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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 208854 are owned by Shionogi Inc. or are data for which 
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Any information or data necessary for approval of NDA 208854 that Shionogi Inc. does 
not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
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application is for descriptive purposes only and is not relied upon for approval of NDA 
208854.
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1 Executive Summary

1.1 Introduction
SymproicTM (naldemedine tosylate; naldemedine) is an opioid antagonist that Shionogi 
Inc. seeks approval to market for the treatment of opioid-induced constipation (OIC) in 
adults with chronic non-cancer pain.

1.2 Brief Discussion of Nonclinical Findings
Naldemedine is an opioid antagonist, with Ki values for human mu, delta, and kappa 
opioid receptors of 0.34, 0.43, and 0.94 nM, respectively.  Relative to naldemedine, 
each of the metabolites studied were less potent or had no binding affinities for mu, 
delta, and kappa receptors, although the Ki value of naldemedine 6-O-β-D-glucuronide 
for delta receptors (0.51 nM) approached that of the parent compound.  While nor-
naldemedine (a major metabolite in humans) showed weak agonistic activity for delta 
receptors, the EC50 value was approximately 340 times the human Cmax for this 
metabolite at the recommended human dose of 0.2 mg once daily.  In primary 
pharmacology studies in rats, naldemedine prevented morphine- and oxycodone-
induced suppression of small intestinal transit (ED50 values of 0.02 – 0.23 mg/kg) and 
antagonized the inhibitory effect of morphine on castor oil-induced diarrhea (ED50 value 
of 0.01 mg/kg).     

Repeat-dose toxicity studies with naldemedine were conducted in multiple species, with 
durations of up to 6 months in rats, and 9 months in dogs.  In the 6-month toxicity study 
in rats, systemic exposures (AUC) at the NOAEL (100 mg/kg/day) was approximately 
3600 times that in humans at the recommended human dose.  In the 9-month toxicity 
study in dogs, systemic exposures (AUC) at the NOAEL (4 mg/kg/day) were 
approximately 345 times that in humans at the recommended human dose.  In 1-month 
toxicity studies in rats, prolongation of diestrous occurred at doses as low as 0.3 
mg/kg/day.  While a NOEL for this effect (which may be related to treatment-related 
increases in prolactin) was not identified, recovery of the estrous cycle generally 
occurred even during the dosing period.

Naldemedine was negative in a bacterial reverse mutation test, a chromosomal 
aberration test using cultured Chinese hamster lung cells, and a rat micronucleus 
assay.  In oral carcinogenicity studies of up to 2 years in duration, there were no drug-
related neoplasms when naldemedine was orally administered to mice and rats at 
doses up to 100 mg/kg/day (approximately 17,500 times and 6,300 times the human 
AUC at the recommended human dose, respectively).

In male and female rats, there were no adverse effects on fertility or reproductive 
performance following oral administration of naldemedine at doses up to 1000 
mg/kg/day (approximately 17,000 times the human AUC at the recommended dose).  In 
females, irregular estrous cycles (prolongation of diestrous phase) and low number of 
estrous cases occurred at ≥10 mg/kg/day (approximately 179 times the human AUC at 
the recommended dose).  However, the irregular estrous cycles recovered during the 
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pre-mating or mating period, and there was successful copulation with males except for 
a single female at 1000 mg/kg/day.  In an oral embryofetal development study in rats 
with naldemedine, there were no effects on embryofetal development at doses up to 
1000 mg/kg/day (the highest dose tested; approximately 23,000 times the human AUC 
at the recommended dose).  In an oral embryofetal development study in rabbits with 
naldemedine, the NOAEL was <25 mg/kg/day for maternal toxicity and 100 mg/kg/day 
for embryofetal development (approximately 266 times the human AUC at the 
recommended dose).  Effects in maternal animals at 400 mg/kg/day (approximately 844 
times the human AUC at the recommended dose) included body weight loss / 
decreased body weight gain and food consumption, fetal loss, and premature delivery.  
Decreased fetal body weights also occurred at 400 mg/kg/day, and may be related to 
the observed maternal toxicity at this dose.  In a pre- and postnatal development study 
in which pregnant rats were administered naldemedine at oral doses of 1, 30, and 1000 
mg/kg/day, the NOAEL for maternal and developmental toxicity was 1 mg/kg/day 
(approximately 12 times the human AUC at the recommended dose).  At doses greater 
than or equal to 30 mg/kg/day (approximately 626 times the human AUC at the 
recommended dose), there were effects on maternal body weight and food 
consumption, scattering of offspring in the cages (suggestive of poor nursing), and total 
litter loss.  In F1 pups, there were decreases in the viability index on lactation day 4 at 
doses greater than or equal to 30 mg/kg/day and decreased body weights and delayed 
pinna unfolding at 1000 mg/kg/day.

1.3 Recommendations

1.3.1 Approvability
No nonclinical approvability issues have been identified.
1.3.2 Additional Non Clinical Recommendations
None
1.3.3 Labeling
In response to high-level content and format labeling comments from FDA in the June 3, 
2016 Filing Communication - No Filing Review Issues Identified, the Applicant submitted 
proposed revised text for the label (SDN 13).  Nonclinical review of the Applicant’s 
proposed Established Pharmacologic Class and text for sections 8.1, 8.2, 12.1, and 
13.1 are provided below.

Applicant’s Proposed Version (SDN 13):
8.1 Pregnancy
Risk Summary

Reference ID: 4017126
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Evaluation:
The proposed text should be modified as recommended below.  Exposure comparisons 
for doses in the prenatal and postnatal development study in rats (relative to the human 
AUC value) were based on AUC values from a one-month repeat dose toxicity study in 
rats (Report No. R-297995-TB-048-L) and a supplemental one-month repeat dose 
toxicity study in rats (Report No. R-297995-TB-091-L).

Recommended Version:
8.1 Pregnancy

Risk Summary
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Naldemedine was found to have no effect on fertility or reproductive performance in 
male and female rats at oral doses up to 1000 mg/kg/day times the 
human AUC  at the recommended human dose).  prolongation of 
diestrous pha was noted at 10 mg/kg/day 179 times the 
human AUC at the recommended human dose.   

Evaluation:
The proposed text should be modified as recommended below.  Exposure comparisons 
for doses in the fertility and early embryonic development study (relative to the human 
AUC value) were based on AUC values from a one-month repeat dose toxicity study in 
rats (Report No. R-297995-TB-048-L) and a supplemental one-month repeat dose 
toxicity in rats (Report No. R-297995-TB-091-L).

Recommended Version:
13.1    Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis 
In 2-year carcinogenicity studies, there were no drug-related neoplastic findings 
following oral administration of naldemedine to mice and rats at doses up to 100 
mg/kg/day (approximately 17,500 and 6,300 times the human exposures (AUC) at the 
recommended human dose,  respectively).

Mutagenesis 
Naldemedine was not genotoxic in the in vitro bacterial reverse mutation (Ames) assay, 
a chromosomal aberration assay with cultured Chinese hamster lung cells, and an in 
vivo  micronucleus assay.

Impairment of Fertility
Naldemedine was found to have no effect on fertility or reproductive performance in 
male and female rats at oral doses up to 1000 mg/kg/day (approximately 17,000 times 
the human exposures (AUC) at the recommended human dose).  In female rats, 
prolongation of diestrous phase was noted at 10 mg/kg/day (approximately 179 times 
the human exposures (AUC) at the recommended human dose).

2 Drug Information

2.1 Drug
SymproicTM

CAS Registry Number: 1345728-04-2 (tosylate), 916072-89-4 (free base)

Generic Name: naldemedine tosylate

Code Name: S-297995B (tosylate), S-297995 (free base) 

Chemical Name: 
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Tosylate: 17-(cyclopropylmethyl)-6,7-didehydro-4,5α-epoxy-3,6,14-trihydroxy-N-[2-(3-
phenyl-1,2,4-oxadiazol-5-yl)propan-2-yl]morphinan-7-carboxamide 4- 
methylbenzenesulfonic acid

Free Base: 17-(cyclopropylmethyl)-6,7-didehydro-4,5α-epoxy- 3,6,14-trihydroxy-N-[2-(3-
phenyl-1,2,4-oxadiazol-5-yl)propan-2-yl]morphinan-7-carboxamide

Molecular Formula/Molecular Weight: C32H34N4O6·C7H8O3S / 742.84 (570.64 as free 
base)

Structure or Biochemical Description

Pharmacologic Class: opioid antagonist

2.2 Relevant INDs, NDAs, BLAs and DMFs
 IND 107475 (Shionogi, Inc.; Treatment of opioid-induced constipation)

2.3 Drug Formulation
Naldemedine tablets 0.2 mg are an immediate release oral formulation containing 0.26 
mg of naldemedine tosylate (equivalent to 0.2 mg naldemedine).  The components and 
composition of the tablets are shown in the Applicant’s table below.
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as well as any information on any agonist activity.  A Pre-NDA Meeting was held on 
October 5, 2015.  The Division indicated that the nonclinical program appeared to be 
adequate to support the filing of an NDA.  CSS provided comments related to the abuse 
potential evaluation.

3 Studies Submitted

3.1 Studies Reviewed 
STUDY APPLICANT’S 

REPORT NUMBER
(CRO study number)

PHARMACOLOGY
Primary Pharmacology
Study of RSC-297995 monotosylate on specific binding and functional 
assay to opioid receptors in vitro 

R-297995-EB-074-N

Preliminary study for functional assay on opioid receptors of RSC-297995 
monotosylate in vitro

R-297995-EF-013-R 
(6005)

Exploratory study on type of antagonism of S-297995 monotosylate to 
opioids in functional assay using human mu opioid receptor

S-297995-EB-311-R

Study for specific binding and functional assay to opioid receptors of 
metabolites of S-297995 monotosylate in vitro

S-297995-EB-135-N

Study for binding kinetics of S-297995 monotosylate to rat mu opioid 
receptor

S-297995-EB-222-N

Study for binding kinetics of S-297995 monotosylate to human mu opioid 
receptor

S-297995-EB-224-N

Study for specific binding and functional assays on human kappa opioid 
receptor of S-297995 monotosylate and its metabolites in vitro

S-297995-EF-284-N

Binding and functional assays of S-297995 monotosylate to rat mu opioid 
receptor

S-297995-EB-225-N

Binding and functional assays of S-297995 monotosylate to rat delta and 
kappa opioid receptors

S-297995-EB-281-N

Antagonistic effect of RSC-297995 monotosylate on morphine-induced 
inhibition of small intestinal transit in rats

R-297995-EB-071-N

Effect of S-297995 monotosylate on orally administered morphine-induced 
constipation in rats

S-297995-EB-221-N

Antagonistic Effect of S-297995 monotosylate on oxycodone-induced 
inhibition of small intestinal transit in rats

S-297995-EF-260-N 
(7620)

Antagonistic effect on morphine-induced inhibition of castor-oil-induced 
diarrhea of RSC-297995 monotosylate in rats

R-297995-EB-092-N

Secondary Pharmacology
Specificity study of RSC-297995 monotosylate via enzyme inhibition and 
radioligand receptor binding assays

R-297995-EF-081-N 
(AL-3795-G)

Effect of RSC-297995 monotosylate on morphine-induced analgesic effect 
in rat tail-flick test

R-297995-EB-072-N

Influence of S-297995 monotosylate on Morphine-induced Analgesic Effect 
in Rat Tail-Flick Test

S-297995-EB-181-N

Influence of S-297995 monotosylate on Morphine-induced Analgesic Effect 
in Rat Post-Operative Pain Model

S-297995-EB-274-N

Study on in vivo brain opioid receptor occupancy after oral administration of 
S-297995 monotosylate in rats

S-297995-EB-257-N

Effect of RSC-297995 monotosylate on precipitate withdrawal symptoms in R-297995-EB-073-N
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morphine-dependent mice
Study on precipitated withdrawal symptoms of S-297995 monotosylate in 
morphine-dependent rats

S-297995-SB-270-N

Anti-emetic effect of RSC-297995 monotosylate on morphine-induced 
emesis in ferrets

R-297995-EF-082-N 
(6250)

Duration of anti-emetic effect of RSC-297995 monotosylate on morphine-
induced emesis in ferrets

R-297995-EF-083-N

Effect of S-297995 monotosylate on emesis induced by orally-administered 
morphine in ferrets

Study No. S-297995-
EF-253-N (7525)

Safety Pharmacology
Effects of RSC-297995 monotosylate on action potential in guinea pig 
papillary muscles

R-297995-SF-078-L 
(B080434)

Effects of RSC-297995 monotosylate on ionic current in cells expressing 
hERG channels

R-297995-SF-079-L 
(B080435)

Effects of RSC-297995 monotosylate on central nervous system in rats R-297995-SF-075-L 
(B080431)

Effects of RSC-297995 monotosylate on respiratory system in rats R-297995-SF-077-L 
(B080433)

Effects of RSC-297995 monotosylate on cardiovascular system in 
conscious dogs

R-297995-SF-076-L 
(B080432)

PHARMACOKINETICS/ADME/TOXICOKINETICS
Absorption
Plasma concentration following single oral administration of [14C]-RSC-
297995 monotosylate in rats

R-297995-PB-059-N

Plasma concentration following single oral administration of [Carbonyl-14C]-
RSC-297995 monotosylate in rats

R-297995-PB-097-N

Dose-linearity of plasma concentration following single oral administration of 
RSC-297995 monotosylate in rats

R-297995-PB-070-N

Dose-linearity of plasma concentration following single oral administration of 
RSC-297995 monotosylate in rats with morphine-induced constipation

R-297995-PF-089-N 
(AL-3825-G)

Dose-linearity of plasma concentration following single oral administration of 
RSC-297995 monotosylate in rats with castor oil-induced diarrhea inhibited 
by morphine

R-297995-PF-090-N 
(AL-3826-G)

Plasma concentration of S-297995 and its metabolites after single oral 
administration of S-297995 monotosylate in Wistar rats

S-297995-PF-197-N 
(PBC055-191)

Plasma and brain concentration of S-297995 and its metabolites after single 
oral administration of S-297995 monotosylate in Wistar rats with morphine-
induced analgesia

S-297995-PF-198-N 
(PBC055-190)

Plasma concentrations of naldemedine and morphine after a single oral 
administration of naldemedine tosylate

S-297995-PF-251-N 
(PBC055-270)

Pharmacokinetics and disposition following single administration of [14C]-
RSC-297995 monotosylate in dogs

R-297995-PB-068-N

Pharmacokinetics of radioactivity and S-297995 after single oral 
administration of [Carbonyl-14C]-S-297995 monotosylate in dogs

S-297995-PB-177-N

Dose-linearity of plasma concentration of S-297995 after single oral 
administration of S-297995 monotosylate in dogs

S-297995-PB-161-N

Dose-linearity of plasma concentration following single oral administration of 
RSC-297995 monotosylate in ferrets with morphine-induced emesis

R-297995-PF-088-N 
(AL-3824-G)

Plasma concentrations of S-297995 and morphine after single oral 
administration of S-297995 monotosylate in ferrets with peroral morphine-
induced emesis

S-297995-PF-250-N 
(PBC055-269)

Plasma concentration of radioactivity and S-297995 after repeated oral 
administration of [Carbonyl-14C]-S-297995 monotosylate in rats

S-297995-PB-190-N

Distribution

Reference ID: 4017126



NDA 208854 Tracy L. Behrsing, Ph.D.

18

Quantitative whole-body autoradiography following single oral 
administration of [14C]-RSC-297995 monotosylate in rats

R-297995-PB-057

Quantitative whole-body autoradiography following single oral 
administration of [Carbonyl-14C]-RSC-297995 monotosylate in rats

R-297995-PB-096-N

Quantitative whole-body autoradiography after repeated oral administration 
of [Carbonyl-14C]-S-297995 monotosylate in rats

S-297995-PB-192-N

Quantitative whole-body autoradiography after single oral administration of 
[Carbonyl-14C]-S-297995 monotosylate in pregnant rats

S-297995-PF-238-N 
(YDL0025)

Quantitative whole body autoradiography after single oral administration of 
[Oxadiazole-14C]-S-297995 monotosylate and [Carbonyl-14C]-S-297995 
monotosylate in pigmented rats

S-297995-PF-213-N 
(8223166)

In vitro plasma/blood cell partitioning of [14C]-RSC-297995 monotosylate R-297995-PB-023-N
In vitro protein binding of [14C]-RSC-297995 monotosylate R-297995-PB-024-N
Metabolism
Study on the in vivo major metabolites of [14C]-RSC0297995 monotosylate 
in rats

R-297995-PB-060-N

Preliminary toxicokinetics study of metabolite, S-297995-(7R)-7-hydroxide 
in rats following S-297995 oral administration and exploratory determination 
of S-297995-(7R)-7-hydroxide in dog plasma by LC/MS/MS 

S-297995-TB-282-R

Study on the in vivo major metabolites of [Carbonyl-14C]-RSC-297995 
monotosylate in rats

R-297995-PB-099-N

Study on the in vivo major metabolites of [14C]-RSC-297995 monotosylate 
in dogs

R-297995-PB-061-N

Study on the in vivo major metabolites of [14C]-RSC-297995 monotosylate 
in ferrets

R-297995-PB-062-N

In vivo metabolite profiling of S-297995 after single oral administration of 
[Carbonyl-14C]-S-297995 monotosylate in ferrets

S-297995-PB-156-N

In vivo metabolite profiling of S-297995 after single oral administration of 
[Carbonyl-14C]-S-297995 monotosylate in dogs

S-297995-PB-136-N

In vivo Metabolite Profiling of S-297995 after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Rabbits

S-297995-PB-240-N

In vivo Metabolite Profiling of S-297995 after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Mice

S-297995-PB-241-N

Identification of Responsible Enzymes for [14C]-S-297995 monotosylate 
Metabolism 

S-297995-PF-200-N 
(8221179)

Study on the in vitro Major Metabolites of [14]-RSC-297995 monotosylate in 
Human 

R-297995-PB-063-N

Excretion
Urinary, fecal, and biliary excretion following single oral administration of 
[14C]-RSC-27995 monotosylate in rats

R-297995-PB-025-N

Urinary, fecal, and biliary excretion following single oral administration of 
[Carbonyl-14C]-RSC-27995 monotosylate in rats

R-297995-PB-098-N

Urinary and fecal excretion of radioactivity after repeated oral administration 
of [Carbonyl-14C]-S-297995 monotosylate in rats

S-297995-PB-191-N

Enterohepatic circulation of radioactivity after single oral administration of 
[Carbonyl-14C]-S-297995 monotosylate in rats

S-297995-PB-184-N

Excretion into milk of radioactivity after single oral administration of 
[carbonyl-14C]-S-297995 monotosylate in nursing rats

S-297995-PF-239-N 
(YDL0026)
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Pharmacokinetic Drug Interactions
Study on P-glycoprotein mediated drug interaction of RSC-297995 
monotosylate

R-297995-PF-067-N 
(8SHIOP1)

Substrate assessments for human transporters of S-297995 monotosylate S-297995-PF-285-N 
(12SHIOP2)

Inhibitor assessments for human transports of S-297995 monotosylate S-297995-PF-297-N 
-Shionogi-02-

01-Oct2013)
Inhibitor assessment of Nor-S-297995 for human transporters S-297995-PF-340-N 

(GE-1425-G)
Effects of RSC-297995 monotosylate on hepatic drug metabolizing 
enzymes in one-month oral toxicity study in rats

R-297995-PB-049-L

Effects of RSC-297995 monotosylate on hepatic drug metabolizing 
enzymes in one-month oral toxicity study in dogs 

R-297995-PB-050-L

Other
Determination of membrane permeability and solubility of S-297995 
monotosylate

S-297995-PF-288-L

TOXICOLOGY
Single-Dose Toxicity
Rat
Oral R-297995-TB-047-L
Dog
Oral R-297995-TB-045-L
Repeat-Dose Toxicity
Rabbit
2-Week, Oral S-297995-TF-119-L 

(250228A)
Mouse
13-Week, Oral S-297995-TF-226-L 

(YDL0024)
Rat
2-Week, Oral R-297995-TB-003-R
1-Month, Oral R-297995-TB-048-L
1-Month, Oral R-297995-TB-091-L
6-Month, Oral R-297995-TF-108-L 

(SG08274)
Dog
2-Week, Oral R-297995-TB-002-R
1-Month, Oral R-297995-TB-046-L
3-Month, Oral S-297995-TF-109-L 

(SG08275)
9-Month, Oral S-297995-TF-219-L 

(SG10119)
GENOTOXICITY
Ames test R-297995-TB-051-L
In vitro mammalian chromosome aberration test R-297995-TF-052-L  

(G-07-070)
Mammalian erythrocyte micronucleus test R-297995-TF-053-L  

(G-07-071)
Ames test, Impurity
Ames test, Impurity
Ames test, Impurity
Ames test, Impurity
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Ames test, Impurity 

Ames test, synthetic intermediates  

Ames test, synthetic intermediate 

Ames test, synthetic intermediates  

Exploratory Ames test, Impurity 

CARCINOGENICITY
Rat, oral S-297995-TF-266-L 

(YDL0036)
Mouse, oral S-297995-TF-265-L 

(YDL0037)
REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY
Rat
Fertility and Early Embryonic Development, Oral S-297995-TF-104-L 

(100428)
Embryofetal Development, Oral S-297995-TF-146-L 

(2000129)
Prenatal and Postnatal Development, Oral S-297995-TF-275-L 

(SG12011)
Rabbit
Embryofetal Development, Oral, Dose Range-Finding S-297995-TF-163-L 

(250228P)
Embryofetal Development, Oral S-297995-TF-182-L 

(250228)
SPECIAL TOXICOLOGY
Ocular irritation study of RSC-297995 monotosylate in rabbits R-297995-TF-084-N 

(702128)
Dermal irritation study of RSC-297995 monotosylate in rabbits R-297995-TF-085-N 

(702028)
Immunotoxicity study of S-297995 monotosylate in rats S-297995-TB-234-L
Preliminary skin phototoxicity study of RSC-297995 monotosylate in 
hairless mice by oral dosing

R-297995-TB-006-R

Skin phototoxicity study of S-297995 monotosylate in hairless mice by oral 
dosing

S-297995-TB-249-L

Oral study for effects of RSC-297995 monotosylate on estrous cycle and 
plasma reproductive hormone concentration in female rats

R-297995-TF-105-R 
(P080796)

Single dose oral study for effects of S-297995 monotosylate on plasma 
prolactin concentration in rats

S-297995-TF-162-N 
(P090377)

3.2 Studies Not Reviewed 
 Study reports for abuse-related nonclinical studies are not reviewed herein.  Instead, 

the following nonclinical studies will be evaluated by Controlled Substances Staff:
o Preliminary study on drug discrimination of naldemedine tosylate in rats (S-

297995-TF-323-N; CRO Study No. SG14427)
o Study on drug discrimination of S-297995 monotosylate in rats (S-297995-TF-

334-L; CRO Study No. SG14428)
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o Preliminary study on psychological dependence liability of S-297995 
monotosylate by intravenous self-administration in monkeys (S-297995-TF-322-
N; CRO Study No. SG14425)

o Study on psychological dependence liability of S-297995 monotosylate by 
intravenous self-administration in monkeys (S-297995-TF-335-L; CRO Study No. 
SG14426)

o Preliminary study on physical dependence liability of S-297995 monotosylate in 
rats; CRO Study No. SG14429)

o Study on physical dependence liability of S-297995 monotosylate in rats (S-
297995-TF-333-L; CRO Study No. SG14430).

 The following analytical methods and method validation reports are not reviewed: R-
297995-QB-020-N, R-297995-QB-095-N, R-297995-QB-069-N; R-297995-QF-086-N 
(CRO Study No. AL-3827-G), R-297995-QF-087-N (CRO Study No. AL-3828-G), R-
297995-TB-039-N, R-297995-TB-040-N, R-297995-TF-101-N (CRO Study No. 
PBC055-095), R-297995-TF-102-N (CRO Study No. PBC055-096), R-297995-TF-
112-N (CRO Study No. PBC055-106), S-297995-PF-185-N (CRO Study No. 
PBC055-188), S-297995-PF-186-N (CRO Study No. PBC055-189), S-297995-PF-
248-N (CRO Study No. PBC055-259), S-297995-TB-246-N, S-297995-TF-230-L 
(CRO Study No. YDL0021), S-297995-TF-168-N (CRO Study No. PBC055-168), S-
297995-TF-220-N (CRO Study No. PBC055-238), S-297995-QB-170-N, and S-
297995-QB-205-N.

 In vitro studies pertinent to pharmacokinetics using human biomaterials submitted 
under module 5.3.2 will be reviewed by the clinical pharmacology reviewer.  These 
studies include evaluation of plasma protein binding and hepatic metabolism and 
drug interaction studies (e.g., in vitro enzyme induction and inhibition).  While the 
studies will be reviewed by the clinical pharmacology reviewer, the following study 
reports submitted under module 5.3.2 were also reviewed herein given that 
biomaterials from nonclinical species were included in the studies: Study No. R-
297995-PB-024-N (In vitro protein binding) and Study No. R-297995-PB-023-N (In 
vitro plasma/blood cell partitioning).  In addition, Study No. R-297995-PB-063-N (in 
vitro metabolism of [oxadiazole-14C]-naldemedine tosylate in cryopreserved human 
hepatocytes) is reviewed herein.

3.3 Previous Reviews Referenced
 IND 107475 Pharmacology review dated July 19, 2011 (C. Wu, Ph.D., DGIEP)
 IND 107475 Pharmacology review dated November 23, 2011 (C. Wu, Ph.D., DGIEP)
 IND  Pharmacology review dated November 6, 2013 (S. Chakder, Ph.D., 

DGIEP)

4 Pharmacology

4.1 Primary Pharmacology
Review of Study No. R-297995-EB-074-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Preliminary Study for Functional Assay on Opioid Receptors of RSC-297995 
monotosylate in vitro (Study No. R-297995-EF-013-R; CRO Study No. 6005).

Methods:  Functional effects of RSC-297995 monotosylate on mu-, kappa-, and delta 
receptors were evaluated using isolated guinea pig ileum and mouse vas deferens 
preparations.  For mu-, kappa-, and delta-receptors, respectively, antagonistic action of 
the test compound on DAMGO-induced, U-50488H-induced, and DPDPE-induced 
contraction inhibition elicited by electrical field stimulation was determined.

Results:  RSC-297995 monotosylate showed concentration-dependent, non-
competitive antagonistic action at mu-, kappa-, and delta- receptors.  Ke values (defined 
as [test article] / [concentration ratio -1]) were 0.22 nmol/L, 0.24 nmol/L, and 0.06 
nmol/L for mu-, kappa-, and delta-receptors, respectively, where the  concentration ratio 
is the IC50 of an agonist in the presence of test article / IC50 of an agonist alone.

Exploratory Study on Type of Antagonism of S-297995 monotosylate to Opioids 
in Functional Assay using Human Mu Opioid Receptor (Study No. S-297995-EB-
311-R).

Methods:  Morphine, oxycodone, hydrocodone, and fentanyl-induced [35S]-GTPƔS 
binding was determined in the presence and absence of S-297995 monotosylate or 
naloxone using membrane preparations of CHO-K1 cells stably expressing human mu-
opioid receptor.

Results:  S-297995 monotosylate and naloxone showed concentration-dependent 
inhibition of [35S]-GTPƔS binding induced by each of the opioids evaluated.  Based on 
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slope of Schild regression, naloxone was considered to exhibit competitive antagonism 
while S-297995 monotosylate exhibited non-competitive antagonism.

Review of Study No. S-297995-EB-135-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Study for Binding Kinetics of S-297995 monotosylate to Rat Mu Opioid Receptor 
(Study No. S-297995-EB-222-N; Study Report (Amendment)).

Methods:  The binding kinetics of 0.5 nM [3H]-S-297995 to the rat mu opioid receptor, 
relative to that of [3H]-naloxone, were determined based on the time courses of 
association and disassociation.  

Results:  Association rate constants (Kobs) of [3H]-S-297995 and [3H]-naloxone for rat 
mu opioid receptor were 0.070 and 0.503 min-1, respectively.  The dissociation rate 
constants (Koff) of [3H]-S-297995 and [3H]-naloxone were 0.016 and 0.397 min-1, 
respectively, and t1/2 values (the time until binding of the radiolabelled ligand to the 
receptor decreases to 50% after addition of an excess amount of unlabeled ligand) were 
43.8 and 1.745 min, respectively.  Thus, the association and dissociation kinetics of 
[3H]-S-297995 for rat mu opioid receptor were slower than that of [3H]-naloxone. 

Study for Binding Kinetics of S-297995 monotosylate to Human Mu Opioid 
Receptor (Study No. S-297995-EB-224-N; Study Report (Amendment)).
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Methods:  The binding kinetics of 0.5 nM [3H]-S-297995 to the human mu opioid 
receptor were compared to those of [3H]-naloxone, based on the time courses of 
association and dissociation.

Results:  Association rate constants (Kobs) of [3H]-S-297995 and [3H]-naloxone for 
human mu opioid receptor were 0.045 and 0.233 min-1, respectively.  The dissociation 
rate constants (Koff) of [3H]-S-297995 and [3H]-naloxone were 0.023 and 0.266 min-1, 
respectively, and t1/2 values were 30.687 and 0.266 min, respectively.  Therefore, the 
association and dissociation kinetics of [3H]-S-297995 for human mu opioid receptor 
were slower than that of [3H]-naloxone

Study for Specific Binding and Functional Assays on Human Kappa Opioid 
Receptor of S-297995 monotosylate and its Metabolites In Vitro (Study No. S-
297995-EF-284-N; Amendment to the study report (II)).

Methods:  Binding affinities and functional activities of S-297995 monotosylate, S-
297995 6-O-β-D-glucuronide (S-297995 6G), 297995 3-O-β-D-glucuronide (S-297995 
3G), Nor-S-297995, S-297995-carboxylic acid, benzamidine, and methylnaltrexone on 
human kappa opioid receptor were investigated.

Results:  S-297995 monotosylate exhibited a potent binding affinity for kappa opioid 
receptor (Ki value = 0.94 nmol/L).  The metabolites of S-297995 were less potent or had 
no significant binding affinity for kappa opioid receptor (Ki values of S-297995 6G, S-
297995 3G, Nor-S-297995, S-297995-carboxylic acid, and benzamidine were 36.2, 915, 
60.8, 151, and >6250 nmol/L, respectively).  The Ki value of methylnaltrexone was 32.1 
nmol/L.    S-297995 monotosylate demonstrated potent antagonistic activity at kappa 
opioid receptor (Kb value = 0.44 nmol/L).   The metabolites showed less potent 
antagonistic activity (Kb values of S-297995 6G, S-297995 3G, Nor-S-297995, S-
297995-carboxylic acid, and benzamidine were 28.5, >270.68, >270.68, 201, and 
>270.68 nmol/L, respectively).  The Kb value for methylnaltrexone was >270 nmol/L. 

Binding and Functional Assays of S-297995 monotosylate to Rat Mu Opioid 
Receptor (Study No. S-297995-EB-225-N).

Methods:  The binding affinity of S-297995 monotosylate for rat mu opioid receptor was 
determined using [3H]-DAMGO as the radioligand.  In functional assays, agonistic 
activities of S-297995 monotosylate and DAMGO (positive control) were determined 
using [53S]-GTPƔS as the radioligand.  In addition, antagonistic activity of S-297995 
monotosylate was evaluated in the functional assay. 

Results:  In binding assays, the IC50 and Ki values of S-297995 monotosylate for rat 
mu opioid receptor were 3.21 and 1.40 nM, respectively.  In assays conducted to 
assess agonist activity, the EC50 value of DAMGO for rat mu opioid receptor was 6.34 
nM, compared to an EC50 value of >10000 nM for S-297995 monotosylate.  Based on 
its EC50 value and Emax (percent of maximal stimulation in the [35S]-GTPƔS binding) 
value of -5.98 nM, S-297995 did not exhibit agonistic activity for the rat mu opioid 

Reference ID: 4017126



NDA 208854 Tracy L. Behrsing, Ph.D.

25

receptor.  S-297995 exhibited antagonistic activity with IC50 and Kb values for rat mu 
opioid receptor of 161.08 and 0.56 nM, respectively.

Binding and Functional Assays of S-297995 monotosylate to Rat Delta and Kappa 
Opioid Receptors (Study No. S-297995-EB-281-N; Study Report (Amendment)).

Methods: Binding affinities and functional activities of S-297995 monotosylate for rat 
delta and kappa opioid receptors were investigated. 
 
Results:  The IC50 and Ki values of S-297995 monotosylate for rat delta and kappa 
opioid receptors were 2.13 and 0.96 nM, and 5.43 and 2.16 nM, respectively.  In the 
functional assay, S-297995 monotosylate did not exhibit agonistic activity.  S-297995 
monotosylate did however exhibit antagonistic activities with Kb values of 0.22 and 0.49 
nM, respectively, for rat delta and kappa opioid receptors.

Review of Study No. R-297995-EB-071-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

 

Effect of S-297995 monotosylate on Orally Administered Morphine-induced 
Constipation in Rats (Study No. S-297995-EB-221-N; Study Report (Amendment)).

Methods:  In a study to optimize the dose of morphine, fasted male Crlj:WI rats 
(n=12/group) were orally administered vehicle (0.5% MC), followed by 3 to 30 mg/kg 
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morphine (or vehicle; distilled water) 15 minutes later.   In a study conducted to evaluate 
S-297995 monotosylate, fasted male rats (n=12/group) were administered 0.01, 0.03, 
0.1, 0.3, 1, 3, and 10 mg/kg S-297995 monotosylate or vehicle (0.5% MC).  Fifteen 
minutes after dosing with S-297995 monotosylate, the rats were orally administered 20 
mg/kg morphine (or distilled water in the case of 1 of the 2 control groups).  

Results:  All doses of morphine significantly inhibited small intestinal transit, compared 
to rats administered 0.5% MC plus distilled water.  A dose of 20 mg/kg morphine (which 
inhibited transit rates by ~54%, compared to controls) was therefore selected for the 
study using S-297995 monotosylate.  S-297995 monotosylate prevented morphine-
induced inhibition of small intestinal transit, with dose-dependent and statistically 
significant effects at ≥0.1 mg/kg S-297995 monotosylate.  The ED50 and ED80 values 
for S-297995 monotosylate were 0.23 and 1.04 mg/kg, respectively.

Antagonistic Effect of S-297995 monotosylate on Oxycodone-induced Inhibition 
of Small Intestinal Transit in Rats (Study No. S-297995-EF-260-N; CRO Study No. 
7620).

Methods:  Oxycodone-induced inhibition of small intestinal transit in male Crlj: WI rats 
(n=10/group) were assessed following oral administration of 0.001, 0.003, 0.01, 0.03, 
0.1, 0.3, 1, and 3 mg/kg S-297995 monotosylate.

Results:  Oxycodone was shown to inhibit small intestinal transit.  Administration of S-
297995 monotosylate resulted in a dose-dependent prevention of oxycodone-induced 
suppression of small intestinal transit, with effects at all doses (statistically significant at 
≥0.03 mg/kg S-297995 monotosylate).  The ED50 and ED80 values for S-297995 
monotosylate were 0.02 and 0.13 mg/kg, respectively.

Review of Study No. R-297995-EB-092-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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4.2 Secondary Pharmacology
Review of Study No. R-297995-EB-081-N (CRO Study No. AL-3795-G) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. R-297995-EB-072-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Influence of S-297995 monotosylate on Morphine-induced Analgesic Effect in Rat 
Tail-Flick Test (S-297995-EB-181-N).

Methods:  Male Crlj: WI rats (n=10-11/group) were orally administered 3, 5, 7, 10, and 
30 mg/kg S-297995 monotosylate or vehicle (0.5 w/v% MC).  To evaluate the effect of 
S-297995 monotosylate, tail withdrawal latency was measured by tail-flick method at 1, 
2, 4, 6, 7, and 24 h after administration of the test compound or vehicle.  Morphine (6 
mg/kg), or saline in the case of 1 of the 2 control groups, was administered forty-five 
minutes before the test.  A cut-off time of 20 seconds was used to prevent tissue 
damage.

Results:  All animals administered vehicle plus morphine reached the cut-off time, 
compared to 0/11 animals treated with vehicle and saline, demonstrating the analgesic 
effect of morphine.  There was a statistically significant decrease in the number of 
animals reaching the cut-off time following treatment with 30 mg/kg S-297995 
monotosylate, compared to animals treated with vehicle and morphine.  ).  At 10 and 30 
mg/kg,  S-297995 monotosylate resulted in a statistically significant shortening of the 
normalized latency for tail withdrawal response (compared to animals dosed with 
vehicle and morphine) at 6 h and 4, 6, and 8 h, respectively.  Thus, doses of ≥10 mg/kg 
S-297995 monotosylate inhibited the analgesic effect of morphine in a rat tail flick test.

Influence of S-297995 monotosylate on Morphine-induced Analgesic Effect in Rat 
Post-Operative Pain Model (Study No. S-297995-EB-274-N).

Methods: Male Crlj: WI rats (n=10-12/group) were orally administered 1, 3, 5, and 7 
mg/kg S-297995 monotosylate or 0.1 mg/kg naloxone by subcutaneous injection.  To 
evaluate the effect of S-297995 monotosylate on post-operative pain using an incisional 
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pain model, paw withdrawal thresholds in response to thermal stimuli were measured at 
1, 2, 4, 6, 7, and 24 h after administration of S-297995 monotosylate and 1 h after 
administration of naloxone.  Morphine (6 mg/kg), or saline in the case of 1 of the 2 
control groups, was administered forty-five minutes prior the measurement at each time 
point.  A cut-off time of 20 seconds was used to prevent tissue damage.

Results:   At 5 and 7 mg/kg, treatment with S-297995 monotosylate significantly 
shortened the normalized latency (compared to animals dosed with vehicle and 
morphine) at 6 h and 4, 6, and 8 h, respectively.  For comparison, treatment with 0.1 
mg/kg naloxone significantly affected the analgesic effect of morphine at 1 hr.  Thus, 
doses of ≥5 mg/kg S-297995 monotosylate inhibited the analgesic effect of morphine in 
a post-operative pain model.
Study on in vivo Brain Opioid Receptor Occupancy after Oral Administration of S-
297995 monotosylate in Rats (Study No. S-297995-EB-257-N).

Methods:  Fasted male Crlj: WI rats were administered 3, 10, and 30 mg/kg S-297995 
monotosylate (expressed as S-297995) or vehicle (0.5 w/v% methylcellulose aqueous 
solution) by oral gavage.  Opioid receptor occupancy, plasma, and brain concentrations 
of S-297995 were measured at 1, 4, 8, and 24 h after administration.  [3H]Diprenorphine 
(a non-selective opioid antagonist) was used as a tracer to evaluate the opioid receptor 
occupancy, and was intravenously injected approximately 30 min prior to each time 
point.  Cerebral cortex, cerebellum, and plasma concentrations of S-297995 were 
determined using LC/MS/MS.

Results:
Opioid receptor occupancies in the cerebral cortex and thalamus were <6.1% following 
administration of 3 mg/kg S-297995.  Following treatment with 10 and 30 mg/kg, the 
highest receptor occupancies in the cerebral cortex and thalamus were measured at 8 
h.  At 10 mg/kg, receptor occupancies in the cerebral cortex and thalamus were 
approximately 14% at 4 h and approximately 28% at 8 h.  At 24 h after dosing with 10 
mg/kg, receptor occupancies were 8.8 and 2.5%, respectively, in the cerebral cortex 
and thalamus.  Following administration of 30 mg/kg, receptor occupancies in the 
cerebral cortex and thalamus were 38.5% and 23.9%, respectively, at 4 h, 57.1% and 
34.6%, respectively, at 8 h, and 27.8% and 17.7%, respectively, at 24 h.  Plasma 
concentrations of S-297995 were 229, 950, and 2590 ng/mL at 1 h after administration 
of 3, 10, and 30 mg/kg, respectively.  Concentrations of S-297995 in the cerebral cortex 
were 3.4, 11.9, and 28.5 ng/g at 4 h after administration of 3, 10, and 30 mg/kg, 
respectively.  Concentrations of S-297995 in the cerebellum at 4 h after administration 
were 5.05, 20.1, and 60.2 ng/g at 3, 10, and 30 mg/kg, respectively.  Concentrations in 
the plasma decreased more rapidly as compared to the brain.  Thus, the time at which 
maximum receptor occupancy in the brain was measured (8 h) was delayed relative to 
the time at which peak concentrations were measured in the brain.

Review of Study No. R-297995-EB-073-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (Dr. C. Wu, Ph.D.).
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Study on Precipitated Withdrawal Symptoms of S-297995 monotosylate in 
Morphine-Dependent Rats (Study No. S-297995-SB-270-N).

Methods:  Morphine-dependent rats were orally administered 0.01, 0.03, 0.1, 0.3, 1, 
and 3 mg/kg S-297995 monotosylate (or vehicle, 0.5 w/v% methylcellulose aqueous 
solution) or subcutaneously administered 0.1 mg/kg naloxone or saline (n=8/group).  
The animals were observed for withdrawal symptoms immediately after dosing and at 1, 
2, 4, 6, and 8 h after dosing.  Parameters evaluated in this study included the numbers 
of jumping and wet dog shakes, diarrhea and teeth chattering, and weight loss.

Results:  Administration of S-297995 monotosylate at up to 3 mg/kg did not result in 
jumping or wet dog shakes at any dose.  However, administration of S-297995 
monotosylate resulted in increased diarrhea (compared to vehicle controls), with 
statistically significant increases at the 1 and 3 mg/kg dose levels.  There was also a 
statistically significant increase in weight loss following treatment with ≥0.3 mg/kg S-
297995 monotosylate, compared to the vehicle control group.  Finally, teeth chattering 
was increased after administration of 3 mg/kg S-297995 monotosylate.  For 
comparison, 0.1 mg/kg naloxone resulted in increased jumping, wet dog shakes, teeth 
chattering, and diarrhea immediately after dosing and increased weight loss, compared 
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to vehicle controls.  Therefore, treatment of morphine-dependent rats with S-297995 
monotosylate resulted in withdrawal signs at ≥0.3 mg/kg.

Review of Study No. R-297995-EB-082-N (CRO Study No. 6250) from the IND 107475 
nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. R-297995-EB-083-N (CRO Study No. 6251) from the IND 107475 
nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Effect of S-297995 monotosylate on Emesis Induced by Orally-administered 
Morphine in Ferrets (Study No. S-297995-EF-253-N; CRO Study No. 7525).

Methods:  To investigate the anti-emetic effect of S-297995 monotosylate on morphine-
induced emesis, male ferrets (n=10 total) were orally administered S-297995 
monotosylate (0.01, 0.03, 0.1, and 0.3 mg/kg) or vehicle (0.5 w/v% methylcellulose 
solution).  Morphine (1.2 mg/kg) was administered 30 minutes later and emetic 
symptoms were observed for 90 minutes.
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Results:  At 0.01 mg/kg S-297995 monotosylate, the average frequency of emesis, 
latency, and duration did not differ significantly from the vehicle control group.  
However, at ≥0.03 mg/kg S-207995 monotosylate, no emetic symptoms were observed 
in any of the animals after administration of morphine.  The estimated ED50 of anti-
retching, vomiting, and emesis were 0.016, 0.013, and 0.016 mg/kg, respectively.

4.3 Safety Pharmacology
Review of Study No. R-297995-SF-078-L (CRO Study No. B080434) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-SF-079-L (CRO Study No. B080435) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-SF-075-L (CRO Study No. B080431) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. R-297995-SF-077-L (CRO Study No. B080433) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).  
Although the “Results” section states that there were no treatment-related effects at 
dose levels up to 1000 mg/kg, the maximum dose tested was 300 mg/kg.
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Review of Study No. R-297995-SF-076-L (CRO Study No. B080432) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (Dr. C. Wu, Ph.D.).  The 
statistically significant changes in a subset of parameters evaluated in this study noted 
in Dr. Wu’s review were concluded to be incidental and unrelated to treatment with the 
test compound.  With respect to changes in blood pressure, the observed differences 
(compared to control) were transient, generally not dose-dependent, and did not 
correspond with Tmax.  For QRS duration, the statistically significant changes were at 
the low and high dose only (there was not significant effect at the mid-dose), the 
increases in duration were small in magnitude, and the interval durations were 
considered to be within a normal range.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
Absorption
Review of Study No. R-297995-PB-059-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-097-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-070-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (Dr. C. Wu, Ph.D.).
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Review of Study No. R-297995-PF-089-N (CRO Study No. AL-3825-G) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PF-090-N (CRO Study No. AL-3826-G) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Plasma Concentration of S-297995 and its Metabolites after Single Oral 
Administration of S-297995 monotosylate in Wistar Rats [Study No. S-297995-PF-
197-N; CRO Study No. PBC055-191; Amendment to the Final Report (No. 1)]

Methods:  Fasted male rats were administered single oral doses of 1, 3, 5, 7, 10, and 
30 mg/kg S-297995 monotosylate in 0.5 w/v% MC 400 solution (n=4/group; dosing 
volume 2 mL/kg).  Blood samples were collected out to 24 h after dosing, and plasma 
concentrations of S-297995 and its metabolites were determined by LC/MS/MS.

Results:  At the lowest dose tested (1 mg/kg), the Cmax value for S-297995 (77.6 
ng/mL) was achieved at 0.75 h after dosing, and decreased to 0.0322 ng/mL at 24 h 
after dosing.  Cmax values for metabolites S-297995 6-O-β-D-glucuronide (297995 6-
G), S-297995 3-O-β-D-glucuronide (297995 3-G), Nor-S-297995, and S-297995-
carboxylic acid following dosing with 1 mg/kg S-297995 were 0.275 ng/mL, 3.06 ng/mL, 
3.88 ng/mL, and 0.145 ng/mL, respectively.  Only Nor-S-297995 was detected at 24 h.  
With the exception of metabolite S-297995-carboxylic acid, exposure to S-297995 and 
its metabolites (based on concentration and AUC) increased in a dose-related manner 
from 1 to 30 mg/kg S-297995.  Exposure to metabolite S-297995-carboxylic acid 
increased with increasing dose from 1 to 10 mg/kg, but the increase from 10 to 30 
mg/kg was less than dose-proportional.

Review of Study No. R-297995-PF-198-N (CRO Study No. PBC055-190) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (Dr. C. Wu, Ph.D.).
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Plasma Concentrations of S-297995 and Morphine after Single Oral 
Administration of S-297995 monotosylate in Rats with Peroral Morphine-induced 
Emesis (Study No. S-297995-PF-251-N; CRO Study No. PBC055-270)

Methods:  Fasted male Crlj:Wistar rats were administered single oral doses of 0.03, 
0.1, 0.3, and 1 mg/kg S-297995 monotosylate (or vehicle, 0.5 w/v% methyl cellulose; 
dosing volume 2 mL/kg).  Fifteen minutes after dosing, the animals were given single 
oral doses of 20 mg/kg morphine hydrochloride.  Two groups of animals were included 
at each S-297995 dose level (n=4/group), and plasma concentrations of morphine 
(Groups 1-5) and S-297995 (Groups 6-9) were determined by LC/MS/MS.    

Results:  Exposure to S-297995 (based on AUC and Cmax) increased in a dose-
proportional manner.  Tmax ranged from 0.5 to 0.75 h and t1/2,z ranged from 2.02 to 3.06 
h.  Morphine Cmax values increased with increasing doses of S-297995 up to 0.3 
mg/kg, and AUC values at all doses of S-297995 exceeded those of the vehicle control 
group.  Summary data are provided in the Applicant’s tables below.
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Pharmacokinetics and Disposition Following Single Administration of [14C]-RSC-
297995 monotosylate in Dogs (Study No. R-297995-PB-068-N).

Methods:  Male dogs were administered [14C]-RSC-297995 monotosylate by the oral, 
intravenous (i.v.), and intraduodenal routes of administration at single doses of 1 mg (as 
free base)/69.6 µCi/mL/kg, 0.5 mg (as free base)/34.8 µCi/0.2 mL/kg, and 1 mg/69.6 
µCi/0.5 mL/kg, respectively.  The dosing vehicle for oral and intraduodenal 
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administration was 0.5% methylcellulose aqueous solution, and the vehicle for i.v. 
administration was N,N-Dimethylacetamide/saline (1:9, v/v).  Parameters evaluated 
were: blood, plasma, and blood cell concentration profiles of radioactivity; plasma 
concentration profile of RSC-297995; distribution radio of radioactivity in blood cells; 
and cumulative excretion of radioactivity in urine, feces, and bile.  RSC-297995 
concentrations were determined by LC/MS/MS.

Results:  PK parameters of radioactivity and RSC-297995 following i.v. dosing under 
non-fasted conditions are summarized in the Applicant’s table below.  Plasma and blood 
radioactivity concentrations decreased in a bi-exponential manner, and as shown in the 
table, t1/2,z values in plasma, blood, and blood cells were similar (18 to 21.2 h).  
Distribution ratios of radioactivity in blood cells ranged from 9.3 to 35.6%.  RSC-297995 
concentrations in plasma were below the lower limit of quantification (BLQ) at 8 h after 
dosing, and the t1/2,z was substantially shorter (1h) than that of radioactivity 
concentration.  The plasma AUC ratio of RSC-297995 to radioactivity was 40.4%.  

PK parameters of radioactivity and RSC-297995 following oral dosing under non-fasted 
conditions are summarized in the Applicant’s table below.  The profiles of radioactivity 
concentrations in blood and plasma were similar, with t1/2,z values of 15 and 16.6 h, 
respectively.  The Tmax for radioactivity concentration in blood cells was 4.75 h, and the 
t1/2,z value in blood cells was 12.6 h.  Distribution ratios of radioactivity in blood cells 
increased with time up to 48 h after dosing, and ranged from 8.4 to 36.9% over the 
sampling periods evaluated.   RSC-297995 concentrations in plasma were BLQ at 24 h 
after dosing, and the t1/2,z was substantially shorter (1.8 h) than that of radioactivity 
concentration.  The plasma AUC ratio of RSC-297995 to radioactivity was 36.5%, and 
the oral bioavailability was estimated to be 59.5%.
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Following intraduodenal administration to dogs under fasted conditions, PK parameters 
of radioactivity in plasma showed that the Cmax and AUCinf values (577 ng eq. of RSC-
297995/mL and 4480 ng eq. of RSC-297995.h/mL, respectively) were greater than 
those following oral administration, and the Tmax value (0.5 h) was shorter than that 
following oral administration. 

Cumulative excretion of radioactivity in urine and feces following i.v. and oral dosing 
was similar and indicated that most of the administered radioactivity was excreted into 
the feces.  The cumulative urinary and fecal excretion of radioactivity up to 168 h after 
i.v. dosing was 24.3% and 68% of dose, respectively (total: 92.5%).  The cumulative 
urinary and fecal excretion of radioactivity up to 168 h after oral dosing was 25.7% and 
67% of dose, respectively (total: 92.8%).  Following intraduodenal administration, 
urinary, biliary, and fecal excretion of radioactivity up to 48 h after dosing was 28.1%, 
57.8%, and 9.3% of dose, respectively, indicating that the primary route of excretion 
was in the feces via bile.  An absorption ratio of radioactivity was estimated to be 
85.9%, based on the sum of urinary and biliary excretion ratio.

Pharmacokinetics of Radioactivity and S-297995 after Single Oral Administration 
of [Carbonyl-14C]-S-297995 monotosylate in Dogs (Study No. S-297995-PB-177-N).

Methods:  Male dogs were administered [Carbonyl-14C]-S-297995 monotosylate by the 
oral and intraduodenal routes of administration at single doses of 1 mg (as free 
base)/72.2 µCi/mL/kg and 1 mg/72.2 µCi/0.5 mL/kg, respectively.  The dosing vehicle 
was 0.5% methylcellulose aqueous solution, and parameters evaluated were: blood, 
plasma, and blood cell concentration profiles of radioactivity; plasma concentration 
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profile of RSC-297995; distribution radio of radioactivity in blood cells; and cumulative 
excretion of radioactivity in urine, feces, and bile.  RSC-297995 concentrations were 
determined by LC/MS/MS.

Results:  PK parameters of radioactivity and RSC-297995 following oral dosing are 
summarized in the Applicant’s table below.  The profiles of radioactivity concentrations 
in blood and plasma were similar, with t1/2,z values of 35.5 and 32.1 h, respectively.  The 
Tmax for radioactivity concentration in blood cells was 2.5 h, and the t1/2,z value in blood 
cells was 47.6 h.  Distribution ratios of radioactivity in blood cells increased with time up 
to 24 h after dosing, and ranged from 6.9 to 32.1% over the sampling periods evaluated.   
RSC-297995 concentrations in plasma were BLQ at 24 h after dosing, and the t1/2,z was 
shorter (1.74 h) than that of radioactivity concentration.  The AUC ratio of RSC-297995 
to radioactivity in plasma was 37.8%, and the oral bioavailability was estimated to be 
50.6%.

Following intraduodenal administration to dogs under fasted conditions, PK parameters 
of radioactivity in plasma indicated that Cmax and AUCinf values (606 ng eq. of RSC-
297995/mL and 6610 ng eq. of RSC-297995.h/mL, respectively) were greater than 
those following oral administration, and the Tmax value (0.5 h) was shorter than that 
following oral administration. 

Cumulative excretion of radioactivity in urine and feces following oral dosing indicated 
that most of the administered radioactivity was excreted into the feces.  The cumulative 
urinary and fecal excretion of radioactivity up to 168 h after oral dosing was 5.2% and 
92.0% of dose, respectively (total: 97.2%).  Following intraduodenal administration, 
urinary, biliary, and fecal excretion of radioactivity up to 48 h after dosing was 14.5%, 
52.4%, and 26.0% of dose, respectively, indicating that the primary route of excretion 
was in the feces via bile.  An absorption ratio of radioactivity after intraduodenal 
administration was estimated to be 66.9%, based on the sum of urinary and biliary 
excretion ratio.
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Review of Study No. R-297995-PB-161-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. R-297995-PB-088-N (CRO Study No. AL-3824-G) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (Dr. C. Wu, Ph.D.).
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Plasma Concentrations of S-297995 and Morphine after Single Oral 
Administration of S-297995 monotosylate in Ferrets with Peroral Morphine-
induced Emesis (Study No. S-297995-PF-250-N; CRO Study No. PBC055-269)

Methods:  Male ferrets were administered single oral doses of 0.01, 0.03, 0.1, and 0.3 
mg/kg S-297995 monotosylate (or vehicle, 0.5 w/v% methyl cellulose; dosing volume 2 
mL/kg) five and a half hours after feeding.  Thirty minutes after dosing, the animals were 
given single oral doses of 1.2 mg/kg morphine hydrochloride.  Two groups of animals 
were included at each S-297995 dose level (n=4/group), and plasma concentrations of 
morphine (Groups 1-5) and S-297995 (Groups 6-9) were determined by LC/MS/MS.    

Results:  Exposure to S-297995 (based on AUC and Cmax) increased in a dose-
proportional manner.  Tmax was approximately 0.6 h and t1/2,z ranged from 1.14 - 2.7 h.  
Morphine Cmax and AUC values in groups administered S-297995 generally exceeded 
those of the vehicle control group, but were considered to be similar.  Summary data 
are provided in the Applicant’s tables below.
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Plasma Concentration of Radioactivity and S-297995 after Repeated Oral 
Administration of [Carbonyl-14C]-S-297995 monotosylate in Rat (Study No. S-
297995-PB-190-N).

Methods:  Male rats were administered oral doses of 1 mg (as free base)/69.6 
µCi/2mL/kg/day [Carbonyl-14C]-S-297995 monotosylate once daily for 7, 13, and 14 
days under non-fasted condition.  Blood samples were collected at 0.25, 0.5, 1, 2, 4, 8, 
12, 24, and 48 h after single administration; 0, 0.25, 0.5, 1, 2, 4, 8, 12, 24, and 48 h after 
the 7th and 14th administration; 24 h after the 1st, 3rd, 5th, 7th, 9th, 11th, and 13th 
administration.  Parameters evaluated were: plasma concentrations of radioactivity and 
S-297995, blood concentration of radioactivity, and distribution ratio and concentration 
of radioactivity in blood cells.  S-297995 concentrations were measured using 
LC/MS/MS.

Results:  Plasma Cmax values of radioactivity after the 7th and 14th administrations 
were comparable (62.4 and 61.2 ng eq. of S-297995/mL, respectively), and higher than 
the Cmax after single administration (37.7 ng eq. of S-297995/mL).  Similarly, the 
plasma Cmax value S-297995 after the 7th and 14th administrations were comparable 
(48.8 and 47.8 ng/mL, respectively), and higher than Cmax after single administration 
(33.7 ng/mL).  The AUC0-24h  of radioactivity in plasma after the 7th and 14th 
administrations were 449 and 505 ng eq. of S-297995.h/mL, respectively, compared to 
the AUC0-24h   of 302 ng eq. of S-297995.h/mL after single administration.  The AUC0-24h 
of S-297995 in plasma after single, 7th, and 14th administrations were 217, 228, and 268 
ng.h/mL, respectively.  The AUC radios of S-297995 to radioactivity were 69.2, 51.3, 
and 53.3% after single, 7th, and 14th administration of the test compound, respectively.  
Furthermore, the

 
t1/2,z of radioactivity in plasma was longer than that of S-297995, 

suggesting the presence of metabolite(s) which are eliminated slower than S-297995.  
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Blood concentrations of radioactivity showed similar findings to those in plasma, and 
trough concentrations of radioactivity in plasma, blood, and blood cells after repeated 
oral administration up to the 13th dose.  Finally, distribution ratios of radioactivity in 
blood cells were 18.9-45.6, 21.6-48.4, and 29.4-63.2% after single, 7th, and 14th 
administration, respectively.  Based on the findings of this study, it was concluded that 
extensive accumulation of radioactivity and S-297995 does not occur after repeated oral 
dosing in rats of up to 14 days in duration.

Distribution

Review of Study No. R-297995-PB-057-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-096-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Quantitative Whole-body Autoradiography after Repeated Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Rats (Study No. S-297995-PB-192-N).

Methods:  Male Crl:SD(SD) rats were orally administered [Carbonyl-14C]-S-297995 
monotosylate at 1 mg/kg (as free base) once daily for up to 14 days.  Quantitative 
whole-body autoradiography was conducted at 24 h after the 1st, 7th, and 13th 
administrations and at 1, 4, 8, 24, 72, 168, 672, and 1008 h after the 14th administration.  
Additional groups were administered single nasal or intravenous doses of [Carbonyl-
14C]-S-297995 monotosylate and autoradiography was conducted at 72 and 168 h after 
dosing.  Radioactivity concentrations in tissues, blood, and plasma and qualitative 
evaluation of distribution of radioactivity in nasal bone were determined.

Results:  Concentrations of radioactivity in plasma, blood, and tissues after 1, 7, 13, 
and 14 oral doses of [Carbonyl-14C]-S-297995 monotosylate are summarized in the 
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Applicant’s table 1 below.  Drug-derived radioactivity was either not detected or below 
the lower limit of quantification in the cerebellum and cerebrum at all time points.  As 
shown in the Applicant’s table 2 below, concentration ratios of tissue to plasma 
radioactivity  after the 14th administration were highest in the liver, nasal bone, rectal 
mucosa, and renal cortico-medullary junction.  The elimination half-lives of radioactivity 
(t1/2, terminal) after 14th administration in plasma and blood were 95.7 and 426.3 h, 
respectively, and t1/2,terminal values were also long (23.1-186 h) in the epididymis, 
exorbital lacrimal gland, liver, preputial gland, rectal mucosa, renal cortex, renal cortico-
medullary junction, skin, spleen, and thyroid.  However, the concentration of 
radioactivity in these tissues decreased and was not detected at 672 h after the 14th 
administration (with the exception of the nasal bone).  Additional experiments conducted 
to investigate high concentrations of radioactivity detected in nasal bone suggested that 
distribution of high radioactivity in the nasal bone may be due to back efflux of the 
dosing formulation.
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Quantitative Whole-body Autoradiography after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Pregnant Rats (Study No. S-297995-PF-
238-N; CRO Study No. YDL0026).

Methods:  Pregnant female Crl:SD(SD) rats were administered single oral doses of 
[Carbonyl-14C]-S-297995 monotosylate at 1 mg/kg (as free base; 49.6 µCi/mg as free 
base) on day 18 of gestation.  Quantitative whole-body autoradiography was conducted 
at 1, 4, 8, 24, and 48 h administration and concentrations of radioactivity in tissues, 
blood, and plasma were determined.

Results:  Concentrations of drug-related radioactivity in plasma, blood, and tissues 
after a single dose of [Carbonyl-14C]-S-297995 monotosylate are summarized in the 
Applicant’s figure below.  As shown, maximum concentrations of radioactivity were 
measured in most tissues at 1 and 4 h after dosing and radioactivity concentrations in 
most maternal tissues were equal to or greater than those in cardiac whole-blood at up 
to 8 h after dosing.  Concentrations of radioactivity in fetal tissues were lower than those 
in maternal cardiac whole blood, the amnion membrane, and placenta, and below the 
limit of quantification in fetal tissues by 24 h after dosing.  In maternal animals, 
radioactivity was detected in the cerebrum at 4 h after dosing only (tissue: plasma 
radioactivity concentration ratio = 0.09).  Radioactivity was below the limit of 
quantification in the fetal brain at all time points.  At 48 h, radioactivity was measured 
only in the renal cortex and medulla, liver, large intestine wall, and amnion membrane.  
Based on the findings of this study, it was concluded that placental transfer was low.
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Quantitative Whole-body Autoradiography after Single Oral Administration of 
[Oxadiazole-14C]-S-297995 monotosylate and [Carbonyl-14C]-S-297995 
monotosylate in Pigmented Rats (Study No. S-297995-PF-213-N; CRO Study No. 
8223166).

Methods:  Male Long Evans (HsdBlu:LE) rats were administered single oral doses of 
[Oxadiazole-14C]-S-297995 monotosylate and [Carbonyl-14C]-S-297995 monotosylate at 
1 mg/kg (as free base; the radioactive dose was 69.6 µCi (as free base)/kg).  
Quantitative whole-body autoradiography was conducted at 1, 4, 8, 24, 72, 168, 336, 
and 840 h administration and concentrations of radioactivity in tissues, blood, and 
plasma were determined.

Results:  Maximum concentrations of radioactivity were detected in plasma at 1 h after 
dosing with both test articles, as shown in the Applicant’s tables 3 and 4 below.  
Although radioactivity concentrations decreased to a large extent by 8 h after dosing 
with [Carbonyl-14C]-S-297995 monotosylate, concentrations remained relatively high at 
8 h after dosing with [Oxadiazole-14C]-S-297995 monotosylate.  Concentrations of 
radioactivity in tissues as determined by autoradiography are summarized in the 
Applicant’s tables 5 and 6 below.  Maximum concentrations of radioactivity were 
detected in most tissues by 8 and 1 h after dosing with [Oxadiazole-14C]-S-297995 
monotosylate and [Carbonyl-14C]-S-297995 monotosylate, respectively.  Radioactivity 
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was not detected or below the limit of quantitation in the cerebellum, cerebrum, medulla, 
and olfactory lobe, but was detected in the choroid plexus.  By 72 h, radioactivity was 
not detected or below the limit of quantitation with the exception of the eye, eye uveal 
tract, liver, and pigmented skin.  The detection of radioactivity in pigmented ocular 
tissue (i.e., eye uveal tract) at 840 h after dosing suggested an affinity for melanin, and 
the estimated half-life values in the uveal tract ranged from 309 and 447 h.  The highest 
tissue:plasma ratios following administration of [Oxadiazole-14C]-S-297995 
monotosylate were in the uveal tract, bile, eye, cecum, and liver.  The highest 
tissue:plasma ratios following administration of [Carbonyl-14C]-S-297995 monotosylate 
were in the liver, uveal tract, Harderian gland, pituitary gland, and bile.  
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Review of Study No. R-297995-PB-023-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-024-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Metabolism
Review of Study No. R-297995-PB-060-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Preliminary Toxicokinetics Study of Metabolite, S-297995-(7R)-7-hydroxide in Rats 
following S-297995 Oral Administration and Exploratory Determination of S-
297995-(7R)-7-hydroxide in Dog Plasma by LC/MS/MS (Study No. S-297995-TB-
282-R)

Methods:  Male and female Crl:CD(SD) rats were administered 30 and 100 mg/kg/day 
S-297995 monotosylate (as S-297995) in 0.5 w/v% methylcellulose by oral gavage once 
daily for 2 weeks (n=4/sex/group).  Blood samples were collected prior to dosing (Day 
14 only), and at 0.5 ,1 ,2, 4, 8, and 24 h after dosing on Days 1 and 14, and plasma was 
analyzed for S-297995-(7R)-7-hydroxide using LC/MS/MS.  In addition, an exploratory 
determination of S-297995-(7R)-7-hydroxide in dog plasma samples was conducted.  
For this evaluation, plasma samples from dogs dosed with 20 mg/kg/day S-297995 
monotosylate (as S-297995) in a 9-month oral toxicity study (Study No. S-297995-TF-
219-L) analyzed using LC/MS/MS.  
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Results:  TK parameters for S-297995-(7R)-7-hydroxide in rats are summarized in the 
Applicant’s tables below.  Tmax ranged from 0.5-1.3 h, and AUC0-24h increased with 
increasing dose level.  

TK parameters from S-297995-(7R)-7-hydroxide in dogs are summarized in the 
Applicant’s table below.

Review of Study No. R-297995-PB-099-N from the IND 107475 nonclinical review dated 
November 23, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-061-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Study on the in vivo Major Metabolites of [14C]-RSC-297995 monotosylate in 
Ferrets (Study No. R-297995-PB-062-N).

Methods:  Male ferrets were administered a single oral dose of 1 mg (as free base 
/69.6 µCi/mL/kg [Oxadiazole-14C]-RSC 297995 monotosylate under non-fasted 
condition.  Blood samples were collected at 1 and 4 h after administration for 
determination of metabolites in plasma.  Metabolite profiling was conducted by radio-
HPLC, and the parent compound and metabolites were identified by LC/MS/MS.

Results:  At 1 and 4 h, unchanged RSC-297995 accounted for 72% and 34%, 
respectively, of the radioactivity.  An additional peak (RSC-297995-FPM1) accounted 
for 34% of the radioactivity in plasma collected at 4 h.  Based on LC/MS/MS analysis, 
RSC-297995-FPM1 was identified as benzamidine.  Other metabolites (RSC-297995 3-
O-β-D-glucuronide, RSC-297995 6-O-β-D-glucuronide, and Nor-RSC-297995) were not 
detected.  Thus, at 1 h, unchanged RSC-297995 accounted for the majority of 
radioactivity in plasma and at 4 h, unchanged RSC-297995 and benzamidine were the 
primary components of radioactivity in plasma.

In vivo Metabolite Profiling of S-297995 after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Ferrets (Study No. S-297995-PB-156-N).
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Methods:  Male ferrets were administered a single oral dose of 5 mg (as free base /361 
µCi/2 mL/kg [Carbonyl-14C]-S-297995 monotosylate under non-fasted condition.  Blood 
samples were collected at 1 and 4 h after administration for determination of 
metabolites in plasma.  Metabolite profiling was conducted by radio-HPLC, and the 
parent compound and metabolites were identified by LC/MS/MS.

Results:  Unchanged S-297995 accounted for 81% and 86% of the radioactivity in the 1 
and 4 h plasma samples, respectively.  S-297995-FPM2 accounted for 5% and 2% of 
the radioactivity in the 1 and 4 h plasma samples, respectively, and S-297995-FPM3 
accounted for 2% of the radioactivity in each of the 1 and 4 h plasma samples.  Based 
on LC/MS/MS analysis, S-297995-FPM2 was identified as S-297995 3-O-β-D-
glucuronide.  S-297995-FPM3 was estimated to be a metabolite containing a hydroxyl 
group in the morphinane moiety, with a molecular weight 16 Da larger than S-297995.  
Finally, while not detected as radioactive peaks, benzamidine, S-297995 6-O-β-D-
glucuronide, Nor-S-297995, and two other metabolites (estimated to be hydroxylated 
form in the morphinane moiety) were also detected.  

Review of Study No. R-297995-PB-136-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

In vivo Metabolite Profiling of S-297995 after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Rabbits (Study No. S-297995-PB-240-N).

Methods: Female rabbits were administered a single oral dose of 5 mg (as free base) 
/248 µCi/5 mL/kg [Carbonyl-14C]-S-297995 monotosylate under non-fasted condition.  
Blood samples were collected at 0.5 and 2 h after administration for determination of 
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metabolites in plasma.  Metabolite profiling was conducted by radio-HPLC, and the 
parent compound and metabolites were identified by LC/MS/MS.

Results:  Two major radioactive peaks were detected in plasma.  At 0.5 and 2 h, S-
297995-BPM2 accounted for 62% and 70% of the radioactivity in plasma, respectively.  
At 0.5 and 2 h, S-297995-BPM1 accounted for 4 and 5% of the radioactivity, 
respectively.  Based on LC/MS/MS analysis, S-297995-BPM2 was identified as S-
297995 3-O-β-D-glucuronide, and S-297995-BPM1 appeared to be a glucuronide of 
Nor-S-297995 (although the exact structure was not determined).  While not detected 
as radioactive peaks, unchanged S-297995, S-297995 6-O-β-D-glucuronide, Nor-S-
297995, and benzamidine were also detected.  Thus, 297995 3-O-β-D-glucuronide was 
the major metabolite detected in rabbit plasma at 0.5 and 2 h after dosing.  

In vivo Metabolite Profiling of S-297995 after Single Oral Administration of 
[Carbonyl-14C]-S-297995 monotosylate in Mice (Study No. S-297995-PB-241-N).

Methods:  Male mice were administered a single oral dose of 5 mg (as free base) /248 
µCi/10 mL/kg [Carbonyl-14C]-S-297995 monotosylate under non-fasted condition.  Blood 
samples were collected at 0.5 and 2 h after administration for determination of 
metabolites in plasma.  Metabolite profiling was conducted by radio-HPLC, and the 
parent compound and metabolites were identified by LC/MS/MS.

Results:  At 0.5 and 2 h after administration, unchanged S-297995 accounted for 70% 
and 45% of the radioactivity in plasma.  Six radioactive peaks (S-297995-UPM1 through 
UPM6) were identified, with S-297995-UPM1 accounting for 6 and 17% of the 
radioactivity in 0.5 and 2 h samples, S-297995-UPM4 accounting for 6 and 9% of the 
radioactivity in 0.5 and 2 h samples, and the other metabolites accounting for less than 
4% of the radioactivity.  S-297995-UPM4 was identified as Nor-S-297995, and S-
297995-UPM1 appeared to be a glucuronide of Nor-S-297995 (although the exact 
structure was not determined).  While not detected as radioactive peaks, the following 
metabolites were identified by LC/MS: S-297995 3-G, S-297995 6-G, S-297995-
carboxylic acid, S-297995-(7S)-7-hydroxide, and benzamidine.  S-297995-UPM2 
appeared to be a glucuronide containing a hydroxyl group in the morphinane moiety of 
S-297995 (exact structure unknown), S-297995-UPM3 appeared to be a glucuronide 
containing 30 Da larger group in the morphinane moiety of S-297995 (exact structure 
unknown), S-297995-UPM-5 was estimated to be hydroxylated form in the morphinane 
moiety, and S-297995-UPM6 appeared to be a metabolite containing 34 Da larger 
group in the morphinane moiety of S-297995 (exact structure unknown).  

Identification of the Responsible Enzymes for [14C]-S-297995 monotosylate 
Metabolism (Study Report No. S-297995-PF-200-N; CRO Study No. 8221179).

Methods:  In this study, effects of CYP isozyme-selective inhibitors on the metabolism 
of 50 µM [14C]-S-297995 were evaluated using pooled human liver microsomes.  In 
addition, 50 µM [14C]-S-297995 was incubated with recombinant human cDNA 
expressed cytochrome P450 (CYP) isozymes or UGT isozymes (SupersomesTM) to 
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determine the contribution of individual enzymes to the metabolism of the test article.  
The reactions were initiated with NADPH and/or UDPGA, and after incubation the 
reactions were terminated by addition of acetonitrile.  Samples were analyzed by radio-
HPLC.

Results:  When incubated with human liver microsomes, [14C]-S-297995 was 
metabolized to Nor-S-297995, S-297995 3-O-β-D-glucuronide, and S-297995 6-O-β-D-
glucuronide.  Formation of Nor-S-297995 was inhibited (with 84.3% inhibition from 
respective control) in the presence of ketoconazole (a CYP3A4 inhibitor).   When 
incubated with recombinant cDNA expressed human CYP isozymes, Nor-S-297995 
accounted for 4.04% of radioactivity and formation of this metabolite was primarily 
mediated by CYP3A4 SupersomesTM.  This metabolite was also identified after 
incubation with CYP2C19 SupersomesTM (0.44% of the radioactivity).  Thus, CYP3A4 
was considered to be a predominant enzyme responsible for the metabolism of S-
297995 to Nor-S-297995.  In studies with recombinant cDNA expressed human UGT 
isozymes, the formation of S-297995-3-O-β-D-glucuronide and S-297995 6-O-β-D-
glucuronide were primarily mediated by UGT1A3 isozyme.  These metabolites 
accounted for 18.1 and 2.23% of the radioactivity, respectively.   

Review of Study No. R-297995-PB-063-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Excretion
Review of Study No. R-297995-PB-025-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-PB-098-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Urinary and Fecal Excretion of Radioactivity after Repeated Oral Administration 
of [Carbonyl-14C]-S-297995 monotosylate in Rats (Study No. S-297995-PB-191-N).

Methods:  Male Sprague-Dawley [Crl:CD(SD)] rats were administered 1mg/kg (as free 
base) [Carbonyl-14C]-S-297995 monotosylate once daily for 14 days by oral gavage.  
Urine and feces were collected at 24 after each dose and at 24 h intervals up to 168 h 
after the final administration for measurement of radioactivity.

Results:  Cumulative total excretion of radioactivity within 24 h after the 1st and 14th 
dose ranged from 93.7 – 97.5% (urine: 1.1-2.0%; feces: 92.6-96.6%).  Cumulative total 
excretion of radioactivity within 168 h after administration on the 14th day was 99.3% 
(urine: 2.0%, feces: 97.3%).  Thus, excretion of radioactivity after repeated oral 
administration in rats was primarily through the feces, with the total recovery of 
administered radioactivity being 99.3%. 

Review of Study No. R-297995-PB-184-N from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Excretion into Milk of Radioactivity after Single Oral Administration of [carbonyl-
14C]-S-297995 monotosylate in Nursing Rats (Study No. S-297995-PF-239-N; CRO 
Study No. YDL0026).

Methods:  Female nursing Sprague-Dawley rats were administered single oral doses of 
1 mg/kg (as free base) [carbonyl-14C]-S-297995 monotosylate approximately 12 days 
after parturition.  Milk samples were collected at 1, 2, 4, 8, and 24 h after dosing for 
measurement of radioactivity.  At sacrifice, terminal whole blood samples were also 
collected for measurement of radioactivity in plasma.  

Results:  Maximum concentrations of radioactivity were detected in plasma and milk at 
1 h after dosing (115 and 74.6 ng equivalents/g, respectively).  At 2 h after dosing, 
concentrations of radioactivity in milk and plasma were similar (68 and 68.9 ng 
equivalents/g, respectively).  Radioactivity decreased over time and was below the limit 
of quantification in both plasma and milk at 24 h.  The terminal half-lives of radioactivity 
in plasma and milk were calculated to be 1.9 and 2 h, respectively, and the milk:plasma 
AUC24 ratio for total radioactivity was 0.94.

Pharmacokinetic Drug Interactions

Substrate Assessments for Human Transporters of S-297995 Monotosylate 
(Study No. S-297995-PF-285-N; CRO Study No. 12SHIOP2)

Methods:  The purpose of this study was to evaluate whether S-297995 monotosylate 
is a substrate of hepatic (OATP1B1, OATP1B3, OCT1) or renal (OAT1, OAT3, OCT2) 
uptake transporters or apical efflux transporter BCRP.  Human uptake transport assays 
were conducted using transporter-transfected human embryonic kidney epithelial cells 
(HEK293) treated with 0.5 and 2 µM S-297995 for 2, 5, and 10 minutes.  Apical efflux 
transport was assessed using bi-directional assays using Caco-2 and CPT-B1 cells (a 
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sub-clone of Caco-2 cells with downregulated BCRP function) and S-297995 
concentrations of 0.5, 2, and 10 µM.

Results:  In uptake transporter substrate assessments, ratios of the influx rates of S-
297995 in transporter-transfected cells relative to vector control-transfected cells ranged 
from 0.8 to 1.3 with the exception of OCT2, for which ratios ranged from 1.4 to 1.8.  For 
comparison, ratios of influx rates for probe substrates in transporter-transfected cells 
relative to vector control-transfected cells ranged from 7.8 to 76.6.  Based on influx rate 
ratios of S-297995 less than 2.0, the test compound was concluded to not be a 
substrate of these uptake transporters.  In the BCRP substrate assessments, efflux 
ratios of 0.5, 2, and 10 µM S-297995 were 14.9, 19.5, and 15.4, respectively, in Caco-2 
cells and 135, 69.7, and 140, respectively, in CPT-B1 cells.  For comparison, the efflux 
ratios of BCRP probe substrate E3S were 64.5 and 28.3 in Caco-2 and CPT-B1 cells, 
respectively.  The efflux ratios of S-297995 in Caco-2 cells indicate that the test 
compound is subject to efflux transport.  Because efflux transport was increased in 
CPT-B1 cells, compared to Caco-2 cells, this suggests that S-297995 is not a substrate 
of BCRP.  Because digoxin (a P-gp substrate) also demonstrated an increased efflux 
ratio in CPT-B1 cells, compared to Caco-2 cells, this study suggests that the compound 
is a P-gp (but not BCRP) substrate.

Study on P-glycoprotein Mediated Drug Interaction of RSC-297995 monotosylate 
(Study No. R-297995-PF-067-N; CRO Study No. 8SHIOP1).

Methods: The objective of this study was to evaluate whether RSC-297995 is a 
substrate or inhibitor of P-glycoprotein (P-gp) using a bi-directional permeability assay.  
In this study, transport of 0.2, 1, and 5 µM RSC-297995 in the apical-to-basolateral (AP-
to-BL) and basolateral-to-apical (BL-to-AP) directions was measured in Caco-2 cells.  
For comparison, bi-directional permeability of digoxin (a P-gp substrate) was also 
measured, and bi-directional permeability of 0.2 µM RSC-297995 and digoxin were 
determined the presence and absence of P-gp inhibitors (10 µM cyclosporine A and 
ketoconazole).  To determine whether RSC-297995 is an inhibitor of P-gp, the bi-
directional transport of digoxin in Caco-2 cells was measured in the presence and 
absence of 5 µM RSC-297995, 10 µM cyclosporine A, or 10 µM ketoconazole.  The 
apparent permeability (Papp), recovery, and efflux ratio values were calculated.

Results:  Papp values for 0.2, 1, and 5 µM RSC-297995 in the A-to-B direction were 
0.97x106, 0.96x106, and 1.38x106 cm/s, respectively, compared to 0.46x106 cm/s for 10 
µM digoxin.  In the B-to-A direction, Papp values for 0.2, 1, and 5 µM RSC-297995 were 
31.7x106, 37.8x106, and 37.8x106 cm/s, respectively, compared to 16.9x106 cm/s for 10 
µM digoxin.  Efflux ratios for 0.2, 1, and 5 µM RSC-297995 were 32.7, 39.4, and 24.9, 
respectively, compared to 36.8 for 10 µM digoxin.  In the presence of P-gp inhibitors, 
efflux ratios for 0.2 µM RSC-297995 were substantially lower (1.6 and 1.7) compared to 
the efflux ratio in the absence of P-gp inhibitors (26.3), similar to findings for digoxin.  In 
the presence of 5 µM RSC-297995, the efflux ratio of digoxin was decreased slightly 
(29.5 versus 36.8), while the presence of cyclosporine A and ketoconazole caused 
substantial decreases in the digoxin efflux ratio values.  The remaining efflux of digoxin 
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in the presence of RSC-297995 was 79.8%, compared to 0.1% and 1.9% in the 
presence of cyclosporine A and ketoconazole, respectively.  Overall, this study 
demonstrated that RSC-297995 is a P-gp substrate.

Inhibitor Assessments for Human Transporters of S-297995 monotosylate (Study 
No. S-297995-PF-297-N; CRO Study No. Shionogi-02-01Oct2013).

Methods:  The purpose of this study was to evaluate whether S-297995 monotosylate 
inhibits transport activities of BCRP, OATP1B1, OATP1B3, OCT1, OCT2, OAT1, and 
OAT3.  Inhibitory effects of S-297995 monotosylate were evaluated using MDCKII-
BCRP cells, MDCKII-OAT3 cells, and recombinant OATP1B1, OATP1B3, OCT1, OCT2, 
OAT1, and OAT3 expressing Chinese hamster ovary (CHO) cells.  In studies to 
evaluate inhibitory effects on BCRP, S-297995 monotosylate was tested at a 
concentration of 5 µmol/L and for all other transporters, S-297995 monotosylate was 
tested at 1 and 5 µmol/L.  In the uptake transporter inhibition experiments, values were 
calculated on a relative scale, with 100% defined as transport of a probe substrate in 
the absence of S-297995 monotosylate and 0% defined as the absence of transporter 
activity.

Results:  In MCKII-BCRP cells, the net efflux ratios of prazosin in the presence and 
absence of S-297995 monotosylate were 13.1 and 13.6, respectively, compared to 0.8 
for the reference inhibitor, suggesting that the test compound was not an inhibitor of 
BCRP.  In OATP1B1, OATP1B3, OCT1, and OAT1 expressing CHO cells, relative 
activities for uptake of the respective probe substrates in the presence of 5 µM S-
297995 monotosylate were 89.5%, 86.6%, 97.5%, and 88.9%.  In OCT2 and OAT3 
expressing CHO cells, uptake of the respective probe substrates was inhibited in a 
dose-dependent manner with relative activities in the presence of 5 µM S-297995 
monotosylate of 70.5% and 58.9%.  Overall, it was concluded 5 µM S-297995 
monotosylate showed inhibitory effects for OCT2 and OAT3, whereas inhibition at the 
other transporters was characterized as negligible.

Inhibitor Assessments of Nor-S-297995 for Human Transporters (Study No. S-
297995-PF-340-N; CRO Study No. GE-1425-G).

Methods: The purpose of this study was to evaluate whether Nor-S-297995 is an 
inhibitor of P-gp, BCRP, OATP1B1, OATP1B3, OCT1, OCT2, OAT1, and OAT3.  
Inhibitory effects of Nor-S-297995 on transport of typical substrates were evaluated 
using Caco-2 cells expressing P-gp and BCRP.  Inhibitory effects of Nor-S-297995 on 
uptake of typical substrates were evaluated using recombinant OATP1B1, OATP1B3, 
OCT1, OCT2, OAT1, and OAT3 expressing human embryonic kidney 293 (HEK293) 
cells.   In these experiments, Nor-S-297995 was tested at concentrations of 1 and 20 
nmol/L.

Results:  In Caco-2 cells, permeability coefficients for P-gp mediated and BCRP 
transport of substrates were similar in the presence and absence of Nor-S-297995 
indicating that Nor-S-297995 exhibited no inhibitory effect on P-gp or BCRP.  In 

Reference ID: 4017126

(b) (4)



NDA 208854 Tracy L. Behrsing, Ph.D.

77

OATP1B1, OATP1B3, OCT1, OCT2, OAT1, and OAT3 expressing cells, the cleared 
volumes of typical substrates in the presence of 20 nmol/L Nor-S-297995 were 93.5%, 
94.2%, 62.4%, 101.6%, 93.5%, and 108.2% of controls, respectively.  Overall, it was 
concluded that 20 nM Nor-S-297995 showed inhibitory effects at OCT1.   

Effects of RSC-297995 monotosylate on Hepatic Drug Metabolizing Enzymes in 
One-Month Oral Toxicity Study in Rats (Study No. R-297995-PB-049-L).

Methods:  Hepatic microsomes were prepared from rats administered oral doses of 30, 
100, and 1000 mg/kg/day RSC-297995 monotosylate for one month in Study No. R-
297995-TB-048-L.  Microsomal protein concentration and CYP content were 
determined.  Furthermore, ethoxyresorufin O-deethylase (EROD), testosterone 6β-
hydroxylase (T6β-OHase), 16α-hydroxylase (T16α-OHase), 16β-hydroxylase (T16β-
OHase), and 2α-hydroxylase (T2α-OHase) activities were assessed as markers of 
activity for CYP1A, CYP3A, CYP2C11/CYP2B, CYP2B, and CYP2C11, respectively.

Results:  Following one-month of oral dosing with 1000 mg/kg/day, there were 
statistically significant decreases in protein (-14%, compared to control) and T6β-
OHase, T16α-OHase, and T2α-OHase activities (-61%, -46%, and -48%, respectively, 
compared to controls).  In females, there were statistically significant increases in T6β-
OHase at all doses (up to 160% of control) and T16β-OHase activities at 100 and 1000 
mg/kg/day (up to 161% of control).  Small, but statistically significant, decreases in 
protein occurred at 30 and 100 mg/kg/day (-13%, compared to control).  Following a 
one-month recovery period after dosing with the test compound, there were no apparent 
treatment-related changes compared to controls.  Overall, this study suggested that 
repeated dosing with naldemedine monotosylate affected several CYP activities.  In 
males, RSC-297995 monotosylate decreased the expression of CYP3A and 
CYP2C11/CYP2B and/or inhibited their enzymatic activities whereas in females, the test 
compound appeared to induce CYP3A and CYP2B. 

Effects of RSC-297995 monotosylate on Hepatic Drug Metabolizing Enzymes in 
One-Month Oral Toxicity Study in Dogs (Study No. R-297995-PB-050-L).

Methods:  Hepatic microsomes were prepared from dogs administered oral doses of 1, 
3, 10, and 50 mg/kg/day RSC-297995 monotosylate for one month in Study No. R-
297995-TB-046-L.  Microsomal protein concentration and CYP content were 
determined.  In addition, ethoxyresorufin O-deethylase (EROD), testosterone 6β-
hydroxylase (T6-β-OHase), and testosterone 16-α-hydroxylase (T16α-OHase) activities 
were assessed as markers of activity for CYP1A, CYP3A12, and CYP2B11/2C21, 
respectively.

Results:  Following one-month of oral dosing, there was a statistically significant 
increase in protein at all dose levels in males (+21 to +27%, compared to controls).  
There were no statistically significant changes in enzyme activity at any dose.  In 
females, there were statistically significant decreases in EROD activity at all dose levels 
(-40 to -77%, compared to control) and T16α-OHase activity at 50 mg/kg/day (-41%, 
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compared to control).  While statistically insignificant, P450 content was decreased at 
50 mg/kg/day (-54%, compared to control).  The findings were reversible however, 
based on the lack of significant differences (compared to controls) in hepatic 
microsomes prepared from RSC-297995 monotosylate treated dogs followed by a one-
month recovery period. 

Other

Determination of Membrane Permeability and Solubility S-297995 Monotosylate 
(Study No. S-297995-PF-288-L).

Methods:  The purpose of this study was to determine the solubility of S-297995 
monotosylate and the permeability of S-297995 across Caco-2 cell monolayers.  The 
aqueous solubility, S-297995 monotosylate was evaluated at pH 1.0, 3.5, 4.5, 5.5, and 
7.5 using the shake-flask method.  For the permeability study, Caco-2 monolayers were 
treated with 14,140, and 1400 nM S-297995 on the apical side for apical to basolateral 
(A-to-B) assessment or basolateral side for B-to-A assessment.  The cell monolayers 
were incubated at 37ºC and samples were collected at 15, 30, and 45 min for the 
receivers and 0 and 45 min for the donors.  Minoxidil and atenolol were also tested in 
the unidirectional permeability study (A-to-B) as reference compounds (these 
compounds were used as a high permeability internal standard and monolayer integrity 
marker compound, respectively).  The apparent permeability (Papp) and efflux ratio 
were calculated.  

Results:  In the solubility study, mean dissolved concentrations of S-297995 (free base) 
at pH 1.0, 3.5, 4.5, 5.5, and 7.5 were 0.397, 0.101, 0.0826, 0.135, and 0.420 mg/mL.  
These concentrations exceed the concentration equivalent to the highest proposed 
dose (0.2 mg S-297995) dissolved in 250 mL (0.0008 mg/mL).  Thus it was concluded 
that the highest dose strength (0.2 mg of S-297995) can be dissolved in less than 250 
mL of aqueous medium across the pH range of 1.0 to 7.5.  In the unidirectional 
permeability study, the Papp values for S-297995 in the A-to-B direction were 1.99x10-6 
and 1.63x10-6 cm/s at 140 and 1400 nM, respectively.  The permeability of S-297995 
was lower than that of co-dosed minoxidil.  In the bidirectional permeability experiment, 
the Papp values for the A-to-B direction were 1.91x10-6 and 1.95x106 at 140 and 1400 
nM, respectively, and the Papp values for the B-to-A direction were 37.4x10-6, 32.1x10-

6, and 37.9x10-6 cm/s at 14, 140, and 1400 nM, respectively.  The efflux ratios were 16.8 
and 19.4 at 140 and 1400 nM, respectively, suggesting that S-297995 is a substrate of 
one or more efflux transporters.

5.2 Toxicokinetics 
TK data are reviewed with the associated general toxicology, carcinogenicity, and 
reproductive and developmental toxicology studies under Sections 6, 8, and 9 below.
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6 General Toxicology

6.1 Single-Dose Toxicity
Review of Study No. R-297995-TB-047-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. R-297995-TB-045-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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6.2 Repeat-Dose Toxicity
Rabbit

Study title:  Two-Week Oral Toxicity Study of S-297995 monotosylate in 
Non-Pregnant Rabbits, Amendment to Final Report (No. 1)

Study no: S-297995-TF-119L (CRO Study No. 
250228A)

Study report location:
Conducting laboratory and location:

Date of study initiation: January 8, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate, lot# A81001, 

97.5%

Key Study Findings
Treatment-related findings at 100 mg/kg/day were limited to a transient decease in food 
consumption at the beginning of the study only.  At 300 mg/kg/day, findings included 
decreased fecal volume (single observation only), body weight gain (statistically 
significant for Days 1 – 2 only), and food consumption (statistically significant on Day 2 
only).  At 1000 mg/kg/day, treatment-related findings included decreased fecal volume, 
body weight, body weight gain, and food consumption (associated with body weight 
loss).  Based on these findings, the maximum dose level for the “Dose Range-Finding 
Oral Study for Effects of S-297995 monotosylate on Embryo-Fetal Development in 
Rabbits” was set at 600 mg/kg/day.
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Methods
Doses: 100, 300, and 1000 mg/kg/day (as S-297995)

Frequency of dosing: Once daily
Route of administration: Oral (gavage)

Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5 w/v% methylcellulose aqueous solution

Species/Strain: Kbl:JW rabbits
Number/Sex/Group: 3 females/group

Age: 16 weeks
Weight: 3.00 – 3.40 kg

Satellite groups: No
Unique study design: No

Deviation from study protocol: Protocol deviations did not affect the quality or 
integrity of the study.

Observations and Results

Mortality
Mortality checks were conducted twice daily during the study, and once on the day of 
necropsy.  There were no mortalities.

Clinical Signs
Animals were observed for clinical signs twice daily, and once of the day of necropsy.  

Clinical signs were limited to decreased fecal volume in 1/3 and 3/3 animals at 300 and 
1000 mg/kg/day, respectively.  This finding was observed on only a single occasion 
(prior to dosing on Day 3) at 300 mg/kg/day whereas the frequency of this finding at 
1000 mg/kg/day was greater.

Body Weights
Body weights were recorded once daily.

At 1000 mg/kg/day, there was a statistically significant decrease in body weight 
(compared to controls).  On Day 15, mean body weights at 100, 300, and 1000 
mg/kg/day were 95.6%, 95.0%, and 83.4% of controls, respectively.

At 300 and 1000 mg/kg/day, there were statistically significant decreases in mean body 
weight gain.  At 300 mg/kg/day, a statistically significant decrease in mean body weight 
occurred from Days 1 to 2 only (body weight gain was -0.11 kg compared to -0.03 in 
controls).  At 1000 mg/kg/day, statistically significant decreases occurred through the 
majority of the study.  Mean body weight gain from Day 1 to 14 was 0.19, 0.10, 0.10, 
and -0.31 kg in the control, 100, 300, and 1000 mg/kg/day dose groups, respectively.

Feed Consumption
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Dosing Solution Analysis
Samples of the dosing solutions used on the first and last dosing days were analyzed 
for S-297995 concentration.  Concentrations ranged from 98.0 to 99.2% of nominal 
concentrations and the values of RSD were between 0.0 and 2.0%.  Thus, the 
concentrations and homogeneity of the dosing solutions were deemed to be acceptable.

Mouse

Study title:  Preliminary Carcinogenicity Study (Gavage) of S-297995 
monotosylate in Mice for 2 Weeks*

Study no.: S-297995-TB-218-R
Study report location: EDR

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd.
Osaka, Japan

Date of study initiation: April 26, 2010
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: S-297995 monotosylate, A81001, 97.5% 

(on anhydrous basis)

*Reviewer Comment: Although the title of the study is “carcinogenicity study”, this is a 2-
week dose range finding study.
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Methods
Doses: Experiment 1: 30, 100, and 300 mg/kg/day, 

expressed as S-297995
Experiment 2: 1000 mg/kg/day, expressed as S-
297995

Frequency of dosing: Once daily
Route of administration: Oral (gavage)

Dose volume: 10 ml/kg
Formulation/Vehicle: 0.5% methylcellulose aqueous solution

Species/Strain: Mouse / Crlj:CD1(ICR)
Number/Sex/Group: Experiment 1: 10/sex/group (main study), 

33/sex/S-297995 dose level (TK)
Experiment 2: 18/sex

Age: 6 weeks
Weight: Males: 28.4 – 35.1 g

Females: 20.3 – 27.8 g
Satellite groups: Yes (TK)

Unique study design: No
Deviation from study protocol: Not specified

Brief Overview of Study Findings
This was a preliminary, non-GLP toxicity study, for which limited toxicology parameters 
were evaluated (e.g., histopathological examination of high dose animals was not 
conducted).  In experiment 1, at 300 mg/kg/day, there were statistically significant 
increases (+8.6%, compared to controls) in body weights of females and food 
consumption (up to +28.6%) in males.  Statistically significant changes in clinical 
chemistry parameters in males included decreased amylase and increased total 
cholesterol at ≥100 mg/kg/day (up to -27.9% and +34.8%, respectively, compared to 
controls), and increased albumin and A/G ratio at 300 mg/kg/day (+11% and +50%, 
respectively, compared to controls).  In females, total cholesterol was increased (+39%, 
compared to controls) and urea nitrogen was decreased (-27.2%, compared to controls) 
at 300 mg/kg/day.  Statistically significant increases in absolute and relative liver 
weights in females at 300 mg/kg/day (+37.7% and +27%, respectively, compared to 
controls), correlated with findings of enlargement of the liver observed at necropsy (2/10 
females) and mild hepatocellular hypertrophy observed microscopically (4/10 females).  
Mild hepatocellular hypertrophy was also observed in 4/10 males at 300 mg/kg/day, 
compared to an incidence of 0/10 in controls.  In experiment 2, dosing with 1000 
mg/kg/day for 2 weeks was considered to be well-tolerated.  Overall, the primary target 
organ of toxicity in this study appeared to be the liver.  Based on the absence of 
mortality and clinical findings, 1000 mg/kg/day was chosen as the high dose for the 13-
week dose range finding study in mice.

Review of Study No. S-297995-TF-226-L (CRO Study No. YDL0024) from the IND 
107475 nonclinical review dated November 23, 2011 is copied below (C. Wu, Ph.D.).  
Although Dr. Wu’s review states that the study title is “Thirteen-Week Repeated-Dose 
Oral Toxicity Study of S-297995 in Mice”, the study report shows that the study title is 
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Rat

Review of Study No. R-297995-TB-003-R from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TB-048-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TB-091-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TF-108-L (CRO Study No. SG08274) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Dog

Review of Study No. R-297995-TB-002-R from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TB-046-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TF-109-L (CRO Study No. SG08275) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Study title:  Nine-Month Oral Toxicity Study of S-297995 monotosylate in 
Dogs

Study no.: S-297995-TF-219-L (CRO Study No. 
SG10119) 

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: June 28, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate, lot # A81001, 

97.5%

Key Study Findings
Treatment with S-297995 monotosylate produced changes in clinical chemistry 
parameters at all doses, with the correlating histopathological findings in the liver at 20 
mg/kg/day.  Clinical chemistry changes at the high dose included increases in ALT, 
ALP, and GGT in both males and females (compared to controls).  In high dose 
females, there were increases in other parameters such as AST, cholesterol, and 
phospholipids.  Histopathological findings in high dose animals included slight single cell 
necrosis and increases in Kupffer cells with brownish pigment deposition in high dose 
animals.  While a single male each in the low- and mid-dose groups exhibited 
decreases in body and organ weights and histopathological findings (e.g., atrophy of 
adipose tissue, deposition of material in the bone marrow), such findings were not 
observed at the high dose and there was no apparent dose-relationship as changes at 
the low dose were noted in more organs than at the mid dose.  Following the 1-month 
recovery period, no treatment-related findings were observed.  The NOAEL was 
considered to be 4 mg/kg/day and the target organ was the liver.
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Methods
Doses: 1, 4, and 20 mg/kg (as S-297995)

Frequency of dosing: Once daily
Route of administration: Oral (gavage)

Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5 w/v% methylcellulose aqueous solution

Species/Strain: Beagle dog
Number/Sex/Group: Main study: 4/sex/group, Recovery: 3/sex 

(control and high dose groups only)
Age: 9-10 months

Weight: Males: 9.10-11.80 kg, Females: 8.24-10.88 kg
Satellite groups: Yes (Recovery)

Unique study design: No
Deviation from study protocol: Protocol deviations did not affect the quality or 

integrity of the study.

Observations and Results

Mortality
Animals were observed three times per day during the dosing period, and twice daily 
during other periods of the study.

There were no mortalities.

Clinical Signs
Cage-side observations were conducted three times per day during the dosing period, 
and twice daily during other periods of the study.

Clinical observations (e.g., vomitus, vaginal hemorrhage considered a likely sign of 
estrus) were considered to be incidental and unrelated to the treatment compound 
based on the low incidence and/or occurrence across groups (including controls).  In a 
single high dose female, protrusion of the nictitating membrane was observed from Day 
217 (and throughout the recovery period).  From Day 267, this animal also exhibited 
hyperemia of the bulbar conjunctiva.  These findings were limited to one eye, and 
persisted through the recovery period.  

Body Weights
Animals were weighed once weekly, and 1 day prior to necropsy.

There were no statistically significant effects on mean body weights in males or 
females, compared to controls.  Body weight decreases in a single male each from the 
low- and mid-dose groups (with minimum values of 0.84- and 0.86-fold Day 1 values) 
were considered incidental based on a lack of dose-relationship and tendency towards 
decreased body weights in these animals prior to initiation of dosing.
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Feed Consumption
Food consumption was recorded daily.

No treatment-related effects on food consumption were observed.

Ophthalmoscopy
Ophthalmological examinations were conducted once pretest, during Weeks 13, 26, and 
39 of dosing, and during Week 4 of the recovery period.

No treatment-related findings were identified.  As discussed above, in a single high 
dose female, protrusion of the nictitating membrane and hyperemia of the bulbar 
conjunctiva was observed.  In addition, in a single high dose male, detachment of the 
retinal vessels in a single eye was observed during Weeks 26 and 39.  The finding was 
described as not progression and considered to be the result of an accident, rather than 
treatment with the test compound.

ECG
ECGs were recorded twice pretest, during Weeks 13, 26, and 39 of dosing, and during 
Week 4 of recovery.  The following parameters were determined: PR intervals, QRS 
duration, QT intervals, and RR duration.  QTc intervals were calculated using 
Fridericia’s correction formula and heart rate was determined.    

There were no treatment-related findings.  Although there were statistically significant 
changes in mean values for a subset of parameters (increased heart rate; shortening of 
PR and QT intervals and QRS and RR duration, compared to controls) at a subset of 
the timepoints, these were considered to be incidental based on a lack of dose 
relationship and/or comparison to pretest values.

Hematology
Samples were collected twice pretest, during Weeks 4, 13, 26, and 39 of dosing, and 
Weeks 2 and 4 of the recovery period for analysis of standard hematological 
parameters.  Prothrombin time, activated partial thromboplastin time, and fibrinogen 
concentration were also determined.

While statistically significant changes in a subset of parameters (compared to controls) 
were observed during the dosing and recovery phases, the findings were considered 
incidental based on a lack of dose-relationship, the transient nature of the changes, 
and/or comparison to pretest values.  In the single low- and mid-dose males which 
exhibited decreased body weights, there were decreases in red blood cell (RBC) count, 
hemoglobin, and hematocrit during Week 39.  In high dose males, eosinophils were 
significantly increased during Weeks 13 and 26 (up to +76% of controls), but 
eosinophils were also significantly higher (compared to controls) pretest.  Also in high 
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dose males, there was a statistically significant increase in prothrombin time during 
Week 26 (+9%, compared to controls).  In high dose females, there were statistically 
significant increases in platelets during weeks 13 and 26 (up to +30% compared to 
controls) but values were similar to those measured pretest.  High dose females also 
had significantly increased WBC count (up to +24% compared to controls) during 
Weeks 4 and 26, but values were similar to pretest values.

During the recovery period, there were statistically significant decreases in mean RBC 
count (up to -13%), HGB (up to -11%), and HCT (up to -11%) in high dose males 
(compared to controls).  In high dose males, fibrinogen was significantly decreased (-
24%, compared to controls) during recovery week 2.  However, fibrinogen levels were 
decreased in both controls and high dose males relative to pretest values and there 
were no significant changes (compared to controls) during the dosing period.  In high 
dose females, prothrombin time was increased (+13% compared to controls) during 
recovery week 4 but there were no significant effects on this parameter during the 
dosing period and higher values were measured in high dose females during the pretest 
period. 

Clinical Chemistry
Samples collected twice pretest, during Weeks 4, 13, 26, and 39 of dosing, and Weeks 
2 and 4 of the recovery period were for standard clinical chemistry parameters.  

In high dose males, there were increases in mean ALT (up to +62%; statistically 
significant during Weeks 4 and 13) and ALP values (up to +151%; statistically significant 
during Weeks 26 and 39), compared to controls.  While the group means were not 
significantly different from controls, the following changes were noted: increased 
bilirubin in a single male each in the mid- and high dose groups, and increased GGT in 
2 high dose males during the dosing period.

In high dose females, there were increases in mean values for ALT (up to +151%; 
significant during Weeks 13 and 39), ALP (up to +318%; significant during Weeks 4, 13, 
26, and 39), GGT (up to +54%; significant during Weeks 4, 13, 26, and 39), and AST 
(+46%; significant during Week 39), compared to controls.  Also in high dose females, 
there were statistically significant increases in creatinine (+21%, compared to controls, 
during Week 39), cholesterol (up to +47%, compared to controls; significant during 
Weeks 4, 13, 26, and 39), phospholipids (up to +27%, compared to controls; significant 
during Weeks 4 and 13 only), and total protein (up to +7%, compared to controls; 
significant during Weeks 13 and 26).  While the group means were not significantly 
different from controls, the following changes were noted: increased cholesterol and 
phospholipids in a single low-dose female, increased GGT values in 2 mid-dose 
females, increased ALP values in a single mid-dose female, and increased bilirubin in a 
single high dose female during the dosing period.

Statistically significant changes in other parameters during a subset of timepoints 
appeared to be incidental based on comparison to pretest values and/or variability 
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among groups and over time.  There were no statistically significant changes in high 
dose males or females (compared to controls) during the recovery period.

Urinalysis
Urinalysis was conducted once pretest, during Weeks 19 and 39 of dosing, and Week 4 
of the recovery period.

In high dose females, there was as statistically significant increase in mean urine 
volume (+61%, compared to controls) and decrease in specific gravity (1.033 compared 
to 1.047 for controls) during Week 39.  Values for these parameters were similar to 
controls during the recovery phase.

Gross Pathology
At termination, complete macroscopic examinations were conducted.

At the end of the dosing period, gross findings included a pituitary cyst, dark reddish 
contents in the stomach, and small spleen each in a single low dose male.  A light 
brown focus was observed on the lung of a single mid-dose male, and there was dark 
brown discoloration of the kidneys in a single high dose male.  Gross findings observed 
only in females treated with the test compound included a nodule-like thickening of the 
left uterine horn (single low-dose female), a cyst on the ovary (single mid-dose animal), 
and light brown focus on the anterior lobe of the lung (single high dose female).  In 
recovery animals, gross findings were limited to protrusion of the nictitating membrane 
in a single high dose female.

Organ Weights
At termination, weights of organs identified in the Applicant’s table pasted below under 
“Histopathology” were recorded.  Organ weights relative to terminal body weight 
(“relative weights”) were calculated.

There were no statistically significant changes in organ weights in males at the end of 
the dosing period.  In the single low- and mid-dose males which exhibited body weight 
decreases, absolute and relative thymus, spleen, and prostate weights were decreased 
relative to controls.  The absolute and relative thyroid weights were significantly 
increased in high dose females (+75% and +78%, respectively, compared to controls).  
There were however, no histopathological correlates for this finding in the thyroid.  In 
addition, absolute and relative thymus weights were significantly decreased in the low 
dose group (up to -60%, compared to controls).  In recovery males, mean relative 
spleen weights were significantly decreased (-18%, compared to controls).  In recovery 
females, relative thyroid and pancreas weights were significantly increased (+54% and 
+15%, respectively, compared to controls).

Histopathology
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Histopathological examination of tissues/organs identified in the Applicant’s table below 
was conducted. Bone marrow smears were prepared but not evaluated.
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Adequate Battery: Yes

Peer Review: No

Histological Findings
Treatment-related findings were observed in the liver of high dose males and females.  
In high dose males, findings in the liver at the end of the dosing period which occurred 
at an increased incidence included single cell necrosis (slight severity; 2/4 animals), 
increases in Kupffer cells with pigment deposition (slight severity; 1/4 animals), and 
focal mononuclear cell infiltration (slight severity; 1/4 animals).  In females, findings in 
the liver at the end of the dosing period included single cell necrosis (slight severity; 2/4 
animals), increases in Kupffer cells with pigment deposition (slight severity; 2/4 
animals), and focal mononuclear cell infiltration (slight severity; 2/4 animals).

Other findings in males and females (including those correlating to gross findings) were 
considered to be incidental.  In the single low- and mid-dose males that exhibited 
decreased body weights and thymus, spleen, and prostate weights, histopathological 
findings were noted to include slight atrophy of the adipose tissues (pericardial and 
perirenal) and mucosal surface of the stomach epithelium, deposition of a gelatinous 
material in the bone marrow (slight), and moderate, diffuse atrophy of the thymus.  In 
the low dose animal there was also slight atrophy of the adipose tissue in the bone 
marrow, slight diffuse atrophy of the spleen, slight atrophy of hepatocytes, and 
moderate atrophy of the prostate epithelium.

No treatment-related effects were observed at the end of recovery.  In a single high 
dose female, there was slight hyperplasia of the nictitating gland and severe 
mononuclear cell infiltration of the mucosa/submucosa of the nictitating membrane.

Special Evaluation
None.
Toxicokinetics
Blood samples were collected for TK analysis out to24 h post-dosing on Days 1, 136, 
and 273 of dosing.  Plasma samples were analyzed for S-297995 and benzamidine 
concentrations using LC/MS/MS.

TK parameters for S-297995 and benzamidine are summarized in the Applicant’s tables 
below.  As shown, mean Tmax values for S-297995 and benzamidine were ~0.5 to 1 h 
and ~7 h, respectively.  Mean AUC0-24h values for S-297995 increased in a more than 
dose proportional manner as the dose increased from 4 to 20 mg/kg/day.  Mean Cmax 
and AUC0-24h values for benzamidine were lower than those of S-297995.
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Dosing Solution Analysis
Samples from the first and last dosing solution preparations were analyzed for S-
297995 concentration and evaluation of homogeneity.

The concentrations of S-297995 in all dosing formulations ranged from 94.0 to 99.8% of 
nominal concentrations, and thus were acceptable.  

7 Genetic Toxicology

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Review of Study No. R-297995-TB-051-L from the IND 107475 nonclinical review dated 
July 19, 2011 is copied below (C. Wu, Ph.D.).
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7.2 In Vitro Assays in Mammalian Cells
Review of Study No. R-297995-TB-052-L (CRO Study No. G-07-070) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).  
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Review of Study No. R-297995-TF-053-L (CRO Study No. G-07-071) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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7.4 Other Genetic Toxicity Studies
Study title:  Bacterial Reverse Mutation Test of  an Impurity of S-
297995

Study no.:
Study report location: EDR

Conducting laboratory and location: Shionogi & Co., Ltd., Osaka, Japan
Date of study initiation: July 7, 2014

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity:  Lot # 
2014-6159-001-01, 96.3% (on anhydrous 
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basis)

Key Study Findings
Under the conditions tested,  was negative in the in vitro bacterial reverse mutation 
assay using the plate incorporation method both with and without metabolic activation.

Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. coli strain WP2uvrA

 Concentrations in definitive study: 20.6, 61.7, 185, 556, 1670, and 5000 
µg/plate

Basis of concentration selection: Concentrations were selected based on 
results of a non-GLP bacterial reverse 
mutation test of 

Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control in the presence of S9 

mix was 2-Aminoanthracene (2AA).  The 
positive controls in the absence of S9 mix 
were 9-Aminoacridine hydrochloride (9AA) 
for tester strain TA1537, 2-(2-Furyl)-3-(5-
nitro-2-furyl)acrylamide (AF-2) for tester 
strains TA98, TA100, and WP2uvrA, and 
sodium azide (NaN3) for tester strain 
TA1535. 

Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the 

test substance and positive and negative 
controls using the plate incorporation 
method, with and without metabolic 
activation.  S9 mix was prepared using S9 
fraction from a rat liver homogenate (male 
SD rats treated with phenobarbital and 5,6-
benzoflavone).  Plates were incubated for 
48 h at 37ºC before counting the number of 
revertant colonies.

Study Validity
The study was considered valid if the mean negative and positive control values were 
within acceptable historical ranges based on historical control data, the numbers of 
revertant colonies for the positive controls were greater than twice the number for the 
respective negative controls, and contamination was not detected.  Based on these 
criteria, the study was valid.  The test substance was considered to be positive if there 
was a ≥2-fold increase in the number of revertant colonies over the negative control in 
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at least 1 of the 5 tester strains, and the number of revertant colonies increases with 
concentration in that tester strain.
Results
In the absence of S9 mix, cytotoxicity was observed at 556 µg/plate in TA98, at 556 and 
1670 µg/plate in TA1537, and at 1670 and 5000 µg/plate in WP2uvrA.  In the presence 
of S9 mix, cytotoxicity was observed at 1670 µg/plate in TA1537 and at 5000 µg/plate 
for WP2uvrA.  Precipitation was observed at ≥556 µg/plate in the presence and 
absence of S9 mix.

With one exception, two-fold or greater increases in the number of revertants 
(compared to the number for negative controls) did not occur when  was incubated 
with any of the tester strains regardless of metabolic activation.  In the presence of S9 
mix, there was a 2-fold increase in the number of revertants in tester strain TA1535 at 
20.6 µg/plate  (mean number of revertants = 14), compared to the negative control 
(mean number of revertants = 7).  However, the number of revertant colonies at the next 
higher concentration (61.7 µg/plate ) was equivalent to the number in the negative 
control.  Therefore, there was no dose-dependent increase.  Furthermore, the mean 
colonies per plate in TA1535 at 20.6 µg/plate  (20) was within the range of 
historical control values for this testing facility (range: 5-19, mean =11).  Therefore, 

 was concluded to be negative under the conditions of the study.  Summary results 
are presented in the Applicant’s table below
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Study title:  Bacterial Reverse Mutation Test of  an Impurity of S-
297995

Study no.:
Study report location: EDR

Conducting laboratory and location: Shionogi & Co., Ltd, Osaka, Japan
Date of study initiation: February 23, 2015

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity:  Lot # 
2013-6319-019-01, 100.0% (on 
anhydrous basis)

Key Study Findings
Under the conditions tested,  was negative in the in vitro bacterial reverse 
mutation assay using the plate incorporation method both with and without metabolic 
activation.
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Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. coli strain WP2uvrA

 Concentrations in definitive 
study:

20.6, 61.7, 185, 556, 1670, and 5000 
µg/plate

Basis of concentration selection: Concentrations were selected to include 
≥4 concentrations without cytotoxicity.  
Concentrations were selected as 3-fold 
serial dilutions from a maximum 
concentration of 5000 µg/plate.

Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control in the presence of S9 

mix was 2-Aminoanthracene (2AA).  The 
positive controls in the absence of S9 mix 
were 9-Aminoacridine hydrochloride (9AA) 
for tester strain TA1537, 2-(2-Furyl)-3-(5-
nitro-2-furyl)acrylamide (AF-2) for tester 
strains TA98, TA100, and WP2uvrA, and 
sodium azide (NaN3) for tester strain 
TA1535. 

Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the 

test substance and positive and negative 
controls using the plate incorporation 
method, with and without S9 mix.  S9 mix 
was prepared using S9 fraction from a rat 
liver homogenate (male SD rats treated 
with phenobarbital and 5,6-benzoflavone).  
Plates were incubated for 48 h at 37ºC 
before counting the number of revertant 
colonies.  

Study Validity
Criteria for a valid study were as follows:  1) the mean negative and positive control 
values were within acceptable historical ranges based on historical control data, 2) the 
numbers of revertant colonies for the positive controls were ≥2-fold greater than the 
number for the respective negative controls, and 3) contamination was not detected.  
Based on these criteria, the study was valid.  The test substance was considered to be 
positive if there was a ≥2-fold increase in the number of revertant colonies over the 
negative control in at least 1 of the 5 tester strains, and when the number of revertant 
colonies increases with concentration in that tester strain.

Results

Reference ID: 4017126





NDA 208854 Tracy L. Behrsing, Ph.D.

140

Study title:  Bacterial Reserve Mutation Test of  an Impurity of S-
297995

Study no.:
Study report location: EDR

Conducting laboratory and location: Shionogi & Co., Ltd, Osaka, Japan
Date of study initiation: February 23, 2015

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity:  
Lot # 2013-6319-025-01, 90.9% (on 
anhydrous basis)

Key Study Findings
Under the conditions tested,  tested negative in the in vitro bacterial reverse 
mutation assay using the plate incorporation method both with and without metabolic 
activation.
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Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. coli strain WP2uvrA

 Concentrations in definitive 
study:

20.6, 61.7, 185, 556, 1670, and 5000 
µg/plate

Basis of concentration selection: Concentrations were selected to include 
≥4 concentrations without cytotoxicity.  
Concentrations were selected as 3-fold 
serial dilutions from a maximum 
concentration of 5000 µg/plate.

Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control in the presence of S9 

mix was 2-Aminoanthracene (2AA).  The 
positive controls in the absence of S9 mix 
were 9-Aminoacridine hydrochloride (9AA) 
for tester strain TA1537, 2-(2-Furyl)-3-(5-
nitro-2-furyl)acrylamide (AF-2) for tester 
strains TA98, TA100, and WP2uvrA, and 
sodium azide (NaN3) for tester strain 
TA1535. 

Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the 

test substance and positive and negative 
controls using the plate incorporation 
method, in the presence and absence of 
metabolic activation.  S9 mix was 
prepared using S9 fraction from a rat liver 
homogenate (male SD rats treated with 
phenobarbital and 5,6-benzoflavone).  
Plates were incubated for 48 h at 37ºC 
before counting the number of revertant 
colonies.  

Study Validity
Criteria for a valid study were the following:  1) the mean negative and positive control 
values were within acceptable ranges based on historical control data, 2) the numbers 
of revertant colonies for the positive controls were two-fold or greater than numbers for 
the respective negative controls, and 3) contamination was not detected.  Based on 
these criteria, the current study was considered to be valid.  The test substance was 
judged to be positive if there was a ≥2-fold increase in the number of revertant colonies 
over the negative control in at least 1 of the 5 tester strains, and when the number of 
revertant colonies increases with concentration in that tester strain.

Results
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Methods
Strains: S. typhimurium TA98, TA100, TA1535, and 

TA1537
E. coli WP2uvrA

 Concentrations in definitive study: 313, 625, 1250, 2500, 5000 µg/plate
Basis of concentration selection: In a dose-finding test, concentrations of 1.2, 

4.9, 20, 78, 313, 1250, and 5000 µg/plate 
were tested.  Since no cytotoxicity was 
observed at up to 5000 µg/plate, this was 
selected as the maximum concentration for 
the definitive study.

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of metabolic activation, 2-

Aminoanthracene (2AA) was used as the 
positive control.  In the absence of 
metabolic activation, the positive controls 
were 2-(2-Furyl)-3-(5-nitro-2-
furyl)acrylamide (AF-2) for tester strains 
TA98, TA100, and WP2uvrA, sodium azide 
(NaN3) for tester strain TA1535, and 6-
Chloro-9-[3-(2-chloroethylamino )-
propylamino] -2-methoxyacridine
Dihydrochloride (ICR-191) for tester strain 
TA1537.

Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the 

test substance and positive and negative 
controls using the pre-incubation method, in 
the presence and absence of metabolic 
activation.  Briefly, tester strains were 
incubated with the test substance for 20 min 
at 37°C prior to addition of agar.  Plates 
were then incubated for 48 h at 37ºC before 
counting the number of revertant colonies.  
S9 mix was prepared with S9 fraction from 
a rat liver homogenate (male SD rats 
treated with phenobarbital and 5,6-
benzoflavone).

Study Validity
The study was considered to be valid since the numbers of revertant colonies for the 
negative controls were within the acceptable range based on historical control data, the 
positive controls induced over 2-fold the number of revertant colonies (compared to the 
negative control), and there was no contamination observed.  The test substance was 
considered to be positive if the number of revertant colonies was increased by 2-fold or 
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Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. Coli strain WP2uvrA

 Concentrations in definitive study: 156, 313, 625, 1250, 2500, and 5000 
µg/plate

Basis of concentration selection: In a dose-finding test, concentrations of 
4.88, 19.5, 78.1, 313, 1250, and 5000 
µg/plate were tested.  Bacterial growth 
inhibition was observed at 5000 µg/plate 
under all test conditions except for tester 
strain WP2uvrA without S9 mix.  
Precipitation was observed at 5000 
µg/plate, with and without S9 mix.

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of S9 mix, 2-

aminoanthracene (2AA) was used as the 
positive control.  In the absence of S9 mx, 
positive controls were 2-(2-Furyl)-3-(5-nitro-
2-furyl)acrylamide (AF-2) for tester strains 
TA98, TA100, and WP2uvrA, sodium azide 
(NaN3) for tester strain TA1535, and ICR-
191 for tester strain TA1537. 

Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the 

test substance and positive and negative 
controls using the pre-incubation method in 
the presence and absence of metabolic 
activation.  Briefly, tester strains were 
incubated with the test substance for 20 
min at 37°C prior to addition of agar.  Plates 
were then incubated for 48 h at 37ºC before 
counting the number of revertant colonies.  
S9 mix was prepared using S9 fraction from 
the liver of male Sprague Dawley rats 
administered phenobarbital and 5,6-
benzoflavone.

Study Validity
The current study was considered to be valid since the numbers of revertant colonies in 
the positive controls were greater than twice that of negative controls, the numbers of 
revertant colonies in the negative and positive controls were within historical control 
ranges for the testing facility, and there was no evidence of contamination.  Criteria for 
the test substance to be judged as positive were as follows: the number of revertant 
colonies increased to twice or more than that of the negative control and when there 
were concentration-related and/or reproducible responses.  
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Results
In the definitive test, bacterial growth inhibition was observed at ≥2500 µg/plate for all 
tester strains regardless of metabolic activation, with the exception of tester strain 
WP2uvrA without S9 mix.  Precipitation was observed at the highest concentration 
(5000 µg/plate) both with and without S9 mix.  In the dose-range finding test and 
definitive test, the number of revertant colonies in all strains incubated with up to 5000 
µg/plate  were less than twice that in negative controls in the presence and 
absence of S9 mix.  Thus, the test compound was concluded to be negative under the 
conditions of the study.  Summary results of the definitive test are presented in the 
Applicant’s table below.
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Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. coli strain WP2uvrA

 Concentrations in definitive study:  313, 625, 
1250, 2500, and 5000 µg/plate for all tester 
strains, with and without S9 mix

:
-S9 mix: 19.5, 39.1, 78.1, 156, 313, 625, 
1250, 2500, and 5000 µg/plate for tester 
strain TA100; 78.1, 156, 313, 625, 1250, 
2500, and 5000 µg/plate for tester 
strains TA98, TA1535, and WP2uvrA; 
4.88, 9.77, 19.5, 39.1, 78.1, 156, 313, 
625, 1250, 2500, 5000 µg/plate for 
tester strain TA1537 
+S9 mix: 78.1, 156, 313, 625, 1250, 
2500, and 5000 µg/plate for tester 
strains TA98, TA100, TA1535, and 
WP2uvrA; 19.5, 39.1, 78.1, 156, 313, 
625, 1250, 2500, and 5000 µg/plate for 
TA1537

:
-S9 mix: 313 625, 1250, 2500, 5000 
µg/plate
+S9 mix: 39.1, 78.1, 156, 313, 625, 
1250 µg/plate

Basis of concentration selection: In a dose-range finding test, each of the 
compounds were tested at concentrations 
of 4.88, 19.5, 78.1, 313, 1250, and 5000 
µg/plate.  Concentrations for the definitive 
test were selected based on cytotoxicity, 
precipitation, or an increase in the number 
of revertant colonies >2-times that in the 
negative control.  Findings from the dose-
range finding test are discussed under 
Results.

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of S9 mix, 2-

Aminoanthracene (2AA) was used as a 
positive control for all tester strains.  In the 
absence of S9 mix, positive controls were 
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 
(AF-2) for tester strains TA98, TA100, and 
WP2uvrA, sodium azide (NaN3) for tester 
strain TA1535, and ICR-191 for tester strain 
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TA1537.
Formulation/Vehicle: DMSO

Incubation & sampling time: The study was conducted using the pre-
incubation method, in the presence and 
absence of S9 mix.  Briefly, tester strains 
were incubated with the test substance and 
positive and negative controls for 20 min at 
37°C prior to addition of agar.  Plates were 
then incubated for 48 h at 37ºC before 
counting the number of revertant colonies.  
S9 mix was prepared using S9 fraction from 
the livers of male SD rats administered 
phenobarbital and 5,6-benzoflavone.

Study Validity
The study was considered to be valid based upon the following: (1) the numbers of 
revertant colonies in the negative and positive controls were within historical control 
ranges at the testing facility, (2) the numbers of revertant colonies in the positive 
controls were >2-times those in respective negative controls, and (3) there was no 
evidence of contamination.  Based on these criteria, the current study was considered 
to be valid.  Criteria for a test substance to be considered positive were as follows: the 
number of revertant colonies increased to ≥2-time that in the negative control and when 
the responses were concentration-dependent and/or reproducible.  
Results
Results from the dose-range finding test and definitive test for each test compound are 
presented below.

  In the dose-range finding and definitive tests, neither bacterial growth inhibition 
nor precipitation were observed in any of the tester strains at up to 5000 µg/plate, 
regardless of metabolic activation.  In both the dose-range finding and definitive tests, 
the number of revertant colonies at all  concentrations were less than twice the 
number in negative controls under all test conditions.  Results from the definitive test 
are presented in the Applicant’s table below.
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In the dose-finding test, in the absence of S9 mix, the numbers of revertants were twice 
or more than that in respective negative controls at ≥313 µg/plate in strains TA100, 
TA1535, WP2uvrA, and TA98, and ≥19.5 µg/plate in strain TA1537.  In the dose-finding 
test with S9 mix, the numbers of revertants were twice or more than that in respective 
negative controls at ≥313 µg/plate in strains TA100 and WP2uvrA, at ≥1250 in strains 
TA1535 and TA98, and at ≥78.1 µg/plate in strain TA1537.

In the definitive test without S9 mix, the numbers of revertants were twice or more than 
that in respective negative controls at ≥78.1 µg/plate in strain TA100, ≥313 µg/plate in 
strain TA1535, ≥625 µg/plate in strain WP2uvrA, ≥156 µg/plate in strain TA98, and 
≥9.77 µg/plate in strain TA1537.  In the presence of S9 mix,  the numbers of revertants 
were twice or more than that in respective negative controls at ≥156 µg/plate in strain 
TA100, ≥313 µg/plate in strain TA1535, ≥625 µg/plate in strains WP2uvrA and TA98, 
and ≥78.1 µg/plate in strain TA1537.

Based on the observed increases in the number of revertants in the  treatment 
groups (compared to those in negative controls), the dose-relationship of the observed 
increases, and the reproducibility of this finding,  was judged to be positive under 
the conditions of the study.  The highest relative mutagenic activity (calculated as the 
difference in the mean number of revertant colonies in the  treatment group and 
the mean number of revertants in the negative control divided by the dose) was 
reported to be 1.47 x 103 revertants/mg.  The Applicant’s tables below summarize the 
findings of the dose-finding and definitive tests for  and the relative mutagenic 
activity calculated for 
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Study title:  Bacterial Reverse Mutation Test of  a Synthetic 
Intermediate of S-297995

Study no.:

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: October 5, 2012
GLP compliance: No

QA statement: No
Drug, lot #, and % purity:  Lot # B14001, Purity not specified

Key Study Findings
Under the conditions tested,  tested negative in the in vitro bacterial reverse 
mutation assay using the pre-incubation method both with and without metabolic 
activation.
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Methods
Strains: S. typhimurium strains TA98, TA100, 

TA1535, and TA1537
E. coli strain WP2uvrA

 Concentrations in definitive study: 39.1, 78.1, 156, 313, 625, 1250 µg/plate
Basis of concentration selection: In a dose-finding test, concentrations of 

4.88, 19.5, 78.1, 313, 1250, and 5000 
µg/plate were tested.  Bacterial growth 
inhibition was observed at ≥1250 µg/plate 
and precipitation was observed at 5000 
µg/plate.    

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of S9 mix, 2-

Aminoanthracene (2AA) was used as a 
positive control for all tester strains.  In the 
absence of S9 mix, positive controls were 
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 
(AF-2) for tester strains TA98, TA100, and 
WP2uvrA, sodium azide (NaN3) for tester 
strain TA1535, and ICR-191 for tester strain 
TA1537.

Formulation/Vehicle: DMSO
Incubation & sampling time: The study was conducted using the pre-

incubation method, with and without S9 
mix.  Briefly, tester strains were incubated 
with the test substance and positive and 
negative controls for 20 min at 37°C prior to 
addition of agar.  Plates were then 
incubated for 48 h at 37ºC before counting 
the number of revertant colonies.  S9 mix 
was prepared using S9 fraction from the 
livers of male SD rats administered 
phenobarbital and 5,6-benzoflavone.

Study Validity
The study was considered to be valid based on the following:  (1) the numbers of 
revertant colonies in the positive controls were more than twice that of negative 
controls, (2) the numbers of revertant colonies in the negative and positive controls 
were within historical control ranges for the testing facility, and (3) there was no 
evidence of contamination.  A test substance was judged to be positive if the numbers 
of revertant colonies was increased to twice or more than that of respective negative 
controls and the responses were concentration-related and/or reproducible.  

Results
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Study title:  Reverse Mutation Test with Bacteria on  
 Synthetic Intermediates of S-297995

Study no.:

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: January 23, 2012
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: (1)  Lot # 2010-6089-

109-01, Purity not specified
(2)  Lot # 2010-6089-115-

01, Purity not specified

Key Study Findings
Under the conditions of the study,  tested negative in 
the in vitro bacterial reverse mutation assay using the pre-incubation method both with 
and without metabolic activation.
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Methods
Strains: S. typhimurium TA98, TA100, TA1535, and 

TA1537
E. coli WP2uvrA

 Concentrations in definitive study:  313, 625, 1250, 2500, and 
5000 µg/plate

: 9.77, 19.5, 39.1, 78.1, 156, 
and 313 µg/plate

Basis of concentration selection: In a dose-range finding test, concentrations 
of 4.88, 19.5, 78.1, 313, 1250, and 5000 
µg/plate for each test substance were used.  
In addition, a second dose-finding test was 
conducted with  
concentrations of 9.77, 19.5, 39.1, 78.1, 
156, and 313 µg/plate, based on bacterial 
growth inhibition observed at ≥313 µg/plate 
and precipitation observed at 5000 µg/plate 
in the first dose-finding test.   In the second 
dose-finding test, inhibition of bacterial 
growth was observed at ≥156 µg/plate in 
the absence of S9 mix and at 313 µg/plate 
in the presence of S9 mix. 

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of S9 mix, 2-

Aminoanthracene (2AA) was used as a 
positive control for all tester strains.  In the 
absence of S9 mix, positive controls were 
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 
(AF-2) for tester strains TA98, TA100, and 
WP2uvrA, sodium azide (NaN3) for tester 
strain TA1535, and ICR-191 for tester strain 
TA1537.

Formulation/Vehicle: DMSO
Incubation & sampling time: The study was performed using the pre-

incubation method, with pre-incubation for 
20 min. at 37°C, followed by the addition of 
agar and incubation for 48 h at 37ºC.  S9 
mix was prepared using S9 fraction from 
the livers of male SD rats administered 
phenobarbital and 5,6-benzoflavone.

Study Validity
The current study was considered to be valid based on the following criteria: (1) the 
numbers of revertant colonies in the positive controls were more than twice those of 
negative controls, (2) the numbers of revertant colonies in the negative and positive 
controls were within acceptable ranges based on historical control data for the testing 
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Methods
Strains: S. typhimurium TA98, TA100, TA1535, and 

TA1537
E. coli WP2uvrA

 Concentrations in definitive study: TA98 and TA100: 6.68, 20.6, 61.7, 185, 
556, 1667, and 5000 µg/plate
TA1535, WP2uvrA, and TA1537: 61.7, 185, 
556, 1667, and 5000 µg/plate

Basis of concentration selection: Not stated.  However, the maximum 
concentration was 5000 µg/plate and lower 
concentrations were based on 3-fold 
differences.

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: In the presence of S9 mix, 2-

Aminoanthracene (2AA) was used as a 
positive control for all tester strains.  In the 
absence of S9 mix, positive controls were 
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 
(AF-2) for tester strains TA98, TA100, and 
WP2uvrA, sodium azide (NaN3) for tester 
strain TA1535, and 9-aminoacridine 
hydrochloride (9AA) for tester strain 
TA1537.

Formulation/Vehicle: DMSO
Incubation & sampling time: In this study, the pre-incubation method 

was used, with pre-incubation for 20 min. at 
37°C, followed by addition of agar and 
incubation for 48 h at 37ºC.  The test was 
conducted with and without a metabolic 
activation system (S9 mix).

Study Validity
Criteria for study validity were not stated.  However, the numbers of revertant colonies 
in the positive controls were substantially greater than 2-times those in respective 
negative controls.  The test substance was considered to be positive if the compound 
produces ≥2-fold increases in the number of revertant colonies over the negative control 
group, in at least 1 of 5 tester strains.
Results
In this study, growth inhibition of all tester strains was observed at 5000 µg/plate in all 
tester strains.  At up to 5000 µg/plate  the numbers of revertant 
colonies were less than twice the numbers in respective negative controls regardless of 
metabolic activation.  Thus,  was concluded to be negative under the 
conditions of the study.  Results of the study are presented in the Applicant’s table 
below.
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8 Carcinogenicity
Study title:  104-Week Carcinogenicity Study of S-297995 Monotosylate in 
Rats by Gavage

Study no.: YDL0036 (Sponsor Reference Number: 
S-297995-TF-266-L; Study No. 
YDL0036)

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: January 5, 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate; Batch # 

B15001; Content 99.7% (on anhydrous 
basis)

CAC concurrence: Yes (ECAC meeting minutes re: dose 
selection dated November 17, 2011, 
Attachment 1; Recommendations re: 
early termination procedures sent to the 
Applicant on November 7, 2013)

Key Study Findings 
 There was no statistically significant effect on mortality in either sex.
 All surviving females from all dose groups were terminated early (from Week 

103) when the number of surviving females in the control group reached 15 
animals. 

 In males, there were treatment-related decreases in body weight gain (compared 
to controls) at all doses.  In females, body weight gain from Week 0 to 103 in the 
low-, mid-, and high dose groups was reported to be 82%, 86%, and 79%, 
respectively, of the control group (statistically significant at high dose only).

 In males, there were statistically significant treatment-related decreases in food 
consumption (compared to controls) at all dose levels.

 There were no drug-related neoplastic findings in male or female rats (ECAC 
meeting minutes dated July 21, 2016, Attachment 2).

Adequacy of Carcinogenicity Study
The carcinogenicity study conduct was acceptable.  The dose selection was based on 
recommendations from the Executive CAC (November 7, 2011).  Based on the high 
dose having an AUC value > 25 times that in humans, the Division and CDER Executive 
Carcinogenicity Assessment Committee (ECAC) concurred with the Applicant’s 
proposed high dose of 100 mg/kg/day.  During the conduct of the study, the Division 
reviewed the Applicant’s proposed termination plan and provided recommendations 
regarding early termination procedures (IND 107475, S. Chakder, Ph.D., November 6, 
2013).  It is noted that all surviving females from all dose groups were terminated early 
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(from Week 103) when the number of surviving females in the control group reached 15 
animals.

Appropriateness of Test Models
The Crl:CD(SD) rat is an acceptable test model for the carcinogenicity study.
Evaluation of Tumor Findings
FDA Statistical Analysis of Tumor Data: The tumor data were analyzed for dose 
response relationships across the control, low-, mid-, and high dose groups, and 
pairwise comparisons of each of the three treated groups (low-, mid-, and high dose) 
against the vehicle control group, using the Poly-k method.  For the adjustment of 
multiple testing, common and rare tumors were tested for dose response relationship at 
significance levels of 0.005 and 0.025, respectively.    For multiple pairwise 
comparisons of treated groups with controls, test levels of 0.01 and 0.05 were used for 
common and rare tumors, respectively.

In males and females, there were no drug-related neoplastic findings at up to 100 
mg/kg/day S-297995 monotosylate.

Methods
Doses: 0, 10, 30, 100 mg/kg/day (as free base; see 

Applicant’s table below)
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral (Gavage)

Formulation/Vehicle: 0.5% w/v methylcellulose (MC) aqueous 
solution

Basis of dose selection: AUC ratio (based on the high dose having an 
AUC value > 25 times that in humans; Rat AUC 
values based on 6-month oral toxicity and TK 
study (Sponsor’s Study No. R-297995-TF-108-
L; CRO Study No. SG08274)

Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: Toxicology: 65/sex/group

Satellite: 3/sex/group
Age: 33 to 40 days of age at start of treatment

Animal housing: 5 animals of the same sex per cage (main 
study);
3 animals of the same sex per cage (satellite)

Paradigm for dietary restriction: No diet restriction
Dual control employed: No

Interim sacrifice: No
Satellite groups: Yes (for TK analysis)

Deviation from study protocol: Protocol deviations did not affect the quality or 
integrity of the study.
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The following table copied from the Applicant’s study report shows the study group 
assignments.

Observations and Results

Mortality
Animals were checked twice daily for signs of morbidity and mortality. 

Results:  The Applicant’s table below summarizes mortality in males and females.  
Since the number of surviving females in the control group reached 15 
animals/sex/group, all surviving females from all dose groups were terminated early 
from Week 103.  Surviving males were terminated at Week 105.  

As summarized in the Applicant’s table below, the most common factors contributing to 
death were identified as pituitary adenomas (anterior pituitary of both sexes) and 
fibroadenomas or adenocarcinomas (female mammary glands), and there was no dose-
relationship for these findings.

Independent analysis of survival data by the FDA statistical reviewer (H. Chen) showed 
that the numbers of rats surviving to terminal necropsy were 29 (44.62%), 32 (49.23%), 
26 (40.00%), and 28 (43.08%) for control, low-, mid-, and high dose males, respectively, 
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and 15 (23.08%), 19 (29.23%), 19 (29.23%), and 17 (26.15%) for control, low-, mid-, 
and high dose females, respectively.  The FDA statistical reviewer’s survival analysis 
determined that there were no statistically significant differences in mortality in either sex.  
Results of the intercurrent mortality comparison for male and female rats are shown below 
in Tables 1A and 1B, respectively (copied from the statistical review from H. Chen).

The Kaplan-Meier curves for survival rates of all treatment groups (from the statistical 
review from H. Chen) are shown below in Figures 1A and 1B for male and female rats, 
respectively.
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examinations and palpation for masses were conducted weekly.  The mass number and 
location, date, size, and description of new masses were recorded.

Results:  Treatment-related clinical signs associated with dosing included chin rubbing, 
a finding that was observed  in all S-297995 treatment-groups throughout the study.  
The incidence of this finding increased in a dose-related manner and was considered to 
be related to the taste of the formulation.  There also was an increased incidence of 
salivation associated with dosing, generally in high dose males and females.

The numbers of animals with palpable masses, total number of masses, and mean time 
of onset were similar in males across all treatment-groups.  In females, the total 
numbers of masses in the control, low-, mid-, and high dose groups were 92, 107, 114, 
and 98, respectively.  Although the incidences of masses in the low- and mid- dose 
groups were increased relative to the control group, the incidence in the high dose 
group was similar to the control group and less than the low- and mid-dose groups.  
Thus, this finding was considered to be incidental.  The number of females in the 
control, low-, mid-, and high dose groups with masses were 45, 50, 52, and 48, 
respectively, and the mean time of onset was 71, 69, 74, and 71 weeks, respectively.
Body Weights
Body weights were recorded at Week -1, the first day of treatment, weekly intervals for 
the first 16 weeks of treatment, once every 4 weeks thereafter, and prior to necropsy.
 
Results:  In males, treatment-related effects on body weights occurred at all doses.  In 
males, body weight gain from Week 0 to 104 in the low-, mid-, and high dose groups 
was reported to be 83%, 80%, and 81%, respectively, of the control group (statistically 
significant at all doses).  In females, body weight gain from Week 0 to 103 in the low-, 
mid-, and high dose groups was reported to be 82%, 86%, and 79%, respectively, of the 
control group (statistically significant at high dose only).  There were statistically 
significant decreases in body weight gain (compared to controls) in females during other 
intervals however (Week 28 – 52 and Week 52-103).

The Applicant’s figure below shows mean body weights in males and females over the 
course of the study period.
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Feed Consumption
Food consumption was recorded for Week -1, weekly for the first 16 weeks of treatment, 
and once every 4 weeks thereafter.

Results:  In males, there were statistically significant treatment-related decreases in 
food consumption (related to controls) at all dose levels.  Mean food consumption 
values (Week 1 – 104) in low-, mid-, and high dose males were 93%, 92%, and 93% of 
controls, respectively.  In females, there were no treatment-related effects on food 
consumption.
Ophthalmoscopy
Ophthalmological examinations were conducted prior to initiation of treatment (all 
animals), and at Weeks 52 and 100 (20/sex of control and high dose groups).

Results:  There were no treatment-related findings.
Clinical Pathology
Blood samples were collected from 20 fasted animals/sex (if possible) during Week 
103/104 (females) and Week 104 (males) prior to dosing.  Samples were analyzed for 
the following hematological and coagulation parameters: hematocrit, hemoglobin 
concentration, erythrocyte count, absolute reticulocyte count, mean cell hemoglobin, 
mean cell hemoglobin concentration, mean cell volume, total white cell count, 
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differential white blood cell count, platelet count, morphology, prothrombin time, and 
activated partial thromboplastin time.  In addition, samples were analyzed for the 
following clinical chemistry parameters: alkaline phosphatase, alanine 
aminotransferase, aspartate aminotransferase, total bilirubin, urea, creatinine, glucose, 
total cholesterol, triglycerides, sodium, potassium, chloride, calcium, inorganic 
phosphorous, total protein, and albumin.  When possible, blood samples were obtained 
from animals terminated during the treatment period, and these samples were analyzed 
for clinical chemistry parameters and a limited list of hematological parameters.  Blood 
films were prepared for all samples for examination of abnormalities by light 
microscopy.  Urine samples were collected from 20 animals/sex/group (if possible) 
during Week 103 for urinalysis.

Results:

Hematology:  In males, there were statistically significant increases in basophil count at 
all doses at Week 104 (+60%, +40%, and +60% of control values in the low-, mid-, and 
high dose groups, respectively).  Other statistically significant changes in the high dose 
male group only included increased hematocrit (+7.6%), hemoglobin (+6.7%), red blood 
cells (+8.7%), and percent basophils (+33%) and decreased percent reticulocytes (-
52%), compared to controls.  All remaining statistically significant changes in 
hematological parameters for males did not occur in a dose-related manner.    In 
females, there were no statistically significant changes in hematological parameters at 
Week 103/104.  

Clinical Chemistry:  During Week 104, there were statistically significant changes in the 
following parameters in males (compared to controls): (1) increased creatinine at 30 and 
100 mg/kg/day (+24% and +12%, respectively), (2) decreased triglycerides at 100 
mg/kg/day (-41%), and (3) increased potassium at 100 mg/kg/day (+23%).  In females, 
during Week 104 there were statistically significant decreases in triglycerides (-40%, 
compared to controls) and calcium (-4.5%, compared to controls) at 100 mg/kg/day.

Urinalysis:  In high dose males, there was a small but statistically significant increase in 
urine pH (8.0 versus 7.3 in the control group).  There was also decreased total 
potassium at all doses (up to -41% of controls), but the changes were not dose-related.  
In females, there were statistically significant changes in several parameters at all dose 
levels (compared to controls), but the changes were not dose-dependent (decreased 
urine volume by up to -43%, decreased chloride, sodium, and potassium by up to -44%, 
-42%, and -42%, respectively).

Changes in hematological and clinical chemistry parameters in animals sacrificed 
prematurely were considered to be related to the general poor health status of the 
animals rather than treatment with the test compound. 
Gross Pathology
Main study male and female animals were sacrificed following completion of 103 and 
104 weeks of treatment, respectively.  Necropsies (including examination of the external 
surface and orifices were conducted on all main study animals.
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Results:  No treatment-related gross pathological changes were identified in any group.
Histopathology
At necropsy, organs and tissues listed in the Applicant’s table below were collected, 
weighed, and preserved for histopathological examination (main study animals only).  
Masses and lymph nodes draining the regions adjacent to masses were also preserved.  
Histopathological evaluation was conducted for all main study animals sacrificed at the 
end of the treatment period and those that died prematurely.  In addition, satellite animal 
number 202 (30 mg/kg/day) was evaluated to determine potential reasons for the 
deterioration of this animal, necessitating premature sacrifice.
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Peer Review
A histopathology peer review was conducted.

Neoplastic

Males:  The following table (copied from the FDA statistical review; H. Chen) 
summarizes tumor types with p-values ≤0.05 for dose response relationship and/or 
pairwise comparisons of treated groups and vehicle control group.

The incidence of malignant lymphoma was numerically higher at ≥30 mg/kg/day, as 
compared to controls, and the incidence exceeded the historical control range for the 
testing facility of 0.0 – 3.1% (mean 0.75%).  However, based on the lack of statistical 
significance in pairwise comparisons (p=0.1211; FDA statistics review), this tumor type 
does not meet CDER criteria for statistical significance.

Although a p-value of 0.0170 was noted for the dose response relationship of combined 
hepatocellular adenoma/carcinoma, this trend was not statistically significant as per 
CDER criteria since this tumor combination was considered to be common based on 
historical control data.  In addition, pairwise comparison of this tumor combination at the 
high dose versus control did not meet statistical significance as per CDER criteria (p = 
0.1171; FDA statistics review).  

Females:  In females, there were no statistically significant findings for any tumor types 
at any dose. 

Non Neoplastic
In males, there was an increased incidence of alveolitis in the lung at all dose levels, 
compared to controls.  The incidence of this finding was 9/65, 12/65, 17/65, and 18/65 
animals in the control, low-, mid-, and high dose groups, respectively.  Also in the lung 
of males, the incidence of increased alveolar macrophages was greater at 30 and 100 
mg/kg/day (22/65 and 27/65 animals, respectively) than the incidence in controls 
(16/65).  In the stomach of males, the incidences of epithelial hyperplasia and 
submucosal inflammation of the nonglandular region were increased.  The incidence of 
epithelial hyperplasia of the nonglandular region was 4/65, 5/65, 7/65, and 10/65 
animals in the control, low-, mid-, and high dose groups, respectively.  The incidence of 
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submucosal inflammation in the nonglandular region was 9/65 high dose animals, 
compared to 5/65 control animals.

As summarized in the Applicant’s table below, there was an increased incidence of 
reduced or absent corpora lutea in the ovaries at all dose levels, compared to controls.  
The incidence of this finding in all treatment groups (including controls) exceeded the 
historical control range (4.5 – 7.7%).  Also in the ovaries, the incidence of cysts was 
increased, compared to controls (11/65, 17/65, 17/65, and 16/65 control, low-, mid-, and 
high dose animals, respectively).

In the thymus of females, the incidences of cysts and epithelial hyperplasia were 
increased, compared to controls (although not dose-related in all cases).  The incidence 
of cysts was 10/63, 12/63, 12/65, and 17/65 in the control, low-, mid-, and high dose 
groups respectively.  The incidence of epithelial hyperplasia was 11/63, 21/63, 18/65, 
and 21/65 animals in the control, low-, mid-, and high dose groups, respectively.  In 
addition, in the stomach, the incidence of submucosal inflammation in the nonglandular 
region was increased at the high dose (6/65 animals, compared to 1/65, 3/65, and 1/65 
control, low-, and mid-dose animals).  In the mammary gland, the incidence of 
galatocele(s) was 8/65 and 10/65 mid- and high dose animals, compared to 4/65 control 
and low-dose animals.
Toxicokinetics
Blood samples were collected from satellite animals at 1, 2, and 24 h after dosing during 
Weeks 13 and 26.  Plasma samples were analyzed for S-297995 and metabolites using 
a validated LC-MS/MS method.  Metabolites evaluated in the study were: benzamidine, 
Nor-S-297995, S-297995 3-O-β-D-glucuronide, and S-297995 6-O-β-D-glucuronide.

Results:  According to the TK report, if plasma concentrations were not quantifiable at 
all 3 sampling times at all 3 dose levels, Cmax and AUC values were calculated for 
information purposes but not used for assessment of exposure.  Instead, quantifiable 
mean plasma concentration data were used as indices of exposure for S-297995, Nor-
S-297995, S-297995 3-O-beta-D-glucuronide, and S-297995 6-O-beta-D-glucuronide.  
For benzamidine, Cmax and AUC values for benzamidine were calculated and used to 
assess exposure in the report.  Summary data are presented in the following tables 
copied directly from the study report.

S-297995
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Benzamidine

Nor-S-297995

S-297995 3-O-beta-D-glucuronide

S-297995 6-O-beta-D-glucuronide

TK parameters for naldemedine (S-297995) and its metabolites are summarized in the 
Applicant’s table below copied directly from the Applicant’s Toxicology Written Summary 
(2.6.6.5.2 Carcinogenicity Study in Rats).
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Dosing Solution Analysis
Samples were collected from the dosing solutions used in Weeks 1, 13, 26, 27 (Group 3 
only for TK sampling), 39, 52, 65, 81, 91, 103, and 105 for determination of the test 
article concentration using a validated analytical method.  The homogeneity and stability 
of the high dose formulation in refrigerated storage were evaluated out to 12 days.  
According to the report, as part of a previous study, the homogeneity and stability of 
formulations of 1 and 134 mg/mL were shown to be stable for 8 days when stored at 
4ºC.

Results: Mean concentrations of S-297995 ranged from -9.0% to +3.0% of nominal 
concentrations, and thus were considered acceptable.  After 12 days of refrigerated 
storage, mean concentrations of S-297995 in high dose formulation samples were 
within 1% of Day 0 values and the coefficient of variation was less than 1%.

Reference ID: 4017126



NDA 208854 Tracy L. Behrsing, Ph.D.

184

Study title:  104-Week Carcinogenicity Study of S-297995 Monotosylate in 
Mice by Gavage

Study no.: YDL0037 (Sponsor Reference Number: 
S-297995-TF-265-L; Study No. 
YDL0037)

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: January 5, 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate; Batch # 

B15001; Content 99.7% (on anhydrous 
basis)

CAC concurrence: Yes (ECAC meeting minutes re: dose 
selection dated November 17, 2011, 
Attachment 1)

Key Study Findings 
 There was no statistically significant effect on mortality in either sex.
 There were no statistically significant effects on body weight gain in either sex.
 In males only, there was a small (+6%, compared to control) increase in food 

consumption at the high dose.
 There were no drug-related neoplastic findings in male or female mice (ECAC 

meeting minutes dated July 21, 2016, Attachment 2).

Adequacy of Carcinogenicity Study
The carcinogenicity study conduct was acceptable.  The dose selection was based on 
recommendations from the Executive CAC (November 7, 2011).  Based  on the high 
dose having an AUC value > 25 times that in humans, the Division and CDER Executive 
Carcinogenicity Assessment Committee (ECAC) concurred with the Applicant’s 
proposed high dose of 100 mg/kg/day.
Appropriateness of Test Models
The Crl:CD1(ICR) mouse is an acceptable test model for the carcinogenicity study.
Evaluation of Tumor Findings
FDA Statistical Analysis of Tumor Data: The tumor data were analyzed for dose 
response relationships across the control, low-, mid-, and high dose groups, and 
pairwise comparisons of each of the three treated groups (low-, mid-, and high dose) 
against the vehicle control group, using the Poly-k method.  For the adjustment of 
multiple testing, common and rare tumors were tested for dose response relationship at 
significance levels of 0.005 and 0.025, respectively.    For multiple pairwise 
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comparisons of treated groups with controls, test levels of 0.01 and 0.05 were used for 
common and rare tumors, respectively.

In males and females, there were no drug-related neoplastic findings at up to 100 
mg/kg/day S-297995 monotosylate.

Methods
Doses: 0, 10, 30, 100 mg/kg/day (as free base; see 

Applicant’s table below)
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral (Gavage)

Formulation/Vehicle: 0.5% w/v methylcellulose (MC) aqueous 
solution

Basis of dose selection: AUC ratio (based on the high dose having an 
AUC value > 25 times that in humans; Mouse 
AUC values based on 13-week oral toxicity and 
TK study (Sponsor’s Study No. S-297995-TF-
108-L; CRO Study No. YDL0024)

Species/Strain: Crl:CD1(ICR) mice
Number/Sex/Group: Toxicology: 60/sex/group

Satellite: 18/sex/group
Age: 36 to 42 days of age at start of treatment

Animal housing: 3 animals of the same sex per cage
Paradigm for dietary restriction: No diet restriction

Dual control employed: No
Interim sacrifice: No
Satellite groups: Yes (for TK analysis)

Deviation from study protocol: Protocol deviations did not affect the quality or 
integrity of the study.

The following table copied from the Applicant’s study report shows the study group 
assignments.

Observations and Results

Mortality
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Animals were checked twice daily for signs of morbidity and mortality.

Results:  The Applicant’s table below summarizes mortality in males and females.  

As summarized in the Applicant’s table below, the most common factors contributing to 
death were malignant lymphoma, skin tumors/lesions (fibrosarcomas, ulcerative 
dermatitis), brochiolo-alveolar carcinomas, genital/lower urinary tract lesions 
(obstructive uropathy; males only), and ovarian lesions (hemorrhage/hemorrhagic 
cysts).  In males, the incidence of malignant lymphoma was increased to a similar 
extent at all dose levels (compared to controls).  In females, although no dose-
relationship was apparent, the incidence of ulcerative dermatitis was increased at ≥30 
mg/kg/day and the incidence of ovarian lesions was increased at all dose levels 
(compared to controls).

Independent analysis of survival data by the FDA statistical reviewer (H. Chen) showed 
that the numbers of mice surviving to terminal necropsy were 28 (46.67%), 26, 
(43.33%), 30 (50.00%), and 23 (38.33%) for control, low-, mid-, and high dose males, 
respectively, and 23 (38.33%), 20 (33.33%), 23 (38.33%), and 26, (43.33%) for control, 
low-, mid-, and high dose females, respectively.  The FDA statistical reviewer’s survival 
analysis determined that there were no statistically significant mortality findings in either 
sex.  Results of the intercurrent mortality comparison for male and female mice are shown 
below in Tables 3A and 3B, respectively (copied from the statistical review from H. Chen). 
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The Kaplan-Meier curves for survival rates of all treatment groups (from the FDA 
statistical review of H. Chen are shown below in Figures 2A and 2B for male and female 
mice, respectively.
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13, every other week during Weeks 14 to 52, and once every 4 weeks thereafter.  
Detailed physical examinations and palpation for masses were conducted weekly.  The 
mass number and location, date, size, and description of new masses were recorded.

Results:  During a subset of weeks, following dosing there was an increased incidence 
of chin rubbing (high dose males and females; primarily during Week 7) and head 
shaking (all doses; males and females; primarily from Weeks 7 - 12), compared to 
controls.  During Week 7, the incidence of chin rubbing after dosing was 8 and 7 males 
and females each, compared to 0 controls.  During Week 7, the incidence of head 
shaking after dosing was 9, 9, and 6 males and 1, 7, and 18 females in the low-, mid-, 
and high dose groups, respectively, compared to 0 controls.

There was no apparent treatment-related effect on the number of animals with palpable 
masses, total number of masses, or the mean time of onset in either sex.
Body Weights
Body weights were recorded at Week -1, the first day of treatment, weekly intervals for 
the first 16 weeks of treatment, once every 4 weeks thereafter, and prior to necropsy.
 
Results:  In males, there were no treatment-related effects on body weight.  Although 
body weight gain was generally greater in males at ≥30 mg/kg/day (compared to 
controls), body weight gain in males from Week 0 to 104 in the low-, mid-, and high 
dose groups was reported to be 101%, 106%, and 104%, respectively, of the control 
group (not statistically significant at any dose).  In females, there were no treatment-
related effects on body weight.  Although body weight gains were generally lower than 
controls, body weight gain in females from Week 0 to 104 in the low-, mid-, and high 
dose groups was reported to be 98%, 97%, and 98%, respectively, of the control group 
(not statistically significant at any dose).

The Applicant’s figure below shows mean body weights in males and females over the 
course of the study period.
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Feed Consumption
Food consumption was recorded for Week -1, weekly for the first 16 weeks of treatment, 
and once every 4 weeks thereafter.  

Results:  In males, there was a small (but statistically significant) increase in food 
consumption at the high dose.  Mean food consumption from Week 1 – 104 was 103%, 
104%, and 106%, of controls, respectively.  In females, there were no statistically 
significant differences in food consumption compared to controls.
Clinical Pathology
Blood samples were collected at terminal sacrifice and from decedents (if possible).   
Samples were analyzed for the following hematological parameters: erythrocyte count, 
total white cell count, and differential white blood cell count (neutrophils, lymphocytes, 
eosinophils, basophils, monocytes, and large unstained cells).  Blood films were 
prepared for examination of abnormalities by light microscopy.

Results:
In males, there was a statistically significant decrease in neutrophils and percent 
neutrophils at 100 mg/kg/day (-34% and 29%, respectively, compared to controls).  
There also was a small but statistically significant increase in percent lymphocytes at 
100 mg/kg/day (+14%, compared to controls).  There were no apparent treatment-
related changes in hematological parameters in females.
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Gross Pathology
Detailed necropsies (including examination of the external surface and orifices) were 
conducted on all animals.

Results:  In the liver, an increased incidence of masses was observed, compared to the 
incidence in controls.  In males, the increased incidence occurred at all doses with no 
apparent dose relationship.  In females, the incidence of this finding was greatest in the 
low dose group, and there was no dose relationship.  The tables below summarize the 
incidence of masses in the liver observed in animals prematurely sacrificed or found 
dead, animals terminated after 104 weeks of treatment, and the overall incidence in the 
study.

Males: Incidence of masses in the liver/number of animals examined (%)
Control 10 mg/kg/day 30 mg/kg/day 100 mg/kg/day

Animals 
prematurely 
sacrificed or 
found dead

3/32 (9.4%) 8/34 (23.5%) 9/30 (30%) 8/37 (21.6%)

Terminal 
sacrifice

2/28 (7.1%) 5/26 (19.2%) 21/30 (70%) 6/23 (26.1%)

Overall 5/60 (8.3%) 13/60 (21.7%) 30/60 (50%) 14/60 (23.3%)

Females: Incidence of masses in the liver/number of animals examined (%)
Control 10 mg/kg/day 30 mg/kg/day 100 mg/kg/day

Animals 
prematurely 
sacrificed or found 
dead

0/37 (0%) 3/40 (7.5%) 0/37 (0%) 1/34 (2.9%)

Terminal sacrifice 1/23 (4.3%) 1/20 (5%) 0/23 (0%) 0/26 (0%)

Overall 1/60 (1.7%) 4/60 (6.7%) 0/60 (0%) 1/60 (1.7%)

In males, an increased incidence of distended and discolored seminal vesicles was 
observed at all doses, relative to the incidence in controls, as summarized in the tables 
below.

Incidence of findings in the seminal vesicles/number of animals examined (%)
Control 10 mg/kg/day 30 mg/kg/day 100 mg/kg/day

Distended
Animals 

prematurely 
sacrificed or 
found dead

13/32 (40.6%) 15/34 (44.1%) 21/30 (70%) 23/37 (62.2%)
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Terminal 
sacrifice

16/28 (57.1%) 22/26 (84.6%) 24/30 (80%) 22/23 (95.7%)

Overall 29/60 (48.3%) 37/60 (61.7%) 45/60 (75%) 45/60 (75%)
Discolored

Animals 
prematurely 
sacrificed or 
found dead

0/22 (0%) 2/34 (5.9%) 5/30 (16.7%) 3/37 (8.1%)

Terminal 
sacrifice

2/28 (7.1%) 9/26 (34.6%) 4/30 (13.3%) 7/23 (30.4%)

Overall 2/60 (3.3%) 11/60 (18.3%) 9/60 (15%) 10/60 (16.7%)

Histopathology
At necropsy, organs and tissues listed in the Applicant’s table below were preserved for 
histopathological examination.  Masses and lymph nodes draining the regions adjacent 
to masses were also preserved.
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Peer Review
A histopathology peer review was conducted.

Neoplastic

Analysis of tumor data by the FDA statistical reviewer showed no statistically significant 
dose response relationships or pairwise comparisons in either sex.

While not statistically significant, an increased incidence of hepatocellular neoplasms 
was noted in males.  In addition, there was an increased incidence of subcapsular cell 
adenoma in the adrenal gland of males at ≥30 mg/kg/day.  However, no dose 
relationship was apparent.  For reference, the Applicant’s tables below summarize the 
incidence of these findings in males.
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Non Neoplastic
In males, there was an increased incidence of increased colloid of the seminal vesicles 
at all doses, compared to controls.  The incidence of this finding is summarized in the 
Applicant’s table below.

While not dose-related, there also was an increased incidence of thickening/fibrosis of 
the seminal vesicles wall (0/60, 8/60, 5/60, and 2/60 control, low-, mid-, and high dose 
males, respectively).  In the epididymis, reduced numbers of spermatozoa were 
observed in 4/60, 8/60, 9/60, and 8/60 control, low-, mid-, and high dose males, 
respectively.  Absent spermatozoa were observed in 1/60, 8/60, 8/60, and 5/60 control, 
low-, mid-, and high dose males.  Mineralization in the epididymis was observed in 3/60 
mid- and high dose males each, compared to 0/60 control and low- dose males. 

In females, there was an increased incidence in tubular casts in the kidneys in animals 
treated with S-297995 (2/60, 3/60, 10/60, and 11/60 animals in the control, low-, mid-, 
and high dose groups, respectively).  The incidence of this finding in males from all 
groups (including controls) ranged from 8/60 to 12/60 animals, however.  
Toxicokinetics
Blood samples were collected from satellite animals at 1, 2, and 24 h after dosing during 
Weeks 13 and 26.  Plasma samples were analyzed for S-297995 and metabolites using 
a validated LC-MS/MS method.  Metabolites evaluated in the study were: benzamidine, 
Nor-S-297995, S-297995 3-O-β-D-glucuronide, and S-297995 6-O-β-D-glucuronide.

Results:  According to the TK report, since mean plasma concentrations were not 
quantifiable at all 3 sampling times at all 3 dose levels, Cmax and AUC values were 
calculated for information purposes but were not used for assessment of exposure.  
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Instead, quantifiable mean plasma concentration data at 1 and 2 h after dosing were 
used as indices of systemic exposure.  Summary data are presented in the following 
tables copied directly from the study report.

S-297995

Benzamidine

Nor-S-297995

S-297995 3-O-beta-D-glucuronide

S-297995 6-O-beta-D-glucuronide
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TK parameters for naldemedine (S-297995) and its metabolites are summarized in the 
Applicant’s table below copied directly from the Applicant’s Toxicology Written Summary 
(2.6.6.5.1 Carcinogenicity Study in Mice).

Dosing Solution Analysis
Samples were collected from the dosing solutions used in Weeks 1, 13, 26, 39, 52, 65, 
78, 91, and 103 for determination of the test article concentration using a validated 
analytical method.  According to the report, as part of a previous study, the homogeneity 
and stability of formulations of 1 and 134 mg/mL were shown to be stable for 8 days 
when stored at 4ºC.

Results: Mean concentrations of S-297995 ranged from -7.0% to +2.0% of nominal 
concentrations, and thus were considered acceptable.
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Study title:  Oral Study for Effects of S-297995 monotosylate on Embryo-
Fetal Development in Rabbits

Study no.: S-297995-TF-182-L (CRO Study No. 
250228)

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: September 24, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate, Lot No. A81001, 

97.5% (on an anhydrous basis)

Key Study Findings
In maternal animals, treatment with ≥25 mg/kg/day resulted in decreased body weight, 
body weight gain, and food consumption (compared to controls), with body weight 
losses particularly at the beginning of the dosing period at 25 and 100 mg/kg/day.  At 
400 mg/kg/day only, additional treatment-related findings in maternal animals included 
decreased fecal volume (compared to controls), abortion (two dams on GDs 21 and 22), 
and premature delivery (single dam on GD 27).  In the offspring, there were decreased 
fetal body weights at 400 mg/kg/day (compared to controls), a finding that may be 
related to maternal toxicity at this dose.  No external, visceral, or skeletal abnormalities 
or variations were noted at any dose level.  Based on findings in this study, the NOAEL 
is <25 mg/kg/day for maternal toxicity and 100 mg/kg/day for embryofetal development.

Methods
Doses: 25, 100, and 400 mg/kg/day (as S-297995)

Frequency of dosing: Once daily
Dose volume: 5 mL/kg

Route of administration: Oral (gavage)
Formulation/Vehicle: 0.5% w/v% methylcellulose aqueous solution

Species/Strain: Rabbits/Kbl:JW,SPF)
Number/Sex/Group: 20 females/group

Satellite groups: No
Study design: Pregnant females were dosed once daily during 

the period of organogenesis (gestation day (GD) 
6 to 18), and the effects of S-97995 
monotosylate on dams and embryofetal 
development was assessed.  

Deviation from study protocol: Deviations did not affect the quality or integrity 
of the study.

Observations and Results

Mortality
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Viability checks of dams were conducted twice daily during the dosing period and once 
a daily during the non-dosing period.

No mortalities occurred in dams of any dose group.

Clinical Signs
Dams were observed for clinical signs twice daily during the dosing period and once a 
daily during the non-dosing period.

Two high dose dams aborted on GDs 21 and 22.  Among these animals, one dam 
delivered 5 dead pups and 4 placentae and 1 placenta was observed in the uterus.  The 
other dam delivered 8 dead pups and placentae, and 2 dead fetuses and 5 placentae 
were observed in the uterus.  In addition, a single high dose female prematurely 
delivered on GD 27, with 2 dead pups, 2 resorbed embryos, and 6 placentae.

Decreased fecal volume (compared to controls) was observed in 6 high dose dams, 
including the two dams which aborted and single dam who delivered prematurely.

Body Weight
Body weights of dams were recorded on Days 0, 3, and 6, daily during the dosing 
period (GD 7 – 18), and on Days 19, 20, 22, 24, 26, and 28.  

There were statistically significant decreases in body weight at all doses (compared to 
controls).  At 25 mg/kg/day, there was a statistically significant decrease in body weight 
on GD 11 only (-3%, compared to controls).  At 100 and 400 mg/kg/day, body weights 
were significantly decreased on GDs 7-15 (up to -4%, compared to controls) and on 
GDs 7-20 (up to -9%), respectively.

There were body weight losses and decreased body weight gains (compared to 
controls) at all dose levels.  At 25, 100, and 400 mg/kg/day, body weight losses 
occurred from GD 6 through 12, GD 6 through 12, and GD 6 through 19, respectively.  
At 25 and 100 mg/kg/day, body weight gain was significantly lower than controls from 
GD 6 through 19 and at 400 mg/kg/day, body weight gain was significantly lower from 
GD 6 through 20.  From GD 6-19, body weight gain at 25 and 100 mg/kg/day was 
decreased by 43% and 53% compared to controls.  From GD 6-19, controls gained 0.21 
kg, while the high dose group lost 0.07 kg.

Feed Consumption
Food consumption was determined for Day 0, 3, and 6, daily during the dosing period 
(GD 7 – 18), and on Days 19, 21, 23, 25, and 27.

There were statistically significant decreases in food consumption at all doses 
(compared to controls).  At 25 mg/kg/day, there was a statistically significant decrease 
in food consumption on GD 7 – 12.  At 40 mg/kg/day, food consumption was 
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significantly decreased from GD 7-11, GD 13-15, and GD 17.  At 400 mg/kg/day, food 
consumption was significantly decreased from GD 7 – 19.  On GD 7, food consumption 
in the low-, mid-, and high dose groups was decreased by 16%, 41%, and 61%, 
respectively, compared to controls.

Toxicokinetics
Blood was collected from 5 dams/group at 0.5, 1, 2,4, 8, and 24 h after dosing on GD 6 
(prior to initiation of dosing) and before dosing and at 0.5, 1, 2, 4, 8, and 24 h after 
dosing on GD 18.  Plasma samples from 3 pregnant females/group were frozen, 
shipped to the test site  and 
analyzed for S-297995, Nor-S-297995, S-297995 3-G, and S-297995 6-G. 

Exposure to S-297995 and its metabolites was demonstrated at all dose levels on GD 6 
and 18.  TK parameters are summarized in the Applicant’s table below.

Dosing Solution Analysis
Samples of the dosing formulations used for the first and last days of dosing were 
analyzed for the test compound concentration.  Concentrations were reported to be 
between 96.5-98.5% of nominal values, and the relative standard deviation ranged from 
0.5-2.2%.  Thus, it was concluded that the concentrations and homogeneity of the 
dosing formulations were acceptable.
Necropsy
Dams were euthanized on GD 28, and the number of corpora lutea and implantation 
sites were counted.  For females with no evidence of implantation, the uterus was 
stained to reconfirm the females were not pregnant.  

No treatment-related findings were noted.  Two dams were non-pregnant (a single 
control and high dose dam, each).

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
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At scheduled necropsy, the number of corpora lutea, implantation sites, post-
implantation losses, and live fetuses were counted.  The placentae of live fetuses were 
also macroscopically examined and weighed.  The implantation rate, pre-implantation 
loss rate, and post-implantation loss rates were calculated.  

There were no statistically significant effects on the numbers of corpora lutea, 
implantation sites, pre-implantation losses, post-implantation losses, or live fetuses, or 
the rates of implantation, pre-implantation loss, or post-implantation loss.  Placental 
weights were also not significantly different at any dose, compared to controls.  
Summary data are presented in the Applicant’s table below.  
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Offspring (Malformations, Variations, etc.)
Fetuses were weighed, sexed, examined for external, visceral, and skeletal findings. 

There were statistically significant differences in the sex ratio.  However, at 400 
mg/kg/day, there was a statistically significant decrease in female fetal body weights (-
10.2%, compared to controls) and a trend toward lower body weights in males.  

External abnormalities were limited to exencephaly in a single fetus at 25 mg/kg/day.  
Based on the observation of this finding in only a single fetus and lack of similar findings 
at the mid- and high dose, this was not considered to be a treatment-related effect.

As summarized in the Applicant’s table below, there were no statistically significant 
increases in the incidence of visceral abnormalities, and no visceral variations were 
observed at any dose.    Visceral abnormalities considered to be incidental based on the 
low incidence and historical data for the testing facility included included small lung 
(single fetus; control group) and retroesophageal subclavian artery (single fetus; 400 
mg/kg/day group).  
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There were no statistically significant increases in the incidence of skeletal 
abnormalities or variations at up to 400 mg/kg/day, as summarized in the Applicant’s 
table below.  Skeletal abnormalities considered to be incidental based on low incidence, 
lack of dose relationship, and historical data for the testing facility  included fused 
thoracic centrum and lumbar centrum (single fetus; control group), absent skull (single 
fetus; 25 mg/kg/day group), and absent lumbar vertebra (single fetus; 100 mg/kg/day 
group).  Skeletal variations observed in the study included full supernumerary rib, short 
supernumerary rib, cervical rib, and supernumerary lumbar vertebra in all groups 
(including controls) and peduncular fused sternebrae in the low- and mid- dose groups 
only.  
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9.3 Prenatal and Postnatal Development
Study title:  Oral Study for Effects of S-297995 monotosylate on Pre- and 
Postnatal Development, Including Maternal Function, in Rats

Study no.: S-297995-TF-275-L (CRO Study No. 
SG12011)

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: March 22, 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: S-297995 monotosylate, lot# A81001, 

97.5%

Key Study Findings
In maternal animals, there were treatment-related decreases (compared to controls) in 
body weights / body weight gain and food consumption during gestation at ≥30 
mg/kg/day and a single high dose animal died on PND 22.  Additional findings at ≥30 
mg/kg/day included scattering of offspring in the cages (suggestive of poor nursing) and 
total litter loss in 5 and 3 dams at 30 and 1000 mg/kg/day, respectively.  In F1 pups, 
there were decreases in the viability index on lactation day 4 at ≥30 mg/kg/day, and 
decreased body weights and delayed pinna unfolding at 1000 mg/kg/day.  Based on 
these findings, the NOAEL for maternal and developmental toxicity was 1 mg/kg/day.   

Methods
Doses: 1, 30, and 1000 mg/kg/day (as S-297995)

Frequency of dosing: Daily
Dose volume: 10 mL/kg

Route of administration: Oral (gavage)
Formulation/Vehicle: 0.5 w/v% methylcellulose aqueous solution

Species/Strain: Rat (SPF)/Crl:CD(SD)
Number/Sex/Group: 22 females/group

Satellite groups: No
Study design: Pregnant female rats were administered the test 

compound from gestation day (GD) 7 to 
lactation day (LD) 20.

Deviation from study protocol: Protocol deviations did not affect the quality or 
integrity of the study.

F0 Dams:

Survival:
Dams were observed three times per day during the dosing period, and once daily 
during other periods.
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On GD 22, a single high dose female was found dead.  A total of 10 newborns (6 live 
and 4 dead) were observed with the dam, and gross pathology revealed 8 dead fetuses 
in the uterus, dark reddish discoloration of the lungs, foamy fluid in the trachea and 
bronchi, and a small thymus.

Clinical signs:
Cage-side observations of dams were conducted three times per day during the dosing 
period, and once daily during other periods of the study.

During LDs 0-4, scattering of offspring in the cages (considered to be indicative of poor 
nursing) were observed for 4 dams each in the 30 and 1000 mg/kg/day dose groups.  In 
addition, total litter loss occurred in 5 and 3 dams, respectively, in the mid- and high 
dose groups. 
  
Body weight:
Body weights were recorded once daily on days 0, 4, and 7-20 of gestation and days 0, 
4, 7, 11, 14, 18, and 21 of lactation.

During gestation, there were statistically significant decreases in body weights and body 
weight gain in the 30 and 1000 mg/kg/day treatment groups, compared to controls.  On 
GD 20, mean body weights of dams in the 30 and 1000 mg/kg/day groups were 94% 
and 93%, respectively, of the mean control weight.  Body weight gain at 30 and 1000 
mg/kg/day on GD was 81% and 74%, respectively, of controls.  During the beginning of 
the lactation periods, body weights continued to be decreased in the mid- and high dose 
groups relative to controls.  Decreased body weights were significantly different than 
controls at 30 mg/kg/day on LD 0 only, and LD 0, 4, and 7 at 1000 mg/kg/day.  Body 
weight gain in the mid- and high dose groups increased from LD 11 and was 
significantly increased on LD 21 (1.9-fold the body weight gain in controls). 

Feed consumption:
Consumption of food was recorded on days 0, 4, 7-19, and 20 of gestation and days 0, 
4, 7, 11, 14, 18, and 21 of lactation.

There was a statistically significant decrease in food consumption at 30 and 1000 
mg/kg/day, compared to controls during the gestation period (e.g., -28% and -61% at 30 
and 1000 mg/kg/day, respectively, on GD 8).  During the lactation period, food 
consumption was not significantly different than that of controls.

Uterine content:
There were no statistically significant effects on the duration of gestation, gestation 
index, number of implantation sites, or delivery index (compared to controls).  However, 
the number of dead pups in the 30 and 1000 mg/kg/day groups was elevated 
(compared to controls) and there was a trend towards a decreased birth index at these 
dose levels.  Summary data for reproductive observations of dams at delivery are 
presented in the Applicant’s tables below.
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Necropsy observation:
Gross necropsies of the dams (F0) were performed at termination on LD 21.  
Parameters evaluated included gross pathology and the number of implantation sites.  
A single control group animal that failed to deliver was terminated on Day 25 of 
gestation.  Dams with total litter loss were terminated on the day in which the total litter 
loss (deaths of all offspring) occurred. 

Gross findings in the single high dose female that died on GD 22 are summarized under 
“Survival.”  At scheduled termination of dams necropsied at weaning, there were no 
treatment-related findings.  In dams for which there was total litter loss (4 and 2 females 
in the mid- and high dose groups, respectively), small thymus and spleen were noted.

Toxicokinetics:
Not conducted

Dosing solution analysis:
Dosing solution samples were collected at the first and last preparations for verification 
of concentrations and homogeneity through HPLC analysis.  Actual concentrations were 
97.7-104.0% of nominal concentrations and the relative standard deviation was 0.0-
0.6%.  Therefore, the concentrations and homogeneity were deemed acceptable.

F1 Generation:
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Survival:
The total number of offspring and offspring viability was recorded at birth.  Dead 
newborns were classified as stillbirths, postnatal deaths, or cannibalized newborn 
animals, and examined for external morphology.  Litters with greater than 8 offspring 
were culled to 8 pups (4/sex) on PND 4.

There were no statistically significant differences in the number of newborns or sex ratio 
of live newborns at up to 1000 mg/kg/day, compared to controls.  As discussed under 
“Uterine Content” above and depicted in the Applicant’s figure, the number of dead 
newborns in the 30 and 1000 mg/kg/day dose groups was numerically higher than that 
in controls and there was a trend towards a decreased birth index at these dose levels.  
In addition, on LD 4, there was a decrease in the viability index at 30 and 1000 
mg/kg/day (compared to controls; statistically significant at 30 mg/kg/day only).  Viability 
of F1 offspring is summarized in the Applicant’s table below.  There were no treatment-
related effects on the weaning index or survival after weaning.

Clinical signs:
F1 offspring were observed for clinical signs once daily from the day of birth until 
weaning.  Clinical observations were recorded once daily until the day of necropsy for 
animals selected for reproductive and behavioral evaluations.

There was an increased incidence of subnormal body temperature, no milk in the 
stomach, and total litter loss at 30 and 1000 mg/kg/day, compared to controls.  Clinical 
signs of F1 offspring pre-weaning are summarized in the Applicant’s table below.  There 
were no treatment-related clinical signs in males or females after weaning, or in females 
during gestation.
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Body weight:
Body weights of F1 offspring were recorded at birth and at 4, 7, 11, 14, 18, and 21 days 
of age.  Body weights of F1 animals after weaning were recorded at 28, 35, 42, 49, 56, 
63, and 70 days of age.  Mated females were weighted on Days 0, 7, and 13 of 
gestation.

As summarized in Applicant’s table below, at birth and prior to weaning, there were 
statistically significant decreases in F1 offspring body weights in the 1000 mg/kg/day 
dose group, compared to controls.  There were no treatment-related changes in body 
weight (compared to controls) after weaning.

Feed consumption: 
Not evaluated

Physical development:
Animals were observed daily from 2-4 days of age for pinna unfolding.  Observations for 
growth of hair and eruption of incisors were conducted at 11 and 14 days of age, and 
observations for eyelid opening were conducted at 14 and 18 days of age.  Males were 
observed for preputial separation at 42 and 49 days of age, and females were observed 
for vaginal opening at 35 and 42 days of age.  
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At 3 days of age, there was a decrease in the incidence of pinna unfolding at 1000 
mg/kg/day (compared to controls; statistically significant for females only).  There were 
no treatment-related effects on the incidence of growth of hair, eruption of incisors, or 
eyelid opening.  Physical development data for F1 offspring are summarized in the 
Applicant’s table below.

There were no statistically significant differences in the incidence of preputial separation 
or vaginal opening at either timepoint evaluated in the study (compared to controls).

Neurological assessment:
Early behavior of offspring was evaluated at 11 and 14 days of age.  Parameters 
evaluated were back righting and geotaxis.  One male and female from each litter was 
selected at 21 days of age for behavioral evaluations after weaning.   At 4 weeks of age, 
the following sensory function parameters were evaluated: visual function (visual 
placing response and pupillary reflex), auditory function (Preyer’s reflex), and pain 
sensitive function (pain response).  An open field test was conducted at 5 weeks of age, 
and conditioned avoidance response was evaluated at 6-7 weeks of age. 

There were no treatment-related effects on back righting or geotaxis, sensory function 
parameters, or conditional avoidance response.  In the open field test, there was a 
statistically significant increase in the mean frequency of defecation in male F1 offspring 
at 1000 mg/kg/day (0.7 versus 0.1 in controls).  However, because the increase was 
limited to the second trial only and there were no treatment-related changes in other 

Reference ID: 4017126



NDA 208854 Tracy L. Behrsing, Ph.D.

227

parameters, the increase was considered to be incidental.  For comparison, during the 
first trial, the mean incidence of defecation in males was 0.4, 0.5, 0.4, and 0.3 in the 
control, 1, 30, and 1000 mg/kg/day groups, respectively.

Reproduction:
One male and female from each litter was selected at 21 days of age for evaluation of 
reproductive function after weaning.  Vaginal smears were collected from 14 days prior 
to initiation of mating until the day of copulations.  The mean length of the estrous cycle 
and number of cycles were calculated based on estrous phases over 15 days.  From 
10-13 weeks of age, males and non-sibling females in the same group were mated on a 
one-to-one basis for a maximum of 14 days.  For pairs that failed to mate, a second 
mating period was continued for up to 4 days after the first mating period.    

There were no treatment-related effects on the mean estrous cycle length or number of 
cycles (compared to controls).  There also were no statistically significant effects on the 
mating index, fertility index, or pre-coital period.  Summary data for the 1st and 2nd 
mating periods are provided in the Applicant’s table below.  At 30 and 1000 mg/kg/day, 
a single female each did not become pregnant, compared to 0 animals in the control 
and 1 mg/kg/day groups.

Necropsy Evaluation:
At 21 days of age, offspring (other than those selected for reproduction and behavioral 
assessments) were terminated and gross pathology was evaluated.  At 10 weeks of 
age, F1 animals used for behavioral observations were terminated and gross pathology 
was evaluated.  After completion of cesarean section of mated F1 females, F1 males 
were terminated and gross pathology was evaluated.  On Day 13 of gestation, cesarean 
section was performed on mated F1 females.  Gross pathology, evidence of 
implantations, and the number of corpora lutea were determined.  The number of 
implantations and number of live and dead embryos were determined.  Dead embryos 
were classified as early (early death after implantation), resorb (unformed embryos), or 
dead (formed embryos with placentae).  
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There were no treatment-related gross findings in F1 offspring at weaning or 10 weeks 
of age (behavioral evaluation animals).  There also were no treatment-related findings in 
males after evaluation of mating ability.  At cesarean section, there were no gross 
abnormalities in the any animals (including the single female each at 30 and 1000 
mg/kg/day which did not become pregnant), or treatment-related effects on the number 
of corpora lutea, number of implantations, pre- or postimplantation loss, or number of 
live embryos (compared to controls).  Summary data are shown in the Applicant’s table 
below. 

Toxicokinetics:
Not conducted

10 Special Toxicology Studies
Review of Study No. R-297995-TF-084-N (CRO Study No. 702128) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).
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Review of Study No. R-297995-TF-085-N (CRO Study No. 702028) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Immunotoxicity Study of S-297995 monotosylate in Rats: Determination of 
Specific Antibody Formation against T-cell Dependent Antigen (Study No. S-
297995-TB-234-L)

Methods:  Crl:CD(SD) rats (n=10/sex/group) were administered 30, 100, and 1000 
mg/kg/day S-297995 monotosylate (or vehicle, 0.5 w/v% methylcellulose aqueous 
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solution; dosing volume 10 mL/kg) by oral gavage for 1 month.  Following administration 
of the test compound on Day 24, animals were immunized once by intravenous injection 
of 0.2 mg/0.5 mL Hemocyanin, Keyhole Limpet (KLH) in saline solution.  On the day of 
necropsy (Day 31), serum samples were collected for determination of IgM class anti-
KLH antibody titers by ELISA.

Results:  S-297995 produced salivation in 3 and 5 high dose males and females, 
respectively.  There were transient, statistically significant decreases in body weight at 
all dose levels (Day 4 only in females; beginning on Day 4 in males).  Although anti-KLH 
antibody titers in the test compound groups were higher than those in the control 
groups, there were no statistically significant differences in the antibody titer at up to 
1000 mg/kg/day S-297995 (compared to controls) and no dose-relationship was 
apparent (the highest mean titers were measured at 100 mg/kg/day).  Thus, it was 
concluded that under the conditions of the study, the test compound did not affect T-cell 
dependent antibody formation in rats.  Summary data are shown in the Applicant’s 
tables below.

  

Preliminary Skin Phototoxicity Study of S-297995 monotosylate in Hairless Mice 
by Oral Dosing (Study No. S-297995-TB-006-R)
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Methods:  Female hairless Hos:HR-1 mice were administered single oral (gavage) 
doses of 100, 200, and 300 mg/kg S-297995 monotosylate (or vehicle, 0.5 w/v% methyl 
cellulose; dosing volume 5 mL/kg).  8-methoxypsoralen (8-MOP; 30 mg/kg) was 
administered to separate groups of mice as a positive control.  Each S-297995 dose 
level included 2 groups of animals (n=3/group), one of which was irradiated with UV 
light (10 J/cm2, 290 – 400 nm) immediately after dosing for 2 h and 20 min.  The vehicle 
and positive control groups included 3 animals each, and these groups received UV 
irradiation.  Gross observation of the skin for erythema, eschar and thickening of skin 
was conducted at 6 h and 20 mins, 1 day, and 2 days after administration.   Satellite 
groups were administered 30 and 300 mg/kg S-297995 and included for toxicokinetic 
analysis (n=15/group).  Blood samples were collected out to 24 h after dosing, and 
concentrations of S-297995 in plasma were analyzed by LC/MS/MS.     

Results:  While marked erythema and thickening of the skin was observed in the 
positive control group, there were no macroscopic changes in animals treated with S-
297995 or the vehicle control.  There also were no apparent effects on body weight or 
clinical observations in animals administered the test compound.  In TK animals, AUC0-

24h values at 30 and 300 mg/kg were 10.47 and 118.80 mcg.h/mL, respectively.  Cmax 
values at 30 and 300 mg/kg were 3.42 and 26.87 mcg/mL, respectively.  Tmax values 
were 1.0 h.

Skin Phototoxicity Study of S-297995 monotosylate in Hairless Mice by Oral 
Dosing (Study No. S-297995-TB-249-L)

Methods:  Female hairless Hos:HR-1 mice were administered single oral (gavage) 
doses of 30 and 300 mg/kg S-297995 monotosylate (or vehicle, 0.5 w/v% 
methylcellulose aqueous solution; dosing volume 10 mL/kg).  8-methoxypsoralen (8-
MOP; 8 mg/kg) was administered to separate groups of mice as a positive control.  
Each S-297995 dose level included 2 groups of animals, one which was not exposed to 
UV irradiation (n=5) and one which was irradiated with UV light (10 J/cm2 in a range of 
wavelength 290 – 400 nm) for 1 h beginning 0.5 h after dosing (n=10).  The vehicle and 
positive control groups included 2 groups of 5 animals each (with and without UV-
irradiation).  The skin was assessed and graded using the specified criteria with gross 
examination and palpation out to 48 h after completion of the UV-irradiation.   Satellite 
groups (exposed to UV-irradiation) were included for toxicokinetic analysis (control n=4; 
30 mg/kg n=20; 300 n=20).  Blood samples were collected out to 24 h after dosing, and 
concentrations of S-297995 in plasma were analyzed by LC/MS/MS.  

Results:  No dermal reactions were observed in mice administered the test compound 
or vehicle control; whereas, treatment-related skin reactions were observed in animals 
administered 8-MOP and treated with UV-irradiation.  In addition, S-297995 produced 
no apparent effects on body weight or clinical observations.  Thus, under the conditions 
of the study, S-297995 was considered to not have skin phototoxic potential.  In TK 
animals, AUC0-24h values at 30 and 300 mg/kg were 9.73 and 163 mcg.h/mL, 
respectively.  Cmax values at 30 and 300 mg/kg were 4.40 and 30.4 mcg/mL, 
respectively.  Tmax values were 1.0 h.
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Review of Study No. R-297995-TF-105-R (CRO Study No. P080796) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Review of Study No. S-297995-TF-162-N (CRO Study No. P090377) from the IND 
107475 nonclinical review dated July 19, 2011 is copied below (C. Wu, Ph.D.).

Reference ID: 4017126





NDA 208854 Tracy L. Behrsing, Ph.D.

234

human dose of 0.2 mg naldemedine (as free base; equivalent to 0.26 mg naldemedine 
tosylate) once daily.  Naldemedine is a derivative of naltrexone (another opioid receptor 
antagonist) to which a side chain has been added.  The Applicant states that addition of 
the side chain results in a molecule with a greater polarity and lower lipid solubility than 
naltrexone, thus reducing its ability to cross the blood-brain barrier.  Furthermore, 
naldemedine is a substrate of the P-glycoprotein (P-gp) efflux transporter, which may 
also reduce its ability to penetrate the central nervous system (CNS).  Therefore, the 
Applicant asserts that naldemedine is expected to function as an opioid receptor 
antagonist in peripheral tissues (particularly the enteric nervous system in the 
gastrointestinal tract), without reversing opioid CNS-mediated analgesic effects.  In 
support of the NDA, the Applicant has conducted pharmacology, pharmacokinetics/ 
ADME/toxicokinetics, single- and repeat dose general toxicology, genotoxicity, 
carcinogenicity, reproductive and developmental toxicology, and special toxicology 
studies.1

Naldemedine is an opioid antagonist, with Ki values for human mu, delta, and kappa 
opioid receptors of 0.34, 0.43, and 0.94 nM, respectively.  Functional Kb values 
(antagonist activity) of naldemedine for human mu, delta, and kappa receptors were 0.5, 
0.27, and 0.44 nM, respectively.  Compared to naloxone, naldemedine exhibited slower 
association and dissociation kinetics to mu receptor, and the compound exhibited non-
competitive antagonism of mu receptor activation by opioids.  Among those studied, 
each of the metabolites had less potent binding affinities for mu, delta, and kappa 
receptors relative to the parent compound, while one metabolite (benzamidine) had no 
significant binding affinities for these receptors.  Although less potent, the Ki value of S-
297995 6-O-β-D-glucuronide (S-297995 6-G) for delta receptors (0.51 nM) approached 
that of the parent compound.  While antagonistic activities of the metabolites at mu, 
delta, and kappa receptors were less potent than naldemedine, the antagonistic activity 
of S-297995 6-G for delta receptors approached that of the parent compound (Kb value 
= 0.7 nM).  Metabolite nor-S-297995 (nor-naldemedine) showed weak agonistic activity 
for delta receptors with an EC50 of 96 nM (equivalent to 49.61 ng/mL which is 340 times 
the human Cmax for this metabolite (0.146 ng/mL) at the recommended human dose).

When tested in in vivo pharmacology studies in rats, naldemedine prevented morphine- 
and oxycodone-induced suppression of small intestinal transit (ED50 values ranging 
from 0.02 to 0.23 mg/kg) and antagonized the inhibitory effect of morphine on castor oil-
induced diarrhea in rats (ED50 value of 0.01 mg/kg).  An anti-emetic effect on morphine-
induced emesis in ferrets was demonstrated with significant findings at ≥0.03 mg/kg 
naldemedine.  In the rat tail-flick test and post-operative pain model, inhibition of the 
analgesic effects of morphine occurred at doses ≥10 mg/kg and ≥5 mg/kg, respectively.  
In morphine-dependent mice and rats, naldemedine caused withdrawal symptoms 
considered to be peripherally-mediated (i.e., diarrhea and/or weight loss) at ≥1 mg/kg 
and ≥0.3 mg/kg, respectively.  Centrally-mediated withdrawal signs associated with 
naldemedine treatment were limited to teeth chattering at ≥3 mg/kg in morphine-

1 The test article used in nonclinical studies was generally naldemedine monotosylate.  The NOAELs 
identified for general toxicology, carcinogenicity, and reproductive and developmental toxicity studies are 
expressed as naldemedine.
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dependent rats (other effects such as jumping behavior or wet-dog shakes were not 
observed).  There were no significant inhibitory effects when naldemedine was 
screened against various receptors, channels, transporters, and enzymes with the 
exception of opiate (non-selective) receptor.

In safety pharmacology studies, naldemedine did not have any effects on the central 
nervous and respiratory systems at oral doses of up to 300 mg/kg.  In the 
cardiovascular system study in dogs, there were no clear treatment-related effects 
following oral administration of up to 100 mg/kg.  In a hERG channel patch clamp study, 
naldemedine inhibited the peak tail current by 5.6% and 33.1% at 3 and 30 μmol/L, 
respectively (IC50 value was estimated to be higher than 30 μmol/L). In addition, 
naldemedine prolonged the action potential duration in isolated guinea pig papillary 
muscles by more than 10% at 30 μmol/L.  Based on the human Cmax value of 
naldemedine (2 ng/mL) at the recommended clinical dose, safety margins for the 
concentrations at which effects were observed in vitro (3 and 30 µmol/L; equivalent to 
1.71 and 17.1 µg/mL, respectively) are 855 and 8550, respectively.

Pharmacokinetics of naldemedine were studied in rodents and nonrodents.  Following 
single oral administration of naldemedine at 0.3 to 3 mg/kg to rats, oral bioavailability 
ranged from 25 to 32% and the elimination half-life ranged from 1.7 to 1.9 h.  In dogs, 
bioavailability ranged from 49 to 62% and the elimination half-life ranged from 1.7 to 3.1 
h.  There were no substantial differences in serum protein binding across species, with 
values ranging from 88.9 to 94.2%.  In tissue distribution studies, drug-derived 
radioactivity was widely distributed in rats, although no radioactivity was detected in the 
brain.  Following single oral administration of naldemedine to rats with morphine-
induced analgesia at 5 to 30 mg/kg, concentrations of the parent compound and 
metabolites in the brain were lower than in plasma; and, while concentrations 
decreased substantially within 24 h after dosing, disappearance of naldemedine from 
the brain was slower than that from plasma.  Administration of radiolabelled 
naldemedine to pregnant and nursing rats demonstrated a low level of placental transfer 
and excretion into the milk, respectively.  In male pigmented rats, radioactivity was 
distributed to pigmented tissue suggesting an affinity for melanin.  In an in vitro study 
using human hepatocytes, naldemedine 3-O-β-D- glucuronide (naldemedine 3-G), 
naldemedine 6-O-β-D-glucuronide (naldemedine 6-G), and nor-naldemedine were 
identified as the main metabolites, and each of these metabolites were detected in rat 
and dog plasma.  Metabolism to naldemedine 3-G and naldemedine 6-G appear to be 
mediated by UGT1A3, and nor-naldemedine appears to be mediated by CYP3A4.  
Naldemedine-(7R)-7-hydroxide is formed by oxidation of the parent compound, and 
naldemedine-carboxylic acid and benzamidine appear to be produced by 
enterobacteria.  After single oral administration of [oxadiazole-14C]-S-297995 to rats and 
dogs, excretion of radioactivity in urine until 168 hours after dosing was approximately 
49% and 26%, respectively.  The sum of urinary and biliary excretion until 48 hours was 
approximately 73% and 86% in bile duct-cannulated rats and dogs, respectively.  After 
single oral administration of [carbonyl-14C]-S-297995 in rats and dogs, excretion of the 
radioactivity in urine until 168 h after dosing was 1.5% and 5.2%, respectively. The sum 
of urinary and biliary excretion until 48 hours after dosing was approximately 34% and 
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67% in bile duct-cannulated rats and dogs, respectively, with excretion occurring mainly 
in the feces via bile.  Because benzamidine was a major metabolite in urine after oral 
dosing with [oxadiazole-14C]-S-297995 in rats and dogs, higher levels of radioactivity in 
urine observed with [oxadiazole-14C]-S-297995 were attributed to urinary excretion of 
benzamidine (a metabolite which is not traced by the radiolabel of carbonyl-14C-S-
297995).  As mentioned above, naldemedine was demonstrated to be a P-gp substrate.

Repeat-dose toxicity studies with naldemedine were conducted in multiple species, with 
durations of up to 13-weeks in mice, 6-months in rats, and 9-months in dogs.  Liver was 
the primary target organ in mice and dogs, and there were effects on the estrous cycle 
and body weight suppression in rats.  Briefly, in a 13-week study in mice, the NOAEL 
was 100 mg/kg/day.  The primary target organ was the liver (histopathological findings 
included centrilobular hepatocyte hypertrophy and periportal vacuolation).  
Reduced/absence corpora lutea in the ovaries was observed at ≥300 mg/kg/day, and 
oestrus and metoestrus morphological characteristics were observed in the vagina.  In a 
6-month toxicity study in rats, the NOAEL was 100 mg/kg/day based on suppression of 
body weight gain at 1000 mg/kg/day.  In 3- and 9-month repeat-dose toxicity studies in 
dogs, the liver was the target organ, with the NOAEL in the 9-month study identified as 
4 mg/kg/day based on histopathological changes (single cell necrosis and increases in 
Kupffer cells with pigment deposition) and corresponding clinical chemistry changes 
(e.g., increased ALT, ALP, GGT, cholesterol, and phospholipids).  In the 3-month 
toxicity study in dogs, adipose tissue atrophy was observed with a NOAEL of 5 
mg/kg/day.  Overall, the NOAEL from the 6-month toxicity study in rats (100 mg/kg/day) 
produced systemic exposures approximately 3630 times that in humans at the 
recommended human dose (based on AUC)2.  The NOAEL from the 9-month toxicity 
study in dogs (4 mg/kg/day) produced systemic exposures approximately 345 times that 
in humans at the recommended dose (based on AUC).

In addition to findings noted above in the 6-month toxicity study in rats, abnormal 
estrous cycles (prolongation of diestrous) were observed in 1-month rat toxicity studies.  
While a NOEL for this finding was not identified in a 1-month toxicity study with doses 
ranging from 30 to 1000 mg/kg/day, the increased incidence of abnormal estrous cycle 
was considered to be a non-adverse effect based on the lack of histopathological 
changes in the ovaries, uterus, and mammary gland, and since there was recovery of 
the estrous cycle generally even during the dosing period.  In a supplemental 1-month 
toxicity study with 0.3 to 10 mg/kg/day naldemedine, a NOEL was also not identified for 
this finding.  However, the overall incidences were low and did not show a dose-
response, and the changes generally recovered even during the dosing period.  In 
studies conducted to investigate reproductive hormone levels, treatment-related 
increases in prolactin, progesterone, and FSH levels were observed, and it was 
considered that irregular estrous cycle findings may be attributable to treatment-related 
increases in prolactin levels.

2 The human AUC value of naldemedine at the intended human dose used for exposure ratio comparison 
was 0.01694 µg.h/mL.
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Naldemedine was negative in a bacterial reverse mutation test, a chromosomal 
aberration test using cultured Chinese hamster lung cells, and a rat micronucleus 
assay.

The carcinogenic potential of naldemedine was assessed in oral carcinogenicity studies 
of up to 2 years in duration in rats and mice.  In these studies, there were no drug-
related neoplasms when the test compound was administered to mice and rats at doses 
up to 100 mg/kg/day (a dose estimated to produce systemic exposures approximately 
17,500 times and 6,300 times the human AUC at the recommended dose, respectively). 

In an oral fertility and early embryonic development study, male and female rats were 
administered naldemedine at 1, 10, 100, and 1000 mg/kg/day.  The NOAEL for fertility 
and reproductive performance was 1000 mg/kg/day (a dose resulting in systemic 
exposures approximately 16,900 times the human AUC at the recommended dose).3  In 
females, irregular estrous cycles (prolongation of diestrous phase) and low number of 
estrous cases occurred at ≥10 mg/kg/day (approximately 179 times the human AUC at 
the recommended dose).  However, the irregular estrous cycles recovered during the 
pre-mating or mating periods, and there was successful copulation with males except 
for a single female at 1000 mg/kg/day.  The NOAELs for male and female systemic 
toxicity in this study were 1 and 100 mg/kg/day, respectively.

In an embryofetal development study in rats with naldemedine, there were no effects on 
embryofetal development at doses up to 1000 mg/kg/day (the highest dose tested; a 
dose resulting in systemic exposure approximately 23,000 times the human AUC at the 
recommended human dose).  The NOAEL for maternal toxicity in this study was <10 
mg/kg/day based on reduced body weight and food consumption.  In an embryofetal 
development study in rabbits with naldemedine, the NOAEL for maternal toxicity was 
<25 mg/kg/day and the NOAEL for embryofetal development was 100 mg/kg/day (a 
dose resulting in systemic exposure approximately 226 times the human AUC at the 
recommended human dose).  At 400 mg/kg/day (approximately 844 times the human 
AUC at the recommended dose), effects in maternal animals included body weight loss 
/ decreased body weight gain and food consumption, fetal loss, and premature delivery.  
Decreased fetal body weights at this dose may be related to the maternal toxicity 
observed.

In a pre- and postnatal development study, pregnant rats were administered 
naldemedine at oral doses of 1, 30, and 1000 mg/kg/day.  The NOAEL for maternal and 
developmental toxicity was 1 mg/kg/day (a dose resulting in systemic exposure 
approximately 12 times the human AUC at the recommended human dose).4  At 1000 

3 Exposure comparisons for doses in the fertility and early embryonic development study (relative to the 
human AUC value) were based on AUC values from a one-month repeat dose toxicity study in rats 
(Report No. R-297995-TB-048-L) and a supplemental one-month repeat dose toxicity in rats (Report No. 
R-297995-TB-091-L).
4 Exposure comparisons for doses in the prenatal and postnatal development study in rats (relative to the 
human AUC value) were based on AUC values from a one-month repeat dose toxicity study in rats. 
(Report No. R-297995-TB-048-L) and a supplemental one-month repeat dose toxicity in rats (Report No. 
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