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MEMORANDUM 
DEPARTMENT OF HEALTH & HUMAN SERVICES 

Public Health Service
    Food and Drug Administration 

Division of Neurology 2 
Division of Pharmacology/Toxicology 
Office of Neuroscience 
Center for Drug Evaluation and Research 

Date: March 24, 2020 

From: Lois M. Freed, Ph.D. 
Supervisory Pharmacologist 

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 
metabolite that was stated to account for the majority ( (b) (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 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 RMS. 

Following oral administration of ozanimod in humans, two major metabolites are formed, 
CC112273 and CC1084037; both are active at S1P1

(b) (4)
 and S1P5 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 

(b) (4)account for % of total circulating drug-related material in humans; however, because of the 
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long ti12 of 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 
SlP1 (nM\ Sl Ps (nM) 

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 
CCl 12273 2.77±0.30 2 .82±0.27 2.99±0.17 310.60±28.93 29.32±1 .98 

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; both enantiomers have sirnilar binding affinity; **rat S l 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) 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 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: 

DOSES MALES FEMALES 
<IW!:lk2.Iday) 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 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 MALES FEMALES 
(mg/kg/day) CC112273 CC1084037 CC112273 CC1084037 

0.2 2.31 0.069 2 .25 <LLOO 
2 43.2 2.80 40.4 1.8 

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 anisocytosis/anisokaiyosis and basophilia of the proximal 
tubule), and adrenal c01tex hype1t rophy. 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 obse1v ed; 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 MALES FEMALES 
(m2/k2/dav) 28-dav 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 2988 
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) 

CC112273 CC1084037 

0.15 21.2 4.83 
1 203 42.9 

15 4100 947 

Reproductive and Developmental Toxicology 

A standai·d battery of reproductive and developmental toxicology studies was conducted for 
ozanimod (fe1t ility and eai·ly embryonic development (to implantation) in rat, emb1yofetal 
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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. 

STUDY DOSE 
(mg/kg) OZANIMOD CC112273 CC1084037 

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 
RPC01-1001 0.92 mg 4.776 67.097 (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 
S1P5 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 S1P1 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 S1P1 and S1P5 
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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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 S1P1 and S1P5 receptors. 

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: 
 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. 
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1.3 Recommendations 

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 appl ication, 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 th is 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 Label ing 

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 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 CbH

45 

(b)(4j 

Int e U.S. general population, the 
estimated background risk of major 
birth defects and miscarriage in cl inically 
recognized pregnancies is 2% to 
4% and 15% to 20%, respective ly. 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 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/m2 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 m , on am /m2 basis. Hi her 
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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

Data 
Animal Data 

(b) (4)

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 
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 2­
times higher than the maximum 
recommended human dose of 1 mg, on a 
mg/m2 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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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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)

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/m2 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. 

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 
ZEPOSIA or from the underlying maternal 
condition . 

8.3 Females and Males of 
Reproductive Potential 
Contraception 
Women of ch i 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 ch ildbearing 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 
ch ildbearing 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 establ ished. 

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, CC112273, and CC1084037) 
at the highest dose tested, 1 O mg/kg/day, 
was 582-, 1131-, 3-, and 1.1-fold greater, 
respectively, than exposure at the 
maximum recommended human dose of 
1 m . 

12.1. Mechanism of Action 
Ozanimod is a sphingosine 1-phosphate 
receptor modulator, which binds 
with high affinitYt (bH 

4
l 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 
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mechanism by which ozanimod exerts 
therapeutic effects in multiple sclerosis 

(b)( 
41 is unknown but may involve the 

re uction of lymphocyte 
migration into the central nervous system. 

~-~
---------------.(bH4Y 1 and 5.I 

13 Nonclinical Toxicology 
13.1. Carcinogenesis, Mutagenesis, 
Impairment of Fertility·------, 4 

(b)< 

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

4l 
(b)(411 

I (b)(j~he 
mechanism by which ozanimod exerts 
ther~peutic effects in multiple sclerosis 

41L <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 
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 . 

8 


Reference ID 4572440 
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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/m2 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
 

(b) (4)
Pharmacology 

This section should be eliminated. 

10
 

Reference ID: 4572440 



 
 

 

 

 
  

 

 
 

  
  

NDA # 209-899 	 Christopher D. Toscano, Ph.D., DABT 

2 Drug Information 
2.1 Drug 
CAS Registry Number: Base: 1306760-87-1; HCl 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: C23H24N4O3•HCl 
Molecular Weight: 440.92 Da 
Pharmacologic Class: Sphingosine 1-phosphate receptor (S1P) agonist 
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), (b) (4)

(b) (4)

	 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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T:ctble 1: Expression of Dos:ctge Strengths 

Ozanimod HCllRPC1063 Ozanimocl (actiYe moiety) 

0.25 mg 0.23 mg 

0.5 mg 0.46 mg 

I mg 0.92 mg 

T:ctble 2: Composition of Oz:ctnimod H Cl C:ctpsules 

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 p er L'nit (mg) 

0.25 mg 0.5 mg 1.0 mg 

0.25 0.50 1.00 

(b)(4l 

NF/Ph .Eur./JP 

Colloidal silicon dioxide NF/Ph.Eur./JP 

Croscam1ellose soditun 

Magnesium stearate 

NF/Ph .Eur./JP 

NF/Ph.Eur./JP 

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>< 
4 
>is controlled at 4>% and is qual ified at levels of 4>% in the chronic 

stud~.i~e-s con-ducted in rat and monkey. Except for (b)(
41 

, all potentially genotoxic ___
impurities were negative in an adequate in silico assessment. (b)( 

41 was positive 
for mutagenicity using the CASE Ultra program; follow-up testing in an adequately 
conducted bacterial reverse mutation assay demonstrated that (b)( 

41 was not 
mutagenic (AE81YV.5021CH (b>< 

4 
\ 

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: 

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

(b) 
(4)developmental, and carcinogenicity studies). RP112273, estimated to account for % 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, 
 Seifried, AS, SPA Agreement Memo, December 18, 2014, IND 109,159 

(b) (4)

 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 
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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 S1P1 and S1P5 receptors, the mouse S1P1 receptor, and the rat S1P1 
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 S1P3 receptor. 
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Table 2: Human Sphingosine I -phosphate RKeptor Binding Data 

Compound Human SlP1 Human SlPi Human SlPJ Human SlP, Human SlPs. 

ECso B . re,. L\ ECso B . EC so L-\ ECso (n.\1) L.\ 
(nM) (oM) (~I) (~I) 

SIP 33.18 ± IOO 213.06 = IOO 1.56 = O_ll IOO 550.90 ± IOO 7.32 ± 0_83 IOO 
0_83 12.2I 25_24 

Ozanimod I.03 = 9 L9 = 1.9 > I0,000 28_1 :r; 26I8 ± 203 47.5 ± 2_7 .. I0.000 371 ± 0.5 10_66± 029 97-4 = 5_0 
o_I6 0.7 

ccn:: 3 2.99 = 85.9= 2.9 >10,000 l\"R > 10.000 l\"R > I 0.000 :\"R 29.32 :i:: I .98 69.S = 5.0 
0.17 

CC1084037* 0.10 = 85.3 = 1.6 >10,000 l\"R 2-H 4::749 .. n.o= > I 0.000 :\"R 3.02 = 0.16 86.5 = 6.S 
0.01 13.0 

RP101114 >10.000 11.8±1-7 >10,000 l\"R > 10.000 l\"R > 10.000 :\"R > 10.000 15.8±3.7 

RP 10I075 0.35 = 85_6 = 1.9 >10,000 3(;_8 :r; I0.000 ~'"R. 180 1 ± 54.l ± 43 4-49 ± 0.67 74_8 = 6-4 
0_0 1 l.l 3 17 

RP 101988 0.33 = 8S_8 = 3.8 I0,000 ~ 2773 ± 379 44.1 ±9_0 10.000 11-2 ± 1.3 '.29_15 ± 125 79_9 = 53 
0_0 1 

RP 10I+12 3.30 = 87_0 = 2.9 >10 .. 000 ~'"R. • I0.000 ~'"R. • I0.000 NR 44_77 ± 5.10 69_0 = 6_8 
0_25 

RP112289 9.28 = 68_2 = 1.8 ·~ I0,000 ~ 10.000 ~ • 10.000 NR 43_5 1 ± 3.66 38_4 = 2_0 
0_79 

RP 112509 I0.51 ± 87_6 = 0.9 ">10,000 ~ • I0.000 ~ • I0.000 NR 68_98 ± 5.67 54 .. 2 = L4 
U3 

EC» = concentration at which so• 0 of maximal actn•ty IS obsen-ed: L4. = mtrur;ic acbnty <:' 0 relatn-e to SIP re..-ponse); ~=no respom;e (Mean ~oE...,. < 1o•0 
where E maa is the maximal re::.ponse achieved relati\·e to the intern.al po.m1ve control ~hmgosme 1-pho~hate); S IP= sphingo::.ine I-phoophate~ SI P1. S l P2, 
S l P;.. S IP: , or SlPs = sphingo::.me l-phoophate receptor 1, 2, 3. 4, or 5, r~,,ecti\·ely. Data are exp!'e5~d as mean and stmd.ard error of the mean (SEM).. N = 3 
to 6 independent e.'tperiments. 

Italic = rrupo11s6 aC"hirn·ed at the top test C"ompound conC"entrario11of10.000 nJf. 
Bold = m ajor huma n metabolitH that contribute > 10% of the total drug-rel:a ted exposure in the p l:um :i. 
• CC1084037 is a racemate. Rand S enantiom.ers ofCCI084037 an! equally potent min \"itro as::.a~ (R.epon RP-PH-0 1-l) . 
Source: Repo11 RP-PH-0 10_ 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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Table 3: ~louse Sphingosine I -phosphate Re<"eptor Binding Data 

Compound :\Iouse SlP1 Mouse Sl P1 Mouse SlP3 :\Iouse SIP" Mouse SlPs 

ECso B. ECse L\ ECse 1-\. ECso B . ECse L-\. 
(~!) (~1) (JL\1) (nM) (nM) 

SlP 26.26± 100 35.8-t ± 100 9.19 : 0.97 100 455.6 ± 100 21.73 ± 100 
2.38 !AO 124.2 '.1.13 

Ozanimod 0.90 : 92.0 = 2.1 >10,000 11.9 ± 0.6 10.000 ~ >10,000 48.5 ± 4.5 1048.80± 86.4 =1.3 
0.'.1 1 160.22 

CCll?? 3 ?. = 86.1 = ·U >10,000 :"\"'R >10.000 :"\"'R >10,000 XR 310.60 = 15.0 %1.8 
0.30 ?8.93 

CC1084037*- 0.16 = S3.? = ?.:. >10,000 :"\"'R >10.000 :"\"'R >10,000 XR 164.07 = 70.3 % ?.? 
0.01 35. 1 

RP1011?4 >10,000 l\"'R >10,000 :"\"'R >10.000 :"\"'R >10,000 :\"'R > 10,000 :"\"'R 

RP101075 0.28 : 85.8 = 3.5 >10,000 11.7 ± 0.8 • 10.000 11.0±1.2 ,,3333 77.0± 6.6 380.98 = 67.9±4.l 
0.02 125.24 

RP101988 0.38 = 87.3 = 2.3 >10,000 .VR. >10.000 11.0 :: 2. 2 .,10,000 NR >3.333 55.2 ± 8.6 
0.02 

RP101442 2.86 : 86.5 = l.2 .>10,000 NR - 10.000 ~R >10,000 NR 453.23 = 9.2 ± 0.7 
0.13 240.61 

RP112289 8.43 = 71.8 = 1.3 ">10,000 NR >10.000 ~ '> }0,000 NR ::-10.000 NR 
1.12 

RP112509 10.59 ± 86.7 : 3.3 >10,000 NR 10.000 ~ >10,000 NR .>10.000 NR 
l.82 

EC,., = concentration at which 50°0 ofm.aximal actn•ty :i:.;. obsen-ed: IA = mtr=1c actinty~ o relatixe to S IP re..-pouse); ~= no re:pon:;e (Mean °o:E_. c.. 10~ •. 
where E- is the maximal ~n:;e achieved relati\"e to the 1.JUem.al poslD\"e control ~hmgosine 1-phosph.ate) : S I P = sphingo~ 1-ph~te~ SlP1. S IP2, 
S IP>. SIP4, or SlPs = sphingosme ! -phosphate l'"l!ttptor I, 2, 3. 4. or S, ~pectinly. Dara are exprezed as me.an and stuidard error of the mean (SEM), N = 3 
to 6 independent experimenb. 

Italic = rtJ.sponse aC'hien·e.d at rlie top test C'ompound conC'enrrarion of 10.000 nJI. 
Bold= m 3jor human metabolite~ that contrib ute > 10% of the total drug-related exposutt iD the p lasma. 
' CC108-t037 is a racemate. Rand S enannomen ofCC108-t037 are equally potent m in vitto assay.. (R.epon RP-PH-0 14). 
So~e: Report RP-PH-010. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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Table -1: Rat Sphingosine I -phosphate Receptor Binding Data 

Compo und Rat SlP1 Ra t SlP2 R.1t SlP3 Rat SlP4 

£ C50 (nM) L\ ECs.(nM) L-\ ECs. (n...~1) L-\ £ Cso (oM) L-\ 

S lP 21.7'.2 : 0.90 100 10.60 : 0.57 100 3.30 ± 0.98 100 163.65± 100 
23.66 

Ozan.cm.ad 1.02 = 0.14 90.9 = 2.7 10,000 13.3 = 1.0 10,000 ~rR. ~ 3,333 70.3 ± 5.2 

CC111273 2.81 = 0.17 83.S = 3.0 >10,000 1\R >10,000 l\"R >10,000 :'.\"R 

CC1084037s 0.17 = 0.02 SU = 3.5 >10,000 l\"R >10,000 l\"R >10,000 :'.\"R 

RP101124 >10.000 I\"R >10,000 l\"R >10,000 l\"R >10,000 :'.\"R 

RP10I075 0.31 : 0.02 88.7 = 6.I 10,000 13.6 = 1.1 10,000 ~rR. •3,333 72.6 ± 9.0 

RP10I9SS OA0 : 0.02 85.5 = 0.4 ->10,000 ~1:R. ">l 0,000 10.8± 6.0 -> I0,000 32.0 ± 7.3 

RP10I+42 3.49 : 0.23 89.2 = l.l .. 10,000 ~1:R. 10,000 XR. ,. I0,000 NR 

RP1I22S9 9.20 : OAS 71.7 = 3.9 ">l 0,000 XR ">l 0,000 XR. ->I0,000 NR 

RP112509 10.89 = l.61 86.2 = 3.5 10,000 ~1:R. ~ 10,000 XR. ,. I0,000 NR 

EC» = concentration at which 50,o of maxi:mal adn-ity C; obse.n;ed.; L~ = mtrllcic actn-ity (9 o re.latfr·e. to SIP reo,-pcmse); ~=no re~pon:;e (Me.an ° o:E..n < 10° o. 
whe.re. E .. _ is the maximahespoc:;e acbie.\"ed re.lati-.·e to the intern.al pcrative control. sphmgosine I-phosphate : S l P = sphingo:cine I-phosphate; S 1P1. S l P:i, 
S IP.lo or S 1P4, = sphingo.;:me I-phosphate. receptor l. 2, 3, or 4, rb-pectn-e..ly. Data are E!.."'CJ>l"E!$Se.d a:; mNn and :tmchrd e.m>r of the me.an (SEM), ~ = 3 to 4 
indepe.nde.nt e.xperime.nh. 

Iralic = rruporue achif.rn:d at rhe top tu.st compound concEmlTarion qf 10.000 n.if. 
Bold = m:ajor huma n metabolites lh :at contribute > 10% of the tom! drug-related exporore in the pbsm a. 
• CCl Os.i037 l!> a racemate.. R. and S e.nannom~ ofCCl Os.i037 are equally pote.nt in m "-iao a:;sa}~ (R.epon RP-PH-014). 
Source: R.epon RP-PH-010. 
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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). 

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 S1P1, not S1P5, 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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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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. 

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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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 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 determined in a follow-up assay (CC-DISC-ET-2926). When 
tested at concentrations of up to 10 µM, CC1084037 bound to the human adenosine 3 
(A3), melatonin (MT1), sigma, and GABA-gated chloride channel receptors; a follow-up 
study demonstrated an IC50 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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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

  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; RPC­
1063-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 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 (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). 

  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 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. 
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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 Tmax of ozanimod 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. 
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The half-life of ozanimod in pregnant NZW rabbits was 5-6 hours after oral dosing (1840­
024); circu lating 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\I ean Steady-State Exposm·e of Ozanim ocl 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 ::\umb er) (ng·lu lmL) (ng·h1·/mL) (ng·lu·/mL) (ng·hr/mL) 

M F M F 1\1 F M F 

0.2 
3 1.5 59.9 27.2

(NOAEL) 
57.8 -­ - -­ -

Rat 

26-week Repe.ated Dose 2 649 805 616 750 -- -- -­ -­
(71357) b 

1510 1467
30 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 (maternal) 

l 
Embryo-fetal Development -­ 209 -- -­ -­ - -- --

(AB03215)b 
(NOAEL) 

5 -­ 1420 -­ -­ -- - -- -­
0.2 -­ -- -- -- 2.3 1 225 0.069 NC 

R..'lt 14-Day Bridging PK 1 -­ -­ -­ -- 20.3 17.2 1.13 0.678 
Study 

(1840...047)b 2 -- -- -- -- 43.2 40.4 2.80 l.82 

30 -­ -­ -- -- 1100 879 49.3 32.7 

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 Steady-f>tate exposures were measured on Day 178 for Snldy 7 1357. Day 185 for Snldy l 72515, DayG17 for 
Study AB03215, and Day 14 for Study 1840-047. 

b Study is GLP compliant. 
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Table 11: :\l ean Steady-State Exposur e of Ozanimod and its :\Iajor i\Ietabolites in 
Repeat-Dose Studies in :\lice 

Species 

Srudy 

(S tudy number) 

Dose 
:'.\foust- Strain 

(mg/kg/day) 

Oza nimod 

(ng·hr/mL) 

M F 

Steady-Sta tt' Exposure' 
(ng·hrfmL) 

RP101124 CC112273 

(ng ·hr /mL) (ng·hr/mL) 

M F :'.\J F 

cc1os .io37 

(ng ·h r/ mL) 

:\-I F 

Mouse 
0.4 192 168 8.68 17.0 -­ - -- -

28-Day Toxicity 
Snidy 

(72207)b 

4 

80 

2030 

41200 

1790 

32300 

126 

3210 

186 

3960 

-­

-­

-

-

-­

-­

-

-­

Mouse 

6-month 
Carcinogenicity 

8(NOAEL) 

25 

9410 

29900 

6590 

19700 

-­

-­

-­

-­

--

-­

-­

-

-­

-­

-

-
(AE1SBZ.7G8R. 

(b)(4}b 
80 89323 65500 -- -­ -- - -- -

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

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 

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

F = female; M = male; - =not available; NOAEL = no observed adYerse effect level. . 
• Steady-state expOSUt'e was measured at Day 28 for Srudy 72207, Week 26 for Study AE18BZ.7G8R (b)(

4l and 
Day 14 for Smdy 1840-040. 

' Study is GLP compliant. 

Table 14: i\Iean Steady-State Exposure of Ozanimod and its i\Iajor ActiYe Human 
i\Ietabolites in Repeat-Dose Studies ofOza nimocl in Cyuomolgus i\Ioukey 

Stead y Sta te Exposure-' 
(ng·hr /mL) 

Dose­
Study/Sp e-cie-s 

(mg/kg/d ay) Ozanimod RP101124 CClll273 CC 108403 7 

(ng·hr /mL) (ng·hr/mL) (ng·hrfmL) (ng·hr /mL) 

M F :'.\I F M F 1\1 F 

0.1 (KOAEL) 19.8 25.4 0.578 2.81 - -Monkey 

39-week RepeatedDose 
 61.41 208 199 56.1 - - -

(30477) ' 15 3530 3730 774 827 - -
4.37 

Monkey 
01 - 20.9 21.5 5.3 

45.41 212 194 405-
14-Day Bridging PK Study 

(1840-043) ' -
3670 452015 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. 
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  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.  

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). 

26


Reference ID: 4572440 



  
 

   
  

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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). 
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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 [14C]-ozanimod in Lister Hooded pigmented rats (RCT/01). 
The highest levels of radioactivity were detected in the GI 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). 

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 CYP1A1 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. 

Excretion: The majority of dosed radioactivity was excreted via feces (83%), with urinary 
excretion (5-8%) being a minor component, when [14C]-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 (IC50: 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 (IC50: 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). 

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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c_ AUCw. 
..., of 'M:I of 

T_, c- AUC•a. Total Total Gender Analyte Formulation ( RPC1063) (h) ( u H ) (SE) {uH'h) (SE) 
A90niS't •uc• (uH) (uH' h) 

AOC' 

Fenale low Dose • 0 .4 mg/kg/day 6.00 0.0409 0.0144 0.412 0 .0655 36.79 34.40 

RPC1063 HK! Dose • 4 "'9/kg/doy 6.00 0.442 0.138 4.43 0.627 41.79 33.51 

High Dos4 • 80 mvfkg/d•y ) .00 4.71 0 .258 79.9 2.SO 55.10 4$.66 

low Dose • o.• mg/kg/day 6.00 0.00678 0.00472 0 .0431 (. 0.0212" ) .85 3.60 

RP101075 Mld Dose • 4 "'9/kg/day 6.00 0.0591 0.0319 0.623 0.144 5 .88 S.42 

H;gh Dose • 80 mvfkg/doy 12.00 0.992 0.0777 18.9 0.822 13.03 11.51 

low Dos4 • 0.4 mg/kg/0.y NC NC NC NC NC NC NC 

RP101442 MK! Dose • 4 nxfig/d•Y 12.00 0.000867 0 .000537 0.0135 0.00552 0.1) 0.12 

H;gh Dose • 80 nxfig/doy 1.00 0.0571 0 .00640 1.28 0 .0583 0 .88 o.n 
low Dose • 0.4 mg/kg/day 6.00 0.132 0 .126 0.634( 0.566' 56.61 52.93 

RPIOl988 Mid Dos4 • 4 ""911<9/d•Y 6.00 1.07 0 .99) 5,50 4.47 51.89 47.81 

H;gh Dose • 80 nxfig/d.y 1.00 3.35 0.323 45.3 6.33 31.24 27.59 

low Dose • 0 .4 mg/kg/day 6.00 0.179 0.145 1.12 0.652 N/AP 93.51 

Totiiil Agonist MK! Dose • 4 "'9/kg/doy 6.00 1.57 1.16 10.6 5.23 N/AP 92.14 

High Dos4 • 80 mvfkg/d•y ) ,00 8.82 0.238 145 1.56 N/AP 88.)1 

low Dose· o.• mg/kg/0.y 6.00 0.0107 0.00202 0.0771 ' 0.0101' N/AP 6.4 9 

RP101124 Mld Dose • 4 "'9/kg/day 6.00 0.0971 0.0295 0.904 0.158 N/AP 7.86 

H;gh Dose • 80 nxfig/doy 6.00 1.57 0 .254 19.2 1.75 N/AP 11.69 

r«:; Not C.lcul.tod, N/ AP 1 lllot Apple.bit 
~ Total agoG.i.st AUC • combW.td.AUC for pbirmxo&opc:.aUy actn't sptO~ (i.t , R.PCIOO, R.P10107S, R.P10144l ud. R.P101988). 
l> Tot.al AUC = combm@d AUC for aD amlytes (i.e. mdadmi inacb\'f' mmbolite RPlOl 124). 

AUCO-T reported (mtl}te was BQL at 24 bours) 

- ---- ··--- - -··- - ·· · ·· - - --··---· ·-···-- - ---- - - - -- - - -·· i - -

r - c_ c-(sE) AUCo.24 AUCo-2• (SE) 
% of Total % of Total 

Gender Analyte Formulation ( R PC1063) Agon ist Aue • ( h ) ( uM) ( u H) ( uH*h ) ( uH' h) Allie • 

Male Low Dose • 0.4 mg/kg/day 3.00 0 .0407 0.00259 0.475 0.0261 69 .75 65.68 

RPC1063 Mid Dose • 4 mg/kg/day 3.00 0.413 0.0 139 5.0 1 0.221 68.44 63.16 

H;gh Dose · 80 mg/kg/day 12.00 5.10 0.386 102 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 11.8 1 

RP10 1075 Mid Dose • 4 mg/kg/da y 12.00 0 .0615 0.0034 1 1.07 0.0354 14 .62 13.49 

H;gh Dose · 80 mg/kg/day 12.00 2 .10 0.24 1 40. 1 2.41 B .59 2 1.6 1 

Low Dose • 0.4 mg/kg/day NC NC NC NC NC NC NC 

RP10 1442 Mid Dose • 4 mg/kg/da y 12.00 0.0024 7 0.000 120 0.0435 0.00317 0 .59 0.55 

H;gh Dose · 80 mg/kg/day 12.00 0 .098 9 0.00732 2.20 0.0998 1 .29 1.19 

Low Dose • 0.4 mg/kg/day 6.00 0 .0 169 0.0 128 0 .106 < 0 .0575' 15.57 14.66 

RP10 1988 Mid Dose • 4 mg/kg/da y 3.00 0.232 0. 150 1.20 0.377 16 .39 15.13 

H;gh Dose · 80 mg/kg/day 3.00 1.72 0.233 25.S 1. 10 15.00 13.74 

Low Dose • 0.4 mg/kg/day 6.00 0 .056 1 0.0 140 0.681 0.0660 N/ AP 94.16 

Total Agonist Mid Dose • 4 mg/kg/da y 3.00 o.692 0. 164 7.32 OA87 N/ AP 92.28 

H;gh Dose · 80 mg/kg/day 12.00 8.34' 0.497 170 5.28 N/ AP 9 1.59 

Low Dose • 0.4 mg/kg/day 6.00 0.0045 1 0.000404 0 .0422( 0.00548( N/ AP 5.84 

RP10 1124 Mid Dose • 4 mg/kg/da y 6.00 0 .0490 0.00816 0.6 12 0.0854 N/ AP 7,72 

H;gh Dose · 80 mg/kg/day 6.00 1.33 0.568 15.6 2.69 N/ AP 8.41 

NC: Not CalrulCJted.,. N/AP: Not Applicable 
a Total ago:itls:I: AUC = combined AUC forpb:umacologically active species (Le. RPC1063, RP101075, RP101442 and RP1019S.S). 
b Total AUC = combined AUC for all atl3})1es (i.e. including inactive me:iabolite RP101124). 
c AUCO· T reponed (ao:tly1e was BQL a1 24 bours) 
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AF00PS.2G3R. (b) (4): “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. 

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. 

32
 

Reference ID: 4572440 



RPC 1063 Toxicokine tic P arame te rs 

Cm., AUC0•24 

RPC1063 
Group Dose Tmax T 112 hr*ng/ 

Dav Number (mq/kol Sex (hr) (hr) nqlml 11M ml hr*11M 
1 6 0.2 M 4 8.9 3.21 0.008 37.0 0.091 
1 6 0.2 F 4 5.5 3.99 0.010 55.9 0.138 
1 7 2 M 4 4.6 40.3 0.100 453 1.120 
1 7 2 F 2 5.8 53.4 0.132 632 1.563 
1 8 30 M 4 6.6 595 ·1.47"1 8,740 21.6 ·12 
1 8 30 F 4 10.3 787 1.946 11, 100 27.448 

28 6 0.2 M 4 9.7 3.00 0.007 37.2 0.092 
28 6 0.2 F 2 6.3 7.94 0.020 91.2 0.226 
28 7 2 M 4 5.7 47.4 0.117 701 1.733 
28 7 2 F 2 8.7 98.2 0.243 1, 130 2.794 
28 8 30 M 12 NC' 773 1.911 13,300 32.888 
28 8 30 F 4 9.1 1,460 3.610 22,900 56.627 

' NC - 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 a re presented in the table below. 

RP-101075 Tox icokine t ic Para me te rs 

Cm., AUC0•24 

RPC1063 
Group Dose Tmax T 112 hr*ng/ 

Dav Number (mqlkol Sex (hr) (hr) nqlml 11M ml hr*11M 
1 6 0.2 M 4 8.9 3.14 0.009 36.3 0.101 
1 6 0.2 F 4 5.5 3.88 0.011 53.8 0.149 
1 7 ? M 1? Nr.' 4 <;4 non f\1 9 0 ??7 
1 7 2 F 12 NC 3.89 0.011 71.7 0.199 
1 8 30 M 12 NC 94.6 0.262 1,790 4.967 
1 8 30 F 24 NC 53.0 0.147 1.030 2.858 

28 6 0.2 M 4 14.7 0.768 0.002 14.5 0.040 
28 6 0.2 F 12 NC 0.928 0.003 17.2 0.048 
28 7 2 M 12 NC 11.0 0.031 200 0.555 
28 7 2 F 8 20.9 8.62 0.024 163 0.452 
28 8 30 M 12 NC 264 0.733 4,900 13.596 
28 8 30 F 12 NC 195 0.541 3,920 10.877 

-NC - Not calculated. Value could not be calculated by WinNonlin due to insufficient data points 
for the elimination phase. 
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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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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. 
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EDR 

May 11, 2011 

(b) (4)

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 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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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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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. 
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Table 3: Composite RP101075 To:ticokinetic Parameters 

RPC1063 
Ctu1·e-ut Analv<.:is1 Oi1itinal AJllll=is0 

Day Sex T= Tin ~ AUC..ui. c= AUCo.uJu (mg/kg/clay) 
!h.-\ llw\ (uM\ (uMxhr) (uM\ (uMxhr) 

1 0.2 M BQL BQL BQL BQL BQL BQL 
1 0.2 F BQL BQL BQL BQL BQL BQL 
1 2.0 M 12.0 DNS 0.0052 0.0939 0.00608 0.107 
1 2.0 F 12.0 DNS 0.0044 0.0853 0.00455 0.0927 
1 30.0 M 24.0 DNS 0.1162 1.9989 0.0988 1.80 
1 30.0 F 24.0 DNS 0.1055 1.7019 0.0821 1.69 

178 0.2 M 12.0 DNS 0.0015 0.010' 0.00181 0.0106 
178 0.2 F 4.0 DNS 0.0015 0.020' 0.00166 0.0116 
178 2.0 M 8.0 DNS 0.0197 0.3598 0.0234 0.421 
178 2.0 F 12.0 DNS 0.0164 0.3488 0.0206 0.414 
178 30.0 M 4.0 44.6 0.3135 6.8612 0.361 7.61 
178 30.0 F 1.0 53.5 0.5198 9.2683 0.466 9.32 

BQL - below assay limit of quanntanon; DNS - data not sufficient to esnruate TK parameter 
' A new LC-MS/MS method validated to measure RPC1063, RP101075, RP101988, RP 101442 and RP lOl124 was used; 
this analj•is was conducted 3.4 years after the em"liest sample. collection using samples stored at -80-C. 
'Apre;ious LC-MS/MS method validated to measure RPC1063, RP101075, and RP101442 \\as used; this anal}•is was 
conducted at the. time. the. toxicology study was completed. 
'AUC,,,, was used becauseRP101075 was below limit of assay quantification at 24 hours 

Table 4: Composite RP101442 To:ticokinetic Parameters 

RPC1063 
Cw1·e-ut Analvsis1 Oi1ginal AJllllysis• 

Day (mg/kg/clay) Sex T= Tin ~ AUC..ui. c_ AUCo.u"' 
/hr) {h,·) luM\ (uMxhr) (uM\ (uMxhr) 

1 0.2 M BQL BQL BQL BQL BQL BQL 
1 0.2 F BQL BQL BQL BQL BQL BQL 
1 2.0 M 24.0 DNS 0.0085 0.1435 0.00835 0.137 
1 2.0 F 24.0 DNS 0.0085 0. 1104 0.00833 0.106 
1 30.0 M 24.0 DNS 0.2959 3.5967 0.266 3.28 
1 30.0 F 24.0 DNS 0.2242 2.7863 0.206 2.48 

178 0.2 M 4.0 DNS 0.0040 0.0752 0.00408 0.0597 
178 0.2 F 8.0 DNS 0.0031 0.0636 0.00331 0.0598 
178 2.0 M 8.0 DNS 0.0673 1.2870 0.0815 1.45 
178 2.0 F 2.0 DNS 0.0427 0.9895 0.0495 1.07 
178 30.0 M 4.0 DNS 1.2811 29.0333 1.38 31.9 
178 30.0 F 4.0 74.6 2.5099 51.8265 2.58 56.0 

BQL - below assay limit of quanntanon; DNS - data not sufficient to esnruate TK parameter 
' A new LC-MS/MS method validated to measure RPC1063, RP101075, RP101988, RP 101442 and RP lOl124 was used; 
this anal}'is was conducted 3.4 years after the eMliest sample. collection using samples stored at -80-C. 
'Apre;ious LC-MS/MS method validated to measure RPC1063, RP101075, and RP101442 \\as used; this anal}•is was 
conducted at the. time the. toxicology study was completed. 
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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%) 

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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Dav 
1 
1 
1 
1 
1 
1 

28 
28 
28 
28 
28 
28 

Day 

1 

1 
1 

1 
1 

1 

28 
28 
28 

28 
28 
28 

Mean RPC1063 Toxicokinetic Parameters 

C m3x AUCo.2• 
Group RPC1063 Dose Tmax T112 hr*ng/ 

Number rma/kal Sex rhrl Chrl na/mL uM mL hr*uM 
2 0.15 M 3.5 7.4 2.76 0.00682 32.8 0.0811 
2 0.15 F 5.6 8.7 2.81 0.00694 37.3 0.0923 
3 3 M 5.1 6.6 61.4 0.152 862 2.13 
3 3 F 3.0 5.9 66.1 0.163 952 2.35 
4 30 M 7.2 10.8 429 1.06 6,830 16.9 
4 30 F 8.0 11.4 424 1.05 6,590 16.3 

2 0.15 M 4.8 5.9 2.35 0.00580 26.3 0.0651 
2 0.15 F 4.0 6.4 3.22 0.00796 35.3 0.0873 

3 3 M 4.0 7.0 55.3 0.137 681 1.68 
3 3 F 4.0 7.6 60.5 0.150 765 1.89 
4 30 M 4.8 13.1 515 1.27 8 ,070 20.0 
4 30 F 5.6 12.4 609 1.51 9560 23.6 

Mean RP-101075 To xicokinetic Parameters 

C.,... AUC0-2• 
RPC1063 

Group Dose T max T112 hr*ng/ 
Number {mg/kal Sex {hr) (hr) ng/mL uM mL hr•uM 

2 0.15 M 6.7 NC1 0.340 0.000943 3.34 0.00930 

2 0.15 F 4.0 NC 0.116 0.000322 0.71 1 0.00197 
3 3 M 10.4 5.3 9.71 0.0269 147 0.408 

3 3 F 11.2 4.5 11.0 0.0306 154 0.428 
4 30 M 12.0 NC 130 0.359 2,180 6.04 

4 30 F 16.8 NC 158 0.437 2,710 7.52 

2 0.15 M 6.0 8.2 0.462 0.00128 3.76 0.0104 

2 0.15 F 5.0 NC 0.415 0.00115 2.55 0.00707 
3 3 M 8.0 5.8 10.1 0.0281 130 0.360 

3 3 F 8.0 6.0 8.27 0.0230 111 0.307 
4 30 M 7.2 22.2 183 0.508 3,440 9.56 
4 30 F 6.4 21 .3 352 0.976 6.870 19.1 

1NC = 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. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

42
 

Reference ID: 4572440
 



  

 
  

 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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). 
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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. 

44
 

Reference ID: 4572440 



Mean RP-101075 Toxicokinetic Parameters 

Cm., AUCo-24 
RPC1063 

Group Dose T.,.,, T112 hr"ng / 
Dav/Week Number lmn/knl Sex lhrl fhrl nnlml uM ml hr..-uM 

Day1 2 0.15 M 8.0 NC ' 0.347 0.000963 1.39 0.00386 
Day1 2 0.15 F NC NC 0.000 0 .000 0.000 0.000 
Day1 3 3 M 8.0 6.3 13.6 0.0377 175 0.486 
Day1 3 3 F 8.0 6.7 17.0 0.0472 247 0.685 
Day1 4 30 M 20.0 NC 127 0 .352 2,010 5 .58 
Dav1 4 30 F 24 .0 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 5 .9 16.3 0.0452 205 0.569 
Week 13 3 3 F 10.7 4.0 22.5 0.0624 292 0.810 
Week 13 4 30 M 8.0 NC 813 2.26 11,900 33.0 
Week 13 4 30 F 8.0 NR2 590 1.64 11 700 32.5 

NC - Not calculated. Value could not be calculated by WmNonlm due to no non-zero concentration values 
or to insufficient data points for the elimination phase. 
2NR = Not reported, due to extensive extrapolation or poor goodness-of-fit (R2<0.8) for the elimination 
phase. 

Mean RP-101442 Toxicokinetic Parameters 

c.,.,, AUCo-2• 
RPC1063 

Group Dose T.,.,, Tia hr'ng/ 
Day/Week Nu mber (mg/kg) Sex (hr) (hr) nglml µM ml hr"µM 

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 
Day 1 3 3 M 12.0 NC 0.477 0 .00119 4.97 0.0124 
Day 1 3 3 F 10.7 NC 0.881 0 .00219 14.4 0.0358 
Day 1 4 30 M 24 .0 NC 11.9 0.0296 152 0.378 
Day 1 4 30 F 24 .0 NC 15.9 0.0395 206 0.512 

Week 13 2 0.15 M NC NC 0.()()() 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 5.3 18.8 0 .952 0 .00237 12.9 0.0321 
Week 13 3 3 F 10.7 NC 1.86 0.00462 20.5 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 912 0.227 1,920 4.77 

-NC - Not calculated. Value could not be calculated by W1t1Nonlm due to no non-zero concentration values 
or to insufficient data points for the elimination phase. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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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 
	 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 

(b) (4)

(b) (4)

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 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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" 'eek 13 - Males 

Group 
WBC NEt:T L\~IPH BASO L t:C 

(l O'IL) (l o'JL) (l o'JL) (109/L) (109/L) 

1 10.57 2.5 7.26 0.05 0 .06 

2 6.7 2 .28 3.85 0.03 0.03 

% diff -37% -9% -47% -40% -50% 

3 4 .51 2 .08 1.9 1 0.01 0 .04 

% diff -57% -17% -74% -80% -33% 

4 3.66 1.2 1 1.78 0.01 0.03 

% diff -65% ·52'~ .75,~ -80% -50% 

'Veek 13 - Females 

Gr oup 
WBC NEUT L \1'IPH BASO LUC 
(109/L) (109/L) (109/L) (109/L) (109/L) 

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% -71% -50% 

3 5.64 2.62 2.45 0 .02 0 .05 

% diff -52% -7% -70% -71% -38% 

4 4.57 2.21 1.68 0 .01 0 .03 

% diff -61% -22% -79% -86% -63% 

'Veek 26 - ~l:lles 

Group 
WBC :"\Et:T L\1'IPH B.~SO Lt:C 
(l O'JL) (109/L) (109/L) (101/L) (101/L) 

9.06 3.29 5.26 0.04 0 .07 

2 6.00 3.18 2.43 0.01 0 .04 

% diff -34% -3% -54% -75% -43% 

3 4 .45 2.61 1.43 0.01 0 .05 

%diff -51% -2 1% -73% -75% -29% 

4 3.09 1.57 1.08 0.01 0 .06 

%diff -66% -52% -79% -75% -14% 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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'Yeek 26 - Females 

G1•oup 
WBC NEliT L\ ")IPH BASO Lt:C 

(IO' IL) (I O'IL) (109/L) (IO'IL) (I O'IL) 

1 10.52 4.04 5.74 0.04 0.1 

2 6.14 3.83 1.81 0.0 1 0.04 

% diff -42% -5% -68% -15~~ -60% 

3 5.36 3.37 1.51 0.0 1 0 .05 

% diff -49% -17% -74% -75% -50% 

4 3.86 2.33 LOI 0.0 1 0.05 

% diff -63% -42% -82% -15% -29% 

' Veek 39 - Males 

Group 
\VBC NEUT L\1'IPH BASO LUC 
(I O'IL) (IO'IL) (IO'IL) (109/L) (109/L) 

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% 

' Veek 39 - Females 

G1·oup 
\VBC NEUT L\1'1PH BASO LUC 
(10'/L) (109/L) (109/L) (109/L) (109/L) 

10.10 3.85 5.419 0 .0'5 0 .09 

2 6.65 3.57 2.58 0.02 0 .04 

% diff -34% -7% -5:J.% -60% -55% 

3 4.58 2.35 1.76 0.0'1 0 .03 

% diff -55% -39% -68% -80% -66% 

4 3.81 2.32 1.03 0.0'1 0 .03 

% diff -62% -40% -81 % -80% -66% 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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

C ma.x AUCo.2• 
RPC1063 

Group !Dose Tmax T112 hr ng/ 
Dav Number rma/kr1I Sex Chrl Chrl nalml uM ml hr*uM 

1 2 0.1 M 4.00 NC' 2.29 0.00567 16.8 0.0417 

1 2 0.1 F 3.67 6.58 2.26 0.00560 16.9 0.0419 

1 3 1 M 4.44 5.30 18.1 0.0448 181 0.448 

1 3 1 F 4.00 5.61 16.5 0.0408 163 0.404 

1 4 15 M 4.00 7.17 294 0.728 3270 8.08 

1 4 15 F 4.44 7.97 247 0.611 2840 7.02 

183 2 0.1 M 4.00 7.46 1.96 0.00484 16.8 0.0415 

183 2 0.1 F 4.00 NC 2.22 0.00548 18.2 0.0450 

183 3 1 M 4.44 8.54 18.2 0.0450 202 0.499 

183 3 1 F 3.67 6.94 16.4 0.0405 177 0.437 

183 4 15 M 4.00 10.4 271 0.669 3640 8.99 

183 4 15 F 4.44 9.10 252 0.622 3280 8.10 

274 2 0.1 M 4.67 8.95 2.23 0.00551 19.8 0.0491 

274 2 0.1 F 4.00 7.57 2.51 0.00620 25.4 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 18.5 0.0457 199 0.491 
274 4 15 M 4.67 8.76 251 0.621 3530 8.73 

274 4 15 F 5.33 8.45 263 0.651 3730 9.23 . -NC - Not calcU/ated. Value could not be calculated by WinNonlm due to msutfietent data pomts for the 
elimination phase. 

Mean RP-101075 Toxicokinetic Parameters 
C max AUCo.24 

RPC1063 
Group Do0se T max T112 hr*ngl 

Dav Number (mglkal Sex (hr) (hr) nalml uM ml hr*uM 
1 2 0 .1 M NC1 NC 0.00 0.00 0.00 0.00 

1 2 0 .1 F NC NC 0.00 0.00 0.00 0.00 

1 3 1 M 4.89 NC 2.23 0.00618 15.3 0.0426 

1 3 1 F 4.00 NC 1.68 0.00466 11.8 0.0326 

1 4 ·15 M 8.89 NC 62.8 0.174 954 2.65 
1 4 ·15 F 8.44 NC 54.7 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 F 4.00 NC 0.107 0.000297 0.160 0.000445 

183 3 1 M 4.44 17.4 2.78 0.00771 28.3 0.0784 

183 3 1 F 4.00 8.64 2.23 0.00620 19.0 0.0526 

183 4 ·15 M 7.56 10.8 58.1 0.161 1010 2.79 

183 4 ·15 F 7.56 10.2 60.9 0.169 1000 2.78 

274 2 0 .1 M 4.00 NC 0.0905 0.000251 0.453 0.00126 

274 2 0 .1 F 4.00 NC 0.0897 0.000249 0.135 0.000373 

274 3 1 M 6.67 6.59 2.45 0.00679 29.9 0.0831 

274 3 1 F 4.00 NC 2.68 0.00742 21.1 0.0586 

274 4 ·15 M 8.00 NC 52.2 0.145 826 2.29 

274 4 "15 F 8.67 NC 62.0 0.172 957 2.66 . -NC - Not calculated. Value could not be calculated by WinNonl1n due to msutfietent data pomts for the 
elimination phase. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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Mean RP-101442 Toxicokinetic Parameters 

Cmax AUCo.24 
RPC1063 

Group Dose Tmax T112 hr"ngl 
Dav Number {mglkg) Sex {hr) (hr) nglmL uM mL hr*uM 

1 2 0.1 M NC1 NC 0.00 0.00 0.00 0.00 

1 2 0.1 F NC NC 0.00 0.00 0.00 0.00 
1 3 1 M NC NC 0.00 0.00 0.00 0.00 

1 3 1 F NC NC 0.00 0.00 0.00 0.00 
1 4 15 M 12.4 NC 3.75 0.00932 64.2 0.160 

1 4 15 F 11.1 NC 2.97 0.00737 51.5 0.128 

183 2 0.1 M NC NC 0.00 0.00 0.00 0.00 

183 2 0.1 F NC 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 F NC NC 0.00 0.00 0.00 0.00 
183 4 15 M 8.89 43.2 4.20 0.0104 80.8 0.201 

183 4 15 F 8.00 18.4 3.15 0.00782 56.1 0.139 

274 2 0.1 M NC 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 NC NC 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 3.84 0.00954 64.6 0.160 
274 4 15 F 8.67 NC 2 .80 0 .00695 47.0 0.1 17 . -NC - Not cafcU/ated. Value could not be calculated by WinNonlm due to msutfietent data pomts tor the 

elimination phase. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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 S00L01), were demonstrated to be non-mutagenic in 
adequately-designed, GLP-compliant bacterial reverse mutation assays conducted in the 
presence 
502ICH. (b) (4)

or absence of rat hepatic S9 fraction (Study reports 025999, AE86da­
, AF00PS.502ICH. (b) (4), AF40JJ.502ICH. (b) (4)). Minor human metabolites of 

ozanimod, RP-110351 and RP-101988, were also negative in adequately-designed, 
(b) (4)GLP-compliant 

AE86CZ.502ICH. (b) (4)
bacterial reverse mutation assays (AE81YV.502ICH. , 

). Other minor human metabolites of ozanimod, RP101075, 
RP101063, and RP101442, were negative when tested in bacterial mutagenicity assays 

, AD03BD-850- (b) (4)(Study reports AC31AY-850- (b) (4) (b) (4) AD03BC-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 (AF00PS.341ICH. (b) (4)). 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 S00L02) 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.: 

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: 

(b) (4)

(b) (4)

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, 

(b) (4)

(b) (4)

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

54
 

Reference ID: 4572440 



 

   

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

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 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. 
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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 
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Kaplan-Meier Survival Functions for Female Mice 

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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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: Incid en ce of Heman~osarcomas a nd Heman~iomas in 

Multiple O r gans (Including Spleen) , M ales 


Dose Le,·et (m~~/day) 0 8 25 80 H CR 
Iu ciclence 

Nu mber· Examined 25 25 25 25 R a n2e 

Spleen 0 1 0 0 0-4 

Multicen tric, Hemangioma 0 0 0 l NPO 

Multicentric 0 l 7• 2 0-1 

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

Ileum 0 0 2 0 NPO 

Jejwmm 0 0 1 0 NPO 

Rectum 0 0 l 0 NPO 

Lung 0 1 0 0 0- 1 

Skin 0 0 4 4 0- 1 

Lumbar. Spinal Cord 0 1 0 0 0- 1 

Skeletal Muscle 0 0 2 2 0-1 

Skin, Hemangioma 0 0 0 1 NPO 

C ombined Inciden ce 0 5* 178 10* 0-61 

T ext Table 15B: Incidence ofHemangiosa rcomas and Hemangiom as in 

Multiple Organ s (Includin g Sp leen) , Females 


H CR 
Incidence 

Nu mber E xamin ed 

Dose Lent (mg/kg/d ay) 0 8 25 80 

25 2 5 2 5 2 5 Rauoe 

0-4Spleen 0 0 1 1 

4* 0-1 M ulticentric 0 1 1 

Femur, Bone Marro\v 1 0- 10 0 0 

Ileum 0 0 1 0 NPO ,. Mamm."IJ'Y Gland. He1ll3J1gioma 0 0 0 NPO 

Ovaries, Hema.ngioma 0- 10 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 M uscle 0 0 0 1 

8* 11*Com bined Inciden ce 0-7 10 3 

* = Stattst1call:~.1>1~cant when compared to the v'Chicle control. 
HCR =L.. (b)(

4lfiistorical Control ncirlenctti)~4~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 one in tl1e combined incidence. 

1 • Indicates Historical Incidence Range calculated as tlle combined incidence of splenic h lliosarcom.is , 

(0-4) , non-splenic hemangjosarcomas (0-2) and hemangjomas (0-1 ) in females, noted in the (b)(4) 

Historical Control Database. 


Non Neoplastic: Non-neoplastic lesions consisted of cardiomyopathy, lung infi ltration 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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NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

Histology Finding Control 8 mg/kg 25 mg/kg 80 mg/kg 
M F M F M F M F 

Heart, Cardiomyopathy 0 0 5 1 14 12 6 15
  Minimal 0 0 0 1 0 11 0 9
  Mild 0 0 5 0 9 0 6 6
  Moderate 0 0 0 0 5 1 0 0 

Lung, Foamy Macrophage 0 0 3 0 25 12 25 25
  Minimal 0 0 1 0 9 9 0 5
  Mild 0 0 2 0 13 3 5 17
  Moderate 0 0 0 0 3 0 20 3 

Lymph Node (mesenteric),
Pigmented Macrophage 

0 0 0 0 0 0 22 7

  Minimal 0 0 0 0 0 0 0 4
  Mild 0 0 0 0 0 0 20 3
  Moderate 0 0 0 0 0 0 2 0 

Lymph Node (mesenteric),
Lymphoid Necrosis 

0 0 0 1 1 1 7 8

  Minimal 0 0 0 0 0 1 2 1
  Mild 0 0 0 1 1 0 4 7
  Moderate 0 0 0 0 0 0 1 0 

Glandular Stomach, Hyperplasia 1 0 0 0 0 0 18 21
  Minimal 0 0 0 0 0 0 4 11
  Mild 1 0 0 0 0 0 14 9
  Moderate 0 0 0 0 0 0 0 1 

Adrenal Cortex, Hypertrophy 0 0 0 0 11 0 24 0
 Minimal 0 0 0 0 2 0 5 0
 Mild 0 0 0 0 9 0 19 0 

Adrenal Cortex, Vacuolation 1 0 7 0 9 0 6 0
 Minimal 1 0 4 0 2 0 10 0
 Mild 0 0 3 0 7 0 16 0 

Liver, Necrosis 1 0 1 0 2 0 5 0
 Minimal 1 0 1 0 0 0 2 0
 Mild 0 0 0 0 1 0 2 0
 Moderate 0 0 0 0 1 0 1 0 

Epididymis, Inflammation 3 - 6 - 8 - 8 -
  Minimal 2 - 3 - 3 - 0 -
  Mild 0 - 1 - 4 - 4 -
  Moderate 1 - 2 - 1 - 3 -

Marked 0 - 0 - 0 - 1 -
Testes, Degeneration 5 - 1 - 6 - 8 -

 Minimal 3 - 0 - 2 - 1 -
 Mild 0 - 0 - 2 - 2 -
 Moderate 2 - 1 - 1 - 3 -
 Marked 0 - 0 - 1 - 2 -
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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. 
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Ten Table lOB: Mean Plasma TK Izjlosure Parameters in CByB611 l\lk e, ' Veek !6 

RPC106J RPC1063 RPIOI07$ RPIOl44: 
Dose Su AUCt-b.ti, c_ AUC.....,, c_, AUCt-b.tit c_.: (µmoVkg/day) 

,, .eek l6 (h*µmoVL) u•moVL) (h*µmoVL) (µ moliL) (h*µmoliL) (!unoUL) 
M.Ues 23.3 1.86 4.66 0.225 0.182 0.00861 

19.78 Females 16.3 1.51 2.00 0.115 0.0936 0.00478 
(8 mg/kg/day) Combined 19.S 1.68 3.33 0.164 0.138 0.00669 

& no Q.!IF) 1.43 1.23 2.33 1.96 1.94 I.SO 
M.Ues 74.l 5.27 17.l 0.788 0.690 0.0314 

61.82 Females 48.7 3.94 6.97 0.369 0.363 0.0173 
(25 mg/kg/day) Combined 61.4 4.55 12.0 0.566 0.527 0.0244 

& no Q.!IF) 1.52 1.34 2.45 2.14 1.90 1.82 
M.Ues 221 11.l 62.6 3.16 2.79 0.128 

197.82 Females 162 10.5 31.4 1.70 1.82 0.0869 
(80 mg/kg/day) Combined 192 10.2 47.0 2.34 2.31 0.105 

R...f.iu(Mlf') l.l6 1.06 1.99 1.86 1.53 1.47 

RPC106J RP101988 RP10ll l4 Total Agoaist 
Dose Su .A.UCo.1.c c ... ~ :\UC0.-1ac c_ .\ UC.,.. c_~ (µmoVkg/day) 

'' reek !6 (h'1•moVL) (µ moliL) (h*µmoVL) u•moVL) (h*µmoVL) (J>moliL) 

M.Ues 2.n 0.237 1.36 0.1 11 30.S 2.32 
19.78 Females 3.97 0.433 2.58 0.148 22.3 1.98 

(8 mg/kg/day) Cc·mbined 3.34 0.304 1.97 0.113 26.6 2.15 
R.tio (}.!IF) 0.685 0.547 0.527 0.750 1.38 1.1 7 
M.Ues 11.0 0.871 3.26 0.219 103 6.93 

61.82 Females 14.5 1.59 7.79 0.490 70.5 5.89 
(25 mg/kg/day) Cc·mbined 12.S 1.18 5.52 0.320 86.7 6.19 

R.tio (}.!IF) 0.759 0.548 0.418 0.447 1.46 1.18 
M.Ues 43.0 2.20 11.3 0.612 329 16.5 

197.82 Females 67.6 5.36 22.4 1.16 263 17.7 
(80 mg/kg/day) Combined 55.3 3.78 16.S 0.841 296 15.S 

R.tio (}.!IF) 0.636 0.410 0.504 0.528 1.25 0.932 
. AUCo..c = area Wlde.r the pl.asm3 co3ceaaa.oo-nme CW'\'e from ome uro to tbe last quannfi.able p~ coocemraoou; 

C....,. = ma'rimum pJ3;;.?W'. coocenm.tion; F = femsle;; b = bour(s); 1'.i = m.Us; 
Combined data re.pres.en: the c_,. :md .~UCo.i... \:alues estimated from the composite TK profiles of the male and fe.male :uiim:ds. 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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72515 
EDR 

(b) (4)

(b) (4)

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 (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/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. 
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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. 
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P~o.r::c: No. (bl1' m sr m m.I 2 (EHIJ..L:::s ) 

SPONSOR: !ECEffiJS I!ie. SU!IK~..<.Y O? SURVID..L [%] 

~ 
:> 
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60 +-~~~~~~~~~~~~~~~~~~~~~~~-.-+-~~--t 

~ 
::> 
00 50 +-~~~~~~~~~~~~~~~~~~~~~~~~-+1lo.......~----t 
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STUDY WEEK 

- o ~'.G/KG/DA'i --0.2 ~'£/KG/DAY. --e-O. 7 KG/ KG/ DAY. -+- 2 l~G/KG/1W 

Clinical Signs: There were no RPC1063-related clin ical 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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PROJ°"f Ci' llO. (bll' 251 jF FIGl8E q (fflf"..JES) 

S?OliSOR:RECT?'l'03 r!i~. Sl!OO.;\'! O? BODY 'P-IG:O~S [G] 

J.ti:A : 3.E3ill'PD ;.~ E t..'i : S. :E. 

I 10 ~ 1\lW b ~~~ro~~PPPPPl\ll\lWWW ~~ ~ ~~ mm~~~oooo~~~pp
NP OPl\lw ~ mNmo ~w l\lmo~ml\lmo ~ ooNmo ~ woo 

I\) ~ 

STUDY WEEK 

- 0 ~~G/KG/J~.Y ~o . 2 11..G /~G/DAY -e-o.7 ~'.G/KG/JAY -B-2 MG/KG/DAY 

Food Consumption: There were no RPC1063-related effects on food consumption. 


Gross Pathology: There were no RPC1063-related find ings. 


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 mineral ization, 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 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. 
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Text Table 12 
Toxicokinetic Parameters for RPC1063 in Rats 

Dose Tmax Cmax AUClast AUClast/D AUClast 
Analyte Study D.a) Sex Group 

mg/kg/day (h) (ng/ mL) (h*ng/mL) h*ng/mL)/(mg/kg) RAUC 
M 2A 4 1.96 11.8 58.8 NA 

0.2 
F 2A 2 2 .32 15.1 75.5 NA 

M 3A 4 7 .60 45 .1 64.4 NA 
RPC1063 0 0.7 

F 3A 4 9.19 122 175 NA 

M 4A 4 19 .0 269 134 NA 
2 

F 4A 4 26.8 385 192 NA 

M 2A 4 2 .88 32.9 164 2.80 
0.2 

F 2A 2 5.09 49.7 248 3.29 

M 3A 4 10.5 138 197 3.05 
RPC1063 185 0.7 

F 3A 2 19 .0 214 305 1.74 

M 4A 2 37.3 517 259 1.92 
2 

F 4A 2 64.5 685 342 1.78 

NA = Not apphcab le 

Text Table 13 
Toxicokinetic Parameters for RPC101075 in Rats 

Stud) Dose Tmax Cmax AUClast AUClast/D AUClast Analyte Sex Group Day mg/kg/clay (h) (ng/mL) (h*ng/mL) (h*ng/mL)/(mg/k;g) RAUC 
M 2A NA NA NA NA NA 

0.2 
F 2A NA NA NA NA NA 

RP101075 0 0.7 
M 3A 8 0.763 NA NA NA 

F 3A 8 0.454 NA NA NA 

M 4A 8 1.87 30.1 15.1 NA 
2 

F 4A 8 1.31 20.9 10.5 NA 

M 2A 4 0.317 1.38 6.89 NA 
0.2 

F 2A 2 0.41E NA NA NA 

M 3A 8 1.88 33.1 47.3 NA 
RP101075 185 0.7 

F 3A 8 1.78 32.8 46.8 NA 

M 4A 8 7.49 141 70.5 4 .68 
2 

F 4A 8 5.54 98.4 49.2 4 .71 

NA = Not applicable 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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Text Table 14 
Toxicokinetic Parameters for RP l OJ !24 in Rats 

Stucl) Dose Tmax Cmax AUClast AUClast/D AUClast Analyte Sex Group 
Day mg/kg/clay (b) (ng/mL) (b*ng/mL) (b*ng/mL)/(mg/kg) RAUC 

0.2 
M 2A 8 1.65 21.2 106 NA 

F 2A 8 1.98 34.2 171 NA 

M 3A 8 4.34 63 .J 90. J NA 
RPIO l 124 0 0.7 

F 3A 8 7.71 123 176 NA 

M 4A 8 11.6 18 1 90.5 NA 
2 

F 4A 24 16.2 307 153 NA 

0.2 
M 2A 8 7.40 104 518 4.89 

F 2A 8 6.34 120 601 3.52 

M 3A 8 23.7 328 468 5.20 
RPIO l 124 185 0.7 

F 3A 8 24.8 393 561 3.18 

M 4A 2 29.9 570 285 3.15 
2 

F 4A 8 49.6 1050 523 3.41 

NA = Not apphcable 

Tei.I Table 15 
Toxicokinetic Parameters for RP101442 in Rats 

Stucly Dose Tmax C max AUClasr AUClasr/D At:Clasr 
Analyte Sex Group 

D ay mg/kg/clay (b) (ng/mL) (h*ng/mL) (b*ng/mL)/(m!!lk2 R.AUC 

0.2 
M 2A NA NA NA >lA NA 

F 2A NA NA NA >lA NA 

M 3A 24 0.921 NA >lA NA 
RP101442 0 0.7 

F 3A 24 1.12 NA >lA NA 

M 4A 24 3.74 54.6 27.3 NA 
2 

F 4A 24 2.58 35.S 17.9 NA 

M 2A 2 1.69 28.1 141 NA 
0.2 

F 2A 0 0.968 18.2 91.0 NA 

M 3A 4 6.1 111 159 NA 
RPI01442 185 0.7 

NA F 3A s 4.32 91.5 139 

M 4A 2 23.7 526 263 9.63 
2 

F 4A 0 13.5 260 130 7.26 

NA = Nor applicable 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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Text Table 16 
Toxic.okinetic. Paramete•rs for RP101988 in Rats 

Stucl) Dose Tmax Cm.ax AUC!ast AUClast/D AUClast Analyte Sex Group 
Day mg/kg/clay (b) (ng/m L) (b*ng/mL) (b*ng/mL)/(mg/kg) RAUC 

0.2 
M 2A 4 1.34 6.77 33.8 NA 

F 2A 4 1.57 8.45 42.2 NA 

M 3A 4 4.12 23 .9 34.1 NA 
RP101988 0 0.7 

F 3A 4 5.82 63 .5 90.7 NA 

M 4A 4 16.5 171 85.6 NA 
2 

F 4A 4 19.5 196 98.1 NA 

0.2 
M 2A 4 5.73 56.5 282 8.34 

F 2A 4 6.25 50.1 250 5.93 

M 3A 4 19.7 206 294 8.60 
RP101988 185 0.7 

F 3A 2 16 186 265 2.92 

M 4A 4 53.0 759 380 4 .44 
2 

F 4A 2 59.8 580 290 2.96 

NA = Not apphcable 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 

72
 

Reference ID: 4572440
 



   

 
  

 

 
 

 

 

  

  
 

  
 

  
 

 
    

NDA # 209-899 	 Christopher D. Toscano, Ph.D., DABT 

EDR 

December 29, 2011 

(b) (4)

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 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. 

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 motility, 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. 

73
 

Reference ID: 4572440 



 
   

   
      

 

  

 
 

 
    

 

 

 

  

    
    

EDR 

8/2/2011 
Yes, OECD GLP 
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NDA # 209-899 	 Christopher D. Toscano, Ph.D., DABT 

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:
 

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 skeletal

ossification 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. 


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). 

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. 
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F e.tal incidences of se£ected skeletal changes (% of fetuses affected) : 

Finding \\'1.th % of Historical Group 1 Group 2 G,.oup 3 Group 4 

affected fetuses conb-ol data C.ontrol 0.2 mgiliglday 1 mgiliglday 5 mg/kg/day 

2008-2010 

Number of fetuses 1238 162 151 153 42 

lncomp!ete ossification 

Pa,vs: 

1'.fetacatpal (2.lld or 5th digit) 12.9 9.3 6.6 15.0 59.5 

1'.fetatarsal 2.3 0 0.7 0.7 7.1 

Stemebra: 

1" / 3rd 4.8 1.9 3.3 5.9 35.7 

ind 14th 6.5 2.5 4.6 7.2 40.5 

6th 7.0 0.6 4.0 8.5 23.8 

Vertebrae: 

Thoracic (9-13th centrum) 7.2 8.6 5.3 5.9 28.6 

Thoracic ( l -4tb centnun) 3.4 1.9 2.0 5.2 28.6 

Sk-ull bones: 

lnte.tparietal 12.8 13.6 17.2 24.2 28.6 

Patietal 4.0 3.1 2.0 3.3 14.3 

Mandibular: 

Presphe.noid I 0.1 I 0.6 I 0 I 0.7 I 9.5 

Stemebra: 

6th I 1.1 I 0.6 I 2.0 I 1.3 I 9.5 

Vertebra: 

Caudal cenbum I 0.0 I 0 I 0 I 0.7 I 9.5 

Other findings 

Bipartite ossification: 

Stemebra I 0.5 I 0 I 0.7 I 0 I 16.7 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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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. 

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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EDR 

August 1, 2011 

(b) (4)

NDA # 209-899 	 Christopher D. Toscano, Ph.D., DABT 

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. 


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). 
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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 (6.8/litter), relative to concurrent (9.3/litter) and historical controls 
(8.8/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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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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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, 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: 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. 


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

EDR 

May 12, 2016 
Yes, US FDA GLP 
Yes 

(b) (4)
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F0 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 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. 
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, 
F0 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. 

82
 

Reference ID: 4572440 



T able 8: Summary of Mea n T oxicokinetic Parameters 

AUCu,,.IDose 
Dose C,.., C,..,!Dose T,.., T1as1 AUCn.st (hr" kg" AUCo.ubr AUCo.u~ose 

(mall:a) Day (n!!/mL) (l:a*n!!lmL/ma <hr) (hr) lh .. "n!!lmL) 11!!/mL/ma) lh .. "n!!lmL) I <br*l:a*n!!/mL/ma' M:P 

RPC1063 

0.2 GD6 2.60 13.0 8 8 14.4 71.8 NA' NA NA 

0.2 LD 20 3.11 15.6 4 8 19.3 96.5 NA' NA NA 

0.7 GD6 10.6 15.2 4 24 142 203 142 203 NA 

0.7 LD 20 13.0 18.5 4 24 142 203 142 203 NA 

2.0 GD6 40.0 20.0 4 24 438 2 19 438 2 19 NA 

2.0 LD 20 38.2 19.1 2 24 431 2 15 431 2 15 NA 

RP101075 

0.2 GD6 0.00 NA NA NA NAb NA NAb NA NA 

0.2 LD 20 0.00 NA NA NA NAb NA NAb NA NA 

0.7 GD6 0.512 0.732 8 8 NAb NA NAb NA NA 

0.7 LD 20 0.761 1.09 8 8 4.18 5.97 NA' NA NA 

?.O GD6 1 4?. 070R R ?.4 ?.4 4 1?.?. ?.4 4 1?.?. 0 O'i'i7 

2.0 LD 20 2.25 1.12 8 24 38.S 19.3 38.5 19.3 0.0894 

RP101442 

0.2 GD 6 0.00 NA NA NA NAb NA NAb NA NA 

0.2 LD20 0.169 0.843 4 4 NAb NA NAb NA NA 

0.7 GD6 0.848 1.21 24 24 NAb NA NAb NA NA 

0.7 LD20 0.950 1.36 8 24 18.2 26.0 18.2 26.0 0.128 

2.0 GD 6 3.00 1.50 24 24 NAb NA NAb NA NA 

2.0 LD20 2.93 1.47 8 24 55.9 28.0 55.9 28.0 0.130 

RP101988 

0.2 GD 6 us 7.75 8 8 8.57 42.9 NA' NA NA 

0.2 LD20 1.89 9.47 4 8 10.9 54.4 NA' NA NA 

0.7 GD6 6.17 8.81 4 8 36.0 51.4 NA' NA NA 

0.7 LD20 5.96 8.52 4 8 36.S 52.1 NA' NA NA 

2.0 GD6 20.7 10.4 4 24 278 139 278 139 0.635 

2.0 LD20 20.9 10.4 2 24 250 125 250 125 0.580 

NDA # 209-899 Christopher D. Toscano, Ph.D., DABT 
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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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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. 
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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-15­
001/1052515, 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 assessed. Rather, the Preyer’s pinna 
reflex was assessed using a Galton (ultrasonic) whistle. 

 The major human metabolites, CC112273 and CC1084037, were not 
assessed in the TK samples. 

Methods
 
Doses: 0, 0.3, 3, 10 mg/kg/day
 

EDR 

June 7, 2016 

(b) (4)
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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/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. 
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 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. 
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. 
F1 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. 

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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Toxicokinetics: TK parameters for parent and several of its metabolites, RP101075, 
RP101442, RP101988, RP101124. The major human metabolites, CC112273 and 
CC1084037, were not assessed. 
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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 IgG 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 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 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 C57Bl/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 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 
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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 (IC50 = 5.7 nM) and CC1084037 (IC50 = 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 find ing 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 clin ical pharmacology and 
clinical reviewers. 

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 wi ll 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~k Repe3ted 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 3262 801 -ll OO.O 9-l7.0 83 10 

6-month Carci~{:i))' 8 8007 -l04.1 198.0 l &.7 8120 

(AE l 8BZ.7G8 ~ Mouse 25 2 4830 1131.7 805 64.5 25700 

Week 26 80 776-l5 3417.4 2490 l06.0 80300 

2-ye3r CaKillogellicity 0.2 4 1.3 112.0 2 .99 0 .0479 4-1.3 

(725 15) lW 0 .7 176.0 360.5 - - 176 

Day 185 2(NOAEL) 601.0 810.0 41.S 2 .34 645 

Emhxyo-fe:cal Denlopmem 0.2 42 .3 - 2 .25 - 4-1.6 
lW

(AB032 15) 
(maternal) l(NOAEL) 284 - 11.2 0.678 302 

lbyG17 s 1903 - - - 1900 

Emhryo­ fe:cal Denlopmem 0.2 (fe1lll NOAEL) 10 .7 - 6.77 3.78 21.3 
Rabbit 

( • .\B03217) 
(macemal) 

P.6 (m.atemal l\OA.EL) 35.9 - 11.0 10 .8 6U 
DayG6 2 123 - - - 123 

Clinical Srodies Hum.an I mg 4 .776d 3 .s24• 67.097' 13.29T 85.165 

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 24 
holln; NOAEL = no-obse....-ed-ad,·use-effect-le\-els; -- = not determined. 

•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 

~ Ozanim.od and RP IOl 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). 
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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: Exposur e ~Iultip les from Noudiuical Safety Studies 

Mtnn E:q>osw•t Mulciplt~· 
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)' 

Combintd Stx4 Combintd Su Combintd St.t Combintd Su Swn Tornls 

26-wtt.k Rtpeated 0.2(NOAEL) 10.4 17.7 0.0440 0.00360 0.620 

Dose (71357) Ra! 2 143 220 0.623 0.116 8.54 
Day178 30 2550 4180 14.7 3.0S 155 

39-wtt.k Rtpeated 0.1 (NOAEL) 3.73 0.445 0.316 0.363 0.515 

Dose (30477) Monkey I 41.2 15.4 3.03 3.23 5.20 
Day 274 15 683 209 61.1 71.2 91.6 

6-monih C=ino~<izy 8 1680 106 2.95 1.40 96.6 
(AE18BZ.7G8R ~b Mouse 25 5200 296 12.0 4.85 302 

Wtt.1.:26 80 16300 902 37.1 15.5 943 

2-year Carcinogenicity 0.2 8.65 29.3 0.0440 0.00360 0.52 1 
(725 15) Rat 0.7 36.9 943 - - 2.07 
Day 185 2(NOAEL) 126 21 2 0.623 0.116 7.58 

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 

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-lt\-..I.; - • noc detmmned. 
• 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 RPCO l-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 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 fertil ity 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. 

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). 
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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.  

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 
Summary 

Clinical Margin for Metabolite
(Fold) 

Finding Species  NOEL 
(mg/kg) 

Ozanimod RP101124 CC112273 CC1084037 

Caudal 
vertebrae, 
malposition 

Rabbit < 0.2 < 2 ND < 0.1 < 0.3 

Incomplete 
Ossification 

Rat 0.2 10 17 0.04 0.003 
Rabbit 0.2 2 ND 0.1 0.3 

Sternebra, 
misshapen/ 
malposition 

Rabbit 0.2 2 ND 0.1 0.3 

Artery, 
Malformed 
or absent 

Rabbit 0.2 2 ND 0.1 0.3 

Embryo 
lethality 

Rabbit 0.6 8 ND 0.3 0.8 
Rat 1 70 110 0.3 0.09 

Anasarca Rat 1 70 110 0.3 0.09 
Testes, 
malposition 

Rat 1 70 110 0.3 0.09 

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). 

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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	Division of Neurology 2 Division of Pharmacology/Toxicology Office of Neuroscience Center for Drug Evaluation and Research 
	Date: March 24, 2020 
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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.  
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	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 
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	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

	4 
	4 
	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
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	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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	STUDY WEEK 
	-0 ~~G/KG/J~.Y ~o . 2 11..G/~G/DAY -e-o.7 ~'.G/KG/JAY -B-2 MG/KG/DAY 
	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
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