ozanimod is a highly metabolized
receptor modulator, which binds sphingosine 1-phosphate receptor
with high affinity B o modulator. In humans, approximately
sphingosine 1-phosphate receptor 94% of circulating total active drug

ke exposure is represented by ozanimod
1and 5. e

®) @ Th e
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mechanism by which ozanimod exerts
therapeutic effects in multiple sclerosis

@9 is unknown but may involve the
reduction of lymphocyte

migration into the central nervous system.

) 4

(6%), CC112273 (73%), and CC1084037

(15%). Ozanimod and its major

metabolites bind

with high affinity to sphingosine 1-

phosphate receptor bt

1 and 5. B

(b)(4)_ The

mechanism by which ozanimod exerts

therapeutic effects in multiple sclerosis
®9 is unknown but may involve the

reduction of lymphocyte

migration into the central nervous system.

13 Nonclinical Toxicology
13.1. Carcinogenesis, Mutagenesis,
Impairment of Fertility

) @&
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13 Nonclinical Toxicology

13.1. Carcinogenesis, Mutagenesis,
Impairment of Fertility

Carcinogenesis

Oral carcinogenicity studies of ozanimod
were conducted in transgenic mice and
rats.

In Tg.rasH2 mice administered ozanimod
(0, 8, 25, or 80 mg/kg/day) by oral gavage
for 6 months, the incidence of
hemangiosarcoma and hemangioma was
increased in males at all doses and in
females at doses > 8 mg/kg. Systemic
exposure to ozanimod and the three
major human metabolites (RP101124,
CC112273, and CC1084037) at the
lowest dose of 8 mg/kg/day was 1680-,
106-, 3-, and 1.4-fold greater,
respectively, than exposure at the
maximum recommended human dose of
1 mg.

In rats, ozanimod was administered at
oral doses of 0, 0.2, 0.7, or 2 mg/kg/day.
No increase in tumors was observed.
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(b) (4)

Systemic exposure to ozanimod and one
of the major human metabolites,
RP101124, at the high dose of 2
mg/kg/day was 126- and 212-fold greater,
respectively, than exposure at the
maximum recommended human dose of
1 mg. Systemic exposure to the other
major human metabolites, CC112273 and
CC1084037, at the high dose of 2
mg/kg/day in rats did not exceed the
clinical exposure at the maximum
recommended human dose of 1 mg.

Mutagenesis
Except for the major human metabolite

CC1084037, which was positive in an in
vitro chromosomal aberration assay, and
RP101124, which was not assessed in an
in vitro mammalian cell assay, ozanimod
and its major human metabolites were
negative in a battery of in vitro (Ames,
gene mutation assay in mammalian cells,
and chromosomal aberration in
mammalian cells) and in vivo
(micronucleus in rat) assays.
CC1084037 was negative in in vivo
micronucleus and comet assays
conducted in mouse.

Impairment of Fertility

When ozanimod was administered orally
(0, 0.2, 2, or 30 mg/kg/day) to male and
female rats 14 days prior to and during
mating, and continuing to Day 7 of
gestation in females, no effect on fertility
was observed up to the highest dose
tested (30 mg/kg) which is approximately
291-times the maximum recommended
human dose (MRHD) on a mg/m? basis
(assuming a 60 kg human). Exposure to
ozanimod and the three major human
metabolites (RP101124, CC112273, and
CC1084037) at the high dose of 30 mg/kg
were 2460-, 4290-, 14.7-, and 3.1-fold
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higher, respectively, than exposure at the
MRHD.

13.2 Animal Toxicology and/or 13.2 Animal Toxicology and/or
Pharmacology Pharmacology

This section should be eliminated.

10
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2  Drug Information

2.1 Drug

CAS Regqistry Number: Base: 1306760-87-1; HCI salt: 1618636-37-5

Generic Name: Ozanimod

Code Name: RPC1063

Chemical Name: 5-(3-{(1S)-1-[(2-hydroxyethyl)amino]-2,3-dihydro-1H-inden-4-yl}-1,2,4-
oxadiazol-5-yl)-2-[(propan-2-yl)oxy]benzonitrile, monohydrochloride

Molecular Formula: C23H24N403HCI

Molecular Weight: 440.92 Da

Pharmacologic Class: Sphingosine 1-phosphate receptor (S1P) agonist

Structure: Sponsor’s figure, below

< 0y
0«@—'@. |
N

NC

*HCI
NH

O
2.2 Relevant INDs and NDAs:

The following applications were submitted by the current sponsor:

e INDs: 109,159 (Multiple sclerosis, DN2), O
(b) (4)

H

e NDAs: 209-899 (Multiple sclerosis, DNP), 209-902 (Multiple Sclerosis,
Presubmission, DN2)

2.3 Drug Formulation:

ZEPOSIA is formulated in gelatin capsules for oral administration. Dosage strengths
and dosing formulations are provided in the sponsor’s tables, below. There are no
nonclinical concerns regarding the formulation. All of the excipients are listed in the
Inactive Ingredient Database and are present in the drug product at levels equal to or
less than those of previously approved drugs formulated for oral administration.
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Table 1: Expression of Dosage Strengths
Ozanimod HCI/RPC1063 Ozanimod (active moiety)
0.25 mg 0.23 mg
0.5 mg 0.46 mg
1 mg 0.92 mg
Table 2: Composition of Ozanimod HCI Capsules
) Rifeicace to . Amount per Unit (mg)
Component Sage Function
Quality Standard 0.25mg | 0.5mg 1.0 mg
Ozanimod HCl ! 3".'5'4'.1 Active 0.25 0.50 1.00
Specifications
. ; M)
Microerystalline cellulose,

®@ NF/PhEur./JP

NF/Ph.Eur./JP

Colloidal silicon dioxide NF/Ph.Eur./TP
Croscarmellose sodium NF/Ph.Eur./JP
Magnesium stearate NF/Ph.Eur./JP

2.5 Comments on Impurities/Degradants of Concern:

Except for PP

, all identified impurities are controlled below the qualiﬁcatigg}
threshold of 0.15%.

) &)

®@is controlled at ®“% and is qualified at levels of ®®% in the chronic

studies conducted in rat and monkey. Except for ®@ " all potentially genotoxic
impurities were negative in an adequate in silico assessment. ®9 was positive
for mutagenicity using the CASE Ultra program; follow-up testing in an adequately
conducted bacterial reverse mutation assay demonstrated that ®®\as not
mutagenic (AE81YV.502ICH. ©@¢).

2.6 Proposed Clinical Population and Dosing Regimen:

ZEPOQOSIA is indicated for the treatment of adults with relapsing forms of multiple sclerosis
(MS). The sponsor recommends dose escalation over an 8-day period from 0.23 mg QD
to the maximum recommended human dose (MRHD) of 0.92 mg QD. The sponsor
proposes that QD dosing at 0.92 mg should continue unless treatment has been
interrupted for > 14 days. In this case, the sponsor states that the titration period should
be repeated.

2.7 Regulatory Background:

The protocols for the rat and mouse carcinogenicity studies were assessed by the

12
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Executive Carcinogenicity Assessment Committee on December 16, 2014, and January
20, 2015 under IND 109159. In the preliminary responses to questions provided in the
Pre-NDA meeting package, the Division informed the sponsor that it would be necessary
to demonstrate that adequate exposure to a major human metabolite, RP112273, was
achieved in the full battery of nonclinical studies (e.g., chronic toxicity, reproductive and
developmental, and carcinogenicity studies). RP112273, estimated to account for | (3% of
total drug-related exposure, was identified late in clinical development. The sponsor was
informed that toxicokinetic data documenting adequate assessment of RP112273 would
need to be provided in the NDA. The face-to-face pre-NDA meeting was cancelled by the
sponsor on November 22, 2017. NDA 209-899 was submitted for review on December
22, 2017. The Division refused to file the application on February 26, 2018, based on
the lack of nonclinical studies demonstrating coverage of RP112273. The sponsor was
informed of the need to conduct additional nonclinical PK studies to bridge to the existing
battery of nonclinical studies. At the follow-up Type A meeting held on April 3, 2018, the
sponsor was told that the proposed bridging strategy appeared to be sufficient to allow
for review. In written responses to a Type C meeting request (November 9, 2018), the
sponsor was reminded of the Division’s concern regarding the lack of exposure coverage
to RP112273 in the rat carcinogenicity study as well as the determination that insufficient
exposure to this metabolite also occurred in the embryofetal development study
conducted in rat.

3 Studies Submitted

3.1 Studies Reviewed

All nonclinical studies provided in the sponsor’s resubmission (March 25, 2019) and
initial submission (December 26, 2017) were reviewed.

3.2 Studies Not Reviewed
N/A

3.3 Previous Reviews/Memos Referenced

Gautam, DC, Nonclinical Review, January 22, 2015, O

Seifried, AS, SPA Agreement Memo, December 18, 2014, IND 109,159
Seifried AS, SPA Agreement Memo, January 21, 2015, IND 109,129
Siarey RJ, Nonclinical Filing Review, February 26, 2018, NDA 209-899
Toscano CD, Nonclinical Filing Review, May 2, 2018, NDA 209-899

13
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4  Pharmacology

4.1 Primary Pharmacology

Ozanimod (RPC1063) is extensively metabolized to nine different circulating
metabolites, with three of these metabolites, CC112273, CC1084037, and RP101124,
considered to be major human metabolites because they circulate at > 10% of the total
drug-related exposure. The parent and all major metabolites, except for RP101124, were
demonstrated to be agonists at the sphingosine-1-phosphate (S1P) receptor, a G protein-
coupled receptor.

The sponsor assessed activation of the human, mouse, and rat S1P receptor isoforms
by each of the metabolites in an in vitro model of radiolabeled GTP binding activity (RP-
PH-001, RP-PH-002, RP-PH-010, RP-PH-014; sponsor’s Tables 2, 3, and 4, below).
Recombinant receptors for cynomolgus monkey were not available for assessment in
vitro. Ozanimod and metabolites, CC112273, CC1084037 (also known as RP100798),
RP101075, RP101988, RP101442, RP112289, and RP112509, exhibited agonist activity
at the human S1P; and S1Ps receptors, the mouse S1P; receptor, and the rat S1P;
receptor (sponsor’'s Tables 2 3, and 4, below). RP101124 exhibited no activity at the
human, mouse, or rat S1P receptors. CC1084037, a major human metabolite, and
RP101988 exhibited some activity at the human S1P; receptor.

14
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Table 2: Human Sphingosine 1-phosphate Receptor Binding Data

Compound Human S1P; Human S1P; Human S1P; Human S1P; Human S1Ps
ECso IA ECse IA ECs IA ECs IA ECs (nM) IA
(mM) (nM) (nM) (nM)
SIP 33.18= 100 213.06= 100 156=0.11 100 55090 = 100 732+083 100
0.83 1221 2524
Ozanimod 103= | 919=19 | =10000 | 281=% | 2618x203 [ 47527 | =10000 | 37.1=05 | 1066029 | 974=50
0.16 0.7
CC112273 299= [ 859=29 [ =10,000 NR >10,000 NR =10,000 NR 29.32=198 | 69.8=50
0.17
CC1084037+ 020= [ 853=16 | =10,000 NR 2414=749 | 410= >10,000 NR 3.02=016 865=63
0.01 13.0
RP101124 >10,000 | 118217 | >10,000 NR >10,000 NR >10,000 NR >10,000 158%37
RP101075 035= | 856=19 | =10000 | 368=% =10,000 NR 1801+ | 54.1x43 | 449=067 T48=64
0.01 2.1 317
RP101988 033= | 858=38 | =10.000 NR 2773+379 | 442+90 | >10000 | 21213 | 29.15+125 799=53
0.01
RP101442 330= | 87.0=29 | =10,000 NR >10.000 NR >10,000 NR 477510 | 690=68
0.25
RP112289 928+ | 682=18 | =10.000 NR =10,000 NR -10,000 NR 4351366 | 384=20
0.79
RP112509 1051+ | 876=09 | =10,000 NR -10.000 NR =10,000 NR 6898567 | 542=14
1.53

EC« = concentration at which 50% of maxmmal actrvity 1s observed; IA = mtnnsic activity (% relative to S1P response); NR = no response (Mean %E... = 10%
where E 15 the maximal response achieved relative to the internal positive control, sphingosine 1-phosphate); S1P = sphingosine 1-phosphate; S1P,, S1P;,
S1Ps, S1P.. or S1P« = sphinzosme 1-phosphate receptor 1, 2. 3, 4, or 5. respectively. Data are expressed as mean and standard ervor of the mean (SEM) N=3
to 6 independent expenments.

Iralic = responze achieved at the top test compound concentration of 10,000 nAf.

Bold = major human metabolites that contribute = 10% of the total drug-related exposure in the plasma.

" CC1084037 1s a racemate. R and S enantiomers of CC1084037 are equally potent in in vitro assays (Report RP-PH-014).

Source: Report RP-PH-010.

15
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Table 3: Mouse Sphingosine 1-phosphate Receptor Binding Data

Compound Mouse S1P, Mouse S1P; Mouse S1P; Mouse S1Py Mouse S1Ps
ECso IA ECs IA ECs IA ECs IA ECs IA
(nM) (nM) (nM) (M) (nM)
S1P 26.26 + 100 3584 = 100 9190597 100 4556= 100 2173 = 100
238 140 1242 2.13
Ozanimod 090 = 92021 =10,000 119006 =10,000 NR =10,000 48545 | 104880 | S04=13
021 160.22
CC112273 27 = 86.1=41 =10,000 NR =10,000 NR =10,000 NKR 31060= | 15.0=1.8
0.30 28.93
CC1084037= 0.16 = 832125 =10,000 NR =10,000 NR =10,000 NR 16407 = 703+2.12
0.01 3571
RP101124 =10,000 NR =10,000 NR =10,000 NR =10,000 NR >10,000 NR
RP101075 028 = 858=35 =10,000 11708 =10,000 11012 =3,333 77.0£ 6.6 38098 = 679=41
0.02 12524
RP101988 038 = 873x23 =10.000 NR =10,000 120+22 =10,000 NR =3,333 55286
0.02
RP101442 286= 865=12 =10,000 NR =10,000 NR =10,000 NR 45323 = 92+0.7
0.13 24061
RP112289 843 = 718+13 =10,000 NK =10,000 NR =10,000 NR =10,000 NR
1.12
RP112509 1059 86.7=33 =10.,000 NR =10,000 NR =10,000 NR =10,000 NR
1.82

EC« = concentration at which 50% of maxmmal actmity 15 observed: IA = mtnnsic activity (%6 relative to S1P response); NR = no response (Mean %E.... < 10%.
where E,... 15 the maximal response achieved relative to the internal positive control. sphmgosine 1-phosphate):; S1P = sphingosine 1-phosphate; S1P,. S1P;.
S1P;. S1Ps. or S1P: = sphingozme 1-phosphate receptor 1. 2. 3, 4. or 5. respectively. Data are expressed as mean and standard error of the mean (SEM). N=3
to 6 independent expenments.

Italic = response achieved at the top test compound concentration aof 10,000 nA

Bold = major human metabolites that contribute = 10% of the total drug-related exposure in the plasma.

* CC1084037 15 a racemate. R and S enantiomers of CC1084037 are equally potent in m vitro assays (Report RP-PH-014).

Source: Report RP-PH-010.
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Table 4: Rat Sphingosine 1-phosphate Receptor Binding Data
Compound Rat S1Py Rat S1P; Rat S1P; Rat S1P,
ECs (nM) IA ECs (nM) 1A ECs (nM) IA ECs (nM) IA
S1P 21.72+0.90 100 10.60 =0.57 100 3300598 100 163.65x 100
23.66
Ozanmmod 1.02=0.14 909=27 =10,000 13310 =10,000 NR =3.333 703 5.2
CC112273 2.82+0.27 838=130 =10,000 NR =10,000 NR =10,000 NR
CC1084037= 0.17=0.,02 8l.2=35 =10,000 NR =10,000 NR =10,000 NR
RP101124 >10,000 NR >10,000 NR >10,000 NR =10,000 NR
RP101075 031=002 887=6.1 =10,000 13611 =10.000 NR =3.333 726+90
RPI01988 040=002 855=04 =10,000 NR =10.000 20800 =10,000 32073
RP101442 349=023 892=11 >10,000 NR >10,000 NR =10,000 NR
RP112289 9.20=048 71.7=39 =10,000 NR =10,000 NR =10,000 NR
RP112509 1089 =1.61 862=35 =10,000 NR =10,000 NR >10,000 NR
ECs = concentranion at which 50% of maxmmal activity 15 observed: IA = mtnnsic activity (% relative to S1P response); NR = no response (Mean %. = 10%,

where E,.. 15 the maximal rezponse achieved relative to the internal positive control. sphingosine 1-phosphate ; SIP = sphingosmne 1-phosphate; S1P,, S1P;,

S1P:, or S1P. = sphungozine 1-phosphate receptor 1, 2. 3. or 4, respectively. Data are expressed as mean and standard error of the mean (SEM) N=3to 4

independent expenments.
Ttalic = response achieved at the top test compound concentration of 10,000 ndM.

Bold = major human metabolites that contribute > 10% of the total drug-related exposure in the plazma,

" CC1084037 15 a racemate. R and S enantiomers of CC1084037 are equally potent in in vitro assays (Report RP-PH-014).
Source: Report RP-PH-010.
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S1P, receptor internalization occurs upon activation of the receptor. Internalization of the
receptor was studied in HEK293 cells that were incubated with ozanimod or its nine
circulating metabolites (RP-PH-013, RP-PH-003). The parent and all metabolites, except
for RP101124, caused receptor internalization (sponsor's Table 5, below). Similar
internalization of the S1Ps receptor was not observed when CHO cells overexpressing
the receptor were incubated with 1 uM ozanimod (RP-PH-003).

Table 5: Potency and Intrinsic Activity of Ozanimod and Metabolites to Induce
Sphingosine 1-phosphate Receptor Subtype 1 Internalization
Compound 1 Hour 3 Hour 6 Hour I4 Hour
EC: IA EC:a IA ECsw IA EC:a IA
(o)) (mMI) (mMI) (mMI)
Ozanmaod 1738+ T2O08 = T56= 7557 = 440 = Ti18= 145 = 6472 +
312 7.13 1.21 317 1.04 168 (.23 0.51
CC112273 516= | T783= [ 374= | T3z 1.69= | 8664= | L03= | 3471=
1.37 9.08 1.21 .73 0.7 4.04 0.27 4.98
CCl084037 435 = 67.08 = 184= 83.06 = 1.11= T77.60 = 104 = 58.23 =
1.04 1588 .48 0.83 0.33 3.79 0.16 6.98
EF101124 NE NE NE NE
RP101075 1234+ 7688 = j6l= T6.68 = 399+ 6973 = 1.01= 6525+
313 3.81 0.75 3457 0.83 3.28 0.08 3.85
RP101988 368 = 66.64 = 153« 69.36 = 110 = 6542+ 041 = 6553+
1.33 1.55 0.21 3.96 (.32 £31 0.07 3.535
RP101442 608 | 66597+ | 3.70= | 8127+ | 322z | 83ll=x 128+ | 5712%
096 4.68 (.93 491 (.53 10.35 0.13 6.75
RP112289 465+ 6017 = 1109+ 7692 + TRE = T473 = 379+ 5506
10.36 £.86 4.40 6.63 .36 0.68 (.29 4.10
RP112509 1844+ 6478 = 999 = 87.76 = 550« Ti18= 145 = 3533+
1.70 6.14 3.05 374 7.60 1.68 0.47 729

ECsx = concentration at which 30% of mammal actvity is ebserved; LA = mbinsic activity; NE= no response (no
observed loss of sphingosine 1-phosphate receptor 1 expression from the plasma membrane); SEM = standard
error of the mean.

Diata are shown as mean = SEM (n=3 or 4 for metabolites and n = 7 for ozammed as 1t was meluded o all
expenmental mms) for ECsq for mtermahzahon of sphinposine 1-phosphate receptor 1 (51P;) as mezsured by flow
cvtometry analysis and for [A, whoch 15 the difference between maxmum and munmimum percentage of
mnternahization for each compound relative to dimethv] sulfoxade (DRS0]) velucle control.

Bold = major human metabolites that contribute = 10% of the total druz-related exposure in the plazma.

Source: Feport RP-PH-013.

In vitro studies were conducted with primary astrocyte cultures from mouse, rat, and
human that were incubated with ozanimod, CC112273, or RP101988 for 10 minutes,
after which cells were lysed and assessed for phosphorylation of protein kinase B (AKT)
and extracellular-signal-regulated kinase activity (ERK; RP-PH-004, RP-PH-009, RP-PH-
12). Ozanimod and the two metabolites exhibited potent stimulation of AKT and ERK
phosphorylation in astrocytes from all three species. An additional study conducted with
mouse primary astrocytes demonstrated that signaling through the S1P4, not S1Ps5, was
responsible for the increased phosphorylation (RP-PH-011).

The reduction in the number of circulating lymphocytes is an established
pharmacodynamic effect of S1P receptor agonism. Ozanimod (0.6 mg/kg) and its
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metabolites (2 mg/kg CC112273, 0.6 mg/kg RP101075, 1 mg/kg RP101442, 10 mg/kg
RP101988) decreased the number of circulating CD4+, CD8+, and B220+ lymphocyte
subtypes by 52 to 89%, relative to pre-dose levels, after a single oral dose in Sprague
Dawley rats (RP-PH-005, sponsor’s figure, below). Ozanimod also decreased circulating
lymphocytes in C57BL/6 mice, beagle dogs, and cynomolgus monkeys (RP-PH-006, RP-
PK-002). In all species tested, the reduction in circulating lymphocytes was reversible
upon cessation of treatment.
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Absolute Lymphocyte Count
(% A ws, baseline; Mean £ SEM)

-100-

- Vehicle B Ozanimed (0.6 mg/kg PO)
& CCL12273(2 mg/ke PO) —A RP101075 (0.6 mg/keg PO)
- RPLO198E (10 mg/'kg POy - RPLO1442 (1 mg'ke PO)

PO = oral; SEM = standard error of the mean: %A = percent change.
# Total active drug = administered compound plus active metabolite[s].

The sponsor conducted several in vivo efficacy studies of ozanimod and its
metabolites in the mouse (C57BL/6) experimental autoimmune encephalomyelitis model,
the results of which are summarized in the sponsor’s table, below (20091001-1d,
20091203-2b, and RP-PH-006). Ozanimod, RP101442, RP101075, and RP1019888
markedly decreased circulating lymphocyte counts and disease score. CC112273
decreased the disease score but was not as effective as the parent or other tested
metabolites in causing circulating lymphocyte reduction in study RP-PH-006. However, in
a follow-up study (RP-PH-016), CC112273 reduced circulating lymphocytes by > 70%
after 5 days of dosing at 10 mg/kg.
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Table 7: Summary of Ozanimod and Active Metabolites in the Mouse Experimental
Autoimmune Encephalomyvelitis Model
Treatment Daose(s) Disease Score Body Absolute
(mg/kg/day) Weight Loss | Lymphocyte
’ Counts*
FTY720" 3 Significantly attenuated (~ 33%) Significantly | ~ 64% «
- attenmated
Ozammod 02,06 Significantly attenuated (= 44%) ~ 50%
EP101442 02,0408 = 69% 4
RP101075 00501,03 £45% 4
FP101988 2,6,20 = 43% (N5)
CC112273 2,6.10 Significantly attenuated (< 43%)° | Trend for 5% (NS)*
attenuation
CC1084037 CC1084037 was not tested directly but present at climcally relevant levels (= 16 oM az a
metabolite and hkely contmbuted to efficacy m the CC112273 EAE smdy
(Feport BEP-PH-006-1 0-Addendum=1). Simualarly, CC1084037 15 anticipated to contnbute to
the PD effect in the mouse CC112273 study (Feport EP-PH-016).
EAFE = expenmental auteimmune encephalomyslins; N5 — not sigmficantly different.

* absolute lymphocyte counts assessed 24 bours after final dose and compared with EAE vehicle control animmals

¥ In all 4 experimental sutcimnmmne encephalomyelitiz model studies, 64% was the average lrmphocvte raduction
induced by FTY 720.

¢ during the first 7 days of treatment

4 3 separate study (Report RP-PH-016) demonstrated significant (= 72 %) decrease in lymphocyte counts in
C37BL/6] muce after 5 days of dosing at 10 mg'kg, an efficacions dose in the EAFE model.

Souwrce: Report RP-PH-006-1.0-Addendum=]1.

The efficacy of ozanimod was also assessed in a mouse model of cuprizone-induced
demyelination (RP-PH-015). Mice were given a daily oral dose of 5 mg/kg ozanimod both
during the 6-week cuprizone treatment period and the following 12-week recovery period
during which cuprizone was not administered. Ozanimod decreased circulating
lymphocytes by 99.5% at week 6 and 86% at week 18. Concurrent treatment with
ozanimod and cuprizone decreased the rate of demyelination, compared to control;
however, there was no effect of ozanimod treatment on remyelination during the 12-week
recovery period when compared to controls.

4.2 Secondary Pharmacology

In vitro binding of ozanimod and its metabolites, CC112273, CC1084037, RP101075,
RP101442, RP101988, and RP101124, was assessed using a high-throughput screening
assay (CEREP Express Profile; 10040667, CC-DISC-ET-2289, 16603, 16829, 17638,
100032946). When tested at 1 uM, CC112273, RP101075, RP101988, RP101442, and
RP101124 did not exhibit binding in the screening assays. When tested at concentrations
of up to 10 uM, ozanimod inhibited the human 5-HT transporter by 73%; an ICsq of 3.6
MM and Ki 600 nM was determined in a follow-up assay (CC-DISC-ET-2926). When
tested at concentrations of up to 10 uM, CC1084037 bound to the human adenosine 3
(A3), melatonin (MT1), sigma, and GABA-gated chloride channel receptors; a follow-up
study demonstrated an ICsg of 300 and 1500 nM at the A3 and MT1 receptors,
respectively. There was no discussion regarding any functional assessments of the
GABA-gated chloride channel and sigma receptor binding of CC1084037.
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Several of the metabolites, CC112273, RP101075, and CC1084037, were
determined to be in vitro inhibitors of monoamine oxidase (MAO). CC1084037 inhibited
human recombinant MAO-B (IC5o= 43 to 57 nM) but not MAO-A (ICso > 10 uM; RPC-
1063-DMPK-2859). MAO-B was inhibited in vitro by RP112273 (ICs0o= 5.7 nM) and
RP101075 (IC50= 56 nM; RP-PK-026). MAO-A was inhibited by RP101075 (IC5o= 1322
nM) but not RP112273. When assessed in two separate studies conducted in the
mouse, there was no evidence of serotonin syndrome caused by ozanimod or
RP112273 (PH-008; RP-PH-017).

4.3 Safety Pharmacology

CNS: A functional observational battery was conducted as part of the 28-day study
(026004) and is reviewed in the General Toxicology section of this review.

Cardiovascular: In a GLP in vitro hERG assay, ozanimod and the major human
metabolite, CC112273, were determined to be potent hERG inhibitors (ICso 0of 0.2 and 0.6
UM, respectively; 100503.SJD, 170531.SFD). CC1084037 inhibited hERG by 15%, when
tested at a concentration of up to 3 pM; precipitates prevented assessment at higher
concentrations (CC-DISC-ET-2880).

In a non-GLP study, cynomolgus monkeys dosed with 0.15, 3 or 10 mg/kg ozanimod
exhibited an 18-26% increase in PR interval between 0.5 and 3.5 hours after dosing; no
other ECG parameters were affected (1840-002).

A GLP cardiovascular safety pharmacology study of ozanimod was conducted in
telemetered cynomolgus monkeys (026002). In monkeys given a single oral dose of O,
0.15, 3, or 30 mg/kg, ECG and hemodynamic parameters were monitored for up to 24
hours after dosing. Diastolic blood pressure was decreased by 20%, relative to pretest
values, at the MD and HD at 30 minutes after dosing but normalized by 2-3 hours after
dosing. Heart rate (27%) was decreased and R-R interval (37%) was increased, both
relative to pretest, at the HD for up to 24 hours after dosing. QTc interval (Bazett's
correction) was not affected. The NOAEL was the LD of 0.15 mg/kg, with decreased
diastolic blood pressure and heart rate observed at higher doses.

Respiratory: Sprague Dawley rats (n=2/sex/group) were given a daily oral dose of 0, 0.1,
2, or 8 mg/kg ozanimod for 5 days and subjected to head-out plethysmography on days
1 and 5 of dosing for up to 24 hours post-dose on each day (non-GLP; 1275rr32-011).
There were no ozanimod-related effects on respiratory parameters. In the GLP pivotal
respiratory safety pharmacology study, male SD rats (n=18/group) were given a daily
dose of 0, 0.2, 2, or 30 mg/kg ozanimod for seven days. Whole-body plethysmography
was conducted for up to 24 hours after dosing on the first and last day of dosing. At 12
and 24 hours after dosing, respiratory rate was increased (Day 1: 16 to 23%; Day 7: 13
to 15%) and tidal volume was decreased (Day 1: 12 to 15%; Day 7: 12 to 14%). Lung
weight was increased by 34% and 86% in MD and HD rats, respectively, at the end of the
7-day dosing period.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Analytical Methods and Validation Reports: The sponsor developed and validated LC-
MS/MS methods for detecting and quantifying ozanimod and its circulating metabolites in
mouse, rat, rabbit, and monkey plasma, except for RP101124 in rabbit plasma. The lower
limits (LLOQ) and upper limits of quantification (ULOQ) for these assays are provided in
the sponsor’s table, below.

Table 2: Bioanalytical Method Validations for the Measurement of Plasma
Concentrations of Ozanimod and Metabolites
Report Number Analyte Species LLOQ I_L,GQ
(ng/mL) (ng/mL)
Ozanimod
RP101075
1581882¢ RP101442 Mouse 0.400 100
RP101988
RP101124
CC112273 0.040 8.000
RPQ;{LQE?;EI;;I;I;{)— 2680 CC1084037 Mouse 0.020 4.000
RP112289 0.020 4.000
185695+ CC112273 Mouse 0.200 100
Ozanimod
RP101075
1580264 ¢ RP101442 Eat 0.400 100
RP101988
RP101124
Ozanimod
025996% EP101442 Rat 0.400 300
RP101075
185687¢ CC112273 Rat 0.100 50.0
CC112273 20.0 3200
187239¢ CC1084037 Eat 10.0 1600
RP112289 10.0 1600
Ozanimod
ABO03213= EP101442 Rabbit 0.800 300
RP101075
22
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Table 2: Bioanalytical Method Validations for the Measurement of Plasma
Concentrations of Ozanimod and Metabolites (Continued)
Reference Number Analyte Species LLoQ ITL_OQ
(ng/mL) (ng/mL)
CC112273 0.040 8.000
RPC&L&EE’E&;{;E{ J88T CC1084037 Rabbit 0.020 4.000
RP112289 0.020 4.000
1840-035% CC112273 Rabbit 0.0500 20.0
Ozanimod
030550# RP101442 Monkey 0.400 300
RP101075
Ozanimod
RP101442
180262 ¢ RP101075 Monkey 0.400 100
RP101988
RP101124
185684 ¢ CC112273 Monkey 0.0500 125
CC112273 20.0 3200
187236+ CC1084037 Monkey 10.0 1600
RP112289 10.0 1600

LLOQ = lower limit of quantitation; ULOQ = upper limit of quantitation.
* Study conducted in compliance with the US Food and Drug Administration: Guidance for Industry: Bioanalytical

Method Validation, May 2001.

Absorption: When assessed in Caco-2 cells, the cellular permeability of ozanimod was
high and was mainly due to passive diffusion (16RECEP1R1, 16RECEP3R1,
16RECEP3R1GLP372). The half-life and T Of 0zanimod and its metabolites in mice,
rats, and monkeys dosed orally with ozanimod are summarized in the table below.

Half-life (hr) Tmax (hr)
Mouse Rat Monkey Mouse Rat Monkey

Ozanimod 5-25 10-14 6-10 1 2-6 4
RP101124 11 8 11 2-4 24 13
CC112273 8 8-31 11 2 4 7
CC1084037 NA 8-12* NA NA 6 8
RP101075 13 38-52 7-10 4-24 2-6 4-11
RP101442 NA 18-30 NA 24 24 8
RP101988 4-11 8-10 10 1 2 4

Table: Half-life and Tmax values for ozanimod and its metabolites (summarized from
1840-027, 1840-028, 1840-033, 1840-040, 1840-043, 1840-044, 1840-047,1840-054,
RPC1063-dmpk-2836, PK-001, PK-015, PK-023) *= calculated from available data (1840-

047). NA= not available.

Reference ID: 4572440
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The half-life of ozanimod in pregnant NZW rabbits was 5-6 hours after oral dosing (1840-
024); circulating levels of RP101988, RP101075, and RP101124 were quantitated, but

PK parameters were not provided.

Because CC112273 and CC1084037 were not determined to be major human
metabolites until late in clinical development, the sponsor conducted bridging studies to
if adequate exposure had been achieved
carcinogenicity, and embryofetal development studies (summarized in the sponsor’s

determine

Christopher D. Toscano, Ph.D., DABT

in the chronic toxicity,

tables, below).
Table 9: Mean Steadyv-State Exposure of Ozanimod and its Major Metabolites in
Repeat-Dose Studies in Rats
Steady State Exposure *
AUG
Speci (ng'hr/mL)
Srudy Ty B
= e (mgkg/day) | Ozanimod | RPI01I24 | CC112273 | CC1084037
(tmdy Number) (ng'hr/mL) (ng'hr/mL) (ng'hr/mL) (ng'hr/mL)
M F M F M | 3 M F
Az 315 | 599 | 272 | 578
Rat (NOAETL) ‘ ‘ S ‘
26-week Repeated Dose 2 640 805 616 750 e — - -
e 1510 1467
30 0340 0 8847 6 - - - -
02 320 | 497 104 120 - - - -
Rat Carci icity
R 0.7 138 [ 303 |38 33| - | - [ = | =
2-year Carcinogemcity
®®@_71515 2
(55 72515)" 517 | 685 | 570 [w0s0 | — | - | ~ | -
(NOAEL)
0.2 25 423 - -- -- - - --
Rat (matemal) 1
Embryo-fetal Development - 200 - == = i = o
’ i NOAEL
(AB03215)" e )
5 - 1420 -- - - - -- --
0.2 - - - - 231 | 225 | 0069 | NC
Rat 14-Day Bridging FK 1 w | = | = | = |[208] 172 113 | 0678
Study
(1840-047)" 2 S, =4 = 5 432 | 404 | 2.80 1.82
30 - - - - 1100 | 879 493 | 327

AUC, = area under the concentration-time curve calculated from 0 to the last quantified time point post dosing;

GLP = good laboratory practices; -- = not available; NC = not calculated: NOAEL = no observed adverse effect
level.

2 Steady-state exposures were measured on Day 178 for Study 71357, Day 185 for Study
Study AB03215. and Day 14 for Study 1840-047.

® Study is GLP compliant.

Reference ID: 4572440
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Table 11: Mean Steady-State Exposure of Ozanimod and its Major Metabolites in
Repeat-Dose Studies in Mice
Steady-State Exposure®
Species Dose (ng'hr/mL)
Study Mouse Strain Ozanimod RP101124 CC112273 CC1084037
(Study number) | (mglkgday) (ng'hr/mL) (ng-hr/mL) (ng-hr/mL) (ng-hr/mL)
M ¥ M 13 M ¥ M F
4 7 T — — — _—
M 04 192 168 8.68 17.0
E&ngm'}' 4 2030 | 1790 | 126 | 186 | - s a | =
72207)"
( L 80 41200 | 32300 | 3210 3960 - = 3 =T
7 Ay 8 (NOAEL) | 9410 | 6590 - - - . o .
6-month
Carcinogenicity 25 29900 | 19700 | - = = = 22 =
(AE1SBZ.7GSR.
LD 80 89323 | 65500 | - - - - e ”
04 (CD1) S = 2 =0 937 | 113 | 98 | 846
Mouse 8 (CByB6F1/1]) - - - - 267 245 253 202
14.Day Bridgmng
GLP-Compliant 8(CD1) e =S = B 200 196 138 236
PK Study
(1840-040)* 25 (CD1) - - - - 735 876 709 582
80 (CD1) - — = - 2560 2410 211 201

F = female; M = male; -- = not available; NOAEL = no observed adverse effect level .
* Steady-state exposure was measured at Day 28 for Study 72207, Week 26 for Study AE18BZ.7GSR/®® and

Day 14 for Study 1840-040.
® Study is GLP compliant.

Table 14: Mean Steady-State Exposure of Ozanimod and its Major Active Human
Metabolites in Repeat-Dose Studies of Ozanimod in Cynomolgus Monkey
Steady State Exposure *
(ng-hr/ml)
Study/Speci AT
‘ v/Species e g
(mg/kg/day) | Ozanimod | RP101124 | CCI12273 | CC1084037
(ng'hr/mL) | (ng'hr/mL) | (ng'hr/mL) | (ng-hr/mL)
M F M E M | M F
Monkey 01(NOAEL) | 198 | 254 | 0578 | 281 = e = =
39-week Repeated Dose 1 208 199 614 | 361 - = = —
b
TN 15 s [3m0| 4 s | - | - | = | -
01 — = - - 2009 | 215 | 33 437
iy 1 | - | = | = [ 2| 194 [a5a]| 405
14 Day Bridging PK Study
(1240-043)" 15 T T T | T |36 4520 136 | 1160

F = female; M = male; -- = not applicable.

 Steady-state exposure was measured at Day 274 for Study 30477 and Day 14 for Study 1840-043.

® Study is GLP compliant.
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Table 16: Mean Toxicokinetic Parameters for Ozanimod Metabolites CC112273 and
CC1054037 on Dayv 14 in New Zealand White Rabbits
Steady State Exposure (ng-hr/mL)
el
=y e CC112273 CC1084037
Tke/d
Report Number (mg/kg/day)
Comar AUCq4 R Crax AUCo 4 R
(ng'mL} | (nghr/mL) (ng'mL) | (ng'hr/mL})
Rabbit 02 0.386 6.77 1.51 0.206 378 1.87
14-day Repeated Dose s
(1840-054) 0.6 1.040 180 1.12 0.590 108 1.51

AUCo24= area under concentration versus time curve from fime of dosing to 24 howrs; Caax = mammmm concentration of dmg

m plasma.

* B.=AUCy 24 Day 14/AUCy 24 Day 1.

To achieve higher exposure to the major human metabolites in nonclinical studies,
additional studies were conducted in which mice, rats, and monkeys were dosed orally
with ozanimod metabolites. Increasing the systemic exposure to CC112273 could not be
achieved by direct dosing with CC112273 in rats or monkeys, mainly due to extensive
clearance after oral dosing with the metabolite (sponsor’s figure, below). CC1084037,
which is in equilibrium with CC112273 in vivo, was not detected in monkey plasma after

oral dosing with CC112273.

Figure 5: Comparison of Steady-State Exposures of CC112273 Dosed Via Direct
Administration and With Ozanimeod to (A) Rats and (B) Monkeys
A Rat B
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Source: Report 1840-047, Report 1840-032, Report 1840-043, and Report RPC1063-DMPE-3001.

In a single dose study conducted in male rat, it was determined that an oral dose of
1000 mg/kg CC1084037 was necessary to achieve a similar systemic exposure in rats
given a single oral dose of 800 mg/kg ozanimod (sponsor’s table, below).
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Table 19: Mean Pharmacokinetic Parameters of CC1084037 in CD-IGS Male Rats

Following Single Oral Doses of CCL1034037 at 10, 50, 500, or 1000 mg/ke or
Ozanimod at 800 mg/ke.

Compound Dosed uI])gfﬁ:Eg {u(g:::;i} EE;“) {ngllltl:"ﬂlfl)

CC1084037 10 1.49+0232 23+15 103 £6.85

50 306 =111 90x13.0 IBB+248

500 597283 46=+31 69.2+455

1000 6.90=1.66 60=35 103 =654

Ozanimod 200 630204 10.7+11.5 103£479

AlTC4: = area under concenfration versus time curve from time of dosing to last dose; Cos = maxinmm concentration of dmg in
plasma; twe = time to maxmmm plasma concentration.

Source: Report RPC1063-DMPK-2975.
In C57BL/6 mice dosed orally with CC1112273, exposure to CC112273 was slightly
lower when compared to mice dosed with ozanimod (sponsor’s Table 20 below and
sponsor’s Table 11, above). Exposure to RP101124 was much higher in mice after oral
dosing with CC112273 compared to oral dosing with ozanimod (sponsor’s Table 21,
below and sponsor’s Table 11, above).

Table 20: Mean Pharmacokinetic Parameters for CC112273 in Male Mice after Single and Repeated Administration
CC112173 R = Tmax (:n_u .{[-E.:.'I.ll
Dose oute {hr) (hr) {ng/mL) {ng-hr/mL})
ke (frequency) — — - -
(mg/kg) Dav1 Day 5 Day 1 Day 35 | Dayvl Day 5 Day 1 Day 5
03 IV (single) 10 NA 02 NA 102 NA 73 NA
3 Oral 3 2 1 2 19 53 93 207
10 (single and 0 13 1 0.5 46 64 232 371
repeated dose
30 for five days) 20 13 6 0.5 45 139 469 6Ty
100 12 24 2 0.5 59 88 610 1084

AUCs: = area inder concentration versus time curve from time of dosing to last dose; AUCe-2 = area umder concentration versus time curve from time of dosmg to 24 hours;
Come = maximum concentration of drug in plasma; IV = infravenous; NA = not applicable; t.; = half-life; tmy = time to maximmum plasma concentration
Source: Report RP-PE-(022.

Table 21: Mean Pharmacokinetic Parameters for RP101124 in Male Mice after and Single and Repeated Administration
of CC112273
CC112273 t tmax Comax AUCh 2
Dase Route ] (hr) (hr) ing/ml) (ng'hr/mL})
(mg/kg) (frequency)
Day1 Days | Davl Day 5 Day1 Dayvs | Dayl Day 5
0.3 IV (single) 8 NA 0.2 NA 7 NA 28 NA
3 4 4 4 473 525 4502 45813
Oral
el 7
10 (single and 5 3 4 4 1220 1443 13276 16960
30 repeated dose 7 4 6 12 2520 4360 32169 51429
for five days) — —
100 3 6 12 12 4017 4840 44670 37324

AUCk:: = area under concentration versus time curve from time of dosmg to last dose; AUCs-24+ = area under concentration versus fime curve from time of dosmg to 24 hours;
Conne = maximum concentration of dmg in plasma; IV = infravenous; NA = not applicable; t.; = half-life; taw = time to maxinmm plasma concentration
Source: Report EP-PE-022.
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Distribution: Plasma binding of ozanimod (97-98%) and its metabolites (89-99%) was
similar among CD-1 mouse, SD rat, cynomolgus monkey, and human (RP-PK-004, RP-
PK-013, RP-PK-019, RP-PK-025, RPC1063-DMPK2860). Ozanimod and the major
metabolite, CC112273, both exhibited binding to lipoproteins (CEL-R7743). Brain
distribution was high for ozanimod (> 3-fold brain to plasma ratio) and metabolites (>
10-fold brain to plasma ratio) in mice (RP-PK-016-1) and in rat (~2-fold brain to plasma
ratio; RP-PK-023-1). Tissue distribution was assessed for up to 504 hours (21 days)
after a single oral dose of [**C]-ozanimod in Lister Hooded pigmented rats (RCT/01).
The highest levels of radioactivity were detected in the Gl tract, uveal tract, lachrymal
gland, pituitary gland, liver, and kidney. At the final time point, radioactivity was still
detected in the hippocampus and uveal tract; radioactivity was BLQ in all other tissues.
Placental transfer of ozanimod and its metabolites in pregnant SD rats given a daily
dose of up to 2 mg/kg from gestational day (GD) 6 through GD 18 was low (0.08 to 0.62
fetal to maternal plasma ratio); milk to plasma ratio for ozanimod was 2-fold (1840-023).
RP101988, was highly concentrated in the milk of lactating rats dosed with up to 2
mg/kg ozanimod (22- to 24-fold, milk to plasma ratio; sponsor’s table, below).

Test Article: RPC1063
Study Number: 1540-023 (confinuned)
OzmimedDese | 1o | yoconnt | Analyte Cunas - AUC. AUCax s ‘mi’:’:'“:“
(me'kg/day) {ng'mL} (hr) {og'hr'mL) {(ng'hr'mL) (hr) X
Ratio
02 LDI2 Matermal Ozamimod 10.8 4 837 82.50 3.62 198
Milk EP101075 1.01 4 10.67 9.23 205 235
EP101124 0.68 4 14259 14.26 157 0.33
ER101442 044 4 4810 829 753 0.68
EP101988 10418 4 1000.81 218.81 6.59 243
0.7 LDIZ Maternal Ozanimod 2625 2 137.38 230.51 431 1.65
Milk EP101075 184 g DNS 28.08 DNS 1.83
RP101124 18 4 DN5 45.76 DHS 0.32
ER101442 200 3 DHS 41.04 DM5 128
RP10198E 25481 4 DN5 302001 DHS 220
20 LDI2 Matermal Ozamimod 10838 4 950.74 937.40 3.63 1.9
Milk EP101075 7.86 4 138.39 11333 885 149
EP101124 011 12 DHS 151.03 DM5 0.2
RP101442 11.67 24 DN5 17545 DHS 1.61
EP101088 80458 2 11540.73 11290.11 379 4.5
Additional Information: Abbreviations: AUC,. ;s =area under the blecd concentration versus time curve fom dme 0 to 24 hours; AUC,, = area under
CONCENTanon versns ime curve from time of dozing and exmapolated to infininy; Cow: = maximum blood concenmanon; D5
= data not suficiens; GD 18 = Gestation Day 18; GLP = Good Laboratory Practice; LC-WMS/ WS = liguid chromatozraphic
tandem mass specrometric method; ID12 = Lacaton Day 12; NA = not applicable; t, = terminal phase half-life; t,,,, = dme
o maximum blood concentration.

Mote: Data 15 converted to ng from the reported nb. Moleoular weights nzed to convert were Ozanimod = 404 .4, BEP101075 = 3604, BEPL01124=2052 FEPI01442 =402 4,
EP101988 =4184

Ozanimod, RP101075, and RP101988 were detected in the fetuses of pregnant New
Zealand white rabbits dosed with 0.2 mg/kg ozanimod from GD 6 to GD 19 (1840-025).
The fetal-to-maternal ratio for these compounds was 1.2, 2.6, and 0.07, respectively.

Metabolism: Ozanimod is extensively metabolized in animals and humans with the major
human metabolites being CC112273 (RP112273), CC1084037 (RP100798), and
RP101124 (sponsor’'s figure, below). Metabolism of ozanimod is primarily mediated
through alcohol dehydrogenase (ALD) and aldehyde dehydrogenase (ALDH) to form
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RP101988, CYP3A4 and CYP1Al1l mediated metabolism to form RP101075, and
intestinal microbiota ring scission to form RP101124. CC112273 is formed via MAO-B-
mediated oxidative deamination of RP101075. The formation of CC1084037 is the result
of CC112273 undergoing carbonyl reduction; the formation of CC112273 and
CC1084037 is reversible.

Figure 6: Proposed Metabolic Pathway of Ozanimod

Gut microflora mediated Oxadiazole ring-opening and ring-scission
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Excretion: The majority of dosed radioactivity was excreted via feces (83%), with urinary
excretion (5-8%) being a minor component, when [**C]-ozanimod was administered at
0.5 mg/kg in SD rat (RCT/01). The excreted radioactivity was composed predominantly
of ozanimod metabolites.

Pharmacokinetic Drug Interactions: When assessed in vitro with pooled human hepatic
microsomes, ozanimod and its metabolites (RP101075, RP101442, RP101124,
RP101988, RP112273, CC1084037) were not potent inhibitors of CYP 1A2, 2B6, 2C8,
2C9, 2C19, 2D6, or 3A4/5 (RP-PK-003-3.0, XT165054, RP-PK-012-01, XT175040,
RPC1063-DMPK-2863). RP101124 was not a potent inhibitor of uridine 5-diphospho-
glucuronosyltransferase (UGT) isoforms 1A1, 1A3, 1A4, 1A6, 1A9, 2B7, 2B15, 2B17 in
human liver microsomes (XT175076). The major human metabolites, CC112273 and
CC1084037, were potent inhibitors of human recombinant MAO-B (ICso: 5.7 nM and 58
nM, respectively; RP-PK-026, RPC1063-DMPK-2859); the two metabolites did not inhibit
MAO-A. CC112273 and CC1084037 are both potent inhibitors (ICso: 22 to 25 nM) of the
breast cancer resistance protein (BCRP; XT178045 and RPC1063-DMPK-2841).
MATE1, MATE2-K, OATP1B1, OATP1B3, OCT2, OAT1, and OAT3 were not inhibited by
ozanimod or its metabolites (XS-0983, XS-1052, DMPK-2841, XT148054, XT178045).
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6  General Toxicology

6.2 Repeat-Dose Toxicity
Mouse

TX-003-01: “Multiple Dose Toxicology Study of RPC1063 in the CByB6F1-Tg (HRAS)
2Jic-Wild Type (CByB6F1) Mouse.” Wild-type (WT) mice (5 females/group) were given
a daily oral dose of 0, 0.2, 2, 10, or 50 mg/kg ozanimod for 3 days or 0, 0.2, 2, or 40 mg/kg
ozanimod (Lot #024) for 14 days, in 0.5% carboxymethylcellulose (CMC). Total
lymphocyte count was decreased on Day 3 by 12%, 81%, 86%, and 85% in mice dosed
with 0.2, 2, 10 or 50 mg/kg, respectively. In the second group of mice, lymphocytes were
reduced by 7%, 50%, and 69%, respectively on Day 14. There were no ozanimod-related
histology findings on Day 14. Based on the lack of toxicity at the highest dose tested, the
sponsor selected a high dose of 80 mg/kg for the 28-day dose range-finding study to
support selection of doses for the pivotal 6-month carcinogenicity study in Tg.rasH2
mouse.

72207:" RPC1063: A 28-day oral dose range-finding toxicity study in CByB6F1 mice.”
This study was conducted to support the selection of doses for the 6-month
carcinogenicity study. CByB6F1 WT mice (Main: 10/sex/group; TK: 20/sex/group, except
4/sex/group for control) were given a daily oral dose of 0, 0.4, 4, or 80 mg/kg ozanimod
(Lot AJ506FP-11-001) in 0.5% CMC for 28 days. On day 29, WBC and lymphocyte count
was decreased at all dose levels in males and in MDF and HDF (sponsor’s table, below).

Percentage (%) Change in Hematology Parameters Compared to Mean Concwrrent Control Values

‘ 0.4 mg/kg/day 4 mg/kg/day ‘ 80 mg/kg/day |
WBC -45% -71% -32% -61% -18%
LYMPH -58% -86% -57% -78% -46%
%LYMPH -20% -51% -37% -43% -32%

Absolute lung weight was increased (11% to 42%) and spleen weight was decreased
(17% to 26%) in a dose-dependent manner. Minimal to mild accumulation of foamy
macrophages occurred in the lung of 4/10 MDM, 5/10 MDF, and all HD animals. A minimal
to mild decrease in splenic cellularity occurred in 4/10 LDM, 1/10 LDF, 7/10 MDM, 9/10
MDF, and all HD animals. TK parameters for ozanimod and several of its metabolites are
provided in the sponsor’s tables, below.
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Gl AUCg34 ~ “’: ,'l’_"’ b;f
Gander Analyte Farmulation (RPC1063) 'tﬁ (?-;‘l (SE) :‘:’:‘lﬁ (S€) A;:: | .
(M) {uM*h) AL *
Female Low Diose - 0.4 mg/kg/day 5.00 0.0409 0.0144 0.412 0.0855 36.79 3440
RPC1063 Mid Dose - 4 mgl/kg/day £.00 0.442 0.138 4.43 0.627 41.79 38.51
High Dose - 80 mg/kg/day 3.00 4.78 0.258 79.3 2, 55.10 48.66
Low Dose - 0.4 mg/kg/day 6.00 0.00578 0.00472 0.0431° 0.0217° 3.85 3.60
RP101075 Mid Dose - 4 mafkg/day £.00 0.0551 0.031%9 0.623 0.144 5.88 5.42
High Dose - 80 ma/kg/day 12.00 0.932 0.077 18.9 0.822 13.03 11,51
Low Dose - 0.4 mg/kg/day NC NC NC NC NC NC NC
RP101442 Mid Dose - 4 ma/kg/day 12.00 0.000867 0.000537 0.0135 0.00552 0.13 0.12
High Dose - 80 mg/kg/day 1.00 0.0571 0.00540 178 0.0583 0.88 0.78
Low Dose - 0.4 mg/kg/day 5.00 0.132 0.126 0.634° 0.566° 56.61 52.53
RP101988 Mid Dose - 4 mg/kg/day 5.00 1.07 0.933 5.50 4.47 51.89 47.81
High Dose - B0 ma/kg/day 1.00 3.35 0.323 453 6.33 31.24 2759
Low Dose - 0.4 mg/kg/day £.00 0.179 0.145 112 0.552 N/AP 33.51
Total Agonist Mid Dose - 4 mg/kg/day £.00 157 1.16 10.6 533 NjAP 52.14
High Dose - 80 mg/kg/day 3.00 8.82 0.238 145 7.56 N/AP B8.31
Low Dose - 0.4 mag/kg/day 6.00 0.0107 0.00202 0.0777" 0.0107° NjAP .43
RP101124 Mid Dose - 4 ma/kg/day 6.00 0.0971 0.0295 0.904 0.158 N/AP 7.85
High Dose - 80 mg/kg/day 6.00 157 0.254 15.2 L.75 /AP 11.6%
NC: Not Calculated, N/AP: Not Applicable
b Total agonist AUC = combined AUC for pharmacologically active species (1.e. RPC1063, RP101075, RP101442 and RF101968).
b Total AUC = combmed AUC for all analytes (i.e. inciuding inactive metabolite RP101124).
F AUCD-T reported (znabyte was BOQL st 24 hours)
A T S B O e S R e S R
Gender Analyta Formulation (RPC1063) IT_'.")‘ (cl_l"'.:} EE'E:;E} ?:::;; AL}EI:‘”;'E?E} Q:EEE;?' %:::.Igt;hl
Male Low Dos= - 0.4 mg/kg/day 3.00 0.0407 0.0025% 0.475 0.0261 6975 £5.58
RPC1063 Mid Dass - 4 mg/kg/day 3.00 0.413 0.0139 5.01 0.221 65.44 £3.16
High Dosa - 80 mg/kg/day 12.00 5.10 0.385 102 4.10 60.00 54.96
Low Dose - 0.4 mg/kg/day 12.00 | 0.00473 0.000376 0.0854 0.00428 12.54 11.81
RP101075 Mid Dose - 4 mg/kg/day 12.00 | 0.0615 0.00341 1.07 0.0354 14.62 13.49
High Dosa - 80 mg/ka/day 12.00 2.10 0.241 40.1 241 2359 21.61
Low Dose - 0.4 mg/kg/day NC NC HC NC MC MC NC
RP101442 Mid Dose - 4 mg/kg/day 12.00 | 0.00247 0.000120 0.0435 0.00317 0.59 0.55
High Dosa - 80 mg/kg/day 1z.00 | 0.0%83 0.00732 2.20 0.0958 1.23 1.18
Low Doss - 0.4 mg/kg/day £.00 0.0159 0.0128 0.108° 0.0575° 15.57 14.86
RP101588 Mid Dase - 4 mg/kg/day 3.00 0.232 0.150 1.20 0.377 16.33 15.13
High Dosa - 80 ma/kg/day 3.00 1.72 0.233 255 1.10 15.00 13.74
Low Dose - 0.4 mg/kg/day .00 0.0551 0.0140 0.681 0.0660 NFAP 34.16
Total Agonist Mid Dose - 4 mgfkg/day 3.00 0.692 0.154 7.32 0.457 MFAP 92.28
High Dosa - 80 mg/kg/day 12.00 B34 0.437 170 5.28 NfAP 21.59
Low Dose - 0.4 mig/kg/day £.00 0.00451 0.000404 0.0422° 0.00548 ° NfAP 5.84
RP101124 Mid Dos= - 4 mg/kg/day £.00 0.0430 0.00816 0612 0.0854 NfaP 772
High Dosa - 80 mg/kg/day £.00 1.33 0.568 15.6 259 NfAP 841

NC: Mot Calculated, NfAP: Not Applicable
2 Total agonist AUC = combined AUC for phammacologically active species (1.e. BPC1063, BP101075, RP101442 and RP101988).
b Total AUC = combined AUC for all analytes {i.e: inclnding mactive metabolite RP101124).
© AUCO-T reporied (analyte was BQL at 24 hours)
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AFO0PS.2G3R. ?®: “RP-112273: 28-day repeated dose oral toxicity and toxicokinetic
study in CByB6F1 mice.” CByB6F1 mice [CByB6F1-Tg(HRAS)2Jic (-/-homozygous c-Ha-
ras)] (Main: 10/sex/group; TK: 20/sex/group) were given a daily oral dose of 0, 10, 30, or
100 mg/kg RP-112273 (Lot 5), a major human metabolite of ozanimod, in 0.5% CMC for
28 days. There were no RP-112273-related effects observed on BW, clinical chemistry
and hematology parameters, or histology assessment. TK parameters are provided in the
sponsor’s table below.

DO;E Day C max C m“-"DO ;E Tm” T|a,| "\L Cq] Ig||| r AU [:u 2q|1.r.-"DOSE R®
(mg/kg) - (ng/mL) (kg*ng/mL/mg) (hr) (hr) {thr*ng/mlL) (hr*kg*ng/mL/mg)

1 627 0.627 1 24 482 482 NA

10 27 794 0.794 1 24 519 5.19 1.08

1 11.5 0.383 1 24 127 4.25 NA

30 27 16.5 0.551 1 24 149 4.95 1.17

1 213 0213 1 24 216 2.16 NA

100 27 16.9 0.169 1 24 219 210 1.0

NA =Not applicable
*R = AUCq 20 pay 27/AUC ) 20 Day 1

Rat

026004: “28-day oral toxicity study in rats with a 14-day recovery period.” Crl:CD(SD)
rats (15/sex/group) were given a daily oral dose, by gavage, of 0, 0.2, 2, or 30 mg/kg
RPC1063 (Lot AJ501FPRP-10-001; 99.2%) in 0.5% carboxymethylcellulose for 28 days
with a 14-day recovery period. One HDF was found dead on Day 29 (#255146).
Absolute BW was decreased at all dose levels in males by up to 8%, relative to control,
at the end of the dosing and recovery periods. Lymphocyte count was decreased in all
dose groups (LDM: 28%, MDM: 31%, HDM 35%; LDF: 57%, MDF: 23%, HDF 30%) at
the end of the dosing period; count was similar to controls at the end of the recovery
period. Minimal to mild anisocytosis and anisokaryosis of the proximal tubules occurred
in all HDM and HDF; coagulative necrosis (minimal) was observed in the proximal
tubules of 2 HDM. Minimal to moderate multifocal alveolar edema occurred in 1 MDF, 1
HDM, and 4 HDF. Moderate multifocal perivascular edema of the lung occurred in 6
HDM and 4 HDF. Depletion of the periarterial lymphoid elements occurred in the spleen
of a majority of the MD and HD rats. At the end of the recovery period, the only drug-
related histopathology finding occurred in the kidney of HDM and HDF and consisted of
minimal diffuse anisocytosis and minimal regeneration of the epithelium of the proximal
convoluted tubules in all HD animals. TK parameters for RPC1063 and two metabolites
(RP-101075 and RP-101442) are provided in the sponsor’s tables, below. The NOAEL
was the LD of 0.2 mg/kg, based on histology findings.
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RPC1063 Toxicokinetic Parameters

Crnax AUC, 24
RPC1063
Group Dose i Tiz hr'ng/

Day Number {mg'kg) | Sex {hr) {hr) ng/mL pM mL hr'uM
1 ) 02 M d B89 321 0.008 370 0.091
1 ) 02 E 4 55 399 | 0.010 hh 9 0.138
1 7 2 M 4 46 403 0.100 453 1.120
1 7 2 F 2 8 6534 0.132 632 1563
1 i} 30 M q 6.6 595 1.471 8,740 | 21612
1 ] 30 F 4 10.3 787 1.946 | 11,100 | 27 448
28 6 02 M 4 97 3.00 0.007 372 0.092
28 B 02 F 2 6.3 7.94 0.020 912 | 0.226
28 7 2 M 4 hif 47.4 0117 701 1.733
28 T 2 F 2 B.7 98.2 0243 | 1,130 | 2794
28 ] 30 M 12 NC’ T3 1.911 | 13,300 | 32.888
28 ] 30 E: i 9.1 1,460 | 3.610 | 22,900 [ 56.627

'NG = Not calculated. Value could not be calculated by WinNonlin due to insufficient data points
for the elimination phase.

RP-101075

Toxicokinetic parameters for RP-101075 are presented in the table below.

RP-101075 Toxicokinetic Parameters

Crnax AUC, 24
RPC1063
Group Dose f Tim hring/

Day MNumber {(mg'kg) | Sex {hr) {hr) ngimL uM mL hripM
1 B 0.2 M i B9 314 0.009 363 | 0101
1 3] 02 F 4 hh 3.88 0.011 k3.8 0.149
1 7 2 M 12 NCT 4 R4 0013 A19 0227
1 7 2 F 12 NC 389 0.011 I 0.199
1 ] 30 M 12 NC 94 6 0262 | 1,790 | 4967
1 ] 30 F 24 NC 53.0 0.147 | 1.030 | 2858

28 ) 02 M 4 147 0.768 | 0.002 145 | 0.040

28 ] 0.2 F 12 NC 0.928 | 0.003 172 | 0.048
28 7 2 M 12 NC 11.0 0.031 200 0555
28 7 2 F 8 209 862 0.024 163 0452

28 ] 30 M 12 NC 264 0733 | 4900 | 13.596

28 ] 30 F 12 NC 195 0541 | 3920 | 10877

"NC = Not calculated. Value could not be calculated by WinNoniin due to insufficient data points
for the elimination phase.
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RP-101442 Toxicokinetic Parameters

Crnay AUCa4
RPC1063
Group Dose Tinax Tim hrng/

Day Number (mo'ka) Sex (hr) (hr) no/mlL u mL hr'uM

1 ] 02 M NG NC' 1] 1] 0 0

1 ] 02 F NG NC' 1] 1] 0 0

1 T 2 M 24 NC? 472 0.012 714 0177

1 T 2 F 24 NC? 3.85 0.010 49 1 0122

1 a 30 M 24 NC? 162 0.403 2,080 5.169

1 a 30 F 24 NC? 84.0 0209 a0z 2.242
28 ] 02 M 1 487 0.654 0.002 14.7 0.037
28 ] 0.2 F 12 NC? 0.925 0.002 16.4 0.041
28 T 2 M 0 NC? 19.1 0.047 401 0.9o7
28 T 2 F 0 NCE 111 0.028 237 0.589
28 a 30 M 4 NR? 645 1613 13,200 | 32.803
28 ] 30 F 0 NRS 615 1528 13,200 | 32.803

'NC = Not calculated. Value could nof be calcuwlated by WinNanling RP-101 442 below imit of quantitation in
all Group 6 samples on Day 1.

“NC = Not calculated. Value cowld nof be calcuwiated by WinNanfin due to insufficient data paints for the
gfiminafion phase.

“NR = Not reported, due to poor goodness-of-fit fRz<:ﬂ_ 8) for the eliminafion phase.

026636: “RPC1063:13-week oral toxicity and toxicokinetics study in rats.” Sprague-
Dawley rats (10/sex/group) were given a daily dose, by oral gavage, of 0, 0.2, 2, or 30
mg/kg RPC1063 (Lot AJ501FPRP-10-001; 99.2%) in 0.5% CMC for 13 weeks. Absolute
BW in males was decreased in a dose-dependent manner, up to 8% at the HD.
Absolute lymphocyte count was decreased at all dose levels (LDM: 50%, MDM: 60%,
HDM 50%; LDF: 53%, MDF: 74%, HDF 73%). Absolute lung weight was increased in
MDM and HDM by ~18% and in HDF by 26%. Spleen weight was decreased by 21-24%
in MD and HD animals. Minimal, diffuse lymphoid depletion of the spleen occurred in all
LD animals, 2 MDF, 10 MDM, 2 HDM, and 6 HDF; moderate lymphoid depletion
occurred in 8 HDM and 4 HDF. Mild, diffuse anisocytosis and anisokaryosis of the
proximal renal tubules occurred in all HD animals; minimal bilateral tubular
degeneration/regeneration occurred in 9/10 HDM and 10/10 HDF. Minimal to moderate,
bilateral hypertrophy of the zona fasciculata of the adrenal was evident in most HD
animals. Minimal to moderate diffuse hypertrophy of the mammary gland occurred in all
HDM. The NOAEL was 0.2 mg/kg.TK parameters for RPC1063, RP-101075, and RP-
101442 are provided in the sponsor’s table, below.
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Toxicokinetic Parameters
RPC1063 RP-101075 RP-101442
C max AUC, 3y C rasx AUC) ag C o AUC ) ag
RPC1083
Chocasion Group Dose Sex | ng/mL | hr*ng/mL ngfimlL hringimL | ng/imL | hr*ng/mlL
(mglkg)
Day 1 G 0.2 M 4.03 442 0465 5903 c' MC,
Day 1 G 0.2 F 5567 831 0.515 838 NG NC
Day 1 T 2 M 40.8 424 3.40 G600 452 70.2
Day 1 T 2 F 522 ] 3.06 537 2.8 arno
Day 1 & 30 M T47 8,780 53.3 1,120 160 1,750
Day 1 & 30 F B48 13,500 43.7 818 RE.7 BES
Waek 13 G 0.2 M 423 535 1.01 16.7 1.13 245
Waek 13 G 0.2 F 7.35 g7 .5 0.833 15.7 1.16 218
Waek 13 T 2 M 540 581 11.1 128 212 422
Waek 13 T 2 F 100 1,230 8.05 171 16.5 240
Waek 13 S 30 M 837 13,800 285 5,520 1,320 24 400
Waek 13 a2 20 F 1,170 21,700 203 4,050 o002 18,300

NG = Nof calculafed. Value could mot be calculsted by WinMNonling RP-10144 2 below limit of quantitation in all Group &
samples on Day 1.

1840-032: “RP112273: A 96-day oral toxicity study in rats with a 29-day recovery
period.” Sprague-Dawley rats (16/sex/group with 6 reserved for a 29-day recovery
period) were given a daily oral dose of 0, 10, 30, or 100 mg/kg RP112273 (Lots 5 and
7), a major human metabolite of RPC1063, in 0.5% CMC and 0.1% Tween 80. Absolute
lymphocyte count was decreased by 25% in HDM. Based on the lack of RP112273-
related adverse findings at the end of the dosing and recovery periods, the NOAEL was
100 mg/kg. The TK parameters for RP112273 are provided in the sponsor’s table,

below.
Table 8: Summary of Mean Toxicokinetic Parameters for Males and Females
Combined
10 meg/kg/dav 30 mg/'ke/day 100 mg'kg/dav
Day 1
Comax (ng/ml) 2.91 312 5.81
AUCo24ne 12.9 219 424
(hreng/mlL)
Day 94
Comax (ng/ml) 412 6.01 7.20
AUCo-24nr 202 378 559
(hreng/ml.)

AUCq 240 = area under the plasma concentration-time curve from time 0 to 24 hours postdose;
Cumax = maximum plasma concentration.
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Study title: A 26-Week Oral Toxicity Study of RPC1063 with a 6-Week

Recovery Period in Sprague-Dawley Rats

Study no.. 71357
Study report location: EDR
Conducting laboratory and location:
Date of study initiation:  May 11, 2011
GLP compliance: Yes, OECD

QA statement:  Yes, signed Oct. 31, 2013
Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5%

Key Study Findings
e Target organs were spleen, thymus, and lung. Leukopenia was observed at
all dose levels.

Methods

(b) (4)

Doses: 0, 0.2, 2, 30 mg/kg
Frequency of dosing: Once daily for 26 weeks
Route of administration: Oral gavage
Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5% CMC in water
Species/Strain: Sprague-Dawley Crl: CD (SD) rat
Number/Sex/Group: Main: 20/sex/group; Recovery: 5/sex/group; TK:
12/sex/group.
Age: 7 weeks
Weight: M: 2401to 328 g; F: 170 to 244 g
Deviation from study protocol: Deviations did not impact the validity of the study

Dosing Solution Analysis: Dosing formulations were within +/- 15% of the nominal
concentration.

Mortality: Four rats were found dead (CM #1002A, LDM #2013C, MDM #3021D, HDF
#4522D); the cause of death for each was undetermined but was not attributed to
RPC1063.

Clinical Signs: There were no RPC1063-related clinical signs.

Body Weights & Food Consumption: There were no RPC1063-related effects on BW or
food consumption.

Ophthalmoscopy: There were no RPC1063-related findings when funduscopy and
biomicroscopic assessment was conducted at the end of the dosing period.

Hematology: Leukopenia was observed in all RPC1063 treatment groups at Weeks 13
and 26, but not at the end of the recovery period (sponsor’s tables, below).
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Weel 13 - Males

Croups EBC WBLC LYMFH MOND EOQS BASD LUC
1 044 11.84 o7 042 014 004 0.13

2 2.67 2.52 7.39 0.29 018 0.03 0.07

%o diff 2% -20%% -26% -31% 13% -25% -265%
3 B.94 405 40 0.27 013 001 0.02

%o diff -5% - -15% -36% -18%% -15% -53%
4 8.78 370 1.75 0.29 010 0.01 0.02
Badiff -Tha -68% -B1% -31% -38% -75% -B5%

Week 13 - Females

CGronps EBC WBC LYMFH MONO EOQS BASO LUC
1 015 T4 6.06 0.17 011 0.02 0.07
2 B.65 573 4.65 0.15 011 001 0.04
%o diff -5% -19%% -23% -12% Pa -5 -43%
3 B.37 1.9 1.00 0.10 0.0 0.00 0.01
%o diff ] -T3% -83% -41% -18% -100%% -B6%
4 7.91 224 1.07 017 0o 0.00 0.01
Badiff -14% -68% -821% 0% -18% -100% -Bi%

Weel 26 - Males

Groups RBC WBC LYMPH MONO  EOS BASO LUC
1 B.20 2.64 579 0.39 012 0.02 0.20

2 8.5 65.87 S04 0.29 0.10 0.0 0.1z

oG dif 29 0% -26% 26% 17% 50% 20%
3 872 3.68 1.04 0.28 0.10 0.00 0.06

o5 diff 1% 5T% 71% 8% 17% -100% 70%
4 g.32 343 15 0.29 0.06 0.00 0.06
SGdiff 59 -50% 7% 26% 50% -100% 70%

Week 26 - Females

CGronps EBC WEBC LYMFH MONO EOS BASOD LUC
1 207 416 331 0.20 0.06 001 0.08

2 8.27 30 238 0.16 007 0.01 0.05

B diff 2% -21% -28% -20% 1% %% -38%
E] B 144 074 0.11 006 0.00 0.02

%o diff -1% 5% -18% —45% Fa -100%% -T5%
4 7.77 1.66 0.73 0.15 003 0.00 0.03
Vi ff -4%% -5 -78% -25% -17% -100%: -63%

Clinical Chemistry & Urinalysis: There were no RPC1063-related findings at the end of
the dosing or recovery periods.

Gross Pathology: Lungs of 5/20 HDM and 1/20 HDF exhibited pale areas.

Organ Weights: Absolute lung weight was increased in MD (5 to 10%) and HD (32 to
36%) animals at the end of the dosing period but not after the recovery period.

Histopathology: Adequate battery: Yes; Peer Review: Yes; Signed and dated: Yes
Decreased lymphoid cellularity of the spleen, loss of thymic corticomedullary
differentiation, pulmonary edema, and accumulation of foamy macrophages in the
alveoli were observed at the end of the dosing period, but not at the end of recovery
(sponsor’s table, below).
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Sex Males Females
Dose Level (mg/'kg/dayv) 0|02, 230|002 2] 30
Number or animals examined 15| 20 (19 (20| 20| 20 |20 20
Organ | Finding Severity
Spleen | Decreased cellulanty. lymphoid 2| 3 |18|(19| 0| 1 |10 18
minimal 2 3 920 1 3 2
mild 0 0 910 0 3 5
moderate | 0 | O | O (16| 0| O | O 9
severe o0 (00D 00 2
Thymus | Loss of corticomedullary differentiation 0| 1 |[20(20(0| 5 |20] 20
Present 0 1 (20120 0O 5 |20 20
Lungs Accumulation, foamy macrophages, alveolar |0 |0 j11|0o|0|0]|11
minimal 0 0 o7 |0 0 0 1
mild 0 0 o3 |0 0 0 2
moderate | 0 | O | O | 1|0 | 0 | 0| 8
Edema 0 0 o4 |0 0 0 5
minimal 0 0 o1 |0 0 0 3
mild 0 0 o220 0 0 1
moderate | O | O |0 | 1 |0 | 0O | O 1

Toxicokinetics: TK parameters were reassessed after the discovery of the major human
metabolites of RPC1063. The TK parameters provided in the following sponsor’s tables
are from the reanalysis performed and reported in RP-TX-004-01.

Table 2: Composite RPC1063 Toxicokinetic Parameters
. Curent Analysis” Ohriginal Analysis”
Day RPilﬂ;; Sex T Tia Conne AUC 24 Cax AUCq pur
(mg/kg/day) (h) (k) @M) | (M<h) | (@M (uMh)
1 02 M 40 DNS 0.0053 0.040° 0.00539 0.0400
1 02 F 40 DNS 0.0067 0.060° 0.00587 0.0838
1 20 M 40 449 0.0583 0.7208 0.0611 0.828
1 20 F 40 DNS 0.0738 09717 0.0804 1.08
1 30.0 M 4.0 6.6 09125 143678 0.942 13.8
1 30.0 F 20 127 12426 18 3265 1.23 181
178 02 M 40 DNS 00089 0.080° 0.00979 0.0779
178 02 F 40 6.4 0.0115 0.1489 0.0108 0.148
178 20 M 40 54 0.1392 1.5223 0118 1.60
178 20 F 4.0 5.8 0.1337 1.8549 0.130 1.99
178 300 M 40 6.8 1.4404 218775 1.51 231
178 300 F 40 24 21184 36.2016 213 373

DINS = data not sufficient to estinnate TK parameter

A new LC-MS/MS method validated to measure RPC1063, RP101075, EP101928, RP101442 and RP101124 was used;
this analysis was conducted 3.4 years after the earliest sangple collection using sanmples stored at -30°C.

tA previous LC-MS/MS method validated to measure EPC1063, EP101075, and BP101442 was used; this analysis was
conducted at the time the toxcology study was completed

FAUC,,, was used because FPC1063 was below linmt of assay quantification at 24 hours
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Table 3: Composite RP101075 Toxicokinetic Parameters
RPC1063 Current Analysis” Original Analysis®
Day (me/k E,-"da-v} Sex i T Car AUCq 4 Cam AUC 3
ki () (br) | (M) | (@Mdr) | (uM) | (uMxin)
1 02 M BQL BOL BQL BQL BQL BQL
1 02 E BQL BOL BQL BOL BOL BQL
1 20 M 12.0 DNS 0.0052 00939 000608 0107
1 20 F 12.0 DNS 0.0044 0.0853 000455 0.0927
1 30.0 M 240 DNS 0.1162 19989 0.0958 1.80
1 30.0 F 24.0 DS 0.1055 1.7019 0.0821 1.69
178 0.2 M 12.0 DMNS 0.0015 0.010° 000181 00106
178 02 F 40 DNS 0.0015 0.020° 0.00166 00116
178 20 M 8.0 DNS 0.0197 0.3508 0.0234 0421
178 20 F 12.0 DNS 0.0164 0.3458 0.0206 0.414
178 30.0 M 40 446 03135 6. 8612 0.361 761
178 30.0 F 1.0 535 0.5198 02683 0466 932

BQL =below assay lnmt of quantitation; DINS = data not sufficient to estimate TE paraneter

*A new LC-MS/MS method validated to measure RPC1063, RP101075, RP101988, RP101442 and RP101124 was used:
thla analysis was conducted 3.4 years after the earliest :amp!e collection using samples stored at -80°C.

®A previous LCMSMS method validated to measure RPC 1063, RP101075, and RP101442 was used: this analysis was
conducted at the time the toxcology study was completed.

*AUC,, was used because RP101075 was below limit of assay quantification at 24 hours

Table 4: Composite RP101442 Toxicokinetic Parameters
Cumrent Analysis’ Original Analysis®
Day (E E :,rl:éﬁi} Sex Tomx T Crnse AUCy 240 Coax AUCq 3
e (L) (hr) (uM) (uMhr) (uM) (uM>hr)
1 02 M BQL BQL BQL BOL BOL BQL
1 02 F BQL BQL BQL BOQL BOL BQL
1 20 M 240 DNS 0.0085 0.1435 0.00835 0.137
1 20 F 240 DNS 0.0085 0.1104 0.00833 0.106
1 30.0 M 240 DNS 02059 3.3067 0.266 328
1 30.0 F 240 DNS 02242 2.7863 0.206 248
178 0.2 M 40 DNS 0.0040 0.0752 0.00408 0.0597
173 0.2 F 8.0 DNS 0.0031 0.0636 0.00331 0.0598
173 2.0 M 8.0 DNS 0.0673 1.2870 0.0813 1.45
173 2.0 F 2.0 DNS 0.0427 0.98935 0.0495 1.07
178 300 M 40 DNS 12811 200333 138 319
178 300 F 4.0 74.6 2.3009 31.8265 2.38 36.0

BQL =below assay limut of quantitation: DINS = data not sufficient to estimate TK parameter

*A new LC-MS/MS method validated to measure RPC1063, EP101075, RP101988, RP101442 and RP101124 was used;
this analysis was conducted 3.4 years after the earliest :.ample collection using samples stored at -80°C.
BA previous LCMSMS method validated to measure RPC1063, RP101075, and EP101442 was used; this analysis was
conducted at the time the toxicology study was completed.
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Table 5: Composite EP101988 Toxicokinetic Parameters
- Current Analysis® Original Analysis”
Day RPE : G;; Sex Tox Tz Cox AUCq 45 Coax AUC 24
(mg/kg/day) (b) (k) M) | Mxh) | @M (uMxhr)
1 02 M 4/0 DNS 0.0028 0.020° NA NA
1 0.2 F 4.0 DNS 0.0040 0.060° NA NA
1 20 M 80 DNS 0.0415 0.5325 NA NA
1 20 F 20 7.0 0.0378 04311 NA NA
1 30.0 M 50 DNS 09138 12 3660 NA NA
1 30.0 F 40 6.5 1.2261 142772 NA NA
178 0.2 M 4.0 DNS 0.0119 0.090° NA NA
178 02 F 40 52 0.0123 0.1334 NA NA
178 20 M 40 6.1 0.1590 21712 NA NA
178 20 F 40 3.7 0.1533 1.6168 NA NA
178 30.0 M 40 7.0 1.7292 23.5696 NA NA
178 30.0 F 20 7.0 25414 308153 NA NA

BQL = below assay it of quantitation; DINS = data not sufficient to estimate TK parameter; NA = not applicable
*A new LC-MS/MS method validated to measure FPC1063, FP101075, FP101928, FP101442 and EP101124 was used;
this analysis was conducted 3 4 years after the earhiest sanple collection nsing samples stored at -80°C.

B4 previous LC-MS/MS method validated to measure RPC1063, EP101075, and RP101442 was used; this analysis was
conducted at the time the toxicology study was completed; FP10282 was not an analyte in the crigimal method
“AUC, was used because RP101928 was below limit of assay quantification at 24 hours

Table 6: Composite RP101124 Toxicokinetic Parameters
- Curent Analysis" Ohriginal Analysis”
Day (ﬁfé‘]ﬂfﬂi S| s [T T Con | AUCm | Con | AUCoim
S (hr) (hr) M) | (uM=hr) | (uM) (uMxhr)
1 02 M 12.0 DNS 0.0135 0.1767 NA NA
1 02 F 12.0 DHNS 0.0122 0.1696 NA NA
1 20 M 8.0 DNS 0.1191 1.7338 NA NA
1 20 F 12.0 DNS 0.1208 1.9412 NA NA
1 300 M 12.0 DNS 22123 31.6628 NA NA
1 300 F 12.0 DNS 25829 40.5372 NA NA
178 0.2 M 5.0 DNS 0.0187 03461 NA NA
178 02 F 8.0 DNS 0.0189 0.3409 NA NA
173 20 M 5.0 DHNS 0.1731 3.3858 NA NA
178 20 F 12.0 DNS 02656 48263 NA NA
178 300 M 40 DHNS 44960 §8.7391 NA NA
178 300 F 240 15.2 5.0885 91.1396 NA NA

BQL = below assay linut of quantitation; DN = data not sufficient to estimate TE parameter; NA = not applicable

*A new LC-MS/MS method validated to measure RPC1063, RP101075, RP101988, EP101442 and FP101 124 was used;
this analysis was conducted 3 4 years after the earliest sample collection using sanmples stored at -30°C.

EA previous LC-MSMS method validated to measure RPC1063, EP101075, and RP101442 was used; this analysis was
conducted at the ime the toxicology study was completed; FP101124 was not an analyte in the oniginal method

Monkey

026005: “RPC1063: 14-day oral toxicity study in Cynomolgus monkeys.” Cynomolgus
monkeys (1/sex/group) were given a daily oral dose of 0, 0.15, 3, or 15 mg/kg RPC1063
(Lot 068-146-HRD) in 0.5% CMC for 14 days or 45 mg/kg RPC1063 for 7 days. At the
end of the 14-day dosing period, absolute BW in the HDF was decreased by 6.2%,
compared to baseline. Absolute lymphocyte count was decreased in a dose-dependent
manner at all doses (M: 42% to 61%; F: 24% to 72%). Thymus weight was decreased in
the HDM, and lung weight was decreased at all dose levels. Minimal multifocal
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hepatocellular apoptosis, mild thymic atrophy, and moderate bilateral follicular
hypertrophy of the thyroid as well as marked hepatocyte vacuolation and mild vacuolation
of the pulmonary macrophages occurred in the HDM.

026006: “RPC1063: 28-day oral toxicity study in Cynomolgus monkeys with a 14-day
recovery period.” Cynomolgus monkeys (Main: 3/sex/group; Recovery: 2/sex/group) were
given a daily oral dose of 0, 0.15, 3, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001) in
0.5% CMC. Food consumption was decreased at the HD but was not associated with a
change in body weight. Absolute lymphocyte and absolute basophil counts were
decreased at all dose levels at the end of the dosing period (sponsor’s table, below). At
the end of the recovery period, lymphocyte and basophil count was similar to the predose
period at the LD and MD: counts were still decreased at the HD (lymphocytes: 37%,
basophils: up to 62%)

White Blood Cell Parameters
Percent of Control (Day 29)
Group Dose White Blood Absolute Absoclute
(mg/kg) Cell Lymphocyte Basophil
Male
2 0.15 60 48 42
3 30 45 16 8
4 30 34 10 12
Female
2 0.15 95 44 50
3 3.0 54 18 13
4 30 48 9 19

Absolute weight of spleen in males (reduced by 31% to 58%) and lung in both sexes
(increased by 10% to 39% in males and 11% to 55% in females) was affected at all
dose levels. Absolute organ weights were similar to control at the end of the recovery
period.

Mild depletion of splenic lymphoid elements occurred in 3/3 MDM, 2/3 MDF, 2/3 HDM,
and 3/3 HDF; the depletion in the remaining HDM was moderate. Mild bilateral
hypertrophy and basophilia of the renal collecting tubules was observed in 3/3 HDM.
Pulmonary findings consisted of minimal to moderate vacuolated alveolar macrophages
in all MD and HD animals. There were no RPC1063-related histology findings at the end
of the recovery period.

TK parameters for RPC1063, RP101075, and RP101442 are provided in the sponsor’s

tables, below. The NOAEL was considered to be the LD of 0.15 mg/kg based on
histology findings at higher doses.
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Mean RPC1063 Toxicokinetic Parameters

Cmax AU cﬂ-ﬂ
Group | RPC1063 Dose Trmax Tz hreng/

Day | Number (mg/kg) sex | (hr) (hr) ng/mL uM mL hr'uM
1 2 0.15 M 35 74 276 0.00682 328 0.0811
1 2 015 F 0.6 8.7 2.81 0.00694 373 0.0923
1 3 3 M 5.1 6.6 614 0.152 862 213
1 3 3 F 30 59 66.1 0.163 a52 235
1 4 30 M 2 10.8 429 1.06 6,830 169
1 4 30 F 80 114 424 1.05 6,590 16.3

28 2 015 M 48 59 235 0.00580 263 0.0651

28 2 0.15 F 40 6.4 322 0.00796 353 0.0873

28 3 3 M 40 7.0 553 0.137 681 168

28 3 3 F 40 76 60.5 0.150 765 1.89

28 4 30 M 48 131 515 127 8,070 200

28 4 30 F 56 124 609 1.51 9 560 226

Mean RP-101075 Toxicokinetic Parameters
Comax AUCq ;4
RPC1063
Group Dose Tmax Tin hrng/

Day Number (mg/kg) Sex (hr) (hr) ng/mL um mL hr'uMm
1 2 0.15 M 6.7 NC' 0.340 0.000943 3.34 0.00930
1 2 0.15 F 40 NC 0.116 0.000322 0.711 0.00197
1 3 3 M 104 5.3 971 0.0269 147 0.408
1 3 3 F 11.2 4.5 11.0 0.0306 154 0.428
1 4 30 M 12.0 NC 130 0.359 2,180 6.04
1 4 30 F 16.8 NC 158 0.437 2,710 [

28 2 0.15 M 6.0 B2 0.462 0.00128 376 0.0104

28 2 0.15 F 5.0 NC 0.415 0.00115 255 0.00707

28 3 3 M 8.0 5.8 101 0.0281 130 0.360

28 3 3 F 80 6.0 827 0.0230 111 0.307

28 4 30 M 7.2 22 183 0.508 3,440 9.56

28 4 30 F 6.4 213 352 0.976 6,870 19.1

Reference ID: 4572440

'NC = Not calculated. Value could not be calculated by WinNonlin due to no non-zero

concentration values or to insufficient data points for the elimination phase.
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Mean RP-101442 Toxicokinetic Parameters

Cmax AUCpa24
RPC1063
Group Dose Tmax T hrng/
Day Number (mg/kg) Sex (hr) (hr) ng/mL p mL hruM
1 2 0.15 M NC! NC 0.00 0.00 0.00 0.00
1 2 0.15 F NC NC 0.00 0.00 0.00 0.00
1 3 3 M 120 NC 0.295 0.000734 450 0.0112
1 3 3 F 120 NC 0.103 0.000255 0.821 0.00204
1 4 30 M 240 NC 115 0.0286 163 0.406
1 4 30 F 24.0 NC 9.18 0.0228 127 0.316
28 2 0.15 M NC NC 0.00 0.00 0.00 0.00
25 2 0.15 F NC NC 0.00 0.00 0.00 0.00
25 3 3 M 10.0 NC 0.558 0.00139 8.03 0.0199
25 3 3 F 10.7 NC 0.384 0.000954 5.81 0.0144
28 4 30 M 104 281 18.1 0.0450 366 0.910
28 4 30 F 6.4 38.7 372 0.0925 736 1.83

'NC = Not calculated. Value could not be calculated by WinMNonlin due to no non-zero
concentration values or to insufficient data points for the elimination phase.

026715: “RPC1063: 13-week oral toxicokinetics and toxicity study in Cynomolgus
monkeys.” Cynomolgus monkeys (n=3/sex/group) were given a daily oral dose of 0,
0.15, 3, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001) in 0.5% CMC for 13 weeks.
Trembling occurred in one HDF and one HDM; both monkeys exhibited a decrease in
food intake and decreased body weight. Absolute BW was 4% and 24% lower in HDM
and HDF, respectively, compared to baseline. Food consumption was also decreased in
HD animals. Mean WBC and absolute lymphocyte count were decreased in all dose
groups (sponsor’s tables, below).

Reference ID: 4572440

Mean White Blood Cell Count (% of pretest)

Male Female
Group 2 3 4 2 3 4
Day 38 53 69 33 60 50 39
Day 60 60 61 26 o4 47 36
Day 87 48 65 32 72 45 29

Mean Lymphocyte Count (% of pretest)

Male Female
Group 2 3 4 2 3 4
Day 38 62 35 14 66 34 15
Day 60 a7 38 14 92 45
Day 87 57 23 14 58 26
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Test article-related findings were observed in the adrenal gland, sternal and femoral
bone marrow, intestine, kidney, liver, lung, and spleen. Mild to moderate hypertrophy of
the adrenal cortex occurred in 2/3 MDM, 2/3 MDF, and all HD animals. An increase in
myeloid elements occurred in the bone marrow of all animals dosed with RPC1063.
Vacuolated macrophages were observed in the intestinal lamina propria of the
duodenum, jejunum, and ileum of 1/3 HDF and 1/3 HDM. Minimal anisokaryosis and
anisocytosis of the renal proximal tubules occurred in 1/3 MDF and all HD animals;
there were no associated changes in clinical chemistry or urinalysis. Minimal to
moderate accumulation of vacuolated macrophages was observed in the alveoli of 1/3
MDM, 2/3 HDM, and 2/3 HDF. Moderate depletion of the lymphoid elements of the
spleen was evident in 2/3 HDM and 2/3 HDF.

TK parameters for RPC1063, RP101075, and RP101442 are provided in the sponsor’'s
tables, below. The NOAEL was considered to be the LD of 0.15 mg/kg based on
histology findings at higher doses.

Mean RPC1063 Toxicokinetic Parameters

Cmax AUCpza
RPC1063
Group Dose Tmax Tz hrng/

Day'Week | Number (mg/kg) Sex {hr} {hr) ng/mL uM mL hr*puM
Day 1 2 0.15 M h3 71 3.04 0.00574 521 0.1249
Day 1 2 0.15 F 4.6 77 3.60 0.00850 46.1 0.114
Day 1 3 3 M 25 6.6 729 0.180 a84 219
Day 1 3 3 F 3.3 6.7 742 0.183 084 243
Day 1 4 30 M 53 189.7 428 1.06 7,260 18.0
Day 1 4 30 F 9.3 8.9 374 0.925 5,850 14.5

Week 13 2 0.15 M 53 7.2 3.36 0.00831 3838 0.0984

Week 13 2 0.15 F 4.0 7.0 3.0 0.00967 44 5 0.110

Week 13 3 3 M 4.0 7.2 G5.6 0.162 769 1.90

Week 13 3 3 F 6.7 7.8 81.6 0.202 968 2.39

Week 13 4 30 {i 8.0 NG’ 790 1.95 12,400 30.7

Week 13 4 30 F 53 18.9 754 1.86 13,600 336

'NC = Not calculated. Value could not be calculated by WinNomiin due fo insufficient dafa points for the

elimination phase.

Reference ID: 4572440
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Mean RP-101075 Toxicokinetic Parameters

Ciin AUC 54
RPC1063
Group Dose Tmax Tz hring/

DayWeek | Number {mg/'kg) Sex {hr) {hr) ng/mlL uh mL hr*uM
Day 1 2 0.15 M 8.0 NC' 0.347 0.000963 1.39 0.00386
Day 1 2 0.15 F NC NC 0.000 0.000 0.000 0.000
Day 1 3 3 M 8.0 6.3 136 0.0377 175 0.436
Day 1 3 3 F 8o 6.7 17.0 0.0472 247 0.685
Day 1 4 30 M 200 NC 127 0.352 2,010 .58
Day 1 4 30 F 240 NC 135 0.375 2,450 6.80

Week 13 2 0.15 M 4.0 NC 0.316 0.000877 1.62 0.00450
Week 13 2 0.15 F 4.0 NC 0.467 0.00130 1.59 0.00441
Week 13 3 3 M 4.0 LR 16.3 0.0452 205 0.569
Week 13 3 3 F 10.7 40 225 0.0624 292 0.810
Week 13 4 30 M 8.0 NC 813 226 11,800 330
Week 13 4 30 F 8.0 NR? 580 1.64 11,700 325

"NC = Not calculated. Value could nof be calculated by WinNonlin due to no non-zero concentration values
or to insufficient data points for the elimination phase. .
“NR = Not reported, due to extensive extrapolation or poor goodness-of-fit (R™=0.8) for the elimination

phase.
Mean RP-101442 Toxicokinetic Parameters
EE‘ AUC s
RPC10&63
Group Dose Tonax Tim hrng/

Day'Week | Number (img'kg) Sex (hr) {hr) ngimL M mL hr'uM
Day 1 2 0.15 M NC' NC 0.000 0.000 0.000 0.000
Day 1 2 0.15 F NC NC 0.000 0.000 0.000 0.000
Day1 3 3 M 12.0 NC 0477 0.00119 4497 00124
Day 1 3 3 F 10.7 NC 0.881 0.00219 144 0.0358
Day 1 4 30 M 240 NC 119 0.0296 152 0.378
Day 1 4 30 F 240 NC 159 0.0395 206 0.512

Week 13 2 0.15 M NC NC 0.000 0.000 0.000 0.000

Week 13 2 0.15 F NC NC 0.000 0.000 0.000 0.000

Week 13 3 3 M 53 168 0.952 0.00237 129 0.0321

Wesk 13 3 3 F 10.7 NC 1.86 0.00462 205 0.0509

Week 13 4 30 M 8.0 NC 187 0.465 2,650 6.59

Week 13 4 30 F 8.0 NC 91.2 0.227 1,920 477

"NC = Not calculated. Value could nof be calcufated by WinNonlin die fo no non-zero concentration values
or to insufficient data points for the efimination phase.

Reference ID: 4572440
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Study title: A 39-week oral toxicity study of RPC1063 with a 6-week
recovery period in Cynomolgus monkeys
Study no.. 30477
Study report location:
Conducting laboratory and location:

(b) (4)

Date of study initiation:  May 18, 2010
GLP compliance: Yes, OECD
QA statement:  Yes, signed.
Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5%

Key Study Findings
e Based on findings in the thymus, spleen, and lung at the MD and HD, the
NOAEL was the LD of 0.1 mg/kg.

Methods
Doses: 0,0.1, 1, 15 mg/kg
Frequency of dosing: Once daily for 39 weeks
Route of administration: Oral gavage
Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5% CMC in water

Species/Strain: Cynomolgus rg)c()?key;
4

(b) (4)

Number/Sex/Group: Interim (26 weeks): 3/sex/group; Main (39
weeks): 4/sex/group; Recovery: 2/sex/group
Age: 2to 3years
Weight: M: 2to 2.5kg; F: 2.1t0 2.6 kg
Deviation from study protocol: Deviations did not impact the validity of the
study.

Dosing Solution Analysis: Dosing solutions were within +/- 15% of the nominal
concentration.

Mortality & Clinical Signs: All animals survived to planned sacrifice, and there were no
RPC1063-related clinical signs.

Body Weights: There were no RPC1063-related effects on absolute BW or BW gain
during the dosing or recovery periods.

Ophthalmoscopy: When conducted with funduscopic and biomicroscopic assessment
during Weeks 26 and 39, there were no RPC1063-related findings.

ECG: There were no RPC1063-related effects on ECG parameters on Day 1, and
during Weeks 26 and 39.

Hematology: At Weeks 13, 26, and 39, a dose-dependent leukopenia was evident, with
a majority of the effect due to decreases in neutrophils and lymphocytes (sponsor’s
tables, below). An effect on WBC count was still evident in males at the end of the 6-
week recovery period (sponsor’s tables, below).
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G WBC NEUT LYMPH BASO LUC
(10°L) 10°L) (10°/L) (10°L) (10°L)
1 10.57 25 7.26 0.05 0.06
2 6.7 228 385 0.03 0.03
% diff 37% -9% 47% -40% -50%
3 451 2.08 1.91 0.01 0.04
% diff -57% -17% -74% -80% -33%
4 3.66 1.21 1.78 0.01 0.03
% diff -65% -52% -75% -80% -50%
Week 13 - Females
Sron WBC NEUT LYMPH BASO LUC
(10°L) (10°/L) (10°/L) (10°L) (10°L)
1 11.74 2.82 8.05 0.07 0.08
2 6.51 2.68 3.17 0.02 0.04
% diff -45% 5% 61% 1% -50%
3 5.64 2.62 2.45 0.02 0.05
% diff -52% 1% -70% 71% -38%
4 457 221 1.68 0.01 0.03
% diff -61% 22% -79% -86% -63%
Week 26 - Males
Gion WBC NEUT LYMPH BASO LUc
(10°7L) (10°/L) (10°/L) (10°/L) (10°1L)
1 9.06 3.29 5.26 0.04 0.07
2 6.00 3.18 243 0.01 0.04
o, diff -34% 3% -54% -75% -43%
3 445 2.61 1.43 0.01 0.05
o, diff -51% 21% 73% -75% -29%
4 3.09 1.57 1.08 0.01 0.06
o, diff -66% -52% -79% -75% -14%

Reference ID: 4572440
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YWeek 26 - Females

Group WBC NE’I.'T I..Yl’[PH B.-\;SO Lli’C
(10°1L) (10°/L) (10°/L) (10°1L) (10°L)
1 10.52 4.04 5.74 0.04 0.1
2 6.14 383 1.81 0.01 0.04
%% diff -42% -5% -68% -75% -60%
3 536 3.37 1.51 0.01 0.05
% diff -49% -17% -74% -75% -50%
4 3.86 2.33 1.01 0.01 0.05
% diff -63% -42% -82% -75% -29%
Week 39 - Males
Crnip “‘?C NIEQL'T LY?;IPH BA’SO H;C
(10°/L) (10°/L) (10°/1) (10°1L) (10°L)
1 9.81 3.07 6.23 0.07 0.07
2 7.04 4.10 2.49 0.03 0.03
% diff -28% +33% -60% -57% -57%
3 3.70 1.54 1.79 0.03 0.03
% diff -62% -49% 71% -57% -57%
4 2.70 1.62 0.66 0.01 0.02
% diff -72% 47% -89% -86% -71%

Week 39 - Females

Group “?c NIEgUT LY_‘LIPH BA;SO LT;TC
(10°/L) (L0°/L) (10°/L) (10°/L) (10°/L)

1 10.10 3.85 5.49 0.05 0.09

2 6.65 357 2.58 0.02 0.04

% daff -34% -T% -53% -60%% -55%

3 4.58 A5 1.76 0.01 0.03
% diff -55% -39% -68% -80%a -66%

4 381 2.32 1.03 0.01 0.03
% duff -62% -40% -81% -80% -66%0

48

Reference ID: 4572440



NDA # 209-899

Week 45 - Males

Christopher D. Toscano, Ph.D., DABT

" “?C NEﬂL‘T LY_";IPH B.—lySD LEC
(10°/L) (10°/L) (10°/L) (10°L) (10°L)
1 12.70 3.06 8.71 0.09 0.08
2 6.42 3.06 285 0.02 0.02
%5 caff -49%, 0% -67% -78% -75%
3 8.65 426 401 0.04 0.04
% daff -32% 39% -54% -56% -50%
4 9.02 479 358 0.04 0.03
% daff -29% 37% -59% -56% -63%
Week 45 - Females
B “."E(Z NE;FT LY_";IIPH BAED LI;'C
(10°L) (10°L) (10°L) (10°L) (10°L)
1 771 270 462 0.03 0.04
2 7.96 233 432 0.05 0.07
%% diff 3% -14% 4% 67% T5%
3 1144 398 6.67 0.07 0.07
%% diff 48% 47% 44% 133% T5%
4 10.90 346 6.90 0.05 0.05
% daff 41% 28% 49% 67% 25%

Clinical Chemistry & Urinalysis: There were no RPC1063-related findings during Weeks
13, 26, or 39.

Gross Pathology: There were no RPC1063-related findings at the end of the dosing or
recovery periods.

Organ Weights: There was a 19% increase in absolute lung weight in MDM and HDM at
Week 39 but not at the end of the recovery period.

Histopathology: Adequate Battery: Yes; Peer Review: No; Signed/Dated: Yes
RPC1063-related findings were evident in the thymus, lung, and spleen (sponsor’s
tables, below). At the interim sacrifice (Week 26), there was a decreased ratio of cortex
to medulla in the thymus and minimal to mild alveolar histiocytosis at the MD and HD.
Similar findings were evident in the lung and thymus at the end of the dosing period.
Decreased splenic size and cellularity was also evident at the MD and HD (sponsor’s
table, below). At the end of the 6-week recovery period, minimal alveolar histiocytosis
was observed in 1 HDM.
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Incidence and severity of RPC1063-related microscopic findings in Interim animals.

Incidence of Finding
Tissue/Finding/Severty Control Low Dose Mid Dose High Dose
0 mg'kg/day 0.1 mg'kg/day 1.0mgkg/day 15 mgkeg/day
Thymus
Cortex/medulla ratio, decreased 0/6 0/6 2/6 4/6
minimal 0 0 0 3
mild 0 0 2 1
Lung
Alveolar lustiocytosis 0/ 0/ 3/6 5/6
minimal ] 0 0 5
mild ] 0 3

Incidence and severity of RPCI1003-related microscopic findings in Terminal and Recovery animals

Incidence of Finding
Tissue/Finding/Severity Temmm% - Recover-}* -
Control Low Dose Mid Dose High Dose  Control Low Dose Mid Dose High Dose
] 0.1 1.0 15 0 0.1 1.0 15
mgkg/day mgke/day mgke/day mgkeg/day mgke/day mgkg/day mgkg/day mekg/day
Thymus
;:CT::;:;Eduna rato. 0/8 0/8 6/8 6/8 0/4 0/4 0/4 0/4
minimal 0 0 5 2 1] 0 1]
mild ] 0 1 4 0 0 0 0
Spleen
2;::3:11"'@%‘3”“]‘““}“ 0/8 0/8 3/8 718 0/4 0/4 0/4 0/4
minimal ] 0 3 6 0 0 0 0
Lung
Alveolar histiocytosis 1/8 0/8 5/8 5/8 0/4 0/4 0/4 1/4
minimal 1 0 3 2 0 0 0 1
muld 0 0 0 3 0 0 0 0

Toxicokinetics: TK parameters for RPC1063, RP101075, and RP101442 are provided in
the sponsor’s tables, below.
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Mean RPC1063 Toxicokinetic Parameters

clnax AUCQ -24
RPC1063
Group Dose Tmax Tiz hrng/

Day Number (mgr/kg) Sex (hr) (hr) ng/mL pM mL hruM
1 2 0.1 M 4.00 NC! 229 0.00567 168 0.0417
1 2 0.1 = 367 6.58 226 0.00560 16.9 0.0419
1 3 1 M 4.44 5.30 181 0.0448 181 0.4458
1 3 1 F 4.00 5.61 16.5 0.0408 163 0.404
1 4 15 M 4.00 77 204 0.728 3270 8.08
1 4 15 F 444 7.97 247 0.611 2840 7.02

183 2 0.1 M 4.00 7.46 196 0.00484 16.8 0.0415

183 2 01 F 4.00 NC 222 0.00548 182 0.0450

183 3 1 M 4.44 8.54 182 0.0450 202 0.499

183 3 1 F N} 5.94 16.4 0.0405 177 0.437

183 4 15 M 4 .00 104 27 0.669 3640 899

183 4 15 F 4.44 9.10 252 0.622 3280 8.10

274 2 0.1 M 4.67 8.95 223 0.00551 19.8 0.049

274 2 01 F 4.00 7.57 251 0.00820 254 0.0629

274 3 1 M 4.00 7.09 17.0 0.0420 208 0.514

274 3 1 F 4.00 6.29 185 0.0457 199 0491

274 4 15 M 4.67 8.76 251 0.621 3530 873

274 4 15 F 533 8.45 263 0.651 3730 9.23

"NC = Not calculated. Value could not be calculated by WinNoniin due to insufficient data points for the
elimination phase.

Mean RP-101075 Toxicokinetic Parameters

|:m:n: AUCO-E-!.
RPC1063
Group Dose Tax Tir hr'ng/

Day Number (mg/kg) Sex (hr) {hr) ng/mL uM mL hr uM

1 2 0.1 M MC' NC 0.00 0.00 0.00 0.00

1 2 01 E NC NC 0.00 0.00 0.00 0.00

1 3 1 M 489 NC 223 0.00618 15.3 0.0426

1 3 1 # 4.00 NC 1.68 0.00466 11.8 0.0326

1 4 12 M 8.69 NC 62.8 0.174 954 265

1 4 15 F 5.44 NC T 0.152 825 2.29
183 2 0.1 M 4.00 NC 0.0623 0.000173 0.0935 0.000259
183 2 0.1 E 4.00 NC 0107 0.000297 0.160 0.000445
183 3 1 M 4.44 174 278 0.0077M 283 00754
183 3 1 E 4.00 8.64 223 0.00620 19.0 0.0526
183 4 15 M 756 108 58.1 0161 1010 279
183 4 15 F 7.56 10.2 60.9 0.169 1000 278
274 2 0.1 M 4.00 MNC 0.0905 0.000251 0.453 0.00126
274 2 0.1 E 4.00 NC 0.0897 0.000249 0.135 0.000373
274 3 1 M G.67 6.50 245 0.00679 299 0.08:
274 3 1 E 4.00 NC 268 0.00742 211 0.0586
274 4 15 M £.00 NC 522 0.145 826 229
274 4 15 E 8.67 NC 62.0 0172 o&v 2.66

'NC = Not calculated. Value could not be calculated by WinNonlin due to insufficient data points for the
efimination phase.

Reference ID: 4572440
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Mean RP-101442 Toxicokinetic Parameters

Cmax AUC 34
RPC1063
Group Dose Tmax Tz hrng/

Day | Number | (mgkg) | Sex | (hr) {hr) ng/mL uM mL hr* M
1 2 01 M NC! M 0.00 0.00 0.00 0.00
1 2 01 E: NC NC 0.00 0.00 0.00 0.00
1 3 1 M NC MC 0.00 0.00 0.00 0.00
1 3 1 E MNC MNC 0.00 0.00 0.00 0.00
1 4 13 M 124 NC 375 0.00932 64.2 0.160
1 4 15 E 111 NC 297 0.00737 515 0128

183 2 01 M NC NC 0.00 0.00 0.00 0.00

183 2 0.1 E MNC NC 0.00 0.00 0.00 0.00

183 3 1 M NC NC 0.00 0.00 0.00 0.00

183 3 1 = MNC MNC 0.00 0.00 0.00 0.00

183 4 13 M 8.89 432 420 0.0104 80.8 0201

183 4 13 E 8.00 18.4 3.15 0.00782 56.1 0.139

274 2 01 M MNC NC 0.00 0.00 0.00 0.00

274 2 0.1 F NC NC 0.00 0.00 0.00 0.00

274 3 1 M MNC MNC 0.00 0.00 0.00 0.00

274 3 1 F NC NC 0.00 0.00 0.00 0.00

274 4 15 M 8.00 NC 384 0.00854 64 6 0160

274 4 15 F 8.67 NC 2.80 0.00695 47.0 0.117

NG = Not calculated.

elimination phase.

Reference ID: 4572440
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7  Genetic Toxicology

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Ozanimod (RPC1063) and its three major human metabolites, RP-101124 (Lot 3), RP-
112273 (Lot 3), CC1084037 (Lot SOOLO1), were demonstrated to be non-mutagenic in
adequately-designed, GLP-compliant bacterial reverse mutation assays conducted in the
presence or absence of rat hepatic S9 fraction (Study reports 025999, AE86da-
502ICH. @ AF00PS.502ICH. ®, AF403J.502I1CH. ®®). Minor human metabolites of
ozanimod, RP-110351 and RP-101988, were also negative in adequately-designed,
GLP-compliant  bacterial reverse  mutation assays (AE81YV.502ICH. @@,
AE86CZ.502ICH.. ®®. Other minor human metabolites of ozanimod, RP101075,
RP101063, and RP101442, were negative when tested in bacterial mutagenicity assays
(Study reports AC31AY-850- ®® AD03BC-850- ®“ AD03BD-850- “).

7.2 In Vitro Assays in Mammalian Cells

RPC1063 (Lot AJ501FPRP-10-001) was not mutagenic in an adequately conducted,
OECD GLP-compliant in vitro mouse lymphoma TK gene mutation assay in the presence
and absence of rat hepatic S9 fraction (Study report AA93888). CC112273 was negative
in an adequately conducted in vitro chromosomal aberration assay in human peripheral
blood lymphocytes (AFOOPS.341ICH. ®®). CC1084037, a major human metabolite,
increased the number of micronuclei in TK6 cells by up to 4-fold when incubated for 4
hours or 27 hours in the absence of bioactivation (RPC1063-TOX-2844).

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

In an adequately conducted and GLP compliant in vivo assay, RPC1063 was negative
for induction of bone marrow micronuclei in Sprague-Dawley rat (n=5/sex/group) given
two daily oral doses of 0, 251, 448, and 800 mg/kg/day RPC1063 (Lot AJ506FP-11-001)
administered 6 hours apart in 0.5% CMC for two days (AA99751). The high dose
represented a maximum feasible dose and marrow collection occurred 24 hours after
administration of the final dose. Based on available TK data for rat, there was adequate
exposure to the major human metabolites CC112273, CC1084037, and RP101124
occurred at the doses tested. The sponsor conducted an in vivo erythrocyte micronucleus
and mammalian alkaline comet assay in rat dosed with CC1084037 (n=6/sex/group;
RPC1063-TOX-2957). CC1084037 (0, 250, 500, or 1000 mg/kg; Lot SO0OL02) was
administered by oral gavage once per day for three days; bone marrow and liver were
harvested 3 to 4 hours after the final dose. There was no CC1084037-related increase in
micronucleated cells in the bone marrow, and the comet assay was negative.
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8 Carcinogenicity

Study title: RPC1063: 26-week repeated dose oral carcinogenicity study in
Tg.rasH2 mice.
Study no.: AE18BZ.7G8R. ?¢
Study report location: EDR
Conducting laboratory and location:
Date of study initiation:  June 3, 2015
GLP compliance: Yes, US FDA GLP
QA statement:  Yes, signed
Drug, lot #, and % purity: RPC1063, Lot AJ506FP-11-001, 99.6%
CAC concurrence:  ExecCAC SPA recommendations:
January 21, 2015

(b) (4)

Key Study Findings
e The combined incidence of hemangioma and hemangiosarcoma was
increased in males at all dose levels and in females at doses > 8 mg/kg
RPC1063. The incidence of skin hemangiosarcoma was increased at doses
> 8 mg/kg. Multicentric hemangiosarcoma was increased in females at 80
mg/kg.

Adequacy of Carcinogenicity Study
e Although all major metabolites were not assessed in this study, other PK
studies have demonstrated that mice produce all major human metabolites
at levels that exceed those in humans when tested at the dose levels used
in this study. Overall, the carcinogenicity study was adequately conducted.

Methods
Doses: 0, 8, 25, 80 mg/kg/day RPC1063; 1000
mg/kg/day urethane (positive control)
Frequency of dosing: RPC1063: once daily for 26 weeks; urethane:
once daily on Days 1, 3, and 5
Dose volume: 5 mL/kg
Route of administration: RPC1063: Oral gavage
Urethane: intraperitoneal
Formulation/Vehicle: RPC1063: 0.5% CMC in water, pH 2.2
Urethane: 0.9% saline
Basis of dose selection: The ExecCAC recommended the doses of 0, 8,
25, and 80 mg/kg based on effects in the lung
(e.g., increased weight and accumulation of
foamy macrophages) at 80 mg/kg in a dose-
ranging study.
Species/Strain: Tg.rasH2 mice [CByB6F1-Ta(HRAS)2Jic (+/-

hemizygous c-Ha-ras)]; LIy
(b) (4)

Number/Sex/Group: Main: 25/sex/group; TK: Control 8/sex/group,

Dose Groups 38/sex/group; Positive control:
10/sex/group
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Animal housing:

Paradigm for dietary restriction:
Dual control employed: No

Interim sacrifice: No

Deviation from study protocol:

Christopher D. Toscano, Ph.D., DABT

5 weeks
Individually housed
Ad libitum food and water

Age:

Deviations were minor and did not impact the
validity of the study.

Dosing Solution Analysis: Dosing solutions were within 92% to 102% of the nominal
concentration.

Mortality: Early deaths occurred in 1 LDM, 1 LDF, 3 MDF, 10 MDM, 9 HDM and 9 HDF;
cause and date of death for each animal is provided in the sponsor’s tables, below.

Reference ID: 4572440

Text Table 9A: Male Mortality

. Dose Levels | Animal | Day of .
Group (mg/kg/day) | Number | Remaval Made of Death Cause of Death
Multicentric mesothelioma
2 g8 2734 169 Natural Death Lung, carcinoma
Lung, hemangiosarcoma
2751 12 Moribund Undetermined
Sacrifice
2753 127 Natural Death WMulticentric hemangiosarcoma
2756 127 Natural Death Multicentric hemangiosarcoma
2758 165 Natural Death WMulticentric hemangiosarcoma
2764 112 Monl_JLmd Multicentnic hemangiosarcoma
Sacrifice <
3 25 2765 139 Natural Death Skin, hemangiosarcoma
Duodenal abscess and
2766 140 Natural Death granulopoiesis,
multiple tissues
2767 124 Natural Death lfg?lgngiosa(;gr?].;t
2770 176 Natural Death Multicentric hemangiosarcoma
2773 164 Natural Death Multicentric hemangiosarcoma
2779 173 Natural Death Undeternuned
2781 155 Natural Death Undetermined
2786 166 Natural Death Multicentric hemangiosarcoma
Jejunal abscess and
2787 160 Natural Death granulopoiesis,
multiple tissues
4 %0 2789 129 Natural Death Undetermined
2790 139 Natural Death Undetermined
2792 150 Natural Death hiii ;ZL’:‘M“Z‘;I:I’H
- Henm abscess and
2794 144 I\-iorll_:;md granulopoiesis,
Sacrifice : -
multiple tissues
2798 182 | Natural Death lfg?&:;’ﬁa(;’f&
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Text Table 9B: Female Mortality

Group (I:r? ;eklée[:ﬂs} \ill:l:]::ll Rlzfl:-o?fal Mode of Death Cause of Death

2 8 2839 134 Natural Death Kidneys, mesothelioma
2863 117 Natural Death Mediastinum, mesothelioma

3 25 2870 174 Natural Death Skin, hemangiosarcoma
2878 78 Natural Death Spleen. hemangiosarcoma
2886 153 Ig_?cr:ibﬁ?ed Multicentric hemangiosarcoma
2890 101 Natural Death Multicentric hemangiosarcoma
2895 175 Natural Death Multicentric hemangiosarcoma
2900 162 Natural Death Thymus, mesothelioma

4 80 2904 148 Natural Death Skin, hemangiosarcoma
2906 79 Natural Death Undetermined
2908 162 Natural Death Undeternmned
2910 122 Natural Death Skin, hemangiosarcoma
3166 136 Natural Death Undetermined

Survival at the terminal sacrifice was 100%, 96%, 0% (because of early termination on
Day 177) and 64% at 8, 25 and 80 mg/kg/day in males and 100%, 96%, 88% and 64%
in females, respectively. The remaining MDM were sacrificed on Day 177 (5 days prior
to the planned terminal sacrifice) because of “high mortality (10/25 early deaths).”
Survival curves provided below are from the FDA Statistical Review (Miao Z, Zhou F,

Lin K).

R

0.6

0.4

Survival Probability

0.2

0.0
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Kaplan-Meier Survival Functions for Male Mice

Product-Limit Survival Estimates
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Kaplan-Meier Survival Functions for Female Mice

Product-Limit Survival Estimates

0.8
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Survival Probability

0.2

oo + Censored
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25 malkalday
Positive Control

80 malkalday

Clinical Signs: Decreased motor activity, ruffled fur, and hunched posture were common
in MD and HD males. Thin appearance occurred in a dose-related manner in males but
only correlated with BW effect at the HD.

Body Weights: Absolute BW was decreased by up to 9%, relative to control, in HDM
beginning on Day 169.

Food Consumption: Food consumption was increased in HD animals by 14% to 18%.

Hematology: Blood was sampled at terminal sacrifice and hematology parameters were
assessed (sponsor’s tables, below). Absolute lymphocyte count was decreased
markedly (a known pharmacodynamic effect of RPC1063) in males and females. RBC,
hemoglobin, and hematocrit were decreased and platelets were increased in males and
females.
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Text Table 11A: Males, Week 27 Hematology

Parameter Dos.e Level Statistically Significant Difference
(mg/keg/day) Compared to Control
Red Blood Cells 8 & B0 1(13.7%) & | (21.8%)
Hemoglobin 8 & 80 111.0%) & [(21.5%)
Hematocerit 8 & 80 1(11.395) & | (18.4%)

Absolute Reticulocytes a0 T(44.9%)

Platelets 8 & 80 1(53.4%) & 1(77.6%)
Absolute Neutrophils 3 & 80 1(91.8%) & 1(291.1%)
Absolute Lymphocytes 8 & 80 1(44.8%) & |(54.9%)

T = Statistically significant increase (p < 0.05) compared to Group 1 (vehicle control).
| = Statistically significant decrease (p < 0.05) compared to Group 1 (vehicle control).

Text Table 11B: Females, Week 27 Hematology

Parameter Dn'sle LIETreI Stntisti;nll*_r Siguificnyt Difference
{mw:dﬂ]'} Compared to Control
Red Blood Cells 8, 25 & 80 1(12.2%), [(11.8%) & |(16.4%)
Hemoglobin 8.25 & 80 1(12.5%), [(12.2%) & |(17.6%)
Hematocrit 8,25 & 80 1(11.1%). [(10.5%) & |(15.0%)
Platelets 25 & 80 1(63.1%) & 1(42.4%)
Mean Platelet Volume 8 & 25 [(11.0%) & |(8.1%)
Absolute Lymphocytes 8, 25 & 80 1(51.9%), [(51.3%) & |(64.1%)

T = Statistically significant increase (p < 0.05) compared to Group 1 {vehicle control).
| = Statistically significant decrease (p < 0.05) compared to Group 1 (vehicle control).

Gross Pathology: Skin masses, some identified as hemangiosarcoma were observed
sporadically in RPC1063-treated rats. Enlarged heart was observed in 8 LDM, 7 MDM,
13 HDM, and 4 HDF.

Organ Weight: Absolute weight was increased in heart (HDM 54%, MDF 18%, and HDF
39%), adrenals (HDM 27%), kidneys (HDM 10%), lungs (HDM 27%), liver (HDM 11%,
LDF 14%, MDF 26%, and HDF 26%).

Histopathology: Peer Review: Yes; Signed/Dated Report: Yes

Neoplastic: Multiple lung adenomas (10/10 males and 10/10 females) and splenic
hemangiosarcoma (7/10 males and 4/10 females) were evident in the positive control
group. The increase in hemangiosarcoma and hemangioma (combined for the whole
body) at all doses in males and at the MD and HD in females (sponsor’s table, below)
was considered to be RPC1063-related. The incidence of hemangiosarcoma in the skin
of MDM, HDM, and HDF was increased in a dose-dependent manner. Multicentric
hemangiosarcoma incidence was increased in HDF.
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Text Table 15A: Incidence of Hemangiosarcomas and Hemangiomas in
Multiple Organs (Including Spleen), Males

Dose Level (mg/kg/day) 0 8 25 80 HCR
Incidence

Number Examined 25 25 25 25 e
Spleen 0 1 0 0 0-4
Multicentric. Hemangioma 0 0 0 1 NPO
Multicentric 0 1 T* 2 0-1
Femur. Bone Marrow 0 1 0 0 0-1
Teum 0 ] 2 0 NPO
Jejunum 0 0 1 0 NPO
Rectum 0 0 1 0 NPO
Lung 0 1 0 0 0-1
Skin 0 0 4 4 0-1
Lumbar. Spmal Cord 0 1 0 0 0-1
Skeletal Muscle 0 0 2 2 0-1
Skin. Hemangioma 0 0 0 1 NPO
Combined Incidence 0 -2 17 10* 0-6"

Text Table 15B: Incidence of Hemangiosarcomas and Hemangiomas in
Multiple Organs (Including Spleen), Females

Dose Level (mg/kg/day) 0 8 25 80 Ing:li;Rn“
Number Examined 25 25 25 25 Range
Spleen 0 0 1 1 0-4
Multicentric 0 1 1 4* 0-1
Femur, Bone Marrow 0 0 1 0 0-1
Tleum 0 0 1 ] NPO
Mammary Gland, Hemangioma 0 1° 0 0 NPO
Ovaries. Hemangioma 0 0 1 0 0-1
Ovaries 0 1 0 0 0-1
Pancreas 0 1 0 NPO
Skin 0 0 1 5 0-1
Stomach 0 0 1 (¢} NPO
Skeletal Muscle 0 0 0 1 0-1
Combined Incidence 0 3 8* 11* 0-7*
;;gtinsmaﬂv %ﬁf)gf:nt when compared to the vehicle control.

torical Control In ﬁdrﬂrz;)léﬁngeﬂj control mice; 40 studies.

NPO = Not Previously Observed in the Historical Control Database.

Note: Hemangiomas are explicitly noted above: all others tumors are hemangiosarcomas.

® = A benign tumor (mammary gland) and a malignant tumor (pancreas) were observed in animal no. 2840;
therefore, these tumors are counted as one in the combined incidence.

! = Indicates Historical Incidence Range calculated as the combined incidence of splenic hemangiosarcomas
(0-4), non-splenic hemangiosarcomas (0-2) and hemangiomas (0-1) in females, noted i the ® @
Historical Control Database.

Non Neoplastic.: Non-neoplastic lesions consisted of cardiomyopathy, lung infiltration of
foamy macrophages, pigmented macrophage infiltration and lymphoid necrosis in the
mesenteric lymph node, and mucosal hyperplasia of the glandular stomach in both sexes
(table, below). In males, adrenal cortical hypertrophy and vacuolation, liver necrosis,
epididymal interstitial inflammation, and testicular degeneration were observed (table
below).
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Histology Finding Control

3

25 mg/kg | 80 mg/kg

M F

Heart, Cardiomyopathy 14 | 12

Minimal 0 11

Mild 9

5

Lung, Foamy Macrophage 25

Minimal 9

Mild 13

N N
Nlojo|Rlololojo|Z
N
&

Moderate 3

M
0
0
0
Moderate 0
0
0
0
0
0

o|o|lo|o|o|o|o|o|o|m
olo|Nv|k|w|o|lu|o|;n|Z|®
~
o|lololo|o|o|o|r |k TS
=
olo|w|o|GIr|o

Lymph Node (mesenteric), 0 22 7

Pigmented Macrophage

Minimal

Mild

Moderate
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OO |O
OO0
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S

N
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Lymph Node (mesenteric),
Lymphoid Necrosis

Minimal

Mild

Moderate

Glandular Stomach, Hyperplasia

Minimal

Mild

Moderate

Adrenal Cortex, Hypertrophy

Minimal

Mild

Adrenal Cortex, Vacuolation

Minimal

Mild

Liver, Necrosis

Minimal

Mild

OO0 |I0|0O|0|0|0|0|0|0O|0|0|0|O0|O0 |0
OO0 |I0|0O|0|0|0|0|0|O|0|0|0|O|—|O
OO0 I0|O0|I0|0|0|0|0|O|0|0|0|0|O|F

Moderate

' lo|lo|o|o|o|o|o|o|o|o|r|o R R]|o|N|F

Epididymis, Inflammation

Minimal

Mild

Moderate

Marked

Testes, Degeneration

Minimal

Mild

Moderate
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Toxicokinetics: TK parameters for RPC1063 and metabolites, RP101075, RP101442,
RP101988, and RP101124, on Day 1 and Week 26 are provided in the sponsor’s
tables, below. Two of the three major human metabolites, CC112273 and CC1084037,
were not assessed.

Text Table 10A: Mean Plasma TE Exposure Parameters in CByB6E1 Mice, Day 1

RPC1063 EPCl063 EP101075 EP101442
[.umu?cl::dn}'] Sex AUC 1 | - AUC) 14 C s AUC 1 C iss
Dar 1 (b*pmolL) | (nmelLl) | (h*pmolLl) | (umolLl) | (b*nmell) | {(pmeoll)
Males 184 132 3.17 0.191 0.0781 0.00336
1978 Females 125 1.07 1.15 00643 0.0245 0.00157
(8 mgkgday) | Combined 154 1.20 216 0.128 0.0513 0.00342
Batio (MT) 147 1.23 276 2a7 319 34l
Males 525 369 6.57 0389 0158 0.00956
61.82 Females 45.0 3.02 4654 0.273 0.103 0.00811
(23 mgkg'day) | Combined 487 325 5.61 0.331 0.130 0.00753
Fatio (M/F) 1.17 122 142 142 1.53 156
Males 79.0 5.87 113 0.533 0322 00234
197.82 Females 26.8 5.38 9.01 0.571 0.230 0.0167
(80 mz'ke/day) | Combined 829 5.62 10.2 0.602 0276 0.0211
Fatio MTE) 0.910 1.09 1.25 1.11 1.40 1.52
EPC1063 RP101985 EP101124 Total Agonist
[.ul.n-:-I]E.li;:dﬂ}'] Sex AUC 1 Coan AUC) 14 C s AUC 3 1 C s
Day 1 (h*pmolL) | (nmelTL) | (h*pmoll) | (umelLl) | (h*nmeoll) | (mmolL)
Males 1.88 0.197 0.666 0.0421 235 1.54
1978 Females 1.97 0208 198 0.121 156 1.30
(8 mg'kg/day) | Combined 1.92 0203 132 0.0809 19.6 1.42
Fatio (MTF) 0954 0.847 0.336 0.348 1.51 1.18
Males 6.43 0583 1.62 0.110 6356 437
61.82 Females 878 0.793 5.01 0.333 586 395
(253 mg'kg/day) | Combined 7.61 0.688 331 0221 62.1 4.09
Ratio (MT) 0.732 0.735 0.323 0.330 1.12 1.11
Males 121 1.36 340 0291 103 738
197.82 Females 213 205 144 0878 117 735
(80 mgkg/day) | Combined 16.7 1.71 898 0.487 110 746
Fatio (MF) 0.568 0.663 0.233 0.332 0.880 0.977

AUC, ,, = area under the plasma concentration-ime curve fom fime zerp fo the last quaniifiable plasms concenfration;
C jrae = maxinmm plasma concenmaton; F = famales; b = houn(s); MM = males;
Combined data represent the C_, and AU, |, valnes esimated from the composite TE profiles of the mals and females animals
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Text Table 10B: Mean Plasma TK Exposure Parameters in CBvB6F1 Mice, Week 16

EPC1062 RPC1063 RP10107= RP101442
o mu}]:]:.'tlt.zda}':l Sex AUC s G AUC 40 A AUC 4o o
Week 26 (b*pumolL) | (nmelL) | (b*pumell) | (pmell) | (h*pumelL) | (nmeolL)
Mdales 233 186 4.66 0.225 0.182 000861
19.78 Females 16.3 151 2.00 0.115 0.0936 000478
(# mg'kg/day) | Combined 19.8 1.68 3.33 0164 0.138 0.006569
Ratio (M/F) 1.43 123 233 1.95 184 1.80
hdales 74.1 527 17.1 0.783 0.690 0.0314
61.82 Females 48.7 394 697 0.359 0.363 D.0173
(25 mg'ke/day) | Combined 614 455 12.0 0.566 0.527 00244
Eafio (M/F) 1.52 134 2.45 214 150 1.582
Mlales 221 11.1 62.6 3.15 279 0.128
197.872 Females 182 10.5 3l4 1.70 182 D.0369
(80 mg'kefday) | Combined 192 10.2 47.0 234 231 0.105
Blaiow {MLT) 1.36 1.06 1.93 1.84 1.53 1.47
EPC1063 RP101985 RP101124 Total Agonist
[umnIfEdn}'j Sex AUC o 0 AUCh e Con AUCH g C o
Week 26 (b*pmelL) | (pmell) | (h*pmell) | (nmell) | (h*pmoelLl) | (pmolL})
Mdalas 272 0.237 1.36 0.111 30.8 232
19.78 Females 357 0433 258 0.148 223 198
(83 mz'ke/day) | Combined 3.34 0.304 1.97 0.113 26.6 215
Eatio (MF) 0.685 0.547 0.527 0750 1.38 L.17
Males 11.0 0871 3.26 0219 103 693
£1.82 Females 145 159 1.7% 0490 T0.5 589
(25 mg'kg'day) | Combined 128 1.18 5.52 0320 86.7 6.19
Fatio (M/F) 0.739 0.548 0418 0.447 146 1.18
Mdales 43.0 2.20 11.3 0.612 329 16.5
197 82 Females 67.6 3.36 224 1.16 263 17.7
(80 mz'ke/day) | Combined 533 3.78 168 0.841 2046 158
Eatio (M/F) 0.636 0410 0.504 0.528 1.25 0.932

ATRC, o = area under the plasms concenramon-time curve fTom time zerg to the last quangfiable plasms concenTabon:
C,... = maximum plasms conceniration; F = females; h = hour(s); M = ma'es;
Combined data represeam: the C_,, and ATRC, . valuss estirested from the composite TE profles of the mals and female animals.
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Study title: A 24-month oral (gavage) carcinogenicity study of RPC1063 in
rats

®®72515
EDR

Study no.:

Study report location:

Conducting laboratory and location: O
Date of study initiation:
GLP compliance:

QA statement:

Drug, lot #, and % purity:
CAC concurrence:

January 12, 2015

Yes, US FDA GLP

Yes, signed

RPC1063, AJ506FP-11-001, 99.5%
ExecCAC SPA recommendations:
December 18, 2014

Key Study Findings
e There were no RPC1063-related neoplasia in rats dosed daily with RPC1063
for two years.
e Mineralization of the thalamus was increased in males at all dose levels
and in females at doses > 0.2 mg/kg.

Adequacy of Carcinogenicity Study
e The study included the design recommendations of the ExecCAC (SPA
meeting minutes dated December 18, 2014). The doses recommended by
the ExecCAC were based on the metabolism information available at the
time. Two of the major human metabolites, CC112273 and CC1084037, were
not yet characterized at the time of submission of the SPA or study
initiation. As such, TK assessment for these metabolites was not

conducted.
Methods
Doses: 0, 0.2,0.7, 2 mg/kg
Frequency of dosing: Once daily
Dose volume: 5 mL/kg
Route of administration: Oral gavage

Formulation/Venhicle:
Basis of dose selection:

Species/Strain:
Number/Sex/Group:

Age:

Animal housing:

Paradigm for dietary restriction:
Dual control employed:

Interim sacrifice:

Deviation from study protocol:

Reference ID: 4572440

0.5% CMC in water, pH= 2.2

Coverage (>25-fold) of parent and human
metabolites (RP101075, RP101124,
RP101442, RP101988)

Crl:CD(SD) rat

Main: n=65/sex/group; TK: n=9/sex/group
1 month

Pair housed

None, ad libitum food and water

No

None

The deviations did not impact the validity of the

study.
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Dosing Solution Analysis: Dosing solutions were 97% to 107% of the nominal
concentration.

Mortality: Survival rates were 28%, 32%, 45%, and 27% in males (control, LD, MD, HD,
respectively) and 26%, 34%, 37%, and 38% in females (control, LD, MD, HD,
respectively; sponsor’s tables and figures, below). The main identified cause of
unscheduled death in all dose groups was pituitary adenoma (Males: 24, 23, 19, 23;
Females: 33, 27, 21, 20, Control, LD, MD, HD, respectively). Group size remained
above 20/sex/group through Week 100 for both sexes.

Text Table 10
Survival - Number and Percentage of Animals Surviving (N = 65/group) ®

Males Females
Group (mg/kg/day) 0 0.2 0.7 2 0 0.2 0.7 2
Study Week
60 58/65 | 60/65 | 61/64 | 58/64 | 59/65 | 59/65 | 63/65 | 63/65
89% 929 95% 91% 91% 91% 97% 97%
%0 48/65 | 50/65 | 49/64 | 45/64 | 42/65 | 48/65 | 46/65 | 55/65
74% 77% 77% 70% 65% 74% 71% 85%
88 41/65 | 40/65 | 41/64 | 33/64 .

(survival =50% for males) | 63% | 62% | 64% | 52% NA NA NA NA
89 34/65 | 32/65 | 34/65 | 36/65
(survival >50% for females) | N4 NA NA NA 520 | 499% | s29% | 55%
_ 18/65 | 21/65 | 29/64 | 17/64 | 17/65 | 22/65 | 24/65 | 25/65
104 (End of Study) 28% 32% 45% 27% 26% 34% 37% 38%

*  Mortality data corrected for accidental deaths.
NA = not applicable

Text Table 11
Kaplan-Meier Estimates of Survival #

Dosage Level (mg/kg/dav)
Study Week 0 | 02 | 07 | 2 | Overall Trend
Males

60 89% 92% 95% 91%

80 T4% T7% 17% 70%

End of Study 28% 32% 45% 27%
p-value NT NT NT 0.1724 0.8824

Females

60 91% 91% 97% 97%

80 65% T4% 71% 85%

End of Study 26% 34% 37% 38%
p-value NT NT NT 0.3607 0.1019

p-values (p): Companisons usimng vehicle group
NT = Not tested per protocol statistical methodology
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i

SURVIVAL

ommmm | MG/EG/DAY  ——(.2 M3/EG/IRY —G—0.7 MG/EG/IRY —p—7 MG/EG/IRY

Clinical Signs: There were no RPC1063-related clinical signs.

Body Weights: Beginning at Week 4 and Week 8 for males and females, respectively,
mean body weights were decreased in all RPC1063 dose groups, relative to control. At
study termination, mean body weight was 3.5%, 9.9%, and 6.6% lower than controls in
males and 12.5%, 9%, and 9.9% lower than controls in females.
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Food Consumption: There were no RPC1063-related effects on food consumption.
Gross Pathology: There were no RPC1063-related findings.

Histopathology: Peer Review: Yes; Signed/Dated: Yes
Neoplastic: There were no RPC1063-related neoplastic findings.

Non-Neoplastic: Bilateral accumulation of basophilic aggregates in the thalamus,
characterized as mineralization, was increased in incidence and severity with dose at= 8
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mg/kg in males and = 25 mg/kg in females (sponsor’s table, below). The study pathologist
states that this lesion is a known spontaneous lesion that occurs with age in rat; RPC1063
increased the incidence and severity of this finding. There was no necrosis or
inflammation associated with this finding. Although the incidence was not specifically
dose-related, an increase in hepatic eosinophilic and basophilic foci occurred at all dose
levels of RPC1063.

Histology Finding Control | 8 mg/kg | 25 mg/kg | 80 mg/kg
M F M F M F M F
Brain, Mineralization (Thalamus) 2 2 |10 | 2 | 32 | 15 | 47 | 42
Minimal 2 2 9 2 16 | 12 | 21 | 27
Mild 0 0 1 0 10 3 16 6
Moderate 0 0 0 0 6 0 10 9
Liver, Eosinophilic foci 9 7|1 20| 14 | 28 | 21 | 19 19
Minimal 2 7 7 9 11 | 14 5 15
Mild 4 0 6 3 3 5 10 1
Moderate 3 0 6 2 11 1 4 2
Marked 0 0 1 0 3 1 0 1
Liver, Basophilic foci 18 |39 | 29 | 48 | 28 | 55 | 32 | 52
Minimal 13 | 25| 22 | 14 | 14 9 17 | 10
Mild 4 7 7 15 9 15 | 10 | 14
Moderate 1 5 0 11 5 17 5 14
Marked 0 1 0 8 0 14 0 14
Severe 0 1 0 0 0 0 0 0

Toxicokinetics: TK parameters for the parent (RPC1063) and four metabolites,
RPC101075, RP101124, RP101442, and RP101988, are provided in the sponsor’s
tables, below. Metabolites CC112273 and CC1084037 were not assessed.

69

Reference ID: 4572440



NDA # 209-899

Christopher D. Toscano, Ph.D., DABT

Text Table 12
Toxicokinetic Parameters for RPC1063 in Rats

Dose Tmax| Cmax | AUClast AUClast/D ATUClast
Analyte |Study Day - Sex | Group — - v
mg/'kg/day (h) |(ng/mL)|(h*ng/mL)(h*ng/mL)/(mg'kg) RAUC
e M 24 4 1.96 11.8 588 NA
' F 2A 2 232 151 755 NA
M 3A 4 7.60 451 64.4 NA
RPC1063 { 07
F 3A 4 019 122 175 NA
< M 44 4 19.0 269 134 NA
) F 4A 4 26.8 385 192 NA
65 M 24 4 2.88 329 164 2.80
. F 2A 2 5.00 407 248 3.20
M 3A 4 10.5 138 197 3.05
FRPC1063] 185 0.7
F 3A 2 19.0 214 305 1.74
" M 44 2 373 517 259 142
) F 44 2 64.5 685 342 1.78
NA = Not applicable
Text Table 13
Toxicokinetic Parameters for RPC101075 in Rats
Giudy]  Dose Tmax | Cmax | AUClast AUClast/D AT Clast
Analyte s Sex | Group : . : = :
Day \mg/kg/day (h) |(ng/mL) |(h*ng/mL) [{(h*ng/mL}/{meg/ke) RAUC
- M 2A NA NA NA NA NA
h F| 24 | NA | NA NA NA NA
R M 3A 8 0.763 NA NA NA
RP101073( 0 0.7 -
F 3A 8 0.454 NA NA NA
" M 44 8 187 30.1 151 NA
- F 4A 8 1.31 200 10.5 NA
- M 2A 4 0317 138 6.80 NA
h F | 24 2 0.411 NA NA NA
_ M 3A 8 1.88 33.1 473 NA
RPI01075| 185 0.7
F 3A 8 1.78 328 46.8 NA
" M 44 8 740 141 705 468
) F 4A 8 5.54 084 402 4.71
NA = Not applicable
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Text Table 14
Toxicokinetic Parameters for RP101124 in Rats
Study] Dose Tmax | Cmax | AUClast AUCIast/D AUClast
Analyte b Sex | Group - :
Day Img/kg/day (h) |(ng/ml) |(h*ng/mL) |(h*ng/mL)/(mgkg) RAUC
4 M 2A 8 1.65 21.2 106 NA
- F | 24 8 1.08 34.2 171 NA
M A 8 434 63.1 00.1 NA
RP101124( 0 0.7
F 3A 8 171 123 176 NA
" M 4A 8 11.6 181 0.5 NA
F 44 24 16.2 307 153 NA
02 M 2A 8 740 104 518 480
B F | 2a 8 6.34 120 601 3.52
M 3A 8 23.7 328 468 5.20
RP101124( 185 0.7 -
E 3A 8 248 303 561 318
R M 44 2 200 370 285 3.15
3 F 44 8 496 1050 523 341
NA = Not applicable
Text Table 15
Toxicokinetic Parameters for RP101442 in Rats
Smudy | Dose Tmax| Cmax | AUClast AUClast/D AUCIast
Analyte Dy Sex | Group = =
Day mgks/day (h) |(ng/mL)|(h*ng/mL)|(h*ng/mL)/{mekeg) RAUC
02 M A NA NA NA NA NA
) F| 24 | NA | NaA NA NA NA
M 3A 24 0.021 NA NA NA
RP101442| O 0.7 - =
F 3A 24 1.12 NA NA NA
) M 44 24 374 546 273 NA
- F 4A 24 2.58 358 179 NA
02 M 2A 2 1.69 28.1 141 NA
- F 2A 0 0.968 18.2 010 NA
M A 4 6.1 111 159 NA
RP101442| 185 0.7 S T
F | 3A 5 4.32 975 139 NA
) M 4A 2 237 5326 263 9.63
- F | 4A 0 13.5 260 130 7.26
NA =Not applicable
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Text Table 16
Toxicokinetic Parameters for RP101988 in Rats
Study] Dose . : Tmax | Cmax | AUClast AUClast/Dr AUCIast
Analyte = : Sex | Group . : :
Day |mg/kg/day (h) |(ng/mL) |(h*ng/mL) |(h*ng/mL)/{mg/ke) RAUC

b M 24 4 1.34 6.77 338 NA
N F | 24 4 1.57 8.45 42.2 NA
M 3A 4 412 230 341 NA

RP101988| O 0.7
F 3A 4 5.82 63.5 20.7 NA
. M 1A 4 16.5 171 856 NA
) F 4A 4 195 196 081 NA
i M 2A 4 5.73 56.3 282 8.34
N F| 24 4 6.25 50.1 250 5.03
M 3A 4 19.7 206 294 8.60

RP101988| 185 0.7
F 3A 2 16 186 265 2.92
i M 4A 4 53.0 759 380 444
) F 4A 2 598 580 290 2.96

NA =Not applicable
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9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development

Study title: RPC1063 Fertility toxicity study by the oral route (gavage) in
the rat (Segment 1)
Study no.: AB07244
Study report location: EDR
Conducting laboratory and location:
Date of study initiation:  December 29, 2011
GLP compliance: Yes, OECD
QA statement: Yes
Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5%

Key Study Findings
e Fertility was not affected in male and female rats at doses up to 30 mg/kg
RPC1063.

Methods

(b) (4)

Doses: 0, 0.2, 2, 30 mg/kg/day

Frequency of dosing: Males: once daily 14 days before mating and
throughout mating
Females: once daily 14 days before mating until
gestation day (GD) 7

Dose volume: 5 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: 0.5% (w/v) carboxymethylcellulose
Species/Strain: Sprague-Dawley rat Crl:OFA(SD)
Number/Sex/Group: 20
Deviation from study protocol: Deviations were minor and did not impact the

validity of the study.

Dosing Solution Analysis: Formulations ranged from -15% to 6% of the nominal
concentration.

Mortality & Clinical Signs: There were no unscheduled deaths. Hypersalivation occurred
immediately after dosing at the HD.

Body Weight & Food Consumption: Absolute BW was decreased in MDM (10%) and
HDM (14%), relative to control. Absolute weight was decreased by 5% in HDF, relative
to controls, throughout mating and gestation. Food consumption was decreased in
MDM (up to 11%) and HDM (up to 28%). Food consumption was decreased in HDF
(11%) during the gestation period.

Mating performance, fertility, and reproductive organ weight: There was no effect on
pre-coital interval, the copulation index, the fertility index, sperm maotility, or sperm count
Absolute weight of reproductive tissues were not affected.

Necropsy and Caesarean Analysis: There was no effect on the number of corpora lutea,
implantation site, pre-implantation loss, or post-implantation loss.
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9.2 Embryonic Fetal Development
Rat

Study AB03214:” RPC1063: Dose range-finding study by the oral (gavage) route in the
pregnant rat.” Pregnant Sprague-Dawley rats (n=6/group) were given a daily oral dose
of 0, 0.2, 2, or 40 mg/kg RPC1063 in 0.5% carboxymethylcellulose beginning on
gestation day (GD) 6 and ending on GD 17. Fetal assessment was performed on GD
20. There were no early deaths or clinical signs. Post-implantation loss was 100% in the
HDF; LD and MD pregnancy rates and implantation losses were similar to control.
There were no fetal malformations observed at the LD or MD.

Study title: RPC1063: Embryo toxicity study by the oral (gavage) route in
the rat (Segment II)
Study no.:  AB03215
Study report location: EDR
Conducting laboratory and location:
Date of study initiation:  8/2/2011
GLP compliance: Yes, OECD GLP
QA statement: Yes
Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5%

Key Study Findings
e The fetal NOAEL was 0.2 mg/kg. At higher doses, incomplete skeletal
ossification was evident. At the HD, anasarca and bilateral malpositioned
testes were observed.
e The number of viable fetuses was decreased and the number of post-
implantation losses was increased at the HD.
e A dose-dependent decrease in white blood cells was evident at all doses.

Methods

(b) 4

Doses: 0,0.2, 1, 5 mg/kg

Frequency of dosing: Once daily beginning on GD 6 and ending on

GD 17; euthanized on GD 20.
Dose volume: 5 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: 0.5% CMC
Species/Strain: Female Sprague-Dawley rat Crl:OFA (SD)
Number/Sex/Group: Main: 25/group; TK: 6/group
Deviation from study protocol: Deviations were minor and did not impact the

validity of the study.

Dosing Solution Analysis: Formulations were within -13 to +4% of the nominal
concentrations.

Mortality & Clinical Signs: There were no unscheduled deaths or RPC1063-related
clinical signs.

Body Weight & Food Consumption: Absolute BW was decreased by 12% at the HD,
relative to control. Food consumption was 10% lower at the HD.
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Hematology: WBC, lymphocyte, large unstained cells, basophil, and eosinophil counts
were decreased in a dose-dependent manner at all dose levels on GD 18 (sponsor’s

table, below).
Historical control | Group 1 Group 2 Group 3 Group 4
data mnge(“) Control | 0.2 mg/kg/day | 1 mg/kg/day | 5 mg/kg/day

Total white blood cell 3.73-8.85 8.545 6.522%* 4.660** 4.665%*
(G/L)
Lymphocytes (G/L) 2.86-7.40 4.960 3.227%* 1.840%* 1.498%:*
Eosinophils (G/L) 0.06-0.24 0.120 0.102 0.078* 0.083*
Basophils (G/L) 0.00-0.03 0.020 0.013 0.010%* 0.008#
Neutrophils (G/L) 0.49-1.16 2.988 2.740 2.367 2.668
Monocytes (G/L) 0.10-0.36 0.335 0.357 0.302 0.328
Large unstained cells 0.02-0.08 0.123 0.087* 0.065%* 0.078*
(G/L)

(®): Historical control data for non pregnant Sprague-Dawley rats. 14 to 23 weeks of age.
*: 5 % significance level.
#%: 1 % significance level.

Necropsy: There were no RPC-1063-related macroscopic findings in the dams.

Cesarean Section Data: At the HD, the number of viable fetuses was markedly
decreased (23% of control) and post-implantation loss was markedly increased (15-
fold). Average absolute weight of live fetuses was decreased by 12% at the HD.

Offspring: Anasarca, a malformation, occurred in three fetuses from two separate litters
at the HD (sponsor’s table, below). Anasarca was not observed in the controls, LD, or
MD, and the incidence of 4.1% at the HD exceeded the historical control data (0.04%).
Bilateral malpositioned testis occurred in two fetuses from two different HD litters. Cleft
palate was observed in one HD fetus. The neck cysts observed in the one LD fetus
were not observed at any other dose level and were considered to be unrelated to drug.

Summary of malformations — Individual descriptions:

Group Female Fetus Malformation(s)”
number number number
1 No abnormality observed
2 33 6 Cyst: neck; right side
3 No abnormality observed
4 76 8 Cleft palate
83 7and 9 Anasarca
91 g Testis: malpositioned; bilateral
92 11 Anasarca

Testis: malpositioned; bilateral

7 Including external, visceral and skeletal examinations./: not applicable.
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Fetal mncidences of selected skeletal changes (%% of fetuses affected):

Finding wnth % of Histonneal | Group 1 Group 2 Group 3 Group 4

affected fetuzes confrol data | Confrel | 0.2 mgke'day | 1 mgkp'day | 5 mgkz'day
20:08-2010

Number of fetuses 1238 162 151 153 42

Incomplete ozsification

Paws:

Metacarpal @™ or 5% digit)) 129 9.3 66 15.0 59.5

Metatarsal 23 0 0.7 0.7 7.1

Sternebra:

1% g 48 1.9 33 59 357

il 6.5 25 4.6 7.2 40.5

g0 7.0 0.6 40 85 238

Vertebras:

Thoracie (3-13" centrum) 72 8.6 53 59 28.6

Thoracie (1-4® centrum) 14 1.9 2.0 52 8.6

Skull bones:

Interpanetal 12.8 13.6 17.2 342 28.6

Parietal 4.0 3.1 2.0 3.3 14.3

MMandibular:

Presphenoid 0.1 0.6 0 0.7 9.5

Sternebra;

gt 11 0.6 20 13 95

Vertebra:

Candal centrum 0.0 0 0 0.7 9.5

Cher findmgs

Bipartite ossification:

Sternebra | 0.5 ‘ 0 | 0.7 | 0 | 16.7
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The incidence of incomplete ossification was increased in the fetal skull, paws,
mandible, vertebrae, and sternebra at the HD compared to concurrent and historical
controls (sponsor’s table, above). The incidence of incomplete ossification was also
increased at the MD, relative to concurrent and historical control, but not in as many
skeletal regions (metacarpal, sternebra, and interparietal skull bone) as at the HD.

Toxicokinetics: TK parameters for RPC1063 and two metabolites, RP-101075 and RP-
101442, are provided in the sponsor’s table, below. CC112273, CC1084037, and
RP101124, the major human metabolites, were not quantified.

. _ Dose Conax Tonax AUCp AUCq 4
QOccasion Compound _ . .
(me/'ke/day) (ng/mL) (h) {nzg.h/mL} (ng.h/mL)

0.2 3.67 4 321 43.6

RPC1063 1 17.4 4 144 202

5 109 2 951 1306

0.2 NA NA NA NA

RP-101075 1 NA NA NA NA

G6 5 4',13 8 3:‘.8 84.5

0.2 NA NA NA NA

RP-101442 1 1.74 24 2.47 20.3

5 12.5 24 34.5 152

0.2 3.67 4 32.1 43.6

Total agonist 1 17.4 4 147 223

5 112 2 1024 1544

0.2 4,75 2 42.3 54.1

BPC1063 1 24.4 2 200 284

5 169 2 1420 1903

0.2 NA NA NA NA

RP-101075 1 1.18 12 9.67 16.7

- 5 8.31 8 90.9 169

G17 0.2 1.13 2 6.67 13.0

RP-101442 1 5.08 12 54.2 109

5 48.2 4 541 1065

0.2 5.88 2 51.8 73.3

Total agonist 1 303 4 274 412

5 218 2 2052 3137

Rabbit

Study AB03216: “RPC1063 Dose range-finding study by the oral (gavage) route in the
pregnant rabbit” Pregnant New Zealand White rabbits (n=6/group) were given a daily
oral dose of 0, 0.25, 2.5, or 50 mg/kg RPC1063 in 0.5% CMC, on GDs 6-19; caesarean
section occurred on GD 29. There were no deaths, clinical signs, or macroscopic
findings in does. Four HDF were sacrificed prior to the planned terminal sacrifice
because of spontaneous abortion; the two remaining pregnant HD females had no
viable fetuses at the time of assessment. At the MD, one female had no viable fetuses
at the time of the planned sacrifice. There were no test article-related findings at the LD.
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Study title: RPC1063: Embryo toxicity study by the oral (gavage) route in

the rabbit (Segment II)

Study no.:

Study report location:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:

QA statement:

Drug, lot #, and % purity:

Key Study Findings

AB03217
EDR
(b) (4)
August 1, 2011
Yes, OECD
Yes
RPC1063, AJ506FP-11-001, 99.5%

e There was no NOAEL determined. The incidence of malpositioned caudal
vertebra was increased in a dose-dependent manner at all dose levels.

e Spontaneous abortion and embryolethality were evident at the HD.

e A dose-dependent decrease in white blood cells, lymphocytes, monocytes,
eosinophils and basophils occurred at all doses in the does.

e At >0.2 mg/kg, malformation of blood vessels (mainly at the aortic arch),
incomplete ossification (forepaw and sternebra), and misshapen/ fusion of
the sternebra occurred in fetuses.

Doses:
Frequency of dosing:

0, 0.2, 0.6, 2 mg/kg
Once daily beginning on GD 6 to GD 19;

caesarean section on GD 29

Dose volume: 5 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: 0.5% CMC
Species/Strain: NZW rabbit, Crl:KBL (NZW)
Number/Sex/Group: 22/group

Deviation from study protocol:

Deviations were minor and did not impact the

validity of the study.

Dosing Solution Analysis: Formulations were within -12 % to 4 % of the nominal

concentration.

Mortality & Clinical Signs: One HDF aborted and was euthanized on GD 27. There were

no RPC1063-related clinical signs.

Body Weight & Food Consumption: BW gain from GD6 to GD20 was decreased by 10%
at the HD, relative to control. Food consumption was decreased by up to 5% at the HD

between GDs 6 and 20.

Hematology: WBC, lymphocytes, monocytes, eosinophils, and basophils were
decreased at all dose levels on GD 20 (sponsor’s table, below).

Reference ID: 4572440
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Historical | Group 1 Group 2 Group 3 Group 4
control data | Control (0.2 mg'kg/day| 0.6 mg'kg/day |2 mg'kg/day
Iﬂ.ﬂgﬁ“(a)

Total white blood cell (G/L) [4.06—-11.54| 6.328 2.625%* 1.932%* 2.042%=*
Lymphocytes (G/L) 274-935] 4412 1.175%* 0.588%* 0.502%*
Monocytes (G/L) 0.05-066| 0167 0.070* 0.034%* 0.013%*
Eosmoplals (G/L) 0.00-040| 0088 0.045* 0.044* 0.050%
Basopluls (G/L) 0.18-084| 0287 0.102%=* 0.100%* 0.087%*
Neutrophils (G/L) 0.42-2.06 1318 1.230 1.162 1.388

(- historical control data for non pregnant New Zealand White KBL rabbits, 09 to
16 weeks of age.
*: 5 % significance level.

*%: 1 % significance level.

Necropsy: There were no RPC1063-related macroscopic findings in does.

Cesarean Section Data: One HDF aborted on G27; this female had 5 early resorptions.
Postimplantation loss was increased at the HD (30.4%). Mean live litter size was also
decreased at the HD (6.8l/litter), relative to concurrent (9.3/litter) and historical controls
(8.8l/litter).

Offspring: Malformed blood vessels (mainly at the aortic arch) were observed in 2
fetuses from two different litters at the MD and HD. The innominate (brachiocephalic)
artery was absent in 6 fetuses from a single litter at the HD. The incidence of these
findings was greater than in the concurrent and historical controls. Increased incidence,
which exceeded concurrent and historical controls, of incomplete ossification was
observed in the sternebra at the MD and in forepaw and sternebra at the HD (sponsor’s
table, below). A dose-dependent increase in misshapen and minor fusion of the
sternebra occurred at the MD and HD. The incidence of malpositioned caudal vertebra
was increased in a dose-dependent manner at all dose levels.
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Fetal incidences of selected skeletal changes (% of fetuses (number of litters) affected):

Finding with % of Historical | Group 1 Group 2 Group 3 Group 4

affected fetuses control data | Control | 0.2 mg/kg/day | 0.6 mg/kg/day | 2 mg/kg/day
2008-2010

Number of fetuses 3338 189 192 199 137

Incomplete ossification 1.29 0.5 (1) 0.0 0.5 29(2)

of phalanx. forepaw

Unossified phalanx. 0.42 0.5 (1) 0.0 0.5(1) 1.5(2)

forepaw

Sternebra:

Incomplete ossification:

15t/ 3% 0.63 0.5 (1) 0.5 (1) 0.0 22(2)

gnd / 4th 428 53 (7) 3.6 (6) 10.6 (11) 16.1 (7)

Minor fusion 0.78 0.0 0.0 20(03) 12.4 (12%%)

Misshapen 0.03 0.5(1) 26(1) 3505 7.3(8)

Bipartite ossification 0.99 1.1(2) 3.6(6) 1.0(2) 3.6(4)

Asymmetric 0.75 1.6 3) 0.5(1) 0.0 36(4)

Extraossification site 0.13 0.0 0.5(1) 0.0 071

Rib: cervical 0.15 0.0 0.5(1) 0.5(1) 0.7 (1)

Caudal vertebra

malpositioned 1.05 0.0 1.6(2) 2.0(4) 5.1 (6)

Number of head fetuses 1759 08 101 103 74

evaluated

Nasal sutural bone 0.57 0.0 0.0 0.0 14(1)

**: 1 % significance level.

Toxicokinetics: TK parameters for parent and RP-101075 are provided in the sponsor’s
table, below. CC112273, CC1084037, and RP101124, the major human metabolites,
were not quantified.
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Occasion Compound Dose Corrax Trax t AUC, 1 AUC 24n
= ' (mgkg/day) | (ng/ml) (h) (h) (ngh/ml) | (ngh/ml)
0.2 1.32 4 8 10.71 NA
RPC1063 0.6 3.69 8 12 359 48.7
2 14.6 4 24 123 161.7
02 NA NA NA NA NA
Go RP-101075 0. 2.14 8 12 14.5 24 40
2 6.87 12 24 64 1284
0.2 1.32 4 8 10.71 NA
Total agonist 0.6 583 8 12 513 739
2 205 4 24 187 290
02 NA NA NA NA NA
RPC1063 0.6 3.75 4 12 30.8 40.1
2 12.7 4 12 102 130.1
02 NA NA NA NA NA
G119 RP-101075 0.6 211 8 24 20.5 355
2 9.89 8 24 90 146.5
0.2 2.08 2 12 14.1 19.82
Total agonist 0.6 5.57 4 24 51.3 75.6
2 20.8 4 24 192 281

9.3

Prenatal and Postnatal Development

Study title: RPC1063: A study of toxic effects on pre- and postnatal

development, including maternal function in rats
Study no.:
Study report location:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:
QA statement:
Drug, lot #, and % purity:

Key Study Findings

e The NOAEL in the F1 generation was the MD of 0.7 mg/kg. At the HD, there
was an increase in motor activity, fine movement, and total distance (26%)
in the open field assessment. HDM animals were hyperreactive beginning

at Week 11.

Methods

Doses:
Frequency of dosing:

Dose volume:

Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Deviation from study protocol:

1840-012

EDR

May 12, 2016
Yes, US FDA GLP

Yes

(b) (4)

RPC1063, AJ527S5A-15-001, 99.6%

0, 0.2, 0.7, 2 mg/kg

Once daily from GD 6 through lactation day 20
5 mL/kg
Oral gavage
0.5% CMC
CD [Crl:CD(SD)] rat
Time-mated females: 25/group
Deviations did not impact the validity of the
study.

Dosing formulations: Formulations were within -8% and 6% of the nominal

concentration.
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Fo Dams
Survival: One control dam was euthanized on PND 22 after the entire litter was
cannibalized.

Clinical Signs: There were no RPC1063-related clinical signs during the gestation and
lactation periods.

Body Weight and Food Consumption: Absolute BW and food consumption was not
affected during the gestation or lactation periods.

Necropsy observation: There were no RPC1063-related findings.

F1 Generation

Survival: Number of females delivering a litter, gestation length, litter size, gestation
index, stillborn index, total implantation scars, sex ratio, pup viability index, or lactation
index were not affected.

Clinical signs: HDM were hyperreactive to touch beginning on Week 11.

Body weight: Absolute BW was decreased in pups at the HD by 7%, relative to control,
on lactation days 7 and 21.

Physical development: There were no findings in the macroscopic examinations of
stillborn, culled pups, or pups assessed on PND 28. Time to eye opening, pinna
detachment, vaginal opening, and preputial separation were not affected.

Neurological assessment and development: There were no effects on righting reflex,
cliff aversion, air drop righting reflex, or auditory response. HDF exhibited an increase in
motor activity (20%), fine movement (24%), and total distance (26%) in the open field
assessment when conducted on PND 35. Passive avoidance testing, when initiated on
PND 70, was not affected.

Reproduction assessment: Mean estrous cycle length was increased from 4.2 t0 5.2
days at the HD. Fertility and reproductive parameters in the F1 generation (mating
index, fertility index, fecundity index, copulatory interval) were not affected.

Gross examination: There were no RPC1063-related findings.

F2 Generation
Observations: There was no effect on the number of resorptions, viable embryos,
corpora lutea, implantation site, implantation loss, viable embryos,

FO Generation Toxicokinetics: TK parameters for parent, RP101075, RP101988, and
RP101442 are provided in the sponsor’s table, below. CC112273, CC1084037, and
RP101124, the major human metabolites, were not quantified.
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Table 8: Summary of Mean Toxicokinetic Parameters
AUC T, Dose
Daose G CoaxDose | Toax | Tiet | AUCTast {hr*ke= AUCq24nr AUCy 3 Dose
((mg/ke) | Day |(ng/ml)[(ke"ng/ml/mg)| (hr} | () [(n"ngiml)| ngml/mg) |(w*ngml)|(u*ke ng/mL/mg)| M:P
RPC1063
02 GD6 | 260 13.0 8 | 8 144 718 NA® NA NA
02 |LD20 | 311 156 4| 8 193 96.5 NA" NA NA
07 | GD6 | 106 152 4 | 24 142 203 142 203 NA
07 |LD20 | 130 185 4 |24 142 203 142 203 NA
20 | GD6 | 400 20.0 4 | 24 438 219 438 219 NA
20 | LD20 | 382 19.1 2 | 24 431 215 431 215 NA
RP101075
02 | GD6 | 0.00 NA NA |NA| NAY NA NA® NA NA
02 | LD20 | 0.00 NA NA|[NA| NA NA NA" NA NA
07 | GD6 | 0512 0.732 8 | B NA" NA NAP NA NA
07 | LD20 | 0.761 1.00 8 | 8 418 597 NA® NA NA
20 | GD6 | 14 0708 R | 24 244 129 244 122 00557
20 |LD20 | 225 112 g8 |24 385 193 385 193 0.0894
RP101442
02 | GD6 | 0.00 NA NA |[NA| Na NA NA" NA NA
02 | LD20 | 0169 0.843 4 | 4 NA® NA NAP NA NA
07 | GD6 | 0848 121 24 | 24 NA" NA NAP NA NA
07 | 1D20 | 0950 136 8 |24 182 26.0 182 26.0 0.128
20 | GD6 | 3.00 150 24 (24| NA NA NA® NA NA
20 | LD20 | 293 147 8 |24 55.9 280 559 280 0.130
RP101988
02 | GD6 | 155 775 8 | 8 857 420 NA® NA NA
02 |LD20 | 189 0.47 4 | 8 109 544 NA® NA NA
07 | GD6 | 617 8.81 4 | 8 36.0 514 NA® NA NA
07 | 1D20 | 596 8.52 4| 8 36.% 521 NA® NA NA
20 | GD6 | 207 104 4 | 24 278 130 278 130 0.635
20 | LD20 | 209 104 2 |24 250 125 250 125 0.580
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Table 8: Summary of Mean Toxicokinetic Parameters (Continued)
AUCH,Dose
Dose Cone | CaaeD0se | Tone| That | AUCT (r*ke* AUC 1 | AUC, 14 /Dose
(mg/kg)| Day |ng/ml)(kg*ng/ml/mg)| (hr) | (hr) |(hr*ng/mL)| ng/ml/mg) |(hr*ng/mL)|(hr*ke*ng/ml./mg)) M:P
RP101124
0.2 GD 6 2.36 11.8 5| 4 NA NA 337 169 NA
0.2 LD 20 2.85 14.3 5| 4 NA NA 524 262 NA
0.7 GD 6 8.00 114 8 | 24 NA NA 115 164 0.806
0.7 LD 20 101 144 8 | 24 NA NA 154 220 1.08
20 GD 6 202 10.1 8 | 24 NA NA 315 157 0.718
20 LD 20 242 12.1 8 | 24 NA NA 477 238 1.11
Total Agonist (RP1063. RP101075, RP101442, and RP101938)

0.2 GD 6 4.15 208 8 2 29 115 NAa NA NA
0.2 LD 20 5.18 259 4 2 30.7 153 NAa NA NA
0.7 GD 6 16.8 240 4 | 24 227 324 227 324 NA
0.7 LD 20 202 280 4 | 24 241 344 241 344 NA
20 GD 6 61.8 309 4 | 24 777 388 T 388 NA
20 LD 20 62.3 311 2124 775 388 75 388 NA

AUCq,,, = area under the plasma concentration-time curve from time 0 to the tume of the final quantifiable sample;
C e = maximum plasma concentration; M:P = AUCq 2y meaboize’ AUC 24 rpci0s3; NA = Not applicable; Ty, = Time of
maximum observed plasma concentration.

* AUC 24 not reported due to %AUCExtrap = 25%.
AUC not reported due to less than three consecutive quantifiable concentrations.

9.4

Juvenile Animal Development

Study RP-TX-006-1.0: “RPC1063: 14-day repeated dose study in juvenile Sprague-

Dawley rats.” Sprague Dawley rats (n=6/sex/group) were dosed by oral gavage, once
daily for 14 days, with 0, 0.2, 2, or 30 mg/kg RPC1063 (Lot 028) in 0.5% CMC
beginning on PND 25. Lymphocyte reduction at the end of the dosing period was

observed at all dose levels (sponsor’s figures, below). B220 positive B-cells, CD4, and
CD8 positive T-cells were all decreased.
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Figure 2: Lymphocyte Reduction in Female Rats Orally Administered RPC1063 for
14 Days
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Relative to BW, lung weight was increased by 10 to 23% in MD and HD males and 17 to
41% in MD and HD females. Minimal to moderate alveolar histiocytosis occurred in 11/12
rats at the HD.

TK parameters for RPC1063 and its metabolites, RP101075, RP101124, RP101442, and
RP101988, are provided in the sponsor’s tables, below.
Table 11: Toxicokinetic Parameters in Juvenile Rats Orally Administered RPC1063 for 14 days

Dosze Day of Compound Gender Cus Tas AUCn24 AUCu= Tw VAT Clearance/F
{mg/kg) PK Analyzed (uAI) (hr) | (oM*hr) | (WM*hr) (hr) Likg) | (mL'min'kg)
[No. dozes]
0.2 14 RPCL063 Male 123 2 1137 123.6 6.4 24.7 72.5
(4] RP101075 Male 1.4 1 26.3 51.2 215 | 3329 3446
RP101124 Male 153 g 6574 DNS DNS | DNS 247
RP101442 Male 2.4 1 44.7 90.0 155 | 1989 185.3
RE101988 Male 5.7 2 50.0 50.7 35 478 159.3
Total Agonist Male 20.7 2 2352 2725 5.1 252 358
RPC1063 Female 104 2 80.0 90.8 73 45.4 103.0
RE101075 Female 1.5 4 221 53.8 307 | 4439 4185
RP101124 Female 15.8 4 2848 5264 19.1 48.7 57.0
RP101442 Female 1.8 1 36.2 68.0 00 | 2256 288
RP101988 Female 53 2 426 430 33 478 186.8
Total Azonist | Female 176 2 1649 2013 9.1 25.2 510
2 14 RPCL063 Male 1403 4 1499 1 1600.0 59 247 55.0
(14 RP101075 Male 145 4 267.0 505.5 211 3329 346.4
RP101124 Male 4457 12 £827.3 DNS DNS | DS 238
RP101442 Male 413 4 7159 40332 879 | 1431 115.7
RP101988 Male 812 4 769.9 8138 57 478 1035
Total Agonist Male 277.2 4 37518 39819 9.9 252 259
RPCL063 Female 139.7 2 1062.1 11088 57 24.7 776
RE101075 Female 15.3 4 2352 4418 123 | 4162 393.2
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Table 11: Toxicokinetic Parameters in Juvenile Rats Orally Administered BEPCL063 for 14 days (Continued)

Dose Day of Compound Gender C s Tmas AUCo.24 ATUCo= Tw Vd'F Clearance®
(mg'kz) FE Analyzed (nAl) (hr) (oA*hr) | (nM*hr) (hr) (Lkg) (mL/min/kz)
[No. dozes]
RP101124 Female 216 12 39199 DHNS DNS DNS 414
EP101442 Female 257 4 4736 13161 380 198.8 1749
EP101988 Female 676 2 4891 5069 54 T1.7 1629
Total Agomst Female 2343 2 22599 265952 10.1 152 372
30 14 RPC1063 Male 1863.3 4 256437 295202 83 247 452
[14] RP101075 Male 3473 1 60510 | 168768 | 399 | 2775 2293
EP101124 Male 38400 4 462927 DNS DNS DNS 526
EP101442 Male 16333 4 291347 56838.9 232 487 426
RP101983 Male 14540 4 158315 16916.1 64 478 75.5
Total Agomst Male 5265.0 4 T6660.8 103805.6 129 152 16.5
RPC1063 Female 1800.0 2 197487 222846 1.7 247 626
RP101075 Female 3793 1 67352 136634 466 2407 204.2
EP101124 Female 18400 24 213907 DNS DNS DS 1139
RP101442 Female 15500 4 283352 647588 254 4.7 438
RP101983 Female 11833 1 133783 144932 64 478 893
Total Agomst Female 4540.7 4 682573 1001262 15.1 252 18.5

DM 5=Data Not Sufficient to calculate

Study Title: RPC1063: A 10-week toxicity study in juvenile rats with a 2-week
recovery
Study no.: 1840-011
Study report location: EDR
Conducting laboratory and location:
Date of study initiation: June 7, 2016
GLP compliance: Yes, US FDA GLP
QA statement: Yes, signed

Drug, lot #, and % purity: RPC1063, Lot AJ527S5A-15-

001/1052515, 99.9%

(b) (4)

Key Study Findings

e RPC1063-related findings consisted of known pharmacodynamic effects of

the drug (i.e. decrease in circulating lymphocytes and decrease

lymphocytes in spleen and thymus). There were no other RPC1063-related
findings that were considered to be adverse. Therefore, the NOAEL is the

HD of 10 mg/kg.

e Itis notable that the learning and memory assessment consisted of passive

avoidance and not a more complex task such as a Morris or Cincinnati
water maze.

e Whole-body auditory startle was not assessed. Rather, the Preyer’s pinna

reflex was assessed using a Galton (ultrasonic) whistle.
e The major human metabolites, CC112273 and CC1084037, were not
assessed in the TK samples.

Methods
Doses: 0, 0.3, 3, 10 mg/kg/day
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Frequency of dosing: Once daily for 10 weeks beginning on PND 21
Route of administration: Oral gavage
Dose volume: 5 mL/Kkg
Formulation/Vehicle: 0.5% CMC
Species/Strain: CD [Crl:CD(SD)] rat
Number/Sex/Group: Main: 24/sex/group; TK: Control 12/sex/group ,
RPC1063 27/sex/group
Age: PND 21
Weight: Male: 33 to 62 g; Female: 35to 60 g
Deviation from study protocol: Deviations did not impact the validity of the
study.
Study Design: The sponsor was informed by DGIEP in a March 1, 2016, communication
regarding the Initial Pediatric Study Plan (iPSP) that the design of the JAS, as described
in the iIPSP, “appears to be adequate.” The JAS design did not contain an assessment
of reproductive function, learning and memory, or whole-body auditory startle. There is
no indication that DNP commented on the design of the JAS.

Dosing Formulation Analysis: Formulations were within 95% to 102% of the nominal
concentration.

Mortality & Clinical Signs: All animals survived to the scheduled sacrifice. There were no
RPC1063-related clinical signs during the dosing or recovery periods.

Body Weights and Food Consumption: Absolute BW was decreased by 5%, relative to
control, in males at all dose levels, at the end of the dosing and recovery periods. Food
consumption during the dosing and recovery periods was similar between controls and
rats dosed with RPC1063.

Growth and Developmental Landmarks: Auditory response, assessed by the Preyer’s
pinna reflex in response to a Galton whistle, was normal in all dose groups when on
PND 22. Time to sexual maturation was not affected.

Ophthalmoscopy: There were no findings when ophthalmic examination was conducted
just prior to terminal and recovery necropsies.

Behavioral Assessment:

a) Observational Assessment: Functional Observational Battery (FOB) assessment was
performed on Day 68 during treatment and Day 82 during recovery. There were no
RPC1063-related findings.

b) Motor Activity: Open field activity was not affected in males on Day 35. HDF exhibited
an increase in basic movement (20%), fine movement (22%), and total distance (25%).

c) Passive Avoidance: Learning and memory were assessed with the passive
avoidance test which was conducted during the last week of dosing and prior to
recovery necropsy. There was no effect observed.

Fi1 Reproductive Performance: Not conducted.

Hematology and Clinical Chemistry: Lymphocyte count was decreased in a dose-
dependent manner on Days 8, 30, 70, and termination (sponsor’s table, below).
Lymphocyte phenotyping demonstrated that the reduction in lymphocyte count was a
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result of a decrease in mature T cells, helper T cells, cytotoxic T cells, and B cells at
every dose level. There were no effects observed in the urinalysis, clinical chemistry, or
coagulation parameters at scheduled termination or at the end of the recovery period.

Table §: Summary of Effects on Lymphocyte Counts (Percent Change Relative to the
Control Mean)

Group: 2/6° 37" 4/8°
Dose Level: 0.3 mg/kg/day 3 mg/'kg/day 10 mg/kg/day
Sex: Male Female Alale Female Male Female
Interval
Day 8 -56% -48% -59% -62% -66% -50%
Day 30 -65% -79% -91% -93% -88% -89%
Day 70 -57% -T4% -86% -88% -85% -83%
Terminal -36% -38% -T2% -76% -78% -T7%
Recovery - - -28% -- -- -22%

* Main study animals (Groups 2, 3. and 4) collected at termination and recovery;
Toxicokinetic/ Immunophenotyping groups (Groups 6. 7. and 8) collected on Days 8. 30, and 70.

Bone Density and Length Assessment: Bone length and density were not affected at
the end of the dosing or recovery periods.

Organ Weight: Spleen (21% to 33%) and thymus (18% to 19%) weight was decreased
at all dose levels.

Gross Pathology: There were no findings.

Histopathology: Adequate Battery: Yes; Peer Review: No; Signed and Dated
Pathologist’'s Report: Yes. Lymphocytes were decreased in the spleen of MD and HD
animals (sponsor’s table, below). There was a decrease in cortical thymic lymphocytes
and mesenteric lymph node lymphocytes at all dose levels. An increase in the
lymphocytes occurred in the medulla of the thymus at all dose levels. There were no
findings at the end of the recovery period. Expanded neurohistopathology was not
conducted.
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Table B. Test Article-related Microscopic Observations - Terminal
Dose level: mg/'kg/day 0 0.3 3 10
Sex M F M F M F M F
Number Examined 12 12 12 12 12 12 12 12
Spleen
decreased cellularity, red pulp
-minimal 0 0 0 0 0 0 0 1
decreased lymphocytes, marginal zone 0 0 0 0 12 9 12 12
-minimal 0 0 0 0 5 4 2
-muld 0 0 0 0 2 4 8 10
decreased lymphocytes, periarteriolar
Iymphoid sheaths
-minimal 0 0 0 0 7 6 9 7
Thymus
decreased lymphocytes, contex 0 0 4 0 10 7 12 11
-minimal 0 0 3 0 4 2 7 5
-muld 0 0 1 0 6 5 5 6
wmcreased lymphocvtes, medulla 0 0 12 12 12 12 12 12
-minimal 0 0 7 12 0 7 0 0
-muld 0 0 5 0 12 5 12 12
Lymph node, mesenteric
decreased lymphocytes, paracortex 0 0 3 3 12 10 12 12
-minimal 0 0 3 3 9 6
-mild 0 0 0 0 2 1 6 5
M-Male; F-Female

Toxicokinetics: TK parameters for parent and several of its metabolites, RP101075,

RP101442, RP101988, RP101124. The major human metabolites, CC112273 and

CC1084037, were not assessed.

Table 10: Summary of Mean Toxicokinetic Parameters
AUC4/Dose
Dose Cpar Cpa/Dose | Tpar | T | AUCH. (hr*ke* AUCp e | AUC) 5/ Dose
ﬂ;&gﬁlm‘} Day {ug.’mL) (]{E*ug.?m],.-’mg] (hr) | (hr) (h]'*ug.’ml) uEFmLfmg) (hr*ng/mL) {h]'*kﬂ.-'ml.fmg} M:P
RPC1063
03 1 105 340 4 | 24 113 378 113 378 NA
0.3 70 5.98 199 2|24 588 196 388 196 NA
3 1 102 34.0 4 |24 1130 376 1130 376 NA
3 70 66.4 221 2 |24 730 243 730 243 NA
10 1 456 45.6 4 |24 4070 407 4070 407 NA
10 70 254 254 4 | 24 2780 278 2780 278 NA
RP101075
03 1 0.652 217 12 | 24 8.54 285 854 2835 0.0753
03 70 0.263 0.877 4 112 1.85 6.15 NA NA NA
3 1 6.64 | 12 | 24 116 386 116 386 0.102
3 70 6.11 2.04 3 |24 111 371 111 371 0.152
10 1 205 205 12 | 24 380 389 380 389 0.0955
10 70 237 237 4 |24 426 426 426 426 0.153
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RP101442
03 1 0.00 NA NA | NA NA NA NA NA NA
0.3 70 | 0970 3.23 4 | 4 20.1 67.1 20.1 67.1 0.342
3 1 533 1.78 24 | 4 60.9 203 60.9 203 0.0539
3 70 | 184 6.13 g | 4 385 128 383 128 0.528
10 1 21.0 2.19 24 | 4 2490 249 240 249 0.0612
10 70 | 837 837 4 | 24 1650 165 1650 165 0.594
RP101088
03 1 223 742 4 | 24 26.0 86.7 26.0 86.7 0.220
03 70 | 393 131 4 | 24 396 132 396 132 0.673
3 1 23.0 7.65 4 | M4 271 202 271 00.2 0.240
3 70 | 501 107 4 | 24 711 237 711 237 0.974
10 1 021 021 4 | 4 1030 103 1030 103 0.253
10 70 266 26.6 4 | M4 2020 292 2020 202 1.05
AUCT/Dose
Daose Cpar | ComarDose | Tpar | Tog | AUCTaq (hrke* AUCp o | AUCypp/Dose
(ng/kg/day) | Day |(ng/mL) |(ke*ng/mL/mg)| (hr) | (hr) |(o*ng/ml)| ng/ml/mg) |(hr*ng/mL)|(hr*kg*ng/ml/mg)| M:P
RP101124
03 1 1.92 6.39 12 | 24 203 97.5 203 97.5 0.258
03 70 | 103 343 12 | 24 167 558 167 538 285
3 1 21.0 7.00 12 | 24 311 104 311 104 0.275
3 70 | 836 279 12 | 24 1420 472 1420 472 1.04
10 1 598 5.08 24 | 24 1040 104 1040 104 0.256
10 70 | 275 275 12 | 24 4320 432 4320 432 1.56

10 Special Toxicology Studies

Immunotoxicology

Study 72864: “ RPC1063: A 33-day oral gavage immunotoxicity study in Sprague-Dawley
rats.” Sprague-Dawley rats (n=10/sex/group; 8 weeks old) were given a daily oral dose of
0, 0.2, 0.7, or 2 mg/kg RPC1063 (AJ513FP-13-001; 99.9%) in 0.5% CMC for 33 days.
Five rats per sex were given a single daily IP injection of 6 mg/kg cyclophosphamide for
33 days. KLH was administered on Days 7 and 25 to all animals that were allocated to
TDAR response assessment. WBC (up to 80%), lymphocytes (up to 90%), basophils (up
to 85%), and LUC (33% to depletion) were decreased in a dose-dependent manner at all
dose levels. T-cell-dependent IgG antibody response was decreased in MDM and HDM
(1.4 to 4.1-fold) and females (1.9 to 3.0-fold). IgM antibody response was also decreased
in all males (1.1 to 1.8-fold) and females (1.7 to 3.2-fold). The expected decrease in IgG
(38- to 62-fold decrease) and IgM (7- to 14-fold) response occurred in animals dosed with
the cyclophosphamide. Based on the effect at all doses, a NOAEL could not be
determined.
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Study 73508: “RPC1063: A 33-day oral immunotoxicity study in juvenile Sprague-Dawley
rats.” Juvenile Sprague-Dawley rats (n=35/sex/group) were given a daily oral dose of 0,
0.3, 3, or 10 mg/kg RPC1063 (Lot AJ527S5A-15-001, 99.9%) beginning on PND 21 for
33 days. A separate group of juvenile rats (n=25/sex/group) were given a daily IP injection
of 6 mg/kg cyclophosphamide for 33 days beginning on PND 21. The rats that were
allocated to TDAR assessment (n=15/sex/group) were given subcutaneous injections of
KLH on study day 7 and 25 (PND 28 and 46). After necropsy on study day 34 (PND 56),
recovery animals (5/sex/group) were continued on study for an additional 14 days.

Two positive control animals were found dead on study days 16 and 24; one LDF was
euthanized in extremis on study day 28. On study day 14, there was a dose-dependent
decrease in WBC (up to 75%), lymphocytes (up to 85%), monocytes (up to 50%),
basophils (up to 92%), and LUC (up to 91%); the magnitude of decrease at the HD was
similar to the positive control. With the exception of monocytes, which were not
decreased, the magnitude of decrease for WBC and white blood cell differential was
similar on study day 33 to what was observed on study day 14. WBC and WBC differential
was similar between controls and RPC1063-treated animals at the end of the recovery
period. Anti-KLH 1gG response was decreased on study day 25 at all dose levels in both
males (1.9- to 6.7-fold) and females (4.4 to 21.7-fold). There was also a decrease in the
secondary response to KLH on study day 33 (PND 46); anti-KLH response was
decreased at all dose levels in both males (3.9- to 46.4-fold) and females (3.3- to 63.6-
fold). TDAR was not assessed in recovery animals. Spleen weight was decreased at all
dose levels in males (up to 35%) and in females at > 0.03 mg/kg (25%) at the end of the
dosing period, but not at the end of the recovery period. Microscopy was not performed.
Based on effects at all doses, a NOAEL could not be determined.

Phototoxicity
RPC1063 and two of its metabolites, RP101075 and RP101988, were not phototoxic in
an in the in vitro 3T3 NRU phototoxicity assay (265039 and 263247).
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11. Integrated Summary and Safety Evaluation

Ozanimod hydrochloride (RPC1063) is an extensively metabolized, small molecule
sphingosine 1-phosphate (S1P) receptor agonist developed for the treatment of adults
with relapsing forms of multiple sclerosis (MS). Ozanimod exhibited the greatest potency
at the human S1P; and S1Ps receptor subtypes. Two of the three major human
metabolites of ozanimod, CC112273 and CC1084037, also exhibited agonism of the
S1P, and S1Ps5 receptors. The third major human metabolite, RP101124, is inactive at all
S1P receptor subtypes.

To support marketing approval of ozanimod under the tradename ZEPOSIA, the sponsor
has submitted a nonclinical study package that consists of pharmacodynamic and
pharmacokinetic studies, a core safety pharmacology battery, a series of general
toxicology studies including chronic dosing studies conducted in rat and monkey, a
complete battery of reproductive and developmental toxicology studies conducted in rat
and rabbit, carcinogenicity studies conducted in mouse and rat, and immunotoxicity
studies. Although not required for approval of ZEPOSIA for use in adult MS patients, the
sponsor also provided the results of a juvenile animal toxicology study conducted in rat.
Given the extensive metabolism of ozanimod, the main nonclinical concern was the
adequate coverage of each major human metabolite in the pivotal nonclinical studies. The
lack of coverage for these metabolites was the main nonclinical reason for refusing to file
the initial NDA submission on February 23, 2018. Additional data on exposure to the major
human metabolites in the nonclinical studies have been provided in the current
submission, and the adequacy of these data is discussed below.

Agonism of lymphocytic S1P receptors inhibits the release of T-cells and B-cells from
peripheral lymphoid organs subsequently decreasing the available pool of autoreactive
circulating lymphocytes available for entry into the central nervous system. The sponsor
demonstrated the ability of ozanimod and its metabolites to reduce circulating CD4+,
CD8+, and B220+ lymphocyte subtypes in Sprague Dawley rats. RPC1063 was also able
to reduce circulating lymphocytes in C57BIl/6 mice, beagle dogs, and cynomolgus
monkeys. In all species tested, the reduction in circulating lymphocytes was reversible
upon cessation of treatment. Consistent with the impact of ozanimod and its metabolites
on circulating lymphocytes, efficacy in the mouse (C57BL/6) experimental autoimmune
encephalomyelitis model and cuprizone demyelination model were demonstrated.
Efficacy in these models provides biological plausibility for the use of ozanimod to treat
MS in humans. It is clear that the drug-related reduction in circulating lymphocytes is
associated with decreased immune system function, as demonstrated in the
immunotoxicity studies conducted with ozanimod in adult and juvenile rats; the
reversibility of the effect on TDAR was not assessed.

Off-target pharmacoloqgy of RPC1063:

Activity at several “off-target” binding sites was characterized for ozanimod and its
metabolites; some of which present a concern for pharmacology-related adverse
effects. Ozanimod and the major human metabolite, CC112273, were determined to be
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potent hERG inhibitors in vitro (ICsp of 0.2 and 0.6 uM, respectively), but QTc
prolongation was not observed in monkeys dosed with ozanimod.

Monoamine oxidase B (MAO-B) was inhibited, in vitro, by the two major human
metabolites of ozanimod, CC112273 (IC5= 5.7 nM) and CC1084037 (IC5p= 43 to 57
nM). MAO-A was not inhibited by either metabolite. Since the inhibition of MAO-B by
two of the three major human metabolites may pose the potential for drug-drug
interactions in vivo, it is recommended that the finding of MAO-B inhibition be
mentioned in the labeling of Zeposia; however, a final decision on appropriate labeling
of this potential interaction with MAO-B is deferred to the clinical pharmacology and
clinical reviewers.

Coveraqe of Ozanimod Metabolites:

Given that it was a major reason for refusing to file the initial NDA submission, evaluation
and discussion of the coverage of ozanimod and the major human metabolites in the
pivotal nonclinical studies will precede discussion of the ozanimod-related adverse effects
in this review. The sponsor’'s summary Table 47, below, provides the toxicokinetic data
for ozanimod, RP101124, CC112273 and CC1084037 in the pivotal chronic toxicity
studies, carcinogenicity studies, and EFD studies.

Table 47:  Mean Steady-State Exposures in Pivotal Toxicology Studies

Mean Steady-State Exposure (AUCy/AUC, ) (ng-hr/mL)
Stdy Description Dose Total Active Drog*
(Study No.) Species (me/kgiday) Ozanimed RP101124 cc1i27y CC1084037" | (Ozamimod, CC112273
Day . and CC1084037)
Combined Sex* | Combined Sex | Combined Sex | Combined Sex Sam Totals
36-week Repested 0.2 (NOAEL) 403 677 2.09 0.0479 528
Dose (71357) Rar 2 683 842 418 234 727
Day 178 30 12165 15979 989.0 410 13200
39-week Repeated 0.1 (NOAEL) 178 1.70 212 483 438
Dose (30477) Monkey | 1968 587 2030 429 443
Day 274 15 3267 201 4100.0 9470 8310
6-month Carcinogenicity ] 8007 4042 108.0 187 8220
(AE18BZ 7GSR. g;{ Mouse 25 24830 11327 805 645 25700
Week 26 50 77645 34474 2490 206.0 80300
2. year Carcinogenicity 02 413 112.0 299 0.0479 3
(72515) Rat 0.7 176.0 3605 = = 176
Day 183 2 (NOAEL) 601.0 £10.0 418 234 645
2 3 2 e 2% =
e e I
Dy | —n = - = =
Y 5 1903 < e = 1900
Embryo-fetal Development| . 0.2 (fezal NO‘AE-} 10 7 = 6.77 3.78 2 _
(AB0321T) 5 1.6 (maternal NOAEL) 3590 — 18.0 108 64 7
Day G6 e 2 13 = = = 123
Clinical Srudies Human 1me 4776 3824 67.007° 13.20%° 85.165

AUCq, = area under the plasma concentration-tune curve dunng a dosage mterval; AUC)04 = area under the plasma concentration-time curve from tume 0 to 24
hours: NOAEL = no-observed-adverse-effact-levels; -- = not determimed

* Nonclinical species exposure based on the analyte exposure concentration fiom 14-day bndzimg GLP-compliant PK Studies (rat [Report 1840-047 Day 14],
mouse [Report 1840-040 Day 14]. rabbit [Report 1840-054 Day 14] and monkey [Report 1840-043 Day 14])

* Total active drug exposure is cumulative exposure of ozanimod+CC112273+CC1084037. These 3 contribute to 94% of total active exposure of the dmug in
humans (Report RPCOL-1914).

¢ Combmed Sex exposures for all studies except for EFD studies Report AB03215 and Report AB03217 where female exposures are presented

4 Ozanimod and RP101124 exposure from relap=ing multiple selerosis (RMS) steady-state; Report RPC01-1001.

¢ CC112273 Population PK (Repert A2PG-0003).

" Estimated from CC112273 AUC (population PK) and the relationship of AUC between CC112273 and CC1084037 (Report RPCO1-1914).
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Using these exposure data, exposure margins were calculated by the sponsor, relative
to systemic exposure in humans dosed with 1 mg ozanimod, the maximum
recommended human dose (MRHD). The clinical exposure multiples achieved in the
chronic, carcinogenicity, and reproductive and developmental assessments are
provided in sponsor’s Table 48, below.

Table 48: Exposure Multiples from Nonchinical Safety Studies

Mean Exposure Multiples*
Study Description Do Total Active Drug
(Study No.) Species A Ozanimod RP101124 (&0 bhki CC1084037° | (Ozanimod, CC112273 and
Day (mg/kg/day) CCL084037F
Combined Sex? | Combined Sex | Combined Sex | Combined Sex Sum Totals
26.week Repeated 0.2 (NOAEL) 104 17.7 0.0446 0.00360 0.620
Dose (71357) Rat 2 143 20 0.623 0.176 854
Day 178 30 2550 4180 147 308 155
39.week Repeated 0.1 (NOAEL) 373 0.445 0316 0.363 0.515
Dose (30477) Moakey 1 412 154 3.03 323 5.20
Day 274 15 683 200 611 712 976
6. month Carcinosemcity 8 1680 106 205 140 96.6
(AE1SBZ 7GSR, ) Mouse 25 5200 296 120 483 302
Weelk 26 80 16300 902 371 15.5 943
2. vear Cascinosenicity 02 865 203 0.0446 0.00360 0521
o1y Rat 07 360 043 = = 207
Day 185 2 (NOAEL) 126 212 0.623 0.176 758
Embro selopmen 02 886 = 0.0335 = 0523
' (fe&gég?ﬂ t . . 1 (NOAEL) 59.5 —~ 0.256 0.0510 354
g i — 5 398 = - . 23
Emmbryo-fetal Development| 0.2 (fetal NOAFL) 224 = 0.101 0.284 0250
(AB03217) 0.6 (matemal NOAEL) 7.52 - 0.268 0.813 0.760
Days G6 (maternal) 3 7 - — ~ 142

NOAFL = no-observed-adverse-sffect-level: — = not determined.

* Calculation = ratio of Animal Species Exposure (ng-hr/ml )/ Human Exposure (ng-hriml ).

® Nonclinical species exposure based on the analyte exposure concentration from 14-day bridging GLP-compliant PK Studies (rat [Report 1840-047 Day 14], mouse
[Report 1840-040 Day 14], rabbit [Report 1840-034 Day 14] and monkey [Report 1840-043 Day 14])

© Total active drug nmltsple is cunmilative exposure of ozammod+CC112273+CC1084037 divaded by total lnman ozanimod+-CC112273+CC1084037. These 3 contribute to 94%
of total actrve exposure of the drug in humans (Report RPC01-1914).

¢ Combined Sex exposures for all studies except for EFD studies Report AB03215 and Report AB03217 where female exposures are presented

INote: Mean Exposure Multiples are presented wath 3 sigmficant figures

Based on the margins provided in Table 48 (above), exposure to the parent and the
three major human metabolites equaled or exceeded the clinical exposure at the MRHD
in the chronic studies conducted in rat and monkey. Adequate coverage for ozanimod
and the three major metabolites was achieved in the 6-month carcinogenicity study
conducted in mouse. In the 2-year carcinogenicity study conducted in rat, adequate
exposure (> 50% exposure at the MRHD) to the parent, RP101124, and CC112273 was
achieved; exposure to CC1084037 was inadequate (0.176-fold). In the EFD study
conducted in rat, exposure to ozanimod at the HD of 5 mg/kg exceeded the exposure at
the MRHD. Based on extrapolation of the exposure data from the 26-week study in rat,
exposure to RP101124 and CC112273 at the HD of 5 mg/kg in the EFD study also
exceeded the MRHD; exposure to CC1084037 was inadequate in the rat EFD study. At
the HD of 2 mg/kg in the rabbit EFD study, exposure to ozanimod exceeded the
exposure at the MRHD. Based on extrapolation, adequate coverage was also achieved
for CC112273 and CC1084037 in the rabbit EFD study.

Table 48 (above) does not specifically address exposure to the parent and major human
metabolites in the fertility and PPND studies conducted in rat. However, the HD tested
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in the fertility study conducted in rat, 30 mg/kg, was the same as the HD tested in the
26-week study in rat; adequate coverage of parent and all 3 major human metabolites
were achieved in the 26-week study. At the HD in the PPND study (2 mg/kg/), which
was also the HD in the 2-year carcinogenicity study conducted in rat, adequate
exposure to ozanimod, CC112273, and RP101124 was achieved; exposure to
CC1084037 was inadequate.

TK parameters for the HD in the JAS, 10 mg/kg, are provided in the sponsor’s table
(below); adequate coverage for ozanimod and the three major human metabolites was
achieved at the HD.

Table 38: Plasma Exposure in Juvenile Rat Study (Day 70)

Dose Mean Steady-State Exposure (AUCo-/AUCo-24) (ng*hr/mL)
(mg/kg/day) Ozanimod RP101124 CC112273° CC1084037°

M F Exp. M F Exp. M F Exp. M F Exp.
Mult.® Mult.® Mult? Mult.?

0.3 428 | 741 12.2x 167 165 43.4x - - - - - -

3 619 841 153x 1090 | 1750 371x - -- - - - -
10 2380 | 3180 582x 3590 | 5060 1131x 239 | 178 3.10x 19.2 | 8.87 1.06x

(NOAEL)

AUC¢= area under the plasma concentration-time curve during a dosage interval: AUCq. 24 = area under the plasma
concentration-time curve from time 0 to 24 hours: Exp = exposure: F= female: M = male: Mult = multiple:
NOAEL = no-observed-adverse-effect-levels: -- = not determined.

* Nonclinical species exposure based on the analyte exposure concentration from 28-day bridging GLP-compliant juvenile PK
Studies (rat [Report 1840-044 Day 28]).

b Exposure Multiple; Caleulation = Combined Sex Animal Species Exposure/Human Exposure.

Ozanimod exposure (4.776 ng'hr/mL) and RP101124 exposure (3.824 nghr/mL) from relapsing multiple sclerosis (RMS) steady-
state: Report RPCO1-1001.

CC112273 Population PK exposure (67.097 ng'hr/mL) (Report A2PG-0003).

CC1084037 Exposure of 13.292 ng-hr/mL) Estimated from CC112273 AUC (population PK) and the relationship of
AUC between CC112273 and CC1084037 (Report RPC01-1914).

Source: Report 1840-011.

Overall, while not consistently represented at adequate levels in all pivotal studies
conducted with ozanimod, the parent and major human metabolites were adequately
assessed in at least one species in chronic general toxicity, carcinogenicity,
genotoxicity, juvenile animal, and reproductive and development studies, except in the
two following cases:

e RP101124 was not studied in an in vitro chromosomal aberration study (detailed
discussion in genotoxicity summary, below).

e (CC1084037 was not adequately assessed in the PPND study conducted in rat.
Although TK assessment was not conducted in this study, the 14-day bridging

study conducted in rat demonstrates that CC1084037 exposure was 0.137-fold
the exposure at the MRHD (sponsor’s table, below).
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Table 35: Plasma Exposures in the Pre and Post Natal Assessment in the Rat on
Lactation Day 20
Daose Mean Steady-State Exposure (AUCo+/AUCo-24) (ng-hr/mL)
(mg/kg/day) Ozanimod RP101124 CC112273 CC1084037°
F Exposure F Exposure F Exposure F Exposure
Multiple® Multiple® Multiple® Multiple®
02 NA - 524 13.7x 225 0.034x NC
07 142 29.7x 154 40.3x - - -
2 (NOAEL) 431 90.2x 477 125x% 40.4 0.60x 1.82 0.137x

AUCq:= area under the plasma concentration-time curve during a dosage interval; AUCq 4= area under the plasma
concentration-time curve from time 0 to 24 hours: F= female; NA = not applicable; NC = not calculated; NOAEL = no-
observed-adverse-effect-levels; -- = not determined.

* Nonclinical species exposure based on the analyte exposure concentration from 14-day bridging GLP-compliant PK Studies
(rat [Report 1840-047 Day 14]).

® Exposure Multiple; Calculation = Female Rat Exposure/Human Exposure.

Ozammeod exposure (4.776 ng-hr/mL) and RP101124 exposure (3.824 ng'hr/'mL) from relapsing multiple sclerosis (RMS) steady-
state; Report RPCO01-1001.

CC112273 Population PK exposure (67.097 nghr/'mL) (Report AZPG-0003).

CC1084037 Exposure of 13.292 ng-hr/ml) Estimated from CC112273 AUC (population PK) and the relationship of AUC
between CC112273 and CC1084037 (Report RPC01-1914).

Source: Report 1840-012.

In the toxicology written summary, the sponsor acknowledged the lack of adequate
exposure to CC1084037 in the PPND study. The sponsor’s rationale for not performing
additional testing of CC1084037 is based on the fact that CC112273 and CC1084037
readily interconvert and that the combined levels of these metabolites should be used to
assess if there was adequate coverage. This is not considered to be an adequate
argument for accounting for the safety of an individual metabolite. CC1084037 is a
major human metabolite that is structurally distinct from CC112273. Therefore,
adequate coverage of CC1084037 should be demonstrated in the pivotal nonclinical
studies. The circulating levels of CC1084037 achieved in the PPND study were
inadequate (< 50% of the circulating level in humans). As such, the safety of
CC1084037 was not adequately assessed in the PPND study. The sponsor did attempt
to attain higher exposure to CC1084037 by directly administering a single oral dose of
up to 1000 mg/kg to rats (Study RPC1063-DMPK-2975); the PK parameters from this
study are provided in sponsor’s Table 19, below.

Table 19: Mean Pharmacokinetic Parameters of CC1084037 in CD-IGS Male Rats
Following Single Oral Doses of CC1084037 at 10, 50, 500, or 1000 mg/kg or

Ozanimod at 800 mg/kg.

Compound Dosed Dos:e Cmax tmax ATUCast
mg'kg (ng/mL) (hr) (ng-hr/mlL)
CC1084037 10 1.49+0.232 2315 103+ 685
50 306x1.11 90x13.0 388+248
500 597+283 46+31 69.2+455
1000 690166 6.0x£35 103 =654
Ozanimod 800 639204 107+115 103479

AUCHzst = area under concentration versus time curve from time of dosing to last dose; Cmex = maximuun concentration of drug in
plasma; tmax = time to maximum plasma concentration.
Source: Report RPC1063-DMPE-2975.

Based on the result of this study, it appears that it is not feasible to achieve, by direct
oral administration of the metabolite, systemic exposure to CC1084037 that exceeds
levels achieved by oral dosing with up to 800 mg/kg ozanimod. However, it does appear
that direct dosing with CC1084037 can achieve systemic exposure that equals or
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exceeds the clinical exposure at the MRHD (13.2 ng*hr/mL), thereby suggesting that
assessing the safety of the metabolite in a PPND study may be feasible. Since
tolerability of repeat oral dosing of CC1084037 is unknown, a preliminary dose range-
finding study would be recommended prior to initiating a pivotal PPND study conducted
with CC1084037. It is recommended that the sponsor attempt to address the safety of
CC1084037 in the pre- and postnatal development period as a post-marketing
requirement.

To summarize, based on the available nonclinical data, the levels of ozanimod and the
major human metabolites achieved in the nonclinical studies allow for an adequate
assessment of their toxicity, except for assessment of the effect of CC1084037 in the
PPND study and the assessment of RP101124 in an in vitro chromosomal aberration
study.

Ozanimod-related Effects Observed in General Toxicity Studies:

Ozanimod was pharmacologically active in the nonclinical species (rat, monkey, rabbit,
mouse) used to conduct the pivotal toxicology studies. Consistent with the established
pharmacological activity of ozanimod, a reversible leukopenia occurred in rats,
monkeys, rabbit, and mouse; a NOEL was not determined as the finding was present at
the lowest doses tested (0.2 mg/kg in rat, 0.1 mg/kg in monkey, 0.2 mg/kg rabbit, 0.4
mg/kg mouse). Leukopenia was primarily due to a marked decrease in lymphocytes, but
also involved a reduction in monocytes in rat and rabbit, neutrophils in monkey, and
eosinophils, basophils, and large unstained cells (LUC) in rat, monkey, and rabbit.

The ozanimod-related decrease in circulating leukocytes was associated with a
reversible decrease in lymphoid cellularity of the spleen and an alteration in thymic
differentiation in rats and monkey. In rat and monkey, lymphoid depletion in the spleen
was evident at all doses tested in the pivotal general toxicology studies. The NOEL for
decreased ratio of cortex to medulla in the thymus in the monkey was the lowest dose
tested in the 39-week study, 0.1 mg/kg. At all doses tested, loss of corticomedullary
differentiation was observed in the thymus of rat. These splenic and thymic findings
were considered to be secondary to the primary pharmacologic effect of ozanimod.

Lung was also a consistent target of ozanimod in rat and monkey. Increased lung
weight and pulmonary macrophage infiltration were the most common ozanimod-related
finding in the respiratory system. The NOEL for findings in the lung were the lowest
dose tested in rat and monkey, 0.2 mg/kg and 0.1 mg/kg; these doses were also
considered the NOAEL in the pivotal chronic general toxicity studies. Pulmonary edema
was observed at the high dose in the 26-week study conducted in rat; pulmonary edema
was not reported in monkey.

Exposure levels for all three major human metabolites that were associated with
leukopenia, splenic lymphoid depletion, and pulmonary findings (except for RP101124

in the case of pulmonary edema) are similar to those expected to be achieved in
humans at the MRHD. The clinical exposure margin to the NOEL for pulmonary edema
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observed in rat (2 mg/kg) was < 1 for CC112273 and CC1084037; the clinical exposure
margin to the other major human metabolite, RP101124 was 220-fold.

Genotoxicity of Ozanimod and Metabolites:

Since ozanimod is extensively metabolized, the sponsor conducted an in vitro bacterial
reverse mutation assay and an in vitro chromosomal aberration assay on the parent,
CC112273, and CC1084037; RP101124 was only assessed in a bacterial reverse
mutation assay. Except for CC1084037, which was positive in the in vitro chromosomal
aberration assay, in vitro genotoxicity assessment of ozanimod and its metabolites were
negative. The parent was negative in an in vivo micronucleus assay conducted in rat.
The circulating levels of parent and the three major human metabolite at the highest
dose of 800 mg/kg in the rat in vivo micronucleus assay were markedly higher than the
circulating levels at the MRHD. Because CC1084037 was positive in the in vitro
chromosomal aberration assay, an in vivo micronucleus and Comet assay were
conducted in mice dosed directly with CC1084037, which was negative in both
assessments. Overall, except for the absence of an in vitro micronucleus assessment of
RP101124, ozanimod and its metabolites were adequately assessed for genotoxicity.
Although, by guidance, the sponsor should have assessed CC1084037 in an in vitro
chromosomal aberration study, conducting a study prior to approval or as a post
marketing requirement would not substantially add to the understanding of the risk of
carcinogenicity for ozanimod and its metabolites. As described below, ozanimod and its
three major metabolites were adequately assessed in a transgenic mouse
carcinogenicity assay which was positive. Additional assessment of CC1084037 in an in
vitro micronucleus assay is not recommended.

Carcinogenicity of RPC1063:

The 2-year carcinogenicity study conducted in rat was negative for drug-induced
neoplasia. At the highest dose tested, exposure to ozanimod and RP101124 were 126-
and 212-fold higher than exposure at the MRHD. However, the levels of CC112273 and
CC1084037 achieved at the high dose tested in the 2-year carcinogenicity study
conducted in rat (2 mg/kg) did not exceed clinical exposure at the MRHD (0.623- and
0.176-fold, respectively). Systemic exposure to ozanimod and the three major human
metabolites in the 6-month carcinogenicity study conducted in transgenic mouse
exceeded clinical exposure at the MRHD. In the mouse study, there was a drug-related
increase in hemangioma and hemangiosarcoma. The combined incidence of
hemangioma and hemangiosarcoma was increased in males at all dose levels and in
females at doses > 8 mg/kg RPC1063.

Reproductive and Developmental Effects of Ozanimod:

An adequately designed battery of studies was conducted to assess the reproductive
and developmental effects of ozanimod. In the pivotal fertility study conducted in rat,
there were no drug-related effects observed up to the HD of 30 mg/kg. At this dose, the
systemic exposure to ozanimod and the 3 major human metabolites, RP101124,
CC112273, and CC1084037, exceeded the clinical exposure at the MRHD (2550-,
4180-, 14-, and 3-fold, respectively).
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Embryolethality and developmental effects were observed in rat and rabbit fetuses
exposed to ozanimod and its metabolites in utero. The fetal NOAEL in rat, 0.2 mg/kg,
was associated with exposures to ozanimod and RP101124 that were higher than
clinical exposures at the MRHD (9- and 17-fold, respectively). Clinical exposure to
CC112273 and CC1084037 is expected to exceed exposure at the NOAEL in the rat
EFD study. A NOAEL was not determined in the EFD study conducted in rabbit, based
on the occurrence of malpositioned caudal vertebrae at all dose levels. Exposure to the
parent at the lowest dose tested in the rabbit EFD study was 2-fold higher than the
expected clinical exposure at the MRHD. Clinical exposure to CC112273 and
CC1084037 is expected to exceed exposure at the lowest dose in the rabbit EFD study.
RP101124 levels were not determined in rabbit. Overall, ozanimod-related findings in
the EFD studies conducted in rat and rabbit occurred at exposures to the major human
metabolites CC112273 and CC1084037 that would be expected to occur at the MRHD
in humans (reviewer’s table, below). Findings in rat occurred at exposures that markedly
exceeded the clinical exposure to ozanimod (at least 10-fold) and RP101124 (at least

17-fold).
Reproductive & Development Clinical Margin for Metabolite
Summary (Fold)
Finding Species | NOEL | Ozanimod | RP101124 | CC112273 | CC1084037
(mg/kg)
Caudal
vertebrae, Rabbit |<0.2 <2 ND <0.1 <0.3
malposition
Incomplete | Rat 0.2 10 17 0.04 0.003
Ossification | Rabbit 0.2 2 ND 0.1 0.3
Sternebra,
misshapen/ | Rabbit 0.2 2 ND 0.1 0.3
malposition
Artery,
Malformed Rabbit 0.2 2 ND 0.1 0.3
or absent
Embryo Rabbit 0.6 8 ND 0.3 0.8
lethality Rat 1 70 110 0.3 0.09
Anasarca Rat 1 70 110 0.3 0.09
Testes, Rat 1 70 110 0.3 0.09
malposition
Cleft Palate | Rat 1 70 110 0.3 0.09

ND= not determined

In the pre- and postnatal development (PPND) study conducted in rat, hyperactivity
(manifesting as increased motor activity in the open field assessment) and increased
sensitivity to touch in the F1 generation were the only drug-related findings; the NOAEL
was 0.7 mg/kg. As discussed above, CC1084037 was not adequately assessed in the
PPND study, exposure was 0.137-fold the exposure at the MRHD. Exposure to
ozanimod and RP101124 at the PPND NOAEL exceeded the clinical exposure at the
MRHD by 30- and 40-fold, respectively. At the PPND NOAEL, CC112273 circulated at
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levels less than the clinical exposure (0.6-fold) at the MRHD but was within 50% of the
expected clinical exposure and therefore considered to be adequately assessed
(sponsor’s table, below).

Table 35: Plasma Exposures in the Pre and Post Natal Assessment in the Eart on
Lactation Day 20

Dhoze Aean Steady-State Exposare (AT Co/ AT Coz4) (ng-hr/mL)
(mgke/day) Ozanimad EP101124 CCl122734 CCL084037
F Exposure F Exposure F Exposuare F Exposure
Multiple” Multiple” Multiple" Multiple"
02 NA -- 52 4 13.7x 225 0.034x NC -
0.7 142 29 7x 154 40.3x -- - - -
2 (MOAEL) 431 90 2x 477 125x 404 0_60x 1.82 0.137x

ATUTC 0= area under the plasma concenTaton-time carve during a dosage interval; AT 4= area mnder the plasma
concenoation-tdme curve from tme O to 24 hours; F= female; NA = not applicable; MC = not calcnlated; WOAEL = no-
observed-adverse-affact-levels; — = not determined.

* Monclinical species exposure basad on the anslyte exposure concentration from 14-day bridging GLP-compliant PE Smdies
(rat [Bleport 1240-047 Day 147,

b Exposure Multple; Caloulation = Female Fat Exposure Human Exposuane.

Ozanimod exposure (4.776 ng-hr'ml) and BP101124 exposare (3.824 ng-hr/'ml) from relapsing multiple sclerosis (FMS) steady-
state; Feport BPCO1-1001

CC112273 Population PE exposure (§7.097 ng-ho'mL) (Feport AZPG-0003).

CC1084037 Exposure of 13 292 nz-hrml) Estimated from CC112273 AUC (population PE) and the relationship of ATC
betwreen CIC112273 and CCL08403 7 (Report RPCO1-1914).

Spurce:  Feport 1840-012

Although not required to support the use of Zeposia in adults, the sponsor provided the
final study reports for a 14-day dose range-finding and a 10-week pivotal juvenile animal
study (JAS), both conducted in rat. Feedback regarding the design of the pivotal JAS
was provided in a March 1, 2016, Pediatric Study Plan communication between the
Division of Gastroenterology and Inborn Error Products. Neither the need to include a
complex learning and memory assessment nor a reproductive function assessment was
communicated to the sponsor at this time. The final pivotal study did not include an
assessment of reproductive function and the learning and memory task consisted of
passive avoidance which lacks the sensitivity of a more complex learning and memory
assessment, such as the Morris or Cincinnati water maze. Additionally, whole-body
auditory startle was not conducted in the JAS. Rather, pinna reflex in response to a
Galton whistle was the extent of auditory assessment conducted in the pivotal study.
The NOAEL in the pivotal JAS was the high dose of 10 mg/kg. At the NOAEL, exposure
to ozanimod, RP101124, and CC112273 exceeded the expected clinical exposure at
the MRHD (582-fold, 1131-fold, 3-fold, respectively); circulating levels of CC1084037 at
the JAS NOAEL were equivalent to clinical exposure at the MRHD.

Summary and Recommendation:

The nonclinical package provided in the New Drug Application for Zeposia (ozanimod)
is considered to be adequate to support approval, with one caveat. Since CC1084037
was not adequately assessed in the pre- and postnatal development study conducted in
rat, it is recommended that the sponsor assess the impact of this metabolite in a pre-
and postnatal development study as a postmarketing requirement.
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	Subject: NDA 209-899 (Zeposia, ozanimod, RPC1063) 
	NDA 209-899 was submitted by Celgene International II Sarl on December 22, 2017, to support marketing approval of Zeposia for treatment of adult patients with relapsing forms of multiple sclerosis (RMS). A Refusal to File letter was issued on February 23, 2018, based on the lack of adequate nonclinical and clinical pharmacology data on RP112273 (CC112273), an active %) of drug-related material in human circulation. The NDA was resubmitted on March 25, 2019. Clinical development of ozanimod for RMS was condu
	metabolite that was stated to account for the majority ( 

	A standard battery of nonclinical studies was conducted on ozanimod, with additional studies to directly assess major human metabolites. These studies were reviewed in detail by Dr. Toscano (Pharmacology/Toxicology NDA Review and Evaluation, NDA 209-899, Christopher D. Toscano, Ph.D., March 10, 2020), who has concluded that the data support approval of the NDA; however, Dr. Toscano finds the pre- and postnatal development (PPND) study in rat to be deficient (lack of adequate exposure to a major human metabo
	Ozanimod is a sphingosine-1-phosphate (S1P) receptor agonist and functional antagonist, which binds with high affinity to human S1P receptors 1 and 5. Binding of ozanimod to the S1P1 receptor causes internalization of the receptor, which results in inhibition of egress of lymphocytes from lymph nodes, decrease in circulating lymphocytes, and reduced migration of lymphocytes into the central nervous system (CNS). It is through this mechanism that ozanimod is thought to be therapeutic in adult patients with R
	Following oral administration of ozanimod in humans, two major metabolites are formed, CC112273 and CC1084037; both are active at S1P1 and S1P5 receptors. Following multiple oral doses, ozanimod and these metabolites account for 
	Figure

	% of total drug-related material. (According to a single-dose mass balance study, RP101124, an inactive metabolite, was found to account for 
	Figure

	% of total circulating drug-related material in humans; however, because of the 
	long ti12of CCl 12273 and CC1084037, RPlOl 124 was detennined, following multiple doses, to account for only 10% of total circulating material in humans, which is just below the threshold for a major metabolite according to ICH M3(R2) [Janmuy 2010].) 
	While both metabolites are fo1med in mouse, rat, rabbit, and monkey, there were quantitative differences in exposure among species. In vitro binding data (ECso) for mouse, rat, and human receptors are summarized below: 
	CMPD 
	CMPD 
	CMPD 
	SlP1 (nM\ Sl Ps (nM) 

	mouse 
	mouse 
	rat 
	human mouse 
	rat" 
	human 

	ozanimod 
	ozanimod 
	0.90±0.21 
	1.02±0.14 
	1.03±0.16 1048.80±160.22 
	10.66±0.29 

	CCl 12273 
	CCl 12273 
	2.77±0.30 
	2.82±0.27 
	2.99±0.17 310.60±28.93 
	29.32±1 .98 

	CC1084037* 
	CC1084037* 
	0.16±0.01 
	0.17±0.02 
	0.20±0.01 164.07±35.71 
	3.02±0.16 

	*CCl0804037 is a racemate; bot
	*CCl0804037 is a racemate; bot
	h enantiomers have sirnilar binding affinity; **rat Sl P5 receptor not available 


	According to the sponsor, "Recombinant receptors for the cynomolgus monkey were not available ...but in silico analysis of amino acid sequences suggests that the phaimacology will likely be similai·to human." 
	At the time of the original NDA submission, there were concerns regai·ding the lack of systemic exposure data for CCl 12273, in the animal species used in the pivotal nonclinical studies and for human, because of the abundance of this metabolite in human circulation. Additional infonnation was provided in the NDA resubmission to address these concerns, although the nonclinical phaimacokinetic/toxicokinetic data were presented in a manner (e.g., different units or animal strains, combining males and females)
	Toxicology 
	The pivotal oral (gavage) toxicology studies were conducted in Sprague-Dawley rat (28-day + 
	14-day recovery, 13-week, and 26-week) and cynomolgus monkey (28-day + 14-day recove1y , 
	13-week, and 39-week + 6-week recove1y). 
	Rat: In rat, findings reported in all studies included reductions in total wbc and lymphocyte counts (all doses), increased lung weight and alveolai· changes (edema, foainy macrophage accumulation), and increased spleen weight and lymphoid depletion. Kidney findings (tubulai· epithelium degeneration/regeneration, anisocytosis) observed in the 28-day and 13-week studies were not detected in the 26-week study. Overall, the no-effect dose was 0.2 mg/kg/day, based primai·ily on lung findings at higher doses. 
	Plasma ozanimod AUCs (ng*hr/mL) at the last sampling time ai·e summai·ized below: 
	Plasma ozanimod AUCs (ng*hr/mL) at the last sampling time ai·e summai·ized below: 
	Plasma exposmes to the major human metabolites, CCl 12273 and CC1084037, were not quantitated in the toxicity studies. In a 14-day bridging study, plasma AU Cs (ng*hr/mL) for these metabolites were as follows: 

	DOSES 
	DOSES 
	DOSES 
	MALES 
	FEMALES 

	<IW!:lk2.Iday) 
	<IW!:lk2.Iday) 
	28-day 
	13-week 
	26-week 
	28-day 
	13-week 
	26-week 

	0.2 
	0.2 
	37.2 
	53.5 
	27.2 
	91.2 
	97.5 
	57.8 

	2 
	2 
	701 
	561 
	616 
	1130 
	1330 
	750 

	30 
	30 
	13300 
	13800 
	8847 
	22900 
	21700 
	14676 


	DOSES 
	DOSES 
	DOSES 
	MALES 
	FEMALES 

	(mg/kg/day) 
	(mg/kg/day) 
	CC112273 
	CC1084037 
	CC112273 
	CC1084037 

	0.2 
	0.2 
	2.31 
	0.069 
	2.25 
	<LLOO 

	2 
	2 
	43.2 
	2.80 
	40.4 
	1.8 

	30 
	30 
	1100 
	49.3 
	879 
	32.7 


	Monkey: In monkey, findings repo1ted in the 28-day and 13-week studies included reductions in total wbc and lymphocyte counts at all doses, and increased lung weight and alveolar changes (multifocal macrophage accumulation) and increased spleen weight and lymphoid depletion at the mid and high doses. Findings obse1ved only at the high dose included clinical signs (e.g., trembling, vomiting, dehydration), decreases in rbc parameters, renal histopathology (basophilia of collecting duct epithelium or anisocyto
	Because of the findings at the high dose, ozanimod was administered at lower doses in the 39­week study. No clinical signs were obse1ved; however, effects on wbc and lymphocyte counts, lung, and spleen were similar to those that occuned in the sho1ter dmation studies. The NOAEL was 0.1 mg/kg/day. 
	Plasma ozanimod AUCs (ng*hr/mL) at the last sampling time ai·e summai·ized below: 
	DOSES 
	DOSES 
	DOSES 
	MALES 
	FEMALES 

	(m2/k2/dav) 
	(m2/k2/dav) 
	28-dav 
	13-week 
	39-week 
	28-day 
	13-week 
	39-week 

	0.15 
	0.15 
	26.3 
	39.8 
	16.5 
	35.3 
	44.5 
	19.1 

	1 
	1 
	199.9 
	193.7 

	3 
	3 
	681 
	769 
	765 
	968 

	15 
	15 
	3556 
	2988 

	30 
	30 
	8070 
	12400 
	9560 
	13600 


	Plasma exposmes to the major human metabolites, CCl 12273 and CC1084037, were not quantitated in the toxicity studies. In a 14-day bridging study, plasma AU Cs (ng*hr/mL) for these metabolites were as follows (males and females combined): 
	DOSES (m2/k~/dav) 
	DOSES (m2/k~/dav) 
	DOSES (m2/k~/dav) 
	CC112273 
	CC1084037 

	0.15 
	0.15 
	21.2 
	4.83 

	1 
	1 
	203 
	42.9 

	15 
	15 
	4100 
	947 


	Reproductive and Developmental Toxicology 
	A standai·d battery of reproductive and developmental toxicology studies was conducted for ozanimod (fe1tility and eai·ly embryonic development (to implantation) in rat, emb1yofetal 
	Reference ID 4580492 
	development in Sprague Dawley rat and New Zealand White rabbit, and pre- and postnatal development in Sprague Dawley rat). In all studies, ozanimod was administered by oral gavage. 
	: In the fertility study, ozanimod was administered to male and female rats at doses of 0, 0.2, 2, and 30 mg/kg/day, prior to and during mating and continuing in females through gestation day (GD) 7. There were no adverse effects on a standard battery of fertility parameters. Toxicokinetic (TK) data were not collected during the study. Data from a 28-day toxicity study indicate plasma ozanimod exposures (AUC) at 30 mg/kg/day of 13300-22900 ng*hr/mL; data from a 14-day bridging study indicate plasma AUCs at 
	Fertility

	: In , oral administration of ozanimod at doses of 0, 0.2, 1, and 5 mg/kg/day during organogenesis (GD 6 through GD 17) resulted in embryolethality (primarily late resorptions), reduced fetal body weight, malformations (anasarca in 3 fetuses from 2 litters; malpositioned testes in 2 fetuses from 2 litters; 1 fetus with local (neck) edema and cleft palate), and skeletal variations (abnormal/delayed ossification) at the high dose. In dams, there were no drug-related deaths or clinical signs; the lower body we
	Embryofetal Development
	rat

	In , oral administration of ozanimod at doses of 0, 0.2, 0.6, and 2.0 mg/kg/day during organogenesis (GDs 6-19) resulted in embryolethality (early and late resorptions) at the high dose and increased malformations (malformed blood vessels) and skeletal variations at the mid and high doses. Maternal toxicity was not observed. At the no-effect dose (0.2 mg/kg/day) for adverse effects on embryofetal development in rabbit, ozanimod was not detectable in rabbit plasma; plasma exposure data were not available for
	rabbit

	6.77 and 3.78 ng*hr/mL, respectively. 
	: Oral administration of ozanimod (0, 0.2, 0.7, and 2 mg/kg/day) to female rats from GD 6 to lactation day (LD) 20 resulted in reduced male and female offspring body weight at the HD, which persisted during the postweaning period. In female offspring, there was an increase in estrus cycle length (5.2 vs 4.2 days in controls) and reduced (∼18%) body weight during gestation at the HD. The only effect on neurobehavioral function was an increase in locomotor activity in female offspring at the HD; however, effe
	Pre- and postnatal development

	40.4 ng*hr/mL, respectively, and for CC1084037 at 0.2 and 2 mg/kg/day were <LOQ and 1.82 ng*hr/mL, respectively. 
	Plasma exposures (AUC; ng*hr/mL) at the highest doses tested in each study are summarized below. The data are from the reproductive and developmental studies, from other (e.g., toxicity) studies, TK bridging studies, or are estimated (in parentheses) based on available data. 
	STUDY 
	STUDY 
	STUDY 
	DOSE (mg/kg) 
	OZANIMOD 
	CC112273 
	CC1084037 

	TR
	RAT 

	fertility 
	fertility 
	30 
	8847-22900 
	1100-879 
	49.3-32.7 

	EFD 
	EFD 
	5 
	1903 
	(100) 
	(5) 

	PPND 
	PPND 
	2 
	431 
	40.0 
	1.82 

	TR
	RABBIT 

	EFD 
	EFD 
	2 
	130 
	(60) 
	(40) 

	TR
	HUMAN 

	RPC01-1001 
	RPC01-1001 
	0.92 mg 
	4.776 
	67.097 
	(13.292 ) 


	Figure
	: In pregnant Sprague Dawley rat, distribution of ozanimod into fetal plasma and milk was demonstrated following oral doses of 0.2, 0.7, and 2 mg/kg/day throughout gestation (GDs 6-18) or throughout gestation and lactation (GD 6 to LD 20). At the high dose, fetal plasma exposure (AUC) was 181.58 ng*hr/mL, with a fetal-to-maternal ratio of 0.23, on GD 18. AUC for ozanimod in milk at 2 mg/kg/day was 937.40 ng*hr/mL, with a milk-to-maternal plasma ratio of 1.99.  
	Distribution

	In pregnant New Zealand White rabbit, distribution of ozanimod into fetal plasma was assessed only at the lowest dose (0.2 mg/kg/day) tested in the embryofetal development study. At that dose, the fetal plasma AUC for ozanimod was 16.30 ng*hr/mL; the fetal-to-maternal plasma AUC ratio was 1.21.       
	: the potential for adverse effects of ozanimod on postnatal development was assessed in two pivotal juvenile animal studies. 
	Juvenile animal toxicology

	In a 10-week (+ 2-week recovery) study, ozanimod was administered to juvenile rats at doses of 0, 0.3, 3, and 10 mg/kg/day, starting on postnatal (PND) 21. However, this study was inadequate by design, particularly regarding the assessment of CNS effects. The neurobehavioral evaluation did not include a complex task (e.g., Morris or Cincinnati water maze) and was assessed in too few animals, and there was no indication that an expanded neurohistopathological evaluation was conducted. These deficiencies are 
	In a separate (+ 2-week recovery) study, ozanimod was administered to juvenile rats at doses of 0, 0.3, 3, and 10 mg/kg/day for 33 days, starting on PND 21. Wbc and lymphocyte cts were reduced at all doses at the end of the dosing and recovery periods. T-dependent antibody response (TDAR) was evaluated on Days 25 and 33 using KLH. Primary (IgM) and secondary (IgG) antibody responses were significantly inhibited at the mid and high doses; however, reversibility was not assessed. 
	Genetic Toxicology 
	Genetic Toxicology 

	Ozanimod was negative in a standard battery of OECD-compliant in vitro (Ames, mouse lymphoma tk) and in vivo (rat micronucleus) assays. Metabolite CC112273 was negative in an Ames assay and an in vitro chromosomal aberration assay in human peripheral blood lymphocytes, with and without metabolic activation. Metabolite CC1084037 was negative in an Ames assay (with and without metabolic activation) and positive in an in vitro mammalian cell micronucleus assay in TK6 cells (human lymphoblastoid cell line), pri
	Carcinogenicity 
	Carcinogenicity 

	The carcinogenic potential of ozanimod was tested in a 26-week study in Tg.rasH2 mouse (0, 8, 25, and 80 mg/kg/day) and a 2-year study in Sprague-Dawley rat (0, 0.2, 0.7, and 2 mg/kg/day). In both studies, ozanimod was administered daily by oral gavage. 
	In Tg.rasH2 mouse (CByB6F1-Tg(HRAS)2.Jic), there was an increase in combined hemangioma and hemangiosarcoma in males and females at the mid and high doses (males: 0/25, 5/25, 17/25, and 10/25 in C, LD, MD, and HD groups, respectively; females: 0/25, 3/25, 8/25, and 11/25 in C, LD, MD, and HD groups, respectively). TK analysis was conducted for ozanimod but not for CC112273 or CC1084037. On Day 177, plasma AUCs for ozanimod were 9423-6592, 29966­19694, and 89372-65513 ng*hr/mL for control, LD, MD, and HD gro
	In rat, no drug-related increase in tumors was observed. At the high dose, plasma exposures (AUC) for ozanimod and CC112273, were 517-685 and 131-92.6 ng*hr/mL, respectively, on Day 185. CC1084037 was not quantitated in the 2-year study; in a 14-day bridging study, plasma 
	CC1084037 exposures (AUC) at 2 mg/kg/day were 2.8-1.82 ng*hr/mL.    

	Metabolites 
	Metabolites 

	Because CC112273 is the most abundant drug-related material in human circulation (66% at steady-state), the sponsor conducted studies in which CC112273 was administered directly by oral gavage to CByB6F1 mouse (28-day toxicity), Sprague Dawley rat (96-day toxicity), and pregnant New Zealand White rabbit (dose-ranging/TK) at doses up to 100 mg/kg/day. 
	In mouse, the only finding was a slight decrease in body weight gain at the high dose in males; no effects on wbc or lymphocyte counts were evident. In rat, the only finding was a decrease (∼25%) in wbc and lymphocyte counts in males at the high dose. In pregnant rabbit (0, 10, 30, 60 and 100 mg/kg/day), complete abortion occurred in two females, one at 60 mg/kg/day and one at 100 mg/kg/day; the high dose was also associated with a decrease in fetal body weight. At 100 mg/kg/day, plasma CC112273 exposures (
	In mouse, the only finding was a slight decrease in body weight gain at the high dose in males; no effects on wbc or lymphocyte counts were evident. In rat, the only finding was a decrease (∼25%) in wbc and lymphocyte counts in males at the high dose. In pregnant rabbit (0, 10, 30, 60 and 100 mg/kg/day), complete abortion occurred in two females, one at 60 mg/kg/day and one at 100 mg/kg/day; the high dose was also associated with a decrease in fetal body weight. At 100 mg/kg/day, plasma CC112273 exposures (
	in mouse, rat, and rabbit, respectively. Therefore, higher exposures were not achieved with direct oral administration of CC112273.  

	Conclusions and Recommendations 
	Conclusions and Recommendations 

	Overall, the nonclinical studies are adequate to support approval of ozanimod for the proposed indication, although systemic exposures to the two major (and active) human metabolites (CC112273 and CC1084037) were lower in several pivotal studies than in humans at the maximum recommended human dose (0.92 mg/day). Specifically, CC112273 and CC1084037 exposures in the pre-and postnatal development (PPND) study and CC1084037 exposures in the embryofetal development and carcinogenicity studies in rat were lower 
	Dr. Toscano concluded that the PPND study is inadequate because of the lack of sufficient exposure to CC1084037 and recommended the metabolite be assessed in a PPND study as a post-marketing requirement. However, the available data demonstrate that ozanimod, administered to pregnant animals, has clear adverse effects on the developing organism, including teratogenicity, which are consistent with the critical role of the S1P1 and S1P5 receptors in embryogenesis (including vascular and neural development) and
	A juvenile animal toxicology study is not needed to support use of ozanimod in adult patients with relapsing forms of multiple sclerosis; however, a study in juvenile animals, to include an adequate assessment of effects on neurobehavioral development and an expanded neurohistopathological evaluation, should be conducted as a post-marketing requirement to support development in pediatric patients <12 years of age, if ozanimod is approved.  
	Signature Page 1 of 1 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	LOIS M FREED 03/24/2020 06:24:55 PM 
	DEPARTMENT OF HEALTH AND HUMAN SERVICES. PUBLIC HEALTH SERVICE. FOOD AND DRUG ADMINISTRATION. CENTER FOR DRUG EVALUATION AND RESEARCH. 
	PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION. 
	Application number: 
	Application number: 
	Application number: 
	NDA 209-899 

	Supporting document: 
	Supporting document: 
	13 

	Sponsor’s letter date: 
	Sponsor’s letter date: 
	3/25/2019 

	CDER stamp date: 
	CDER stamp date: 
	3/25/2019 

	Product: 
	Product: 
	ZEPOSIA (ozanimod) 

	Indication: 
	Indication: 
	Treatment of adults with relapsing forms of 

	TR
	multiple sclerosis (MS) 

	Sponsor: 
	Sponsor: 
	Celgene International II Sarl; Couvet, 

	TR
	Switzerland 

	Review Division: 
	Review Division: 
	Neurology 2 

	Reviewer: 
	Reviewer: 
	Christopher D. Toscano, Ph.D., DABT 

	Supervisor: 
	Supervisor: 
	Lois M. Freed, Ph.D. 

	Acting Division Director: 
	Acting Division Director: 
	Nicholas Kozauer, M.D. 

	Project Manager: 
	Project Manager: 
	Susan Daugherty, R.N., B.S.N. 

	Disclaimer 
	Disclaimer 


	Except as specifically identified, all data and information discussed below and necessary for approval of NDA 209-899 are owned by Celgene International II Sarl or are data for which Celgene International II Sarl has obtained a written right of reference. Any data or information described or referenced below from reviews or publicly available summaries of a previously approved application are for descriptive purposes only and are not relied upon for approval of NDA 209-899. 
	TABLE OF CONTENTS. 
	TABLE OF CONTENTS. 
	TABLE OF CONTENTS. 

	1. EXECUTIVE SUMMARY
	1. EXECUTIVE SUMMARY
	1. EXECUTIVE SUMMARY
	1. EXECUTIVE SUMMARY
	...........................................................................................
	3. 


	1.1 
	1.1 
	1.1 
	INTRODUCTION 
	.....................................................................................................
	3. 


	1.2 
	1.2 
	1.2 
	BRIEF DISCUSSION OF NONCLINICAL FINDINGS 
	.......................................................
	3. 


	1.3 
	1.3 
	1.3 
	RECOMMENDATIONS 
	.............................................................................................
	4. 


	2. DRUG INFORMATION
	2. DRUG INFORMATION
	2. DRUG INFORMATION
	............................................................................................
	11. 


	2.1 
	2.1 
	2.1 
	DRUG 
	................................................................................................................
	11. 


	2.2 
	2.2 
	2.2 
	RELEVANT INDS, NDAS, BLAS AND DMFS
	..........................................................
	11. 


	2.3 
	2.3 
	2.3 
	DRUG FORMULATION 
	..........................................................................................
	11. 


	2.5 
	2.5 
	2.5 
	COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN
	........................................
	12. 


	2.6 
	2.6 
	2.6 
	PROPOSED CLINICAL POPULATION AND DOSING REGIMEN 
	.....................................
	12. 


	2.7 
	2.7 
	2.7 
	REGULATORY BACKGROUND 
	...............................................................................
	12. 


	3 
	3 
	3 
	STUDIES SUBMITTED
	...........................................................................................
	13. 


	3.1 
	3.1 
	3.1 
	STUDIES REVIEWED
	............................................................................................
	13. 


	3.2 
	3.2 
	3.2 
	STUDIES NOT REVIEWED
	.....................................................................................
	13. 


	3.3 
	3.3 
	3.3 
	PREVIOUS REVIEWS REFERENCED
	.......................................................................
	13. 


	4 
	4 
	4 
	PHARMACOLOGY 
	.................................................................................................
	14. 


	4.1 
	4.1 
	4.1 
	PRIMARY PHARMACOLOGY 
	..................................................................................
	14. 


	4.2 
	4.2 
	4.2 
	SECONDARY PHARMACOLOGY 
	.............................................................................
	20. 


	4.3 
	4.3 
	4.3 
	SAFETY PHARMACOLOGY 
	....................................................................................
	21. 


	5 
	5 
	5 
	PHARMACOKINETICS/ADME/TOXICOKINETICS 
	...............................................
	22. 


	5.1 
	5.1 
	5.1 
	PK/ADME 
	.........................................................................................................
	22. 


	6 
	6 
	6 
	GENERAL TOXICOLOGY
	......................................................................................
	30. 


	6.2 
	6.2 
	6.2 
	REPEAT-DOSE TOXICITY 
	.....................................................................................
	30. 


	7 
	7 
	7 
	GENETIC TOXICOLOGY
	........................................................................................
	53. 


	7.1 
	7.1 
	7.1 
	IN VITRO REVERSE MUTATION ASSAY IN BACTERIAL CELLS (AMES) 
	.......................
	53. 


	7.2 
	7.2 
	7.2 
	IN VITRO ASSAYS IN MAMMALIAN CELLS
	...............................................................
	53. 


	7.3 
	7.3 
	7.3 
	IN VIVO CLASTOGENICITY ASSAY IN RODENT (MICRONUCLEUS ASSAY) 
	..................
	53. 


	8 CARCINOGENICITY
	8 CARCINOGENICITY
	8 CARCINOGENICITY
	...............................................................................................
	54. 


	9. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY
	9. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY
	9. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY
	.................................
	73. 


	9.1 
	9.1 
	9.1 
	FERTILITY AND EARLY EMBRYONIC DEVELOPMENT
	................................................
	73. 


	9.2 
	9.2 
	9.2 
	EMBRYONIC FETAL DEVELOPMENT
	.......................................................................
	74. 


	9.3 
	9.3 
	9.3 
	PRENATAL AND POSTNATAL DEVELOPMENT
	..........................................................
	81. 


	10 
	10 
	10 
	SPECIAL TOXICOLOGY STUDIES
	....................................................................
	90. 


	11 
	11 
	11 
	INTEGRATED SUMMARY AND SAFETY EVALUATION
	..................................
	92. 




	1 
	1 
	Executive Summary 


	1.1 Introduction 
	1.1 Introduction 
	1.1 Introduction 
	Zeposia (ozanimod, RPC1063) is a small molecule that exhibits potent agonism at sphingosine 1-phosphate (S1P) 1 and 5 receptors. Zeposia has been developed for the treatment of relapsing forms of multiple sclerosis (MS) in adults. 

	1.2 Brief Discussion of Nonclinical Findings 
	1.2 Brief Discussion of Nonclinical Findings 
	Agonism of lymphocytic S1P receptors inhibits the release of T-cells and B-cells from peripheral lymphoid organs, subsequently decreasing the available pool of autoreactive circulating lymphocytes available for entry into the central nervous system. Consistent with the known pharmacology of S1P agonists, ozanimod induced leukopenia in every nonclinical species used in the nonclinical program.  Ozanimod (RPC1063) is extensively metabolized, with three metabolites, CC112273, CC1084037, and RP101124, considere
	In the general toxicology studies, spleen, thymus, and lung were determined to be targets of ozanimod in both rat and monkey. Ozanimod and its major human metabolites (except for CC1084037) were negative for mutagenicity or clastogenicity in a genotoxicity battery.  When assessed in vitro in TK6 cells, CC1084037 increased the number of micronuclei by up to 4-fold in the absence of metabolic activation. RP101124 was not assessed in an in vitro chromosomal aberration assay. In carcinogenicity studies, ozanimo
	Given the extensive metabolism of ozanimod, the sponsor conducted toxicokinetic (TK) analyses of ozanimod and the three major human metabolites, including several bridging studies assessing the two major human metabolites discovered late in development, CC112273 and CC1084037. Based on these TK data, it was determined that ozanimod and its three major human metabolites were adequately assessed in the nonclinical studies with the following exceptions: 
	 RP101124 was not assessed in an in vitro chromosomal aberration assay. 
	 CC1084037 was not adequately assessed in the pre- and postnatal development 
	study conducted in rat. 
	1.3 Recommendations 
	1.3 Recommendations 
	1.3.1 Approvability 
	1.3.1 Approvability 
	The nonclinical data provided in the NOA support approval, with one recommended postmarketing requirement (PMR). The sponsor should determine, as a PMR, if CC1084037 adversely impacts the pre-and postnatal developmental period. Although not assessed in this application, conducting an in vitro chromosomal aberration assay with RP101124 as a PMR or prior to approval would not substantially add to the current understanding of the carcinogenic potential of this metabolite because it was adequately tested in the
	1.3.2 Additional Nonclinical Recommendations None. 
	1.3.3 Labeling 
	S onsor's Pro osed Labelin 
	S onsor's Pro osed Labelin 
	S onsor's Pro osed Labelin 
	Recommended Labelin 

	--------INDICATIONS AND USAGE--------­ZEPOSIA is indicated for the treatment of adults with relapsing forms of multiple sclerosis (MS) (1 ). 
	--------INDICATIONS AND USAGE--------­ZEPOSIA is indicated for the treatment of adults with relapsing forms of multiple sclerosis (MS) (1 ). 
	--------INDICATIONS AND USAGE--------­ZEPOSIA is a sphingosine 1-phosphate receptor modulator indicated for the treatment of adults with relapsing forms of multi le sclerosis MS 1 . 

	8.1. Pregnancy Risk Summary There are no adequate data on the developmental risk associated with the use of ZEPOSIA in pregnant women CbH45 (b)(4j Int e U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The background risk of major birth defects and miscarriage for the indicated e.2J2Ulation is unknown. (b)< 41 .._____,(b) (41 
	8.1. Pregnancy Risk Summary There are no adequate data on the developmental risk associated with the use of ZEPOSIA in pregnant women CbH45 (b)(4j Int e U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The background risk of major birth defects and miscarriage for the indicated e.2J2Ulation is unknown. (b)< 41 .._____,(b) (41 
	8.1. Pregnancy Risk Summary There are no adequate data on the developmental risk associated with the use of ZEPOSIA in pregnant women. Based on animal data, ZEPOSIA can cause fetal harm when administered to a pregnant woman (see Data). Reproductive and developmental studies in pregnant rats and rabbits have demonstrated ZEPOSIA-induced embryotoxicity and teratogenicity in rats and rabbits. Increased incidences of post­implantation loss, fetal lethality, and fetal abnormalities (skeletal, urogenital) occurre


	Data 
	Animal Data 
	Figure
	doses in the pregnant rabbit were associated with vascular abnormalities, abortion and embryolethality.  
	In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The background risk of major birth defects and miscarriage for the indicated population is unknown. If the patient becomes pregnant or plans to become pregnant while taking ZEPOSIA, she should be informed of the potential hazards and discontinuation of therapy should be considered. 
	Data 
	Data 

	Animal Data 
	When ozanimod (0, 0.2, 1, or 5 mg/kg) was orally administered to pregnant rats during the period of organogenesis, malformations (skeletal and urogenital), postimplantation loss, and fetal lethality occurred at > 0.2 mg/kg, a dose that is 2­times higher than the maximum recommended human dose of 1 mg, on a mg/m basis. At the no-effect level of 0.2 mg/kg, exposure to ozanimod and RP101124, was 8.9- and 13.7-times higher than the exposure at the maximum recommended human dose of 1 mg; exposure to the other tw
	2

	When ozanimod (0, 0.2, 0.6, or 2 mg/kg) was orally administered to pregnant rabbits during the period of organogenesis, a no-effect dose could not be determined because skeletal malformations were observed at all doses. Vascular malformations, with a no­

	8.2. Lactation 
	8.2. Lactation 
	Risk Summary There are no data on the presence of ozanimod in human milk, the effects on the breastfed infant, or the effects of the drug on milk production. 
	Figure
	effect dose of 0.2 mg/kg, and spontaneous abortion and embryolethality, with a no-effect dose of 
	0.6 mg/kg, occurred at higher doses. The lowest dose, 0.2 mg/kg, represented a dose that is 4-fold higher than the maximum recommended human dose. Exposure to ozanimod at the lowest dose of 0.2 mg/kg was 2.2-fold higher than exposure at the maximum recommended human dose; the level of the three major human metabolites did not exceed exposure at the maximum recommended human dose. 
	When ozanimod (0, 0.2, 0.7, or 2 mg/kg) was orally administered to female rats throughout pregnancy and lactation, offspring exhibited an increase in activity and reactivity to touch with a no-effect dose of 0.7 mg/kg, which is 7-times higher than the maximum recommended human dose, on a mg/m basis. Exposure to ozanimod and RP101124, a major human metabolite, at the no-effect dose was 30-and 40-times higher than at the maximum recommended human dose; exposure to the other two major human metabolites, CC1122
	2

	8.2. Lactation 
	There are no data on the presence of ozanimod in human milk, the effects on the breastfed infant, or the effects of the drug on milk production. 
	Risk Summary 

	A study in lactating rats has shown excretion of ozanimod and its metabolites in milk. 
	The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for ZEPOSIA and any potential adverse 
	Table
	TR
	effects on the breastfed infant from ZEPOSIA or from the underlying maternal condition. 

	8.3 Females and Males of Reproductive Potential Contraception Women of chi ldbeari n~ aQe should use effective contraception <6>< 41 (b>< 4 > for 3 months after stopping ZEPOSIA. 
	8.3 Females and Males of Reproductive Potential Contraception Women of chi ldbeari n~ aQe should use effective contraception <6>< 41 (b>< 4 > for 3 months after stopping ZEPOSIA. 
	8.3 Females and Males of Reproductive Potential Contraception Before initiation of ZEPOSIA treatment, women of childbearing potential should be counseled on the potential for a serious risk to the fetus and the need for effective contraception during treatment with ZEPOSIA {see Use in Specific Populations (8. 1 )]. Women of childbearing aQe should use effective contraceptio (b>< 45 (b)< 41 for 3 months after s o lnOZEPOSlA. 

	8.4. Pediatric Use Safety and effectiveness in pediatric patients have not been established. 
	8.4. Pediatric Use Safety and effectiveness in pediatric patients have not been established. 
	8.4. Pediatric Use Safety and effectiveness in pediatric patients have not been established. Juvenile Animal Toxicity Data Juvenile rats were given a daily oral dose of 0, 0.3, 3, or 1O mg/kg/day ozanimod for 10 weeks beginning on postnatal day 21 . There were no drug-related effects observed on development up to the highest dose tested (10 mg/kg) which was 97-fold higher than the MRHD of 1 mg on a body surface area basis. Systemic exposure to ozanimod and the three major human metabolites (RP101124, CC1122

	12.1. Mechanism of Action Ozanimod is a sphingosine 1-phosphate receptor modulator, which binds with high affinitYt (bH 4l to sphinQosine 1-phosphate receptor (b) (41 18nd 5. 
	12.1. Mechanism of Action Ozanimod is a sphingosine 1-phosphate receptor modulator, which binds with high affinitYt (bH 4l to sphinQosine 1-phosphate receptor (b) (41 18nd 5. 
	12.1. Mechanism of Action Ozanimod is a highly metabolized sphingosine 1-phosphate receptor modulator. In humans, approximately 94% of circulating total active drug exposure is represented by ozanimod 


	mechanism by which ozanimod exerts therapeutic effects in multiple sclerosis 
	(b)( is unknown but may involve the re uction of lymphocyte migration into the central nervous system. 
	41 

	~-~
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	13 Nonclinical Toxicology 
	13 Nonclinical Toxicology 
	13.1. Carcinogenesis, Mutagenesis, Impairment of Fertility
	13.1. Carcinogenesis, Mutagenesis, Impairment of Fertility





	4 
	4 
	·------, 

	(b)< 
	(6%), CC112273 (73%), and CC1084037 (15%). Ozanimod and its major metabolites bind with high affinity to sphinQosine 1­phosphate receptor (b)( l 
	4

	(b)(4
	11 

	(b)(j~he 
	I 

	mechanism by which ozanimod exerts 
	ther~peutic effects in multiple sclerosis 
	41
	is unknown but may involve the 
	L <

	reduction of lymphocyte 
	migration into the central nervous system. 
	13 Nonclinical Toxicology 
	13.1. Carcinogenesis, Mutagenesis, Impairment of Fertility 
	Carcinogenesis 
	Oral carcinogenicity studies of ozanimod 
	were conducted in transgenic mice and 
	rats. 
	In Tg.rasH2 mice administered ozanimod (0, 8, 25, or 80 mg/kg/day) by oral gavage for 6 months, the incidence of hemangiosarcoma and hemangioma was increased in males at all doses and in females at doses > 8 mg/kg. Systemic exposure to ozanimod and the three major human metabolites (RP101124, CC112273, and CC1084037) at the lowest dose of 8 mg/kg/day was 1680-, 106-, 3-, and 1.4-fold greater, respectively, than exposure at the maximum recommended human dose of 1 mg. 
	In rats, ozanimod was administered at 
	oral doses of 0, 0.2, 0.7, or 2 mg/kg/day. 
	No increase in tumors was observed. 
	Figure
	Systemic exposure to ozanimod and one of the major human metabolites, RP101124, at the high dose of 2 mg/kg/day was 126- and 212-fold greater, respectively, than exposure at the maximum recommended human dose of 1 mg. Systemic exposure to the other major human metabolites, CC112273 and CC1084037, at the high dose of 2 mg/kg/day in rats did not exceed the clinical exposure at the maximum recommended human dose of 1 mg. 
	Except for the major human metabolite CC1084037, which was positive in an in vitro chromosomal aberration assay, and RP101124, which was not assessed in an in vitro mammalian cell assay, ozanimod and its major human metabolites were negative in a battery of in vitro (Ames, gene mutation assay in mammalian cells, and chromosomal aberration in mammalian cells) and in vivo (micronucleus in rat) assays.  CC1084037 was negative in in vivo micronucleus and comet assays conducted in mouse. 
	Mutagenesis 

	Impairment of Fertility When ozanimod was administered orally (0, 0.2, 2, or 30 mg/kg/day) to male and female rats 14 days prior to and during mating, and continuing to Day 7 of gestation in females, no effect on fertility was observed up to the highest dose tested (30 mg/kg) which is approximately 291-times the maximum recommended human dose (MRHD) on a mg/m basis (assuming a 60 kg human). Exposure to ozanimod and the three major human metabolites (RP101124, CC112273, and CC1084037) at the high dose of 30 
	2

	higher, respectively, than exposure at the MRHD. 
	13.2 Animal Toxicology and/or 
	13.2 Animal Toxicology and/or 
	13.2 Animal Toxicology and/or .Pharmacology. 
	Pharmacology 
	Figure

	This section should be eliminated. 



	2 Drug Information 
	2 Drug Information 
	2.1 Drug 
	2.1 Drug 
	: Base: 1306760-87-1; HCl salt: 1618636-37-5 : Ozanimod : RPC1063 : 5-(3-{(1S)-1-[(2-hydroxyethyl)amino]-2,3-dihydro-1H-inden-4-yl}-1,2,4­oxadiazol-5-yl)-2-[(propan-2-yl)oxy]benzonitrile, monohydrochloride : C23H24N4O3•HCl : 440.92 Da : Sphingosine 1-phosphate receptor (S1P) agonist 
	CAS Registry Number
	Generic Name
	Code Name
	Chemical Name
	Molecular Formula
	Molecular Weight
	Pharmacologic Class

	Structure: Sponsor’s figure, below 
	2.2 Relevant INDs and NDAs: .The following applications were submitted by the current sponsor:. 
	 INDs: 109,159 (Multiple sclerosis, DN2), 
	. NDAs: 209-899 (Multiple sclerosis, DNP), 209-902 (Multiple Sclerosis, .Presubmission, DN2) .

	2.3 Drug Formulation: 
	2.3 Drug Formulation: 
	ZEPOSIA is formulated in gelatin capsules for oral administration. Dosage strengths and dosing formulations are provided in the sponsor’s tables, below. There are no nonclinical concerns regarding the formulation. All of the excipients are listed in the Inactive Ingredient Database and are present in the drug product at levels equal to or less than those of previously approved drugs formulated for oral administration. 
	Ozanimod HCllRPC1063 
	Ozanimod HCllRPC1063 
	Ozanimod HCllRPC1063 
	Ozanimocl (actiYe moiety) 

	0.25 mg 
	0.25 mg 
	0.23 mg 

	0.5 mg 
	0.5 mg 
	0.46 mg 

	I mg 
	I mg 
	0.92 mg 


	T:ctble 2: Composition of Oz:ctnimod HCl C:ctpsules 
	Component Ozanimod HCI Microc1ystalline cellulose. (b) (41 
	Component Ozanimod HCI Microc1ystalline cellulose. (b) (41 
	Component Ozanimod HCI Microc1ystalline cellulose. (b) (41 
	R eference to Quality Standar d 3.2.S.4.l Specifications NF/Ph.Em./JP 
	Function Active 
	Amount per L'nit (mg) 0.25 mg 0.5 mg 1.0 mg 0.25 0.50 1.00 (b)(4l 

	TR
	NF/Ph.Eur./JP 

	Colloidal silicon dioxide 
	Colloidal silicon dioxide 
	NF/Ph.Eur./JP 

	Croscam1ellose soditun Magnesium stearate 
	Croscam1ellose soditun Magnesium stearate 
	NF/Ph.Eur./JP NF/Ph.Eur./JP 


	2.5 Comments on lmpurities/Degradants of Concern: 
	2.5 Comments on lmpurities/Degradants of Concern: 
	of 
	Except for all identified im urities are controlled below the qualification 
	(b) (41
	threshold 
	(b)(4l 
	(b>< (b>< (b>< 
	>is controlled at >% and is qualified at levels of >% stud~.i~e-scon-ducted in rat and monkey. Except for (b)(, all potentially genotoxic 
	4 
	4
	4
	in the chronic 
	41 

	___
	___
	___

	impurities were negative in an adequate in silico assessment. 
	impurities were negative in an adequate in silico assessment. 
	(b)( 41 
	was positive 

	for 
	for 
	mutagenicity using the CASE Ultra 
	program; follow-up testing 
	in 
	an 
	adequately 

	conducted 
	conducted 
	bacterial 
	reverse 
	mutation 
	assay demonstrated 
	that 
	(b)( 41 was 
	not 

	mutagenic (AE81YV.5021CH 
	mutagenic (AE81YV.5021CH 
	(b>< 4 \ 



	2.6 Proposed Clinical Population and Dosing Regimen: 
	2.6 Proposed Clinical Population and Dosing Regimen: 
	ZEPOSIA is indicated for the treatment of adults with relapsing forms of multiple sclerosis (MS). The sponsor recommends dose escalation over an 8-day period from 0.23 mg QD to the maximum recommended human dose (MRHD) of 0.92 mg QD. The sponsor proposes that QD dosing at 0.92 mg should continue unless treatment has been interrupted for > 14 days. In this case, the sponsor states that the titration period should be repeated . 

	2.7 Regulatory Background: 
	2.7 Regulatory Background: 
	The protocols for the rat and mouse carcinogenicity studies were assessed by the 
	12 
	Executive Carcinogenicity Assessment Committee on December 16, 2014, and January 20, 2015 under IND 109159. In the preliminary responses to questions provided in the Pre-NDA meeting package, the Division informed the sponsor that it would be necessary to demonstrate that adequate exposure to a major human metabolite, RP112273, was achieved in the full battery of nonclinical studies (e.g., chronic toxicity, reproductive and developmental, and carcinogenicity studies). RP112273, estimated to account for % of 
	Figure




	3 Studies Submitted 
	3 Studies Submitted 
	3.1 Studies Reviewed 
	3.1 Studies Reviewed 
	All nonclinical studies provided in the sponsor’s resubmission (March 25, 2019) and initial submission (December 26, 2017) were reviewed. 

	3.2 Studies Not Reviewed 
	3.2 Studies Not Reviewed 
	N/A 

	3.3 Previous Reviews/Memos Referenced 
	3.3 Previous Reviews/Memos Referenced 
	 Gautam, DC, Nonclinical Review, January 22, 2015,  Seifried, AS, SPA Agreement Memo, December 18, 2014, IND 109,159  Seifried AS, SPA Agreement Memo, January 21, 2015, IND 109,129  Siarey RJ, Nonclinical Filing Review, February 26, 2018, NDA 209-899  Toscano CD, Nonclinical Filing Review, May 2, 2018, NDA 209-899 
	Figure
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	Pharmacology 



	4.1 Primary Pharmacology
	4.1 Primary Pharmacology
	4.1 Primary Pharmacology
	  Ozanimod (RPC1063) is extensively metabolized to nine different circulating metabolites, with three of these metabolites, CC112273, CC1084037, and RP101124, considered to be major human metabolites because they circulate at > 10% of the total drug-related exposure. The parent and all major metabolites, except for RP101124, were demonstrated to be agonists at the sphingosine-1-phosphate (S1P) receptor, a G protein-coupled receptor. 
	  The sponsor assessed activation of the human, mouse, and rat S1P receptor isoforms by each of the metabolites in an in vitro model of radiolabeled GTP binding activity (RP­PH-001, RP-PH-002, RP-PH-010, RP-PH-014; sponsor’s Tables 2, 3, and 4, below).  Recombinant receptors for cynomolgus monkey were not available for assessment in vitro. Ozanimod and metabolites, CC112273, CC1084037 (also known as RP100798), RP101075, RP101988, RP101442, RP112289, and RP112509, exhibited agonist activity at the human S1P1
	15. 
	Reference ID: 4572440. 
	16. 
	Reference ID: 4572440. 
	17. 
	Reference ID: 4572440. 
	S1P1 receptor internalization occurs upon activation of the receptor. Internalization of the receptor was studied in HEK293 cells that were incubated with ozanimod or its nine circulating metabolites (RP-PH-013, RP-PH-003). The parent and all metabolites, except for RP101124, caused receptor internalization (sponsor’s Table 5, below). Similar internalization of the S1P5 receptor was not observed when CHO cells overexpressing the receptor were incubated with 1 µM ozanimod (RP-PH-003). 
	Figure
	In vitro studies were conducted with primary astrocyte cultures from mouse, rat, and human that were incubated with ozanimod, CC112273, or RP101988 for 10 minutes, after which cells were lysed and assessed for phosphorylation of protein kinase B (AKT) and extracellular-signal-regulated kinase activity (ERK; RP-PH-004, RP-PH-009, RP-PH­12). Ozanimod and the two metabolites exhibited potent stimulation of AKT and ERK phosphorylation in astrocytes from all three species. An additional study conducted with mous
	The reduction in the number of circulating lymphocytes is an established pharmacodynamic effect of S1P receptor agonism. Ozanimod (0.6 mg/kg) and its 
	The reduction in the number of circulating lymphocytes is an established pharmacodynamic effect of S1P receptor agonism. Ozanimod (0.6 mg/kg) and its 
	metabolites (2 mg/kg CC112273, 0.6 mg/kg RP101075, 1 mg/kg RP101442, 10 mg/kg RP101988) decreased the number of circulating CD4+, CD8+, and B220+ lymphocyte subtypes by 52 to 89%, relative to pre-dose levels, after a single oral dose in Sprague Dawley rats (RP-PH-005, sponsor’s figure, below). Ozanimod also decreased circulating lymphocytes in C57BL/6 mice, beagle dogs, and cynomolgus monkeys (RP-PH-006, RP­PK-002). In all species tested, the reduction in circulating lymphocytes was reversible upon cessatio

	Figure
	The sponsor conducted several in vivo efficacy studies of ozanimod and its metabolites in the mouse (C57BL/6) experimental autoimmune encephalomyelitis model, the results of which are summarized in the sponsor’s table, below (20091001-1d, 20091203-2b, and RP-PH-006). Ozanimod, RP101442, RP101075, and RP1019888 markedly decreased circulating lymphocyte counts and disease score. CC112273 decreased the disease score but was not as effective as the parent or other tested metabolites in causing circulating lymph
	Figure
	The efficacy of ozanimod was also assessed in a mouse model of cuprizone-induced demyelination (RP-PH-015). Mice were given a daily oral dose of 5 mg/kg ozanimod both during the 6-week cuprizone treatment period and the following 12-week recovery period during which cuprizone was not administered. Ozanimod decreased circulating lymphocytes by 99.5% at week 6 and 86% at week 18. Concurrent treatment with ozanimod and cuprizone decreased the rate of demyelination, compared to control; however, there was no ef

	4.2 Secondary Pharmacology
	4.2 Secondary Pharmacology
	  In vitro binding of ozanimod and its metabolites, CC112273, CC1084037, RP101075, RP101442, RP101988, and RP101124, was assessed using a high-throughput screening assay (CEREP Express Profile; 10040667, CC-DISC-ET-2289, 16603, 16829, 17638, 100032946). When tested at 1 µM, CC112273, RP101075, RP101988, RP101442, and RP101124 did not exhibit binding in the screening assays. When tested at concentrations of up to 10 µM, ozanimod inhibited the human 5-HT transporter by 73%; an IC50 of 3.6 µM and Ki 600 nM was
	  Several of the metabolites, CC112273, RP101075, and CC1084037,  were determined to be in vitro inhibitors of monoamine oxidase (MAO). CC1084037 inhibited human recombinant MAO-B (IC50= 43 to 57 nM) but not MAO-A (IC50 > 10 µM; RPC­1063-DMPK-2859). MAO-B was inhibited in vitro by RP112273 (IC50= 5.7 nM) and RP101075 (IC50= 56 nM; RP-PK-026). MAO-A was inhibited by RP101075 (IC50= 1322 nM) but not RP112273. When assessed in two separate studies conducted in the mouse, there was no evidence of serotonin synd

	4.3 Safety Pharmacology 
	4.3 Safety Pharmacology 
	: A functional observational battery was conducted as part of the 28-day study (026004) and is reviewed in the General Toxicology section of this review. 
	CNS

	: In a GLP in vitro hERG assay, ozanimod and the major human metabolite, CC112273, were determined to be potent hERG inhibitors (IC50 of 0.2 and 0.6 µM, respectively; 100503.SJD, 170531.SFD). CC1084037 inhibited hERG by 15%, when tested at a concentration of up to 3 µM; precipitates prevented assessment at higher concentrations (CC-DISC-ET-2880). 
	Cardiovascular

	  In a non-GLP study, cynomolgus monkeys dosed with 0.15, 3 or 10 mg/kg ozanimod exhibited an 18-26% increase in PR interval between 0.5 and 3.5 hours after dosing; no other ECG parameters were affected (1840-002). 
	  A GLP cardiovascular safety pharmacology study of ozanimod was conducted in telemetered cynomolgus monkeys (026002). In monkeys given a single oral dose of 0, 0.15, 3, or 30 mg/kg, ECG and hemodynamic parameters were monitored for up to 24 hours after dosing. Diastolic blood pressure was decreased by 20%, relative to pretest values, at the MD and HD at 30 minutes after dosing but normalized by 2-3 hours after dosing. Heart rate (27%) was decreased and R-R interval (37%) was increased, both relative to pre
	: Sprague Dawley rats (n=2/sex/group) were given a daily oral dose of 0, 0.1, 2, or 8 mg/kg ozanimod for 5 days and subjected to head-out plethysmography on days 1 and 5 of dosing for up to 24 hours post-dose on each day (non-GLP; 1275rr32-011). There were no ozanimod-related effects on respiratory parameters. In the GLP pivotal respiratory safety pharmacology study, male SD rats (n=18/group) were given a daily dose of 0, 0.2, 2, or 30 mg/kg ozanimod for seven days. Whole-body plethysmography was conducted 
	Respiratory

	5 
	5 
	Pharmacokinetics/ADME/Toxicokinetics 



	5.1 PK/ADME 
	5.1 PK/ADME 
	5.1 PK/ADME 
	: The sponsor developed and validated LC­MS/MS methods for detecting and quantifying ozanimod and its circulating metabolites in mouse, rat, rabbit, and monkey plasma, except for RP101124 in rabbit plasma. The lower limits (LLOQ) and upper limits of quantification (ULOQ) for these assays are provided in the sponsor’s table, below. 
	Analytical Methods and Validation Reports

	Figure
	Figure
	: When assessed in Caco-2 cells, the cellular permeability of ozanimod was high and was mainly due to passive diffusion (16RECEP1R1, 16RECEP3R1, 16RECEP3R1GLP372). The half-life and Tmax of ozanimod and its metabolites in mice, rats, and monkeys dosed orally with ozanimod are summarized in the table below. 
	Absorption

	Table
	TR
	Half-life (hr) 
	Tmax (hr) 

	Mouse 
	Mouse 
	Rat 
	Monkey 
	Mouse 
	Rat 
	Monkey 

	Ozanimod 
	Ozanimod 
	5-25 
	10-14 
	6-10 
	1 
	2-6 
	4 

	RP101124 
	RP101124 
	11 
	8 
	11 
	2-4 
	24 
	13 

	CC112273 
	CC112273 
	8 
	8-31 
	11 
	2 
	4 
	7 

	CC1084037 
	CC1084037 
	NA 
	8-12* 
	NA 
	NA 
	6 
	8 

	RP101075 
	RP101075 
	13 
	38-52 
	7-10 
	4-24 
	2-6 
	4-11 

	RP101442 
	RP101442 
	NA 
	18-30 
	NA 
	24 
	24 
	8 

	RP101988 
	RP101988 
	4-11 
	8-10 
	10 
	1 
	2 
	4 


	: Half-life and Tmax values for ozanimod and its metabolites (summarized from 1840-027, 1840-028, 1840-033, 1840-040, 1840-043, 1840-044, 1840-047,1840-054, RPC1063-dmpk-2836, PK-001, PK-015, PK-023) *= calculated from available data (1840­047). NA= not available. 
	Table

	The half-life of ozanimod in pregnant NZW rabbits was 5-6 hours after oral dosing (1840­024); circulating levels of RP101988, RP101075, and RP101124 were quantitated, but PK parameters were not provided. 
	Because CC1 12273 and CC1084037 were not determined to be major human metabolites until late in clinical development, the sponsor conducted bridging studies to determine if adequate exposure had been achieved in the chronic toxicity, carcinogenicity, and embryofetal development studies (summarized in the sponsor's tables, below). 
	Table 9: .l\Iean Steady-State Exposm·e of Ozanimocl and its .'.Iajor i\Ietabolites in .Repeat-Dose Studie~ in Rats .
	Steady State Exposur e • ALCt Species Dose (ng·hr/mL) Study Type (mg/kg/day) ():ia11imod RP101124 CC112273 CC1084037 (Study ::\umber) (ng·lu lmL) (ng·h1·/mL) (ng·lu·/mL) (ng·hr/mL) M F M F 1\1 F M F 0.2 31.5 59.9 27.2(NOAEL) 57.8 -­--­-Rat 26-week Repe.ated Dose 2 649 805 616 750 -----­-­(71357) b 1510 146730 9340 0 8847 6 ---­--0.2 32.9 49.7 104 120 -­----­Rat Carcinogenicity 0.7 138 393 328 393 -------2-ye.ar Carcinogenicity (b)(4l_71515) b 2 517 685 570 1050 -------(NOAEL) 0.2 -­42.3 -­-­------­Rat (mate
	AUCt = area under the concentration-tune cun.-e calculated from 0 to the last quantified ti.me point post dosing; GLP = good laboratory practices; --=not available; NC = not calculated; NOAEL =no observed adverse effect level. (6)(<!1 
	4 
	4 

	Steady-f>tate exposures were measured on Day 178 for Snldy 71357. Day 185 for Snldy l 72515, DayG17 for Study AB03215, and Day 14 for Study 1840-047. 
	b Study is GLP compliant. 
	NOA# 209-899 Christopher D. Toscano, Ph.D., DABT 
	Table 11: :\lean Steady-State Exposure of Ozanimod and its :\Iajor i\Ietabolites in Repeat-Dose Studies in :\lice 
	Table 11: :\lean Steady-State Exposure of Ozanimod and its :\Iajor i\Ietabolites in Repeat-Dose Studies in :\lice 
	Table 11: :\lean Steady-State Exposure of Ozanimod and its :\Iajor i\Ietabolites in Repeat-Dose Studies in :\lice 

	Species Srudy (Study number) 
	Species Srudy (Study number) 
	Dose :'.\foust-Strain (mg/kg/day) 
	Ozanimod (ng·hr/mL) M F 
	Steady-Statt' Exposure' (ng·hrfmL) RP101124 CC112273 (ng·hr/mL) (ng·hr/mL) M F :'.\J F 
	cc1os.io37 (ng·hr/ mL) :\-I F 

	Mouse 
	Mouse 
	0.4 
	192 
	168 
	8.68 
	17.0 
	-­
	-
	--
	-

	28-Day Toxicity Snidy (72207)b 
	28-Day Toxicity Snidy (72207)b 
	4 80 
	2030 41200 
	1790 32300 
	126 3210 
	186 3960 
	-­-­
	--
	-­-­
	--­

	Mouse 6-month Carcinogenicity 
	Mouse 6-month Carcinogenicity 
	8(NOAEL) 25 
	9410 29900 
	6590 19700 
	-­-­
	-­-­
	---­
	-­-
	-­-­
	--

	(AE1SBZ.7G8R. (b)(4}b 
	(AE1SBZ.7G8R. (b)(4}b 
	80 
	89323 
	65500 
	--
	-­
	--
	-
	--
	-

	TR
	0.4(CD1) 
	-­
	-
	--
	--
	9.37 
	11.3 
	9.86 
	8.46 

	Mouse 14-Day Bridging GLP-Compliant PK Study (1840-040) b 
	Mouse 14-Day Bridging GLP-Compliant PK Study (1840-040) b 
	8 (CByB6Fl/J) 8 (CD !) 25 (CD !) 
	-­--
	--

	---
	-­--
	--

	-­-­
	--

	267 200 735 
	245 196 876 
	25.3 13.8 70.9 
	20.2 23.6 58.2 

	TR
	80 (CD !) 
	-­
	-
	-­
	-­
	2560 
	24 10 
	211 
	201 


	F =female; M = male; -=not available; NOAEL =no observed adYerseeffect level. . 
	• Steady-state expOSUt'e was measured at Day 28 for Srudy 72207, Week 26 for Study AE18BZ.7G8R (b)(l and Day 14 for Smdy 1840-040. ' Study is GLP compliant. 
	4

	Table 14: i\Iean Steady-State Exposure of Ozanimod and its i\Iajor ActiYe Human i\Ietabolites in Repeat-Dose Studies ofOzanimocl in Cyuomolgus i\Ioukey 
	Steady State Exposure-' (ng·hr/mL) Dose­
	Study/Spe-cie-s 
	(mg/kg/day) 
	Ozanimod 
	RP101124 
	CClll273 
	CC1084037 (ng·hr/mL) 
	(ng·hr/mL) 
	(ng·hr/mL) 
	(ng·hr/mL) 
	(ng·hrfmL) 

	(ng·hr/mL) 

	M 
	F 
	:'.\I 
	F 
	F 
	F 
	M 

	F 

	1\1 
	F 
	0.1 (KOAEL) 
	0.1 (KOAEL) 
	0.1 (KOAEL) 
	19.8 

	25.4 
	0.578 
	2.81 
	-
	-
	-

	Monkey .39-week RepeatedDose .
	61.4
	1 
	1 
	208 

	199 
	56.1 
	-
	-
	-
	-

	-

	(30477)' 
	(30477)' 
	(30477)' 
	15 

	3530 

	3730 
	774 
	827 
	-
	-
	4.37 Monkey 
	4.37 Monkey 
	01 
	-
	20.9 
	21.5 
	5.3 
	45.4
	1 
	1 
	1 
	212 

	194 

	405
	-
	14-Day Bridging PK Study (1840-043)' 
	-
	3670 
	3670 
	3670 
	4520

	15 

	736 
	1160 
	F = female; M = male; -= not applicable. 
	• Steady-state exposure was measured at Day 274 for Study 30477 and Day 14 for Study 1840-043. ' Study is GLP COlllpliant. 
	25 
	Reference ID 4572440 
	Figure
	  To achieve higher exposure to the major human metabolites in nonclinical studies, additional studies were conducted in which mice, rats, and monkeys were dosed orally with ozanimod metabolites. Increasing the systemic exposure to CC112273 could not be achieved by direct dosing with CC112273 in rats or monkeys, mainly due to extensive clearance after oral dosing with the metabolite (sponsor’s figure, below). CC1084037, which is in equilibrium with CC112273 in vivo, was not detected in monkey plasma after o
	Figure
	In a single dose study conducted in male rat, it was determined that an oral dose of 1000 mg/kg CC1084037 was necessary to achieve a similar systemic exposure in rats given a single oral dose of 800 mg/kg ozanimod (sponsor’s table, below). 
	Figure
	In C57BL/6 mice dosed orally with CC1112273, exposure to CC112273 was slightly lower when compared to mice dosed with ozanimod (sponsor’s Table 20 below and sponsor’s Table 11, above). Exposure to RP101124 was much higher in mice after oral dosing with CC112273 compared to oral dosing with ozanimod (sponsor’s Table 21, below and sponsor’s Table 11, above). 
	Figure
	: Plasma binding of ozanimod (97-98%) and its metabolites (89-99%) was similar among CD-1 mouse, SD rat, cynomolgus monkey, and human (RP-PK-004, RP­PK-013, RP-PK-019, RP-PK-025, RPC1063-DMPK2860). Ozanimod and the major metabolite, CC112273, both exhibited binding to lipoproteins (CEL-R7743). Brain distribution was high for ozanimod (> 3-fold brain to plasma ratio) and metabolites (> 10-fold brain to plasma ratio) in mice (RP-PK-016-1) and in rat (~2-fold brain to plasma ratio; RP-PK-023-1). Tissue distrib
	Distribution
	14

	Figure
	Ozanimod, RP101075, and RP101988 were detected in the fetuses of pregnant New Zealand white rabbits dosed with 0.2 mg/kg ozanimod from GD 6 to GD 19 (1840-025). The fetal-to-maternal ratio for these compounds was 1.2, 2.6, and 0.07, respectively. 
	: Ozanimod is extensively metabolized in animals and humans with the major human metabolites being CC112273 (RP112273), CC1084037 (RP100798), and RP101124 (sponsor’s figure, below). Metabolism of ozanimod is primarily mediated through alcohol dehydrogenase (ALD) and aldehyde dehydrogenase (ALDH) to form 
	: Ozanimod is extensively metabolized in animals and humans with the major human metabolites being CC112273 (RP112273), CC1084037 (RP100798), and RP101124 (sponsor’s figure, below). Metabolism of ozanimod is primarily mediated through alcohol dehydrogenase (ALD) and aldehyde dehydrogenase (ALDH) to form 
	Metabolism

	RP101988, CYP3A4 and CYP1A1 mediated metabolism to form RP101075, and intestinal microbiota ring scission to form RP101124. CC112273 is formed via MAO-B­mediated oxidative deamination of RP101075. The formation of CC1084037 is the result of CC112273 undergoing carbonyl reduction; the formation of CC112273 and CC1084037 is reversible. 

	Figure
	: The majority of dosed radioactivity was excreted via feces (83%), with urinary excretion (5-8%) being a minor component, when [C]-ozanimod was administered at 
	Excretion
	14

	0.5 mg/kg in SD rat (RCT/01). The excreted radioactivity was composed predominantly of ozanimod metabolites. 
	: When assessed in vitro with pooled human hepatic microsomes, ozanimod and its metabolites (RP101075, RP101442, RP101124, RP101988, RP112273, CC1084037) were not potent inhibitors of CYP 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4/5 (RP-PK-003-3.0, XT165054, RP-PK-012-01, XT175040, RPC1063-DMPK-2863). RP101124 was not a potent inhibitor of uridine 5’-diphospho­glucuronosyltransferase (UGT) isoforms 1A1, 1A3, 1A4, 1A6, 1A9, 2B7, 2B15, 2B17 in human liver microsomes (XT175076). The major human metabolites, CC11227
	Pharmacokinetic Drug Interactions

	6 
	6 
	General Toxicology 





	6.2 Repeat-Dose Toxicity 
	6.2 Repeat-Dose Toxicity 
	6.2 Repeat-Dose Toxicity 
	Mouse 
	Mouse 
	“Multiple Dose Toxicology Study of RPC1063 in the CByB6F1-Tg (HRAS) 2Jic-Wild Type (CByB6F1) Mouse.” Wild-type (WT) mice (5 females/group) were given a daily oral dose of 0, 0.2, 2, 10, or 50 mg/kg ozanimod for 3 days or 0, 0.2, 2, or 40 mg/kg ozanimod (Lot #024) for 14 days, in 0.5% carboxymethylcellulose (CMC). Total lymphocyte count was decreased on Day 3 by 12%, 81%, 86%, and 85% in mice dosed with 0.2, 2, 10 or 50 mg/kg, respectively. In the second group of mice, lymphocytes were reduced by 7%, 50%, an
	TX-003-01: 

	:” RPC1063: A 28-day oral dose range-finding toxicity study in CByB6F1 mice.” This study was conducted to support the selection of doses for the 6-month carcinogenicity study. CByB6F1 WT mice (Main: 10/sex/group; TK: 20/sex/group, except 4/sex/group for control) were given a daily oral dose of 0, 0.4, 4, or 80 mg/kg ozanimod (Lot AJ506FP-11-001) in 0.5% CMC for 28 days. On day 29, WBC and lymphocyte count was decreased at all dose levels in males and in MDF and HDF (sponsor’s table, below). 
	72207

	Figure
	Absolute lung weight was increased (11% to 42%) and spleen weight was decreased (17% to 26%) in a dose-dependent manner. Minimal to mild accumulation of foamy macrophages occurred in the lung of 4/10 MDM, 5/10 MDF, and all HD animals. A minimal to mild decrease in splenic cellularity occurred in 4/10 LDM, 1/10 LDF, 7/10 MDM, 9/10 MDF, and all HD animals. TK parameters for ozanimod and several of its metabolites are provided in the sponsor’s tables, below. 
	NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
	31. 
	AF00PS.2G3R. : “RP-112273: 28-day repeated dose oral toxicity and toxicokinetic study in CByB6F1 mice.” CByB6F1 mice [CByB6F1-Tg(HRAS)2Jic (-/-homozygous c-Ha­ras)] (Main: 10/sex/group; TK: 20/sex/group) were given a daily oral dose of 0, 10, 30, or 100 mg/kg RP-112273 (Lot 5), a major human metabolite of ozanimod, in 0.5% CMC for 28 days. There were no RP-112273-related effects observed on BW, clinical chemistry and hematology parameters, or histology assessment. TK parameters are provided in the sponsor’s
	Figure

	Figure
	Rat 
	 “28-day oral toxicity study in rats with a 14-day recovery period.” Crl:CD(SD) rats (15/sex/group) were given a daily oral dose, by gavage, of 0, 0.2, 2, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001; 99.2%) in 0.5% carboxymethylcellulose for 28 days with a 14-day recovery period. One HDF was found dead on Day 29 (#255146). Absolute BW was decreased at all dose levels in males by up to 8%, relative to control, at the end of the dosing and recovery periods. Lymphocyte count was decreased in all dose groups (LDM
	026004:

	Figure
	 “RPC1063:13-week oral toxicity and toxicokinetics study in rats.” Sprague-Dawley rats (10/sex/group) were given a daily dose, by oral gavage, of 0, 0.2, 2, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001; 99.2%) in 0.5% CMC for 13 weeks. Absolute BW in males was decreased in a dose-dependent manner, up to 8% at the HD. Absolute lymphocyte count was decreased at all dose levels (LDM: 50%, MDM: 60%, HDM 50%; LDF: 53%, MDF: 74%, HDF 73%). Absolute lung weight was increased in MDM and HDM by ~18% and in HDF by 26%. 
	026636:
	mg/kg.TK

	Figure
	 “RP112273: A 96-day oral toxicity study in rats with a 29-day recovery period.” Sprague-Dawley rats (16/sex/group with 6 reserved for a 29-day recovery period) were given a daily oral dose of 0, 10, 30, or 100 mg/kg RP112273 (Lots 5 and 7), a major human metabolite of RPC1063, in 0.5% CMC and 0.1% Tween 80. Absolute lymphocyte count was decreased by 25% in HDM. Based on the lack of RP112273­related adverse findings at the end of the dosing and recovery periods, the NOAEL was 100 mg/kg. The TK parameters fo
	1840-032:

	Figure
	EDR May 11, 2011 
	Study title: A 26-Week Oral Toxicity Study of RPC1063 with a 6-Week 
	Recovery Period in Sprague-Dawley Rats 
	Study no.: 71357 
	Study report location: 
	Conducting laboratory and location: 
	Date of study initiation: 
	GLP compliance: Yes, OECD 
	QA statement: Yes, signed Oct. 31, 2013 
	Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5% 
	Key Study Findings 
	. Target organs were spleen, thymus, and lung. Leukopenia was observed at all dose levels. 
	Methods. Doses: 0, 0.2, 2, 30 mg/kg. Frequency of dosing: Once daily for 26 weeks. Route of administration: Oral gavage. Dose volume: 5 mL/kg. Formulation/Vehicle: 0.5% CMC in water. Species/Strain: Sprague-Dawley Crl: CD (SD) rat. Number/Sex/Group: Main: 20/sex/group; Recovery: 5/sex/group; TK: .12/sex/group.. Age: 7 weeks. Weight: M: 240 to 328 g; F: 170 to 244 g. Deviation from study protocol: Deviations did not impact the validity of the study. 
	: Dosing formulations were within +/-15% of the nominal concentration. 
	Dosing Solution Analysis

	: Four rats were found dead (CM #1002A, LDM #2013C, MDM #3021D, HDF #4522D); the cause of death for each was undetermined but was not attributed to RPC1063. 
	Mortality

	: There were no RPC1063-related clinical signs. 
	Clinical Signs

	: There were no RPC1063-related effects on BW or food consumption. 
	Body Weights & Food Consumption

	: There were no RPC1063-related findings when funduscopy and biomicroscopic assessment was conducted at the end of the dosing period. 
	Ophthalmoscopy

	: Leukopenia was observed in all RPC1063 treatment groups at Weeks 13 and 26, but not at the end of the recovery period (sponsor’s tables, below). 
	Hematology

	Figure
	: There were no RPC1063-related findings at the end of the dosing or recovery periods. 
	Clinical Chemistry & Urinalysis

	: Lungs of 5/20 HDM and 1/20 HDF exhibited pale areas. 
	Gross Pathology

	: Absolute lung weight was increased in MD (5 to 10%) and HD (32 to 36%) animals at the end of the dosing period but not after the recovery period. 
	Organ Weights

	 Adequate battery: Yes; Peer Review: Yes; Signed and dated: Yes Decreased lymphoid cellularity of the spleen, loss of thymic corticomedullary differentiation, pulmonary edema, and accumulation of foamy macrophages in the alveoli were observed at the end of the dosing period, but not at the end of recovery (sponsor’s table, below). 
	Histopathology:

	Figure
	: TK parameters were reassessed after the discovery of the major human metabolites of RPC1063. The TK parameters provided in the following sponsor’s tables are from the reanalysis performed and reported in RP-TX-004-01. 
	Toxicokinetics

	Figure
	Figure

	Monkey 
	Monkey 
	: “RPC1063: 14-day oral toxicity study in Cynomolgus monkeys.” Cynomolgus monkeys (1/sex/group) were given a daily oral dose of 0, 0.15, 3, or 15 mg/kg RPC1063 (Lot 068-146-HRD) in 0.5% CMC for 14 days or 45 mg/kg RPC1063 for 7 days. At the end of the 14-day dosing period, absolute BW in the HDF was decreased by 6.2%, compared to baseline. Absolute lymphocyte count was decreased in a dose-dependent manner at all doses (M: 42% to 61%; F: 24% to 72%). Thymus weight was decreased in the HDM, and lung weight wa
	: “RPC1063: 14-day oral toxicity study in Cynomolgus monkeys.” Cynomolgus monkeys (1/sex/group) were given a daily oral dose of 0, 0.15, 3, or 15 mg/kg RPC1063 (Lot 068-146-HRD) in 0.5% CMC for 14 days or 45 mg/kg RPC1063 for 7 days. At the end of the 14-day dosing period, absolute BW in the HDF was decreased by 6.2%, compared to baseline. Absolute lymphocyte count was decreased in a dose-dependent manner at all doses (M: 42% to 61%; F: 24% to 72%). Thymus weight was decreased in the HDM, and lung weight wa
	026005

	hepatocellular apoptosis, mild thymic atrophy, and moderate bilateral follicular hypertrophy of the thyroid as well as marked hepatocyte vacuolation and mild vacuolation of the pulmonary macrophages occurred in the HDM. 

	: “RPC1063: 28-day oral toxicity study in Cynomolgus monkeys with a 14-day recovery period.” Cynomolgus monkeys (Main: 3/sex/group; Recovery: 2/sex/group) were given a daily oral dose of 0, 0.15, 3, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001) in 0.5% CMC. Food consumption was decreased at the HD but was not associated with a change in body weight. Absolute lymphocyte and absolute basophil counts were decreased at all dose levels at the end of the dosing period (sponsor’s table, below). At the end of the reco
	026006

	basophils: up to 62%) 
	Absolute weight of spleen in males (reduced by 31% to 58%) and lung in both sexes (increased by 10% to 39% in males and 11% to 55% in females) was affected at all dose levels. Absolute organ weights were similar to control at the end of the recovery period. 
	Mild depletion of splenic lymphoid elements occurred in 3/3 MDM, 2/3 MDF, 2/3 HDM, and 3/3 HDF; the depletion in the remaining HDM was moderate. Mild bilateral hypertrophy and basophilia of the renal collecting tubules was observed in 3/3 HDM. Pulmonary findings consisted of minimal to moderate vacuolated alveolar macrophages in all MD and HD animals. There were no RPC1063-related histology findings at the end of the recovery period. 
	TK parameters for RPC1063, RP101075, and RP101442 are provided in the sponsor’s tables, below. The NOAEL was considered to be the LD of 0.15 mg/kg based on histology findings at higher doses. 
	Figure
	: “RPC1063: 13-week oral toxicokinetics and toxicity study in Cynomolgus monkeys.” Cynomolgus monkeys (n=3/sex/group) were given a daily oral dose of 0, 0.15, 3, or 30 mg/kg RPC1063 (Lot AJ501FPRP-10-001) in 0.5% CMC for 13 weeks. Trembling occurred in one HDF and one HDM; both monkeys exhibited a decrease in food intake and decreased body weight. Absolute BW was 4% and 24% lower in HDM and HDF, respectively, compared to baseline. Food consumption was also decreased in HD animals. Mean WBC and absolute lymp
	026715

	Figure
	Test article-related findings were observed in the adrenal gland, sternal and femoral bone marrow, intestine, kidney, liver, lung, and spleen. Mild to moderate hypertrophy of the adrenal cortex occurred in 2/3 MDM, 2/3 MDF, and all HD animals. An increase in myeloid elements occurred in the bone marrow of all animals dosed with RPC1063. Vacuolated macrophages were observed in the intestinal lamina propria of the duodenum, jejunum, and ileum of 1/3 HDF and 1/3 HDM. Minimal anisokaryosis and anisocytosis of t
	TK parameters for RPC1063, RP101075, and RP101442 are provided in the sponsor’s tables, below. The NOAEL was considered to be the LD of 0.15 mg/kg based on histology findings at higher doses. 
	Figure
	Study title: A 39-week oral toxicity study of RPC1063 with a 6-week .recovery period in Cynomolgus monkeys. 
	Study no.: 30477. Study report location:. Conducting laboratory and location:. 
	Figure
	Date of study initiation: May 18, 2010 GLP compliance: Yes, OECD QA statement: Yes, signed. Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5% 
	Key Study Findings 
	. Based on findings in the thymus, spleen, and lung at the MD and HD, the NOAEL was the LD of 0.1 mg/kg. 
	Methods. Doses: 0, 0.1, 1, 15 mg/kg. Frequency of dosing: Once daily for 39 weeks. Route of administration: Oral gavage. Dose volume: 5 mL/kg. 
	Formulation/Vehicle: 0.5% CMC in water Species/Strain: Cynomolgus monkey; Number/Sex/Group: Interim (26 weeks): 3/sex/group; Main (39 
	weeks): 4/sex/group; Recovery: 2/sex/group. Age: 2 to 3 years. Weight: M: 2 to 2.5 kg; F: 2.1 to 2.6 kg. Deviation from study protocol: Deviations did not impact the validity of the .study.. 
	: Dosing solutions were within +/-15% of the nominal concentration. 
	Dosing Solution Analysis

	: All animals survived to planned sacrifice, and there were no RPC1063-related clinical signs. 
	Mortality & Clinical Signs

	: There were no RPC1063-related effects on absolute BW or BW gain during the dosing or recovery periods. 
	Body Weights

	: When conducted with funduscopic and biomicroscopic assessment during Weeks 26 and 39, there were no RPC1063-related findings. 
	Ophthalmoscopy

	: There were no RPC1063-related effects on ECG parameters on Day 1, and during Weeks 26 and 39. 
	ECG

	: At Weeks 13, 26, and 39, a dose-dependent leukopenia was evident, with a majority of the effect due to decreases in neutrophils and lymphocytes (sponsor’s tables, below). An effect on WBC count was still evident in males at the end of the 6­week recovery period (sponsor’s tables, below). 
	Hematology

	Figure
	: There were no RPC1063-related findings during Weeks 13, 26, or 39. 
	Clinical Chemistry & Urinalysis

	: There were no RPC1063-related findings at the end of the dosing or recovery periods. 
	Gross Pathology

	: There was a 19% increase in absolute lung weight in MDM and HDM at Week 39 but not at the end of the recovery period. 
	Organ Weights

	: Adequate Battery: Yes; Peer Review: No; Signed/Dated: Yes RPC1063-related findings were evident in the thymus, lung, and spleen (sponsor’s tables, below). At the interim sacrifice (Week 26), there was a decreased ratio of cortex to medulla in the thymus and minimal to mild alveolar histiocytosis at the MD and HD. Similar findings were evident in the lung and thymus at the end of the dosing period. Decreased splenic size and cellularity was also evident at the MD and HD (sponsor’s table, below). At the end
	Histopathology

	Figure
	: TK parameters for RPC1063, RP101075, and RP101442 are provided in the sponsor’s tables, below. 
	Toxicokinetics

	7 
	7 
	Genetic Toxicology 




	7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
	7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
	7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
	Ozanimod (RPC1063) and its three major human metabolites, RP-101124 (Lot 3), RP­112273 (Lot 3), CC1084037 (Lot S00L01), were demonstrated to be non-mutagenic in adequately-designed, GLP-compliant bacterial reverse mutation assays conducted in the presence or absence of rat hepatic S9 fraction (Study reports 025999, AE86da­). Minor human metabolites of ozanimod, RP-110351 and RP-101988, were also negative in adequately-designed, GLP-compliant bacterial reverse mutation assays (AE81YV.502ICH. , ). Other minor
	502ICH. 
	, AF00PS.502ICH. 
	, AF40JJ.502ICH. 
	Figure
	AE86CZ.502ICH. 

	RP101063, and RP101442, were negative when tested in bacterial mutagenicity assays  AD03BC-850-). 
	, AD03BD-850-
	(Study reports AC31AY-850-
	Figure


	7.2 In Vitro Assays in Mammalian Cells 
	7.2 In Vitro Assays in Mammalian Cells 
	RPC1063 (Lot AJ501FPRP-10-001) was not mutagenic in an adequately conducted, OECD GLP-compliant in vitro mouse lymphoma TK gene mutation assay in the presence and absence of rat hepatic S9 fraction (Study report AA93888). CC112273 was negative in an adequately conducted in vitro chromosomal aberration assay in human peripheral ). CC1084037, a major human metabolite, increased the number of micronuclei in TK6 cells by up to 4-fold when incubated for 4 hours or 27 hours in the absence of bioactivation (RPC106
	blood lymphocytes (AF00PS.341ICH. 


	7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
	7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
	In an adequately conducted and GLP compliant in vivo assay, RPC1063 was negative for induction of bone marrow micronuclei in Sprague-Dawley rat (n=5/sex/group) given two daily oral doses of 0, 251, 448, and 800 mg/kg/day RPC1063 (Lot AJ506FP-11-001) administered 6 hours apart in 0.5% CMC for two days (AA99751). The high dose represented a maximum feasible dose and marrow collection occurred 24 hours after administration of the final dose. Based on available TK data for rat, there was adequate exposure to th


	8 Carcinogenicity 
	8 Carcinogenicity 
	Study title: RPC1063: 26-week repeated dose oral carcinogenicity study in .Tg.rasH2 mice. .
	Study no.: .Study report location:. Conducting laboratory and location:. Date of study initiation:. GLP compliance:. QA statement:. Drug, lot #, and % purity:. CAC concurrence:. 
	January 21, 2015  
	Key Study Findings  The combined incidence of hemangioma and hemangiosarcoma was increased in males at all dose levels and in females at doses > 8 mg/kg RPC1063. The incidence of skin hemangiosarcoma was increased at doses > 8 mg/kg. Multicentric hemangiosarcoma was increased in females at 80 mg/kg. 
	Adequacy of Carcinogenicity Study  Although all major metabolites were not assessed in this study, other PK studies have demonstrated that mice produce all major human metabolites at levels that exceed those in humans when tested at the dose levels used in this study. Overall, the carcinogenicity study was adequately conducted. 
	Methods. Doses: 0, 8, 25, 80 mg/kg/day RPC1063; 1000 .mg/kg/day urethane (positive control). Frequency of dosing: RPC1063: once daily for 26 weeks; urethane: .once daily on Days 1, 3, and 5. Dose volume: 5 mL/kg. Route of administration: RPC1063: Oral gavage. Urethane: intraperitoneal. Formulation/Vehicle: RPC1063: 0.5% CMC in water, pH 2.2. Urethane: 0.9% saline. 
	Basis of dose selection:. The ExecCAC recommended the doses of 0, 8, 25, and 80 mg/kg based on effects in the lung (e.g., increased weight and accumulation of foamy macrophages) at 80 mg/kg in a dose-ranging study. 
	AE18BZ.7G8R. EDR June 3, 2015 Yes, US FDA GLP Yes, signed RPC1063, Lot AJ506FP-11-001, 99.6% ExecCAC SPA recommendations: 
	Species/Strain: Tg.rasH2 mice [CByB6F1-Tg(HRAS)2Jic (+/- hemizygous c-Ha-ras)]; , Number/Sex/Group: Main: 25/sex/group; TK: Control 8/sex/group, 
	Dose Groups 38/sex/group; Positive control: 10/sex/group 
	Age: 5 weeks. Animal housing: Individually housed. Paradigm for dietary restriction: Ad libitum food and water. Dual control employed: No. Interim sacrifice: No. Deviation from study protocol: Deviations were minor and did not impact the .validity of the study. .
	: Dosing solutions were within 92% to 102% of the nominal concentration. 
	Dosing Solution Analysis

	: Early deaths occurred in 1 LDM, 1 LDF, 3 MDF, 10 MDM, 9 HDM and 9 HDF; 
	Mortality

	cause and date of death for each animal is provided in the sponsor’s tables, below. 
	Figure
	Survival at the terminal sacrifice was 100%, 96%, 0% (because of early termination on Day 177) and 64% at 8, 25 and 80 mg/kg/day in males and 100%, 96%, 88% and 64% in females, respectively. The remaining MDM were sacrificed on Day 177 (5 days prior to the planned terminal sacrifice) because of “high mortality (10/25 early deaths).” Survival curves provided below are from the FDA Statistical Review (Miao Z, Zhou F, Lin K). 
	Kaplan-Meier Survival Functions for Male Mice 
	Kaplan-Meier Survival Functions for Female Mice 
	: Decreased motor activity, ruffled fur, and hunched posture were common in MD and HD males. Thin appearance occurred in a dose-related manner in males but only correlated with BW effect at the HD. 
	Clinical Signs

	: Absolute BW was decreased by up to 9%, relative to control, in HDM beginning on Day 169. 
	Body Weights

	: Food consumption was increased in HD animals by 14% to 18%. 
	Food Consumption

	 Blood was sampled at terminal sacrifice and hematology parameters were assessed (sponsor’s tables, below). Absolute lymphocyte count was decreased markedly (a known pharmacodynamic effect of RPC1063) in males and females. RBC, hemoglobin, and hematocrit were decreased and platelets were increased in males and females. 
	Hematology:

	Figure
	: Skin masses, some identified as hemangiosarcoma were observed sporadically in RPC1063-treated rats. Enlarged heart was observed in 8 LDM, 7 MDM, 13 HDM, and 4 HDF. 
	Gross Pathology

	: Absolute weight was increased in heart (HDM 54%, MDF 18%, and HDF 39%), adrenals (HDM 27%), kidneys (HDM 10%), lungs (HDM 27%), liver (HDM 11%, LDF 14%, MDF 26%, and HDF 26%). 
	Organ Weight

	: Peer Review: Yes; Signed/Dated Report: Yes 
	Histopathology

	Neoplastic: Multiple lung adenomas (10/10 males and 10/10 females) and splenic hemangiosarcoma (7/10 males and 4/10 females) were evident in the positive control group. The increase in hemangiosarcoma and hemangioma (combined for the whole body) at all doses in males and at the MD and HD in females (sponsor’s table, below) was considered to be RPC1063-related. The incidence of hemangiosarcoma in the skin of MDM, HDM, and HDF was increased in a dose-dependent manner. Multicentric hemangiosarcoma incidence wa
	NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
	Text Table 15A: Incidence of Heman~osarcomas a nd Heman~iomas in .Multiple Organs (Including Spleen), M ales .
	Dose Le,·et (m~~/day) 
	Dose Le,·et (m~~/day) 
	Dose Le,·et (m~~/day) 
	0 
	8 
	25 
	80 
	H CR 

	TR
	Iuciclence 

	Number· Examined 
	Number· Examined 
	25 
	25 
	25 
	25 
	R an2e 

	Spleen 
	Spleen 
	0 
	1 
	0 
	0 
	0-4 

	Multicentric, Hemangioma 
	Multicentric, Hemangioma 
	0 
	0 
	0 
	l 
	NPO 

	Multicentric 
	Multicentric 
	0 
	l 
	7• 
	2 
	0-1 

	Femur, B one Marrow 
	Femur, B one Marrow 
	0 
	1 
	0 
	0 
	0-1 

	Ileum 
	Ileum 
	0 
	0 
	2 
	0 
	NPO 

	Jejwmm 
	Jejwmm 
	0 
	0 
	1 
	0 
	NPO 

	Rectum 
	Rectum 
	0 
	0 
	l 
	0 
	NPO 

	Lung 
	Lung 
	0 
	1 
	0 
	0 
	0-1 

	Skin 
	Skin 
	0 
	0 
	4 
	4 
	0-1 

	Lumbar. Spinal Cord 
	Lumbar. Spinal Cord 
	0 
	1 
	0 
	0 
	0-1 

	Skeletal Muscle 
	Skeletal Muscle 
	0 
	0 
	2 
	2 
	0-1 

	Skin, Hemangioma 
	Skin, Hemangioma 
	0 
	0 
	0 
	1 
	NPO 

	C ombined Incidence 
	C ombined Incidence 
	0 
	5* 
	178 
	10* 
	0-61 


	Text Table 15B: Incidence ofHemangiosa rcomas and Hemangiomas in .Multiple Organs (Including Spleen), Females .
	HCR Incidence Number E xamined 
	Dose Lent (mg/kg/d ay) 
	0 
	8 
	25 
	80 
	25 
	25 
	25 
	25 
	Rauoe 
	0-4
	Spleen 
	0 
	0 
	1 
	1 
	4* 
	0-1 
	Multicentric 
	0 
	1 
	1 
	Femur, Bone Marro\v 
	1 
	0-1
	0 
	0 
	0 
	Ileum 
	0 
	0 
	1 
	0 
	NPO 
	,. 
	Mamm."IJ'Y Gland. He1ll3J1gioma 
	0 
	0 
	0 
	NPO 
	Ovaries, Hema.ngioma 
	0-1
	0 
	0 
	1 
	0 
	Ovaries 
	0 
	1 
	0 
	0 
	0-1 
	1• 
	Pancreas 
	0 
	1 
	0 
	NPO 
	0-1 
	Skin 
	0 
	0 
	1 
	5 
	Stomach 
	0 
	0 
	1 
	0 
	NPO 
	0-1 
	Skeletal Muscle 
	0 
	0 
	0 
	1 
	8* 
	11*
	Combined Incidence 
	0-7
	1

	0 
	3 
	* = Stcall:~.1>1~cantwhen compared to the Chicle col. 
	attst1
	v'
	ntro

	HCR =L.. (b)(lfiistorical Control ncirlenctti)~~ge/25 control mice; 40 studies. .)lPQ • Not Previously Observed in the Historical Co111rol Database. .)lote: Hemaugjomas are explicitly noted above; all others tumors are bemangjosarcomas. ." = A benign tumor (mammary gland) and a malignant tun10r (pancreas) were observed in animal no. 2840; .therefore, tllese tumors are counted as onein tl1e combined incidence. .• Indicates Historical Incidence Range calculated as tlle combined incidence ofsplenic h , .(0-4),
	4
	4
	1 
	lliosarcom.is
	4

	Non Neoplastic: Non-neoplastic lesions consisted of cardiomyopathy, lung infiltration of foamy macrophages, pigmented macrophage infiltration and lymphoid necrosis in the mesenteric lymph node, and mucosal hyperplasia of the glandular stomach in both sexes (table, below). In males, adrenal cortical hypertrophy and vacuolation, liver necrosis, epididymal interstitial inflammation, and testicular degeneration were observed (table below). 
	59 .
	Histology Finding 
	Histology Finding 
	Histology Finding 
	Control 
	8 mg/kg 
	25 mg/kg 
	80 mg/kg 

	TR
	M 
	F 
	M 
	F 
	M 
	F 
	M 
	F 

	Heart, Cardiomyopathy 
	Heart, Cardiomyopathy 
	0 
	0 
	5 
	1 
	14 
	12 
	6 
	15

	  Minimal 
	  Minimal 
	0 
	0 
	0 
	1 
	0 
	11 
	0 
	9

	  Mild 
	  Mild 
	0 
	0 
	5 
	0 
	9 
	0 
	6 
	6

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	5 
	1 
	0 
	0 

	Lung, Foamy Macrophage 
	Lung, Foamy Macrophage 
	0 
	0 
	3 
	0 
	25 
	12 
	25 
	25

	  Minimal 
	  Minimal 
	0 
	0 
	1 
	0 
	9 
	9 
	0 
	5

	  Mild 
	  Mild 
	0 
	0 
	2 
	0 
	13 
	3 
	5 
	17

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	3 
	0 
	20 
	3 

	Lymph Node (mesenteric),Pigmented Macrophage 
	Lymph Node (mesenteric),Pigmented Macrophage 
	0 
	0 
	0 
	0 
	0 
	0 
	22 
	7

	  Minimal 
	  Minimal 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	4

	  Mild 
	  Mild 
	0 
	0 
	0 
	0 
	0 
	0 
	20 
	3

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	0 
	0 
	2 
	0 

	Lymph Node (mesenteric),Lymphoid Necrosis 
	Lymph Node (mesenteric),Lymphoid Necrosis 
	0 
	0 
	0 
	1 
	1 
	1 
	7 
	8

	  Minimal 
	  Minimal 
	0 
	0 
	0 
	0 
	0 
	1 
	2 
	1

	  Mild 
	  Mild 
	0 
	0 
	0 
	1 
	1 
	0 
	4 
	7

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	0 
	0 
	1 
	0 

	Glandular Stomach, Hyperplasia 
	Glandular Stomach, Hyperplasia 
	1 
	0 
	0 
	0 
	0 
	0 
	18 
	21

	  Minimal 
	  Minimal 
	0 
	0 
	0 
	0 
	0 
	0 
	4 
	11

	  Mild 
	  Mild 
	1 
	0 
	0 
	0 
	0 
	0 
	14 
	9

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	1 

	Adrenal Cortex, Hypertrophy 
	Adrenal Cortex, Hypertrophy 
	0 
	0 
	0 
	0 
	11 
	0 
	24 
	0

	 Minimal 
	 Minimal 
	0 
	0 
	0 
	0 
	2 
	0 
	5 
	0

	 Mild 
	 Mild 
	0 
	0 
	0 
	0 
	9 
	0 
	19 
	0 

	Adrenal Cortex, Vacuolation 
	Adrenal Cortex, Vacuolation 
	1 
	0 
	7 
	0 
	9 
	0 
	6 
	0

	 Minimal 
	 Minimal 
	1 
	0 
	4 
	0 
	2 
	0 
	10 
	0

	 Mild 
	 Mild 
	0 
	0 
	3 
	0 
	7 
	0 
	16 
	0 

	Liver, Necrosis 
	Liver, Necrosis 
	1 
	0 
	1 
	0 
	2 
	0 
	5 
	0

	 Minimal 
	 Minimal 
	1 
	0 
	1 
	0 
	0 
	0 
	2 
	0

	 Mild 
	 Mild 
	0 
	0 
	0 
	0 
	1 
	0 
	2 
	0

	 Moderate 
	 Moderate 
	0 
	0 
	0 
	0 
	1 
	0 
	1 
	0 

	Epididymis, Inflammation 
	Epididymis, Inflammation 
	3 
	-
	6 
	-
	8 
	-
	8 
	-

	  Minimal 
	  Minimal 
	2 
	-
	3 
	-
	3 
	-
	0 
	-

	  Mild 
	  Mild 
	0 
	-
	1 
	-
	4 
	-
	4 
	-

	  Moderate 
	  Moderate 
	1 
	-
	2 
	-
	1 
	-
	3 
	-

	Marked 
	Marked 
	0 
	-
	0 
	-
	0 
	-
	1 
	-

	Testes, Degeneration 
	Testes, Degeneration 
	5 
	-
	1 
	-
	6 
	-
	8 
	-

	 Minimal 
	 Minimal 
	3 
	-
	0 
	-
	2 
	-
	1 
	-

	 Mild 
	 Mild 
	0 
	-
	0 
	-
	2 
	-
	2 
	-

	 Moderate 
	 Moderate 
	2 
	-
	1 
	-
	1 
	-
	3 
	-

	 Marked 
	 Marked 
	0 
	-
	0 
	-
	1 
	-
	2 
	-


	: TK parameters for RPC1063 and metabolites, RP101075, RP101442, RP101988, and RP101124, on Day 1 and Week 26 are provided in the sponsor’s tables, below. Two of the three major human metabolites, CC112273 and CC1084037, were not assessed. 
	Toxicokinetics

	Figure
	72515 EDR 
	Study title: A 24-month oral (gavage) carcinogenicity study of RPC1063 in .rats. 
	Study no.:. Study report location:. Conducting laboratory and location:. 
	Date of study initiation: January 12, 2015 GLP compliance: Yes, US FDA GLP QA statement: Yes, signed Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5% CAC concurrence: ExecCAC SPA recommendations: December 18, 2014 
	Key Study Findings  There were no RPC1063-related neoplasia in rats dosed daily with RPC1063 for two years.  Mineralization of the thalamus was increased in males at all dose levels and in females at doses > 0.2 mg/kg. 
	Adequacy of Carcinogenicity Study 
	. The study included the design recommendations of the ExecCAC (SPAmeeting minutes dated December 18, 2014). The doses recommended by the ExecCAC were based on the metabolism information available at the time. Two of the major human metabolites, CC112273 and CC1084037, were not yet characterized at the time of submission of the SPA or studyinitiation. As such, TK assessment for these metabolites was not conducted. 
	Methods. Doses: 0, 0.2, 0.7, 2 mg/kg. Frequency of dosing: Once daily. Dose volume: 5 mL/kg. Route of administration: Oral gavage. Formulation/Vehicle: 0.5% CMC in water, pH= 2.2. 
	Basis of dose selection:. Coverage (>25-fold) of parent and human metabolites (RP101075, RP101124, RP101442, RP101988) 
	Species/Strain: Crl:CD(SD) rat. Number/Sex/Group: Main: n=65/sex/group; TK: n=9/sex/group. Age: 1 month. Animal housing: Pair housed. Paradigm for dietary restriction: None, ad libitum food and water. Dual control employed: No. Interim sacrifice: None. Deviation from study protocol: The deviations did not impact the validity of the .study. .
	: Dosing solutions were 97% to 107% of the nominal concentration. 
	Dosing Solution Analysis

	: Survival rates were 28%, 32%, 45%, and 27% in males (control, LD, MD, HD, respectively) and 26%, 34%, 37%, and 38% in females (control, LD, MD, HD, respectively; sponsor’s tables and figures, below). The main identified cause of unscheduled death in all dose groups was pituitary adenoma (Males: 24, 23, 19, 23; Females: 33, 27, 21, 20, Control, LD, MD, HD, respectively). Group size remained above 20/sex/group through Week 100 for both sexes. 
	Mortality

	Figure
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	Clinical Signs: There were no RPC1063-related clinical signs. 
	Body Weights: Beginning at Week 4 and Week 8 for males and females, respectively, mean body weights were decreased in all RPC1063 dose groups, relative to control . At study termination, mean body weight was 3.5%, 9.9%, and 6.6% lower than controls in males and 12.5%, 9%, and 9.9% lower than controls in females. 
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	Food Consumption: There were no RPC1063-related effects on food consumption. .Gross Pathology: There were no RPC1063-related findings. .Histopathology: Peer Review: Yes; Signed/Dated: Yes .Neoplastic: There were no RPC1063-related neoplastic findings. .Non-Neoplastic: Bilateral accumulation of basophilic aggregates in the thalamus, .
	characterized as mineralization, was increased in incidence and severity with dose at;:::; 8 
	mg/kg in males and ≥ 25 mg/kg in females (sponsor’s table, below). The study pathologist states that this lesion is a known spontaneous lesion that occurs with age in rat; RPC1063 increased the incidence and severity of this finding. There was no necrosis or inflammation associated with this finding. Although the incidence was not specifically dose-related, an increase in hepatic eosinophilic and basophilic foci occurred at all dose levels of RPC1063. 
	Histology Finding 
	Histology Finding 
	Histology Finding 
	Control 
	8 mg/kg 
	25 mg/kg 
	80 mg/kg 

	TR
	M 
	F 
	M 
	F 
	M 
	F 
	M 
	F 

	Brain, Mineralization (Thalamus) 
	Brain, Mineralization (Thalamus) 
	2 
	2 
	10 
	2 
	32 
	15 
	47 
	42

	  Minimal 
	  Minimal 
	2 
	2 
	9 
	2 
	16 
	12 
	21 
	27

	  Mild 
	  Mild 
	0 
	0 
	1 
	0 
	10 
	3 
	16 
	6

	  Moderate 
	  Moderate 
	0 
	0 
	0 
	0 
	6 
	0 
	10 
	9 

	Liver, Eosinophilic foci 
	Liver, Eosinophilic foci 
	9 
	7 
	20 
	14 
	28 
	21 
	19 
	19

	  Minimal 
	  Minimal 
	2 
	7 
	7 
	9 
	11 
	14 
	5 
	15

	  Mild 
	  Mild 
	4 
	0 
	6 
	3 
	3 
	5 
	10 
	1

	  Moderate 
	  Moderate 
	3 
	0 
	6 
	2 
	11 
	1 
	4 
	2

	 Marked 
	 Marked 
	0 
	0 
	1 
	0 
	3 
	1 
	0 
	1 

	Liver, Basophilic foci 
	Liver, Basophilic foci 
	18 
	39 
	29 
	48 
	28 
	55 
	32 
	52 

	Minimal 
	Minimal 
	13 
	25 
	22 
	14 
	14 
	9 
	17 
	10

	  Mild 
	  Mild 
	4 
	7 
	7 
	15 
	9 
	15 
	10 
	14

	  Moderate 
	  Moderate 
	1 
	5 
	0 
	11 
	5 
	17 
	5 
	14

	 Marked 
	 Marked 
	0 
	1 
	0 
	8 
	0 
	14 
	0 
	14

	 Severe 
	 Severe 
	0 
	1 
	0 
	0 
	0 
	0 
	0 
	0 


	: TK parameters for the parent (RPC1063) and four metabolites, RPC101075, RP101124, RP101442, and RP101988, are provided in the sponsor’s tables, below. Metabolites CC112273 and CC1084037 were not assessed. 
	Toxicokinetics

	EDR December 29, 2011 
	9 
	9 
	Reproductive and Developmental Toxicology 


	9.1 Fertility and Early Embryonic Development 
	9.1 Fertility and Early Embryonic Development 
	9.1 Fertility and Early Embryonic Development 
	Study title: RPC1063 Fertility toxicity study by the oral route (gavage) in.the rat (Segment I). 
	Study no.: AB07244 
	Study report location:. Conducting laboratory and location:. Date of study initiation:. 
	GLP compliance: Yes, OECD QA statement: Yes Drug, lot #, and % purity:  RPC1063, AJ506FP-11-001, 99.5% 
	Key Study Findings  Fertility was not affected in male and female rats at doses up to 30 mg/kg RPC1063. 
	Methods. Doses: 0, 0.2, 2, 30 mg/kg/day. 
	Frequency of dosing:. Males: once daily 14 days before mating and throughout mating Females: once daily 14 days before mating until gestation day (GD) 7 
	Dose volume: 5 mL/kg. Route of administration: Oral gavage. Formulation/Vehicle: 0.5% (w/v) carboxymethylcellulose. Species/Strain: Sprague-Dawley rat Crl:OFA(SD). Number/Sex/Group: 20. Deviation from study protocol: Deviations were minor and did not impact the .validity of the study. .
	: Formulations ranged from -15% to 6% of the nominal concentration. 
	Dosing Solution Analysis

	: There were no unscheduled deaths. Hypersalivation occurred immediately after dosing at the HD. 
	Mortality & Clinical Signs

	: Absolute BW was decreased in MDM (10%) and HDM (14%), relative to control. Absolute weight was decreased by 5% in HDF, relative to controls, throughout mating and gestation. Food consumption was decreased in MDM (up to 11%) and HDM (up to 28%). Food consumption was decreased in HDF (11%) during the gestation period.  
	Body Weight & Food Consumption

	: There was no effect on pre-coital interval, the copulation index, the fertility index, sperm motility, or sperm count Absolute weight of reproductive tissues were not affected.  
	Mating performance, fertility, and reproductive organ weight

	: There was no effect on the number of corpora lutea, implantation site, pre-implantation loss, or post-implantation loss. 
	Necropsy and Caesarean Analysis

	EDR 8/2/2011 Yes, OECD GLP Yes 

	9.2 Embryonic Fetal Development 
	9.2 Embryonic Fetal Development 
	Rat 
	:” RPC1063: Dose range-finding study by the oral (gavage) route in the pregnant rat.” Pregnant Sprague-Dawley rats (n=6/group) were given a daily oral dose of 0, 0.2, 2, or 40 mg/kg RPC1063 in 0.5% carboxymethylcellulose beginning on gestation day (GD) 6 and ending on GD 17. Fetal assessment was performed on GD 
	Study AB03214

	20. There were no early deaths or clinical signs. Post-implantation loss was 100% in the HDF; LD and MD pregnancy rates and implantation losses were similar to control. There were no fetal malformations observed at the LD or MD. 
	Study title: RPC1063: Embryo toxicity study by the oral (gavage) route in .the rat (Segment II). 
	Study no.: AB03215 
	Study report location:. Conducting laboratory and location:. Date of study initiation:. GLP compliance:. QA statement:. 
	Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5% 
	Key Study Findings 
	. The fetal NOAEL was 0.2 mg/kg. At higher doses, incomplete skeletalossification was evident. At the HD, anasarca and bilateral malpositioned testes were observed. 
	 The number of viable fetuses was decreased and the number of post-implantation losses was increased at the HD.  A dose-dependent decrease in white blood cells was evident at all doses. 
	Methods. Doses: 0, 0.2, 1, 5 mg/kg. Frequency of dosing: Once daily beginning on GD 6 and ending on .GD 17; euthanized on GD 20.. Dose volume: 5 mL/kg. Route of administration: Oral gavage. Formulation/Vehicle: 0.5% CMC. Species/Strain: Female Sprague-Dawley rat Crl:OFA (SD). Number/Sex/Group: Main: 25/group; TK: 6/group. Deviation from study protocol: Deviations were minor and did not impact the .validity of the study. .
	: Formulations were within -13 to +4% of the nominal concentrations. 
	Dosing Solution Analysis

	: There were no unscheduled deaths or RPC1063-related clinical signs. 
	Mortality & Clinical Signs

	: Absolute BW was decreased by 12% at the HD, relative to control. Food consumption was 10% lower at the HD. 
	Body Weight & Food Consumption

	: WBC, lymphocyte, large unstained cells, basophil, and eosinophil counts  were decreased in a dose-dependent manner at all dose levels on GD 18 (sponsor’s 
	Hematology

	table, below). 
	: There were no RPC-1063-related macroscopic findings in the dams. 
	Necropsy

	: At the HD, the number of viable fetuses was markedly decreased (23% of control) and post-implantation loss was markedly increased (15­fold). Average absolute weight of live fetuses was decreased by 12% at the HD. 
	Cesarean Section Data

	: Anasarca, a malformation, occurred in three fetuses from two separate litters at the HD (sponsor’s table, below). Anasarca was not observed in the controls, LD, or MD, and the incidence of 4.1% at the HD exceeded the historical control data (0.04%). Bilateral malpositioned testis occurred in two fetuses from two different HD litters. Cleft palate was observed in one HD fetus. The neck cysts observed in the one LD fetus 
	Offspring

	were not observed at any other dose level and were considered to be unrelated to drug. 
	The incidence of incomplete ossification was increased in the fetal skull, paws, mandible, vertebrae, and sternebra at the HD compared to concurrent and historical controls (sponsor’s table, above). The incidence of incomplete ossification was also increased at the MD, relative to concurrent and historical control, but not in as many skeletal regions (metacarpal, sternebra, and interparietal skull bone) as at the HD. 
	: TK parameters for RPC1063 and two metabolites, RP-101075 and RP­101442, are provided in the sponsor’s table, below. CC112273, CC1084037, and 
	Toxicokinetics

	RP101124, the major human metabolites, were not quantified. 
	Rabbit 
	: “RPC1063 Dose range-finding study by the oral (gavage) route in the pregnant rabbit” Pregnant New Zealand White rabbits (n=6/group) were given a daily oral dose of 0, 0.25, 2.5, or 50 mg/kg RPC1063 in 0.5% CMC, on GDs 6-19; caesarean section occurred on GD 29. There were no deaths, clinical signs, or macroscopic findings in does. Four HDF were sacrificed prior to the planned terminal sacrifice because of spontaneous abortion; the two remaining pregnant HD females had no viable fetuses at the time of asses
	Study AB03216

	EDR August 1, 2011 
	Study title: RPC1063: Embryo toxicity study by the oral (gavage) route in .the rabbit (Segment II). 
	Study no.: AB03217 
	Study report location:. Conducting laboratory and location:. Date of study initiation:. 
	GLP compliance: Yes, OECD QA statement: Yes Drug, lot #, and % purity: RPC1063, AJ506FP-11-001, 99.5% 
	Key Study Findings  There was no NOAEL determined. The incidence of malpositioned caudal 
	vertebra was increased in a dose-dependent manner at all dose levels.  Spontaneous abortion and embryolethality were evident at the HD.  A dose-dependent decrease in white blood cells, lymphocytes, monocytes, 
	eosinophils and basophils occurred at all doses in the does. 
	. At > 0.2 mg/kg, malformation of blood vessels (mainly at the aortic arch), incomplete ossification (forepaw and sternebra), and misshapen/ fusion of the sternebra occurred in fetuses. 
	Doses: 0, 0.2, 0.6, 2 mg/kg. Frequency of dosing: Once daily beginning on GD 6 to GD 19; .caesarean section on GD 29. Dose volume: 5 mL/kg. Route of administration: Oral gavage. Formulation/Vehicle: 0.5% CMC. Species/Strain: NZW rabbit, Crl:KBL (NZW) .Number/Sex/Group: 22/group. Deviation from study protocol: Deviations were minor and did not impact the .validity of the study. .
	: Formulations were within -12 % to 4 % of the nominal concentration. 
	Dosing Solution Analysis

	: One HDF aborted and was euthanized on GD 27. There were no RPC1063-related clinical signs. 
	Mortality & Clinical Signs

	: BW gain from GD6 to GD20 was decreased by 10% at the HD, relative to control. Food consumption was decreased by up to 5% at the HD between GDs 6 and 20. 
	Body Weight & Food Consumption

	: WBC, lymphocytes, monocytes, eosinophils, and basophils were decreased at all dose levels on GD 20 (sponsor’s table, below). 
	Hematology

	Figure
	: There were no RPC1063-related macroscopic findings in does. 
	Necropsy

	: One HDF aborted on G27; this female had 5 early resorptions. Postimplantation loss was increased at the HD (30.4%). Mean live litter size was also decreased at the HD (6.8/litter), relative to concurrent (9.3/litter) and historical controls (8.8/litter). 
	Cesarean Section Data

	: Malformed blood vessels (mainly at the aortic arch) were observed in 2 fetuses from two different litters at the MD and HD. The innominate (brachiocephalic) artery was absent in 6 fetuses from a single litter at the HD. The incidence of these findings was greater than in the concurrent and historical controls. Increased incidence, which exceeded concurrent and historical controls, of incomplete ossification was observed in the sternebra at the MD and in forepaw and sternebra at the HD (sponsor’s table, be
	Offspring

	Figure
	: TK parameters for parent and RP-101075 are provided in the sponsor’s table, below. CC112273, CC1084037, and RP101124, the major human metabolites, were not quantified. 
	Toxicokinetics

	Figure

	9.3 Prenatal and Postnatal Development 
	9.3 Prenatal and Postnatal Development 
	Study title: RPC1063: A study of toxic effects on pre- and postnatal .development, including maternal function in rats. 
	Study no.: 1840-012 
	Study report location:. Conducting laboratory and location:. Date of study initiation:. GLP compliance:. QA statement:. 
	Drug, lot #, and % purity: RPC1063, AJ527S5A-15-001, 99.6% 
	Key Study Findings 
	. The NOAEL in the F1 generation was the MD of 0.7 mg/kg. At the HD, therewas an increase in motor activity, fine movement, and total distance (26%) in the open field assessment. HDM animals were hyperreactive beginning at Week 11. 
	Methods. Doses: 0, 0.2, 0.7, 2 mg/kg. Frequency of dosing: Once daily from GD 6 through lactation day 20. Dose volume: 5 mL/kg. Route of administration: Oral gavage. Formulation/Vehicle: 0.5% CMC. Species/Strain: CD [Crl:CD(SD)] rat. Number/Sex/Group: Time-mated females: 25/group. Deviation from study protocol: Deviations did not impact the validity of the .study. .
	: Formulations were within -8% and 6% of the nominal concentration. 
	Dosing formulations

	EDR May 12, 2016 Yes, US FDA GLP Yes 
	F0 Dams 
	: One control dam was euthanized on PND 22 after the entire litter was cannibalized. 
	Survival

	: There were no RPC1063-related clinical signs during the gestation and lactation periods. 
	Clinical Signs

	: Absolute BW and food consumption was not affected during the gestation or lactation periods. 
	Body Weight and Food Consumption

	: There were no RPC1063-related findings. 
	Necropsy observation

	F1 Generation 
	: Number of females delivering a litter, gestation length, litter size, gestation index, stillborn index, total implantation scars, sex ratio, pup viability index, or lactation index were not affected. 
	Survival

	: HDM were hyperreactive to touch beginning on Week 11. 
	Clinical signs

	 Absolute BW was decreased in pups at the HD by 7%, relative to control, on lactation days 7 and 21. 
	Body weight:

	: There were no findings in the macroscopic examinations of stillborn, culled pups, or pups assessed on PND 28. Time to eye opening, pinna detachment, vaginal opening, and preputial separation were not affected. 
	Physical development

	: There were no effects on righting reflex, cliff aversion, air drop righting reflex, or auditory response. HDF exhibited an increase in motor activity (20%), fine movement (24%), and total distance (26%) in the open field assessment when conducted on PND 35. Passive avoidance testing, when initiated on PND 70, was not affected. 
	Neurological assessment and development

	: Mean estrous cycle length was increased from 4.2 to 5.2 days at the HD. Fertility and reproductive parameters in the F1 generation (mating index, fertility index, fecundity index, copulatory interval) were not affected. 
	Reproduction assessment

	: There were no RPC1063-related findings. 
	Gross examination

	F2 Generation 
	: There was no effect on the number of resorptions, viable embryos, corpora lutea, implantation site, implantation loss, viable embryos, 
	Observations

	: TK parameters for parent, RP101075, RP101988, and RP101442 are provided in the sponsor’s table, below. CC112273, CC1084037, and RP101124, the major human metabolites, were not quantified. 
	F0 Generation Toxicokinetics

	Figure

	9.4 Juvenile Animal Development 
	9.4 Juvenile Animal Development 
	: “RPC1063: 14-day repeated dose study in juvenile Sprague-Dawley rats.” Sprague Dawley rats (n=6/sex/group) were dosed by oral gavage, once daily for 14 days, with 0, 0.2, 2, or 30 mg/kg RPC1063 (Lot 028) in 0.5% CMC beginning on PND 25. Lymphocyte reduction at the end of the dosing period was observed at all dose levels (sponsor’s figures, below). B220 positive B-cells, CD4, and 
	: “RPC1063: 14-day repeated dose study in juvenile Sprague-Dawley rats.” Sprague Dawley rats (n=6/sex/group) were dosed by oral gavage, once daily for 14 days, with 0, 0.2, 2, or 30 mg/kg RPC1063 (Lot 028) in 0.5% CMC beginning on PND 25. Lymphocyte reduction at the end of the dosing period was observed at all dose levels (sponsor’s figures, below). B220 positive B-cells, CD4, and 
	Study RP-TX-006-1.0

	Relative to BW, lung weight was increased by 10 to 23% in MD and HD males and 17 to 41% in MD and HD females. Minimal to moderate alveolar histiocytosis occurred in 11/12 rats at the HD. 

	CD8 positive T-cells were all decreased. 
	Figure
	TK parameters for RPC1063 and its metabolites, RP101075, RP101124, RP101442, and 
	RP101988, are provided in the sponsor’s tables, below. 
	Figure
	Study Title: RPC1063: A 10-week toxicity study in juvenile rats with a 2-week recovery 
	Study no.: 1840-011 
	Study report location:. Conducting laboratory and location:. Date of study initiation:. 
	GLP compliance: Yes, US FDA GLP QA statement: Yes, signed Drug, lot #, and % purity: RPC1063, Lot AJ527S5A-15­001/1052515, 99.9% 
	Key Study Findings  RPC1063-related findings consisted of known pharmacodynamic effects of the drug (i.e. decrease in circulating lymphocytes and decrease lymphocytes in spleen and thymus). There were no other RPC1063-related findings that were considered to be adverse. Therefore, the NOAEL is the HD of 10 mg/kg.  It is notable that the learning and memory assessment consisted of passive avoidance and not a more complex task such as a Morris or Cincinnati water maze.  Whole-body auditory startle was not 
	Methods. Doses: 0, 0.3, 3, 10 mg/kg/day. 
	EDR June 7, 2016 
	Frequency of dosing: Once daily for 10 weeks beginning on PND 21 
	Route of administration: Oral gavage 
	Dose volume: 5 mL/kg 
	Formulation/Vehicle: 0.5% CMC 
	Species/Strain: CD [Crl:CD(SD)] rat 
	Number/Sex/Group: Main: 24/sex/group; TK: Control 12/sex/group , 
	RPC1063 27/sex/group 
	Age: PND 21 
	Weight: Male: 33 to 62 g; Female: 35 to 60 g 
	Deviation from study protocol: Deviations did not impact the validity of the 
	study. : The sponsor was informed by DGIEP in a March 1, 2016, communication regarding the Initial Pediatric Study Plan (iPSP) that the design of the JAS, as described in the iPSP, “appears to be adequate.” The JAS design did not contain an assessment of reproductive function, learning and memory, or whole-body auditory startle. There is no indication that DNP commented on the design of the JAS. 
	Study Design

	: Formulations were within 95% to 102% of the nominal concentration.  
	Dosing Formulation Analysis

	: All animals survived to the scheduled sacrifice. There were no RPC1063-related clinical signs during the dosing or recovery periods. 
	Mortality & Clinical Signs

	: Absolute BW was decreased by 5%, relative to control, in males at all dose levels, at the end of the dosing and recovery periods. Food consumption during the dosing and recovery periods was similar between controls and rats dosed with RPC1063.   
	Body Weights and Food Consumption

	: Auditory response, assessed by the Preyer’s pinna reflex in response to a Galton whistle, was normal in all dose groups when on PND 22. Time to sexual maturation was not affected. 
	Growth and Developmental Landmarks

	: There were no findings when ophthalmic examination was conducted just prior to terminal and recovery necropsies. 
	Ophthalmoscopy

	: 
	Behavioral Assessment

	a)  Functional Observational Battery (FOB) assessment was performed on Day 68 during treatment and Day 82 during recovery. There were no RPC1063-related findings. 
	Observational Assessment:

	b)  Open field activity was not affected in males on Day 35. HDF exhibited an increase in basic movement (20%), fine movement (22%), and total distance (25%).  
	Motor Activity:

	c) : Learning and memory were assessed with the passive avoidance test which was conducted during the last week of dosing and prior to recovery necropsy. There was no effect observed. 
	Passive Avoidance

	: Not conducted. 
	F1 Reproductive Performance

	: Lymphocyte count was decreased in a dose- dependent manner on Days 8, 30, 70, and termination (sponsor’s table, below). Lymphocyte phenotyping demonstrated that the reduction in lymphocyte count was a 
	: Lymphocyte count was decreased in a dose- dependent manner on Days 8, 30, 70, and termination (sponsor’s table, below). Lymphocyte phenotyping demonstrated that the reduction in lymphocyte count was a 
	Hematology and Clinical Chemistry

	result of a decrease in mature T cells, helper T cells, cytotoxic T cells, and B cells at every dose level. There were no effects observed in the urinalysis, clinical chemistry, or coagulation parameters at scheduled termination or at the end of the recovery period. 

	Figure
	: Bone length and density were not affected at the end of the dosing or recovery periods. 
	Bone Density  and Length Assessment

	: Spleen (21% to 33%) and thymus (18% to 19%) weight was decreased at all dose levels. 
	Organ Weight

	: There were no findings. 
	Gross Pathology

	: Adequate Battery: Yes; Peer Review: No; Signed and Dated Pathologist’s Report: Yes. Lymphocytes were decreased in the spleen of MD and HD animals (sponsor’s table, below). There was a decrease in cortical thymic lymphocytes and mesenteric lymph node lymphocytes at all dose levels. An increase in the lymphocytes occurred in the medulla of the thymus at all dose levels. There were no findings at the end of the recovery period. Expanded neurohistopathology was not conducted. 
	Histopathology

	Figure
	: TK parameters for parent and several of its metabolites, RP101075, RP101442, RP101988, RP101124. The major human metabolites, CC112273 and CC1084037, were not assessed. 
	Toxicokinetics

	Figure
	Figure


	10 Special Toxicology Studies 
	10 Special Toxicology Studies 
	Immunotoxicology 
	: “ RPC1063: A 33-day oral gavage immunotoxicity study in Sprague-Dawley rats.” Sprague-Dawley rats (n=10/sex/group; 8 weeks old) were given a daily oral dose of 0, 0.2, 0.7, or 2 mg/kg RPC1063 (AJ513FP-13-001; 99.9%) in 0.5% CMC for 33 days. Five rats per sex were given a single daily IP injection of 6 mg/kg cyclophosphamide for 33 days. KLH was administered on Days 7 and 25 to all animals that were allocated to TDAR response assessment. WBC (up to 80%), lymphocytes (up to 90%), basophils (up to 85%), and 
	Study 72864

	(1.4 to 4.1-fold) and females (1.9 to 3.0-fold). IgM antibody response was also decreased in all males (1.1 to 1.8-fold) and females (1.7 to 3.2-fold). The expected decrease in IgG (38- to 62-fold decrease) and IgM (7- to 14-fold) response occurred in animals dosed with the cyclophosphamide. Based on the effect at all doses, a NOAEL could not be determined. 
	: “RPC1063: A 33-day oral immunotoxicity study in juvenile Sprague-Dawley rats.” Juvenile Sprague-Dawley rats (n=35/sex/group) were given a daily oral dose of 0, 0.3, 3, or 10 mg/kg RPC1063 (Lot AJ527S5A-15-001, 99.9%) beginning on PND 21 for 33 days. A separate group of juvenile rats (n=25/sex/group) were given a daily IP injection of 6 mg/kg cyclophosphamide for 33 days beginning on PND 21. The rats that were allocated to TDAR assessment (n=15/sex/group) were given subcutaneous injections of KLH on study 
	Study 73508

	Two positive control animals were found dead on study days 16 and 24; one LDF was euthanized in extremis on study day 28. On study day 14, there was a dose-dependent decrease in WBC (up to 75%), lymphocytes (up to 85%), monocytes (up to 50%), basophils (up to 92%), and LUC (up to 91%); the magnitude of decrease at the HD was similar to the positive control. With the exception of monocytes, which were not decreased, the magnitude of decrease for WBC and white blood cell differential was similar on study day 
	Phototoxicity 
	RPC1063 and two of its metabolites, RP101075 and RP101988, were not phototoxic in an in the in vitro 3T3 NRU phototoxicity assay (265039 and 263247).  

	11. Integrated Summary and Safety Evaluation 
	11. Integrated Summary and Safety Evaluation 
	Ozanimod hydrochloride (RPC1063) is an extensively metabolized, small molecule sphingosine 1-phosphate (S1P) receptor agonist developed for the treatment of adults with relapsing forms of multiple sclerosis (MS). Ozanimod exhibited the greatest potency at the human S1P1 and S1P5 receptor subtypes. Two of the three major human metabolites of ozanimod, CC112273 and CC1084037, also exhibited agonism of the S1P1 and S1P5 receptors. The third major human metabolite, RP101124, is inactive at all S1P receptor subt
	To support marketing approval of ozanimod under the tradename ZEPOSIA, the sponsor has submitted a nonclinical study package that consists of pharmacodynamic and pharmacokinetic studies, a core safety pharmacology battery, a series of general toxicology studies including chronic dosing studies conducted in rat and monkey, a complete battery of reproductive and developmental toxicology studies conducted in rat and rabbit, carcinogenicity studies conducted in mouse and rat, and immunotoxicity studies. Althoug
	Agonism of lymphocytic S1P receptors inhibits the release of T-cells and B-cells from peripheral lymphoid organs subsequently decreasing the available pool of autoreactive circulating lymphocytes available for entry into the central nervous system. The sponsor demonstrated the ability of ozanimod and its metabolites to reduce circulating CD4+, CD8+, and B220+ lymphocyte subtypes in Sprague Dawley rats. RPC1063 was also able to reduce circulating lymphocytes in C57Bl/6 mice, beagle dogs, and cynomolgus monke
	Off-target pharmacology of RPC1063: 
	Off-target pharmacology of RPC1063: 

	Activity at several “off-target” binding sites was characterized for ozanimod and its metabolites; some of which present a concern for pharmacology-related adverse effects. Ozanimod and the major human metabolite, CC112273, were determined to be 
	potent hERG inhibitors in vitro (ICso of 0.2 and 0.6 µM, respectively), but QTc prolongation was not observed in monkeys dosed with ozanimod. 
	Monoamine oxidase B (MAO-B) was inhibited, in vitro, by the two major human metabolites of ozanimod, CC112273 (IC= 5.7 nM) and CC1084037 (IC= 43 to 57 nM). MAO-A was not inhibited by either metabolite. Since the inhibition of MAO-B by two of the three major human metabolites may pose the potential for drug-drug interactions in vivo, it is recommended that the finding of MAO-B inhibition be mentioned in the labeling of Zeposia; however, a final decision on appropriate labeling of this potential interaction w
	50 
	50 

	Coverage of Ozanimod Metabolites: 
	Given that it was a major reason for refusing to file the initial NOA submission, evaluation and discussion of the coverage of ozanimod and the major human metabolites in the pivotal nonclinical studies will precede discussion of the ozanimod-related adverse effects in this review. The sponsor's summary Table 47, below, provides the toxicokinetic data for ozanimod, RP101124, CC11 2273 and CC1084037 in the pivotal chronic toxicity studies, carcinogenicity studies, and EFD studies. 
	Table .fl: 1Iean Steady-State I:xposmes in Pfrotal I orirolo~-Studies 
	:uu n Study-Sb!• E:rposm• (AUCt.JAUC ...J(ag·llrfmL) S11Ldy DH<riptioa Dost ToWActin~ (Shldy .!'o.) S!>KiH (m~day) Owrimod RP101124 CCl12273' CC1«>!40J7' (Ozaaimod, CCH2273 Day and CC108J037) Combiatd Su• C ombiatdSu CombiatdSu Comb i.lltdSu Sam T otals 26-we-et Repeated 0.2 (l\OA.EL) 4 9.8 61.1 2 .99 0.0419 51.8 Dose(71357) lW 2 683 S-l2 41.S 2 .34 727 !by 178 30 12165 15979 989.0 4 1.0 13200 39-w~kRepe3ted 0 .1 (l\OAEL) 17 .8 1.10 21.2 4 .83 43.S Dose (30477) :\fonkey I 196.8 58.7 203.0 4 2.9 443 lby2U 15
	24 holln; NOAEL = no-obse....-ed-ad,·use-effect-le\-els; --= not determined. 
	AUCG. = area under the plasma con~tranon-tune cwve during a dosage urten-al; AUC0..2• = are,a under the pla.s= concentrabon-bme cw•·e from bme 0 to 

	•
	•
	•
	Nonclinical species exposure based on the .ma.lyte eiq>osw-e concentration from 14-day bridging GLP-compliant PK Studies (rat [Report 1840-047 Day 14], mOU5;e [Reyort 1840-040 Day14}, rabbit [Report 1840-054 Day 14] and monkey [Report 1840-043 Day 14]). 

	• 
	• 
	Tot.tl acti11e drug e.'<J)OSUn is cumuhti\·e exp<>SllJ'e of o=rirnod+CCl 12m+CC1084037. These 3 contn"bute to 94~~of total acth·e expomre ofdte drug in humans (Report RPCOl -191 4). 

	• 
	• 
	Combined Se.'C exposures for all srudies except for EFD studies Re:part AB03215 and Repon AB03217 \\nere femafe exposures at'e presented .~ and RPIOl 124 l!.'1J>OSUtt from relapsing multiple sclerosis (RMS) ste;idy-state; Report RPCOl-1001. .' CCI 12273 Population PK (Repo11 A2PG-0003). .' Estimated from CCl 12273 AUC (population PK) and the 1-elationship ofAUC between CCI 12273 and CCI084037 (Report RPCOl-191-I). .
	Ozanim.od 



	Using these exposure data, exposure margins were calculated by the sponsor, relative to systemic exposure in humans dosed with 1 mg ozanimod, the maximum recommended human dose (MRHD). The clinical exposure multiples achieved in the chronic, carcinogenicity, and reproductive and developmental assessments are provided in sponsor's Table 48, below. 
	Table 48: Exposure ~Iultiples from Noudiuical Safety Studies 
	Table 48: Exposure ~Iultiples from Noudiuical Safety Studies 
	Table 48: Exposure ~Iultiples from Noudiuical Safety Studies 

	Mtnn E:q>osw•t Mulciplt~· 
	Mtnn E:q>osw•t Mulciplt~· 

	Study Dtscription (Study No.) Day 
	Study Dtscription (Study No.) Day 
	Spfcits 
	Do~ ( rn;fkglday) 
	OLtnimod 
	RP101124 
	c c112213• 
	CC1~037" 
	Tom! Arlin Drug (Oz.1nimod, CC112273 and CC:l08-1037)' 

	TR
	Combintd Stx4 
	Combintd Su 
	Combintd St.t 
	Combintd Su 
	Swn Tornls 

	26-wtt.k Rtpeated 
	26-wtt.k Rtpeated 
	0.2(NOAEL) 
	10.4 
	17.7 
	0.0440 
	0.00360 
	0.620 

	Dose (71357) 
	Dose (71357) 
	Ra! 
	2 
	143 
	220 
	0.623 
	0.116 
	8.54 

	Day178 
	Day178 
	30 
	2550 
	4180 
	14.7 
	3.0S 
	155 

	39-wtt.k Rtpeated 
	39-wtt.k Rtpeated 
	0.1 (NOAEL) 
	3.73 
	0.445 
	0.316 
	0.363 
	0.515 

	Dose (30477) 
	Dose (30477) 
	Monkey 
	I 
	41.2 
	15.4 
	3.03 
	3.23 
	5.20 

	Day 274 
	Day 274 
	15 
	683 
	209 
	61.1 
	71.2 
	91.6 

	6-monih C=ino~<izy 
	6-monih C=ino~<izy 
	8 
	1680 
	106 
	2.95 
	1.40 
	96.6 

	(AE18BZ.7G8R 
	(AE18BZ.7G8R 
	~b 
	Mouse 
	25 
	5200 
	296 
	12.0 
	4.85 
	302 

	Wtt.1.:26 
	Wtt.1.:26 
	80 
	16300 
	902 
	37.1 
	15.5 
	943 

	2-year Carcinogenicity 
	2-year Carcinogenicity 
	0.2 
	8.65 
	29.3 
	0.0440 
	0.00360 
	0.52 1 

	(725 15) 
	(725 15) 
	Rat 
	0.7 
	36.9 
	943 
	-
	-
	2.07 

	Day 185 
	Day 185 
	2(NOAEL) 
	126 
	21 2 
	0.623 
	0.116 
	7.58 

	Embr)o-fecal De\'eloptnent (AB0321 5) Day G17 
	Embr)o-fecal De\'eloptnent (AB0321 5) Day G17 
	Rat (lllaternal) 
	0.2 I (NOAEL) 5 
	8.86 59.5 398 
	---
	0.0335 0.256 -
	-0.0510 -
	0.523 3.54 22.3 

	Embr)o-fecal Oe\'elopment (AB0321 7) Days G6 
	Embr)o-fecal Oe\'elopment (AB0321 7) Days G6 
	Rabbit (lllaternal) 
	0.2 (r.tal NOAEL) 0.6 (mntema! NOAEL) 2 
	2.24 7.52 25.7 
	---
	0.101 0.268 -
	0.284 0.813 -
	0.250 0.760 1.44 


	NOAEL • 00-Cbsen-.d-adv~-effect-.; -• noc detmmned. 
	lt\-..I

	• 
	• 
	• 
	Calculation = ratio ofAnimal Species Exposure (ng·hrlmL)IHnm.111 faposure (ng·hrlmL). 

	• 
	• 
	)lonclinical species exposure based on tbe analyte exposure coocenua1ion from 14-<lay bridging GLP-rorupliant PK Studies (rat [Report 1840-047 Day 14), tllouse [Report 1840-00l Day 14], rabbit [Report 1840-054 Day 14] and roocl:ey [Report 1840.043 Day 14D. 


	' Total active dmgnnrltip~is runrulaii\>e "'P"S"tt ofozanimo<t+Cel12273+CC1084037 di\'idod by tocal hum.1n ozanimod+CCI 12273+CC1084037. Th~3 contnbule to 94% oftocal acti\'ee"P"sure of tbe drug in hum.= (Report RPCOl-1914). 
	• Cotllbined Sex <>pOS\ll'es for all studies except for EFD studies Report AB03215 aJJd Report AB032 l 7 where fetllale e"P"sures are presec1ed. Note: Mean Expo&nre Multiples are presemed ~'itb3 significant figures. 
	Based on the margins provided in Table 48 (above), exposure to the parent and the three major human metabolites equaled or exceeded the clinical exposure at the MRHD in the chronic studies conducted in rat and monkey. Adequate coverage for ozanimod and the three major metabolites was achieved in the 6-month carcinogenicity study conducted in mouse. In the 2-year carcinogenicity study conducted in rat, adequate exposure (> 50% exposure at the MRHD) to the parent, RP101124, and CC112273 was achieved; exposure
	Table 48 (above) does not specifically address exposure to the parent and major human metabolites in the fertility and PPND studies conducted in rat. However, the HD tested 
	in the fertility study conducted in rat, 30 mg/kg, was the same as the HD tested in the 26-week study in rat; adequate coverage of parent and all 3 major human metabolites were achieved in the 26-week study. At the HD in the PPND study (2 mg/kg/), which was also the HD in the 2-year carcinogenicity study conducted in rat, adequate exposure to ozanimod, CC112273, and RP101124 was achieved; exposure to CC1084037 was inadequate. 
	TK parameters for the HD in the JAS, 10 mg/kg, are provided in the sponsor’s table (below); adequate coverage for ozanimod and the three major human metabolites was achieved at the HD. 
	Figure
	Overall, while not consistently represented at adequate levels in all pivotal studies conducted with ozanimod, the parent and major human metabolites were adequately assessed in at least one species in chronic general toxicity, carcinogenicity, genotoxicity, juvenile animal, and reproductive and development studies, except in the two following cases: 
	. RP101124 was not studied in an in vitro chromosomal aberration study (detailed discussion in genotoxicity summary, below). 
	. CC1084037 was not adequately assessed in the PPND study conducted in rat. Although TK assessment was not conducted in this study, the 14-day bridging study conducted in rat demonstrates that CC1084037 exposure was 0.137-fold the exposure at the MRHD (sponsor’s table, below). 
	Figure
	In the toxicology written summary, the sponsor acknowledged the lack of adequate exposure to CC1084037 in the PPND study. The sponsor’s rationale for not performing additional testing of CC1084037 is based on the fact that CC112273 and CC1084037 readily interconvert and that the combined levels of these metabolites should be used to assess if there was adequate coverage. This is not considered to be an adequate argument for accounting for the safety of an individual metabolite. CC1084037 is a major human me
	Figure
	Based on the result of this study, it appears that it is not feasible to achieve, by direct oral administration of the metabolite, systemic exposure to CC1084037 that exceeds levels achieved by oral dosing with up to 800 mg/kg ozanimod. However, it does appear that direct dosing with CC1084037 can achieve systemic exposure that equals or 
	Based on the result of this study, it appears that it is not feasible to achieve, by direct oral administration of the metabolite, systemic exposure to CC1084037 that exceeds levels achieved by oral dosing with up to 800 mg/kg ozanimod. However, it does appear that direct dosing with CC1084037 can achieve systemic exposure that equals or 
	exceeds the clinical exposure at the MRHD (13.2 ng*hr/mL), thereby suggesting that assessing the safety of the metabolite in a PPND study may be feasible. Since tolerability of repeat oral dosing of CC1084037 is unknown, a preliminary dose range-finding study would be recommended prior to initiating a pivotal PPND study conducted with CC1084037. It is recommended that the sponsor attempt to address the safety of CC1084037 in the pre- and postnatal development period as a post-marketing requirement. 

	To summarize, based on the available nonclinical data, the levels of ozanimod and the major human metabolites achieved in the nonclinical studies allow for an adequate assessment of their toxicity, except for assessment of the effect of CC1084037 in the PPND study and the assessment of RP101124 in an in vitro chromosomal aberration study. 
	: 
	Ozanimod-related Effects Observed in General Toxicity Studies

	Ozanimod was pharmacologically active in the nonclinical species (rat, monkey, rabbit, mouse) used to conduct the pivotal toxicology studies. Consistent with the established pharmacological activity of ozanimod, a reversible leukopenia occurred in rats, monkeys, rabbit, and mouse; a NOEL was not determined as the finding was present at the lowest doses tested (0.2 mg/kg in rat, 0.1 mg/kg in monkey, 0.2 mg/kg rabbit, 0.4 mg/kg mouse). Leukopenia was primarily due to a marked decrease in lymphocytes, but also
	The ozanimod-related decrease in circulating leukocytes was associated with a reversible decrease in lymphoid cellularity of the spleen and an alteration in thymic differentiation in rats and monkey. In rat and monkey, lymphoid depletion in the spleen was evident at all doses tested in the pivotal general toxicology studies. The NOEL for decreased ratio of cortex to medulla in the thymus in the monkey was the lowest dose tested in the 39-week study, 0.1 mg/kg. At all doses tested, loss of corticomedullary d
	Lung was also a consistent target of ozanimod in rat and monkey. Increased lung weight and pulmonary macrophage infiltration were the most common ozanimod-related finding in the respiratory system. The NOEL for findings in the lung were the lowest dose tested in rat and monkey, 0.2 mg/kg and 0.1 mg/kg; these doses were also considered the NOAEL in the pivotal chronic general toxicity studies. Pulmonary edema was observed at the high dose in the 26-week study conducted in rat; pulmonary edema was not reporte
	Exposure levels for all three major human metabolites that were associated with leukopenia, splenic lymphoid depletion, and pulmonary findings (except for RP101124 in the case of pulmonary edema) are similar to those expected to be achieved in humans at the MRHD. The clinical exposure margin to the NOEL for pulmonary edema 
	Exposure levels for all three major human metabolites that were associated with leukopenia, splenic lymphoid depletion, and pulmonary findings (except for RP101124 in the case of pulmonary edema) are similar to those expected to be achieved in humans at the MRHD. The clinical exposure margin to the NOEL for pulmonary edema 
	observed in rat (2 mg/kg) was < 1 for CC112273 and CC1084037; the clinical exposure margin to the other major human metabolite, RP101124 was 220-fold. 

	: 
	Genotoxicity of Ozanimod and Metabolites

	Since ozanimod is extensively metabolized, the sponsor conducted an in vitro bacterial reverse mutation assay and an in vitro chromosomal aberration assay on the parent, CC112273, and CC1084037; RP101124 was only assessed in a bacterial reverse mutation assay. Except for CC1084037, which was positive in the in vitro chromosomal aberration assay, in vitro genotoxicity assessment of ozanimod and its metabolites were negative. The parent was negative in an in vivo micronucleus assay conducted in rat. The circu
	Carcinogenicity of RPC1063: 
	Carcinogenicity of RPC1063: 

	The 2-year carcinogenicity study conducted in rat was negative for drug-induced neoplasia. At the highest dose tested, exposure to ozanimod and RP101124 were 126- and 212-fold higher than exposure at the MRHD. However, the levels of CC112273 and CC1084037 achieved at the high dose tested in the 2-year carcinogenicity study conducted in rat (2 mg/kg) did not exceed clinical exposure at the MRHD (0.623- and 0.176-fold, respectively). Systemic exposure to ozanimod and the three major human metabolites in the 6
	: 
	Reproductive and Developmental Effects of Ozanimod

	An adequately designed battery of studies was conducted to assess the reproductive and developmental effects of ozanimod. In the pivotal fertility study conducted in rat, there were no drug-related effects observed up to the HD of 30 mg/kg. At this dose, the systemic exposure to ozanimod and the 3 major human metabolites, RP101124, CC112273, and CC1084037, exceeded the clinical exposure at the MRHD (2550-, 4180-, 14-, and 3-fold, respectively). 
	Embryolethality and developmental effects were observed in rat and rabbit fetuses exposed to ozanimod and its metabolites in utero. The fetal NOAEL in rat, 0.2 mg/kg, was associated with exposures to ozanimod and RP101124 that were higher than clinical exposures at the MRHD (9- and 17-fold, respectively). Clinical exposure to CC112273 and CC1084037 is expected to exceed exposure at the NOAEL in the rat EFD study. A NOAEL was not determined in the EFD study conducted in rabbit, based on the occurrence of mal
	Reproductive & Development Summary 
	Reproductive & Development Summary 
	Reproductive & Development Summary 
	Clinical Margin for Metabolite(Fold) 

	Finding 
	Finding 
	Species
	 NOEL (mg/kg) 
	Ozanimod 
	RP101124 
	CC112273 
	CC1084037 

	Caudal vertebrae, malposition 
	Caudal vertebrae, malposition 
	Rabbit 
	< 0.2 
	< 2 
	ND 
	< 0.1 
	< 0.3 

	Incomplete Ossification 
	Incomplete Ossification 
	Rat 
	0.2 
	10 
	17 
	0.04 
	0.003 

	Rabbit 
	Rabbit 
	0.2 
	2 
	ND 
	0.1 
	0.3 

	Sternebra, misshapen/ malposition 
	Sternebra, misshapen/ malposition 
	Rabbit 
	0.2 
	2 
	ND 
	0.1 
	0.3 

	Artery, Malformed or absent 
	Artery, Malformed or absent 
	Rabbit 
	0.2 
	2 
	ND 
	0.1 
	0.3 

	Embryo lethality 
	Embryo lethality 
	Rabbit 
	0.6 
	8 
	ND 
	0.3 
	0.8 

	Rat 
	Rat 
	1 
	70 
	110 
	0.3 
	0.09 

	Anasarca 
	Anasarca 
	Rat 
	1 
	70 
	110 
	0.3 
	0.09 

	Testes, malposition 
	Testes, malposition 
	Rat 
	1 
	70 
	110 
	0.3 
	0.09 

	Cleft Palate 
	Cleft Palate 
	Rat 
	1 
	70 
	110 
	0.3 
	0.09 


	ND= not determined 
	In the pre- and postnatal development (PPND) study conducted in rat, hyperactivity (manifesting as increased motor activity in the open field assessment) and increased sensitivity to touch in the F1 generation were the only drug-related findings; the NOAEL was 0.7 mg/kg. As discussed above, CC1084037 was not adequately assessed in the PPND study, exposure was 0.137-fold the exposure at the MRHD. Exposure to ozanimod and RP101124 at the PPND NOAEL exceeded the clinical exposure at the MRHD by 30- and 40-fold
	In the pre- and postnatal development (PPND) study conducted in rat, hyperactivity (manifesting as increased motor activity in the open field assessment) and increased sensitivity to touch in the F1 generation were the only drug-related findings; the NOAEL was 0.7 mg/kg. As discussed above, CC1084037 was not adequately assessed in the PPND study, exposure was 0.137-fold the exposure at the MRHD. Exposure to ozanimod and RP101124 at the PPND NOAEL exceeded the clinical exposure at the MRHD by 30- and 40-fold
	levels less than the clinical exposure (0.6-fold) at the MRHD but was within 50% of the expected clinical exposure and therefore considered to be adequately assessed 

	(sponsor’s table, below). 
	Although not required to support the use of Zeposia in adults, the sponsor provided the .final study reports for a 14-day dose range-finding and a 10-week pivotal juvenile animal .study (JAS), both conducted in rat. Feedback regarding the design of the pivotal JAS .was provided in a March 1, 2016, Pediatric Study Plan communication between the .Division of Gastroenterology and Inborn Error Products. Neither the need to include a. complex learning and memory assessment nor a reproductive function assessment 
	:. The nonclinical package provided in the New Drug Application for Zeposia (ozanimod) .is considered to be adequate to support approval, with one caveat. Since CC1084037 .was not adequately assessed in the pre- and postnatal development study conducted in .rat, it is recommended that the sponsor assess the impact of this metabolite in a pre- .and postnatal development study as a postmarketing requirement. .
	Summary and Recommendation

	Signature Page 1 of 1 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	CHRISTOPHER D TOSCANO 03/09/2020 02:07:28 PM 
	LOIS M FREED 03/10/2020 08:49:36 AM 






