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Disclaimer
Except as specifically identified, all data and information discussed below and
necessary for approval of NDA 207999 are owned by Intercept Pharmaceuticals, Inc. or
are data for which Intercept Pharmaceutical, Inc. has obtained a written right of
reference. Any information or data necessary for approval of NDA 207999 that
Intercept Pharmaceuticals, 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 referenced below from reviews or publicly
available summaries of a previously approved application is for descriptive purposes
only and is not relied upon for approval of NDA 207999.
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1

Executive Summary

1.1

Introduction

Tracy Behrsing, Ph.D.

Obeticholic acid (OCA) is a modified bile acid and farnesoid X receptor (FXR) agonist.
Intercept Pharmaceuticals, Inc. seeks to market OCA for the treatment of primary biliary
cirrhosis (PBC) in combination with ursodeoxycholic acid (UDCA) in adults with an
inadequate response to UDCA or as monotherapy in adults unable to tolerate UDCA.
1.2

Brief Discussion of Nonclinical Findings

The nonclinical safety package for OCA included pharmacology, pharmacokinetics/
ADME/toxicokinetics, single-dose and repeat-dose toxicology, genetic toxicology,
carcinogenicity, reproductive and development toxicology, and special toxicity studies.
OCA is a FXR agonist, with EC50 values ~100-fold lower than the natural FXR agonist
chenodeoxycholic acid (CDCA). Like endogenous bile acids, OCA is conjugated with
the amino acids taurine and glycine. With the exception of the rabbit, OCA is primarily
metabolized to the taurine conjugate with minimal or no metabolism to glyco-OCA in
nonclinical species (mouse, rat, and dog). In contrast, both the taurine and glycine
conjugates are major metabolites in humans, and exposures to the conjugates exceed
those to the parent compound. Based on EC50 values, the glycine and taurine
conjugates of OCA have potencies at FXR which are similar to the parent compound;
and thus, these are considered to be active metabolites.
In repeat-dose oral toxicity studies in rodents and non-rodents, the hepatobiliary system
was identified as the primary target system of toxicity. In the 26-week oral toxicity study
in rats, treatment with OCA produced changes in clinical chemistry parameters (e.g.,
increases in ALT, AST, and ALP), increased liver weights, and bile duct hyperplasia
with hepatocellular hypertrophy. Clinical signs such as yellow skin were observed in
high dose animals (60 mg/kg/day). In the 9-month oral toxicity study in dogs, OCA
produced clinical signs of toxicity that could be associated with liver function (yellow
discoloration of the skin, mucous membranes, and eyes) and elevated ALT levels.
While there were no microscopic changes in the liver in the 9-month toxicity study,
histopathological changes were noted in the liver and gallbladder in a shorter duration
study in dogs. Increased liver enzymes were also observed in humans at higher doses
than 10 mg, proposed for the current indication (see the Clinical Review). Additional
primary target organs in the 26-week toxicity study in rats were the large intestine
(subacute inflammation) and bone marrow (increased cellularity).
Overall, the estimated systemic exposures to total OCA equivalents (i.e., OCA and its
taurine and glycine conjugates) at the NOAELs in the 26-week and 9-month toxicity
studies in rats and dogs, respectively, exceed those in humans at the maximum
recommended human dose (MRHD) of 10 mg proposed for the current indication. The
NOAEL from the 26-week toxicity study in rats (6 mg/kg/day) was estimated to produce
systemic exposures approximately 2.3 times those in humans at the MRHD. The
NOAEL from the 9-month repeat-dose toxicity study in dogs (15 mg/kg/day) was
5
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estimated to produce systemic exposures approximately 12 times those in humans at
the MRHD.
In a 2-year oral carcinogenicity study in Crl:CD1 mice, there were no drug-related
neoplastic findings at OCA doses up to 25 mg/kg/day. In an oral carcinogenicity study
in Crl:CD(SD) rats of up to 2 years in duration, 20 mg/kg/day OCA caused an increase
in the incidence of benign granulosa cell tumors in the ovaries and benign granular cell
tumors in the cervix and vagina of female rats. There were no drug-related neoplastic
findings in male rats at OCA doses up to 20 mg/kg/day.
OCA was not genotoxic in the Ames test, a human peripheral blood lymphocyte
chromosomal aberration test, and a mouse micronucleus test. The glycine conjugate of
obeticholic acid was also not genotoxic in an Ames test and human peripheral blood
lymphocyte chromosome aberration test. The taurine conjugate of obeticholic acid was
not genotoxic in an Ames test, and was negative in a human peripheral blood
lymphocyte chromosomal aberration test in the presence of metabolic activation;
whereas, the findings of the chromosomal aberration assay in the absence of metabolic
activation were inconclusive.
In an oral fertility and early embryonic development study, treatment of male and female
rats with up to 50 mg/kg/day OCA did not affect fertility or early embryonic development.
The NOAELs for male and female systemic toxicity in this study were 50 and 25
mg/kg/day, respectively. In an embryofetal development study in rats, 75 mg/kg/day
OCA caused decreased fetal body weights and increased numbers of early or late
resorptions and nonviable fetuses. In maternal animals, this dose produced mortality,
decreased body weight, body weight gain, and food consumption, and abortion.
Therefore, the developmental toxicity observed at this dose may be secondary to
maternal toxicity. The NOAEL for maternal toxicity and embryofetal development in this
study was 25 mg/kg/day. In an embryofetal development study in rabbits, the NOAEL
for maternal and developmental toxicity was 20 mg/kg/day OCA (the highest dose
tested). Finally, in a pre- and postnatal development study in rats, there was no
evidence of any adverse effect on pre- and postnatal development at oral doses of OCA
up to 40 mg/kg/day (the highest dose tested).
1.3
1.3.1

Recommendations
Approvability

From a nonclinical standpoint, this product is approvable for indication proposed.
1.3.2

Additional Non Clinical Recommendations

None
1.3.3

Labeling

In response to a July 29, 2015 Information Request and high-level labeling comments
from FDA in the August 28, 2015 Filing Communication-Filing Review Issues Identified,
the Applicant submitted proposed revised text for the label (SDN 18). Nonclinical
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review of the Applicant’s proposed established pharmacologic class and sections 8.1,
8.2, 12.1, and 13.1 is provided below.
Established Pharmacologic Class:
Obeticholic acid is a first-in-class NME. The Applicant has proposed the term
“Farnesoid X receptor agonist” as the established pharmacologic class for obeticholic
acid. The proposed established pharmacologic class, which is based on the drug’s
mechanism of action, is acceptable.
Applicant’s Proposed Version:
8.1

Pregnancy

Risk Summary
(b) (4)

Data
Animal Data
(b) (4)

Obeticholic acid exposure margins were calculated using systemic exposure (AUC)
values of obeticholic acid plus obeticholic acid’s active metabolite conjugates (tauroobeticholic acid and glyco-obeticholic acid) in animals (at the indicated doses) and in
humans at the MRHD of 10 mg.
Evaluation:
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The Risk Summary section should be revised to state that there were no adverse
effects at 25 mg/kg/day OCA in the rat embryo-fetal development study. In addition,
adverse effects observed at 75 mg/kg/day in the embryo-fetal development study in rats
should be included in the Animal Data section. The following recommended changes
were developed in collaboration with the Maternal Health team.
Recommended Version:
Risk Summary
The limited available human data on the use of obeticholic acid during pregnancy are
not sufficient to inform a drug-associated risk. In animal reproduction studies, no
developmental abnormalities or fetal harm were observed in rats or rabbits at
approximately 13 times and 6 times human exposures, respectively, at the maximum
recommended human dose (MRHD) of 10 mg [see Data].
The estimated background risks of major birth defects and miscarriage for the indicated
population are unknown. In the U.S. general population, the estimated background risk
of major birth defects and miscarriage in clinically recognized pregnancies is 2%-4%
and 15%-20%, respectively.
Data
Animal Data
In an embryo-fetal development study in rats, obeticholic acid was administered orally
during the period of organogenesis at doses of 5, 25, and 75 mg/kg/day. At 25
mg/kg/day (a dose that produced systemic exposures approximately 13 times those in
humans at the MRHD of 10 mg), there was no maternal or developmental toxicity. At
75 mg/kg/day (approximately 40 times the human exposure at the MRHD), decreased
fetal body weights and increased numbers of early or late resorptions and nonviable
fetuses were observed. In maternal animals, mortality, fetal loss, decreased body
weight and food consumption as well as decreased body weight gain were observed at
75 mg/kg/day. Thus, the developmental toxicity observed at this dose may be
secondary to maternal toxicity. In rabbits, obeticholic acid was administered orally
during the period of organogenesis at doses of 3, 9, and 20 mg/kg/day. Obeticholic acid
administered at doses up to 20 mg/kg/day (approximately 6 times the human exposure
at the MRHD) was not teratogenic and did not produce any evidence of fetal harm.
In a pre- and postnatal development study, administration of obeticholic acid in rats
during organogenesis through lactation at doses of 5, 25, and 40 mg/kg/day did not
produce effects on pregnancy, parturition or postnatal development at any dose (the 40
mg/kg/day dose is approximately 21 times the human exposure at the MRHD).
Obeticholic acid exposure margins were calculated using systemic exposure (AUC)
values of obeticholic acid plus obeticholic acid’s active metabolite conjugates (tauro-
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(b) (4)

Evaluation:
The text should be modified as recommended below.
Recommended Version:
12.1

Mechanism of Action

Obeticholic acid is an agonist for the farnesoid X receptor (FXR), a nuclear receptor
expressed at in the liver and intestine. FXR is a key regulator of bile acid, inflammatory,
fibrotic, and metabolic pathways. FXR activation decreases the intracellular hepatocyte
concentrations of bile acids by suppressing de novo synthesis from cholesterol as well
as by increased transport of bile acids out of the hepatocytes. These mechanisms limit
the overall size of the circulating bile acid pool while promoting choleresis, thus reducing
hepatic exposure to bile acids.
Applicant’s Proposed Version:
13.1

Carcinogenesis, Mutagenesis, Impairment of Fertility
(b) (4)

Evaluation:
The text should be modified to reflect drug-related neoplasms observed in the rat
carcinogenicity study.
Recommended Version:
13.1

Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenic potential of obeticholic acid was assessed in carcinogenicity studies of up
to 2 years in duration in mice and rats. In mice, there were no drug-related neoplastic
findings at doses up to 25 mg/kg/day obeticholic acid, a dose that produced systemic
10
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

exposures approximately 12 times those in humans at the MRHD of 10 mg. In rats,
obeticholic acid was administered at doses of 2, 7, and 20 mg/kg/day. At 20 mg/kg/day
(approximately 12 times the human exposure at the MRHD), obeticholic acid caused an
increase in the incidence of benign granulosa cell tumors in the ovaries and benign
granular cell tumors in the cervix and vagina of female rats. There were no drug-related
neoplastic findings in male rats.
Obeticholic acid was not genotoxic in the Ames test, a human peripheral blood
lymphocyte chromosomal aberration test, and a mouse micronucleus test. The glycine
conjugate of obeticholic acid was also not genotoxic in an Ames test and human
peripheral blood lymphocyte chromosome aberration test. The taurine conjugate of
obeticholic acid was not genotoxic in an Ames test, and was negative in a human
peripheral blood lymphocyte chromosomal aberration test in the presence of metabolic
activation; the findings of the chromosomal aberration assay in the absence of
metabolic activation were inconclusive.
Obeticholic acid, administered at oral doses of 5, 25, and 50 mg/kg/day to male rats for
28 days before mating and throughout the mating period, and to female rats from 14
days before mating through mating and until gestation day 7, did not alter male or
female fertility or early embryonic development at any dose (the 50 mg/kg/day dose is
approximately 13 times the human exposure at the MRHD).

2

Drug Information

2.1

Drug

Obeticholic acid
CAS Registry Number: 459789-99-2
Generic Name: Obeticholic acid (OCA)
Code Name: INT-747; DSP-1747; I 18; 6α-ethyl chenodeoxycholic acid (6-ECDCA);
ATC code: A05AA04
Chemical Name: 3α,7α-dihydroxy-6α-ethyl-5β-cholan-24-oic acid
(b)

Molecular Formula/Molecular Weight: C26H44O4, 420.6 (4)g/mol
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types of genotoxicants that are non-mutagenic typically have threshold mechanisms
and usually do not pose carcinogenic risk at the level ordinarily present as impurities.
Therefore, to limit a possible human cancer risk associated with the exposure to
potentially mutagenic impurities, the bacterial mutagenicity assay is used to assess the
mutagenic potential and the need for controls. Based on QSAR evaluation by the
(b)
Applicant and Chemical Informatics group, Impurity (4) is predicted to be negative in
(b)
bacterial mutagenicity assays. Thus, Impurity (4) should be treated as a non-mutagenic
(b)
(b) (4)
impurity and the proposed specification for Impurity (4) in the drug product (NMT
%) is
acceptable.
2.6

Proposed Clinical Population and Dosing Regimen

The proposed indication is for treatment of primary biliary cirrhosis (PBC) in combination
with ursodeoxycholic acid (UDCA) in adults with an inadequate response to UDCA or as
monotherapy in adults unable to tolerate UDCA. The recommended starting dose is 5
mg once daily and may be increased after 3 months, if tolerated, to 10 mg once daily to
improve response.
2.7

Regulatory Background

On April 9, 2008, the Applicant’s request for orphan designation of OCA for PBC was
granted. OCA was also granted Fast Track designation on May 27, 2014. On
November 18, 2014, the Division accepted the Applicant’s request and plan for
submitting portions of the proposed NDA as a rolling submission. Module 4 (Nonclinical
Study Reports) and supporting nonclinical written and tabulated summaries under
Module 2 were submitted on December 19, 2014 (SDN 01). Additional nonclinical study
reports and revised nonclinical written and tabulated summaries were submitted under
Modules 4 and 2, respectively, on June 26, 2015 (SND 02).

3

Studies Submitted

3.1

Studies Reviewed

STUDY

REPORT
NUMBER

PHARMACOLOGY
Primary Pharmacology
Nuclear Receptor Selectivity of INT-747
In Vitro Pharmacology: High-Throughput Profile Study of INT-747
Nuclear Receptor Selectivity of Glyco- and Tauro-Conjugated Derivatives of INT747
AlphaScreen Assay hFXR Activity
HTR-FRET cAMP hTGR5 Activity
6α-Ethyl-Chenodeoxycholic Acid (6-ECDCA), a Potent and Selective FXR
Agonist Endowed with Anticholestatic Activity
Functional Characterization of Semisynthetic Bile Acid Derivative INT-767, a
Dual Farnesoid X Receptor and TGR5 Agonist
Antifibrotic Activity of INT-747, A Novel FXR Activator, In Vitro and In
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Albanis et al. 2005
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Experimental Liver Fibrosis and Cirrhosis
Farnesoid X Receptor Antagonizes Nuclear Factor κB in Hepatic Inflammatory
Response
Obeticholic Acid, a Farnesoid X Receptor Agonist, Improves Portal Hypertension
by Two Distinct Pathways in Cirrhotic Rats
Hepatic Dimethylarginine-DiMethylaminohydrolase1 is Reduced in Cirrhosis and
is a Target for Therapy in Portal Hypertension
Secondary Pharmacology
Farnesoid X Receptor Activation Inhibits Inflammation and Preserves the
Intestinal Barrier in Inflammatory Bowel Disease
Farnesoid X Receptor Ligands Inhibit Vascular Smooth Muscle Cell Inflammation
and Migration
FXR Activation Normalizes Insulin Sensitivity in Visceral Preadipocytes of a
Rabbit Model of MetS
Farnesoid X Receptor Activation Improves Erectile Function in Animal Models of
Metabolic Syndrome and Diabetes
The Farnesoid X Receptor Modulates Renal Lipid Metabolism and Diet-Induced
Renal Inflammation, Fibrosis, and Proteinuria
Diabetic Nephropathy is Accelerated by Farnesoid X Receptor Deficiency and
Inhibited by Farnesoid X Receptor Activation in a Type 1 Diabetes Model
Safety Pharmacology
In Vitro Human ERG Inhibition by INT-747
Effects of INT-747 on Cloned hERG Potassium Channels Expressed in Human
Embryonic Kidney Cells
A 4-Dose Crossover Oral Gavage Cardiovascular Safety Assessment Study with
INT-747 in Beagle Dogs
Neuropharmacological Profile (NPP) of INT-747 in Rats
Pulmonary Assessment of INT-747 in the Anesthetized Rat
A Gastrointestinal Propulsion Assay in Rats Administered INT-747
PHARMACOKINETICS/ADME/TOXICOKINETICS
Absorption
14
Pharmacokinetic Study of [ C]DSP-1747 in Rats after Single Oral Administration
Distribution
Plasma, Bile, and Liver INT-747 concentration and Its Major Metabolites After
Oral Administration to Mice
Biodistribution and Mass Balance of 6-ECDCA and Its Metabolites in Rats
14
Pharmacokinetic Study of [ C]DSP-1747 in Rats after Single Oral Administration
14
[ C]-INT-747: Tissue Distribution Studies in Partially Pigmented Rats to Support
Human Dosimetry Calculation
A Protein Binding Study of INT-747, and Two Metabolites in Mouse, Rat, Dog,
and Human Plasma In Vitro
Metabolism
14
Analysis of Metabolites of [ C]DSP-1747 in Male Rats
Pharmacokinetics and Metabolite Profiling Following a Single and Multi-dose
14
Oral Gavage Administration of [ C]OCA (Single Dose) and OCA (Multi-dose) to
Male and Female Sprague-Dawley Rats
Determination of Relative Plasma Exposures of Obeticholic Acid (OCA)
Metabolites in Rat Plasma and Human Plasma
Plasma, Bile, and Liver Concentration of INT-747 and Its Main Metabolites After
Oral Administration to Rabbit
14
Metabolite Radioprofiling and Metabolite Identification of [ C]OCA in Liver,
Intestine, and Kidney S9 Fractions from Mice, Rats, Rabbits, Dogs, Monkeys,
and Humans
Excretion
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Wang et al. 2008
Verbeke et al.
2014
Mookerjee et al.
2015
Gadaleta et al.
2011
Li et al. 2007
Maneschi et al.
2013
Vignozzi et al.
2011
Wang et al. 2009
Wang et al. 2010

hERG-001
070927.JPQ
7654-100
0200RI42.001
1082RI42.001
0239RI42.001

AE-6951-G
RODA Mouse
2011
6-ECDCA
AE-6951-G
ICP/01
(b) (4)

661035

AE-6952-G
XBL15604

XBL15617
RODA Rabbit
2011
XBL14830
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14

Pharmacokinetic Study of [ C]DSP-1747 in Rats after Single Oral Administration
Biliary Secretion and Metabolism of INT-747 in Bile-Fistula Rat After Duodenal
(ID) and Femoral (IV) Administration
Toxicokinetics
14-Day Oral (Gavage) Toxicokinetic Study of INT-747 in Mice
14-Day Oral (Gavage) Toxicokinetic Study of INT-747 in Sprague Dawley Rats
An Oral (Gavage) Toxicokinetic Study of INT-747 and Metabolites in New
Zealand White Rabbits
INT-747: An Oral Comparative Crossover Toxicokinetic Study of Capsules and
Tablets in Beagle Dogs
TOXICOLOGY
Single-Dose Toxicity
Rat
Oral
Dog
Oral
Repeat-Dose Toxicity
Mouse
7-Day, Oral
91-Day, Oral
Rat
28-Day, Oral
26-Week, Oral
Dog
7-Day, Oral
28-Day, Oral
9-Month, Oral
GENOTOXICITY
Ames test
In vitro mammalian chromosome aberration test
Mammalian erythrocyte micronucleus test
Ames test, Metabolite UPF-832
Ames test, Metabolite UPF-1443
Ames test, INT-747 with Impurity (b) (4)
(b) (4)
Ames test, Impurity
In vitro mammalian chromosome aberration test, Metabolite UPF-832
In vitro mammalian chromosome aberration test, Metabolite UPF-1443
(b) (4)
In vitro mammalian chromosome aberration test, INT-747 with Impurity
CARCINOGENICITY
2-Year Carcinogenicity Study, Mouse, Oral
2-Year Carcinogenicity Study, Rat, Oral
REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY
Rat
Fertility and Early Embryonic Development, Oral
Embryofetal Development, Oral, Dose Range-Finding
Embryofetal Development, Oral
Pre and Postnatal Development, Oral
Rabbit
Embryofetal Development, Oral, Dose Range-Finding
Embryofetal Development Study, Oral
SPECIAL TOXICOLOGY
(b)
4-Week Repeated Dose Oral Toxicity Study of DSP-1747 with Impurity (4)in Rats
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AE-6951-G
RODA Rat 2011
(b) (4)

661033
661032
661078
661039

017166
017259
(b) (4)

661023
661025

017262
019958
017260
017261
019959
AB05JZ.503BTL
AB05JZ.341.BTL
AB05JZ.123M.BTL
(b) (4)
2-120
2-121
12-102
2-474
2-122
2-123
2-103
(b) (4)

661038
661037

(b) (4)

661005
661001
661003
661049

(b) (4)

661002
661004

P130020
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Studies Not Reviewed
•
•

3.3

(b) (4)

The following analytical methods and validation reports were not reviewed:
(b) (4)
(b) (4)
(b) (4)
661034,
661040, 017484-1, 017624-1, 017803-1,
661041,
661048,
(b) (4)
(b) (4)
(b) (4)
661006,
661051, and
661077.
Module 2.6.4 (Pharmacokinetics Written Summary) states that no studies of drug
interaction have been conducted in animal cells in vitro or in animal models in
vivo. Effects of OCA on cytochrome P450 enzymes are presented in Module 5
(Clinical Study Reports) and discussed in Module 2.7 (Clinical Summary). Study
reports pertinent to pharmacokinetics using human biomaterials will be reviewed
by the clinical pharmacology reviewer.
Previous Reviews Referenced

•
•
•

IND 63307 Pharmacology review dated February 12, 2009 (C. Wu, Ph.D., DGP)
IND 63307 Pharmacology review dated October 14, 2011 (C. Wu, Ph.D., DGIEP)
(b) (4)
IND
Pharmacology review dated July 29, 2014 (P. Au, Ph.D., DGIEP)

4

Pharmacology

4.1

Primary Pharmacology

The Applicant submitted study reports, as well as a series of a publications pertaining to
the primary pharmacology of OCA. Findings in the publications are briefly summarized
herein, with an emphasis on OCA only (test compounds and methods not pertaining to
OCA are not discussed).
Nuclear Receptor Selectivity of INT-747 (Study No. NRS-001)
The nuclear receptor selectivity of INT-747 was investigated in 13 nuclear receptor
coactivator recruitment assays using time-resolved fluorescence resonance energy (TRFRET) to detect ligand-dependent binding of the nuclear receptor ligand binding domain
(LBD) to a transcriptional coactivator peptide. The following nuclear receptors were
evaluated: constitutive androstane receptor (CAR), estrogen receptor α, FXR,
glucocorticoid receptor, liver X receptor α, peroxisome proliferator-activated receptors
(PPAR) α, β/δ, and Ɣ, progesterone receptor, retinoic acid receptor α, retinoid x receptor
(RXR) α, thyroid receptor β, and vitamin D receptor. In this study, INT-747 was shown
to be a FXR agonist, with an EC50 of 44 nM. CDCA was 150-fold less potent (EC50 =
6.6 µM). INT-747 did not activate any of the other nuclear receptors tested. High
concentrations of INT-747 inhibited the basal activation of CAR (EC50 = 58 µM),
PPARα (EC50 = 430 µM), RXRα (EC50 = 220 µM).
In Vitro Pharmacology: High-Throughput Profile Study of INT-747 (Study No.
14862)
INT-747 was tested in in vitro radioligand binding assays conducted for 79 receptors,
channels, and transporters. The concentration of INT-747 tested was 10 µM. In this
study, INT-747 did not significantly affect the binding of radioligands to any of the
receptors, channels, and transporters evaluated. Thus, no IC50 or Ki values were
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calculated. The following weak to moderate effects on binding (defined as increasing or
decreasing binding by 20 – 50%) were noted: Cl- channel (GABA-gated; 30% inhibition),
NE transporter (26% inhibition), TNF-α (21% inhibition), δ2 (20% inhibition), and CGRP
(23% stimulation).
Nuclear Receptor Selectivity of Glyco- and Tauro-Conjugated Derivatives of INT747 (Study No. NRS-003)
The nuclear receptor selectivity of glyco- and tauro-conjugated derivatives of INT-747
was investigated in 15 coactivator recruitment assays to evaluate the ability of the test
compounds to stimulate ligand-dependent binding of nuclear receptor LBDs to a
coactivator peptide. Alpha-Screen (Amplified Luminescent Proximity Homogeneous
Assay) technology was used and the following nuclear receptors were evaluated: CAR,
estrogen receptor, FXR, glucocorticoid receptor, liver X receptors α and β, PPAR α, β/ δ,
and Ɣ, pregnane X receptor, progesterone receptor, retinoic acid receptor α, RXR α,
thyroid receptor β, and vitamin D receptor. In this study, the glyco- and tauroconjugated derivatives of INT-747 were shown to activate FXR, with similar potency to
INT-747. The EC50 values for glyco- and tauro-conjugated derivatives of INT-747 were
24 and 85 nM, respectively, compared to an EC50 of 45 nM for INT-747. At 100 µM,
the glyco-derivative of INT-747 showed low activation of thyroid receptor β. However,
the efficacy of the glyco-derivative at 100 µM relative to the reference compound (0.5
µM T3) was only 30%. The test compounds did not activate any of the other nuclear
receptors tested.
AlphaScreen Assay hFXR Activity (Study No. 02C AlphaScreen-hFXR 001)
The FXR AlphaScreen test was used to measure FXR activation by the following bile
acid derivatives: UPF-2331, UPF-2334, and INT-747-3-O-Glucuronide (a metabolite of
OCA). The test is based on detection of the interaction of the test compound with FXR
LBD by amplified luminescent proximity homogenous assay (ALPHA technology). In
this study, UPF-2331 activated hFXR with an EC50 of 0.7 µM. INT-747-3-OGlucuronide activated FXR at micromolar concentration (EC50 = 6 µM), and UPF-2334
was not active at FXR. For reference, the EC50 for CDCA (control) was 10 µM.
HTR-FRET cAMP hTGR5 Activity (Study No. 02C HTR-FRET-cAMP-hTGR5 001)
The ability of UPF-2331, UPF-2334, and INT-747-3-O-Glucuronide to stimulate GProtein Coupled Receptor TGR5 (thereby inducing cAMP production) was evaluated.
HTR-FRET was used to detect cAMP produced by NCI-H716 cells stimulated with
GPCR agonists [control compound = lithocholic acid (LCA)]. In this study, UPF-2334
was not active, whereas UPF-2331 activated TGR5 at micromolar concentration (EC50
10 µM). The EC50 of INT-747-3-O-Glucuronide was 60 µM, compared to an EC50 of 9
µM for LCA. Thus, the INT-747-3-O-Glucuronide does not show significant activity at
TGR5.
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6α-Ethyl-Chenodeoxycholic Acid (6-ECDCA), a Potent and Selective FXR Agonist
Endowed with Anticholestatic Activity (Pellicciari et al. J Med Chem. 2002; 45(17):
3569-3572).
In this publication, a series of 6α-alkyl-substituted analogues of CDCA, including 6ECDCA, were evaluated as potential FXR ligands. In a cell-free ligand sensing assay
(which measured ligand-dependent recruitment of a steroid receptor co-activator 1
peptide to FXR by fluorescence resonance energy transfer), 6-ECDCA was shown to be
a FXR agonist with an EC50 of 99 nM. This EC50 is 87-fold lower than CDCA (EC50 =
8.66 µM). In a reporter gene assay which employed the full length human FXR in HuH7
cells, 6-ECDCA was also an agonist (EC50 = 85 nM). When tested in a panel of
nuclear receptor LBD-GAL4 chimeric receptors, 1 µM 6-ECDCA activated only the
FXR(LBD)-GAL4 chimera with no significant activation of other receptors. In an animal
model of cholestasis, 3 µmol/kg/min LCA administered via IV infusion to bile-duct
cannulated male rats reduced bile flow and produced extensive liver cell necrosis.
When 3 µmol/kg/min 6-ECDCA was co-infused with LCA, 6-ECDCA reversed LCAinduced bile flow impairment and protected against liver cell injury observed
histologically. While 6-ECDCA protected against LCA-induced cholestasis, effects on
bile flow diminished over time. CDCA (at doses up to 7 µmol/kg/min) was not effective
in protecting against LCA-induced cholestasis.
Functional Characterization of Semisynthetic Bile Acid Derivative INT-767, a Dual
Farnesoid X Receptor and TGR5 Agonist (Rizzo et al. Mol Pharmacol. 2010; 78(4):
617-630).
Several semisynthetic bile acid derivatives, including INT-747, were characterized.
Using the AlphaScreen coactivator recruitment assay, the EC50 for INT-747 at FXR
was 100 nM, compared to 10 µM for CDCA. In transactivation assays using HepG2
cells transiently transfected with full-length hFXR and FXRE(IR1)-Luc, the EC50 values
for INT-747 and CDCA were 30 nM and 8 µM, respectively. INT-747 demonstrated only
weak agonist activity at TGR5 in cell-based assays. In FRET (cAMP induction) assays
using NCI-H716 cells (enteroendocrine cells that constitutively express TGR5), the
EC50 value for INT-747 was 20 µM, compared to 8 µM for LCA. In FRET (cAMP)
TGR5-expressing HEK293 cells, the EC50 value for INT-747 was 0.5 µM, compared to
0.3 µM for LCA. In HepG2 cells, treatment with INT-747 modulated the expression of
FXR target genes [↑ bile salt export pump (BSEP), organic solute transporter β (OSTβ),
and small heterodimer partner (SHP) mRNA expression; ↓CYP7A1 mRNA expression].
INT-747 (1 µM) was more potent than CDCA (20 µM) for all target genes evaluated.
INT-747 treatment did not significantly induce TGR5-dependent secretion of the active
form of the incretin glucagonlike peptide-1 (GLP-1) in human intestinal cells NCI-H716.
Finally, to evaluate in vitro cytotoxicity in HepG2 cells, cytotoxicity, necrosis, and
apoptosis were evaluated by measuring ATP decrease, LDH release, and caspase-3
activation, respectively. INT-747 EC50 values for ATP decrease, LDH release, and
caspase-3 activation were 230 µM, 210 µM, and 160 µM, respectively, compared to
LCA EC50 values of 84 µM, 105 µM, and 65 µM, respectively.
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Antifibrotic Activity of INT-747, A Novel FXR Activator, In Vitro and In
Experimental Liver Fibrosis and Cirrhosis (Albanis et al. Hepatology. 2005;
42(S1): Abstract 1040).
Antifibrotic activity of INT-747 was evaluated in vitro and in the thioacetamide (TAA)
model of liver fibrosis in rats. Following treatment of serum-starved immortalized
human hepatic stellate cells (HSCs; cell line LX-2) with 1 and 3 µM INT-747 for 1 h, INT747 produced 70-90% decreases in the expression of fibrotic marker mRNAs (collagen
I, α smooth muscle actin, TGFβ-1 receptor, MMP-2, TIMP-1, and TIMP-2), as compared
to control cells. In the in vivo portion of the study, fibrosis or cirrhosis was induced in
male Sprague-Dawley rats by intraperitoneal TAA injections, and animals were treated
with INT-747 or vehicle according to the following study design (figure copied directly
from the abstract). INT-747 was administered simultaneously with TAA (Group 1), or in
animals with established fibrosis (Group 2), or cirrhosis (Group 3).

Control animals administered TAA and vehicle were cirrhotic in all three groups; while
animals administered TAA plus INT-747 had mild fibrosis in Group 1, mild fibrosis with
few septae in Group 2, and fibrosis with few bridging fibrous septae in Group 3. INT747 also produced statistically significant decreases in portal pressure in all three
groups, compared to respective control groups. Portal pressures of Group 1 INT-747
treated rats were 9.5±22.8 mm Hg, compared to 12.3±26.2 mm Hg in controls (p<0.05).
Portal pressures of Group 2 INT-747 treated rats were 11.9±2.2 mm Hg, compared to
17.1±2.7 mm Hg in controls (p<0.05). Finally, portal pressures in Group 3 INT-747
treated rats 11.5±2.9 mm Hg, compared to 18.8±3.0 mm Hg in controls (p<0.01).
Collagen morphometry showed that animals treated with INT-747 contained significantly
less collagen in the liver, relative to controls. Livers of Group 1 INT-747 treated rats had
3.2+2.0% collagen, compared to 6.5+3.0% in controls (p<0.001; although reported as
“+”, it appears this should be “±”). Livers of Group 2 INT-747 treated rats had 2.2+3.8%
collagen, compared to 2.8+4.6% in controls (p=0.001). Finally, livers of Group 3 INT747 treated rats had 2.4+2.7% collagen, compared to 4.3+3.5% in controls (p<0.001).
Finally, while serum transaminases were similar among all groups, there was a trend
toward decreased fibrotic marker mRNA (e.g., collagen I) in the INT-747 treatment
groups compared to controls. Thus, it was concluded that in this animal model, INT-747
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inhibited the progression of fibrosis, and reversed established fibrosis and cirrhosis
when administered post-injury.
Farnesoid X Receptor Antagonizes Nuclear Factor κB in Hepatic Inflammatory
Response (Wang et al. Hepatology. 2008; 48(5): 1632-1643.
The potential for FXR activation to modulate NF-κB-mediated hepatic inflammation was
investigated in this study. Expression of proinflammatory genes in Hep2G cells and
primary hepatocytes from wild-type and FXR null mice was measured following
exposure to constituents which activate the NF-κB pathway [12-O-tetradecanoylphorbol-13-acetate (TPA), lipopolysaccharide (LPS), or TNF-α]. Pretreatment of HepG2
cells with 3 µM 6ECDCA inhibited the induced expression of TNF-α, cyclo-oxygenase-2
(COX-2), and inducible nitric oxide synthase (iNOS) (relative to control cells) in
response to activation of the NF-κB pathway. Primary hepatocytes from FXR null mice
were shown to be more sensitive to NF-κB activation than wild-type hepatocytes. In
addition, pretreatment of wild-type hepatocytes with 6ECDCA inhibited the increased
expression of iNOS and monocyte chemoattractant protein-1 (MCP-1) induced by LPS
and TNF-α, respectively. However, inhibition of the induced expression of these genes
did not occur in FXR null hepatocytes, suggesting that the inhibition of proinflammatory
gene expression by 6ECDCA is mediated by FXR. Finally, 6ECDCA did not suppress
the expression of antiapoptosis target genes induced by TNF-α in mouse primary
hepatocytes.
Obeticholic Acid, a Farnesoid X Receptor Agonist, Improves Portal Hypertension
by Two Distinct Pathways in Cirrhotic Rats (Verbeke et al. Hepatology. 2014;
59(6):2286-2298).
Effects of INT-747 on intrahepatic hemodynamic dysfunction and signaling pathways
were evaluated in thioacetamide (TAA)-intoxicated and bile-duct-ligated (BDL) rat
models of cirrhotic portal hypertension. In this study, two oral (gavage) doses of 30
mg/kg INT-747 were administered 24 and 4 h before in vivo hemodynamics and other
parameters were assessed. Effects of INT-747 on total intrahepatic vascular resistance
(IHVR) and intrahepatic vascular tone in an in situ liver perfusion system, and on
hepatic stellate cell (HSC) contraction in vitro were also evaluated. In both animal
models of cirrhosis, hepatic expression of FXR was decreased, portal pressure (PP)
was increased, and mean arterial pressure (MAP) was decreased compared to healthy
control animals. Treatment with INT-747 increased the mRNA expression of SHP,
decreased PP, and lowered total IHVR without affecting MAP (compared to vehicletreated cirrhotic animals). When studied in an in situ liver perfusion system, TAA- and
BDL- cirrhotic rats showed a higher perfusion pressure (relative to controls) and there
was impaired acetylcholine-induced vasorelaxation and methylxanthin-induced
vasoconstriction. Following treatment with INT-747, the higher perfusion pressure was
decreased and vasorelaxation capacity was improved, while response to methylxanthin
was not affected. These effects were considered to be due to increased endothelial
nitric oxide synthase (eNOS) activity, which was related to downregulation of Rhokinase in the TAA model and upregulation of dimethylarginine dimethylaminohydrolase
(DDAH)-2 in the BDL model. When studied in vitro, culture-activated primary HSCs
were shown to express only low levels of FXR and SHP relative to liver tissue from
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healthy animals. Treatment with 1-100 µM INT-747 produced a small decrease (10%)
in HSC contraction capacity relative to vehicle alone.
Hepatic Dimethylarginine-Dimethylaminohydrolase1 is Reduced in Cirrhosis and
is a Target for Therapy in Portal Hypertension (Mookerjee et al. J Hepatol. 2015;
62:325-331).
This publication characterized DDAH-1 in cirrhotic livers from humans and BDL rats. In
addition, effects of obeticholic acid (OA) on levels of asymmetric-dimethylarginine
[ADMA; an eNOS inhibitor], expression of DDAH-1(the key enzyme involved in hepatic
ADMA metabolism), eNOS activity, plasma ALT, and PP were evaluated. In this study,
the authors demonstrated that hepatic DDAH-1 is localized primarily in hepatocytes,
and its expression is decreased in human and BDL rat cirrhotic livers. In BDL rats,
there was reduced DDAH-1 expression, elevated hepatic ADMA levels, reduced eNOS
activity, and elevated PP. Oral treatment of BDL rats with 5 mg/kg OA for five days
produced increased hepatic DDAH-1 expression, reduced hepatic ADMA, improved
eNOS activity, and reduced PP (compared to BDL rats treated with vehicle). Treatment
with OA did not impact histological fibrosis however. Finally, when tested in an in vitro
study, treatment of HepG2 cells with up to 1 µM OCA produced a dose-dependent
increase in DDAH-1 gene expression.
4.2

Secondary Pharmacology

A series of studies in the published literature related to the secondary pharmacology of
OCA were submitted. The findings reported in the publications specifically pertaining to
OCA are briefly summarized herein (test compounds and methods not pertaining to
OCA are not discussed).
Farnesoid X Receptor Activation Inhibits Inflammation and Preserves the
Intestinal Barrier in Inflammatory Bowel Disease (Gadaleta et al. Gut. 2011;
60(4):463-472).
This study investigated the effects of FXR agonists (including INT-747) on intestinal
inflammation and secretion of pro-inflammatory cytokines by human immune cells.
Briefly, in vitro treatment of LPS-stimulated human peripheral blood mononuclear cells
(PBMCs) and CD14 monocytes with up to 10 µM INT-747 decreased TNF-α secretion.
Treatment with INT-747 also inhibited the differentiation of monocytes to dendritic cells.
Ex vivo treatment of activated lymphocyte-enriched lamina propria mononuclear cells
(LPMCs) from colonic or ileal biopsies of IBD patients with INT-747 produced a
decrease in the secretion of INF-Ɣ, IL-17, and TNF-α (compared with controls). When
studied in mouse models of intestinal inflammation, 5 mg/kg/day INT-747 administered
by oral gavage protected against dextran sodium sulfate (DSS)- and
trinitrobenzenesulfonic acid (TNBS)-induced colitis. In one or both of these chemicallyinduced colitis models, INT-747 was reported to reduce body weight loss, rectal
bleeding, colonic shortening, epithelial permeability, ulceration, inflammatory cell
infiltration, and goblet cell loss. INT-747 also downregulated expression of proinflammatory genes while microbicidal genes were induced in the colon. In contrast to
wild-type mice, INT-747 had no effects on colitis symptoms and histology in FXR null
mice.
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Farnesoid X Receptor Ligands Inhibit Vascular Smooth Muscle Cell Inflammation
and Migration (Li et al. Arterioscler Thomb Vasc Biol. 2007; 27:2606-2611).
In this publication, the potential for synthetic FXR ligands (including 6ECDCA) to
regulate inflammation and migration in vascular smooth muscle cells (VSMC) was
evaluated. When tested in rat aortic smooth muscle cells (RASMC), 30 µM 6ECDCA
induced expression of SHP, with RASMC death occurring at higher concentrations
when tested at up to 30 µM. 6ECDCA also inhibited basal and IL-1-β-induced iNOS
and COX-2 production. In a Matrigel cell migration assay, 6ECDCA inhibited RASMC
migration basally and in the presence of IL-1β or stimulated by platelet-derived growth
factor (PDGF)-BB. In human aortic vascular smooth muscle cells (HASMCs), 6ECDCA
induced SHP expression, inhibited IL-1β-induced COX-2 expression, and inhibited
PDGF-BB induced cell migration.
FXR Activation Normalizes Insulin Sensitivity in Visceral Preadipocytes of a
Rabbit Model of MetS (Maneschi et al. J Endocrinol. 2013; 218(2): 215-231)
In this study using an animal model of metabolic syndrome (MetS), male New Zealand
White rabbits were fed a high fat diet (HFD) and dosed concurrently with 10 mg/kg OCA
by oral gavage five days/week for 12 weeks. Animals fed HFD and dosed with OCA
had reduced fasting blood glucose levels, improved glucose intolerance, and reduced
visceral adipose tissue (VAT) weight compared to animals fed HFD alone. In addition,
treatment with OCA was reported to normalize the following changes observed in
animals fed HFD relative to those fed control diet: increased adipocyte size, hypoxia,
and increased expression of perilipin and cytosolic insulin-regulated glucose transporter
GLUT4 in VAT. Treatment with OCA also reduced hepatic lipid accumulation and
expression levels of markers of steatosis (PPARƔ) and inflammation (TNF-α) compared
to animals fed HFD alone. In isolated rabbit preadipocytes from HFD rabbits, treatment
with OCA was reported to ameliorate adipogenic differentiation and glucose uptake.
Farnesoid X Receptor Activation Improves Erectile Function in Animal Models of
Metabolic Syndrome and Diabetes (Vignozzi et al. J Sex Med. 2011; 8(1): 57-77)
The effects of INT-747 on metabolic parameters and penile vascular function were
tested in a rabbit model of HFD-induced MetS and a rat model of streptozotocin (STZ)
induced type 1 diabetes. In rabbits fed HFD, concurrent dosing with INT-747 (10 mg/kg
via oral gavage; 5 days/week for 12 weeks) was reported to normalize visceral adiposity
and glucose intolerance relative to animals not treated with INT-747. Treatment with
INT-747 also resulted in upregulated penile expression of FXR and SHP, and was
reported to partially restore eNOS and DDAH-1 expression and improve impaired nitric
oxide-dependent relaxation in precontracted penile strips. These effects were attributed
to an upregulation of NO transmission and inhibition of RhoA/ROCK pathway. In STZinduced diabetic rats, penile expression of FXR was not altered but treatment with INT747 (10 mg/kg via oral gavage; 5 days/week for 8 weeks) produced an upregulation in
FXR expression. INT-747 was also reported to improve penile erection induced by
electrical stimulation of cavernous nerve and hypersensitivity to intracavernous injection
of a ROCK-inhibitor, without improvements in hyperglycemia.
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Testosterone and Farnesoid X Receptor Agonist INT-747 Counteract High Fat
Diet-Induced Bladder Alterations in a Rabbit Model of Metabolic Syndrome
(Morelli et al. J Steroid Biochem Mol Biol. 2012; 132: 80-92)
This study using a rabbit model of MetS investigated effects of INT-747 on HFD-induced
bladder alterations. The authors showed that FXR mRNA was expressed in rabbit
bladder and correlated with visceral adiposity. In HFD rabbits concurrently treated with
INT-747 (10 mg/kg via oral gavage; 5 days a week for 12 weeks), INT-747 prevented
HFD-induced hyperglycemia, glucose intolerance, and visceral adipose tissue
accumulation, but did not affect other MetS parameters such as hypogonadism or
dyslipidemia. While MetS rabbits developed bladder alterations including fibrosis,
hypoxia, low-grade inflammation, and RhoA/ROCK hyperactivity, each of the HFDinduced bladder alterations were reduced by treatment with INT-747. Furthermore, in
precontracted bladder strips from treated animals, INT-747 prevented the HFD-induced
overactive relaxant response to a selective ROCK inhibitor. Following in vitro
pretreatment with 10 µM INT-747, RhoA-mediated migration of isolated rabbit bladder
smooth muscle cells was inhibited.
The Farnesoid X Receptor Modulates Renal Lipid Metabolism and Diet-Induced
Renal Inflammation, Fibrosis, and Proteinuria (Wang et al. Am J Physiol Renal
Physiol. 2009; 297: F1587-F1596)
This study evaluated the role of FXR activation in a mouse model of diet-induced
nephropathy. The authors reported that the following effects were observed in DBA/2J
mice fed a high-fat, high-cholesterol (Western Diet; WD): proteinuria, podocyte loss,
mesangial expansion, renal lipid accumulation, and increased expression of
proinflammatory factors, oxidative stress, and profibrotic growth factors. Concurrent
treatment of these animals with 10 mg/kg/day INT-747 via oral gavage for 12 weeks
was reported to ameliorate the development of albuminuria and renal structural changes
(e.g., podocyte loss, mesangial expansion), promote antifibrotic effects, and modulate
inflammation and oxidative stress. INT-747 was also reported to prevent renal
triglyceride accumulation by inhibiting fatty acid synthesis pathways and stimulating the
expression of genes that promote fatty acid oxidation and lipid hydrolysis. Treatment of
FXR-/- mice with INT-747 for 1 week suggested that INT-747 effects on renal gene
expression are mediated by the FXR receptor.
Diabetic Nephropathy is Accelerated by Farnesoid X Receptor Deficiency and
Inhibited by Farnesoid X Receptor Activation in a Type 1 Diabetes Model (Wang et
al. Diabetes. 2010; 59: 2916-2927)
The effects of INT-747 on the development of diabetic nephropathy was evaluated in a
mouse model of STZ-induced type 1 diabetes. In this study, renal injury was shown to
be accelerated in diabetic FXR knockout mice fed a high fat, high cholesterol Western
Diet (WD) relative to their WD fed wild-type C57BL/6 counterparts. In diabetic DBA/2J
mice fed WD after the onset of diabetes with or without 30 mg/kg INT-747 admixed in
the diet for 8 weeks, INT-747 was reported to protect against diabetic nephropathy. The
authors reported that compared to mice not administered INT-747, there were
decreases in proteinuria and renal histopathology alterations, and modulation of renal
lipid metabolism, macrophage infiltration, and renal expression of sterol regulatory
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element binding proteins (SREBPs), profibrotic growth factors, and oxidative stress
enzymes.
4.3

Safety Pharmacology

In Vitro Human ERG (hERG) Inhibition by INT-747 (Study No. hERG-001)
INT-747 was tested in a high-throughput assay for the rapid determination of (human
ether-a-go-go) hERG channel affinity. In this study, the PredictorTM Fluorescence
Polarization assay was employed using CHO membrane fractions expressing hERG
channel protein. This assay screens for the ability of a compound to compete with a
high-affinity red fluorescent tracer for binding to hERG. Positive controls E-4031 and
tamoxifen were shown to have IC50 values of 4 to 15 nM and 1.5 µM, respectively;
whereas, INT-747 did not appear to bind/block the hERG potassium channel.
Effects of INT-747 on Cloned hERG Potassium Channels Expressed in Human
Embryonic Kidney Cells (Study No. 070927.JPQ)
The effects of INT-747 on the hERG channel current were evaluated using whole cell
patch clamp technique. INT-747 was tested at target concentrations of 10, 100, and
300 µM in transfected HEK293 cells expressing hERG potassium channels. The
positive control (terfenadine) was tested at 60 nM, and inhibited the hERG channel
current by 83.9%. In this study, the target concentration of 300 µM INT-747 disrupted
the cell/patch recordings and whole cell patch clamp recordings were not possible. At
8.31 and 82.8 µM (actual concentrations for the 10 and 100 µM target formulations), the
mean percent inhibition of the hERG channel current was 5.1% and 10.1% (statistically
significant from vehicle alone). Effects noted at the 82.8 µM (target 100 µM)
concentration may be associated with an indirect effect of the test compound on the
cell/patch recordings, since this concentration was 1/3rd of the 300 µM concentration
where disruption of cell/patch recordings occurred. Furthermore, while statistically
significant, inhibition at 8.3 µM (5.1%) was considered to represent variability rather
than a treatment-related effect. Thus, INT-747 did not have clear treatment-related
effects on hERG channel currents at concentrations ≤82.8 µM.
A 4-Dose Crossover Oral Gavage Cardiovascular Safety Assessment Study with
INT-747 in Beagle Dogs (Study No. 7654-100)
In this study using telemeterized animals, four male beagle dogs were administered oral
(gavage) doses of 2, 10, or 20 mg/kg INT-747, or vehicle (0.5% (w/v)
carboxymethylcellulose in reverse osmosis water) in a crossover design. Animals were
treated on Days 1, 4, 8, and 11. ECG leads were arranged in an approximate Lead II
configuration. ECG, heart rate, and blood pressure measurements were recorded predose, at dosing, and out to 24 h post-treatment. Quantitative evaluation of ECG
measurements included RR interval, QT interval, and rate corrected QT (QTcf,
according to Fridericia’s method). The study showed that there were no INT-747related changes in the heart rate, blood pressure, or qualitative or quantitative ECG
parameters at up to 20 mg/kg. Transient differences in systolic, diastolic, and mean
arterial pressure and heart rate which reached statistical significance at a subset of
timepoints were considered to reflect normal variability given the small magnitude of the
changes and findings preceding and following these timepoints. Thus, there were no
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treatment-related effects on cardiovascular parameters in male Beagle dogs following
treatment with oral gavage doses of up to 20 mg/kg INT-747.
Neuropharmacological Profile (NPP) of INT-747 in Rats (Study No. 00200RI42.001)
Male Crl:CD®(SD)BR rats (n = 10/group) were administered a single oral (gavage) dose
of 12, 40, or 120 mg/kg INT-747, or vehicle (0.5% carboxymethylcellulose in deionized
water). Animals were observed for at 15, 30, and 45 min, and 1, 2, 3, 4, and 24 h postdosing. Body temperatures were measured 1 h after dosing. Observations of the
following parameters were recorded: seizures/convulsions, startle response, irritability,
increased secretion, decreased grip strength, motor activity, abnormal posture,
excretion, piloerection, pupil size, corneal reflex, awareness reaction, vocalization,
decreased abdominal tone, body tremors, immobility, ataxia, stereotypy, decreased
respiration, loss of righting, nociceptive (pain) response, and pinnal reflex. In this study,
there were no treatment-related observations following treatment with up to 120 mg/kg
INT-747. At 120 mg/kg, there was a small but statistically significant decrease in body
temperature, as compared to controls. The mean body temperatures of animals in the
control and 120 mg/kg INT-747 groups were 38.2±0.08 and 37.8±0.07 ºC, respectively.
The decrease in body temperature (-0.4ºC, compared to controls) was not considered
biologically relevant.
Pulmonary Assessment of INT-747 in the Anesthetized Rat (Study No.
1082RI42.001)
Male Crl:CD(SD)IBG BR rats (n = 4/group) were administered a single oral (gavage)
dose of 12, 40, or 120 mg/kg INT-747, or vehicle (0.5% carboxymethylcellulose in
deionized water). Respiratory rate and depth were determined prior to and 1 h postdosing. Animals were then anesthetized and catheters were placed in the esophagus to
measure esophageal pressure and in the trachea to facilitate spontaneous breathing.
After 5 min of stabilization, airway resistance, dynamic lung compliance, respiratory
rate, tidal volume, and minute volume were recorded or calculated and reported every
10 min for a minimum of 30 min. In this study, there were no treatment-related effects
on respiratory rate and depth at 1 h post-dosing (relative to pretreatment) at any of the
dose levels. In addition, there were no statistically significant differences in pulmonary
parameters measured post-anesthesia at any dose level, relative to controls.
A Gastrointestinal Propulsion Assay in Rats Administered INT-747 (Study No.
0239RI42.001)
Male Crl:CD(SD)IBG BR rats (n = 10/group) were administered a single oral (gavage)
dose of 12, 40, or 120 mg/kg INT-747, or vehicle (0.5% carboxymethylcellulose in
deionized water). A 10% suspension of activated charcoal in 0.25% methylcellulose
was then administered p.o. 45 min after dosing with INT-747. Thirty minutes after
receiving the charcoal, rats were euthanized and the intestines were removed. The
length of the intestine (pyloric spincter to caecum) and distance traveled by the charcoal
as a fraction of that length was evaluated. In this study, there were no treatment-related
on gastrointestinal propulsion at any dose level.
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5

Pharmacokinetics/ADME/Toxicokinetics

5.1

PK/ADME

Absorption
Pharmacokinetic Study of [14C]DSP-1747 in Rats after Single Oral Administration
(Study No. AE-6951-G)
Methods: A series of experiments were conducted to investigate the pharmacokinetics
of DSP-1747 labeled with 14C; plasma concentrations of radioactivity; excretion of
radioactivity in urine, feces, and bile; enterohepatic circulation of radioactivity; and
distribution of radioactivity in tissues. Non-fasted male Crl:CD(SD) rats (generally
n=3/group) were administered a single oral dose of 15 mg/kg. The vehicle for dosing
formulation was 0.5% carboxymethyl cellulose sodium salt solution, and the dosing
volume was 5 mL/kg. In an experiment to evaluate biliary excretion of radioactivity, the
test compound was administered to bile duct cannulated animals. To evaluate
enterohepatic circulation of radioactivity, bile obtained up to 24 h after oral dosing of bile
duct cannulated rats was administered by intraduodenal injection to a separate group of
rats.
Results:
Following oral dosing, radioactivity from the test compound was rapidly absorbed and
concentrations in plasma demonstrated a biphasic profile. The Cmax and Tmax were
1401 ng eq/mL and 0.5 h, after administration, respectively, and half life was 19 h from
8-48h or 8-72 h after administration. Excretion of radioactivity in the feces and urine
was 93.7% and 0.0% of dose up to 168 h after administration, respectively, and residual
radioactivity in the carcass was 1.4% of dose at 168 h. When [14C]DSP-1747 was
administered orally to bile duct cannulated rats, excretion of radioactivity in the bile,
feces, and urine was 87.2%, 11.9%, and 0.0% of dose, respectively, up to 48 h after
administration. The absorption rate from the digestive tract in these animals (estimated
by summing the excretion of radioactivity in the bile and urine) was 87.2%. When bile
obtained after oral dosing of bile duct cannulated rats was administered by
intraduodenal injection to a separate group of rats, the excretion of radioactivity in bile
was shown to be 93.2% of the radioactivity injected up to 48 h following administration.
This suggests that most of DPS-1747 or its metabolites excreted in the bile were
reabsorbed. There was no excretion in urine, and excretion in feces was 7.7% of
radioactivity injected at up to 48 h.
In an experiment to determine tissue concentrations of radioactivity, the radioactivity
concentration in plasma reached its maximum at 4 h. Concentrations in the thymus,
skeletal muscle, aorta, prostate, seminal vesicle, and stomach reached their maximum
at 1 h; while, concentrations in tissues other than the mesenteric lymph node, small
intestine, cecum, and large intestine reached their maxima at 4 h. Concentrations in the
mesenteric lymph node, small intestine, and cecum were reached at 8 h and the
maximum concentration in the large intestine was reached at 24 h. At 1 h after
administration, the radioactivity concentration (excluding the digestive tract) was highest
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in the liver (10.79-times that in plasma). Tissue/plasma ratios and the percentage
distribution of radioactivity in tissues are shown in the Applicant’s tables below.

32
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

In another experiment in which rats were administered intraduodenal injections of bile
obtained up to 24 h after dosing of bile duct cannulated rats, radioactivity concentrations
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in portal plasma were 2272 and 769 ng eq./mL, respectively, and excretion of
radioactivity in the bile was 4.9% and 26.5% of radioactivity injected at 0.5 and 4 h after
injection, respectively. Radioactivity in the intestinal contents was 78.4% and 67.7% of
radioactivity injected at 0.5 and 4 h, respectively.
Overall, this study showed that there was rapid absorption; distribution was primarily
confined to the gastrointestinal tract and hepatobiliary system; the primary route of
elimination is in the feces via biliary excretion; and enterohepatic recirculation of test
compound-related material in the bile is extensive.
Distribution
Plasma, Bile, and Liver INT-747 Concentration and Its Major Metabolites after Oral
Administration to Mice (Study No. RODA Mouse 2011)
Methods: INT-747 was administered to mice by oral gavage for seven days at 30
mg/kg. Following the final dose and 12 h fasting, blood, gallbladder, and liver were
collected. Concentrations of INT-747, metabolite tauro-INT-747, and the endogenous
bile acids [taurocholic (TCA) and tauromuricholic acids (TMCA)] were determined in
plasma, bile, and liver using HPLC-ES-MS/MS analysis. For comparison, the plasma,
biliary, and liver bile acid composition of an untreated control mouse were also
determined.
Results: In this study, tauro-INT-747 and the endogenous bile acids were detected in
plasma, with tauro-INT-747 being the predominant bile acid relative to TMCA and TCA.
In liver, concentrations of tauro-INT-747 were less than, but approached those of TCA.
Concentrations of INT-747 and TMCA were similar. In bile, tauro-INT-747 represented
~7% of total bile acids measured. Relative to the untreated control mouse, mice treated
with INT-747 had decreased concentrations of TCA in the bile while TMCA levels were
similar. Overall, this study showed that the INT-747 was detected in liver only. The
drug was recovered in bile, plasma, and liver as a taurine conjugate (the only metabolite
detected), and accumulation of tauro-INT-747 in the bile was less than 10% of the total
bile acids. The following table and figure copied from the Applicant’s study report
illustrate the plasma, liver, and bile composition of mice treated with the test compound.
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Biodistribution and Mass Balance of 6-ECDCA and Its Metabolites in Rats (Study
No. 6-ECDCA)
Methods: Fasted male Sprague Dawley rats were administered oral doses of 30 mg/kg
6-ECDCA or vehicle (carboxymethylcellulose 1% in water). The dosing volume was
300 µL. A subset of rats dosed with the test compound were sacrificed at timepoints
ranging from 15 minutes to 8 h after dosing (n=4/timepoint). At termination, liver,
kidney, blood, small intestine, colon, and fecal material in the small and large intestine
were collected. In addition, two groups of rats (one control; one treated with the test
compound; n=4/group) were placed in metabolic cages (0-24 h) for collection of urine
and feces. After 24 h, the animals were sacrificed and liver, kidney, blood, small
intestine, and colon were removed. 6-ECDCA and its tauro- and glyco-conjugate
metabolites, as well as epimer 6-ethyl ursodeoxycholic acid (6-EUDCA; 7β epimer of
ECDCA) and its tauro- and glyco-conjugates were quantified using a HPLC-ES-MS/MS
method.
Results: 6-ECDCA was shown to be conjugated with taurine (and glycine to a lesser
extent) in the liver. Approximately 96.5% of the dose administered was accounted for
24 h after-dosing, with distribution summarized in the Applicant’s table copied below
(numbers shown represent the percentage of dose administered). At 24 h, 37% of the
administered dose was present in the small intestine (primarily as 6-ETCDCA).
Approximately 27% of the dose was present in the colon as 6-ECDCA.

6-ETCDCA is expected to be deamidated to 6-ECDCA by intestinal bacteria, followed
by partial reabsorption and partial excretion of 6-ECDCA in the stools. Furthermore,
based on the detection of 6-ethyl LCA and 6-ethyl, 7-keto LCA in the stools of animals
treated with 6-ECDCA, the test compound also appears to be 7-dehydroxylated by
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intestinal bacteria to form 6-ethyl LCA. However, LCA was not increased in the treated
group, suggesting that the 6-ethyl group is not removed by intestinal bacteria. The
report postulates that the presence of the ethyl group in the 6 position on 6-ECDCA may
sterically hinder the 7-oxidation and the 7-dehydroxylation pathways, which lead to the
formation of 6-ethyl LCA and 6-ethyl, 7-keto LCA (less than 4% of the administered
dose). While the test compound administered in this study contained 0.7% 6-EUDCA,
the percentage of the dose recovered as 6-EUDCA and its taurine conjugate at 24 h
indicate there is epimerization of the test compound at the 7-position. Less than 1% of
6-ECDCA was metabolized by glucuronidation/sulfation and excreted in urine.
[14C]-INT-747: Tissue Distribution Studies in Partially Pigmented Rats to Support
Human Dosimetry Calculation (Study No. ICP/01)
Methods: Male Lister Hooded rats (n=7) were administered a single oral (gavage)
dose of 15 mg/kg [14C]-INT-747 in 0.5% methocel in water. The dosing volume was 10
mL/kg. Rats were euthanized at timepoints out to 840 h after dosing, and frozen
carcasses from out to 336 h were subjected to whole-body autoradiography. Following
autoradiography, the eye was analyzed for total radioactivity.
Results: The highest radioactive concentrations were measured at 2 h after dosing,
and were observed in the small intestine contents, stomach contents, small intestine
mucosa, and liver. The majority of radioactivity was eliminated by 24 h after dosing,
with the highest radioactive concentrations measured in the gastrointestinal tract. No
affinity of drug-related material for melanin was identified based on concentrations in
melanin-containing structures (skin, uveal tract).
A Protein Binding Study of INT-747, and Two Metabolites in Mouse, Rat, Dog, and
(b) (4)
Human Plasma In Vitro (Study No.
-661035)
Methods: Using a Centrifree® ultrafiltration device, the in vitro protein binding of INT747 and metabolites UPF-832 (the glycine conjugate of INT-747) and UPF-1443 (the
taurine conjugate of INT-747) was determined in mouse, rat, dog, and human plasma.
INT-747 was evaluated over a concentration range of 100 to 10,000 ng/mL and the
metabolites were evaluated over a concentration range of 10 to 10,000 ng/mL.
Samples were analyzed with an UPLC/MS/MS assay method. Control experiments
were conducted at all concentrations and for all analytes using saline (rather than
plasma) to determine non-specific binding to the ultrafiltration device.
Results: Significant non-specific binding to the ultrafiltration device occurred with all
test substances. After correcting for non-specific binding, the actual concentration of
INT-747 available for protein binding may have been as low as 3400, 226, and 17
ng/mL. Similarly, the actual concentrations of UPF-832 and UPF-1443 may have been
as low as 9080, 73, and 5.6 ng/mL and 9300, 71, and 6.3 ng/mL, respectively.
However, in the presence of plasma proteins, non-specific binding to the ultrafiltration
device may be mitigated to some extent by the interaction of plasma proteins with the
device. In this study, the mean binding of INT-747 to protein in mouse, rat, dog, and
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human plasma was >99.6%, >99.8%, >97.7%, and >99.1%, respectively. The mean
binding of UPF-832 to protein in mouse, rat, dog, and human plasma was >98.8%,
>98.4%, >98.5%, and >97.6%, respectively. Finally, the mean binding of UPF-1443 to
protein in mouse, rat, dog, and human plasma was >99.3%, >97.5%, >97.1%, and
>98.3%, respectively. Thus, this study indicated that INT-747 and metabolites UPF-832
and UPF -1443 are highly protein bound in plasma from all species evaluated.
Metabolism
Analysis of Metabolites of [14C]DSP-1747 in Male Rats (Study No. AE-6952-G).
Methods: The metabolism of DSP-1747 in male rats was further evaluated using
samples from Study AE-6951-G. Following single oral administration of 15 mg/kg DSP1747 labeled with 14C the test compound, samples of plasma, liver, small intestine,
small intestine contents, and feces were collected from non-cannulated rats, and bile
was collected from bile-duct cannulated animals. Samples were analyzed by HPLC and
structures of metabolites were identified or estimated by LC-MS. In addition, following
intraduodenal injection of bile collected from rats up to 24 h after oral administration to
other bile-duct cannulated rats, samples of portal plasma, intestinal contents, and bile
were collected and analyzed for metabolites.
Results: After oral dosing, the primarily components in the plasma were unchanged
DSP-1747 (84.5% and 37.7% of sample radioactivity at 1 and 24 h, respectively) and
DSR-99763 (taurine-conjugate; 11.4% and 50.0% of radioactivity at 1 and 24 h,
respectively). An epimer of DSP-1747 accounted for 1.7% and 7.3% of the sample
radioactivity at 1 and 24 h after dosing, respectively. In the liver, the taurine-conjugate
accounted for 90.7% and 94.2% of sample radioactivity at 1 and 24 h, respectively;
whereas, DSP-1747 was 1.5% at 1 h and undetected at 24 h. An epimer of the taurineconjugate was identified at 3.5% and 2.7% at 1 and 24 h, respectively. In the small
intestine, DSP-1747, the taurine conjugate, and an epimer of DSP-1747 accounted for
12.1%, 84.1%, and 1.5% of sample radioactivity, respectively, at 1 hr. At 24 h, DSP1747 and the taurine-conjugate accounted for 1.9% and 96.9%, respectively. In the
small intestine contents, DSP-1747, the taurine-conjugate, and an epimer of DSP-1747
accounted for 4.7%, 92.1%, and 2.4% of sample radioactivity, respectively, at 1 h. At
24 h, DSP-1747, the taurine-conjugate, and an unknown metabolite accounted for
2.1%, 95.0%, and 1.3% of radioactivity, respectively. In bile collected up to 48 h after
administration, DSP-1747 was not detected; while the taurine-conjugate and an epimer
of DSP-1747 accounted for 94.5% and 3.9% of sample radioactivity. In feces collected
up to 96 h after dosing, DSP-1747 accounted for 73.0% of sample radioactivity.
Dehydrogenated DSP-1747, an epimer of DSP-1747, and hydroxylated DSP-1747
accounted for 13.4%, 7.5%, and 2.9% of sample radioactivity, respectively.
Following intraduodenal injection of bile (in which which 94.4% of sample radioactivity
was the taurine-conjugate), portal plasma collected at 0.5 h after administration showed
DSP-1747, the taurine-conjugate, and an epimer of DSP-1747 accounting for 9.7%,
87.0%, and 1.4% of sample radioactivity, respectively. At 4 h after administration, DSP-
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1747 was the main component (64.1% of radioactivity), and the taurine-conjugate
accounted for 27.6% of radioactivity. In the intestinal contents, DSP-1747, the taurineconjugate, and unknown metabolites accounted for 20.0%, 75.8%, and 0.4-2.6% of
sample radioactivity, respectively, at 0.5 h. At 4 h, the main component of the intestinal
contents was DSP-1747 (73.0% of sample radioactivity). The taurine-conjugate
accounted for 22.2% of sample radioactivity, and there were lesser amounts of
unknown metabolites. Finally, in bile collected at 0.5 h, the taurine-conjugate and an
epimer of DSP-1747 accounted for 97.4% and 1.7% of sample radioactivity. At 4 h, the
taurine conjugate accounted for 94.3% of sample radioactivity, with lesser amounts of
an epimer of DSP-1747 (2.8%) and two unknown metabolites. Other unidentified
metabolites were observed in various samples but were present in low amounts
(generally <1%).
Overall, this study showed that after oral administration in rats, DSP-1747 is conjugated
with taurine and excreted into bile. After intraduodenal injection of a bile sample
containing primarily the taurine-conjugate of DSP-1747, a portion of the taurineconjugate was transformed to unconjugated DSP-1747 in the gastrointestinal tract, and
the metabolite and unconjugated compound were re-absorbed.
Pharmacokinetics and Metabolite Profiling Following a Single and Multi-dose Oral
Gavage Administration of [14C]OCA (Single Dose) and OCA (Multi-dose) to Male
and Female Sprague-Dawley Rats (Study No. XBL15604)
Methods: Two groups of Sprague-Dawley rats were administered [14C]OCA by oral
gavage. Group 1 rats (n=4/sex) were administered a single oral dose at 25 mg/kg, and
urine, feces, and blood samples were collected up to 48 h after dosing. Group 2 rats
(n=3/sex) were administered 25 mg/kg/day by oral gavage for 14 days and blood was
collected for metabolite/identification in plasma following the dosing period. A control
male animal (Group 3) was not dosed, and urine, feces, and a terminal blood sample
were collected at 24 h. Analyses of metabolites in plasma, urine, and feces were
conducted using radioprofiling and LC-MS/MS after single-dose administration (Group 1
animals). Analyses of samples after 14-days of dosing (Group 2) animals were
conducted under Study XBL15617 (reviewed separately).
Results: PK parameters of total radioactivity in plasma following a single oral dose of
[14C]OCA are shown in the Applicant’s table below. Half-life and tmax were similar
between sexes, but exposures based on Cmax and AUC values in males were 4.3-fold
and ~2-fold higher, respectively, than in females.

38
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

secondary bile acids in this species, and 2) rabbits preferentially conjugate bile acids
with glycine (rather than taurine). Briefly, INT-747 was administered to New Zealand
White rabbits by oral gavage for 3 months at 30 mg/kg. Following the final dose and 12
h fasting, blood, gallbladder, and liver were collected. Concentrations of INT-747, its
primary metabolites, and endogenous bile acids were determined in plasma, bile, and
liver by HPLC-ESI-MS/MS. For comparison, the plasma, biliary, and liver bile acid
composition of an untreated control rabbit were also determined.
Results: The primary form of the test compound detected in plasma, bile, and liver was
the glycine conjugate, with unconjugated INT-747 detected at in lower amounts. No
other major metabolites resulting from a 7-dehydroxylation process, glucuronides, or
other polar metabolites were identified. In bile and liver, the predominant endogenous
bile acid was glycodeoxycholic acid; whereas, the predominant endogenous bile acid in
plasma was deoxycholic acid. The absence of 6-ethyl lithocholic acid and glyco-6-ethyl
lithocholic acid in bile, liver, and plasma was considered to confirm the metabolic
stability of INT-747 toward intestinal bacteria responsible for bile acid 7-dehydroxylation.
The following tables copied from the Applicant’s study report illustrate the plasma, bile,
and bile composition of rabbits treated with the test compound.
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Metabolite Radioprofiling and Metabolite Identification of [14C]OCA in Liver,
Intestine, and Kidney S9 Fractions from Mice, Rats, Rabbits, Dogs, Monkeys, and
Humans (Study No. XBL14830)
Methods: The purpose of this study was to determine the in vitro metabolite profiles of
[14C]OCA in liver, intestine, and kidney S9 fractions across multiple species, and
characterize the prominent metabolites. 10 µM [14C]OCA was separately incubated with
liver, intestine, and kidney S9 fractions for 1 h with cofactors. Following termination of
the incubations, the extracts were evaluated by radioprofiling and LC-MS/MS. Test
systems used in the study are shown in the Applicant’s table below.

Results: The percent distribution of OCA and its metabolites following 1 h incubation is
summarized in the Applicant’s tables below. As shown, the percent of parent
compound remaining after incubation with S9 was lowest in liver (63.2-88.7%) and
highest in the kidney (86.9-96.9%). Nine metabolites were tentatively identified, with the
primary metabolic pathways being conjugation with glycine and taurine, glucuronidation,
epimerization, and mono-oxidation and glucuronidation. There were no unique OCA
metabolites in human S9 fractions.
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After IV infusion, INT-747 was secreted in the bile, primarily as the taurine-conjugate.
The maximum secretion rate (0.92 µmol/kg/min) was achieved at the end of the infusion
period and almost the entire administered dose was recovered in the bile. Only traces
(<0.02%) of glycine conjugate was present, and the amount of INT-747 secreted in bile
in the unconjugated form was very small (0.1-0.3%). After duodenal infusion, biliary
secretion was similar to that after IV infusion, although the maximum biliary secretion
rate (0.82 µmol/kg/min) was slightly lower after duodenal infusion and the maximum
secretion rate occurred 60 mins after the end of infusion. The taurine-conjugate was
the primary compound in bile, and only trace amounts (<0.2%) of INT-747 was
conjugated with glycine and secreted as the glycine-conjugate in bile.
5.2

Toxicokinetics

A 14-Day Oral (Gavage) Toxicokinetic Study of INT-747 in Mice (Study No.
661033).

(b) (4)

Methods: Crl:CD1(ICR) mice were administered oral (gavage) doses of 4, 12, and 40
mg/kg/day INT-747 (or vehicle, 0.5% carboxymethylcellulose in deionized water) once
daily for 14 days. The dose volume was 10 mL/kg, and the groups consisted of 6
animals/sex (control) or 33 animals/sex (INT-747 treatment groups). Blood samples for
TK evaluation were collected from controls at 2 h after dosing on days 0 and 13, and
from the INT-747 treatment groups prior to dosing and out to 24 h after dosing on study
days 0 and 13 and at 48 and 96 h after dosing on day 13. Plasma samples were
analyzed for INT-747, UPF-832 (the glycine conjugate of INT-747), and UPF-1443 (the
taurine conjugate of INT-747) concentrations using UPLC/MS/MS in the negative
electrospray ionization (ESI-) mode.
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Results: Three animals were found dead or sacrificed in extremis (1 high dose male, 1
low dose female, and 1 control female). Clinical signs primarily occurred in the high
dose male euthanized on day 11 (e.g., impaired use of forelimbs, body cool to touch,
pale extremities, and shallow respiration). Effects on body weight were limited to a
small but statistically significant increase in body weight gain from day 0 to 7 in all INT747 female treatment groups (compared to controls). Findings were limited to dark red
areas on the lungs, dark red contents of the stomach, and red matting of the skin in the
high dose male euthanized prematurely. TK analysis indicated that there was systemic
exposure to INT-747 and UPF-1443. Metabolite UPF-832 was not detected. Exposure
increased with increasing dose, and exposure to INT-747 was generally higher in
females (relative to males) while exposure to UPF-1443 was similar in both sexes.
Exposures to UPF-1443 were much greater than those of the parent compound in
females. The half-life values were 1 to 2 h for INT-747, and 6 to 10 h on study day 0
and 12 to 23 h on study day 13 for UPF-1443. TK parameters are summarized in the
Applicant’s tables below.

A 14-Day Oral (Gavage) Toxicokinetic Study of INT-747 in Sprague Dawley Rats
(b) (4)
(Study No.
661032).
Methods: Crl:CD(SD) rats were administered oral (gavage) doses of 6, 15, and 60
mg/kg/day (or vehicle, 0.5% carboxymethylcellulose in deionized water) once daily for
14 days. The dose volume was 10 mL/kg, and the groups consisted of 3 animals/sex
(control) or 9 animals/sex (INT-747 treatment groups). Blood samples for TK evaluation
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were collected from controls at 2 h after dosing on days 0 and 13, and the INT-747
treatment groups prior to dosing and out to 24 h after dosing on study days 0 and 13
and at 48 and 96 h after dosing on day 13. Plasma samples were analyzed for INT747, UPF-832 (the glycine conjugate of INT-747), and UPF-1443 (the taurine conjugate
of INT-747) concentrations using UPLC/MS/MS in the negative electrospray ionization
(ESI-) mode.
Results: There was an increased incidence of dried red material around the nose in
INT-747 male treatment groups (relative to controls). From Day 0 to 13, body weight
gain was reduced in the INT-747 treatment groups, but there was no dose-relationship
since body weight gain was 67, 46, 54, and 44 g, respectively, for control, low-, mid-,
and high dose males, respectively. In high dose females, body weight gain from Day 0
to 13 was also decreased relative to controls (36, 29, 21, 19 g, respectively for control,
low-, mid-, and high dose females; statistically significant at the high dose only). TK
analysis showed systemic exposure to INT-747, UPF-1443, and UPF-832, except for
low dose females where UPF-832 was below the limit of quantitation on day 0.
Exposure generally increased with increasing dose, and exposure to INT-747 (based on
AUC) was typically higher for males versus females whereas exposure to UPF-1443
was generally higher in females than males. Exposures to INT-747 were typically
higher than UPF-1443, other than in females on day 13. Exposure to UPF-832 was
considered negligible relative to the parent compound (~0.1-1% of the AUClast for INT747). The half-life values for INT-747 were approximately 5 h on day 0 and 20 h on day
13. On day 13, the half-life value for UPF-1443 was approximately 20 h. Half-life was
not reported for UPF-832 due to fluctuations in plasma concentration. Toxicokinetic
parameters are summarized in the Applicant’s tables below.
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An Oral (Gavage) Toxicokinetic Study of INT-747 and Metabolites in New Zealand
(b) (4)
White Rabbits (Study No.
-661078).
Methods: Pregnant female New Zealand White rabbits (n=4) were administered oral
(gavage) doses of 20 mg/kg/day (or vehicle, 0.5% carboxymethylcellulose in deionized
water) once daily from GD 7 through 20. The dosing volume was 5 mL/kg. Blood
samples for TK evaluation were collected prior to dosing and out to 24 h after dosing on
GD 20. Plasma samples were analyzed for INT-747, UPF-832 (the glycine conjugate of
INT-747), and UPF-1443 (the taurine conjugate of INT-747) concentrations using
UHPLC/MS/MS in the negative electrospray ionization (ESI-) mode.
Results: On scheduled termination on GD 21, all animals were determined to be
gravid. TK analysis showed systemic exposure to INT-747 and UPF-832; whereas,
exposure to UPF-1443 was detected in only a single animal. Exposures to UPF-832
were similar to the parent compound, while exposure to UPF-1443 was far lower than
parent compound (metabolite/parent AUC ratio = 0.001). There was a high level of
variability between animals, and half-life could not be determined. TK parameters are
summarized in the Applicant’s tables below.
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INT-747: An Oral Comparative Crossover Toxicokinetic Study of Capsules and
(b) (4)
Tablets in Beagle Dogs (Study No.
661039)
Methods:
The purpose of this study was to compare the TK profile of INT-747 when administered
to dogs orally by tablet or capsule. Beagle dogs (n=2/sex/group) were administered
INT-747 daily in the form of a gelatin capsule containing either a 25 mg capsule or
tablet. The study used a crossover design in which groups 1 and 2 were dosed for 7
consecutive days with capsules or tablets, respectively. Following a 7-day washout
period, groups 1 and 2 were dosed once daily for 7 days with tablets or capsules,
respectively. Blood samples for TK evaluation were collected on study days 0, 6, 14,
and 20 pre-dosing and out to 24 h after dosing. Concentrations of INT-747, UPF-832,
and UPF-1443 in plasma were determined using ultra-high performance liquid
chromatography tandem mass spectrometry method in the negative electrospray
ionization mode.
Results:
Clinical observations included emesis and soft feces, both of which occurred in a limited
number of animals on a subset of study days. Systemic exposure to INT-747 and the
taurine conjugate of INT-747 were demonstrated; whereas, the glycine conjugate was
detected in only 1 animal at a single timepoint. AUClast values for INT-747 increased
~2-fold in females from the first to last day of capsule dosing. From the first to last day
of tablet dosing, AUClast values for INT-747 increased ~2-fold and 2.5-fold in males and
females, respectively. For the taurine conjugate, AUC0-24h values increased by less than
2-fold in both sexes from the first to last day of capsule or tablet dosing. In males, the
INT-747 AUClast value on Day 6/20 of dosing with tablets was 1.7-fold higher than the
value for capsules. In females, the INT-747 AUClast value on Day 6/20 of dosing with
tablets was 0.7-fold the value for capsules. Dosing with both capsules and tablets
produced higher exposures to INT-747 and the taurine conjugate in females (compared
to males), and tmax ranged from 0.8-2.1 h and 6.5-9.5 h for INT-747 and the taurine
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conjugate, respectively. It was concluded that there were no significant differences in
the overall TK profiles of INT-747 when comparing the two different forms (capsule
versus tablet).

Additional TK data are reviewed with the associated toxicity studies under Sections 6
(General Toxicology), 8 (Carcinogenicity), and 9 (Reproductive and Developmental
Toxicology).

6

General Toxicology

6.1

Single-Dose Toxicity

Acute toxicity studies were conducted in rats (oral gavage) and dogs (oral capsule, oral
suspension), and are briefly summarized below.
In Study No. 017166, Crl:CD®(SD)(IGS)BR rats (n=5/sex/group) were administered a
single dose of 30, 100, and 300 mg/kg INT-747 or vehicle (0.5%
carboxymethylcellulose) by oral gavage. No mortalities occurred and there were no
gross lesions observed at necropsy on Day 14.
In a rising dose and acute oral toxicity study (Study No. 017259), INT-747 was tested in
male and female Beagle dogs. In Phase 1, dogs (n=1/sex) were administered a single
oral dose of 30 mg/kg by capsule. The dogs were subsequently given doses by capsule
at 100, 300, 450, and 750 mg/kg, with 3 to 7 days between doses. A final dose of 750
mg/kg in 0.5% carboxymethylcellulose was administered by oral gavage due to vomiting
that occurred with capsule dosing. In Phase 2, dogs (n=1/sex) were administered a
single oral dose of 750 mg/kg by capsule. There were no mortalities in Phase 1 of the
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study with doses up to 750 mg/kg. In Phase 1, doses ≥300 mg/kg produced emesis
and weight loss, with diarrhea at higher doses. A decrease in the percent of
reticulocytes and leukocytes was noted as the dose increased. In addition, there were
elevated liver enzymes at ≥300 mg/kg, increased LDH and decreased uric acid levels at
750 mg/kg, and a trend towards decreasing blood glucose with increasing dose. At
necropsy, the female had a distended gall bladder. In Phase 2, diarrhea and mucoid
feces occurred. Elevated liver enzymes occurred in both sexes with elevations in the
female persisting on Day 14 post-dosing.
6.2

Repeat-Dose Toxicity

Mouse
Study title: A 7-Day Oral (Gavage) Toxicity Study of INT-747 in Mice
(b) (4)
Study no.:
-661023
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

February 4, 2010
No
No
INT-747, Lot no. 1106004P, 96.5%

Key Study Findings
In this dose-range finding study, INT-747 produced lethality or moribundity at ≥175
mg/kg/day (males) and 300 mg/kg/day (females). Clinical signs, body weight losses,
and decreased food consumption (compared to controls) occurred in males at ≥175
mg/kg/day. Treatment-related changes in clinical chemistry parameters also occurred
at ≥175 mg/kg/day (e.g., increased total bilirubin and liver enzymes, and decreased
triglycerides, compared to controls). Finally, liver weights were increased in both sexes
at ≥175 mg/kg/day (compared to controls), which correlated with macroscopic findings
of pale liver (histopathological examination not conducted). The primary target organ
was the liver.
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

3, 50, 175, 300
Daily
Oral gavage
10 mL/kg
0.5% carboxymethylcellulose (CMC) in
deionized water
Crl:CD-1 mice
5/sex/group
7 weeks
Males: 26.3-33.8 g; Females: 20.6-25.1 g
None
None
None

Observations and Results
Mortality
Checks for mortality and moribundity were conducted twice daily. INT-747 produced
mortality or moribund conditions at ≥175 mg/kg/day. At 175 mg/kg/day, a single male
was found dead. At 300 mg/kg/day, four males died on study days 2 or 3 and a single
female was euthanized in extremis on study day 3.
Clinical Signs
Clinical examinations were performed twice daily. Clinical signs occurred at ≥175
mg/kg/day in males and 300 mg/kg/day in females. Findings included hypoactivity,
dermal atonia, decreased rate of respiration, bodies and extremities that were cool to
the touch, partial closure of the eyes, and intermittent tremors.
Body Weights
Body weights were recorded weekly pretest, at randomization, and on study days 0, 3,
4, and 7. In males, there was mean body weight loss over days 4 to 7 and days 0 to 3
at 175 and 300 mg/kg/day, respectively.
Feed Consumption
Food consumption was recorded weekly pretest, at randomization, and on study days 0,
3, 4, and 7. Food consumption was decreased (compared to controls) at ≥175
mg/kg/day in males.
Hematology
Not conducted
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Clinical Chemistry
Blood samples collected at the scheduled necropsies on study days 3 and 7 were
analyzed for standard clinical chemistry parameters. Samples from day 3 were
analyzed only for high dose animals. However, samples from high dose males
collected on day 3 were analyzed for only a limited number of parameters due to an
insufficient amount of serum available. Samples from day 7 were limited to the 0, 3, 50,
and 175 mg/kg/day dose groups.
At 175 mg/kg/day, total bilirubin, ALP, ALT, GGT, and SDH were increased and
triglycerides were decreased (compared to controls) in both sexes. In males, urea
nitrogen, creatinine, and AST were increased and cholesterol was decreased
(compared to controls). In females, total protein was increased compared to controls.
At 300 mg/kg/day, ALP, urea nitrogen, GGT, and SDH values were increased in males
(compared to controls). In females, ALP, GGT, SDH, total protein, total bilirubin, ALT,
and AST values were increased and A/G ratios and urea nitrogen values were
decreased (compared to controls).
Urinalysis
Not conducted
Gross Pathology
At scheduled termination, all animals were necropsied including examination of the
external surface, all orifices, and the cranial, thoracic, abdominal, and pelvic cavities
including viscera. Treatment-related macroscopic findings in animals that were found
dead, were euthanized in extremis, or at the scheduled necropsy were limited to pale
liver. This occurred in both sexes at ≥175 mg/kg/day.
Organ Weights
Weights of the following organs were recorded at necropsy, and organ to final body
weight and organ to brain weight ratios were calculated:

At ≥175 mg/kg/day, liver weights were increased as compared to controls. At necropsy
on day 7, mean absolute liver weights in males and females from the 175 mg/kg/day
dose group were 19 and 17.2% higher, respectively compared to controls. Mean liver
weights relative to final body weight were increased by 26 and 18.7% in males and
females, respectively, compared to controls. Mean liver weights relative to brain weight
were increased by 21 and 19.8% in males and females, respectively, compared to
controls.

54
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

Histopathology
Although a limited number of organs were collected and preserved for possible future
analysis, they were not examined microscopically.
Special Evaluation
None
Toxicokinetics
Not conducted
Dosing Solution Analysis
Not conducted
(b) (4)

Review of Study No.
661025 is incorporated below from the pharmacology review
of IND 63307 dated October 14, 2011 (C. Wu, Ph.D., DGIEP). Subsequent to Dr. Wu’s
review, a revised final report was issued on July 20, 2011 and the revised report was
submitted with the current NDA. Overall, the revised report contains no significant
differences from the previously reviewed report which would impact the overall study
conclusions. The primary revision in the revised report pertains to the incorporation of
plasma analysis and TK data for the taurine and glycine conjugates of INT-747 (UPF1443 and UPF-832, respectively), and TK parameters for these metabolites are
summarized in the following tables copied directly from the revised report. As shown,
exposure to UPF-1443 was greater than exposure to parent compound and
metabolite/parent ratios decreased with increasing doses. Exposure to UPF-832 was
minimal compared to INT-747 (metabolite/parent ratios ≤0.0066). For reference, Dr.
Wu’s October 2011 review copied below also contains a discussion of exposures to
INT-747, UPF-1443, and UPF-832 based on information in the original study report
which was reviewed as well as information contained in the Request for Special
Protocol Assessment (SPA) (mouse carcinogenicity study protocol) submitted under
IND 63307 in August 2011.
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Rat
Study title: A 28-Day Oral Toxicity Study in Sprague-Dawley Rats with INT747
Study no.: 017262
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

January 10, 2005
Yes
Yes
INT-747, Batch C, Lot 1204004/L, ≥92%

Key Study Findings
Treatment with 150 mg/kg/day INT-747 produced mortality/moribundity and clinical
signs (e.g., soft or mucoid feces and decreased activity) in both sexes. Although there
were no treatment-related effects on body weight, food consumption was increased
(compared to controls) at ≥75 mg/kg/day in males during the treatment period, and at
150 mg/kg/day in recovery males and females. Changes in hematological parameters
(e.g., increased RBCs and WBCs; decreased MCV, MCH, hemoglobin) occurred
primarily at the high dose, while changes in clinical chemistry parameters occurred at all
doses (e.g., increased chloride, phosphorous, uric acid). Several changes in clinical
chemistry parameters (e.g., increased ALT, ALP) occurring primarily at 75 mg/kg/day
were consistent with other effects on the liver such as increased organ weight.
Microscopic changes included mononuclear cell infiltrates in the mucosa of the large
intestine (all doses levels). Other primary target organs included the liver, mesenteric
lymph node, and mesenteric fat. In high dose recovery animals, increased
mononuclear cell infiltrates in the mucosa of the large intestine occurred at an increased
incidence compared to controls. Based on findings at all dose levels (including
mononuclear cell infiltrates in the mucosa of the large intestine), a NOAEL was not
established in this study.
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:

Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

25, 75, 150 mg/kg/day
Daily
Oral gavage
10 mL/kg
0.5% aqueous carboxy methylcellulose (CMC)
Crl:CD®(SD)(IGS)BR rats
Main study: 10/sex/group, 5/sex recovery group
(control and high dose groups only)
TK study: 10/sex/group (except controls)
8 weeks
Males: 191-262 g; Females: 164-201 g
Yes
No
Protocol deviations did not affect the quality or
integrity of the study.

Observations and Results
Mortality
Viability checks were conducted twice daily. INT-747 produced mortality at 150
mg/kg/day. Three high dose males and 5 high dose females died. A single high dose
female died during blood collection, and an additional high dose main study female was
sacrificed in extremis during the recovery period on Day 29.
Clinical Signs
Main study animals were observed for clinical signs at 1 and 2 h post-dosing. Detailed
clinical evaluations were conducted once weekly.
At 75 mg/kg/day, clinical signs were limited to a single incidence of soft feces in 1
female. At 150 mg/kg/day, clinical signs included soft or mucoid feces and colored
material around the nose. In high dose animals that died prematurely, clinical signs
such as decreased activity preceded death in both sexes. In one female, there were
numerous additional abnormal clinical signs preceding death such as severe
dehydration, rough coat, cold to the touch, and slight ataxia.
Body Weights
Body weights were recorded twice pretest, once weekly during the study, and at
necropsy. There were no treatment-related effects on body weight.
Feed Consumption
Food consumption was measured weekly (main study groups only). In males, there
were small (8%) but statistically significant increases in food consumption at 75
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mg/kg/day on Day 27 only and at 150 mg/kg/day on Days 13, 20, and 27. Increases in
mean food consumption relative to body weight also occurred in males at these dose
levels. Mean food consumption relative to body weight remained increased in high
dose males (relative to controls) during the recovery period. In females, food
consumption was increased by 11% at the high dose on Day 34.
Ophthalmoscopy
An ophthalmic examination (indirect) was conducted on main study animals pretest and
during the last week of dosing. There were no treatment-related findings.
ECG
Not conducted
Hematology
Blood samples were collected from fasted animals prior to scheduled terminal necropsy
(main study only). Samples were analyzed for standard hematological and coagulation
parameters.
In high dose males, there were statistically significant changes in numerous parameters
compared to controls (RBC +6%, MCV -4%, MCH -5%, platelets +26%). There were
also statistically significant increases (compared to controls) in WBC (+53%) and
absolute lymphocytes (+44%), monocytes (+159%), eosinophils (+100%), and
leucocytes (+150%). At the end of the recovery period, several changes persisted
(RBC +4%, MCV -8%, MCH -8%, compared to controls) at 150 mg/kg/day.
In females, there were statistically significant differences at all dose levels but changes
occurred primarily at the high dose. Prothrombin time was decreased at all doses by 10
to 12%, compared to controls. MCHC was decreased by 6% at 75 and 150 mg/kg/day.
HGB and MCH were decreased by 4% and 6%, respectively, at 150 mg/kg/day
(compared to controls). Additional statistically significant changes (compared to
controls) in high dose females included increased WBCs (+40%) and absolute
neutrophils (+88%), lymphocytes (+31%), and large unclassified cells (+67%). While
not statistically significant, the increase in percent neutrophils (+34% compared to
controls) and decrease in percent lymphocytes (-6% compared to controls) were
considered consistent with increased inflammation in the liver. Following the recovery
period, MCH and MCHC were decreased by 4% and prothrombin time was increased
by 14% at 150 mg/kg/day.
Clinical Chemistry
Samples collected at necropsy were evaluated for standard serum chemistry
parameters.
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In males, chloride, phosphorous, and uric acid were increased at all dose levels (up to
+5%, +24%, and +157%, respectively, compared to controls). At 75 mg/kg/day, there
were statistically significant increases in ALT (+34%), ALP (+27%), and albumin (+5%).
At 150 mg/kg/day, ALT, AST, ALP, and LDH were increased by 478%, 526%, 193%,
and 603%, respectively, compared to controls. There were also increases in GGT (1
IU/L compared to 0 IU/L in controls), total protein (+6%), albumin (+8%), A/G ratio
(+7%), and cholesterol (+31%). While not significant, other parameters such as total
bilirubin and creatine kinase were increased compared to controls. In recovery males,
cholesterol was increased by 55%, compared to controls.
In females, chloride was increased at all dose levels (up to +5%, compared to controls).
LDH was also increased in all groups (+211%, +206%, and +91%, at 25, 75, and 150
mg/kg/day, respectively; only statistically significant at mid- and high-dose). At 75
mg/kg/day, statistically significant changes compared to controls included increased
creatinine (+14%), ALP (+32%), and uric acid (+36%). At 150 mg/kg/day, there were
the following statistically significant changes relative to controls: creatinine (+14%), AST
(+46%), ALP (+40%), uric acid (+55%), sodium (+1%), calcium (+5%), albumin (+8%).
At the end of the recovery period, cholesterol and triglycerides were increased by 68%
and 123%, respectively, compared to controls.
Urinalysis
Not conducted
Gross Pathology
At terminal sacrifice following 28 days of dosing or the recovery period, full necropsies
were performed on main study animals. At necropsy, yellow discoloration of tissues
and distended bile duct were observed at 150 mg/kg/day. In addition, discoloration
(red, black, or dark) was observed in numerous tissues of animals that died and this
correlated with histopathological findings of congestion or hemorrhage.
Organ Weights
At scheduled necropsy, the following organs were weighed and organ/body weight and
organ/brain weight ratios were calculated.

In males, there were statistically significant increases in absolute (+13%) and relative
(+15%) liver weights at the high dose compared to controls. Absolute and relative
pituitary weights were increased by up to +33%, compared to controls. Relative (to
body weight) heart weights were increased by 10%. In recovery males, liver weights
remained increased by up to 11%.
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In females, statistically significant increases in absolute and relative liver weights
occurred at all doses. Absolute liver weights were increased by 19%, 26%, and 34% at
25, 65, and 150 mg/kg/day, respectively. Absolute and relative weights of
thyroid/parathyroid were decreased by up to 40% at 25 mg/kg/day and 48% at the
higher doses. At the high dose, absolute and relative spleen weights were increased by
up to 37% and relative thymus weights were increased by up to 32%. In recovery
females, liver weights remained increased by up to 20% and absolute kidney weights
were increased by 15%, compared to controls.
Histopathology
At necropsy, the following organs and tissues were collected and preserved.

Tissues and organs listed above from all main study control and high dose animals and
all animals that died prematurely were examined histopathologically. For Groups 2 and
3, all gross lesions as well as the following tissues were examined: (1) both sexes –
cecum, colon, rectum, liver, mesenteric lymph node, salivary gland (mandibular),
spleen, and thymus, (2) males only: pancreas, and (3) females: mesenteric fat.
Adequate Battery: Yes
Peer Review: No
Histological Findings
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In animals that died prematurely, microscopic findings were present in mucosa of the
small and/or large intestine (congestion/hemorrhage), liver (cholangiohepatitis, bile duct
hyperplasia, hepatocyte degeneration/necrosis), mesenteric lymph node (sinus
histiocytosis), and mesenteric fat (atrophy). Lesions observed in high dose females
such as acute myofiber degeneration in the heart, lymphoid depletion in the spleen,
atrophy and/or degeneration/necrosis of cortical lymphocytes in the thymus, and
congestion/hemorrhage in the adrenals were considered to be likely secondary terminal
event- or stress-related findings.
At terminal sacrifice, increased mononuclear cell infiltrate was observed in the cecal,
colonic, and/or rectal mucosa at all dose levels. In high dose females and a single middose male, there was sinus histiocytosis in the mesenteric lymph node. In mid- and
high dose females, atrophy of the mesenteric fat was observed. Mucosal/submucosal
edema was observed in the rectum or cecum of high dose males and females. In the
salivary gland, there was degeneration/necrosis of the convoluted ducts in males (all
dose levels) and females (control, low, and mid-dose females).
In high dose recovery animals, increased mononuclear cell infiltrates in the mucosa of
the large intestine occurred at an increased incidence compared to controls.
Special Evaluation
None
Toxicokinetics
Blood samples for TK analysis were collected prior to dosing, and at nine timepoints
(out to 24 h) after dosing on Day 0 and during Week 4. Plasma samples were analyzed
using a validated method.
INT-747 was rapidly absorbed (Tmax range 0.25 – 2 h), and the half-life varied between
dose levels (range 3.8 to 12.11 h on Day 27). On Day 0, AUC increased in a greater
than dose proportional manner in males and females. Accumulation ratios ranged from
0.41 to 1.43. The following table copied from the Applicant’s report summarizes
toxicokinetic parameters (Groups 5, 6, and 7 were treated with 25, 50, and 100
mg/kg/day, respectively).
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Dosing Solution Analysis
Dosing solution samples were evaluated for concentration and homogeneity during
Weeks 1 and 3. The mean percentage of nominal concentrations ranged from 98.3 –
105.6% during Week 1 and 94.3 – 97.5% during Week 3, which met the ±10% criterion
for this study.
Review of Study No. 019958 is incorporated below from the pharmacology review of
IND 63307 dated February 12, 2009 (C. Wu, Ph.D., DGP). Although the February
2009 review copied below identifies the study report title as “Interim Report through
Week 13”, this review actually includes study results through the 26-week terminal
sacrifice. The correct study title is “A 26-Week Oral Toxicity Study in Sprague-Dawley
Rats with INT-747 (Including Results from the 13-week Interim Report).” In addition, it
is noted that in a second pharmacology review of the study under IND 63307 dated
October 14, 2011 (C. Wu, Ph.D., DGIEP), the NOAEL was identified as 6 mg/kg/day for
both males and females. In the NDA, the Applicant also identified the NOAEL for this
study as 6 mg/kg/day for both sexes based on findings of increased liver weights and
changes in albumin levels observed at 15 mg/kg/day.
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

20, 50, 100, and 200 mg/kg/day
Daily
Orally by capsule
Not applicable
Gelatin capsules
Beagle dogs (Canis familiaris)
1/sex/group
~5 months of age
Males: 5.65-7.55 kg; Females: 4.40-5.55 kg
No
No
Protocol deviations did not affect the quality or
integrity of the study.

Observations and Results
Mortality
Viability checks were conducted twice daily. There was no mortality in this study.
Clinical Signs
Animals were observed for clinical signs on dosing days at 1 and 2 h post-dose, and
once daily on days in which animals were not dosed. Clinical signs were related to
incidences of abnormal fecal consistency and vomiting. At 20 mg/kg/day, soft feces
were observed in the male animal. At 50 mg/kg/day, mucoid feces occurred on Day 5 in
the male animal. At 100 mg/kg/day, there was diarrhea in the male, while the female
vomited on numerous occasions and was observed to have soft, mucoid, or few to no
feces during the treatment period. At 200 mg/kg/day, both sexes exhibited vomiting,
soft feces, mucoid feces, few to no feces, and/or diarrhea.
Body Weights
Body weights were recorded prestudy, and on Days 0, 3, and 7. Most animals
(including controls) lost ≤0.5 kg during the study. The extent of weight loss in females
dosed with ≥100 mg/kg/day and the male dosed with 200 mg/kg/day was greater than
that occurring at other doses and was likely associated with vomiting in these animals.
Feed Consumption
Not monitored
Ophthalmoscopy
Not conducted
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ECG
ECGs (I, II, III, aVR, aVL, aVF) were taken once pretest, and between 15 – 30 min after
the first dose (Day 0) and last dose (Day 6). Parameters evaluated included heart rate,
P wave, PR duration, QRS, QT segment, T wave, Bazett QTc and axis. There were no
treatment-related findings.
Hematology
Blood samples were collected pretest, on Day 3, and prior to scheduled terminal
necropsy for evaluation of standard hematological and coagulation parameters.
Changes in hematological parameters (relative to pretest values) were noted in the
male dosed with 200 mg/kg/day. In the high dose male, platelet, WBC, and percent
neutrophils were increased by 37%, 142%, and 37%, respectively, on Day 7 relative to
pretest values.
Clinical Chemistry
Samples were analyzed for standard clinical chemistry parameters.
Treatment-related changes in clinical chemistry parameters, including increased liver
enzyme levels, occurred at ≥50 mg/kg/day on Days 3 and 7 in both sexes. On Day 7,
ALT levels in males were 205, 772, and 4730 IU/L at 50, 100, and 200 mg/kg/day,
respectively, compared to 25 IU/L in the control. At 100 and 200 mg/kg/day, AST was
93 and 1240 IU/L, respectively, compared to 22 IU/L in the male control. In the high
dose male, BUN, ALP, LDH, total bilirubin, GGT, CK, triglycerides, uric acid, albumin,
and A/G ratio were increased, while cholesterol was decreased, compared to the
control. In females, ALT levels were 391, 6880, and 4110 IU/L, respectively, at 50, 100,
and 200 mg/kg/day, compared to 21 IU/L in the control on Day 7. At 100 and 200
mg/kg/day, there were increases in AST, ALP, GGT, LDH, total bilirubin, and uric acid
and decreases in glucose, compared to the control.
Urinalysis
Not conducted
Gross Pathology
At terminal sacrifice, a full necropsy was performed on all animals. At ≥50 mg/kg/day in
females and 200 mg/kg/day in males, there was discoloration (yellow, red, or grey) of
mucous membranes, intestinal tract, and/or bones. At ≥100 mg/kg/day in females and
the male treated with 200 mg/kg/day, the livers were tan in color. At ≥100 mg/kg/day,
the testes and epididymides were observed to be small. At 200 mg/kg/day, the prostate
was small. In the high dose male and female, the gall bladders were thickened with
mucoid bile.

91
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

Organ Weights
Weights of the following organs were determined at terminal necropsy:

Organ weights relative to body weight and brain weight were also calculated.
At 200 mg/kg/day, absolute weights of the lungs, spleen, and thymus in the male were
decreased by 76%, 70%, and 57%, respectively, compared to the control. Weights of
lung, spleen, and thymus relative to body weight were also decreased at 200 mg/kg/day
(although relative spleen weights were similar to the 20 mg/kg/day male). Absolute
testes weights at 100 and 200 mg/kg/day (observed to be small macroscopically) were
decreased by 33% and 30% (compared to the control). However, there was no dose
relationship and the absolute testes weight in the male dosed with 20 mg/kg/day was
greater than the control (3.77 g versus 1.84 g) indicating a large variability across the
dose levels. Weights of testes relative to body weight at 100 and 200 mg/kg/day were
similar to the control, while weights relative to brain weight were decreased.
In females, absolute spleen weights were decreased by 30% and 20% at 100 and 200
mg/kg/day, respectively, compared to the control. Weights of spleen relative to brain
weight were also decreased, but weights relative to body weight were similar to the
control. Absolute thymus weights were decreased at all doses (-64%, -42%, -67%, and
-78% at 20, 50, 100, and 200 mg/kg/day, respectively, compared to the control.)
Relative thymus weights were also decreased at all doses. There also were decreases
in absolute and relative uterus and pituitary weights at all doses, but these were not
necessarily dose-dependent.
Histopathology
Although various tissues and organs were collected and preserved at terminal sacrifice,
microscopic evaluation of tissues/organs was not conducted.
Special Evaluation
None
Toxicokinetics
Blood samples for TK analysis were collected prior to dosing, and at eight timepoints
(out to 24 h) after dosing on Days 0 and 6. Plasma samples were analyzed using a
validated method.
INT-747 was rapidly absorbed with Cmax occurring approximately 1 to 2 h after dosing.
Half-life varied and could not be calculated for some animals. Systemic exposure
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epithelium was noted in a high dose female. There was evidence of partial recovery
based upon clinical chemistry and histopathological evaluation. The NOAEL was
considered to be 15 mg/kg/day in both sexes. The primary target organs were the liver
and gallbladder.
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

5, 15, and 50 mg/kg/day
Daily
Orally by capsule
Not applicable
Gelatin capsules
Beagle dogs
Main study: 4/sex/group
Recovery: 2/sex/group
5-6 months of age
Males: 6.35-8.15 kg; Females: 5.50-7.35 kg
No
No
Protocol deviations did not affect the quality or
integrity of the study.

Observations and Results
Mortality
Viability checks were conducted twice daily. There were no mortalities.
Clinical Signs
During the dosing phase, animals were observed daily at 1 and 2 h post-dosing for
clinical signs. During the recovery phase, animals were observed for clinical signs once
daily.
The primary clinical observations were emesis, salivation, and soft/mucoid/decreased
feces. These findings either occurred across treatment groups (including controls) or
there was a lack of dose relationship, indicating that the observations are unlikely
treatment-related. One exception was the higher incidence of emesis in high dose
females relative to controls.
Body Weights
Body weights were recorded pretest, once per week during the dosing phase, and at
necropsy. There were no treatment-related effects.
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Feed Consumption
Food consumption was estimated three times per week. There were no treatmentrelated effects.
Ophthalmoscopy
Ophthalmic examinations were conducted pretest and during the final week of dosing.
There were no treatment-related effects.
ECG
ECGs (I, II, III, aVR, aVL, aVF) were taken once pretest, and between 60-75 min after
dosing on Day 1, and during the final week of treatment. Parameters evaluated
included heart rate, P wave, PR duration, QRS, QT segment, T wave, and axis. There
were no treatment-related findings.
Hematology
Blood samples were collected pretest, on Day 15, and during the last week of the
dosing phase. Samples were analyzed for the standard hematological and coagulation
parameters.
While there were limited statistically significant differences between groups in various
parameters, no treatment-related effects on hematological or coagulation parameters
were identified based on a lack of dose response and/or comparison to pretest values.
Clinical Chemistry
Samples were analyzed for the standard clinical chemistry parameters.
At 50 mg/kg/day, there were treatment-related effects on AST, ALT, ALP, GGT, total
protein, and albumin on Days 15 and/or 26, as summarized in the following tables (not
statistically significant in all cases). In high dose males, there were also statistically
significant decreases in LDH (compared to controls). At the end of the recovery period,
there was evidence of partial recovery, although liver enzyme levels in some high dose
animals remained elevated relative to controls (e.g., GGT).
Mean Clinical Chemistry Values in Males – Day 15
Control
5 mg/kg/day
15 mg/kg/day
50 mg/kg/day

AST
(IU/L)
25
27
29
**
50

ALT
(IU/L)
23
21
27
*
719

ALP
(IU/L)
107
127
128
*
211

GGT
(IU/L)
0
1
1
4

*

Statistically significant difference from control group, p≤0.05
Statistically significant difference from control group, p≤0.01

**
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LDH
(IU/L)
119
143
133
100

Albumin
(g/dL)
3.1
3.1
3.1
**
3.3

Total Protein
(g/dL)
5.8
5.7
5.8
6.1
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Mean Clinical Chemistry Values in Males – Day 26
Control
5 mg/kg/day
15 mg/kg/day
50 mg/kg/day

AST
(IU/L)
32
31
37
*
45

ALT
(IU/L)
23
23
30
*
646

ALP
(IU/L)
109
131
131
**
216

GGT
(IU/L)
0
1
1
*
3

LDH
(IU/L)
116
109
101
*
48

Albumin
(g/dL)
3.1
3.1
3.2
**
3.4

Total Protein
(g/dL)
5.9
5.9
6.0
6.1

Albumin
(g/dL)
3.2
3.3
3.2
3.4

Total Protein
(g/dL)
5.9
5.8
5.9
*
6.1

Albumin
(g/dL)
3.2
3.2
3.2
3.4

Total Protein
(g/dL)
5.8
5.8
5.8
*
6.1

*

Statistically significant difference from control group, p≤0.05
Statistically significant difference from control group, p≤0.01

**

Mean Clinical Chemistry Values in Females – Day 15
Control
5 mg/kg/day
15 mg/kg/day
50 mg/kg/day

AST
(IU/L)
30
26
32
60

ALT
(IU/L)
22
21
25
*
574

ALP
(IU/L)
146
139
126
154

GGT
(IU/L)
0
0
0
1

LDH
(IU/L)
136
119
138
92

*

Statistically significant difference from control group, p≤0.05

Mean Clinical Chemistry Values in Females – Day 26
Control
5 mg/kg/day
15 mg/kg/day
50 mg/kg/day

AST
(IU/L)
34
29
38
318

ALT
(IU/L)
22
23
29
*
1184

ALP
(IU/L)
139
139
118
254

GGT
(IU/L)
0
0
0
3

LDH
(IU/L)
113
79
81
71

*

Statistically significant difference from control group, p≤0.05

Urinalysis
Not conducted
Gross Pathology
At terminal sacrifice, a full necropsy was performed on all animals. Necropsy included
examination of the carcass and muscular/skeletal system; all external surfaces and
orifices, cranial cavity and external surface of the brain; neck with associated
organs/tissues; and thoracic, abdominal, and pelvic cavities with associated
organs/tissues.
In males, there was a dose-dependent increase in the incidence of small prostate (1/4,
1/4, 2/4, and 3/4 animals in the control, low-, mid-, and high dose groups, respectively).
Small testes and epididymides were each noted in 1/4 mid-dose males. Small thymus
and discolored cervical lymph node were each noted in 1/4 high dose males. In
recovery animals, small spleen was noted in 1/2 mid-dose males and small thyroid was
noted in 1/2 high dose males.
In high dose females, gross findings were noted in 3/4 animals. One female had yellow
discoloration of the entire body, thickened and distended gall bladder, and small liver
and thymus. In another female, discolored cecum-colon junction, thickened AV valve of

96
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.

the heart, and red pinpoint areas in the rectum were noted. Finally, the third high dose
female had a discolored lobe of the lungs. A pituitary gland cyst was noted in 1/4
females at 15 mg/kg/day. At recovery, enlarged ovary and thickened stomach were
noted in 1/2 high dose females each.
Organ Weights
Weights of the organs identified in the Applicant’s table below were measured at
necropsy. Relative organ/body weight and organ/brain weight ratios were calculated.

There was a statistically significant decrease in adrenal relative to brain weights in high
dose females at the end of the dosing phase (0.0165 g/g, versus 0.0127 g/g in controls).
However, there were no statistically significant changes in absolute weights or
correlating gross or histopathological findings.
Histopathology
Organs and tissues identified in the Applicant’s table below were collected and
preserved at necropsy. Histopathology evaluation of organs/tissues from the control
and high dose groups was conducted. In addition, histopathology evaluation of target
organs (liver, kidneys, and gallbladder) and gross lesions were conducted for the lowand mid-dose groups and recovery animals.

Adequate Battery: Yes
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Peer Review: No
Histological Findings
At 50 mg/kg/day, treatment-related findings were observed in the liver, gallbladder, and
kidney (females only). Findings in the liver and gallbladder are summarized in following
tables copied directly from the Applicant’s study report.

In the liver of high dose animals, yellow to brown globular pigment was observed within
centrilobular hepatocytes and/or Kupffer cells. Additional treatment-related findings in
the liver of a single high dose female included mild diffuse centrilobular hepatocellular
degeneration and moderate diffuse atrophy. Minimal peribiliary histiocytic infiltrates
were observed in the liver of a single mid-dose male and one male and female at the
high dose. In the gallbladder, 50 mg/kg/day INT-747 produced increased secretion and
an increased incidence and/or severity of cystic hyperplasia. In the kidney, vacuolation
of the tubular epithelium in a single high dose female was considered treatment-related
due to the increased severity of this finding as compared to other groups. Immature
reproductive organs (including prostate, epididymides, and/or testes) were noted in
numerous control and INT-747 treated male dogs. These findings correlated with
macroscopic findings (small) but were not considered treatment-related since there
were similar incidences in control animals. In recovery animals, slight/mild cystic
hyperplasia of the gallbladder was noted in 1/2 and 2/2 low- and high dose males,
respectively, and 1/2 high dose females.
Special Evaluation
None
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Toxicokinetics
Blood samples for TK analysis were collected prior to dosing, at five timepoints (out to
24 h) after dosing on Day 0, and one day during Week 4. Plasma samples were
analyzed for INT-747 concentrations using a validated method.
Cmax was generally achieved at ~1 h after dosing, and half-life varied from 0.5 to 12 h,
with an average t1/2 of 3.5 h. Summary TK parameters for Days 0 and 28 are shown in
the Applicant’s tables below.
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Dosing Solution Analysis
Solutions of the contents of INT-747 dose capsules were analyzed. Samples were
within 100 ± 3% of nominal concentrations, and thus acceptable.
Review of Study No. 019959 is incorporated below from the pharmacology review of
IND 63307 dated February 12, 2009 (C. Wu, Ph.D., DGP). Under the current NDA, the
Applicant submitted an amended study report for Study No. 019959 dated December
10, 2008; whereas, Dr. Wu previously reviewed the original final report. The amended
report incorporates a correction to the label on several toxicokinetic tables. However,
there were no changes which would impact the overall study results or conclusions.
The corrected TK summary tables are copied below from the Applicant’s amended
study report. As shown in the bold strikethrough and bold underlined text, the study
week was corrected from week 26 to 39.
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Other Genetic Toxicity Studies

Study title: UPF-832 Salmonella-E.Coli/Mammalian Microsome Reverse
Mutation Assay
(b) (4)
Study no.:
12-120
Study report location: EDR
(b) (4)
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

March 15, 2012
Yes
Yes
UPF-832 (Glyco-6α-ethylchenodeoxycholic acid), Lot# FV-188099,
98.82%
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Key Study Findings
Under the conditions tested, UPF-832 was negative in the in vitro bacterial reverse
mutation assay using the plate incorporation method both with and without metabolic
activation.
Methods
Strains: Salmonella typhimurium TA98, TA100,
TA1535 and TA1537, and Escherichia coli
WP2uvrA
Concentrations in definitive study: TA100, TA1535, and TA1537: 25, 50, 100,
250, 500, 1000, and 2500 µg/plate with and
without metabolic activation;
TA98 and WP2uvrA: 100, 250, 500, 1000,
2500, and 5000 µg/plate with and without
metabolic activation
Basis of concentration selection: In an initial trial conducted using 25 to 5000
µg/plate, cytotoxicity (reduction in
background lawn) occurred at ≥1000
µg/plate in TA100, TA1535, and TA1537
without metabolic activation; at ≥2500
µg/plate in TA100 and TA1535 with
metabolic activation; and at 5000 µg/plate in
TA1537 with metabolic activation.
Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control for all strains in the
presence of metabolic activation was 2aminoanthracene. The positive controls for
testing in the absence of metabolic
activation were as follows: ICR-191 acridine
for TA1537; 2-nitrofluorene for TA98;
sodium azide for TA100 and TA1535; and
4-nitroquinoline-N-oxide for WP2uvrA.
Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the
test compound and positive or negative
controls by the plate incorporation method.
Commercially purchased S9 mixture (7.5%
v/v) was used for metabolic activation. The
plates were incubated at 37°C for 2 days.
Study Validity
The assay was considered valid based on comparison of the vehicle and positive
control plates relative to revertant count ranges found in historical data from the
conducting laboratory. The test article was considered positive if it induced a
concentration-dependent increase in revertants, with increases at least 2 times the
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vehicle control background frequency for TA100 and 3 times the vehicle control
frequency for TA1537, TA98, TA1535, and WP2uvrA. The increases should occur in at
least 2 more successive concentrations or should be repeatable at a single
concentration. In this study, positive control mean values were at least 3-fold greater
than vehicle control means and comparable to historical data. Means of vehicle control
data were also comparable to historical data. Thus, the assay was considered valid.
Results
In the confirmatory study, cytotoxicity occurred at ≥1000 µg/plate in TA1535 and at 2500
µg in TA1537 and TA100 without metabolic activation. With metabolic activation,
cytotoxicity occurred at 2500 µg/plate in TA1535. Precipitates were not observed at any
concentration regardless of metabolic activation. Incubation with UPF-832 did not
produce a treatment-related increase in the number of revertants for any strain, either in
the presence or absence of metabolic activation. Results of the initial and confirmatory
assays are shown in the Applicant’s tables below.
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Study title: UPF-1443 Salmonella-E.Coli/Mammalian Microsome Reverse
Mutation Assay
(b) (4)
Study no.:
12-121
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

March 15, 2012
Yes
Yes
UPF-1443 (Tauro-6α-ethylchenodeoxycholic acid), Lot#’s FV188100 and BC-229040, 99.38% and
100%

Key Study Findings
Under the conditions tested, UPF-1443 was 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: Salmonella typhimurium TA98, TA100,
TA1535 and TA1537, and Escherichia coli
WP2uvrA
Concentrations in definitive study: TA100 and TA1537: 25, 50, 100, 250, 500,
1000, 2500, and 5000 µg/plate without
metabolic activation; 50, 100, 250, 500,
1000, 2500, and 5000 µg/plate with
metabolic activation;
TA98, TA1535, and WP2uvrA: 50, 100,
250, 500, 1000, 2500, and 5000 µg/plate
with and without metabolic activation
Basis of concentration selection: In an initial trial conducted using the plate
incorporation method at 25 to 5000
µg/plate, cytotoxicity (reduction in
background lawn) occurred at ≥1000
µg/plate in TA100 and TA1537 without
metabolic activation; at ≥2500 µg/plate in
TA100 with metabolic activation and
TA1535 without metabolic activation; and at
5000 µg/plate in TA1537 with metabolic
activation.
Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control for all strains in the
presence of metabolic activation was 2aminoanthracene. The positive controls for
testing in the absence of metabolic
activation were as follows: ICR-191 acridine
for TA1537; 2-nitrofluorene for TA98;
sodium azide for TA100 and TA1535; and
4-nitroquinoline-N-oxide for WP2uvrA.
Formulation/Vehicle: DMSO
Incubation & sampling time: In the confirmatory assays, the
preincubation method was used. Tester
strains were first incubated with the test
compound and positive or negative controls
in the presence or absence of metabolic
activation at 37ºC for 20 min with shaking.
After plating with agar, the plates were
incubated at 37°C for 2 days. Commercially
purchased S9 mixture (7.5% v/v) was used
for metabolic activation.
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Study Validity
The assay was considered valid based on comparison of the vehicle and positive
control plates relative to revertant count ranges found in historical data from the
conducting laboratory. The test article was considered positive if it induced a
concentration-dependent increase in revertants, with increases at least 2 times the
vehicle control background frequency for TA100 and 3 times the vehicle control
frequency for TA1537, TA98, TA1535, and WP2uvrA. The increases should occur in at
least 2 more successive concentrations or should be repeatable at a single
concentration. In this study, positive control mean values were at least 3-fold greater
than vehicle control means and comparable to historical data and means of vehicle
control data were comparable to historical data, with one exception. Because the mean
numbers of revertant colonies in the vehicle and positive controls for WP2uvrA without
metabolic activation were less than historical controls, a repeat confirmatory assay was
conducted.
Results
In the confirmatory assay, cytotoxicity occurred only in strain TA100 at 5000 µg/plate in
the presence of metabolic activation, and there were no observations of precipitation. In
the confirmatory and repeat confirmatory assays (WP2uvrA only), there were no
treatment-related increases in the mean number of revertants in any treatment group
with or without metabolic activation. Because the highest concentration tested in strains
TA100 and TA1537 without metabolic activation was 2500 µg/plate, a second repeat
confirmatory assay was conducted in these strains without metabolic activation to test
up to 5000 µg/plate UPF-1443. In the second repeat confirmatory assay, the test
compound was also negative at all concentrations. Data from the initial, confirmatory
and repeat confirmatory, and second repeat confirmatory assays are shown in the
Applicant’s tables below.
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(b)

Study title: INT-747 With Impurity (4) almonella-E.Coli/Mammalian
Microsome Reverse Mutation Assay
(b) (4)
Study no.:
12-102
Study report location: EDR
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

February 27, 2012
Yes
Yes
INT-747 with Impurity
(b) (4)
(b)
(4)% for Impurity

(b)
(4)

(b) (4)

Lot# Jo3601 K1,

Key Study Findings
(b)

(b)

Under the conditions tested, INT-747 with (4) % Impurity (4) 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: Salmonella typhimurium TA98, TA100,
TA1535 and TA1537, and Escherichia coli
WP2uvrA
Concentrations in definitive study: TA98, TA100, TA1535, and WP2uvrA: 25,
50, 100, 250, 500, 1000, and 2500 µg/plate
with and without metabolic activation;
TA1537: 25, 50, 100, 250, 500, 1000, and
2500 µg/plate with metabolic activation, and
5, 10, 25, 50, 100, 250, 500, and 1000
µg/plate without metabolic activation
Basis of concentration selection: In initial trials, precipitates were observed in
all strains with and without metabolic
activation at ≥2500 µg/plate. Cytotoxicity
(reduction in background lawn) occurred at
≥250 µg/plate in TA1537 without metabolic
activation; at ≥1000 μg/plate in TA100 and
TA1535 with and without metabolic
activation; and at ≥2500 and 5000 μg/plate
in TA1537 without and with metabolic
activation, respectively.
Negative control: Ethanol
Positive control: The positive control for all strains in the
presence of metabolic activation was 2aminoanthracene. The positive controls for
testing in the absence of metabolic
activation were as follows: ICR-191 acridine
for TA1537; 2-nitrofluorene for TA98;
sodium azide for TA100 and TA1535; and
4-nitroquinoline-N-oxide for WP2uvrA.
Formulation/Vehicle: Ethanol
Incubation & sampling time: The tester strains were incubated with the
test compound and positive or negative
controls by the plate incorporation method.
Commercially purchased S9 mixture (7.5%
v/v) was used for metabolic activation. The
plates were incubated at 37°C for 2 days.
Study Validity
The assay was considered valid based on comparison of the vehicle and positive
control plates relative to revertant count ranges found in historical data from the
conducting laboratory. The test article was considered positive if it induced a
concentration-dependent increase in revertants, with increases at least 2 times the
vehicle control background frequency for TA100 and 3 times the vehicle control
frequency for TA1537, TA98, TA1535, and WP2uvrA. The increases should occur in at
least 2 more successive concentrations or should be repeatable at a single
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concentration. In the initial assay and the first repeat initial assay, the positive control
for TA1537 with metabolic activation was below the historical control range. Therefore,
a second repeat initial assay was conducted for TA1537 in the presence of metabolic
activation. In the confirmatory assay, positive control mean values were at least 3-fold
greater than vehicle control means and comparable to historical data. Means of vehicle
control data were also comparable to historical data. Thus, the assay was considered
valid.
Results
In the confirmatory study, cytotoxicity occurred at ≥1000 µg/plate in TA100, TA1535,
and TA1537 without metabolic activation and at 2500 µg in TA100 with metabolic
activation. Precipitates were observed at 2500 µg/plate in all strains regardless of
(b)
(b)
metabolic activation. Incubation with INT-747 with (4)% Impurity (4)did not produce a
treatment-related increase in the number of revertants for any strain, either in the
presence or absence of metabolic activation. The Applicant’s tables below summarize
the results of the initial and confirmatory assays.
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Methods
Strains: Salmonella typhimurium TA98, TA100,
TA1535 and TA1537, and Escherichia coli
WP2uvrA
Concentrations in definitive study: TA98, TA1537, and WP2uvrA: 100, 250,
500, 1000, 2500, and 5000 µg/plate with
and without metabolic activation;
TA100 and TA1535: 25, 50, 100, 250, 500,
1000, and 2500 µg/plate with and without
metabolic activation
Basis of concentration selection: In an initial trial with 25-5000 µg/plate,
cytotoxicity (reduction in background lawn)
occurred at ≥1000 µg/plate in TA100 and
TA1537 with and without metabolic
activation. Precipitates were observed at
5000 µg/plate in all strains with and without
metabolic activation.
Negative control: Dimethylsulfoxide (DMSO)
Positive control: The positive control for all strains in the
presence of metabolic activation was 2aminoanthracene. The positive controls for
testing in the absence of metabolic
activation were as follows: ICR-191 acridine
for TA1537; 2-nitrofluorene for TA98;
sodium azide for TA100 and TA1535; and
4-nitroquinoline-N-oxide for WP2uvrA.
Formulation/Vehicle: DMSO
Incubation & sampling time: The tester strains were incubated with the
test compound and positive or negative
controls by the plate incorporation method.
Commercially purchased S9 mixture (7.5%
v/v) was used for metabolic activation. The
plates were incubated at 37°C for 2 days.
Study Validity
The assay was considered valid based on comparison of the vehicle and positive
control plates relative to revertant count ranges found in historical data from the
conducting laboratory. The test article was considered positive if it induced a
concentration-dependent increase in revertants, with increases at least 2 times the
vehicle control background frequency for TA100 and 3 times the vehicle control
frequency for TA1537, TA98, TA1535, and WP2uvrA. The increases should occur in at
least 2 more successive concentrations or should be repeatable at a single
concentration. In this study, positive control mean values were at least 3-fold greater
than vehicle control means and comparable to historical data. Means of vehicle control
data were also comparable to historical data. Thus, the assay was considered valid.
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Key Study Findings
Under the conditions tested, UPF-832 was negative for induction of structural and
numerical chromosomal aberrations in human peripheral blood lymphocytes in the
presence or absence of metabolic activation.
Methods
Cell line: Human peripheral blood lymphocytes
Concentrations in definitive study: 3 h treatment without S9: 10, 50, 100, 150,
175, 200, 225, 250, 275, 300, and 350
µg/mL;
3 h treatment with S9: 10, 50, 100, 125,
150, 175, 200, 250, and 300 µg/mL;
22 h treatment without S9: 10, 50, 100, 150,
175, 200, 225, 250, 275, and 300 µg/mL;
Repeat 22 h treatment without S9: 10, 100,
125, 150, 160, 170, 180, 190, 200, 225, and
250 µg/mL
Basis of concentration selection: In a range-finding cytotoxicity assay,
concentrations up to 5000 µg/mL were
tested. Hemolysis occurred at ≥313 µg/mL.
Cytotoxicity (reduction in mitotic index) was
73% and 100% at 313 and 625 µg/mL in the
3 h treatment without S9, 39% and 100% at
156 and 313 µg/mL in the 22 h treatment
without S9, and 52% and 100% at 156 and
313 µg/mL in the 3 h treatment with S9.
Negative control: Dimethylsulfoxide (DMSO)
Positive control: Cyclophosphamide (CP) and Mitomycin C
(MMC) in the presence and absence of
metabolic activation, respectively.
Formulation/Vehicle: DMSO
Incubation & sampling time: Cells were treated with UPF-832 for 3 h
with and without metabolic activation, and
22 h without metabolic activation. Colcemid
was added for the final 2 h to arrest cells in
metaphase. All cultures were harvested at
~ 22 h. Aroclor 1254-induced rat liver S9
fraction was purchased commercially. The
concentration of S9 homogenate in culture
was 1.5%. Structural chromosomal
aberrations were analyzed from a total of
200 metaphase cells (100 from each
culture) or ≥30 aberrant cells from each
concentration or controls. Numerical
aberrations were evaluated from 400 cells
per concentration (200 from each culture).
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Study Validity
Vehicle and positive control results were compared to historical data ranges. In this
study, data from the controls were comparable to the historical control range, except
that the percent of aberrant cells in the positive control for the 3 h treatment without S9
exceeded the historical control range. This was not considered to have negatively
impacted the validity of the study. Positive control results were statistically significant,
compared to relevant vehicle controls. The criterion for a test article to be considered
positive for inducing chromosomal aberrations was a significant increase in the numbers
of cells with aberrations. If a significant increase occurred at ≥1 dose levels, a doseresponse should be observed.
Results
In the 3 h treatment assay without metabolic activation, concentrations evaluated for
chromosomal aberrations were 200, 250, and 275 µg/mL. In the 22 h treatment without
metabolic activation, concentrations analyzed were 10, 125, and 150 µg/mL. Finally, in
the 3 h treatment assay with metabolic activation, concentrations evaluated for
chromosomal aberrations were 125, 175, and 200 µg/mL. Under all three assay
conditions, there were no statistically significant increases in either structural or
numerical aberrations in the UPF-832 treatment groups, relative to vehicle controls.
Summary results are presented in the Applicant’s tables copied below.
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Study title: UPF-1443 In Vitro Chromosome Aberration Test in Cultured
Human Peripheral Blood Lymphocytes
(b) (4)
Study no.:
12-123
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

March 15, 2012
Yes
Yes
UPF-1443 (Tauro-6α-ethylchenodeoxycholic acid), Lot# FV-188100,
99.38%
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Key Study Findings
Under the conditions tested, UPF-1443 was negative for induction of structural and
numerical chromosomal aberrations in human peripheral blood lymphocytes in the
presence of metabolic activation with 3 h incubation and absence of metabolic
activation with 24 h incubation. According to the specified study criteria, there was an
equivocal response based upon a statistically significant increase in the mean percent
of chromosomal aberrations at the highest concentration analyzed (compared to vehicle
control) following 3 h incubation without metabolic activation.
Methods
Cell line: Human peripheral blood lymphocytes
Concentrations in definitive study: 3 h treatment with and without S9: 100,
200, 250, 300, 350, 400, 450, 500, 550,
600, and 650 µg/mL;
22 h treatment without S9: 10, 100, 150,
200, 225, 250, 275, 300, and 400 µg/mL
Basis of concentration selection: In a range-finding cytotoxicity assay,
concentrations up to 5000 µg/mL were
tested. Precipitates were observed at
≥2500 µg/mL in the 3 h treatment without
S9 and at 5000 µg/mL in the 3 h treatment
with S9. Hemolysis occurred at ≥313
µg/mL in the 22 h treatment and ≥625
µg/mL in the 3 h treatments regardless of
metabolic activation. Cytotoxicity (reduction
in mitotic index) was 2% and 100% at 313
and ≥625 µg/mL, respectively, in the 3 h
treatment without S9; 58% and 100% at
313 and ≥625 µg/mL, respectively, in the 22
h treatment without S9; and 10% and ≥96%
100% at 313 and ≥625 µg/mL, respectively,
in the 3 h treatment with S9.
Negative control: Dimethylsulfoxide (DMSO)
Positive control: Cyclophosphamide (CP) and Mitomycin C
(MMC) in the presence and absence of
metabolic activation, respectively.
Formulation/Vehicle: DMSO
Incubation & sampling time: Cells were treated with UPF-1443 for 3 h
with and without metabolic activation, and
22 h without metabolic activation. Colcemid
was added for the final 2 h to arrest cells in
metaphase. All cultures were harvested at
~ 22 h. Aroclor 1254-induced rat liver S9
fraction was purchased commercially. The
concentration of S9 homogenate in culture
was 1.5%. Structural chromosomal

139
Reference ID: 3870157

NDA #207999

Tracy Behrsing, Ph.D.
aberrations were analyzed from a total of
200 metaphase cells (100 from each
culture) or ≥30 aberrant cells from each
concentration or controls. Numerical
aberrations were evaluated from 400 cells
per concentration (200 from each culture).

Study Validity
Vehicle and positive control results were compared to historical data ranges. In this
study, data from the controls were comparable to the historical control range, except
that the percent of aberrant cells in the positive control for the 22 h treatment without S9
exceeded the historical control range. This was not considered to have negatively
impact the validity of the study. Positive control results were statistically significant,
compared to relevant vehicle controls. The criteria for considering the test compound
positive for inducing chromosomal aberrations were 1) a significant increase (p≤0.01) in
the numbers of cells with aberrations at ≥1 dose levels, or 2) a significant increase
(p≤0.05) observed at ≥2 dose levels. If a significant increase occurred at ≥1 dose
levels, a dose-response should be observed. If there was no statistically significant
increase (p≤0.05) at any of the dose levels, the test compound is considered negative.
If neither the positive or negative criteria are met, the results were considered equivocal,
and biological relevance should be considered.
Results
In the 3 h treatment assay without metabolic activation, concentrations evaluated for
chromosomal aberrations were 200, 250, and 300 µg/mL (results summarized in the
Applicant’s table below). In this assay, there was a statistically significant (p≤0.05)
increase in the mean percent of cells with chromosomal aberrations (3.5%) at 300
µg/mL UPF-1443, compared to the vehicle control (0.0%). The mean percent of cells
with aberrations was only slightly above the historical vehicle control range (0 to 3%). In
the UPF-1443 treatment groups, the percent of cells with >1 aberrations was 0,
compared to 52.8% in the concurrent positive control. Based on the criteria specified
for this study, UPF-1443 was considered to be equivocal for inducing structural
aberrations under these treatment conditions. The study report concluded that the
statistically significant increase in aberrations observed at 300 µg/mL was biologically
relevant since it exceeded the historical vehicle control range, and given that there was
an increase (not statistically significant) in the 22 h incubation without metabolic
activation at a concentration producing similar cytotoxicity.
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In the 22 h treatment without metabolic activation, concentrations analyzed were 150,
200, and 250 µg/mL. In the 3 h treatment assay with metabolic activation,
concentrations evaluated for chromosomal aberrations were 200, 250, and 300 µg/mL.
In the 24 h incubation assay without metabolic activation and the 3 h treatment assay
with metabolic activation, there were no statistically significant increases in either
structural or numerical aberrations in the UPF-1443 treatment groups, relative to vehicle
controls. Summary results are presented in the Applicant’s tables copied below.
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(b)

Study title: INT-747 with Impurity (4) n Vitro Chromosome Aberration Test in
Cultured Human Peripheral Blood Lymphocytes
(b) (4)
Study no.:
12-103
Study report location: EDR
(b) (4)
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

February 27, 2012
Yes
Yes
INT-747 with Impurity
(b)
(b) (4)
(4)% for Impurity

(b)
(4)

Lot# Jo3601 K1,

Key Study Findings
(b) (4)

Under the conditions tested, INT-747 with Impurity
%) was negative for induction of
structural and numerical chromosomal aberrations in human peripheral blood
lymphocytes in the presence or absence of metabolic activation.
Methods
Cell line: Human peripheral blood lymphocytes
Concentrations in definitive study: 3 h treatment without S9: 1.0, 15, 30, 60,
75, 85, 100, 125, 150, and 200 µg/mL (Trial
1) and 1.0, 15, 30, 60, 70, 80, 90, 100, 125,
and 150 µg/mL (Trial 2);
22 h treatment without S9: 1.0, 5.0, 15, 30,
45, 60, and 75 µg/mL;
3 h treatment with S9: 1.0, 5.0, 15, 30, 45,
60, 75, 100, and 150 µg/mL (Trial 1) and
1.0, 5.0, 10, 20, 30, 40, 50, 60, 70, and 100
µg/mL (Trial 2)
Basis of concentration selection: In a range-finding cytotoxicity assay,
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Negative control:
Positive control:

Formulation/Vehicle:
Incubation & sampling time:

concentrations up to 1250 µg/mL were
tested. The highest concentration tested
was limited based on solubility in the culture
media. Precipitates and/or hemolysis were
observed at ≥313 µg/mL. Cytotoxicity
(reduction in mitotic index) was 33% and
76% at 78.1 and ≥156 µg/mL, respectively,
in the 3 h treatment without S9; 42% and
100% at 39.1 and ≥78.1 µg/mL,
respectively, in the 22 h treatment without
S9; and 57% and ≥76% at 39.1 and ≥78.1
µg/mL, respectively, in the 3 h treatment
with S9.
Ethanol
Cyclophosphamide (CP) and Mitomycin C
(MMC) in the presence and absence of
metabolic activation, respectively.
Ethanol
Cells were
treated with INT-747 with
(b)
Impurity (4)for 3 h with and without metabolic
activatio and 22 h without metabolic
activation. Colcemid was added for the
final 2 h to arrest cells in metaphase. All
cultures were harvested at ~ 22 h. Aroclor
1254-induced rat liver S9 fraction was
purchased commercially. The
concentration of S9 homogenate in culture
was 1.5%. Structural chromosomal
aberrations were analyzed from a total of
200 metaphase cells (100 from each
culture) or ≥30 aberrant cells from each
concentration or controls. Numerical
aberrations were evaluated from 400 cells
per concentration (200 from each culture).

Study Validity
Vehicle and positive control results were compared to historical data ranges. In this
study, data from the controls were comparable to the historical control range, except
that the percent of aberrant cells in the positive control for the 3 h treatment with S9 in
Trial 2 were inadequate. Thus, a second repeat assay (Trial 3) was conducted for the 3
h with S9 treatment. Positive control results were statistically significant, compared to
relevant vehicle controls. The criterion for the test article to be considered positive for
inducing chromosomal aberrations was a significant increase in the numbers of cells
with aberrations. If a significant increase occurred at ≥1 dose levels, a dose-response
should be observed.
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In females, FDA pairwise comparisons showed statistically significant decreases in
survival rates in the mid-dose group compared to the pooled controls and control group
2.
There were no drug-related neoplastic findings in male rats. In females, there were
drug-related increases in the incidences of benign granulosa cell tumors in the ovaries
and benign granular cell tumors in the cervix and vagina at 20 mg/kg/day INT-747.
(ECAC meeting minutes dated September 10, 2015, Attachment-2)

Adequacy of Carcinogenicity Study
The carcinogenicity study conduct was acceptable. The dose selection was based on
recommendations from the Executive CAC (October 6, 2011). Based on mortalities
observed at 60 mg/kg/day in the 26-week toxicity study, the Division and CDER
Executive Carcinogenicity Assessment Committee (ECAC) recommended a high dose
of 20 mg/kg/day (1/3rd the lethal dose). During the conduct of the study, the Division
provided recommendations and information to the Applicant regarding early termination
procedures which were in concurrence with the ECAC (IND 63307, T. Chakraborti,
Ph.D., 08/21/2013). Subsequently, the Applicant submitted a notification of early
termination of the male rats from all groups as per the Divisions’ previous August 2013
recommendations. In IND 63307 nonclinical review dated 12/24/2013 (S. Chakder,
Ph.D.), it was concluded that termination of the male rats from all groups after Week
100 was acceptable.
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: Tumor analyses consisted of trend analyses for
dose response relationship in tumor incidence and pairwise comparisons of tumor
incidences in individual treatment groups with combined control groups. Both the dose
response relationship tests and pairwise comparisons were performed using the Poly-k
method. The tumor test was based on the pooled control groups, and tumor incidences
were combined based on McConnell et al. (1986). All tumors presented as “#X
TUMOR” or “#TUMOR, MULTIPLE” were combined for statistical analysis. In addition,
tumor combinations evaluated by the FDA statistical reviewer included the following: 1)
combined papilloma in ear, tail, skin, and paw (males only), and 2) and benign granular
cell tumors in the cervix and vagina combined. For the adjustment of multiple testing of
dose response relationship, common and rare tumors were tested 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.
Males:
In males, there were no drug-related neoplastic findings.
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Females:
Benign Granulosa Cell Tumors in the Ovaries. There was an increasing trend in the
incidence of benign granulosa cell tumors in the ovaries [p=0.0129 (FDA statistics
review); Table 1]. Pairwise comparison also showed an increased incidence at the high
dose as compared to combined controls (p=0.0309). Finally, the incidence of this tumor
type in the ovaries (identified as rare in the study report) at the high dose (4.6%) exceeded
(b) (4)
the
historical control range (up to 1.67%).
Benign Granular Cell Tumors in the Cervix and Vagina.
There was an increasing trend in the incidence of benign granular cell tumors in the cervix
[p=0.0029 (FDA statistics review); Table 1]. Pairwise comparison showed an increased
incidence at the high dose as compared to pooled controls (p=0.0030). In the vagina,
there was also an increasing trend in the incidence of benign granular cell tumors
[p=0.0064 (FDA statistical review)]. The p value for pairwise comparison of the
incidence in high dose females versus pooled controls was 0.0309. Furthermore, trend
analysis and pairwise comparison (high dose versus pooled controls) of granular cell
tumors in the cervix and vagina combined showed this finding to be highly significant
(p<0.001).
The following table summarizes the dose response relationship and pairwise
comparisons of treated groups and pooled controls for the tumor findings in females
discussed above.
Table 1
Organ
Name
Ovary
Cervix
Vagina
Cervix/
Vagina
Combined

Tumor Name
Benign granulosa
cell tumor
Benign granular
cell tumor
Benign granular
cell tumor
Benign granular
cell tumor

0
mg/kg/day
(C)
N=130

Incidence
2
7
mg/kg/day mg/kg/day
(LD)
(MD)
N=65
N=65

Dose
Response

C vs.
LD

C vs.
MD

C vs. HD

0

1

1

3

0.0129

0.3396

0.3269

0.0309

0

2

2

5

0.0029

0.1139

0.1083

0.0030

0

0

0

3

0.0064

-

-

0.0309

0

2

2

8

<0.001

0.1139

0.1083

<0.001
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Observations and Results
Mortality
All animals were checked twice daily for signs of morbidity and mortality during the
treatment period.
Results: The Applicant’s table below summarizes the survival in males and females. In
females, there was a statistically significant decreasing trend in survival rates when
compared with the pooled control group (p=0.0298) and control group 2 (p=0.0414).
However, survival in each treated female group (41-54%) was within the testing facility
historical control range (31-70%; mean 43%) and the survival rate in control group 2
(60%) approached historical control maximum values.

Independent analysis of survival data by the FDA statistical reviewer (F. Zhou) showed
that respective survival rates in the control 1, control 2, low dose, mid dose, and high dose
groups were 31%, 28%, 28%, 26%, and 25% in males and 58%, 60%, 55%, 42%, and
46% in females. The FDA statistical reviewer’s survival analysis determined that there
was not a statistically significant dose response relationship in mortality across combined
control and treated groups in either sex. The pairwise comparisons showed a statistically
significant increased mortality in mid-dose females compared to the pooled controls
(p=0.0487) and compared to control group 2 (p=0.0363). Results of the intercurrent
mortality comparison for male and female rats are shown below in Tables 3A and 3B,
respectively (copied from the statistical review from F. Zhou).
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Table 3A: Intercurrent Mortality Comparison – Male Rats
Test

Statistic

P-Value
(Pooled Controls)

P-Value
(Control-1)

P-Value
(Control-2)

Dose-Response

Likelihood Ratio

0.4597

0.3545

0.8408

Homogeneity

Log-Rank

0.7587

0.5331

0.9596

Table 3B: Intercurrent Mortality Comparison – Female Rats
Test

Statistic

P-Value
(Pooled Controls)

P-Value
(Control-1)

P-Value
(Control-2)

Dose-Response

Likelihood Ratio

0.0594

0.1706

0.0660

Homogeneity

Log-Rank

0.1310

0.3554

0.1250

The Kaplan-Meier curves for survival rates of all treatment groups (from the FDA
statistical review) are shown below in Figures 1A and 1B for male and female rats,
respectively.

Figure 1A: Kaplan-Meier Survival Functions for Male Rats

Note: dose group should be 0, 2, 7, or 20-mg/kg/day
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Figure 1B: Kaplan-Meier Survival Functions for Female Rats

Note: dose group should be 0, 2, 7, or 20-mg/kg/day
Due to the observed high mortality rate, all surviving males were terminated during
Week 100/101. There was an increased incidence of chronic progressive nephropathy
(CPN) as the cause of death or euthanasia (in extremis) in high dose males (14/65
animals, compared to 3/65 and 1/65 in control groups 1 and 2, respectively). In
females, there was an increased incidence of benign pituitary adenomas as the cause
of death or euthanasia (in extremis) in INT-747 treated females (21/65, 23/65, and
20/65 low-, mid-, and high-dose animals, respectively, compared to 14/65 animals each
in control groups 1 and 2). However, this was not dose-dependent.
Clinical Signs
Toxicology animals were observed for clinical signs once daily, and detailed
examinations were conducted once weekly. Toxicology animals were palpated for
masses weekly, and the time of onset, location, size, appearance, and progression of
palpable masses were recorded.
Results: There were no treatment-related findings.
Body Weights
Body weights were recorded weekly beginning during acclimation through Week 14,
and approximately every two weeks thereafter.
Results: In males, treatment-related effects on body weights occurred at ≥7 mg/kg/day.
At the high dose, statistically significant decreases in body weight and body weight gain
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discussed below. The table also includes the incidence of all papillomas in ear, tail, skin,
and paw combined for comparison.

Organ Name

PAWS
SYSTEMIC TUMORS

Multi/Organ**

P-Value

0
mg/kg/day
C
N=130

2
mg/kg/day
LD
N=65

7
mg/kg/day
MD
N=65

20
mg/kg/day
HD
N=65

Dose
Response

C vs. LD

C vs. MD

C vs. HD

#B PAPILLOMA

0

0

0

3

0.0081*

.

.

0.0352*

Tumor Name

#B HEMANGIOMA

1

0

2

3

0.0267

0.3279

0.2278

0.1026

C_HEMANGIO_M+B

1

0

2

4

0.0077*

0.3279

0.2278

0.0393*

C_PAPILLOMA_B

4

0

4

3

0.1675

0.7976

0.2026

0.4230

For dose response, *Indicted the significant at 0.005 or 0.025 alpha levels; for pairwise comparison, *Indicted the significant at 0.01
or 0.05 alpha levels.
**: Combined all papilloma tumors in organ of ear, tail, skin, and paw.

Papillomas. There was an increasing trend in the incidence of benign papillomas in paw,
compared to the pooled control groups [p=0.0081 (FDA statistical review)]. Pairwise
comparison also showed an increased incidence of benign papillomas in paw at the high
dose compared to pooled controls (p=0.0352). The submitted tumor historical control data
did not address paw. However, papillomas were also observed in skin and tail of control
animals in this study. If the finding of papilloma in paw is evaluated as a common tumor
type, the p-values do not meet statistical significance per CDER criteria. In addition, the
combined incidence of all papillomas in ear, tail, skin, and paw were not statistically
significant in analyses for dose-response or pairwise comparison between the treatment
group and controls.
Hemangiomas and Hemangiosarcomas. There was an increasing trend in the
incidence of combined hemangiomas/ hemangiosarcomas, compared to the pooled
control groups [p=0.0077 (FDA statistical review)]. Pairwise comparison also showed
an increased incidence of combined hemangiomas/ hemangiosarcomas at the high dose
compared to pooled controls (p=0.0393). The FDA statistical analysis conclusion that
there was an increased incidence of the combination hemangiomas/
hemangiosarcomas in males was based on an assumption that these are rare tumors
given the incidence in concurrent pooled controls. However, when evaluated as a
common tumor type (per the study report and given the occurrence of hemangioma in a
control group 1 animal), the FDA dose response and pairwise comparison p values do
not achieve statistical significance according to CDER criteria.
Hepatocellular Adenomas. A summary table of selected lesions in the liver of males is
shown below.

Benign hepatocellular
adenoma
Malignant hepatocellular
carcinoma
Combined hepatocellular
adenomas and carcinomas
Focus of cellular alteration
Eosinophilic
Basophilic

0 mg/kg/day
(C Group 1)

0 mg/kg/day
(C Group 2)

2 mg/kg/day (LD)

7 mg/kg/day (MD)

20 mg/kg/day (HD)

2/65
(3.1%)
0/65
(0%)
2/65
(3.1%)

0/65
(0%)
1/65
(1.5%)
1/65
(1.5%)

2/65
(3.1%)
0/65
(0%)
2/65
(3.1%)

3/65
(4.6%)
0/65
(0%)
3/65
(4.6%)

6/65
(9.2%)
0/65
(0%)
6/65
(9.2%)

5/65 (7.7%)
8/65 (12.3%)

2/65 (3.1%)
6/65 (9.2%)

3/65 (4.6%)
3/65 (4.6%)

15/65 (23.1%)
4/65 (6.2%)

8/65 (12.3%)
6/65 (9.2%)
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1/65 (1.5%)
2/65 (3.1%)

5/65 (7.7%)
1/65 (1.5%)

3/65 (4.6%)
1/65 (1.5%)

10/65 (15.4%)
2/65 (3.1%)

5/65 (7.7%)
8/65 (12.3%)

While the incidences of benign hepatocellular adenomas and combined hepatocellular
adenomas and carcinomas were numerically increased at the high dose (compared to
controls), the FDA statistical analysis indicated that the dose response relationships and
pairwise comparisons for these tumor types were not statistically significant according to
CDER criteria for common tumors. Dose response p values for hepatocellular adenomas
and combined hepatocellular adenomas and carcinomas were 0.0080 and 0.0153,
respectively. The p values for pairwise comparison of the incidence of hepatocellular
adenomas and combined hepatocellular adenomas and carcinomas in the high dose
group compared to the pooled controls were 0.0164 and 0.0351, respectively.
Pheochromocytomas in the Adrenal Medulla. The FDA pairwise comparison showed a
statistically significant increase in the incidence of malignant pheochromocytomas and the
combination benign/malignant pheochromocytomas in the adrenal medulla at the low dose
compared to the pooled controls (p=0.0419 and 0.0085, respectively). However, the dose
response relationships for these tumor types were not statistically significant (the p values
were 0.8376 and 0.3156 for malignant pheochromocytomas and the combination
benign/malignant pheochromocytomas, respectively). A summary table of selected
lesions in the adrenal medulla of males is shown below.

Benign
pheochromocytoma
Malignant
pheochromocytoma
Combined
benign/malignant
pheochromocytomas
Adrenal Medullary
Hyperplasia
Minimal
Mild
Moderate

0 mg/kg/day
(C Group 1)

0 mg/kg/day
(C Group 2)

2 mg/kg/day (LD)

7 mg/kg/day (MD)

20 mg/kg/day (HD)

6/65
(9.2%)
1/65
(1.5%)
7/65
(10.8%)

6/65
(9.2%)
0/65
(0%)
6/65
(9.2%)

11/65
(16.9%)
4/65
(6.2%)
15/65
(23.1%)

6/65
(9.2%)
1/65
(1.5%)
7/65
(10.8%)

10/65
(15.4%)
0/65
(0%)
10/65
(15.4%)

12 (18.5%)

11 (16.9%)

16 (24.6%)

19 (29.2%)

16 (24.6%)

5/65
5/65
2/65

4/65
4/65
3/65

4/65
9/65
3/65

8/65
8/65
3/65

5/65
5/65
6/65

Females: According to the FDA statistical review, there was a statistically significant
positive trend (p<0.025) in the following tumor types: benign granular cell tumors in the
cervix, vagina, and cervix and vagina combined; benign granulosa cell tumors in the
ovaries; and malignant fibrosarcoma in skin, the combination fibroma and fibrosarcoma in
skin, and malignant fibrosarcoma in combined skin/subcutis. The pairwise comparison
also showed a statistically significant increased incidence of these tumor types in the
high dose group compared to the pooled controls (p<0.05). These findings (evaluated
as rare tumor types in the FDA statistical review based on the incidences in concurrent
pooled controls) are summarized in the following table (adapted from the FDA statistical
review) and discussed below.
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0 mg/kg/day
C
N=130

2
20
7 mg/kg/day
mg/kg/day
mg/kg/day
MD
LD
HD
N=65
N=65
N=65

P-Value
Dose
Response

C vs. LD

C vs. MD

C vs. HD

CERVIX

#B GRANULAR CELL TUM

0

2

2

5

0.0029*

0.1139

0.1083

0 0030*

VAG NA

#B GRANULAR CELL TUM

0

0

0

3

0.0064*

.

.

0 0309*

CERVIX/
VAG NA

C_GRANULAR_CELL_B

0

2

2

8

<0.001*

0.1139

0.1083

<0.001*

OVARIES

#B GRANULOSA CELL TU

0

1

1

3

0.0129*

0 3396

0.3269

0 0309*

SKIN

#M FIBROSARCOMA

1

1

0

4

0.0105

0 5653

0.3269

0 0377

C_F BROMA_M+B

1

2

0

4

0.0200

0 2663

0.3269

0 0377

SKIN/SUBCUTIS

C_F BROSARCOMA_M

1

2

1

4

0.0217

0 2719

0.5484

0 0377

For dose response, *Indicted the significant at 0.005 or 0.025 alpha levels; for pairwise comparison, *Indicted the significant at 0.01
or 0.05 alpha levels.

Benign Granulosa Cell Tumors in the Ovaries. There was an increasing trend in the
incidence of benign granulosa cell tumors in the ovaries [p=0.0129 (FDA statistics
review)]. Pairwise comparison also showed an increased incidence at the high dose as
compared to combined controls (p=0.0309).
Benign Granular Cell Tumors in the Cervix and Vagina.
• Cervix. There was an increasing trend in the incidence of benign granular cell
tumors in the cervix [p=0.0029 (FDA statistics review)]. Pairwise comparison also
showed an increased incidence at the high dose as compared to pooled controls
(p=0.0030).
• Vagina. In the vagina, there was also an increasing trend in the incidence of
benign granulosa cell tumors [p=0.0064 (FDA statistical review)]. The p value for
pairwise comparison of the incidence in high dose females versus pooled controls
was 0.0309.
• Cervix and Vagina Combined. There was an increasing trend in the incidence of
benign granular cell tumors in the cervix and vagina combined (p<0.001 (FDA
statistical review)]. The p value for pairwise comparison of the combined incidence of
this tumor type in the cervix and vagina of high dose females versus pooled controls
was <0.001.
Skin and Combined Skin/Subcutis.
• Malignant Fibrosarcoma in Skin. There was an increasing trend in the incidence of
malignant fibrosarcoma in skin, compared to controls (p=0.0105; FDA statistical
review). The incidence of fibrosarcoma at the high dose also exceeded the incidence
in pooled controls (p=0.0377). Although the study report identified this as a rare tumor
type, fibrosarcoma occurred in a control group 2 animal. If this finding is evaluated as
a common tumor type, the p-values do not meet statistical significance per CDER
criteria.
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• Combined Fibroma and Fibrosarcoma in Skin. There was an increasing trend in
the incidence of the combination fibroma/fibrosarcoma (p=0.0200; FDA statistical
review). The p-value for pairwise comparison of the high dose group relative to
pooled controls was 0.0377. Although the FDA statistical review identified these as
statistically significant findings based on assumption that they are rare tumor types,
when evaluated as a common tumor type (per the study report and given the
occurrence of fibrosarcoma in a control group 2 animal), the FDA trend analysis
and pairwise comparison p values do not achieve statistical significance according
to CDER criteria.
• Malignant Fibrosarcoma in Skin/Subcutis Combined. There was an increased
incidence of malignant fibrosarcoma in the skin and subcutis combined (trend analysis
p=0.0216; pairwise comparison of high dose versus pooled controls p=0.0377; FDA
statistical review). As discussed above for fibrosarcoma in skin, the study report
identified this as a rare tumor type although fibrosarcoma occurred in a control group
2 animal. If this finding is evaluated as a common tumor type, the p-values for skin
and subcutis combined do not meet statistical significance per CDER criteria.
Non Neoplastic:
As summarized in the Applicant’s table below, there were treatment-related nonneoplastic findings at ≥7 mg/kg/day INT-747. In the liver, there were dose-dependent
increases in the incidence and/or severity of hepatocellular vacuolation. In the kidney, a
dose-related increase in the incidence and/or severity of chronic progressive
nephropathy was observed.

Toxicokinetics
Blood samples for TK analysis were collected from Group 2A at 2 h after dosing on Day
0, and at 3, 6, and 12 months. Samples were collected from Groups 3A, 4A, and 5A at
1, 6, 12, and 24 h after dosing on Day 0 and at 3 and 6 months. At 12 months, samples
were collected from Groups 3A, 4A, and 5A at 1, 6, 12, 24, 36, and 48 h after dosing.
Plasma samples were analyzed for INT-747, UPF-832 (the glycine conjugate of INT747), and UPF-1443 (the taurine conjugate of INT-747) using an ultra-high performance
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liquid chromatography tandem mass spectrometry (UHPLC/MS/MS) method in the
negative electrospray ionization (ESI) mode.
Results: Systemic exposure to INT-747 and UPF-1443 was demonstrated at all dose
levels, and there was accumulation of the parent compound and its taurine conjugate
over the duration of the study. Exposures to UPF-832 were demonstrated only at
higher doses, and were lower than UPF-1443. Exposures to INT-747 (based on AUC
values) were higher in males than females; whereas, exposures to UPF-1443 (based on
AUC values) were greater in females than males. Reportable terminal half-life values
for INT-747 and UPF-1443 ranged from 6 to 9 h. TK for INT-747, UPF-1443, and UPF832 are summarized in the Applicant’s tables below.
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Dosing Solution Analysis
Samples were collected from the test article dosing solutions used for Weeks 0, 1, and
77 for homogeneity and concentration determination. The concentration of test article in
the dosing solutions for all groups (including control) were determined during Weeks 1,
2, 3, 8, 12, and every 3 months thereafter (during Weeks 25, 36, 52, 65, 90, and 103).
For assessment of stability, samples of the test article dosing solutions were collected
during Week 0 and stored at room temperature for 24 and 48 h. Resuspension
homogeneity and stability were also evaluated for the test article dosing solutions from
Week 0 following refrigerated storage for 10 days.
Results: Samples from the mid- and high dose dosing solutions from Week 0 had
relative standard deviation (RSD) values >10%, and did not meet SOP specifications for
homogeneity. The concentration of the mid-dose dosing solution from Week 0 was
122% of target. After storage for 48 h at room temperature and 10 days refrigerated,
the Group 4 dosing solution concentrations were <90% of the pre-storage values. Mean
analyzed concentrations in the 48 h room temperature and 10 day refrigerated samples
were 99.7% and 105% of target. None of the deviations were considered to impact the
study given that the isolated incidents and the small magnitude of the deviations.
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Study title: A 24-Month Oral (Gavage) Carcinogenicity Study of INT-747
in Mice
(b) (4)
Study no.:
661038
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:
CAC concurrence:

December 14, 2011
Yes
Yes
INT-747, Lot # T11-001, Purity 97.7%
Yes (ECAC meeting minutes re: dose
selection dated October 6, 2011,
Attachment-1)

Key Study Findings
•
•

High dose females had a statistically significant decrease in morality, compared to
controls.
In males and females, there were no drug-related neoplastic findings at up to 25
mg/kg/day INT-747. (ECAC meeting minutes dated September 10, 2015, Attachment2)

Adequacy of Carcinogenicity Study
The carcinogenicity study conduct was acceptable. The dose selection was based on
recommendations from the Executive CAC (October 6, 2011). Based on the mortalities
observed at 80 mg/kg/day in a 13-week toxicity study in CD-1 mice, the Division and
CDER Executive Carcinogenicity Assessment Committee (ECAC) recommended a high
dose of 25 mg/kg/day (about 1/3rd the lethal dose).
Appropriateness of Test Models
The Crl:CD1 mouse is an acceptable test model for the carcinogenicity study.
Evaluation of Tumor Findings
FDA Statistical Analysis of Tumor Findings: Tumor analyses consisted of trend analyses
for dose response relationship in tumor incidence and pairwise comparisons of tumor
incidences in individual treatment groups with combined control groups. Both the dose
response relationship tests and pairwise comparisons were performed using the Poly-k
method. The tumor test was based on the pooled control groups, and tumor
combinations were also evaluated as done by the Applicant based on McConnell et al.
(1986). All tumors presented as “#X TUMOR” or “#TUMOR, MULTIPLE” were
combined for statistical analysis. For the adjustment of multiple testing of dose
response relationship, common and rare tumors were tested at significance levels of
0.005 and 0.025, respectively. For multiple pairwise comparisons of treated groups
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Table 4A: Intercurrent Mortality Comparison – Male Mice
Test

Statistic

P-Value
(Pooled
Controls)

P-Value
(Control-1)

P-Value
(Control-2)

DoseResponse

Likelihood
Ratio

0.8332

0.3703

0.7072

Homogeneity Log-Rank

0.9026

0.6596

0.6026

Table 4B: Intercurrent Mortality Comparison – Female Mice
Test

Statistic

P-Value
(Pooled
Controls)

P-Value
(Control-1)

P-Value
(Control-2)

DoseResponse

Likelihood
Ratio

0.0021

0.0064

0.0009

Homogeneity Log-Rank

0.0174

0.0264

0.0136

The Kaplan-Meier curves for survival rates of all treatment groups (from the FDA
statistical review) are shown below in Figures 2A and 2B for male and female mice,
respectively.
Figure 2A: Kaplan-Meier Survival Functions for Male Mice

Note: dose group should be 0, 4, 10, or 25-mg/kg/day
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Figure 2B: Kaplan-Meier Survival Functions for Female Mice

Note: dose group should be 0, 4, 10, or 25-mg/kg/day
Clinical Signs
Toxicology animals were observed for clinical signs once daily at the time of dosing.
Detailed examinations were conducted weekly (including examination for the presence
of palpable masses). The time of onset, location, size, appearance, and progression of
palpable masses were recorded.
Results: There were no treatment-related clinical observations.
Body Weights
Body weights were recorded weekly beginning during the acclimation period through
Week 14, and approximately every two weeks thereafter.
Results:
In males, there were no apparent effects on body weight or body weight gain. In high
dose males, there was a small but statistically significant transient decrease in body
weights (≤5% difference relative to controls) primarily from Weeks 13 through 18. At
Week 104, body weights at 25 mg/kg/day were similar to controls.
In females, treatment with INT-747 produced lower body weights and body weight gains
(compared to controls). While there were statistically significant differences at a subset
of the timepoints at all dose levels, the effects primarily occurred in the 25 mg/kg/day
dose group INT-747 beginning during Week 10. At Week 104, female body weights at
25 mg/kg/day were 10% and 11% lower than those of control groups 1 and 2,
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Microscopic examination of all tissues listed above was conducted.
Peer Review: A histopathology peer review was conducted.
Neoplastic:
Males:
In males, there were no statistically significant neoplastic findings at up to 25 mg/kg/day
INT-747 based on either the Applicant’s or FDA statistical reviewer’s analysis.
Females:
In females, there was an increasing trend for hepatocellular carcinoma, compared to the
pooled control groups [control 1/130; low dose 0/65; mid dose 1/65; high dose 4/65;
p=0.0119 (FDA statistics review)]. While the pairwise comparison showed a numerically
increased incidence of hepatocellular carcinomas at the high dose compared to the
pooled controls, this did not meet statistical significance as per CDER criteria
(p=0.0584; FDA statistics review). In addition, when evaluated as a common tumor
(based on the occurrence of hepatocellular carcinoma in a control group 2 animal), the
p-values for trend analysis and pairwise comparison (high dose versus pooled controls)
do not meet CDER criteria for statistical significance.
Non Neoplastic:
In males, dosing at ≥10 mg/kg/day INT-747 produced an increased incidence and/or
severity of non-neoplastic findings in the liver (centrilobular cytomegaly and
karyomegaly) and Steno gland of the nasal cavity (ductal hyperplasia), compared to
controls (see Applicant’s tables below). In high dose males, treatment-related findings
were also observed in the middle ear (suppurative exudate) and nasal cavity
(suppurative exudate and degeneration of the olfactory epithelium).
In females, there was an increase in the incidence and/or severity of suppurative
exudate in the middle ear and nasal cavity and degeneration of the olfactory epithelium
at ≥4 mg/kg/day, compared to controls. While these effects did not follow a strict dose
relationship (effects were greater in the low dose group, compared to the mid dose
group), these were clearly treatment-related findings at the high dose. An increased
incidence and severity of ductal hyperplasia in the Steno glands (nasal) occurred at ≥10
mg/kg/day. INT-747 produced centrilobular cytomegaly and karyomegaly in the liver of
high dose females.
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In addition to the findings summarized above, there was an increased incidence of renal
cysts in high dose males [41/65(63%), compared to 25/65(38%) and 29/65(45%) in
control groups 1 and 2, respectively) which correlated with macroscopic findings. For
reference, the mean and maximum historical control incidences of cysts based on
microscopic evaluation of the kidneys were 20% and 57%, respectively. There also was
an increased incidence of reduced sperm in the lumen of the epididymides at 25
mg/kg/day [20/65(31%), compared to 8/65(12%) and 9/65(14%) in control groups 1 and
2, respectively). This finding was generally observed in a unilateral manner. Finally, in
the livers of high dose females, the incidence of mononuclear cell infiltrates
[28/65(43%)] and minimal to mild subacute inflammation [27/65(42%)] was increased as
compared to controls. The overall incidence of mononuclear cell infiltrates and
subacute inflammation in control groups 1 and 2 ranged from 25-31% and 23-28%,
respectively.
Toxicokinetics
Blood samples for TK analysis were collected from Group 2A at 2 h after dosing on Day
0. Blood samples from Groups 3A, 4A, and 5A were collected at 1, 6, 12, 24, 36, and
48 h after dosing on Day 0 and at 12 months. Plasma samples were analyzed for INT-
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747, UPF-1443 (the taurine conjugate of INT-747), and UPF-832 (the glycine conjugate
of INT-747) using an ultra-high performance liquid chromatography tandem mass
spectrometry (UPLC/MS/MS) method in the negative electrospray ionization mode
(ESI).
Results: Systemic exposure to UPF-1443 was demonstrated at all dose levels, and
there was accumulation of this metabolite over the duration of the study. Exposures to
the parent compound (INT-747) were measured only at the mid- and high dose level on
Day 363, and INT-747 exposures were much lower than UPF-1443 (metabolite:parent
ratios ranged from 44.9 to 92.1 at the high dose). Concentrations of UPF-832 were only
measurable in single samples from males administered 10 and 25 mg/kg/day and
females dosed at 10 mg/kg/day on Day 363. Toxicokinetic parameters for INT-747 and
UPF-1443 are summarized in the Applicant’s tables below.
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Dosing Solution Analysis
Samples were collected from the test article dosing solutions used during Week 0 for
homogeneity and concentration determination. The concentration of test article in the
dosing solutions for all groups (including controls) were determined during Weeks 1, 2,
3, 8, 17, and every 3 months thereafter (during Weeks 25, 36, 51, 65, 77, 90, and 103).
For stability assessment, test article dosing solution samples were collected during
Week 0 and stored at room temperature for 24 h. Samples of test article dosing
solutions from Week 0 were also evaluated for resuspension homogeneity and stability
following 10 days of refrigerated storage.
Results: Concentrations of INT-747 were within ±15% of target concentration, and thus
met the criteria specified in the SOP. The dosing formulations were also homogenous,
and met the acceptance criteria for stability at room temperature for 24 h and
refrigerated for 10 days.
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9

Reproductive and Developmental Toxicology

9.1

Fertility and Early Embryonic Development

Study title: Study of Fertility and Early Embryonic Development to
Implantation of INT-747 in Rats
(b) (4)
Study no.:
661005
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

December 6, 2007
Yes
Yes
INT-747, Lot# 1106002P, 97.1%

Key Study Findings
Treatment with 50 mg/kg/day INT-747 produced moribund condition in a single female
rat. In all other females and males at all dose levels, INT-747 did not affect fertility or
reproductive performance. The NOAELs for male and female systemic toxicity were 50
and 25 mg/kg/day, respectively. The NOAEL for male and female reproductive toxicity
and early embryonic toxicity was 50 mg/kg/day
Methods
Doses: 5, 25, and 50 mg/kg/day
Frequency of dosing: Daily. Male rats were dosed once daily for 28
days prior to mating, and throughout the mating
period through 1 day prior to scheduled sacrifice
(total dosing period of 58 to 59 days). Females
received 14 daily doses prior to pairing, and
were dosed through gestation day (GD) 7 (total
dosing period of 22 to 26 days). A single female
with no evidence of mating received 34 doses.
Dose volume: 10 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: 0.5% carboxymethylcellulose (CMC) in
deionized water
Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: 25/sex/group
Satellite groups: None
Study design: Shown below
Deviation from study protocol: Protocol deviations did not affect the quality or
integrity of the study.

The study design is shown in the Applicant’s figure below.
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Body Weight
Male body weights were recorded twice weekly. Female body weights were recorded
twice weekly until evidence of copulation was observed, and then on GDs 0, 3, 6, 9, 12,
and 15.
In males, there were no treatment-related effects on body weight. In females, there
were statistically significant mean body weight losses and/or reduced mean body weight
gain (compared to controls) during certain pre-mating study intervals. In addition, mean
body weight gains were significantly decreased relative to controls over the entire premating period (body weight gain from Day 14 – 25 was 13 g, 0 g, 1 g, and 3 g in the
control, 5, 25, and 50 mg/kg/day dose groups, respectively). However, the differences
were not dose-related and there were no statistically significant differences in mean
body weights over the pre-mating period. During the gestation period, there were no
treatment-related changes in body weight or body weight gain.
Feed Consumption
Food consumption was recorded twice weekly until pairing. Following mating, food
consumption was measured twice weekly for males and at gestation intervals
corresponding to body weights for females.
In males and females, there were no treatment-related effects on food consumption.
Toxicokinetics
Not conducted.
Dosing Solution Analysis
Dosing solution samples were collected for homogeneity determination during weeks 1
and 4. Samples were collected for stability and resuspension homogeneity following
storage for 10 days. Samples for concentration analysis were collected during weeks 2,
5, and 8.
Following 10 days of storage of the dosing solution used for treatment of males during
the first 7 days of dosing, dosing solutions for the mid- and high dose groups were 89.2
and 88.8% of the pre-storage concentrations. The post-storage concentration for the
mid-dose was within the acceptable range (±15% of target), but the post-storage
concentration for the high dose (82.5% of target) was outside the acceptable range. As
a result, males were dosed at a concentration slightly lower than the target amount
during the first 7 days of dosing. This was not considered to have a significant impact
on the study since males were dosed for a total of 58-59 days.
Necropsy
Pregnant females were euthanized on GD15. Males were euthanized on day 15
following completion of mating. A complete necropsy was performed, including
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examination of external surfaces, all orifices, the cranial cavity, external surfaces of the
brain and spinal cord, and the thoracic, abdominal, and pelvic cavities including viscera.
The following tissues and organs were collected and preserved: cervix, coagulating
glands, ovaries and oviducts, pituitary gland, prostate gland, seminal vesicles, testis
with epididymis and vas deferens, uterus with vagina, and all gross lesions. The
following organs were weighed and organ to final body weight and organ to brain weight
ratios were calculated: brain, epididymides (total and cauda), ovaries, pituitary gland,
and testes.
Other than yellow discoloration of the body noted for the single high dose female which
was sacrificed prematurely, there were no treatment-related macroscopic findings.
There were no treatment-related effects on organ weights.
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss,
etc.)
Estrous Cycles
The estrous cycles of all females were determined for 14 days prior to initiation of
dosing and until evidence of copulation was observed or termination (for females with
no evidence of mating).
Mean estrous cycle lengths were similar in all treatment groups (range 4.1 to 4.2 days).
Breeding
Following 28 and 14 days of treatment for males and females, respectively, animals
were paired on a 1:1 basis within each treatment group. If no evidence of copulation
was observed after 10 days, then the female was mated with another male that had
successfully mated for an additional 5 days. The following indices were calculated:
male (female) mating index, male fertility index, male copulation index, female fertility
index, and female conception index.
There were no treatment-related effects on male reproductive performance. The male
mating index was 92%, 96%, 92%, and 96%, in the control, low-, mid-, and high dose
groups, respectively. The fertility index was 92%, 92%, 92%, and 96%, respectively, for
the control, low-, mid-, and high-dose groups, respectively. Finally, the copulation index
was 100%, 95.8%, 100%, and 100%, respectively, for the control, low-, mid-, and high
dose groups.
There were no statistically significant differences in female reproductive performance
parameters compared to controls. A single low-dose female had evidence of mating,
but was nongravid at necropsy. The high dose female which was sacrificed in extremis
had no evidence of mating. The female mating index was 100, 100, 100, and 96%,
respectively for the control, low-, mid-, and high dose groups. The fertility index was
100, 96, 100, and 96%, respectively, in the control, low-, mid-, and high dose groups.
Finally, the conception index was 100, 96, 100, and 100%, respectively, in the control,
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Embryonic Fetal Development

Study title: A Dose Range-Finding Study of the Effects of INT-747 on
Embryo/Fetal Development in Rats
(b) (4)
Study no.:
661001
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

October 16, 2007
Yes
Yes
INT-747, Lot# 1106002P, 97.1%

Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

5, 25, 50, 100, and 150 mg/kg/day
Once daily
10 mL/kg
Oral (gavage)
0.5% carboxymethylcellulose in reverse
osmosis-treated water
Crl:CD(SD) rats
8 females/group
None
Pregnant females were dosed once daily from
GD 6-17. Laparohysterectomies were
performed on GD 20 and maternal and fetal
parameters were evaluated.

Key Study Findings
In this dose range-finding study, INT-747 produced death in 3 and 2 females in the 100
and 150 mg/kg/day dose groups, respectively. Three and 6 females in the 100 and 150
mg/kg/day dose groups, respectively, were sacrificed in extremis. Clinical signs at
these doses included piloerection, hunched posture, red and/or yellow material on
various body surfaces, and decreased defecation and/or urination. At 100 mg/kg/day,
hypothermia, hypoactivity, and paleness were observed, and one female in the 100
mg/kg/day aborted on GD 20. At 100 and 150 mg/kg/day, hair loss and scabbing were
observed. Statistically significant decreases in body weight, body weight gain, and food
consumption (compared to controls) occurred at ≥100 mg/kg/day. Mean body weight
gains in the 50 mg/kg/day group were reduced by 18% (compared to controls) over the
GD 6 to 18 interval, but this difference was not statistically significant. At ≥100
mg/kg/day, females had entirely resorbed litters, and one female at 100 mg/kg/day
aborted 3 late resorptions and 1 early resorption and also had 1 and 3 late resorptions
in the vagina and in utero, respectively. In the single litter in the 100 mg/kg/day dose
group there were no resorptions. At 5, 25, and 50 mg/kg/day, there were no statistically
significant treatment-related effects on the incidence of pre- or post-implantation loss,
live litter size, sex ratios, or the numbers of corpora lutea and implantation sites. Small
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(but statistically significant) increases in mean fetal weights occurred at 50 mg/kg/day
(+8%, compared to controls). There were no external malformations or variations at up
to 100 mg/kg/day. Due to early group termination, fetuses from the 150 mg/kg/day dose
group were not evaluated. In conclusion, based on significant maternal toxicity
observed in this study, the MTD was considered to be less than 100 mg/kg/day. No
developmental toxicity was observed at 50 mg/kg/day; and thus, the Applicant chose to
pursue 5, 25, and 75 mg/kg/day for the definitive embryofetal development study in rats.
Study title: A Study of the Effects of INT-747 on Embryo/Fetal Development
in Rats
(b) (4)
Study no.:
661003
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

January 3, 2008
Yes
Yes
INT-747, Lot# 1106002P, 97.1%

Key Study Findings
Treatment with 75 mg/kg/day INT-747 produced mortality, decreased body weight, body
weight gain, and food consumption, and abortion in maternal animals. Developmental
toxicity occurring at 75 mg/kg/day included increased numbers of early or late
resorptions and non-viable fetuses and decreased fetal body weights (compared to
controls). At this dose level, there was also an increased incidence of skeletal
variations. However, the observed skeletal variations were observed at a maternal toxic
dose and the mean litter proportions for these findings were not statistically significant
compared to controls. Based on the results of this study, the NOAEL for maternal
toxicity and embryofetal development was considered to be 25 mg/kg/day.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:

5, 25, and 75 mg/kg/day
Once daily
10 mL/kg
Oral (gavage)
0.5% carboxymethylcellulose in deionized water
Crl:CD(SD) rats
Main study: 25 females/group
TK: 8 females/INT-747 group, 4 control females
Satellite groups: Yes
Study design: Pregnant females were dosed once daily from
GD 6-17. Laparohysterectomies were
performed on GD 20 and maternal and fetal
parameters were evaluated.
Deviation from study protocol: Protocol deviations did not affect the quality or
integrity of the study.
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Observations and Results
Mortality
Animals were observed for moribundity and mortality twice daily.
At 75 mg/kg/day, treatment with INT-747 produced mortality in 2 females on GD 17 and
19. Death was preceded by reduced food consumption and body weight loss, and the
observation of clinical signs as discussed below.
Clinical Signs
Clinical observations were recorded from GD 0-20 (main study animals) or GD 0-18 (TK
animals). Observations for signs of toxicity were also recorded 1 h following dosing.
Clinical signs observed prior to death of 2 high dose animals included yellow material on
the urogenital and anogenital areas and red material on the forelimbs and around the
eyes and nose. One of the animals also exhibited additional clinical signs such as
lacrimation, tremors, gasping, dilated pupils, yellow discoloration of the body,
hypothermia, and red material under the cage pan on the day of death. Also at 75
mg/kg/day, two females aborted (one each on GD 19 and 20) following reduced food
consumption and body weight losses. Finally, red material was observed around the
nose of 6 females in the 75 mg/kg/day dose group.
Body Weight
Body weights of main study animals were determined on GDs 0, 6-18 (daily), and 20.
For TK animals, body weights were recorded on GDs 0 and 6-17 (daily). Gravid uterine
weight, net body weight (GD20 body weight exclusive of the weight of the uterus and
contents), and net body weight change (GD 0-20 body weight change exclusive of the
weight of the uterus and contents) were calculated at the scheduled
laparohysterectomy.
There were statistically significant lower body weights at 75 mg/kg/day (up to -6.3%,
compared to controls) from GD 16-18. Body weight gain in the high dose group during
gestation was also significantly lower than controls over a subset of the time intervals
evaluated in this study (-25%, compared to controls from GD 6-18). In addition, net
body weight and net body weight gain at the high dose were 4% and 21% lower,
respectively, than controls. There were no treatment-related effects on gravid uterine
weight at any dose level.
Feed Consumption
Food consumption was determined for main study animals on GDs 0, 6-18 (daily), and
20.
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Statistically significant reductions in food consumption (relative to controls) occurred in
the 75 mg/kg/day treatment group during the treatment period.
Toxicokinetics
Blood samples were collected from TK animals pre-dose and at 0.5, 1, 2, 4, 8, 12, and
24 h after dosing on GD 17, except for controls (samples collected at 1 h following
dosing only). Plasma samples were analyzed for INT-747 concentrations.
The Applicant’s table below summarizes TK parameters on GD 17. As shown below,
AUC values increased in a greater than dose-proportional manner. At 25 mg/kg/day,
Cmax was 7-fold higher than the value at 5 mg/kg/day, whereas Cmax values were
similar at the 25 and 75 mg/kg/day dose levels.

Dosing Solution Analysis
Prior to initiation of dosing, samples for concentration and homogeneity analysis were
collected from dosing solutions for each of the treatment groups. Following refrigerated
storage for 10 days, samples were collected from the high dose group dosing solution
for stability and resuspension homogeneity determinations.
Mean concentrations measured in the dosing solution samples were within the
laboratory’s standard operating procedures range (90 – 100% of target) and thus
considered acceptable.
Necropsy
A gross necropsy was performed on females that died or aborted. The number and
location of implantation sites, corpora lutea, and viable fetuses were recorded. At
scheduled necropsy, macroscopic observations were recorded based on examination of
the thoracic, abdominal, and pelvic cavities.
In animals that died prematurely or aborted, macroscopic findings included red or yellow
matting of the anogenital, nasal, buccal and/or urogenital area, and two females had
dark red contents in the vagina. Among the two animals found dead on GDs 17 and 19,
there were 19 and 11 dead fetuses in the uterus of each respective animal and an early
resorption in one animal. In the two females that aborted on GDs 19 and 20, there were
3 late resorptions in one animal and 13 dead fetuses and 5 late resorptions in the other.
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No treatment-related macroscopic effects were observed in females at scheduled
necropsy.
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
On GD 20, laparohysterectomies were performed on all surviving females. At necropsy,
the number of corpora lutea on each ovary was recorded, and the number and location
of all fetuses, early and late resorptions, and the total number of implantations in the
uterus were recorded. Uteri with no macroscopic evidence of implantation were
evaluated for early implantation loss. Postimplantation loss/litter was calculated on a
group mean litter basis and proportional litter basis. Each fetus was sexed and
weighed.
Treatment-related effects occurred at 75 mg/kg/day. At this dose, there were increases
in the numbers of early or late resorptions and non-viable fetuses, compared to controls
(see Necropsy above). In addition, there were decreases in fetal body weights at 75
mg/kg/day, as compared to controls. Although mean fetal body weights at terminal
sacrifice were 3.6 g in each group, fetal body weights as low as 1.6 g to 2 g were
measured in one litter from a high dose animal that survived to the scheduled necropsy.
In addition, fetal body weights in the female that aborted on GD 20 were 1 to 1.3 g. No
treatment-related effects occurred at 5 or 25 mg/kg/day. The following tables copied
from the Applicant’s report summarize the cesarean section data.
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Offspring (Malformations, Variations, etc.)
Each fetus was evaluated for external, visceral, and skeletal findings.
The numbers of fetuses (litters) examined morphologically were 388(25), 369(24),
388(25), and 305(20), respectively, in the control, low-, mid-, and high dose groups. Of
these fetuses, malformations were observed in 1 fetus each from the control and low
dose groups. The malformations were visceral and consisted of an absent kidney
(single control animal) and hydrocephaly (single low dose animal). There were no
external or skeletal malformations.
There were no external variations. Visceral variations (a major blood vessel variation
and distended ureters in the 5 mg/kg/day group and retrocaval ureters in the 75
mg/kg/day group) occurred in single fetuses and were considered incidental. While not
statistically significant compared to concurrent controls, an increased incidence of
skeletal variations was noted at 75 mg/kg/day. At this dose, the mean litter proportions
of reduced ossification of the vertebral arches (3.6%/litter), unco-ossified vertebral
centra (1.1%/litter), and unossified pubis (4.2%/litter), ishium (4.2%/litter), entire
sternum (4.2%/litter), and vertebral centra (4.0%/litter) were higher than concurrent
controls (0% for all findings). The incidences of these findings also exceeded the WIL
historical control data, which were 1.1%, 0.3%, 2.3%, 0.6%, 0.3%, and 0.3%,
respectively. The increased incidences were primarily due to a single litter (discussed
above) which was comprised of 2 late resorptions and 12 viable fetuses (each with
skeletal variations). The fetal weights for this litter (1.6 to 2 g) were decreased relative
to the group mean (3.6 g), and may be related to decreased maternal body weight gain
and decreased food consumption in this dam. The Applicant did not consider skeletal
development variations to be test article-related since the variations occurred primarily
in a single litter, the differences were not statistically significant from the concurrent
control group, and there were no corresponding skeletal malformations. Key findings
from the fetal skeletal system exam are summarized in the table below:
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Fetal Variations
0
388(25)

5
369(24)

25
388(25)

75
305(20)

Reduced ossification of vertebral arches

0(0)

2(2)

0(0)

9(2)

Unco-ossified vertebral centra

0(0)

0(0)

0(0)

3(1)

Unossified pubis

0(0)

0(0)

0(0)

10(1)

Unossified ischium

0(0)

0(0)

0(0)

10(1)

Unossified entire sternum

0(0)

0(0)

0(0)

10(1)

Unossified vertebral centra

0(0)

0(0)

0(0)

10(2)

a: ( ) = # litters

Study title: A Dose Range-Finding Study of the Effects of INT-747 on
Embryo/Fetal Development in Rabbits (b) (4)
Study no.:
661002
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

October 12, 2007
Yes
Yes
INT-747, Lot# 1106002P, 97.1%

Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

5, 25, 50, 100, and 150 mg/kg/day
Once daily
5 mL/kg
Oral (gavage)
0.5% carboxymethylcellulose in reverseosmosis water
New Zealand White rabbits
6 females/group
None
Pregnant females were dosed once daily from
GD 7-20. Laparohysterectomies were
performed on GD 29 and maternal and fetal
parameters were evaluated. Blood samples
were collected for TK evaluation on GD 20.

Key Study Findings
In this dose range-finding study, treatment-related mortality/moribundity occurred at ≥25
mg/kg/day INT-747. The number of animals found dead or sacrificed in extremis was 1,
1, 4, 6, and 6 females, respectively, at 0, 25, 50, 100, and 150 mg/kg/day INT-747. The
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death of a single female in the 25 mg/kg/day dose group was likely treatment-related
based on reduced food consumption and body weight loss in this animal. At ≥50
mg/kg/day, there was an increased incidence of mortality or moribundity (compared to
controls), which correlated with treatment-related body weight losses and decreased
food consumption. Clinical signs related to excretion (e.g., decreased defecation)
occurred at an increased incidence (compared to controls) primarily at ≥50 mg/kg/day.
At necropsy, macroscopic findings including firm liver in 2 and 3 females at 50 and 100
mg/kg/day, respectively; distended gallbladder in 2 and 1 females each at 50 and 100
mg/kg/day, respectively; white areas on the gallbladder in 1 female at 100 mg/kg/day;
edematous pyloric and/or fundic regions of the stomach in 3 females at 100 mg/kg/day;
and brown matting around the urogenital area in 1 female each at 50 and 100
mg/kg/day and 4 females at 150 mg/kg/day were observed. Three of 4 females in the
50 mg/kg/day group euthanized in extremis had entirely resorbed litters. At 25
mg/kg/day, postimplantation loss occurred in 3 of 4 surviving gravid animals and the
mean litter proportion of postimplantation loss (13.1%/litter) was increased compared to
controls (5.0%/litter). In addition, the mean litter proportion of viable fetuses
(86.9%/litter) was lower than controls (95.0%/litter). Mean fetal weight (38.8 g) at 25
mg/kg/day was lower than controls (44.5 g), but within the historical control range (38.043.0 g) for definitive studies. No external malformations or developmental variations
were observed in any fetuses from the control, 5, 25, or 50 mg/kg/day groups. Based
upon mortality/moribundity and effects on body weight and food consumption at ≥25
mg/kg/day and lower mean fetal weights at 25 mg/kg/day, the Applicant chose to pursue
3, 9, and 20 mg/kg/day for the definitive embryofetal development study in rabbits. TK
results showed that there was systemic exposure to INT-747 following oral
administration and AUC0-24 values increased in a more than dose-proportional manner.
AUC0-24 values were 2512, 19344, and 143849 ng.h/mL at 5, 25, and 50 mg/kg/day,
respectively.
Study title: A Study of the Effects of INT-747 on Embryo/Fetal Development
in Rabbits
(b) (4)
Study no.:
661004
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

January 3, 2008
Yes
Yes
INT-747, Lot# 1106002P, 97.1%

Key Study Findings
Following treatment with up to 20 mg/kg/day INT-747 from GD 7 through GD 20, there
was no evidence of maternal toxicity or effects on embryofetal development. The
NOAEL was considered to be 20 mg/kg/day.
Methods
Doses: 3, 9, and 20 mg/kg/day
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Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol:

Once daily
5 mL/kg
Oral (gavage)
0.5% carboxymethylcellulose in reverseosmosis water
New Zealand White rabbits
Main study: 22 females/group
TK: 4 females/group
None
Pregnant females were dosed once daily from
GD 7-20. Laparohysterectomies were
performed on GD 29 and maternal and fetal
parameters were evaluated. Blood samples for
plasma analysis were collected from TK animals
on GD 20 out to 24 h after dosing, and TK
animals were euthanized on GD 21.
Protocol deviations did not affect the quality or
integrity of the study.

Observations and Results
Mortality
Animals were observed for moribundity and mortality twice daily.
A single female in the 3 mg/kg/day TK group was sacrificed in extremis on GD 17
following body weight loss from GD 11-17. This animal had red material on the
anogenital area, and veterinary examination findings included hypoactivity, pallor, and
drainage from the vulva following palpation of the abdomen.
Clinical Signs
Clinical observations were recorded for main study animals from the day of receipt
through GD 29 (prior to dosing from GD 7-20). Observations for signs of toxicity were
also recorded 1 h following dosing. Observations from TK animals were recorded
through GD 21.
A single female in the 9 mg/kg/day group aborted 3 late resorptions on GD 24, following
a body weight loss of 112 g from GD 21-24. Red material on the anogenital area was
observed on the day of abortion. In the absence of abortions at 20 mg/kg/day, this was
not considered to be test-compound related.
Body Weight
Body weights of main study animals were determined on GDs 0, 4, 7-21 (daily), 24, and
29. For TK animals, body weights were recorded on GDs 0, 4, and 7-20 (daily). Gravid
uterine weight, net body weight (GD29 body weight exclusive of the weight of the uterus
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and contents), and net body weight change (GD 0-29 body weight change exclusive of
the weight of the uterus and contents) were calculated at the scheduled
laparohysterectomy.
There were no statistically significant changes in mean maternal body weights and body
weight gain, net body weights and net body weight gain, or gravid uterine weights at any
dose, compared to controls.
Feed Consumption
Food consumption was determined for main study animals on GDs 4-29.
There were no treatment-related effects on food consumption at any dose.
Toxicokinetics
Blood samples were collected from the INT-747 TK groups on GD 20 pre-dose and out
to 24 h post-dosing. Blood samples were collected from controls at 1 h after dosing.
Plasma samples were analyzed for INT-747 concentration using a validated
HPLC/MS/MS method.
TK analysis revealed systemic exposure to INT-747, with a dose-related increase in
exposure that was proportional to the increase in dose. TK parameters are summarized
in the Applicant’s table below.

Dosing Solution Analysis
Dosing solution samples were collected for homogeneity determination. Dosing solution
concentrations were 89.6-96.5% of nominal concentrations, and thus, were within the
SOP range for suspensions (85-115%).
Necropsy
A gross necropsy was performed on the females that aborted during the study. The
number and location of implantation sites, corpora lutea, and viable fetuses were
recorded. At scheduled necropsy on GD 29, macroscopic observations were recorded
based on examination of the thoracic, abdominal, and pelvic cavities.
As discussed under Clinical Signs, a single female in the 9 mg/kg/day group aborted 3
late resorptions on GD 24. There were 4 late resorptions noted in utero, with no
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apparent malformations. At the scheduled necropsy on GD 29, no treatment-related
macroscopic findings were identified.
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
On GD 29, laparohysterectomies were performed on all surviving females. At necropsy,
the number of corpora lutea on each ovary was recorded, and the number and location
of all fetuses, early and late resorptions, and the total number of implantations in the
uterus were recorded. Uteri with no macroscopic evidence of implantation were
evaluated for early implantation loss. Postimplantation loss/litter was calculated on a
group mean litter basis and proportional litter basis. Each fetus was sexed and
weighed.
The only statistically significant difference from controls was reduced fetal weight (males
and females combined) in the low dose group (38.9 g), compared to the control group
(41.4 g). Based on a lack of effects at the mid- and high dose, this was not considered
to be a treatment-related effect. While not statistically significant, the mean percent per
litter early resorptions, late resorptions, and pre- and post-implantation losses were
increased in the INT-747 treatment groups relative to controls. However, there was no
dose-relationship and the values were within the range of historical control values for
Covance Research Products, Inc. (rabbit supplier). The following tables copied from the
Applicant’s report summarize the cesarean section data.
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Offspring (Malformations, Variations, etc.)
Each fetus was evaluated for external, visceral, and skeletal findings.
The numbers of fetuses (litters) examined morphologically were 198(21), 202(21),
186(21), and 161(18), respectively, in the control, low-, mid-, and high dose groups.
The following tables copied from the study report summarize the percent per litter
malformations and absolute numbers of fetuses and litters with malformations.
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There were external malformations in 2(2) and 1(1) fetuses (litters) in the control and
high dose groups, respectively. At 20 mg/kg/day, a single fetus had multiple external
malformations including acephaly, gastroschisis, ectrodactyly and absent claw, and
carpal flexure (mean litter proportion = 0.6%/litter for each finding, compared to the
0.0%/litter for each finding in controls). However, these findings occurred in only a
single fetus and there were no statistically significant differences from the control group.
No external developmental variations were noted in any group.
Visceral malformations were observed in 5(5), 0(0), 4(2), and 5(5) fetuses (litters) in the
control, low-, mid-, and high dose groups, respectively. The mean litter proportion of
lobular agenesis of the lungs, absent pancreas, malpositioned vessel, malpositioned
kidney, persistent truncus arteriosus, and heart and/or great vessel anomaly exceeded
concurrent control values as summarized in the Applicant’s table below. However, the
visceral malformation findings did not appear to be treatment-related based on the lack
of statistically significant differences in the mean litter proportions relative to concurrent
control groups; given that the values were within historical control ranges; a lack of
dose-relationship; and/or since the findings occurred in fetuses with multiple
malformations. Visceral variations such as accessory spleen, extra papillary muscle
(heart), small or absent gallbladder, retrocaval ureter, and major blood vessel variations
occurred in all groups (including controls) and did not appear to be treatment-related
based on comparison among groups as well as historical control data.
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There was an increased incidence of skeletal malformations at all dose levels,
compared to controls [0(0), 3(3), 4(3), and 3(3) fetuses (litters) in the control, low-, mid-,
and high dose levels, respectively]. The mean litter proportions of the skeletal
malformations are summarized in the Applicant’s table below. At the mid- and high
dose, 2 and 3 fetuses, respectively, had vertebral anomalies either with or without
associated rib anomalies. However, vertebral anomaly findings were not considered to
be treatment-related as the mean litter proportion at the high dose was not statistically
significantly different than concurrent controls, and the value was within the historical
control range for Covance. Similarly, mean litter proportions for skeletal malformations
at the low- and mid-dose were not considered treatment-related as they were not
statistically significantly different from the control group, were within the range of
historical controls, and/or the findings occurred in single fetuses.
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Skeletal variations occurred in all groups (including controls), and consisted of findings
such as 13th rudimentary rib(s), 13th full rib(s), sternebrae #5 and/or #6 unossified, hyoid
arch(es) bent, 27 presacral vertebrae, and sternebrae with thread-like attachment. The
mean litter proportion of 13th rudimentary ribs at 20 mg/kg/day (13.5%/litter) was
significantly lower than the control value (28.4%/litter), but this decrease was not
considered toxicologically relevant. Other skeletal developmental variations not
considered treatment-related were noted in single fetuses, occurred to a similar extent
in the control group, did not occur in a dose-related manner, and/or the mean litter
proportions were within historical control range.
9.3

Prenatal and Postnatal Development

Study title: An Oral (Gavage) Study of the Effects of INT-747 on Pre- and
Postnatal Development, Including Maternal Function in Rats
(b) (4)
Study no.:
661049
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

January 2, 2013
Yes
Yes
INT-747, Lot# T11-001, 97.7%

Key Study Findings
In F0 animals, food consumption was increased at 25 and 40 mg/kg/day during the
lactation period. At 40 mg/kg/day, the increase in food consumption correlated with a
small but statistically significant increase in body weights. In F1 animals, the mean litter
proportion of post-implantation loss at 25 mg/kg/day (7.5%/litter) and 40 mg/kg/day
(10.1%/litter) exceeded that of concurrent controls (3.4%/litter) and the maximum
historical control mean value (6.5%/litter), but the increase was not statistically
significant. Furthermore, at 40 mg/kg/day, there was a single litter in which there were
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only 2 implantation sites which were early resorptions. Excluding this litter results in a
mean litter proportion of post-implantation loss at the high dose which is within the
historical control range. Overall, the NOAEL is considered to be 40 mg/kg/day.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol:

5, 25, and 40 mg/kg/day
Daily
10 mL/kg
Oral (gavage)
0.5% carboxymethylcellulose (CMC) in
deionized water
Crl:CD(SD) rats
Main Study: 25 females/group
TK Study: 4 females/group
Yes (TK animals)
Main Study: Pregnant females were dosed from
GD 6 through lactation day (LD) 20, for a total of
36 to 38 doses. Females that failed to deliver
were dosed through post-mating day 24, for a
total of 18 doses.
TK Study: Pregnant females were dosed from
GD 6 - LD 10, for a total of 26 to 27 doses.
Protocol deviations did not affect the quality or
integrity of the study.

Observations and Results
Fo Dams:
Survival:
Mortality was observed twice daily. There were no unscheduled deaths.
Clinical Signs:
Animals were observed twice daily. There were no treatment-related clinical signs.
Body Weight:
Body weights were recorded on GDs 0, 6, 9, 12, 15, 18, and 20, and on LD 0, 1, 4, 7,
10, 14, 17, and 21 (main study) or 1, 4, 7, and 10 (TK study).
There were no treatment-related effects on body weight or body weight gain during
gestation. During lactation, there was a small, but statistically significant increase in
body weights at 40 mg/kg/day (+5%, compared to controls on LD 17). Over LD1-21,
body weight gain was increased by 15% and 12% (compared to controls) at 25 and 40
mg/kg/day (not significant at either dose level), respectively.
Feed consumption:
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At scheduled necropsy, a low incidence of clear fluid present in the uterus was
observed (single female each at 25 and 40 mg/kg/day). This and other findings were
considered incidental based on the infrequent occurrence and/or lack of dose response.
At 5 and 25 mg/kg/day, respectively, two and one females failed to deliver and were
determined to be nongravid.
Toxicokinetics:
Not conducted
Dosing Solution Analysis:
Samples for evaluation of homogeneity and concentration were collected from the first
and last dosing solutions.
Dosing solution samples met the SOP range for suspensions (±15% of nominal
concentrations) and were homogenous. Measured concentrations ranged from 90.3 to
93.3% of target.
F1 Generation:
Survival:
Beginning on PND 0, pups were sexed, examined, and the numbers of stillborn and live
pups were recorded. Individual litters were examined daily for survival and all deaths
were recorded. Any pups which died from PND 0 to 4 were necropsied. A detailed
gross necropsy was performed on any pup found dead or euthanized in extremis after
PND 4. Litters were culled to 8 pups/litter (4/sex if possible) on PND 4.
There was no treatment-related effect on liver litter size, sex ratio, or number of pups
born. Postnatal survival between PND 0-1, 1-4, 4-7, 7-14, and 14-21, from birth to PND
4, and PND 4-21 was similar in all groups. At 25 and 40 mg/kg/day, 2 and 5 pups,
respectively, were stillborn. During the pre- and postnatal development phase, the
number of pups found dead or euthanized in extremis were 4, 4, 7, and 9, respectively,
in the control, low-, mid-, and high dose groups. There were 6, 3, 1, and 3 pups missing
in the control, low-, mid-, and high dose groups, respectively. No treatment-related
deaths occurred in F1 adults.
Clinical signs:
Clinical signs were assessed daily. Detailed physical examination was performed on
PND 1, 4, 7, 10,14, 17, and 21 (main study) or PND 1, 4, 7, and 10 (TK study).
No treatment-related clinical signs were identified in F1 pups or adults.
Body weight:
Body weights were recorded on PND 1, 4, 7, 10, 14, 17, and 21 (main study) or PND 1,
4, 7, and 10 (TK study). After weaning, F1 males and females were weighed weekly.
Once evidence of mating was observed in F1 females, body weights were recorded on
GDs 0, 6, 9, 12, and 15.
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During the postnatal period, there were no treatment-related effects on body weight or
body weight gain in F1 pups.
In F1 generation females, there were small, but statistically significant, increases in
body weight gain from PND 21 to 28 at 25 mg/kg/day and from PND 28 to 35 at 40
mg/kg/day. In addition, body weights were increased on PND 35 at 25 and 40
mg/kg/day and on PND 42 at 25 mg/kg/day. Based on the magnitude of the changes
(generally <10% difference from controls), lack of dose-relationship, and lack of
significant differences over the duration of the pre-mating period, this did not appear to
be treatment-related. There were no statistically significant differences in body weights
and body weight gain during gestation.
Feed consumption:
Not evaluated
Physical development:
Pups were sexed individually on PND 0, 4, 14, and 21 (main study) or PND 0 and 4 (TK
study). Examination of animals (2/litter, if possible) for attainment of balanopreputial
separation and vaginal patency was conducted beginning on PND 35 and 25,
respectively.
There were no treatment-related effects on acquisition of balanopreputial separation or
vaginal patency, or body weight at the age of attainment in F1 animals. The mean ages
of attainment of balanopreputial separation were 44.9, 44.6, 45.0, 45.1 days in the
control, low-, mid-, and high dose groups, respectively. The mean ages of attainment of
vaginal patency were 33.0, 33.5, 32.9, 32.8 days in the control, low-, mid-, and high
dose groups, respectively.
Neurological assessment:
One animal/sex/litter was evaluated for auditory startle response (PND 20 and 60),
locomotor activity (PND 21 and 61), and learning and memory (beginning on PND 62).
Another pup/sex/litter was evaluated for learning and memory beginning on PND 22.
There were no significant effects in the auditory startle test on PND 20 and 60 in any of
the treatment groups, as compared to controls. INT-747 also did not have a significant
effect on locomotor activity, or swimming ability and learning and memory as assessed
by Biel maze swimming trials. Although the mean escape time and number of errors
was significantly increased in females at the high dose (compared to controls) during a
single trial at the PND 62 evaluation, the overall means for these parameters were
similar across the trials. Thus, this was not considered to be related to the test
compound.
Reproduction:
One F1 animal/sex/litter was selected for evaluation of developmental landmarks and
reproductive performance (determination of estrous cycles and breeding). For
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response to UDCA or as monotherapy in adults unable to tolerate UDCA. The
recommended starting dose for OCA is 5 mg/day. After 3 months, the dose may be
increased to 10 mg/day [the maximum recommended human dose (MRHD)] to improve
response. The Applicant has conducted pharmacology, pharmacokinetics/
ADME/toxicokinetics, single- and repeat dose general toxicology, genotoxicity,
carcinogenicity, reproductive and developmental toxicology, and special toxicology
studies in support of the NDA.
OCA is a FXR agonist, with EC50 values ~100-fold lower than the natural FXR agonist
CDCA. Based on EC50 values, the glycine and taurine conjugates of OCA show similar
activity at FXR, while the OCA-3-glucuronide metabolite has very low pharmacological
activity (as compared to the parent compound). In safety pharmacology studies, OCA
did not have any effects on neuropharmacologic profile, respiratory, cardiovascular, or
gastrointestinal parameters. There were no treatment-related effects when tested in the
hERG channel patch clamp assay.
OCA was shown to be rapidly absorbed in nonclinical species. Primary metabolic
pathways of OCA in human, mouse, rat, rabbit, dog, and monkey S9 fractions included
conjugation with glycine and taurine, glucuronidation, epimerization, and monooxidation and glucuronidation. OCA and its glycine and taurine conjugate metabolites
exhibit high plasma protein binding (>98%), and tissue distribution studies indicate that
distribution is primarily confined to the gastrointestinal tract and hepatobiliary system.
The primary route of elimination is in the feces via biliary excretion, and OCA exhibits
extensive enterohepatic recirculation (consistent with other bile acids).
Similar to endogenous bile acids, OCA is conjugated with the amino acids taurine and
glycine. With the exception of the rabbit, OCA is primarily metabolized to the taurine
conjugate with minimal or no metabolism to glyco-OCA in nonclinical species (mouse,
rat, and dog). In contrast, both the taurine and glycine conjugates are major
metabolites in humans, and exposures to the conjugates exceed those to the parent
compound. Because OCA and the taurine and glycine conjugates have similar
potencies at FXR and there are varying proportions of the glycine and taurine
conjugates across species, comparison of exposure in nonclinical studies relative to
human exposures was based on total systemic exposures of OCA plus tauro- and
glyco-OCA. For exposure comparison, the Applicant estimated animal systemic
exposures as total AUC exposures of OCA plus its conjugates, expressed as ng.h/mL of
OCA (“total OCA equivalents”). For studies that measured OCA and its conjugates, the
AUC for each conjugate (ng.h/mL) was converted to molar equivalents (µM.h) by
dividing the conjugate’s AUC value (ng.h/mL) by its molecular weight. 1 The total
conjugate AUC (expressed as OCA equivalents) was then calculated by summing the
molar equivalents for the taurine and glycine conjugates and multiplying by the
molecular weight of OCA. 2 Finally, the “total OCA equivalent” AUC was calculated by
summing the total conjugate AUC (ng.h/mL; expressed as OCA equivalents) with the
OCA AUC (ng.h/mL). Since TK analysis was limited to OCA in many of the general
1
2

Tauro-OCA molecular weight = 527.8 g/mole; Glyco-OCA molecular weight = 477.7 g/mole
OCA molecular weight = 420.6 g/mole
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toxicology and reproductive and developmental toxicity studies, total OCA equivalents
were estimated by the Applicant based upon metabolite:parent ratios determined from
other studies in which both the parent compound and the conjugates were measured.
For studies without TK analysis, exposures were estimated using AUC values from
studies in which such analysis was conducted. Exposure ratios were calculated using
the total OCA equivalent AUC0-24 value in healthy subjects at the MRHD of 10 mg (2972
ng.h/mL; Trial 747-105).
In repeat-dose oral toxicity studies in mice, rats, and dogs, respectively, the
hepatobiliary system was identified as the primary target system of toxicity. In a 13week toxicity study in mice, findings included clinical chemistry changes (e.g., increases
in ALT, AST and sorbitol dehydrogenase), increased liver weights, and microscopic
changes in the liver (increased mitoses, cytomegaly and karyomegaly, necrosis, and
neutrophil infiltration). In a 26-week oral toxicity study in rats, OCA also produced
clinical chemistry changes (e.g., increases in ALT, AST, and ALP), increased liver
weights, and microscopic findings such as bile duct hyperplasia with hepatocellular
hypertrophy. In addition, clinical signs such as yellow skin were observed in high dose
animals (60 mg/kg/day OCA) prior to moribundity. Finally, in the 9-month oral toxicity
study in dogs, OCA produced clinical signs of toxicity that could be associated with liver
function (yellow discoloration of the skin, mucous membranes, and eyes) as well as
elevated ALT levels. Although there were no microscopic changes in the liver in this
study, there were histopathological findings in the liver and gallbladder in a 28-day
toxicity study in dogs. For comparison, increased liver enzymes were also observed in
humans at higher doses than 10 mg, proposed for the current indication (see the
Clinical Review). Other primary target organs identified in the 26-week toxicity study in
rats were the large intestine (subacute inflammation) and bone marrow (increased
cellularity). With respect to safety evaluation, the estimated systemic exposures to total
OCA equivalents at the NOAELs in the 26-week and 9-month toxicity studies in rats and
dogs, respectively, are greater than those in humans at the MRHD of 10 mg. In the 26week repeat-dose toxicity study in rats, the NOAEL was 6 mg/kg/day, a dose that was
estimated to produce systemic exposures approximately 2.3 times those in humans at
the MRHD. 3 The NOAEL dose from the 9-month repeat-dose toxicity study in dogs was
15 mg/kg/day, a dose that was estimated to produce systemic exposures approximately
12 times those in humans at the MRHD. 4
Carcinogenic potential of OCA was assessed in oral carcinogenicity studies of up to 2
year in duration in mice and rats. In Crl:CD1 mice, there were no drug-related
neoplastic findings at OCA doses up to 25 mg/kg/day, a dose estimated to produce
systemic exposures approximately 12 times those in humans at the MRHD. In
3

TK analysis in the 26-week toxicity study in rats (Study No. 019958) was limited to OCA. Thus, the
Applicant estimated total OCA exposures at the NOAEL based on the total conjugate:OCA ratio from Day
(b) (4)
179 in the 2-year carcinogenicity study in rats (Study No
661037). The total OCA equivalents AUC024 value at 6 mg/kg/day in the 26-week toxicity study was estimated to be 6982.0 ng.h/mL.
4
TK analysis in the 9-month toxicity study in dogs (Study No. 019959) was limited to OCA. Thus, the
Applicant estimated total OCA exposures at the NOAEL based on the total conjugate:OCA ratio from a 7(b) (4)
day TK study in dogs (Study No
661039). The total OCA equivalents AUC0-24 value at 15 mg/kg/day
in the 9-month toxicity study was estimated to be 35791.6 ng.h/mL.
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Crl:CD(SD) rats, 20 mg/kg/day OCA (approximately 12 times the human exposure at
the MRHD) caused an increase in the incidence of benign granulosa cell tumors in the
ovaries and benign granular cell tumors in the cervix and vagina of female rats. There
were no drug-related neoplastic findings in male rats at OCA doses up to 20 mg/kg/day.
OCA was not genotoxic in the Ames test, a human peripheral blood lymphocyte
chromosomal aberration test, and a mouse micronucleus test. The glycine conjugate of
obeticholic acid was also not genotoxic in an Ames test and human peripheral blood
lymphocyte chromosome aberration test. The taurine conjugate of obeticholic acid was
not genotoxic in an Ames test, and was negative in a human peripheral blood
lymphocyte chromosomal aberration test in the presence of metabolic activation. When
the taurine conjugate of OCA was test in the chromosomal aberration assay in the
absence of metabolic activation, the findings were inconclusive.
In an oral fertility and early embryonic development study, treatment of male and female
rats with up to 50 mg/kg/day OCA (approximately 13 times the human exposure at the
MRHD) did not affect fertility or early embryonic development. 5 The NOAELs for male
and female systemic toxicity in this study were 50 and 25 mg/kg/day, respectively. In an
embryofetal development study in rats, 75 mg/kg/day OCA (approximately 40 times the
human exposure at the MRHD) caused decreased fetal body weights and increased
numbers of early or late resorptions and nonviable fetuses. 6 In maternal animals, this
dose produced mortality, decreased body weight, body weight gain, and food
consumption, and abortion. Therefore, the developmental toxicity observed at this dose
may be secondary to maternal toxicity. The NOAEL for maternal toxicity and
embryofetal development in this study was 25 mg/kg/day (approximately 13 times the
human exposure at the MRHD). In an embryofetal development study in rabbits, the
NOAEL for maternal and developmental toxicity was 20 mg/kg/day OCA (the highest
dose tested; approximately 6 times the human exposure at the MRHD). 7 Finally, in a
pre- and postnatal development study in rats, there was no evidence of any adverse

5

The fertility and early embryonic development study (Study No. (b) (4) 661005) did not include TK
analysis. Thus, the Applicant estimated total OCA equivalents at the NOAEL using linear regression
analysis of total OCA equivalent values from a 28-day rat toxicity study (Study No. 017262) at doses of
25, 75, and 150 mg/kg/day. Because TK analysis in Study No. 017262 was limited to OCA, total OCA
exposures in this study were estimated based on the total conjugate:OCA ratios from a 14-day TK study
in rats (Study No. (b) (4) 661032). The total OCA equivalents AUC0-24 value at 50 mg/kg/day in the fertility
and early embryonic development study was estimated to be 37325.9 ng.h/mL.
6
TK analysis in the definitive embryofetal development study in rats (Study No. (b) (4) 661003) was limited
to OCA. Thus, the Applicant estimated total OCA equivalents at the NOAELs based on total
conjugate:OCA ratios from a 14-day TK study in non-pregnant rats (Study No. (b) (4) 661032). The total
OCA equivalents AUC0-24 values at 25 and 75 mg/kg/day in the embryofetal development study were
estimated to be 37824.6 and 117944.2 ng.h/mL, respectively.
7
TK analysis in the definitive embryofetal development study in rabbits (Study No. (b) (4) 661004) was
limited to OCA. Thus, the Applicant estimated total OCA equivalents at the NOAEL based on total
conjugate:OCA ratios from a TK study in pregnant rabbits (Study No (b) (4) 661078). The total OCA
equivalents AUC0-24 value at 20 mg/kg/day in the embryofetal development study was estimated to be
17595.4 ng.h/mL, respectively.
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effect on pre- and postnatal development at oral doses of OCA up to 40 mg/kg/day (the
highest dose tested; approximately 21 times the human exposure at the MRHD). 8
In regard to metabolite safety evaluation, glyco-OCA is a major metabolite in humans
for which there is no or minimal exposure in nonclinical species other than the rabbit.
When tested in in vitro genotoxicity studies, glyco-OCA was shown to be negative.
There also were no treatment-related effects in the embryofetal development study in
rabbits, a species for which there is preferential conjugation with glycine. Finally,
although this Phase II metabolite was not tested separately in in vivo toxicology studies,
the Applicant asserted that systemic exposure to this metabolite in nonclinical species
would be unlikely following oral dosing with glyco-OCA since the conjugate would be
de-conjugated in gut, absorbed as unconjugated OCA, and then preferentially reconjugated to tauro-OCA in the liver. In addition to the glyco-OCA metabolite, 3glucuronide OCA (estimated to represent >10% of total OCA-related exposure in
humans) was identified as a disproportional human metabolite. The 3-glucuronide
metabolite was shown to have very low pharmacological activity (based on ED50 values
at FXR), as compared to the parent compound. In nonclinical species, 3-glucuronide
OCA was formed as a minor metabolite in rats (females only). Finally, as discussed in
FDA’s Guidance for Industry Safety Testing of Drug Metabolites, Phase II conjugation
reactions generally render a compound more water soluble and pharmacologically
inactive, thereby eliminating the need for further evaluation.
In conclusion, the Applicant has submitted adequate nonclinical studies of OCA in
support of the NDA. Thus, from a nonclinical perspective the NDA is approvable.
Specific recommendations for the label are provided in Section 1.3.3 (Labeling).

12

Appendix/Attachments

8

The pre- and postnatal development study in rats (Study No. (b) (4) 661049) did not include TK analysis.
Thus, the Applicant estimated total OCA equivalents at the NOAEL using linear regression analysis of
total OCA equivalent values from the definitive embryofetal development study (Study No. (b) (4) 661003)
at doses of 5, 25, and 75 mg/kg/day. Because TK analysis in Study No. (b) (4) 661003 was limited to OCA,
total OCA exposures in this study were estimated based on the total conjugate:OCA ratios from in a 14day TK study in rats (Study No. (b) (4) 661032). The total OCA equivalents AUC0-24 value at 40 mg/kg/day
in the pre- and postnatal development study was estimated to be 62386.8 ng.h/mL.
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