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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 205494 are owned by Genzyme Corporation or are data 
for which Genzyme Corporation has obtained a written right of reference.
Any information or data necessary for approval of NDA 205494 that Genzyme 
Corporation 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 
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previously approved application is for descriptive purposes only and is not relied upon 
for approval of NDA 205494.
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1 Executive Summary

1.1 Introduction

Eliglustat (Cerdelga®) is a selective inhibitor of glucosylceramide synthase and 
resembles ceramide, the substrate for glucosylceramide synthase. Eliglustat is indicated 
for the long-term treatment of adult patients with Gaucher disease type 1 (GD1).
Gaucher disease is caused by a deficiency of the lysosomal enzyme, 
glucocerebrosidase that results in the accumulation of its major natural substrate, 
glucosylceramide, especially in the liver, spleen, and bone marrow. The Applicant is 
seeking approval for eliglustat as a substrate reduction therapy (SRT) for GD1. The goal 
of the SRT is to reduce the rate of synthesis of glucosylceramide to match its impaired 
rate of catabolism in patients with GD1, thereby preventing glucosylceramide (GL-1) 
accumulation and alleviating clinical manifestations. Inhibition of glucosylceramide 
synthase by eliglustat results in a reduction of the accumulation of glucosylceramide,
thereby allowing the patient’s residual endogenous acid β-glucosidase levels to clear 
the substrate. This mechanism of action (MOA) differs from that of the enzyme 
replacement therapies (ERTs) commonly used to treat GD1 (augmenting acid-β-
glucosidase activity). 

1.2 Brief Discussion of Nonclinical Findings

Eliglustat was shown to inhibit (IC50 = 10 ng/mL) glucosylceramide synthase (GCS) in 
human K562 cells or human A375 cell-derived microsomes. In animal efficacy studies, 
eliglustat decreased GL-1 levels in peripheral tissues and plasma of normal rats and 
dogs following oral administration. In the D409V/null mouse model of GD1, eliglustat 
decreased the accumulation of GL-1 in tissues. 

Eliglustat caused an inhibition of hERG channels expressed in HEK-293 cells with an 
IC50 value of 0.35 µg/mL, indicating a potential to cause QT prolongation. Eliglustat also 
inhibited sodium and calcium channels with IC50 values of 5.2 and 10.4 µg/mL, 
respectively. The above IC50 values for inhibition of hERG and sodium and calcium 
channels are about 8, 117, and 235 times greater, respectively, than the mean 
predicted (PK simulation) clinical Cmax of 44.3 ng/mL. In isolated canine Purkinje fiber 
assay, eliglustat decreased action potential duration (APD60 and APD90) at 1 and 10 
µg/mL. In a single oral (gavage) dose conscious dog telemetry study at 1, 3, 10, 25, 50 
and 80 mg/kg, eliglustat increased PR (50, 80 mg/kg) and QRS (10, 25, 50 and 80 
mg/kg) intervals. In an IV (infusion) telemetry study in anesthetized dog at 1, 2.5 and 5 
mg/kg, eliglustat increased PR, QRS and QTc intervals at 2.5 and 5 mg/kg.   

Chronic oral toxicology studies were conducted in rats (6-month) and dogs (1-year) at 
doses ranging from 5 to 50 mg/kg/day and 2 to 10 mg/kg/day, respectively.  In the 6-
month study in rats, there were no significant treatment-related histopathological 
findings in any organ or tissue. The no-observed-adverse-effect-level (NOAEL) was 
considered as 50 mg/kg/day.
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In an oral gavage study (GT-157-TX-48) in juvenile rats, animals were treated with 
Genz-112638 at 5, 15 and 25 mg/kg BID for 10 weeks starting at postnatal day 22 (PND 
22) through day 91. Histopathological changes were seen in the lymph node (increased 
incidence/severity of lymphoid hyperplasia in the mandibular lymph nodes at 25 mg/kg 
BID) and eye (minimal grade unilateral neuropathy in the optic nerve of two animals at 
25 mg/kg BID). The NOAEL was considered as 15 mg/kg BID.

A 28-day oral study (GT-157-TX-28) was conducted in male rats to evaluate specific 
effects of Genz-112638 on male reproductive organs and spermatogenesis. In this 
study male rats were treated at 15 or 50 mg/kg BID (30 or 100 mg/kg/day) for 4 weeks 
or at 100 mg/kg BID (200 mg/kg/day) for 2 weeks. At 200 mg/kg/day, sperm morphology 
remained affected until 14-weeks treatment-free recovery period. Microscopic 
observations at 200 mg/kg/day included germ cell necrosis in the testis, sloughed cells 
in the epididymis, acute inflammation in the coagulating glands, epithelial hyperplasia in 
the forestomach and severe atrophy of thymus and spleen. No effects on sperm count 
or motility were seen at 15 and 50 mg/kg BID doses. A follow-up 4-week oral study (GT-
157-TX-31) was conducted at 36 mg/kg BID (72 mg/kg/day) in mature Cynomolgus 
monkeys to confirm the above effects of Genz-112638 on spermatogenesis in non-
human primates. There were no significant treatment-related effects on any of the 
measured sperm parameters in this monkey study. 

In a 52-week oral (gavage) study (GT-157-TX-23) in Beagle dogs, animals were treated 
at 2, 5 and 10 mg/kg/day. Histopathological changes were observed in the lung 
(peribronchiolar chronic inflammation/fibrosis at 10 mg/kg/day), heart (mesothelial 
hyperplasia in the atria of the heart was noted only in treated female animals), and 
testes (seminiferous epithelial degeneration and segmental hypoplasia in the testes 
were seen with a greater incidence in the treated groups). Histopathological changes 
observed in the lung e.g., peribronchiolar chronic inflammation/fibrosis was more 
prominent at 10 mg/kg/day group than in controls; however, there was no dose 
response, similar incidence in control and treated group and were also consistent with 
the common background. Mesolthelial hyperplasia in the heart was seen only in females 
and there was no dose response. Histopathological changes in the testes (seminiferous 
epithelial degeneration and segmental hypoplasia were seen with a greater incidence in 
the treated groups) were not dose-related and were also seen in control animals. Based 
on these, the NOAEL may be considered as 10 mg/kg/day. 

Eliglustat was negative in the Ames test, chromosome aberration assay using human 
peripheral blood lymphocytes and oral in vivo mouse micronucleus test. In addition, 
Genz-399240, a human metabolite of eliglustat, was negative in the Ames test and 
chromosome aberration assay using human peripheral blood lymphocytes. 

The reports of the 2-year oral carcinogenicity studies in mice (GT-157-TX-43) and rats 
(GT-157-TX-38) were reviewed by Dr. Sruthi King (pharmacology review of NDA 
205494 dated April 15, 2014). In Sprague-Dawley rats, eliglustat tartrate was 
administered by oral gavage at doses up to 75 mg/kg/day in males (about 3.6 times the 
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recommended human daily dose of 100 mg BID, based on a body surface area basis) 
and 50 mg/kg/day in females (about 2.4 times the recommended human daily dose 
based on body surface area basis). In CD-1 mice, eliglustat tartrate was administered to 
males and females at up to 75 mg/kg/day (about 1.8 times the recommended human 
daily dose based on a body surface area basis) via dietary admixture. Eliglustat tartrate 
did not produce any treatment-related neoplasms in rats or mice.

In a fertility and early embryonic development study in rats, eliglustat increased pre-
implantation loss at 30 (about 1.5 times the recommended human oral dose of 100 mg 
BID based on body surface area) and 100 mg/kg/day (about 5 times the recommended 
human oral dose based on body surface area). In an oral embryofetal development 
study in rats, animals were treated at 10, 30 and 120 mg/kg/day (about 0.5, 1.5 and 6 
times the recommended human oral dose of 100 mg BID based on body surface area, 
respectively) from GD 6 to 17. Maternal toxicity (decreased body weight and food 
consumption) was observed at 120 mg/kg/day. At 120 mg/kg/day, there was an 
increase in the number of late resorptions, dead fetuses and mean post implantation 
loss. Fetal body weight was also reduced at 120 mg/kg/day. At 120 mg/kg/day, fetal 
visceral variations included dilated cerebral ventricles and fetal skeletal malformations 
included abnormal number of ribs or lumbar vertebra and fetal skeletal variations 
included poor bone ossification. In an oral embryofetal development study in New 
Zealand white rabbits, animals were treated at 10, 30 and 100 mg/kg/day (about 1, 3 
and 10 times the recommended human oral dose of 100 mg BID based on body surface 
area, respectively) from GD 6 to 18. No significant treatment-related adverse effects on 
embryofetal development were observed in rabbits. In a pre and postnatal development 
study in rats, eliglustat did not appear to cause any significant adverse effects on pre 
and postnatal development at doses up to 100 mg/kg/day (about 5 times the 
recommended human oral dose of 100 mg BID based on body surface area).

The recommended human dose for eliglustat tartrate is 100 mg BID (free base:
equivalent to 84 mg of eliglustat) or 200 mg/day (3.33 mg/kg/day). The mean clinical 
simulated Cmax of 44.3 ng/mL and AUC0-12h of 307 ng.hr/mL were derived from PK 
simulations based on a PopPK model (Report No. SIM0124). The NOAEL in rats (50 
mg/kg/day) in the 6-month toxicity study was approximately 2.4 times the recommended 
human dose of 100 mg BID based on body surface area. The exposure (AUC) at the 
NOAEL of 50 mg/kg/day in rats is approximately 8 to 12 times higher than the mean 
predicted AUC0-12h of 307 ng.hr/mL. The NOAEL in dogs (10 mg/kg/day) in the 12-
month toxicity study was approximately 1.6 times the recommended human dose of 100 
mg BID based on body surface area. The exposure (AUC) at the NOAEL of 10 
mg/kg/day in dogs is approximately 10 to 15 times higher than the mean predicted 
AUC0-12h of 307 ng.hr/mL. 

1.3 Recommendations

1.3.1 Approvability

From a nonclinical standpoint, this NDA is recommended for approval.
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Mutagenesis: 

Eliglustat was negative in the Ames test, chromosome aberration test in human 
peripheral blood lymphocytes, mouse lymphoma gene mutation assay and in vivo oral 
mouse micronucleus test.

Impairment of Fertility:

In a fertility and early embryonic development study in rats, eliglustat increased pre-
implantation loss at 30 (about 1.5 times the recommended human oral dose based on 
body surface area) and 100 mg/kg/day (about 5 times the recommended human oral 
dose based on body surface area).

In mature male rats, eliglustat showed adverse effects on sperm morphology, testes 
(germ cell necrosis), and sloughed cells in the epididymis at 200 mg/kg/day (about 10 
times the recommended human oral dose based on body surface area). Similar effects 
on sperm were not seen in mature Cynomolgus monkeys at 72 mg/kg/day (about 7 
times the recommended human oral dose based on body surface area).

2 Drug Information

2.1 Drug

CAS Registry Number: 928659-70-5 

Generic Name: Eliglustat

Code Name: Genz-112638

Chemical Name: N-((1R,2R)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1-hydroxy-3-
(pyrrolidin-1-yl)propan-2-yl)octanamide (2R,3R)-2,3-dihydroxysuccinate

Molecular Formula/Molecular Weight: C23H36N2O4 + ½ (C4H6O6)/479.59
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Structure: The chemical structure of eliglustat tartrate is shown in the following Figure 
(from page 1 of Section 2.3.S.1).

Pharmacologic Class: Glucosylceramide synthase inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs

IND 67589 (Genz-112638, Genzyme)

2.3 Drug Formulation

Eliglustat drug product (DP) is formulated as hard gelatin capsules. Each capsule 
contains 84 mg eliglustat free base (equivalent to 100 mg of eliglustat tartrate) and 
compendial excipients e.g., microcrystalline cellulose, lactose monohydrate, 
hypromellose and glyceryl behenate/  The components of the DP
are shown in the table below (from page 1 of Section 2.3.P.1).
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3 Studies Submitted

The following table shows the list of nonclinical studies submitted in this application.

3.1 Studies Reviewed 

The following table shows the list of studies reviewed.

STUDY TITLE REPORT NO. PAGE

PHARMACOLOGY

ABSORPTION

In Vitro Evaluation of the Permeability of Genz-99067 using 
Caco-2 Cells

DMPK10-R047

Permeability Determination of Eliglustat with Internal 
Permeability Standards Metoprolol Tartrate and Ranitidine HCl 
Using the In Situ Single Pass Rat Perfusion Assay

DMPK10-R054

Pharmacokinetic Study of Genz-99067 Following a Single 
Intravenous and Oral Administration of Genz-112638 to 
Sprague-Dawley Rats

DMPK11-R025

Pharmacokinetic Study of Genz-99067 Following a Single 
Intravenous and Oral Administration of Genz-112638 to Male 
and Female Beagle Dogs

DMPK11-R027

Pharmacokinetic Study of Genz-99067 After a Single 
Intravenous and Oral Administration of Genz-112638 to Male 
and Female C57BL/6 Mice

DMPK11-R028

Pharmacokinetic Study of Genz-99067 Following a Single 
Intravenous and Oral Administration of Genz-112638 to Male 
Cynomolgus Monkeys

DMPK11-R059

DISTRIBUTION

Quantitative Whole Body Autoradiography of Rats Following 
Oral Administration of 14C-Genz-112638

DMPK09-R001

Determination of Red Blood Cell Partitioning of Genz-99067 in 
Rat, Dog and Human Whole Blood Using [14C]-Genz-112638

DMPK11-R030

Protein Binding of Genz-99067 in Mouse, Rat, Dog, Monkey and 
Human Plasma Using Rapid Equil brium Dialysis (RED) and LC 
MS/MS

DMPK11-R031

Pharmacokinetics, Tissue Distribution and Mass Balance Study 
in Sprague-Dawley Rats Following Single Administration of 
[14C]Genz-112638 by Intravenous Injection and Oral Gavage

GT-157-PK-1

Pharmacokinetics, Tissue Distribution and Mass Balance of 
Radioactivity in Sprague-Dawley Rats Following Single Oral 
Administration of 14C-Genz-112638 With and Without 
Pretreatment with Unlabeled Genz-112638

GT-157-PK-10

Quantitative Tissue Distribution Using Whole-Body 
Autoradiography Following a Single, Oral Dose of [14C]Genz-
99067 (125 mg/kg) to Cyclosporin A Pretreated and Untreated 
Male, CF-1 and Untreated PGP-Deficient Mice

GT-157-PK-17

METABOLISM

In Vitro Metabolic Profiles of [14C]Genz-99067 in Rat, Dog, 
Monkey and Human Liver Microsomes and Hepatocytes

DMPK10-R025

Exposure of Genz–99067 and Its Metabolites in Rat Following 
Oral Administration of [14C]–Genz–112638

DMPK11-R019

Exposure of Genz-99067 and Its Metabolites in Dog Following 
Oral Administration of [14C]-Genz-112638

DMPK11-R024

Stability of Genz-99067 in Rat, Dog and Human Whole Blood DMPK11-R029
In Vitro Metabolic Stability of Genz-99067 in Mouse, Rat, Dog, 
Monkey and Human Liver Microsomes

DMPK11-R035

In Vitro Metabolic Stability of Genz-99067 in Mouse, Rat, Dog, 
Monkey and Human Hepatocytes

DMPK11-R036

In Vitro Metabolic Profiles of [14C]-Genz-99067 in Human 
Recombinant CYP2C19, CYP2D6 and CYP3A4 Enzymes

DMPK11-R043

Metabolic Profiles of Genz-99067 in Rat Plasma Following Oral 
Administration of [14C]-Genz-112638/Amendment 1

DMPK11-R044a1

Metabolic Profiles of Genz-99067 in Dog Plasma Following Oral 
Administration of [14C]-Genz-112638

DMPK11-R045
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Pharmacokinetic Study of Genz-99067 and Its Ten Metabolites 
Following a Single Oral Administration of Genz-112638 to Male 
Cynomolgus Monkey

DMPK11-R092

Pharmacokinetics of Genz-99067 and Its Three Metabolites, 
Genz-399207, Genz-399240 and Genz-682042, Following a 
Single Oral Administration of Genz-112638 to Female New 
Zealand White Rabbits

DMPK12-R003

Genz-99067 Metabolic Pathway Elucidation Using 
Cryopreserved Human Hepatocytes Suspensions

DMPK12-R005

Identification of  Metabolites of Genz-99067 in Plasma and 
Urine from Preclinical Species and Comparison to 
Human/Amendment 1

DMPK13-R003a1

EXCRETION

Pharmacokinetics, Tissue Distribution and Mass Balance Study 
in Beagle Dogs Following Single Administration of [14C]Genz 
112638 by Intravenous Injection and Oral Gavage

GT-157-PK-2

OTHER PHARMACOKINETIC STUDIES

Pharmacokinetics of Genz-99067 Following a Single Oral 
Administration of Genz-112638 to Male and Female D409V/null 
Mice

DMPK11-R058

Pharmacokinetic Study of Genz-399240 Following 
Subcutaneous Administration to Male Sprague-Dawley Rats

DMPK11-R087

Pharmacokinetic Study of Genz-399240 Following a Single 
Intravenous or Oral Administration of Genz-399240 to Male 
Sprague-Dawley Rats

DMPK12-R004

Prediction of the Pharmacokinetics of Genz-99067, the Free 
Base of Genz-112638, in Human from In Vitro and In Vivo 
Pharmacokinetic Data of Genz-99067 in Mouse, Rat, Dog, and 
Monkey

DMPK12-R062

TOXICOLOGY

Acute

Dog

Oral GT-157-TX-4
Rat
Intravenous GT-157-TX-39
Oral GT-157-TX-3

Subacute/Subchronic/Chronic

Mouse

Oral, 2-Week GT-157-TX-25*
Oral, 4-Day GT-157-TX-26
Oral, 2-Week GT-157-TX-27
Oral, 13-Week GT-157-TX-37

Rat

Oral, 28-Day GT-157-TX-5
4-Week, Oral GT-157-TX-28
Oral, 26-Week GT-157-TX-17
Dose-Ranging study, Juvenile rats, oral GT-157-TX-47
10-Week, juvenile rats, oral GT-157-TX-48
13-Week, metabolite, subcutaneous GT-157-TX-61

Dog

28-Day, Oral GT-157-TX-6
13-Week, Oral GT-157-TX-15
52-Week, Oral GT-157-TX-23

GENOTOXICITY

Ames test GT-157-TX-1
Chromosome aberration test GT-157-TX-2
Mouse oral bone marrow micronucleus test GT-157-TX-16
Ames test, Metabolite GT-157-TX-60
Chromosome aberration test, metabolite GT-157-TX-62
Ames test, impurity GT-157-TX-55
Ames test, impurity GT-157-TX-66

CARCINOGENICITY

Mouse, Oral GT-157-TX-43
Rat, Oral GT-157-TX-38

REPRODUCTIVE TOXICITY
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Evaluation of the Efficacy of Genz-112638 in Treating D409V/null Gaucher Mice (GT-
157-EF-12)

The objective of this study was to examine the effects of repeated oral (gavage, 10 
mL/kg) treatment of Genz-112638 on tissue glucosylceramide (GL-1) accumulation, 
histology and Gaucher cell formation in D409V/null Type 1 Gaucher Mice (male and 
female, n = 4/sex/dose). D409V/null mice are a heterozygous model of Type 1 Gaucher. 
Glucosylceramide in these mice begins to accumulate starting at three months of age
and Gaucher cells begin to appear by four months of age. At year one, GL-1 in 
peripheral tissues is generally 16-fold above levels in wild type mice, and Gaucher cells 
are present in large numbers, particularly in the liver and lung. There is no accumulation 
of GL-1 in the brain, and the mice have a normal life span. D409V/wild type mice have 
normal levels of GL-1, do not form Gaucher cells, and have a normal life span.
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In this study, Genz-112638 was administered once daily for 5 or 10 weeks starting at 7
month of age. Animals were dosed once each day for 3 days at 75 mg/kg, followed by 3 
days at 100 mg/kg, and 3 days at 125 mg/kg, followed by 5 weeks or 10 weeks at the 
full dose of 150 mg/kg. Following the completion of dosing tissue samples were 
collected for histological and glycolipid analysis according to the study design shown in 
the table below. D409V/wild type controls (n =5) were included to determine the degree 
of lipid reduction compared to normal levels of GL-1. The study design is shown below 
(from page 5 of the report).
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The number of Gaucher cells in the liver was significantly reduced by the treatment 
compared to that of the control. Gaucher cell number was reduced by 60% at 5 weeks 
and 72% at 10 weeks following treatment with Genz-112638 when compared to control. 
Gaucher cells could not be quantitated in the lung and spleen; however Gaucher cells 
were identified more frequently in the vehicle control animals as compared to animals 
treated with Genz-112368. The data are shown in the following table (from page 12 of 
the report).

Plasma GL-1 levels were assessed at five week time point in Genz-112638 treated, 
vehicle control D409V/null Gaucher mice and D409V/WT controls. There was no 
significant difference in plasma GL-1 between D409V/null Gaucher mice and 
D409V/WT controls. Additionally there was no measurable reduction in the plasma GL-1 
in D409V/null mice treated with Genz-112638 for five weeks compared to vehicle 
controls; treatment with Genz-112638 did not reduce plasma GL-1 to below the normal 
levels present in the D490V/null mice. The reasons for lack observable changes in the 
plasma GL-1 are not known. The data are shown in the following table (from page 11 of 
the report).
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Additionally, lungs were processed for broncho-alveolar gavage fluid (BALF) collection.
Neutrophils and multi-nucleated macrophages in BALF were increased several fold in 
the D409V/null compared to D409V/WT control mice. The increase in BALF neutrophil 
count in the D409V/null mice was slowed by treatment with Genz-112638 at both 5 and 
10 weeks; however, levels were not normalized. There was no effect of treatment on 
macrophage and multinucleated (MN) macrophage counts. These values were variable
and decreased in all groups at 5 and 10 weeks, thus a treatment effect could not be
established. The following figure and table (from page 13 of the report) show the data.
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(DH82 cells). Assay buffer was used as the vehicle control. Following incubation, the
cells were harvested and assayed for GM1 expression using the cholera toxin B subunit
labeled with fluorescein isothiocyanate (FITC). The level of fluorescence was
quantitated using fluorescence activated cell sorting (FACS).

Genz-99067 showed a dose related inhibition of GM1 synthesis in human K562 cells 
and in canine DH-82 cells. The IC50 values in the K562 cells were 24.0 and 33.1 nM for 
assays number 1 and 2, respectively. The IC50 values in the DH82 cells were 59.4 nM 
and 96.6 nM for assays number 1 and 2, respectively. There was no treatment-related 
effect on cell viability.

Evaluation of the Efficacy of Genz-112638 Delivered in Feed Compared to Delivered by 
Oral Gavage in Treating D409V/null Gaucher Mice (GT-157-EF-31)

The objective of this study was to compare efficacy and tolerability of Genz-112638 
following treatment for 7 weeks, with dosing either once daily by oral gavage (10 mL/kg) 
at 150 mg/kg, or mixed in feed daily at 150, 300 or 450 mg/kg. Dosing was initiated 
starting at 10 weeks of age, at which time the D409V/null Gaucher mice have little 
measurable GL-1 (glucosylceramide) and no Gaucher cells. This study was designed to
examine the effectiveness Genz-112368 monotherapy in preventing accumulation of 
GL-1 and formation of Gaucher cells. Additionally, the other objectives of this study 
were to understand the effects on tolerability and efficacy of the lower Cmax and 
extended exposure when the drug was administered in feed as compared to by oral 
gavage.

In this study, 19 male and 11 female D409V/null mice were assigned to five treatment 
groups of 6 animals each as shown in the table below (from page 5 of the report). Three 
groups were administered Genz-112638 mixed in feed at 150, 300 or 450 mg/kg/day 
and a fourth group was administered diet alone as vehicle control. The fifth group was 
treated by oral gavage, at the maximum tolerated dose (MTD) of 150 mg/kg. All mice 
were treated for 7 weeks. Following the completion of the treatment tissue samples
(liver, lung and spleen) were collected for histological and glycolipid analysis according 
to the study design. In addition, liver sections were labeled using a monoclonal anti-
CD68 antibody in order to highlight Gaucher cells.
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 There was a statistically significant reduction in CD68 staining in the liver at 150 
mg/kg of Genz-112638 administered by oral gavage compared to 300 mg/kg 
administered in the food. 

 The mid and high doses (300 and 450 mg/kg, respectively) of Genz-112638 
administered in the food reduced GL-1 accumulation in the lung. 

 Gaucher cells were observed in the spleens of the untreated control group 
(Group E) only.

In conclusion, Genz-112638 administered in food was effective at reducing GL-1 
accumulation in D409V/null mice. However, higher doses were required to achieve a 
similar reduction in GL-1 accumulation in all tissues as achieved with oral gavage 
administration of Genz-112638.

Evaluation of the prevention of GL-1 accumulation in 10 week old D409V/null mice 
given Genz-112638 in feed or by oral gavage (GT-157-EF-33)

The objective of this study was to compare the effects of Genz-112638 on the levels of 
tissue GL-1 at the MTD by oral gavage (150 mg/kg/day) to the MTD by diet (450 
mg/kg/day) in mice. This study included a genetically matched control with normal levels 
of GL-1, to enable comparison of GL-1 following treatment with Genz-112638 versus 
normal levels in tissues. In this study, Gaucher D409V/null mice (n = 6/group) of either 
sex (age ~10 weeks) were assigned to four groups (A-D) including a control group (E) of 
D409V/WT mice (that do not accumulate GL-1). Group A was sacrificed at t=0 (10 
weeks old) to provide baseline tissue GL-1 levels. Group B received once a day oral 
gavage of 150 mg/kg Genz-112638 (10 mL/kg) for 8 weeks. Group C were fed with 
Genz-112638 as 0.225% in the diet for 8 weeks. Groups D (D409V/null) and E 
(D409V/WT) received no treatment. Groups B-E were sacrificed at day 56 and tissues 
(liver, lung, and spleen) were collected for GL-1 analysis and processed for 
histopathology. The following table (from page 3 of the report) shows the study design.
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GL-1 levels in the D409V/null mice at 150 mg/kg/day by oral gavage were reduced by 
14%, 50% and 36% in the liver, lung and spleen, respectively, as compared to vehicle 
controls. Significantly greater efficacy was observed at 450 mg/kg/day of Genz-112638 
in the feed, with GL-1 normalized in the liver, lung and spleen following the 8 weeks of 
treatment. GL-1 was reduced by 71%, 73% and 73% in liver, lung and spleen, 
respectively, as compared to vehicle controls. In the liver, D409V/null mice treated with 
Genz-112638 either by oral gavage or in the food had a significantly lower area of CD68 
staining compared to mice at t=0, indicating debulking was achieved with both routes of
administration. However, quantitative analysis of GL-1 showed a significantly greater 
debulking of GL-1 at 450 mg/kg in the feed (73% from baseline) versus 150 mg/kg by 
oral gavage (16% from baseline). In the spleen and in the lung, Gaucher cells were 
unevenly distributed, thus the CD68 staining was not informative in these tissues.

Combination therapy in D409V/null mice: IV dosing of Cerezyme followed by food
dosing of Genz-112638 (GT-157-EF-35)

The objective of this study was to determine if Genz-112638 can maintain the reduced 
levels of GL-1 achieved following Cerezyme (recombinant human glucocerebrosidase) 
administration. The secondary goal was to confirm Genz-112638 efficacy as 
monotherapy at 150 mg/kg/day oral dose, and compare that efficacy to the dose groups 
receiving Genz-112638 as maintenance therapy following Cerezyme.

In this study, Gaucher D409V/null mice of either sex (aged 4.5 to 6 months) were 
assigned to 10 groups (A-J). There were 4-6 mice/group. Groups A, C, D, G and H were 
treated with Cerezyme at single doses of 10 mg/kg (5 mL/kg) by injection (tail vein) on 
study days 1, 4, 8 and 11. Groups C and E were treated with Genz-112638 in the diet 
(ad libitum) for 5 weeks and Groups G and I were treated with Genz-112638 for 10 
weeks starting at study day 12. Group B animals received the vehicle by tail-vein 
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injection, and Groups F and J were untreated. Groups A and B were euthanized at 
study day 16 to provide baseline tissue GL-1 levels post Cerezyme debulking (Group A) 
or vehicle control (Group B). Groups C-F were euthanized at study day 49 (5 weeks of 
Genz-112638 treatment for Groups C and E) and groups G-J were euthanized at study 
day 84 (10 weeks of Genz-112638 treatment for Groups G and I). At scheduled sacrifice 
time points, tissues (liver, lung, and spleen) were collected for GL-1 analysis and were 
processed for histopathology. Tissue sections were labeled with anti-CD68 monoclonal 
antibody to quantitate CD68 staining. CD68 is a general macrophage cell surface 
marker. Amount and intensity of staining correlates with the expansion of cell volume 
and surface area in Gaucher cells. The following table (from page 4 of the report) shows 
the study design.
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(monotherapy) decreased GL-1 by 40-65% compared to controls (Groups E and I 
versus F and J).

Groups A and B, and G-J were evaluated for CD68 positive staining. CD68 results were 
provided for the liver. Due to low disease induction and uneven distribution of cells in 
the spleen and lung, CD68 staining was not informative in these tissues. In the liver, 
there were no statistically significant differences in mean percent area CD68 positive 
between treatment groups evaluated, which were considered most likely due to the low 
disease induction. However, there were following notable trends:

 Animals treated with Genz-112638 for 10 weeks, either as monotherapy (Group 
I) or following treatment with Cerezyme (Group G) showed low levels of CD68 
staining compared to animals immediately following treatment with Cerezyme 
(Group A).

 Additionally, all animals treated with Genz-112638 had lower CD68 staining than 
untreated controls (Groups B and J)

 The degree of CD68 positive staining was similar in animals administered 
Cerezyme with no further treatment at 10 weeks and in the vehicle controls at 
baseline (Groups H and B). 

In conclusion, treatment of Gaucher D409V/null mice with Cerezyme cleared most of 
the accumulated GL-1 from the liver and spleen but not in the lung. This was probably 
attributed to inaccessibility of circulating enzyme to alveolar macrophages, the site of 
the majority of lung storage. Treatment with Genz-112638 at 150 mg/kg/day in the diet 
was effective at maintaining or reducing tissue levels of GL-1 whether the mice were 
naïve to treatment or debulked of stored substrate through prior treatment with 
Cerezyme. Genz-112638 at 150 mg/kg/day was effective in preventing accumulation of 
GL-1. The liver histology results suggested that both Cerezyme and Genz-112638 can 
effectively reduce the amount of GL-1 storage in the Gaucher mouse liver.

Evaluation of the Efficacy of Cerezyme Therapy Followed Genz-112638 Therapy in
Treating the D409V/null Gaucher mice (GT-157-EF-41)

This study examined the ability of Genz-112638 to maintain reduced levels of tissue GL-
1, following debulking with Cerezyme in Gaucher mice (aged 2 to 3 months, n= 4-
6/group). Genz-112638 treatment was started the day after Cerezyme treatment was 
terminated, and was administered in the diet at 150 mg/kg/day or 450 mg/kg/day. Two 
monotherapy dose groups also received 150 or 450 mg/kg/day Genz-112638 in the 
feed, with the goal of comparing Genz-112638 efficacy as monotherapy versus the 
same doses given after Cerezyme debulking. Cerezyme was administered as a single 
tail vein injection once daily, eight times over 2 weeks with at least 48 hours between 
doses (Groups A, C-E, I, K-M). Genz-112638 in the feed was provided freely (ad 
libitum) for 5 weeks (groups K & L) or 10 weeks (groups C & D), beginning the day 
following the last Cerezyme dose. Genz-112638 in the feed was provided freely (ad 
libitum) for 12 weeks beginning on study day 1 (groups F and G). The following table 
shows the study design (from page 5 of the report).
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Treatment of Gaucher D409V/null mice with Cerezyme reduced most of the 
accumulated GL-1 in the liver and spleen as observed in the previous study (GT-157-
EF-35). Animals treated with Cerezyme with no further treatment showed a significant
re-accumulation of GL-1. Both doses of Genz-112638 maintained the reduced levels of 
GL-1 from the Cerezyme treatment. The higher dose of Genz-112638 (450 mg/kg/day) 
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as maintenance therapy provided additional debulking at both 5 and 10 weeks. 
Monotherapy with 450 mg/kg of Genz-112638 provided debulking from baseline, and 
was equally effective with Cerezyme. As mentioned before, in the lungs, enzyme has 
poor distribution to alveolar macrophages, the site of the majority of lung storage. In this 
study, the eight doses of Cerezyme over two weeks was able to partially clear GL-1 in 
the lung, however Genz 112638 as monotherapy or post-Cerezyme appeared to be 
more effective.

4-Day Efficacy Study with Genz-112638 by Oral Administration in Rats for Exposure 
and Biomarkers (GT-157-EF-55)

The goal of this study is to examine in vivo activity and exposure of Genz-112638 in the 
plasma following oral dosing at or below the NOAEL for four days in male Sprague 
Dawley (SD) rats. In this study, male rats (n = 4/dose) were assigned to four groups of 
four animals per group. Test articles were administered by oral gavage (5 mL/kg) once 
daily for four days at 10, 25 and 50 mg/kg/day. Blood was collected at the following time 
points for plasma exposure and biomarker (GL1) analysis: 1 hour post dose 1 (study 
day 1), 24 hour post dose 1 (study day 2), 1 hour post dose 4 (study day 4), 2 hour post 
dose 4 (study day 4), 6 hour post dose 4 (study day 4), and 24 hour post dose 4 (study 
day 5).

Genz-112638 reduced plasma GL1 by a maximum of 30% relative to vehicle treated 
animals. The maximal effect was observed after four days of treatment at the 6 hour 
post dose at 50 mg/kg/day. Plasma levels of Genz-99067 were dose related, maximal at 
~1 hour post dose, and cleared from the plasma by 24 hours post dose. The following 
table (from page 5 of the report) shows the change in the plasma GL1 levels.

In Vitro Glucosylceramide Synthase Inhibition Testing of the Eliglustat Metabolites 
Genz-256222, Genz-258162, Genz-256416, Genz-258179, Genz-311752, Genz-
120965, Genz-399207, Genz-399240, Genz-527862 and Genz-682042 (GT-157-EF-56)

The objective of this study was to define a concentration response relationship and IC50

determination for GL-1 synthase enzyme inhibition by ten Genz-112638 metabolites in 
microsomes from A375 human melanoma cells (lysed cell assay using HPLC) and in 
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intact B16 cells (intact cell assay using immunofluorescence for surface expression of 
GM3). The following ten metabolites were used:

Genz-120965 - AA-003, Genz-256222 - AA-001, Genz-256416 - AA-001, Genz-258179 
- AA-003, Genz-399207 - AA-001, Genz-399240 - AA-001, Genz-527862 - AA-001, 
Genz-682042 - AA-001, Genz-258162 - AA-001, Genz-311752 - AA-004

Lysed cell assay: IC50 values for GL-1 synthase inhibition are shown in the following 
table (from page 5 of the report).

Intact cell assay: IC50 values for GL-1 synthase inhibition are shown in the following 
table (from page 5 of the report).
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In both human microsomes and intact B16 cells, ten chemically synthesized, confirmed 
metabolites of Genz-112638 appeared to have little or no pharmacological activity for 
GL-1 synthase inhibition. The IC50 values for the inhibition of GL-1 synthesis ranged
from 1 to > 30 µM, the highest concentration tested. The IC50 values for GM3 synthesis 
inhibition ranged from 1.15 to > 10 µM, the highest concentration tested in this assay. 
The mean IC50 value for Genz-112638 was 19.6 nM for the inhibition of GL-1 synthesis 
and 57 nM for GM3 expression on B16 cells (GT-157-EF-59).

In Vitro Glucosylceramide Synthase Inhibition Testing of Eliglustat (Genz-112638) (GT-
157-EF-59)

This study was conducted to determine the IC50 for glucosylceramide synthase (GCS) 
enzyme inhibition, in microsomes and in intact cells. Inhibition of NBD-C6-glucosylceramide 
formation was determined in A375 cell-derived microsomes (lysed cell assay) and inhibition 
of cell surface expression of GM3 was determined using intact B16 cells (intact cell assay).

The mean IC50 values in lysed cell assays are shown in the following table (from page 
4 of the report).
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The mean IC50 values in intact cell assays are shown in the following table (from page 7 
of the report).

Overall, the mean IC50 for GCS inhibition in human cell derived microsomes was 
determined to be 19.6 nM (8 ng/mL). The mean IC50 for the inhibition of GM3 expression on 
intact mouse B16 cells was 57 nM (23 ng/mL).

The Efficacy of Genz-112638 as Determined by Decreased Glucosylceramide Levels in 
Livers from Beagle Dogs (GT-157-EF-7)

This study was conducted to determine in vivo activity of Genz-112638 in normal 
Beagle dogs (n =3/sex/dose, 5-7 months old, male and female), following 28 days or 13 
weeks of daily oral treatment. For the 28-day study, male and female dogs were 
randomized to four dose groups (0, 2.5, 5 and 12.5 mg/kg BID or 5, 10 and 25 
mg/kg/day). Genz-112638 was administered daily by oral gavage for 28 days, 
administered as a twice daily dose (BID) approximately 6 hours apart. Two additional 
groups of male and female dogs in the vehicle control and high dose groups were 
followed for an additional 14 day recovery period. For the 13-week study, male and 
female dogs were randomized to 0, 2, 5 and 10 mg/kg/day dose groups. Genz-112638 
was dosed daily by oral gavage for 13 weeks, administered as a once daily dose, 
approximately every 24 hours. Tissue samples from the liver were collected from a 
subset of male dogs from the 0 (vehicle control) and 10 mg/kg/day (high dose) groups 
at necropsy for GL-1 analysis. 

For the 28-day study, liver glucosylceramide levels were reduced by 50%, 47% and 
60% at 2.5, 5, and 12.5 mg/kg BID, respectively, compared to control. For the 13-week 
study, GL-1 synthesis in the liver was reduced by 32-55% compared to vehicle controls.
Following the 14-day recovery period, glucosylceramide in the liver at 12.5 mg/kg BID 
was not different from vehicle control; indicating that the suppression of GL-1 synthesis 
by Genz-112638 was reversible after the removal of the inhibitor.

4.2 Secondary Pharmacology
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Combination Screen Pharmacology Data Report (GT-157-EF-3) and In Vitro 
Pharmacology: High Throughput Profile Study of Four Compounds (GT-157-EF-60)

In this radioligand-binding study, Eliglustat was evaluated specifically for the 
identification of off-target activities. This assay included a broad range of 80 different 
receptors, transporters, and ion channels overexpressed in Chinese hamster ovary 
(CHO) cells or endogenously expressed in cells or tissues. At 10 μM, the highest 
concentration tested, eliglustat showed only minimal interaction with 71 components of 
the panel, but it did produce a significant (> 50%) inhibition of ligand binding to nine 
targets. These included the dopamine receptors D3 and D4.4, the serotonin receptors 
5-HT1A, 5-HT2A, 5-HT2B, and 5-HT6, the mu opioid receptor, the non-specific sigma 
receptor, and the Ca2+ ion channel (L, verapamil site). Three major eliglustat 
metabolites (Genz-399207, Genz-399240, and Genz-682042) were also tested for the 
inhibition of specific radioligand binding for different receptors. There was no significant 
inhibition of any specific radioligand binding for any of these three metabolites up to 10 
μM, the highest concentration tested.

In Vitro Pharmacology:  Human 5HT2B Receptor Functional Assay (Agonist Effect) -
Study of Genz-112638 (GT-157-EF-61)

The purpose of this study was to investigate the effects of Genz-112638 in the in vitro
human 5-HT2B receptor functional assay for possible cardiac effects. Activation of the 
5-HT2B receptors has been reported to be strongly associated with drug-induced 
valvular heart disease (Rothman RB and M Baumann, 2009, Expert Opin Drug Saf,
8:317-329). As determined by inositol-1-phosphate (IP1) release, eliglustat showed no 
specific activation of the 5HT2B receptor up to 100 μM, the highest concentration 
tested.

In Vitro Testing of Eliglustat-Imiglucerase Interaction by Glucocerebrosidase Activity
Assay and  Analysis (GT-157-EF-57)

The objective of this study was to examine the interaction of eliglustat and imiglucerase, 
a recombinant β-glucosidase (approved for the treatment of Gaucher disease). This 
study was conducted using the following two assays.

Quantitative assessment of imiglucerase activity in the presence of eliglustat, using the 
substrate 4-methylumbelliferyl-β-D-glucose: In this assay, eleven concentrations of 
eliglustat were tested, ranging from 0.001 µM to 37 µM. Eliglustat showed no inhibition 
of acid β-glucosidase activity through 12 µM (6 µg/mL). At 37 µM (18 µg/mL), minor 
inhibition was observed. The 12 uM and 37 uM eliglustat concentrations are about 300-
and 900 times, respectively, the mean Cmax of ~ 20 ng/mL observed at steady state in 
the phase 2 clinical trial.

Semi-quantitative assessment of physical interaction of imiglucerase and eliglustat
using  analysis: In this assay, eliglustat was tested at 100 uM concentration.
Eliglustat bound very weakly both to the unmodified-imiglucerase surface and to the 
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CBE (conduritol β-epoxide) and MMTS (methyl methanethiolsulfonate)-active site 
blocked imiglucerase surfaces. These results indicated a weak interaction between 
eliglustat and imiglucerase.

Overall, in both assays eliglustat was shown not to interact with imiglucerase. Minor 
inhibition was observed at 37 uM, which is equal to 18,000 ng/mL of eliglustat (about 
900-fold above the mean Cmax of ~ 20 ng/mL observed at steady state in the phase 2 
clinical trial). In the  assay, only a weak physical interaction was observed with 
eliglustat and imiglucerase. 

4.3 Safety Pharmacology

The following reviews are incorporated below from the pharmacology review of IND 
67,589 dated July 30, 2004 by Dr. Dylan Yao (DMEP).
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Effects of Genz-112638, Genz-399240 and Genz-399207 on Human Cardiac
Sodium Channels Stably Expressed in HEK293 Cells (GT-157-TX-41)

This study was conducted to examine the effects of Genz 112638 and two metabolites, 
Genz-399240 and Genz-399207, on peak sodium current recorded from HEK293 cells 
(n = 4 cells/concentration) stably transfected with human cardiac sodium channel 
(hNav1.5) cDNA. The following concentrations were tested: Genz-112638 (0.3, 1, 3, 10 
and 100 μg/mL), Genz-399240 (5 μg/mL) and Genz-399207 (30 μg/mL). Flecainide 
(100 µM) was used as positive control. Vehicle was dimethyl sulfoxide (DMSO, 0.1%).

Genz-112638 inhibited peak sodium currents, stimulated at a frequency of 1 Hz, in a 
concentration-dependent manner, with a statistically significant inhibition of peak current 
observed at concentrations of 1 μg/mL and above compared to control. The estimated 
IC25, IC50 and IC75 values for Genz-112638 inhibition of peak sodium current were 1.8, 
5.2 and 15 μg/mL, respectively. Genz-399240 produced a residual peak current of 
90.2% when compared to control values. This equates to a decrease in peak current of 
9.8 %. No statistically significant difference between the vehicle and Genz-399240 
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treated groups was observed. Genz-399207 produced a residual peak current of 85.4% 
when compared to control values. This equates to a decrease in peak current of 14.6%. 
No statistically significant difference between the vehicle and Genz-399207 treated 
groups was observed. Flecainide inhibited peak sodium current by 95.0%.

Effects of Genz-112638 on the Human Cav1.2 L-type Calcium Channels Expressed
in Mammalian Cells (GT-157-TX-44)

The objective of this study was to examine the in vitro effects of Genz-112638 on L-type
calcium current (Ica,L) in Chinese hamster ovary (CHO) cells that over-express human 
Cav1.2 calcium channels. Genz-112638 inhibited hCav1.2 current by 30.2% at 10 µM (n 
= 3), 48.9% at 30 µM (n = 3) and 88.0% at 100 µM (n = 4). The IC50 for the inhibitory 
effect of Genz-112638 on hCav1.2 current was 24.8 µM. Nifedipine (0.1 µM), the 
positive control, inhibited hCav1.2 current (Mean, n = 2) by 73.8%. 

Effects of Genz-399207 and Genz-399240 on the Human Cav1.2 L-type Calcium
Channels Expressed in Mammalian Cells (GT-157-TX-45)

The objective of this study was to examine the in vitro effects of Genz-399207 and 
Genz-399240 (two metabolites of GENZ-112638) on L-type calcium current (Ica,L) in 
CHO cells that over-express human Cav1.2 calcium channels. Genz-399207 inhibited 
hCav1.2 current by 0.5% at 10 µM (n = 3), 0.1% at 30 µM (n = 3) and 5.4% at 100 µM 
(n = 3). The IC50 for the inhibitory effect of Genz-399207 on hCav1.2 current was not 
calculated since the inhibition was less than 50%. Genz 399240 inhibited hCav1.2 
current by 0.6% at 10 µM (n = 3), 0.8% at 30 µM (n = 4) and 12.3% at 100 µM (n = 3). 
The IC50 for the inhibitory effect of Genz-399240 on hCav1.2 current was not calculated 
since the inhibition was less than 50%. Nifedipine (0.1 µM), the positive control, 
inhibited hCav1.2 current (Mean, n = 2) by 79.3%. 

Effect of Nine Eliglustat Metabolites on hERG Hill Current as Tested in Stably 
Transfected HEK293 cells (GT-157-TX-49)

The goal of this study was to determine the in vitro effects of nine eliglustat metabolites
on mammalian cells stably expressing the hERG (human ether-à-go-go-related gene)
cardiac potassium channel. For each metabolite, the concentration-response 
relationship was evaluated at multiple concentrations, to define potential concentration 
based effects on hERG tail current. The following table (from page 3 of the report) 
shows the concentration tested.
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Effect of Genz-682042 on Cloned hERG Potassium Channels Expressed in
Mammalian Cells (GT-157-TX-50)

The objective of this study was to examine the in vitro effects of Genz-682042 
(metabolite) on the hERG potassium channel current (a surrogate for IKr, the rapidly 
activating and delayed rectifier cardiac potassium current). Two concentrations were 
tested: 10 and 300 µM. Genz-682042 did not cause significant inhibition of hERG 
current [1.3% (n = 3) at 10 µM and 2.0% at 300 µM (n = 3)]. The IC50 for the hERG 
inhibition was not determined but was estimated to be greater than 300 µM. The 
positive control, 90 nM cisapride, inhibited hERG current by (mean) 79.2% (n = 2).

Effects of Eight Metabolites of Genz-112638 on the Human Cav1.2 L-type Calcium 
Channels Expressed in Mammalian Cells (GT-157-TX-51)

The objective of this study was to determine the in vitro effects of the following (from 
page 7 of the report) eight metabolites of Genz-112638 on mammalian cells (CHO cells) 
stably expressing hCav1.2. Positive control was nifedipine (0.1 µM, n = 2). Metabolites 
were tested at three concentrations: 10, 30 and 100 µM.
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The following table shows the results of this study.

Compound % inhibition of hCav1.2 Current 
(Mean ± SEM, n = 3) 

IC50 (Estimate)

10 µM 30 µM 100 µM

Genz-256416 1.2 ± 0.3 1.8 ± 0.4 > 100 μM
Genz-258162 2.3 ± 0.5 8.9 ± 1.0 > 100 μM
Genz-258179 1.7 ± 0.6 10.0 ± 0.7 > 100 μM
Genz-120965 1.6 ± 0.4 6.0 ± 1.4 > 100 μM
Genz-527862 1.5 ± 1.6 4.1 ± 2.0 > 100 μM
Genz-682042 0.2 ± 1.2 2.0 ± 1.1 > 100 μM
Genz-256222 3.6 ± 0.9* 24.5 ± 1.2 81.5 ± 1.9 > 50 μM
Genz-311752 2.8 ± 0.9* 5.4 ± 1.7 > 100 μM
Nifedipine (0.1 µM) inhibited hCav1.2 current by (mean) 85.0% (n = 2)

*: n = 4

Overall, for all metabolites tested, the IC50 values were > 100 µM. Metabolite Genz-
256222 had an IC50 of > 50 µM. 
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Effect of Eight Test Articles on Human Cardiac Sodium Channels (hNav1.5) Expressed 
in Mammalian Cells (GT-157-TX-52)

The objective of this study was to determine the in vitro effects of the following (from 
page 7 of the report) eight metabolites of Genz-112638 on mammalian cells (HEK293 
cells) stably expressing hNav1.2. Positive control was lidocaine (2 mM, n = 2). 
Metabolites were tested at three concentrations: 9, 27 and 90 µM.

The following table shows the results of this study.

Compound % inhibition of hNav1.5 Current 
(Mean ± SEM, n = 3) 

IC50 (Estimate)

10 µM 30 µM 100 µM

Genz-256416 0.4 ± 0.6 1.2 ± 0.3 > 100 μM
Genz-258162 0.0 ± 0.8 6.7 ± 1.3* > 100 μM
Genz-258179 0.2 ± 0.2 4.3 ± 0.3 > 100 μM
Genz-120965 3.2 ± 0.4 9.4 ± 0.6 > 100 μM
Genz-527862 0.2 ± 0.4

(14 µM)
16.3 ± 1.3
(144 µM)

> 144 μM

Genz-682042 0.3 ± 0.7* 3.7 ± 1.1 > 100 μM
Genz-256222 3.9 ± 0.8

(9 µM)
30.9 ± 2.6
(27 µM)

90.1 ± 2.3
(90 µM)

37 μM

Genz-311752 0.6 ± 0.4* 5.5 ± 1.0 > 100 μM
Lidocaine (2 mM) inhibited hNav1.5 current by (mean) 85.0% (n = 2)
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*: n = 4

Overall, all the tested metabolites had IC50 values > 100 µM except Genz-256222, 
which had an IC50 of 37 µM.  

Effect of Genz-399240 on Cloned hERG Potassium Channels Expressed in Mammalian 
Cells (GT-157-TX-54)

The objective of this study was to examine the in vitro effects of Genz-399240 on the
hERG potassium channel current. Two concentrations were tested: 10 and 300 μM. 
Genz-399240 did not cause significant inhibition of hERG current [0.1% at 10 μM (n = 3) 
and 0.7% at 300 μM (n = 4)]. The IC50 for the hERG inhibition was not determined but 
was estimated to be greater than 300 μM. The positive control, 90 nM cisapride,
inhibited hERG current by (mean) 84.0% (n = 2).
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Absorption

In Vitro Evaluation of the Permeability of Genz-99067 using Caco-2 Cells (DMPK10-
R047)

Methods: The objective of this study was to evaluate the permeability of Genz-99067 in 
vitro using the Caco-2 cell permeability model. Permeability of Genz-99067 was 
assessed at 12.5, 125 and 1250 µM. Labetalol and terbutaline were included in the 
assay at 10 µM concentrations as the internal high and low permeability standards, 
respectively.

Results: All tested concentrations of Genz-99067 exhibited higher permeability than the 
internal high permeability standard labetalol. The ratios of permeability of Genz-99067 
to that of labetalol were 2.0, 1.9 and 1.6 at concentrations of 12.5, 125 and 1250 μM 
Genz-99067, respectively. These data indicates that Genz-99067 is a high permeability 
drug substance.

Permeability Determination of Eliglustat with Internal Permeability Standards Metoprolol 
Tartrate and Ranitidine HCl Using the In Situ Single Pass Rat Perfusion Assay 
(DMPK10-R054)

Methods: In this study, permeability of eliglustat was evaluated at three concentrations
(6, 60, and 600 µg/mL) using in situ single pass perfusion assay. Eliglustat was co-
perfused with the high permeability standard metoprolol tartrate at 68 µg/mL and the low 
permeability standard ranitidine hydrochloride at 35 µg/mL. Samples were collected as 
10-minute fractions over a 90 minute period and analyzed for drug concentrations.

Results: At both the high and mid concentrations, eliglustat was demonstrated to be a 
high permeability drug in comparison to the high internal permeability standard 
metoprolol tartrate. At the low concentration, eliglustat permeability was less than that of
metoprolol. The test to reference ratios (T/R) observed were 1.64, 1.50, and 0.19 at the 
high, mid, and low doses, respectively.

Pharmacokinetic Study of Genz-99067 Following a Single Intravenous and Oral 
Administration of Genz-112638 to Sprague-Dawley Rats (DMPK11-R025)
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Methods: In this study, Sprague-Dawley rats were assigned to three treatment groups. 
Rats in group 1 (n = 6, 3/sex) received 1 mg/kg of Genz-112638, the hemi-tartrate salt 
form of Genz-99067 (salt correction factor of 0.844) as a single IV bolus dose. Rats in 
groups 2 (n = 8, 4/sex) and 3 (n = 8, 4/sex) received 3 and 10 mg/kg of Genz-112638,
respectively, as a single oral dose by gavage. Serial blood samples were collected over 
0 to 24 hours post dose, and urine was collected over 0 to 24 hours post IV dose. 
Concentrations of Genz-99067 in the plasma and urine were determined using liquid 
chromatography with tandem mass spectrometry (LC-MS/MS) method. The following 
figure (from page 20 of the report) shows the structures of Genz-99067 and Genz-
112638.

Results: Following IV administration, mean AUC0- and t½ were 553 ng.hr/mL and 0.253 
h, respectively. Mean plasma clearance (CL) was 27.0 mL/min/kg. The mean estimated 
volume of distribution at steady state was 429 mL/kg. Females had approximately 54% 
greater mean systemic exposure (AUC0-) than males (670 vs. 436 ng.hr/mL, 
respectively) and approximately 35% lower mean CL than males (21.4 vs. 32.7 
mL/min/kg). No detectable levels of Genz-99067 were found in the urine of either sex.
The following table (from page 16 of the report) shows the PK data following IV 
administration.
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Following 3 mg/kg oral administration, mean Cmax and tmax were 245 ng/mL and 0.271 
hours, respectively. Mean AUC and t½ values were 184 ng.hr/mL and 0.385 hours, 
respectively. In females, mean AUC and Cmax values were approximately 108% higher 
(237 vs. 114 ng.hr/mL) and 250% higher (381 vs. 109 ng/mL), respectively, compared to 
males. The absolute bioavailability following a single oral administration of Genz-
682452 was estimated to be 10.5%. The following table (from page 17 of the report) 
shows the PK data following 3 mg/kg oral administration.
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Following 10 mg/kg oral administration, Cmax and tmax were 885 ng/mL and 0.469 hours, 
respectively. Mean AUC and t½ were 924 ng.hr/mL and 0.479 hours, respectively. In 
females, mean AUC and Cmax values were approximately 100% (1230 vs. 616 
ng.hr/mL) and 76% higher (1130 vs. 643 ng/mL), respectively, compared to males. The 
absolute bioavailability following a single oral administration of Genz-682452 was 
estimated to be 16.3%. The following table (from page 18 of the report) shows the PK 
data following 10 mg/kg PO administration.

Pharmacokinetic Study of Genz-99067 Following a Single Intravenous and Oral 
Administration of Genz-112638 to Male and Female Beagle Dogs (DMPK11-R027)

Methods: In this study, six Beagle dogs (3/sex) received a single 1 mg/kg IV bolus 
dose, followed by a single 3 mg/kg oral (PO) dose of Genz-112638, with treatments 
separated by a 7-day washout period. Serial blood samples were collected over 0 to 48 
hours post dose after each treatment, and urine was collected over 0 to 48 hours post 
dose after the IV dose. Concentrations of Genz-99067 in the plasma and urine were 
determined by LC-MS/MS method.
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Results: Following IV administration, mean AUC0- and t½ were 415 ng.hr/mL and 
0.929 h, respectively. Mean plasma clearance (CL) was 34.8 mL/min/kg. The mean
estimated volume of distribution at steady state (2380 mL/kg) was almost four-fold 
greater than total body water (0.6 L/kg), suggesting extensive extravascular tissue 
distribution. Males had approximately 24% greater mean systemic exposure (AUC) than 
females (459 vs. 371 ng.hr/mL, respectively) and approximately 19% lower mean CL 
than females (31.1 vs. 38.6 mL/min/kg). Mean renal clearance was approximately 
1.15% (males) and 0.294% (females) of the mean systemic clearance. The PK 
parameters following IV administration is shown in the table (from page 16 of the report) 
below.

Following 3 mg/kg oral administration, mean Cmax and tmax were 68.0 ng/mL and 0.445 
hours, respectively. Mean AUC and t½ were 131 ng.hr/mL and 1.06 hours, respectively. 
In males, mean AUC0- and t½ values were approximately 89% higher (171 vs. 90.6 
ng.hr/mL) and approximately 88 % higher (1.39 vs. 0.741 hours), respectively, 
compared to females, however, Cmax values were similar (66.2 versus 69.9 ng/mL) 
between males and females. The absolute bioavailability following a single oral 
administration of Genz-112638 was estimated to be 10.1% (12.3 % in males and 7.92% 
in females). The PK parameters following oral administration is shown in the table (from 
page 17 of the report) below.
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Pharmacokinetic Study of Genz-99067 After a Single Intravenous and Oral 
Administration of Genz-112638 to Male and Female C57BL/6 Mice (DMPK11-R028)

Methods: In this study, C57BL/6 mice were divided into 4 groups (n = 6/group). Mice in 
groups 1 (males) and 3 (females) received a single IV dose of 1 mg/kg (5 mL/kg) of 
Genz-112638 (equivalent to 0.843 mg/kg Genz-99067). Mice in groups 2 (males) and 4 
(females) received a single oral 3 mg/kg dose (10 mL/kg) of Genz 112638 (equivalent to 
2.53 mg/kg Genz-99067) by gavage. Serial blood samples were collected over 0 to 24 
hours post dose, and plasma concentrations of Genz-99067 were determined by LC-
MS/MS method.

Results: Following IV administration, mean AUC0- was greater in males than females 
(146 and 52.5 ng.hr/mL, respectively); however, t½ values were similar (0.546 and 0.557 
hours, respectively). Plasma clearance in males was 96.0 mL/min/kg, whereas this
value was greater in females (268 mL/min/kg). The mean steady-state volume of
distribution in both males and females (2.07 and 9.44 L/kg, respectively) exceeded total
body water (0.7 L/kg), suggesting extensive extravascular tissue distribution.

Following oral administration, in males, mean Cmax and tmax were 115 ng/mL and 0.0833 
hours, respectively. The AUC0- and t½ were 20.5 ng.hr/mL and 0.214 hours, 
respectively. The mean oral bioavailability was 4.68%.
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Pharmacokinetic Study of Genz-99067 Following a Single Intravenous and Oral 
Administration of Genz-112638 to Male Cynomolgus Monkeys (DMPK11-R059)

Methods: In this study, three male Cynomolgus monkeys received a single 1 mg/kg IV 
bolus dose, followed by a single 3 mg/kg oral (PO) dose of Genz-99067 (administered 
as Genz-112638, the hemi-tartrate salt form of Genz-99067), with treatments separated 
by a 7-day washout period. Serial blood samples were collected over 0 to 8 hours post
dose, and the urine was collected over 0 to 8 hours post dose after the IV dose. 
Concentrations of Genz-99067 in the plasma and urine were determined by LC-MS/MS 
method.

Results: Following IV administration, mean AUC0- and t½ were 222 ng.hr/mL and 1.43 
hours, respectively. Mean plasma clearance was 77.8 mL/min/kg. The mean steady-
state volume of distribution was 5.13 L/kg, which is more than 8-fold greater than total 
body water (0.6 L/kg), suggesting extensive extravascular tissue distribution. Mean 
amount of Genz-99067 excreted in the urine was 15.6 μg (0.440% of the administered 
dose) and mean renal clearance was 0.443% of the mean systemic clearance. 
Following PO administration, mean observed Cmax and tmax were 4.66 ng/mL and 0.250 
hours, respectively. The mean AUC0- and t½ were 4.74 ng.hr/mL and 0.737 hours, 
respectively. The mean oral bioavailability was 0.803%. The following table (from page 
15 and 16 of the report) show the PK data following IV and oral administration.
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hours (pigmented skin), while in most cases the t1/2 values were less than 10 hours. The 
estimated AUC0- for tissues ranged from 7370 ng-equivalent.hours/g (blood) to 2.22
mg-equivalent.hours/g (uveal tract).

The highest concentration in the pigmented skin was observed at 2 hours post dose
(3290 ng-equivalents/g) and concentrations remained measurable through 168 hours
post dose (1060 ng-equivalents/g). The highest concentration of radioactivity in the 
uveal tract (19100 ng-equivalents/g) was observed at 2 hours post dose and 
concentrations remained measurable through 168 hours post dose (3460 ng-
equivalents/g). These data suggested that 14C-Genz-112638-related radioactivity was 
selectively associated with melanin-containing tissues in the uveal tract and pigmented 
skin.

In pigmented male rats, uveal tract, pigmented skin, liver, eye, and pituitary gland were
the five tissues expected to be exposed to the highest doses of radiation following a 
single oral administration of 14C-Genz-112638. In humans, these tissues were estimated 
to be exposed to 29.2, 10.6, 5.15, 3.62, and 3.10 mRad (Rad = gray or absorbed dose),
respectively. All other organs had lower radiation absorbed doses or absorbed doses 
that were incalculable. The total whole body effective dose was 3.25 mrem. This value 
was 923-fold below the FDA exposure limit of 3000 mrem after a single dose for human 
isotope studies. Based on the pharmacokinetic and dosimetry data, administration of a 
single oral 100-µCi dose of 14C-Genz-112638 was not considered to represent a 
significant radiation exposure risk in humans.

Determination of Red Blood Cell Partitioning of Genz-99067 in Rat, Dog, and Human 
Whole Blood Using [14C]-Genz-112638 (DMPK11-R030)

Methods: The partition coefficients of Genz-99067 between red blood cells (RBC) and 
plasma (KRBC/Plasma) in the rat, dog and human were determined using [14C]-Genz-
112638 (specific activity: 24.90 mCi/mmmol) by liquid scintillation counting (LSC) 
method.

Results: [14C]-Genz-112638 exhibited low RBC partitioning with KRBC/Plasma of less 
than 2 in the rat, dog, and human whole blood. In male Sprague-Dawley rat whole 
blood, the mean KRBC/Plasma was 0.714, 0.762, and 1.81 at 0.1, 1.0, and 10 μM of
[14C]-Genz-112638, respectively. In male Beagle dog whole blood, the mean 
KRBC/Plasma was 0.867, 0.781, and 1.37 at 0.1, 1.0 and 10 μM of [14C]-Genz-112638, 
respectively. In male human whole blood, the mean KRBC/Plasma was 1.68 and 1.83 at 
0.1 and 1.0 μM of [14C]-Genz 112638, respectively. In female human whole blood, the 
mean KRBC/Plasma was 1.83 and 1.86 at 0.1 and 1.0 μM of [14C]-Genz 112638, 
respectively.
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Protein Binding of Genz-99067 in Mouse, Rat, Dog, Monkey and Human Plasma Using 
Rapid Equilibrium Dialysis (RED) and LC-MS/MS (DMPK11-R031)

Methods: The extent of plasma protein binding of Genz-99067 was determined at 0.01, 
0.1 and 1.0 μM concentrations in human plasma and at 0.1, 1.0 and 10 µM in the 
mouse, rat, dog, and monkey plasma using equilibrium dialysis and quantitated by LC-
MS/MS. 

Results: The mean percent bound of Genz-99067 to mouse plasma proteins was 
98.9%, 98.7% and 95.3% at 0.1, 1.0 and 10 µM, respectively. The mean percent bound 
of Genz-99067 to rat plasma proteins was 99.0%, 97.2% and 79.7% at 0.1, 1.0 and 10 
µM, respectively. The mean percent bound of Genz-99067 to dog plasma proteins was 
98.2%, 97.4% and 91.5% at 0.1, 1.0 and 10 µM, respectively. The mean percent bound 
of Genz-99067 to monkey plasma proteins was 92.2%, 92.0% and 80.7% at 0.1, 1.0 
and 10 µM, respectively. The mean percent bound of Genz-99067 to human plasma 
proteins was 82.9%, 79.5% and 76.4% at 0.01, 0.1 and 1.0 µM, respectively.

Pharmacokinetics, Tissue Distribution and Mass Balance Study in Sprague-Dawley 
Rats Following Single Administration of [14C] Genz 112638 by Intravenous Injection and 
Oral Gavage (GT-157-PK-1)

The following review is incorporated below from the pharmacology review of IND 67589 
dated July 30, 2004 by Dr. Dylan Yao (DMEP).
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Pharmacokinetics, Tissue Distribution and Mass Balance of Radioactivity in Sprague-
Dawley Rats Following Single Oral Administration of 14C-Genz-112638 with and without 
Pretreatment with Unlabeled Genz-112638 (GT-157-PK-10)

Methods: The purpose of this study was to determine the following parameters in male 
SD rats after a single oral administration of 14C-Genz-112638 with and without 
pretreatment with unlabeled Genz-112638:

 Concentration and/or content of radioactivity in the whole blood, plasma [by liquid 
scintillation spectroscopy (LSC) and tissues (by quantitative whole-body 
autoradioluminography (QWBA) and LSC)

 Disposition kinetics (Cmax, tmax, AUC, k and t½) of total radioactivity in the whole 
blood, plasma and tissues

 Excretion of radioactivity: route of elimination and recovery of radioactivity up to 
120 hours post dose

 Mass balance of radioactivity at 120 hours post dose.
 Distribution of radioactivity to the central nervous system (CNS)

The following table (from page 13 of the report) shows the study design.

            

A total of 82 male SD rats were administered 14C-Genz-112638 (specific activity = 59.2 
mCi/mmmol, position of radiolabel was not provided) by oral gavage at a target dose 
level of 100 mg/kg (18 µCi/animal). Blood samples were collected from Group 1 and 4 
animals at selected time points prior to euthanasia. Following blood collection, the 
animals were euthanized and radioactivity concentration in tissues was determined 
using QWBA. Groups 2 and 5 (3 animals per time point) were euthanized at selected 
time points and selected tissues were collected and radioactivity was determined using 
LSC. Urine, feces, carcass and cage rinses were collected from the Group 3 and 6 
animals over designated intervals up to 120 h post dose. The radioactivity 
concentrations in these samples and in blood/plasma samples were measured by LSC.
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Results: 

Plasma and blood: Following oral administration of 14C-GENZ-112638, the observed 
radioactivity concentrations in the blood were low, ranging from 0.4 to 3.3 µg eq/mL for 
Group 1 and 0.4 to 4.0 µg eq/mL for Group 4 (percent of dose below 1% at all the time 
points). The concentrations in the plasma ranged from 0.4 to 3.8 µg eq/mL for Group 1 
and 0.5 to 4.3 µg eq/mL for Group 4. The mean Cmax values were 3.82 µg eq/mL and 
3.26 µg eq/mL for Group 1 and 4.54 µg eq/mL and 4.02 µg eq/mL for Group 4, 
respectively for the plasma and blood. The tmax for the plasma and blood was observed 
at 30 minutes or 1 hour post dose. The mean calculated areas under the radioactivity
concentration vs. time curves (AUC0-tlast) were 29.71 and 23.18 µg eq·hr/mL for Group 1 
and 36.67 and 28.24 µg eq·hr/mL for Group 4, for the plasma and blood, respectively.
The apparent terminal t½ values reported for radioactivity in the plasma for Group 1 was 
10.1 hours and for Group 4 the terminal t½ in the plasma and blood were 8.63 and 8.48 
hours, respectively. The mean blood to plasma ratios of radioactivity were similar for 
Groups 1 and 4 and ranged from 0.73 to 0.94. For all groups, the blood to plasma ratios 
generally remained constant, indicating that radioactivity was mostly eliminated at the 
same rate from both plasma and blood.

Tissues: In Group 1, 2, 4 and 5 animals, the highest tissue radioactivity concentration 
and AUC values were obtained from the gastrointestinal tract (GIT), notably the 
stomach and small and large intestine walls. High radioactivity concentrations were also 
found in the GIT contents. The kidney, liver, adrenal gland and urinary bladder wall also
demonstrated relatively high concentrations of radioactivity. Limited exposure was
observed in the brain, eye and spinal cord, for which the mean radioactivity concentrations were
below the limit of quantification (LOQ) for a couple of time points for Groups 1 and 4. The 
radioactivity concentrations in the brain for Groups 2 and 5 (hemispheres, spinal cord, 
pituitary gland, mid-brain, cerebellum) indicated that most of the radioactivity found in 
the brain was associated with the pituitary gland. The percent of dose values for brain 
structures were 0 to 0.004% of the administered dose. The radioactivity concentrations 
ranged from 0 to 53.92 for pituitary gland and from 0 to 0.802 for other brain structures 
Group 2 (single dose) and 0 to 1.069 for other brain structures Group 5 (repeated dose).
Radioactivity levels for Group 5 brain-related structures were generally higher than for
Group 2 for earlier time points but for later time points (24 hours post-dose) radioactivity 
levels were higher for Group 2. For Group 5, no radioactivity was detected in any brain
structures at 24 hours post dose but for Group 2, radioactivity was still detected in the
pituitary gland and hemispheres at 24 hours post-dose. For Groups 1 and 4, the 
cerebro-spinal fluid (CSF) also had relatively high levels of radioactivity (with mean
values ranging from below LOQ to 13.91 µg eq/g) as compared to the brain (with mean 
values below LOQ at all points). For Groups 1, 2, 4 and 5, the tmax of radioactivity for 
tissues occurred generally at 30 minutes to 1 hour post-dose. 
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In general, the tissue to plasma ratios for Groups 1 and 4 remained constant. The tissue 
to plasma ratios for animals administered a single radiolabeled dose (Group 1) were 
similar to animals administered repeated dosing with unlabeled drug followed by a 
single radiolabeled dose (Group 4).

Excretion of radioactivity: Radioactivity was mainly excreted via the feces, with 
approximately 78% and 83% recovered over 120 hours post-dose for Groups 3 and 6, 
respectively. Only 11% of the administered radioactivity was recovered in the urine for 
both Groups 3 and 6 and a further 0.5% to 0.6% of the radioactivity was recovered in 
cage washes. Most (at least 70%) of the radioactivity was excreted by 24 hours post-
dose but excretion continued up to 120 hours post-dose giving a total mean recovery of 
89.6% and 93.7% in the excreta from Groups 3 and 6, respectively.

In summary, the observed radioactivity concentrations in the blood and plasma were 
low. The blood to plasma ratios generally remained constant over the study interval.
The highest tissue radioactivity concentrations were observed in the GIT, notably the 
stomach and small and large intestine walls. High radioactivity concentrations were also
found in the GIT contents. Kidney, liver, adrenal gland and urinary bladder wall also 
demonstrated relatively high concentrations of radioactivity. Limited exposure was 
observed in the brain, eye and spinal cord for which the mean radioactivity
concentrations were below the LOQ for a couple of time points for Groups 1 and 4.
Radioactivity concentrations in the brain for Groups 2 and 5 (hemispheres, spinal cord,
pituitary gland, mid-brain, cerebellum) animals indicated that most of the radioactivity 
found in the brain was associated with the pituitary gland. The percent of the 
administered dose values for the brain structures were low. Radioactivity levels for 
Group 5 brain-related structures were generally higher than for Group 2 for earlier time
points but for later time points (e.g. 8 and 24 hours post-dose) radioactivity levels were 
higher for Group 2. For Group 5, no radioactivity was detected in any brain structures at 
24 hours post-dose but, for Group 2, radioactivity was still detected in the pituitary gland 
and hemispheres at 24 hours post-dose. Excretion of radioactivity was mainly via the 
feces (with approximately 78% and 83% recovered over 120 hours post-dose for Group 
3 and 6, respectively. Only 11% of the administered radioactivity was recovered in the 
urine over the same time period for both Groups 3 and 6.

Quantitative Tissue Distribution using Whole-Body Autoradiography following a Single, 
Oral Dose of [14C]Genz-99067 (125 mg/kg) to Cyclosporin-A Pretreated and Untreated 
Male, CF-1 and untreated PGP-deficient mice (GT-157-PK-17)
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Methods: The purpose of this study was to determine the tissue distribution following a
single, oral (PO) administration of [14C]Genz-99067 (125 mg/kg free base, specific 
activity = 20.07 mCi/mmol) to male CF-1 mice that are either treated or not treated with 
a PGP-inhibitor (cyclosporin-A) and to PGP-deficient, male mice using QWBA. Group 1
animals (six, male, CF-1 mice) were administered a single, PO administration of 
[14C]Genz-99067 at 125 mg/kg. Group 2 (six, male, CF-1 mice) were administered a 
single, PO administration of a cyclosporine (50 mg/kg) at approximately 2 h before each 
was given a single, PO administration of [14C]Genz-99067 at 125 mg/kg. Group 3 [six, 
male, PGP-Deficient mice (Crl:CF-1®mdr1aPGP)], were administered a single, PO
administration of [14C]-Genz-99067 at a target dose of 125 mg/kg. Two mice, per Group, 
per time point were euthanized and frozen at 0.5, 1, and 2 h post-dose. After 
euthanasia, a blood sample was collected for radioanalysis by LSC and the carcasses 
were frozen and embedded for QWAB.

Results: In all groups, the highest tissue radioactivity concentrations were observed in 
the gall bladder, kidneys, and urinary bladder. High radioactivity concentrations were 
also found in the stomach, small intestine, liver and kidney. Moderate radioactivity 
concentrations were found in lung, spleen, heart, adrenal, pituitary and prostate glands, 
pancreas, and bone marrow. Limited exposure was observed in the brain, eyes, testes, 
and spinal cord at all time points in normal mice, with mean radioactivity concentration 
close to the LOQ. In P-gp deficient mice, brain tissues showed an approximately 10-fold 
increase in radioactivity compared to normal mice, indicating that Genz-99067 is a 
substrate for the mouse P-gp transporter. The following table (from page 8 of the report) 
shows the concentrations of radioactivity in different tissues.
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Metabolism:

In Vitro Metabolic Profiles of [14C]-Genz-99067 in Rat, Dog, Monkey and Human Liver
Microsomes and Hepatocytes (DMPK10-R025)
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In summary, Genz-99067, parent compound, exhibited the highest plasma exposure
compared to its metabolites, with mean AUC0-t of 2890 ng.h/mL and 5480 ng.h/mL in 
male and female rats, respectively. Eight of the ten metabolites, namely Genz-256416, 
Genz-311752, Genz-258179, Genz-258162, Genz-527862, Genz-399207, Genz-
399240, Genz 682042, Genz-256222 and Genz-120965, were quantifiable. Two
metabolites, Genz- 399207 and Genz-682042, were below the LOQ in all collected 
plasma samples. There were apparent gender differences in the plasma exposures of 
Genz-99067 and its metabolites in rats. The mean AUC0-t of Genz-256416, Genz-
311752, Genz-258179, Genz-258162, and Genz-527862 was 1.59-fold, 3.80-fold, 5.17-
fold, 2.65-fold, and 3.43-fold greater in male rats than in female rats, respectively. The 
mean AUC0-t of Genz-399240 and Genz-256222 were approximately equal in both 
genders. The mean AUC0-t of Genz-99067 and Genz-120965 in male rats were 
approximately half of that observed in female rats.

Exposure of Genz-99067 and Its Metabolites in Dog Following Oral Administration of 
[14C]-Genz-112638 (DMPK11-R024)
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Methods: This study was conducted to evaluate exposure of Genz-99067 (free base of 
Genz-112638) and its metabolites in the dog plasma following repeated oral 
administration of Genz-112638. Two groups, consisting of 4 male or 4 female Beagle 
dogs were treated with Genz-112638 at 10 mg/kg for 13 consecutive days, followed on 
Day 14 by a single 10 mg/kg [14C]-Genz-112638 (specific activity = 24.9 mCi/mmol or 
51.71 µCi/mg) dose (20 μCi/kg) via oral gavage (5 mL/kg). Blood was collected at 
various time points for analysis. One additional pre-dose animal per gender was used  
as control.

Results: The following ten metabolites were identified and quantified in the dog plasma: 
Genz 256416, Genz-311752, Genz-258179, Genz-258162, Genz-527862, Genz-
399207, Genz-399240, Genz-682042, Genz-120965, and Genz-256222. Mean peak 
plasma concentrations of [14C]-Genz-112638/g were observed at 1 h postdose (3.402 
μg equiv), while the female peaked at 0.5 h post-dose (4.361 μg eq). Plasma 
concentrations declined significantly by the 24 h time point and the levels remained 
detectable in both genders. The mean AUC0-t of Genz-99067 was 2680 ng.hr/mL and 
1090 ng.hr/mL in male and female dogs, respectively. Overall, the results of the study 
indicated that there were apparent gender differences in plasma exposures of Genz-
99067 and its metabolites. The following table (from page 730 of the report) shows the 
PK parameters.
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Stability of Genz-99067 in Rat, Dog, and Human Whole Blood (DMPK11-R029)

Methods: The stability of Genz-99067 in male rat, male dog, male and female human 
whole blood was determined by measuring the percent remaining after 4 hours 
incubation at 370C using LC-MS/MS. Three concentrations of Genz-99067 were tested 
(0.1, 1.0 and 10 µM).

Results: In male SD rat whole blood, the mean percentage of remaining Genz-99067
was 99.1%, 98.4%, and 95.4% at 0.1, 1.0, and 10 µM, respectively. In male Beagle dog 
whole blood, the mean percentage of remaining Genz 99067 was 102%, 104%, and 
102% at 0.1, 1.0, and 10 µM, respectively. In male human whole blood, the mean 
percentage of remaining Genz 99067 was 99.1%, 95.0%, and 93.8% at 0.01, 0.1, and 
1.0 µM, respectively. In female human whole blood, the mean percentage of remaining 
Genz 99067 was 92.3%, 94.9%, and 97.0% at 0.01, 0.1, and 1.0 µM, respectively.
Overall, the results indicated that Genz-99067 was stable in the rat, dog, and human 
whole blood for up to 4 hours at 370C. The following table (from page 11 of the report) 
shows the results.
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In Vitro Metabolic Stability of Genz-99067 in Mouse, Rat, Dog, Monkey, and Human 
Liver Microsomes (DMPK11-R035)

Methods: Genz-99067 (free base of tartrate salt Genz-112638) was incubated with 
mouse, rat, dog, monkey, and human liver microsomes and the resulting concentration-
time course of Genz-99067 depletion in the presence of NADPH was used to calculate 
the in vitro intrinsic clearance of Genz-99067. Three concentrations of Genz-99067 
were tested (0.05, 0.2 and 1.0 µM).

Results: The intrinsic hepatic clearance of Genz-99067 in the mouse liver microsomes 
was 1870, 1550, and 617 μL/min/mg protein at 0.05, 0.2, and 1.0 μM of Genz-99067, 
respectively. The intrinsic hepatic clearance of Genz-99067 in the rat liver microsomes 
was 2200, 913 and 257 μL/min/mg protein at 0.05, 0.2, and 1.0 μM of Genz-99067, 
respectively. The intrinsic hepatic clearance of Genz-99067 in the dog liver microsomes 
was 1180, 1240, and 829 μL/min/mg protein at 0.05, 0.2, and 1.0 μM of Genz-99067, 
respectively. The intrinsic hepatic clearance of Genz-99067 in the monkey liver 
microsomes was 5020, 4030, and 1052 μL/min/mg protein at 0.05, 0.2, and 1.0 μM of 
Genz-99067, respectively. The intrinsic hepatic clearance of Genz-99067 in the human 
liver microsomes was 99.5, 136, and 122 μL/min/mg protein at 0.05, 0.2, and 1.0 μM of 
Genz-99067, respectively. The extrapolated in vivo hepatic metabolic blood clearance 
calculated from in vitro values of Genz-99067 in all species tested are summarized in 
the following table (from page 20 of the report). 
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Overall, Genz-99067 exhibited NADPH-dependent metabolism in the mouse, rat, dog, 
monkey, and human liver microsomes over the tested concentration range (0.05 to 1.0 
μM). The extrapolated in vivo hepatic metabolic clearance was generally drug 
concentration independent in the human and dog but appeared to be concentration-
dependent in the rat, mouse, and monkey with the hepatic clearance lower at 1.0 μM 
than that at 0.2 and 0.05 μM.

In Vitro Metabolic Stability of Genz-99067 in Mouse, Rat, Dog, Monkey, and Human 
Hepatocytes (DMPK11-R036)

Methods: Genz-99067 (free base of tartrate salt Genz-112638) was incubated with 
mouse, rat, dog, monkey, and human hepatocytes, respectively, and the resulting 
concentration-time course of Genz-99067 depletion was used to calculate the in vitro
intrinsic clearance of Genz-99067. Three concentrations of Genz-99067 were tested 
(0.05, 0.2, and 1.0 μM).

Results: The intrinsic hepatic metabolic clearance of Genz-99067 in the mouse 
hepatocytes was 608, 674, and 436 μL/min/million cells at 0.05, 0.2, and 1.0 μM of 
Genz- 99067, respectively. The intrinsic hepatic metabolic clearance of Genz-99067 in 
rat hepatocytes was 531, 299, and 121 μL/min/ million cells at 0.05, 0.2, and 1.0 μM of 
Genz-99067, respectively. The intrinsic hepatic metabolic clearance of Genz-99067 in 
dog hepatocytes was 119, 130, and 89.7 μL/min/ million cells at 0.05, 0.2, and 1.0 μM of 
Genz-99067, respectively. The intrinsic hepatic metabolic clearance of Genz-99067 in 
monkey hepatocytes was 451, 432, and 159 μL/min/million cells at 0.05, 0.2, and 1.0 
μM of Genz-99067, respectively. The intrinsic hepatic metabolic clearance of Genz 
99067 in human hepatocytes was 49.9, 49.0, and 30.1 μL/min/million cells at 0.05, 0.2, 
and 1.0 μM of Genz-99067, respectively. The in vitro-in vivo extrapolated hepatic 
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metabolic clearance values of Genz-99067 in all species tested are summarized in the 
following table (from page 20 of the report).
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In summary, Genz-99067 exhibited metabolism in the mouse, rat, dog, monkey, and 
human hepatocytes over the concentration range from 0.05 to 1.0 μΜ. The extrapolated 
in vivo hepatic metabolic clearance was generally drug concentration-independent in 
the human, monkey, dog, and mouse but appeared to be concentration-dependent in
the rat with the hepatic clearance lower at 1.0 μM than that at 0.05 and 0.2 μM.

In Vitro Metabolic Profiles of [14C]-Genz-99067 in Human Recombinant CYP2C19, 
CYP2D6, and CYP3A4 Enzymes (DMPK11-R043)

Methods: The objective of this study was to evaluate in vitro metabolic profiles of [14C] 
Genz-99067 in human recombinant CYP2C19, CYP2D6 and CYP3A4 enzymes.
[14C]Genz-112638 (5 μM, specific activity = 24.90 mCi/mmol) was incubated with human 
recombinant CYP2C19, CYP2D6 and CYP3A4 at 370C for 1 hour. Incubations without 
NADPH regeneration system served as negative controls. The putative structures of the 
metabolites were determined or proposed on the basis of HPLC-MS analyses and
comparison with available authentic reference standards for the putative metabolites.

Results: Eleven metabolites were identified in vitro following the incubation of [14C]-
Genz 112638 in human recombinant CYP2C19, CYP2D6 and CYP3A4 enzymes. Genz-
99067 was completely metabolized in CYP2D6, while 80% of parent drug remained
following CYP2C19 and CYP3A4 incubations. In negative control studies, no 
metabolites were observed in recombinant enzyme incubations without the NADPH 
regeneration system, demonstrating metabolism of Genz-99067 in human recombinant 
CYP2C19, CYP2D6, and CYP3A4 enzymes was NADPH-dependent. The proposed in 
vitro metabolic pathway for Genz-99067 is shown in the following figure (from page 16 
of the report). 
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Oxidation on the octanoyl moiety resulted in the formation of 7-hydroxyl metabolite
Genz-256416, 6-hydroxyl metabolite Genz-311752, and 7-ketone metabolite Genz
258162. The M2, M3, M4, and M59 metabolites were formed by oxidations on both 
octanoyl and 1,4 benzodioxane moieties. The M9 and M10 metabolites were proposed 
as the mono-oxidation product of 1,4-benzodioxane moiety, while the M11 and M69 
metabolites were derived from oxidative dealkylation of pyrrolidine moiety.

In summary, eleven metabolites were identified in vitro following the incubation of [14C]-
Genz 112638 in human recombinant CYP2C19, CYP2D6 and CYP3A4 enzymes. Genz-
99067 was completely metabolized by CYP2D6. Major metabolites were formed by 
oxidation of the octanoyl moiety, including 7-hydroxyl metabolite Genz-256416, 6-
hydroxyl metabolite Genz-311752, and 7-ketone metabolite Genz-258162, or by 
oxidation of both octanoyl and 2,3-dihydro-1,4-benzodioxane moieties, including M2 and 
M4. Approximately 80% of the parent drug remained following CYP2C19 and CYP3A4
incubations. Amino metabolite Genz-256222 was the major metabolite formed by
CYP2C19, and Genz-311752 was the major metabolite formed by CYP3A4.

Metabolic Profiles of Genz-99067 in Rat Plasma Following Oral Administration of [14C]-
Genz-112638 (DMPK11-R044A1)
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Results: The mean Cmax of Genz-99067 was 88.5 ng/mL at tmax of 0.708 hour. The 
mean AUC0- of Genz-99067 was 128 ng.hr/mL, and the t½ was 3.90 hour. The mean 
Cmax of three metabolites were 6.56 ng/mL, 173 ng/mL, and 6.68 ng/mL for Genz 
399207, Genz-399240, and Genz-682042, respectively. The mean tmax of Genz-399207, 
Genz-399240, and Genz-682042 was 1.00 hour. The mean AUC0- of Genz-399240 
was 372 ng.hr/mL. The mean AUC0-last was 7.51 ng.hr/mL and 11.9 ng.hr/mL for Genz 
399207 and Genz-682042, respectively. The PK parameters are shown in the table 
(from page 12 of the report) below.
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Results: Genz-99067 underwent sequential oxidation of octanoyl moiety via three 
distinct metabolic pathways in human hepatocytes. In the first metabolic pathway, 7-
hydroxyl metabolite Genz-256416 was metabolized to 7-ketone metabolite Genz-
258162, followed by 7-carboxy metabolite Genz-399207 and 6-carboxy metabolite 
Genz-399240. In a second metabolic pathway, 6-hydroxyl metabolite Genz-311752 was 
metabolized to 6-ketone metabolite Genz-527862, followed by 6-carboxy metabolite 
Genz-399240 and 5-carboxy metabolite Genz-682042. In a third metabolic pathway, 5-
hydroxyl metabolite Genz-258179 was metabolized to 5-carboxy metabolite Genz-
682042. The proposed metabolic pathway is shown below (from page 24 of the report).

Identification of Metabolites of Genz-99067 in Plasma and Urine from Preclinical 
Species and Comparison to Human (DMPK13-R003A1)

Methods: In this study, detection and identification of additional metabolites of Genz-
99067 were conducted using plasma samples from rats, rabbits, monkeys, and humans, 
and urine samples from rats and monkeys. Unlabeled Genz-112638 and radiolabeled 
[14C]-112638 were used in the following (from page 13 of the report) animal and human
studies. 
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Results: Seven metabolites (M30, M33, M34, M35, M40, M43, and M44) identified and 
quantified in the human plasma were detected in the rabbit and monkey plasma. Except
M35, all the other six metabolites were detected in the rat plasma. In addition, M36, 
which was not quantifiable (<1%), but detected and identified in the human plasma, was 
also detected in the rabbit and monkey plasma. Four metabolites (M72, M73, M74, and 
M75) found in the human urine were also detected in the monkey urine, but not in the 
rat urine. The following table (from page 14-17 of the report) shows the structures of the 
metabolites.
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The test item was administered as a solution in normal saline for both the routes. Blood 
samples were collected from each animal at the following time-points: IV route: 0, 0.083, 
0.25, 0.5, 1, 2, 4, 6, 10, 24, 48, 72, 120 and 168 hours, post-dose; oral route: 0, 0.25, 
0.5, 1, 2, 3, 4, 6, 10, 24, 48, 72, 120 and 168 hours, post-dose. In addition, for each 
administration, excreta were collected in fractions of 24 hours, pre-dose, and then over 
a 168-hour period. Following the last blood sampling after gavage, the animals were 
sacrificed and selected tissues were dissected out and weighed. Blood, plasma, 
excreta, brain and bile samples were analyzed for total radioactivity by LSC. Plasma 
samples were analyzed for unchanged drug by LC-MS/MS. Selected urine and plasma 
samples were analyzed for metabolic pattern by radio HPLC.

Results:

Pharmacokinetics (Plasma): Following IV bolus injection at 2.5 mg/kg, the mean plasma 
unchanged drug and total radioactivity levels decreased in a biphasic manner from 
0.083 hour post-dose (1715/859 ng/mL and 2572/1907 ng-eq/g, respectively) at 4 or 6 
hours for the unchanged drug or at 168 hours for radioactivity. The blood radioactivity 
profiles were similar to that of the plasma, however, maximal radioactivity levels were 
lower (1677/1333 ng-eq/g) than that in the plasma.

Following oral gavage at 25 mg/kg, the mean plasma unchanged drug and total 
radioactivity levels increased to a Cmax (3173/1891 ng/mL and 9117/9157 ng-eq/g, 
respectively) at 0.5-1 hours, followed by a decrease at 10 hours for the unchanged drug 
or at 168 hours for radioactivity. Again, the blood radioactivity profiles were similar to 
that in the plasma, however, with lower Cmax for radioactivity (7294/8158 ng-eq/g) than 
in the plasma. There was no evidence of enterohepatic recycling or sex differences. 

The PK parameters for plasma (P), unchanged drug (UD), and plasma and blood (B) 
radioactivity (RA) are shown in the following table (from page 10 of the report).
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The low volume of distribution (Vz) indicated that the test article was not highly 
distributed to tissues.

Excretion balance: The mean total cumulative excretion (CE) of the administered 
radioactive dose over the 168-hour periods was as follows (from page 10 of the report).
Most (> 74%) of the recovered radioactivity in the excreta was eliminated within the first
24 hours post-dose for both the routes and sexes.

Metabolic patterns in plasma and urine: A single small metabolite peak in addition to 
unchanged drug was found in the plasma after oral dose at 30 minutes post-dose. No 
metabolites were found in the plasma following IV dose. Three to five peaks (two to four 
metabolites and unchanged drug) were found in the urine samples collected at 0-8 and 
8-24 hours post-IV and oral dosing. Unchanged drug for males/females represented
14.3/8.14% after IV injection and 34.3/6.29% after oral gavage in the 0-8 hour fraction; 
the proportions of unchanged drug were generally lower or negligible in the later fraction
(8-24 hours).
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Tissue levels: The brain radioactivity levels were non-quantifiable at 168 hours post 
gavage dose. In the bile, radioactivity levels were quantifiable in males (1078 ng-eq/g) 
and females (807 ng-eq/g).

Other Pharmacokinetic studies:

Pharmacokinetics of Genz-99067 Following a Single Oral Administration of Genz-
112638 to Male and Female D409V/null Mice (DMPK11-R058)

Methods: In this study, each of six D409V/null mice (n = 3/sex) received a single 150 
mg/kg dose of Genz-112638 by oral gavage. Seven serial blood samples were collected 
over 0 to 8 hours post-dose and concentrations of Genz-99067 in the plasma were 
determined by LC-MS/MS.

Results: Following oral administration of 150 mg/kg Genz-112638 (equivalent to 127 
mg/kg Genz-99067) in male mice, mean Cmax and tmax were 1450 ng/mL and 0.667 
hours, respectively; and mean AUC0- and t½, z (volume of distribution) were 4230 
ng.hr/mL and 0.975 hours, respectively. In female mice, mean Cmax and tmax were 1420 
ng/mL and 0.250 hours, respectively; and mean AUC0- and t½, z were 2600 ng.hr/mL 
and 1.16 hours, respectively. Males generally had greater systemic exposure to Genz-
99067 than females, with higher mean AUC0- (4230 versus 2600 ng.hr/mL). Male mice 
exhibited a slower rate of absorption than females, with mean observed tmax values of 
0.667 and 0.250 hours, respectively. The PK parameters are shown below (from page 7 
of the report).

Pharmacokinetic Study of Genz-399240 Following Subcutaneous Administration to 
Male Sprague-Dawley Rats (DMPK11-R087)

Methods: In this study, three escalating doses (1, 5, and 25 mg/kg) of Genz-399240 
were each administered subcutaneously (SC) to three male Sprague Dawley rats, and 
blood samples were collected over 0 to 48 hours post-dose. Concentrations of Genz-
399240 in the plasma were determined by LC-MS/MS method. 
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Results: Genz-99067 was predicted to exhibit high systemic clearance (26.9 
mL/min/kg), large volume of distribution at terminal phase (14.4 L/kg), and short 
terminal half-life (6.15 hours) in human. Following a single oral administration, Genz 
99067 was predicted to have low oral bioavailability (8.97%) with tmax of 1.67 hours in 
human. The predicted PK parameters were consistent (i.e., within 2-fold) with the values 
of the corresponding parameters observed in the clinical study GZGD02107. Genz-
99067 was predicted to exhibit low systemic accumulation (Rc =1.37) and a moderate 
steady state peak-to-trough ratio of 3.27.

The mean human plasma pharmacokinetic parameters of Genz-99067 are summarized 
in the table below (from page 25-27 of the report).
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5.2 Toxicokinetics 

Toxicokinetics is discussed in toxicity studies.

Reference ID: 3501244
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6 General Toxicology

6.1 Single-Dose Toxicity

Acute Toxicity Study in Rats (GT-157-TX-3) Dogs (GT-157-TX-4) by Oral Route

The following review is incorporated below from the pharmacology review of IND 67,589 
dated March 18, 2004 and July 30, 2004 by Dr. Dylan Yao (DMEP).
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Single Dose Intravenous Infusion Toxicity Study with a 14-Day Recovery Period in 
Sprague-Dawley Rats (GT-157-TX-39)

Methods: This study (GLP-complied, initiated on November 12, 2008, LAB Research 
Inc., Laval, Quebec, Canada) was conducted to evaluate the toxicity of Genz-112638
(Lot No. S1517, purity = 100%) following a single IV infusion to Sprague-Dawley (SD) 
rats (n = 5/sex/dose) with a 14-day recovery period. The test article and vehicle ( 0.9% 
sodium chloride for injection, USP) were administered by a single 1-hour IV infusion. 
After dosing on Day 1, the animals were observed for 14 days, following which they 
were euthanized on Day 15. All animals were subjected to a necropsy examination.
The study design is shown in the following table (from page 8 of the report).

Parameters examined included mortality, clinical condition, body weight, food
consumption, hematology, clinical chemistry, coagulation, urinalysis, macroscopic 
examination and organ weights.
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Results: There was no mortality. The maximum nonlethal dose was 20 mg/kg. There 
were no significant treatment-related effects on clinical signs, body weights, food 
consumption, clinical pathology parameters (hematology, coagulation, clinical chemistry 
and urinalysis), organ weights, and gross necropsy. 

6.2 Repeat-Dose Toxicity

Mouse

Oral Palatability Study by Dietary Admixture in Mice (Study No. TSR 30377; Report No. 
GT-157-TX-25)

4-Day Oral Palatability Study by Dietary Admixture in Mice (Study No. 30724 TSR;
Report No. GT-157-TX-26)

Study Title: 2-Week Oral Palatability Study by Dietary Admixture in Mice ((Study No. 
30593 TSS; Report No. GT-157-TX-27)

13-Week Oral (Diet) Toxicology Study in CD-1 Mice (GT-157-TX-37/459308)

The reviews of the above studies are incorporated below from the pharmacology review 
of IND 67,589 dated May 28, 2009 by Dr. Tamal K. Chakraborti (DGIEP).
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Reference ID: 3501244
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Reference ID: 3501244
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Reference ID: 3501244
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Reference ID: 3501244
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Reference ID: 3501244
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28-Day Oral Toxicology Study Report in Mature Male Rats with Twice Daily Dosing 
(32267 TSR; GT-157-TX-28)

The review of the above study is incorporated below from the pharmacology review of 
IND 67,589 dated December 18, 2008 by Dr. Tamal K. Chakraborti (DGIEP).
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Methods:
Doses: 5, 15, 25 mg/kg BID or 10, 30 and 50 mg/kg/day

Frequency of dosing: BID
Route of administration: Oral (Gavage)

Dose volume: 5 mL/kg
Formulation/Vehicle: Deionized water

Species/Strain: SD rats
Number/Sex/Group: 10/sex/dose

Age: PND 21
Weight: Male: 57.2 g; Female: 54.3 g

Satellite groups: Toxicokinetics, Recovery
Study design: Study design is shown below 

Deviation from study protocol: There were no major deviations from the 
protocol. Minor deviations did not affect the 
integrity or outcome of the study.

The following tables show the animal numbers (from page 18 of the report) and study 
design (from page 16 of the report).

Basis of dose selection: Doses were selected based on the results of a 28-day oral 
(gavage) dose range-finding study (GT-157-TX-47) in juvenile rats (n = 10/sex/dose, 
age = PND 22) at 15, 30 and 50 mg/kg BID (10 mL/kg). Test article was administered 
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from PND 22 to PND 49. Two animals at 30 mg/kg BID and five animals at 50 mg/kg 
BID died immediately after dosing on PND 22 or 23 and were replaced. One female at 
30 mg/kg BID and one female at 50 mg/kg BID died after convulsive episodes 
immediately after dosing on PND 33 or 35 and two other animals at 50 mg/kg BID were 
found dead after dosing on PND 27 or 28. There were no macroscopic findings to 
indicate cause of death. In surviving animals, there were no significant treatment-related 
effects on hematology, serum chemistry, and organ weights. Histopathology was not 
conducted. Results of toxicokinetics showed exposure at all doses with values being 
similar to those seen in adult animals and above the mean exposure at steady state in 
Phase 2 (145 ng.hr/mL) clinical trial. Based on the results of this dose ranging study, the 
doses for the current study were selected at 5, 15 and 25 mg/kg BID.

Observations:

Mortality: All animals were examined twice daily for mortality.

Clinical Signs: All animals were examined twice daily for clinical signs.

Body Weights: Body weight was recorded on PND 14, 21 and at pre-dose on PND 22 
and then twice weekly until necropsy.

Food Consumption: Food consumption was recorded twice weekly.

Long bone maturation: The long bones of all toxicity and recovery animals were 
measured weekly from PND 21.

Sexual maturation: Vaginal opening and balano-preputial separation (all males) were
assessed daily from PND 30 and PND 40, respectively, until development was
complete.

Functional observational battery (FOB): During Week 6, all toxicity animals were 
observed and evaluated for motor activity (control and high dose), learning and behavior
(maze test, control and high dose) and for the following (from page 20 of the report)
parameters:
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Sensory function: Auditory startle responses of all control and high dose toxicity animals 
were assessed on PND 57 (Week 6).

Hematology: Hematology was conducted at Week 10. 

Clinical Chemistry: Clinical chemistry was conducted at Week 10.

Urinalysis: Urinalysis was conducted at Week 10.

Immune function analysis: Blood samples were collected for the assessment of 
lymphocyte subsets by flow cytometry using the following markers: CD3 (T-cells), CD4 
(T-helper cells), CD8 (T-suppressor cells), CD20 (B-cells), and CD161(NK cells).

GL-1 biomarker: Blood samples were collected at Week 10 for analysis of GL-1.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following (from page 27-28 of the report) organs were weighed.
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Histopathology: The tissues listed in the above table from the control and high dose 
main study and recovery animals were examined for histopathology.

Seminology: Sperm counts and sperm viability were assessed from one epididymis from
the each fertility male from the control and high dose groups.

Special Evaluation (Fertility): At PND 91 (Week 11), one male was paired with one 
female from the same group for up to 15 days. Fertility females were sacrificed on Day 
13 of gestation (GD 13) and were examined macroscopically. The ovaries and uteri 
were removed and examined for the following: macroscopy, pregnancy status, number 
of corpora lutea, number of implantations, live fetuses, resorptions (early and late) and 
dead fetuses.

Toxicokinetics: Blood samples were collected from TK animals at necropsy on PND 22
at 1 hour post-dose.

Dosing Solution Analysis: Dosing formulations were analyzed on Weeks 1 and 10 for 
the analysis of concentrations. The target range for the preparation of the formulations 
was 90 to 110% of nominal.

Results:

Mortality: There were eight deaths in total during the study. One Male (# 36) at 15 
mg/kg BID was found dead on PND 88. There were no clinical observations and 
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necropsy and histopathology did not reveal the cause of death. One female (# 87) at 5 
mg/kg BID was found dead on PND 30. There were no adverse clinical observations 
recorded prior to death. The cause of death could not be determined. However, 
necropsy showed a clear cyst with surrounding black area in the left lung lobe. Per the 
Applicant, due to the isolated incidences of these deaths and lack of any dose 
relationship or marked toxicity at any dose-level, above deaths were considered 
incidental. Male numbers 55 (toxicity) and 183 (fertility) at 25 mg/kg BID were found 
dead on PND 32. In addition female number 272 (fertility) at the high dose was found
dead on PND 35. Necropsy findings for all three animals included abnormal contents in 
the trachea. Deaths were considered to be due to gavage error. One control fertility 
male (# 130) was sacrificed on PND 50 due to poor condition following clinical 
observations of hunched, thin, uncoordinated movements, pale and a swollen abdomen. 
Necropsy showed clear fluid in the abdomen, which suggested accidental dosing 
trauma. Female number 247 (fertility) at 15 mg/kg BID was found dead approximately 
15 minutes post-dose on PND 23. Male number 60 (treatment-free) at 25 mg/kg BID
was found dead approximately 30 minutes post-dose on PND 25. Due to the time of 
death, these were considered likely to be due to accidental dosing trauma. Both these 
animals were replaced. The following table shows the mortality.

Animal # Dose
(mg/kg BID)

Sex Day of Death 
/Sacrificed

Cause

36 15 M PND 88 Unknown
87 5 F PND 30 Unknown
55 25 M PND 32 Likely gavage 

error
183 25 M PND 32 Likely gavage 

error
272 25 F PND 35 Likely gavage 

error
130 0 M PND 50 Likely gavage 

error
247 15 F PND 23 Likely gavage 

error
60 25 M PND 25 Likely gavage 

error

Clinical Signs: There were no significant treatment-related clinical signs in surviving 
animals.

Body Weights: The mean initial (PND 22) and final (PND 92) weights of control males 
were 57.2 and 475.9 g, respectively. The mean initial (PND 22) and final (PND 92) 
weights of control females were 54.3 and 278.5 g, respectively. There were no 
significant treatment related effects.

Food Consumption: The mean initial (Week 1) and final (Week 10) food consumption of 
control males was 12.5 and 29.1 g/animal/day, respectively. The mean initial (Week 1) 
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and final (Week 10) food consumption of control females was 12.4 and 20.3 
g/animal/day, respectively. There were no significant treatment related effects.

Long bone maturation: There were no significant treatment related effects.

Sexual maturation: There were no significant treatment related effects.

Functional observational battery (FOB): There were no significant treatment related 
effects on FOB parameters.

Sensory function: There were no significant treatment related effects.

Hematology: In females, there was a slight increase in mean red blood cell (RBC) count 
at 15 or 25 mg/kg BID. In females at 25 mg/kg BID, there was also a slight increase in 
mean white blood cell (WBC) count. In males at 15 or 25 mg/kg BID, there was a slight
decrease in mean platelet volume and a significant decrease in platelet distribution 
width at 25 mg/kg BID, when compared to the control.

Clinical Chemistry: There was a significant decrease in potassium concentration in 
males and females at 25 mg/kg BID compared to control. In both sexes at 15 and 25
mg/kg BID, there was an increase in mean glucose concentration compared to controls. 
In males at 25 mg/kg BID, there was a significant increase in urea and creatinine 
concentration compared to the control. In males at 15 and 25 mg/kg BID, there was also 
a significant increase in inorganic phosphorous concentration compared to the controls.

Urinalysis: In males at 15 and 25 mg/kg BID, there was a significant increase in mean 
urine volume and a slight decrease in specific gravity when compared to the respective 
controls.

Immune function analysis: There were no significant treatment-related effects on the 
immune system.

GL-1 biomarker: The following table (from page 806 of the report) shows the mean 
values of GL-1. Females had higher GL-1 levels than that of males. There was no 
apparent treatment-related decrease in GL-1 in either sex. The Applicant stated that the 
high degree of biological variation in the plasma GL-1 in this study likely obscured a 
dose related lowering of GL-1 in the plasma.
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Gross Pathology: In females, large mandibular lymph nodes were observed with 
increased incidence at 25 mg/kg BID.

Organ Weights: In females, there was a significant increase in mean liver weight at 25 
mg/kg BID compared to the control. At the end of the recovery period, female liver
weight at 25 mg/kg BID was comparable to the control.

Histopathology: In the mandibular lymph nodes, there was an increased 
incidence/severity in lymphoid hyperplasia at 25 mg/kg BID. Lymphoid hyperplasia was 
characterized by increased numbers of enlarged germinal centers with plasmacytosis in 
the medullary cords. Additionally, histiocytic foci were recorded in the mandibular lymph 
node in treated females and males with increased incidence. These were characterized 
by discrete aggregates of plump eosinophilic macrophages. The following table (from 
page 37 of the report) shows the microscopic findings.

  

In addition, a minimal grade unilateral neuropathy was observed in the optic nerve of
two animals at 25 mg/kg BID (Animal Numbers 50M and 111F). Neuropathy was 
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characterized by irregular loss of cells in the inner nuclear layer with retinal folding, 
disorganization/disruption of normal architecture with irregular hypercellularity and a 
phagocytic reaction (very prominent in Animal Number 50M). In Animal Number 111F,
there was also a significant reduction in the number of nerve fibers. Per the Applicant, 
these findings were unilateral and were not considered treatment related. However, 
since these were seen at the high dose in both sexes and these were not seen in any 
control animals, relation to the treatment may not be ruled out.

Seminology: There were no significant treatment related effects.

Special Evaluation (Fertility): In all groups, the median pre-coital time was 2.0 to 3.0 
days and there were no adverse effects of treatment on the mating, fertility or fecundity 
indices. There was no significant adverse effect of treatment on the mean number of 
implantations, pre- or post-implantation loss or the number of live embryos. The mean 
number of corpora lutea in all treated groups was less (15.9, 16.5 and 15.5 at low, mid 
and high dose, respectively, control = 17.4) than the control, with statistical significance 
at 5 and 25 mg/kg BID. However, the mean number of corpora lutea in the control group 
was unusually high and was above the background range seen in this laboratory. Due 
to the lack of any dose-relationship and high control incidences, relation to the treatment 
is not clear. The following table (from page 132 of the report) shows the caesarian data.
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Toxicokinetics: Plasma concentrations of Genz-99067 at 1 hour post-dose on PND 22 
were greater with increasing dose level. No other details were provided.

Dosing Solution Analysis: Dosing solution analysis results were within the range with 
the exception of one replicate from Group 3 (86%) in Week 1. This, however, was 
stated not to have affected the outcome or integrity of the study and the third sample
analyzed was within the target range (96%), giving a mean result of 92%.

Summary: In an oral gavage study in juvenile rats, animals were treated with Genz-
112638 at 5, 15 and 25 mg/kg BID for 10 weeks commencing at PND 22. Mortalities 
were observed at all doses including control and deaths were mainly attributed to 
gavage errors. A minimal grade unilateral neuropathy was observed in the optic nerve 
of two animals at 25 mg/kg BID. Per the Applicant, these findings were unilateral and 
were not considered treatment related. Histopathological changes were seen in the 
lymph node (increased incidence/severity of lymphoid hyperplasia in the mandibular 
lymph nodes at 25 mg/kg BID) and eye (minimal grade unilateral neuropathy in the optic 
nerve of two animals at 25 mg/kg BID). The target organ could be the lymph node and 
eye based on the histopathology findings. The NOAEL was considered as 15 mg/kg 
BID.

Study title:  13-Week Toxicity Study with Genz-399240-AA (Metabolite) by 
the Subcutaneous Route in Rats followed by a 4-Week Treatment-Free 
Recovery Period

Study no.: GT-157-TX-61
Study report location: EDR, Section 4.2.3.7.5

Conducting laboratory and location:
Date of study initiation: January 19, 2012

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Genz-399240-AA, Batch No. 007, 99%

Key Study Findings:

 In a 13-week subcutaneous toxicity study with Genz-399240-AA (major human 
metabolite of Genz-112638 exceeding 10% of the drug exposure) in rats, animals 
were treated daily at 1, 3 and 6 mg/kg/day.

 Gross pathology findings included injection site reactions (thickening and red 
discoloration) at mid and high doses, which mostly recovered at the end of the 
recovery period. 

 Histopathological changes were seen at the injection sites (hemorrhage, edema, 
degeneration/necrosis of the subcutis and mononuclear or mixed inflammatory 
cell infiltrates followed by fibroplasia/fibrosis), kidney (tubular hyaline droplets in 
males) and skeletal muscles (minimal mixed inflammatory cell infiltrates in 
males). At the end of the 4-week treatment-free recovery period, there were no 
differences at injection sites between treated and control rats; which suggested 
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complete recovery. The kidney changes (hyaline droplet) did not appear to be 
treatment-related, as this is a common finding in male rats. The skeletal muscle 
findings were considered most likely to be secondary to inflammation observed at 
the injection sites and therefore were not considered toxicologically significant.

 The NOAEL was considered to be 6 mg/kg/day.

Methods:
Doses: 1, 3, 6 mg/kg/day 

Frequency of dosing: Daily
Route of administration: Subcutaneous

Dose volume: 5 mL/kg
Formulation/Vehicle: 50 mM phosphate buffered saline, pH 7.4

Species/Strain: SD rats
Number/Sex/Group: 10-16/sex/dose

Age: 6 weeks 
Weight: Male: 211 g; Female: 162 g 

Satellite groups: Toxicokinetics (TK)
Study design: Study design is shown below 

Deviation from study protocol: As per the Applicant, the protocol deviations 
were considered not to have compromised the 
validity or integrity of the study.

The following table shows the study design (from page 19 of the report). At the end of 
the treatment period, the principal animals in each group were sacrificed, except for the 
first six Group 1 and 4 animals per sex, which were kept for a 4-week treatment-free 
period.
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The test article was administered at seven injection sites as per the following (from page 
21 of the report) schedule.
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Basis of dose selection: Doses were selected based on the results of a single dose SC 
study (DMPK11-R087) in rats at 1, 5, 25 mg/kg. There were no significant treatment-
related clinical signs or mortality. Since, there was no toxicity or mortality up to single 
SC dose of 25 mg/kg, it appears that higher than 6 mg/kg/day could have been tested in 
the current study. 

Observations:

Mortality: All animals were examined once daily for mortality.

Clinical Signs: All animals were examined once daily for clinical signs.

Body Weights: Body weight was recorded on a weekly basis.

Food Consumption: Food consumption was recorded once weekly. 

Ophthalmoscopy: Ophthalmological examinations were performed for all animals at pre-
dose and for the control and high-dose animals on one occasion at the end of the 
treatment period.

Hematology: Hematology was conducted at the end of the treatment period. 
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Clinical Chemistry: Clinical chemistry was conducted at the end of the treatment period.

Urinalysis: Urinalysis was conducted at the end of the treatment period.

Bone marrow: Two bone marrow smears were prepared from the femoral bone of each 
animal at necropsy.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following (from page 29 of the report) organs were weighed.
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Histopathology: The tissues listed in the above table from the control and high dose 
main study and recovery animals were examined for histopathology.

Toxicokinetics: Blood samples were collected on day 1, week 4 and week 13 from 
satellite animals from all groups (groups 1 to 4), at 0.25, 0.5, 1, 3, 6 and 24 hours post-
dose.

Dosing Solution Analysis: Test item concentrations in the administered dose 
formulations were analyzed in weeks 1, 4, 8 and 13.

Results:

Mortality: One principal Group 1 female was found dead on day 71 (week 11), with no 
clinical signs observed prior to death. This death was considered accidental.

Clinical Signs: There were no significant treatment-related clinical signs.

Body Weights: The mean initial (Day 1) and final (Day 91) weights of control males were 
203 and 495 g, respectively. The mean initial (Day 1) and final (Day 91) weights of 
control females were 161 and 289 g, respectively. There were no significant treatment 
related effects.

Food Consumption: The mean initial (Day 1-7) and final (Day 85-91) food consumption 
of control males was 26.6 and 28.1 g/animal/day, respectively. The mean initial (Day 1-
7) and final (Day 85-91) food consumption of control females was 19.0 and 20.9
g/animal/day, respectively. There were no significant treatment related effects.

Ophthalmoscopy: There were no significant treatment related effects.

Hematology: There were no significant treatment related effects.

Clinical Chemistry: There were no significant treatment related effects.

Urinalysis: There were no significant treatment related effects.

Gross Pathology: Red discoloration and thickening were observed at the injection sites. 
Thickening was observed at higher incidence in treated males, more specifically at the 
injection sites 5 and 6, on Day 89 or 90, respectively. This change was not seen in 
females (possibly as a result of lower injection volumes). The injection site macroscopic 
findings are shown in the table (from page 43 of the report) below.
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Organ Weights: Higher mean absolute and relative-to-body liver weights were observed 
in males at 6 mg/kg/day. Although there were no microscopic correlates, this weight 
difference was attributed to the treatment. The following table (from page 42 of the 
report) shows the liver weight data. There were no significant treatment related effects 
in recovery animals.

Histopathology: In males, minimal mixed inflammatory cell infiltrates were observed 
around the skeletal muscle in 4 of 10 males at 6 mg/kg/day (0 of 10 in control male). 
This finding was considered to be secondary, most likely related to inflammation 
observed at the injection sites and therefore was not considered to be toxicologically
significant. In addition, tubular hyaline droplets (grade 1) in the kidney were seen at a 
marginally higher incidence in males at 6 mg/kg/day (5 of 10) than in controls (2 of 10). 
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This is a common finding in male rats and a relationship to the treatment was unclear.
Histopathological changes were also seen at the injection site (hemorrhage, edema, 
degeneration/necrosis of the subcutis and mononuclear or mixed inflammatory cell 
infiltrates followed by fibroplasia/fibrosis) at higher incidence and/or severity in males 
treated at 1, 3 or 6 mg/kg/day, especially at injection sites 5, 6 or 7. The following table 
(from page 44 of the report) shows the injection site changes at the injection site 1.

Toxicokinetics: The plasma samples analyzed from control animals were generally 
below the LOQ (< 0.500 ng/mL) for detection of Genz-399240-AA, except for a few 
samples (20 of 144 samples) for which Genz-399240-AA levels ranged between 0.507 
and 3.74 ng/mL (one sample level was 11.7 ng/mL). Per the Applicant, these levels 
corresponded to less than 10% of the maximum concentrations calculated at the low 
dose levels and were therefore considered as trace levels only and without any impact 
on the scientific outcome of the study. The reason/source of Genz-399240-AA in control 
samples was not explained. The maximum plasma concentration was reached at 0.25 
or 0.5 hour after injection in all animals. Mean Cmax, AUC0-t and t½ values are shown in 
the table below (from page 40 of the report).
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Dosing Solution Analysis: The test item concentrations in the dosing formulations 
analyzed in weeks 1, 4, 8 and 13 remained within an acceptable range of -7.1% to 
+0.5% when compared to the nominal values.

Summary: In a 13-week subcutaneous toxicity study with Genz-399240-AA (metabolite 
of Genz- Genz-112638) in rats, animals were treated daily at 1, 3 and 6 mg/kg/day. 
Histopathological changes were seen at the injection sites (hemorrhage, edema, 
degeneration/necrosis of the subcutis and mononuclear or mixed inflammatory cell 
infiltrates followed by fibroplasia/fibrosis), kidney (tubular hyaline droplets in males) and 
skeletal muscles (minimal mixed inflammatory cell infiltrates in males). At the end of the 
4-week treatment-free recovery period, injection site reactions were recovered. The 
kidney changes (hyaline droplet) did not appear to be treatment-related, as this is a 
common finding in male rats. The skeletal muscle findings were considered most likely 
to be secondary to inflammation observed at the injection sites and therefore were not 
considered toxicologically significant. The NOAEL was considered to be 6 mg/kg/day.  

Dog
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Study title:  13-Week Toxicity Study with Genz-112638 by Oral (Gavage) in
Beagle Dogs followed by a 4-Week Treatment-Free Recovery Period

Study no.: GT-157-TX-15
Study report location: EDR, Section 4.2.3.2

Conducting laboratory and location:
Date of study initiation: January 19, 2012

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Genz-112638, Batch No. 909246, 100%

Key Study Findings:

 In a 13-week oral (gavage) toxicity study in Beagle dogs, animals were 
administered Genz-112638 at 2, 5 or 10 mg/kg/day.

 Histopathological changes were seen in the thymus (lymphoid depletion) at all 
doses including the control. However, the severity was highest at the high dose 
in both sexes. 

 The target organ appeared to be the thymus based on the above effects.
 Based on the adverse effect on thymus weight and size with associated lymphoid 

depletion (highest severity) at 10 mg/kg/day, the NOAEL appeared to be 5 
mg/kg/day.

Methods:
Doses: 2, 5, 10 mg/kg/day 

Frequency of dosing: Daily
Route of administration: Subcutaneous

Dose volume: 5 mL/kg
Formulation/Vehicle: Purified water

Species/Strain: Beagle dogs
Number/Sex/Group: 4-6/sex/dose

Age: 6 months 
Mean Weight (Range): Male: 8.6 kg (7.3-9.7 kg)

Female: 7.2 (6.5-8.2 kg)
Satellite groups: None

Study design: Study design is shown below 
Deviation from study protocol: As per the Applicant, the protocol deviations 

were considered not to have compromised the 
validity or integrity of the study.

The following table shows the study design (from page 17 of the report). 

Reference ID: 3501244

(b) (4)



NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

173

Basis of dose selection: The dose-levels were selected based on the results of the 
above 28-day toxicity study (GT-157-TX-6) in dogs with a 14-day recovery period at 0, 
2.5, 5 or 12.5 mg/kg/dose BID (5, 10 and 25 mg/kg/day).

Observations:

Mortality: All animals were examined twice daily for mortality.

Clinical Signs: All animals were examined once daily for clinical signs.

Body Weights: Body weight was recorded on a weekly basis.

Food Consumption: Food consumption was recorded daily.

Electrocardiography (ECG): Electrocardiographic examinations were performed on all 
animals before the beginning of the treatment period and at least 2 hours after dosing 
on one occasion in weeks 6 and 13 using standard leads I, II and III. 

Ophthalmoscopy: Ophthalmological examinations were performed on all animals at pre-
dose and in Week 13.

Hematology: Hematology was conducted at the pre-dose, Week 6, the end of the 
treatment period and at recovery.  

Clinical Chemistry: Clinical chemistry was conducted at pre-dose, Week 6, the end of 
the treatment period and at recovery.

Urinalysis: Urinalysis was conducted at pre-dose, the end of the treatment period and at 
recovery.

Bone marrow: Bone marrow samples were collected at the pre-dose, the end of the 
treatment period and at recovery.
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Immunophenotyping: At pre-dose, in week 6 and at the end of the treatment and 
recovery periods, blood was collected from all animals for immunofluorescent staining 
for lymphocyte subset as shown in the following table (from page 21 of the report).

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following (from page 26 of the report) organs were weighed.
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Histopathology: The tissues listed in the above table from all animals from the control 
and high dose groups were examined for histopathology. 

Toxicokinetics: Blood samples were collected on day 1, in week 6 and at the end of the 
treatment at 0.25, 0.5, 1, 2, 4 and 6 hours post-dose.

Dosing Solution Analysis: The concentration and stability of the dosing solutions were 
checked. The concentration of samples, from each control and test item dosage form 
prepared for use in weeks 1, 4, 6, 8 and 13, was determined. Two dosage forms were 
prepared at 0.4 and 2 mg/mL of Genz-112638. To evaluate the stability, each dosage 
form was sampled and analyzed after 0 (just after preparation), 4 and 9 days storage at 
40C.

Results:

Mortality: There were no mortalities.

Clinical Signs: Clinical signs included hyperactivity, excessive salivation, and slight to 
moderate erythema (ear), vomiting, and emaciation. These signs were seen at all doses 
including control and toxicological significance is not clear.  

Body Weights: The mean initial (Week 1) and final (Week 13) weights of control males 
were 8.4 and 9.5 kg, respectively. The mean initial (Week 1) and final (Week 13) 
weights of control females were 7.5 and 8.6 kg, respectively. There were no significant 
treatment related effects.

Food Consumption: Quantitative food consumption data were not provided. Per the 
Applicant, there were no significant treatment related effects.

Ophthalmoscopy: Hypoplasia of the optic disc was noted during pre-dose and in week 
13 in one male (No.D51010) at 2 mg/kg/day. As this abnormality was already present 
during pre-dose in this animal, this effect was not considered treatment-related. There 
were no other significant treatment related effects.

Electrocardiography (ECG): There were no significant treatment related effects.

Hematology: At the high dose in Week 12 following changes were observed:

 Slightly higher fibrinogen level in males (2.28 vs. 1.90 g/L in controls); when 
compared to pre-dose values, no change was noted (2.61 g/L in pre-dose)

 Slightly higher leucocyte count [11.30 vs. 8.21 Giga (10e9)/L in controls] in 
females, associated with slightly higher neutrophil count (7.31 vs. 4.99 Giga/L in 
controls); when compared to pre-dose values, no change was noted (leucocyte:
12.57 Giga/L, neutrophil: 8.08 Giga/L in pre-dose).
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These changes were not considered to be of toxicological significance since all these 
changes were slight, not relevant when compared to the pre-dose values, and all the 
individuals remained within the range of the historical background data. There were no 
other significant treatment related effects.

Clinical Chemistry: The following changes were observed at Week 12:

 Slightly higher chloride level in males at 10 mg/kg/day (110.4 vs. 108.3 mmol/L in
controls and 108.1 mmol/L in pre-dose)

 Slightly higher gamma-glutamyl transferase (GGT) activity in females at 2 
mg/kg/day (5 vs. 2 IU/L in controls and 6 IU/L in pre-dose).

Since all these differences from controls were slight and with all the individuals within 
the range of the historical background data, they were not considered to be of 
toxicological significance. There were no other significant treatment related effects.

Urinalysis: There were no significant treatment related effects.

Bone marrow: There were no significant treatment related effects.

Immunophenotyping: There were no significant treatment related effects.

Gross Pathology: Thymus size was reduced in 1 of 4 females at 5 mg/kg/day and 1 of 4 
males and 2 of 4 females at 10 mg/kg/day. This correlated with a slight to moderate 
lymphoid depletion in microscopic examination. In addition, one female (No.D51165) at 
10 mg/kg/day had reduced size and brownish color of the right ovary, reduced size, 
irregular color and presence of a serous cyst in the left ovary and reduced size of both 
uterine horns. These findings correlated with dysgenesis of the ovaries and uterus at 
microscopic examination and were thus considered to be without toxicological 
importance.

Organ Weights: The following table (from page 39 of the report) shows the organ weight 
changes.
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In females, lower mean thymus weights were observed in 1 of 4, 1 of 4 and 3 of 4 
animals at 2, 5 and 10 mg/kg/day, respectively. As it was associated with a higher mean
severity of lymphoid depletion, a relationship to treatment could not be ruled out. The 
weight changes observed in the jejunum, mesenteric lymph nodes and mandibular
lymph nodes were not dose-related and/or without the same trend in both sexes. These 
differences did not appear to be of toxicological significance. In males, lower mean 
weights of the ileum were observed in 3 of 4, 3 of 4 and 4 of 4 animals at 2, 5 and 10 
mg/kg/day respectively. As there was no relevant histopathological finding, it was 
considered to be without toxicological significance. These were not seen in recovery 
animals.

Histopathology: Histopathological changes were seen in the thymus (minimal to 
moderate lymphoid depletion) of treated and control animals. However, the severity was 
highest at the high dose in both sexes. The following table (from page 41 of the report) 
shows lymphoid depletion in the thymus.
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Toxicokinetics: Mean plasma levels of Genz 112638 increased after dosing on Day 1, to 
reach a mean Cmax at 0.36 to 0.63 hour (tmax) post-dosing. The exposure (Cmax and 
AUC0-t) increased with the dose in a dose proportional manner in both sexes, except at 
2 mg/kg/day. There appeared to be a gender difference in exposure as exposure in 
males was generally higher than that in females. The TK parameters are shown in the 
following table (from page 38 of the report).
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Key Study Findings: Negative

Methods: Plate incorporation method
Strains: Salmonella typhimurium: TA 1535, TA 

1537, TA 98, TA 100 and TA 102
Concentrations in definitive study: 312.5, 625, 1250, 2500 and 5000 μg/plate

Basis of concentration selection: Preliminary assay at 10, 100, 500, 1000, 
2500 and 5000 μg/plate

Negative control: 0.9% NaCl
Positive control: Shown below (from page 9 of the report)

Formulation/Vehicle: 0.9% NaCl
Incubation & sampling time: 48-72 hours

Positive control: The following table (from page 9 of the report) shows the positive 
controls.

Study Validity: This study was considered valid if the following criteria were met.

 The number of revertants in the vehicle controls is consistent with the historical 
data of the testing facility

 The number of revertants in the positive controls is higher than that of the vehicle 
controls [at least 2-fold increase (for the TA 98, TA 100 and TA 102 strains) and 
at least 3-fold increase (for the TA 1535 and TA 1537 strains)] and is consistent 
with the historical data of the testing facility

Evaluation criteria: A 2-fold increase (for the TA 98, TA 100 and TA 102 strains) or 3-
fold increase (for the TA 1535 and TA 1537 strains) in the number of revertants 
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compared with the vehicle controls, for any strain, with evidence of a dose-relationship 
was considered as a positive result.

Results: Genz-339240-AA did not increase the number of revertants, either with or 
without S9 mix, in any of the five strains under the conditions of the study. The following 
(from page 19-20 of the report) table shows the results of the confirmatory test.
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Study title: In Vitro Mammalian Chromosome Aberration Test with Genz-
399240-AA (Metabolite) in Cultured Human Lymphocytes  

Study no.: GT-157-TX-62
Study report location: EDR, Section: 4.2.3.7.5

Conducting laboratory and location:
Date of study initiation: January 18, 2012

Date of study completion: October 19, 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Genz-399240-AA, Batch No. 007, 99%

Key Study Findings: Negative

Methods:
Cell line: Human peripheral blood lymphocytes

(HPBL)
Concentrations in definitive study:  3.91, 7.81, 15.6, 31.3, 62.5, 125, 250 

and 500 μg/mL for the first 
experiment, both with and without S9 
mix

 3.91, 7.81, 15.6, 31.3, 62.5, 125, 250 
and 500 μg/mL for the second 
experiment without S9 mix

Basis of concentration selection: Cytotoxicity
Negative control: 0.9% NaCl
Positive control:  Without S9 mix: Mitomycin C (MMC), 

used at final concentrations of 2 and 
3 μg/mL for the 3-hour treatment and 
at 0.2 and 0.3 μg/mL for the 
continuous treatment

 With S9 mix: Cyclophosphamide 
(CPA), used at final concentrations 
of 12.5 and 25 μg/mL

Formulation/Vehicle: 0.9% NaCl
Incubation & sampling time: First experiment: 3 h, harvest = 20 h

Second experiment: 20 h, harvest = 20 h 

Study Validity: This study is considered valid since the following criteria were met.

 The frequency of cells with structural chromosome aberration in the vehicle 
controls (≤ 5%) was consistent with the historical data.  

 The frequency of cells with structural chromosome aberration in the positive 
controls was significantly higher than that of the vehicle controls and consistent 
with the historical data.

Reference ID: 3501244

(b) (4)





NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

203

Reference ID: 3501244

         
    

      

        

             

         

 
               

            

 
               

            

 
               

            

 
               

            

 
               

              

   
              

    
    

     
   

                 

  

  

 

 

  

 

 

 

 

 

  

  





NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

205

Methods: Plate incorporation (first test), pre-incubation (second study, +S9)
Strains: Salmonella typhimurium: TA 1535, TA 

1537, TA 98, TA 100 and TA 102
Concentrations in definitive study: 312.5, 625, 1250, 2500 and 5000 μg/plate

Basis of concentration selection: Preliminary assay at 10, 100, 500, 1000, 
2500 and 5000 μg/plate

Negative control: Water
Positive control: Shown below (from page 12 of the report)

Formulation/Vehicle: Water
Incubation & sampling time: 48-72 hours

Positive control: The following table (from page 12 of the report) shows the positive 
controls.

Study Validity: This study was considered valid if the following criteria were met.

 The number of revertants in the vehicle controls is consistent with the historical 
data of the testing facility

 The number of revertants in the positive controls is higher than that of the vehicle 
controls (at least 2-fold increase (for the TA 98, TA 100 and TA 102 strains) and 
at least 3-fold increase (for the TA 1535 and TA 1537 strains)) and is consistent 
with the historical data of the testing facility.

Evaluation criteria: A 2-fold increase (for the TA 98, TA 100 and TA 102 strains) or 3-
fold increase (for the TA 1535 and TA 1537 strains) in the number of revertants 
compared with the vehicle controls, in any strain, with evidence of a dose-relationship 
was considered as a positive result.
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Results: did not increase the number of revertants, either with or without 
S9 mix, for any of the five strains under the conditions of the study. The following (from 
page 19-22 of the report) table shows the results.
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8 Carcinogenicity

Carcinogenicity study reports (mouse: GT-157-TX-43; rat: GT-157-TX-38) were 
reviewed (pharmacology review of NDA 205494 dated April 15, 2014) by Dr. Sruthi King 
(DGIEP). Please refer to the above review of Dr. King.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development

Study title: Study of Fertility and Early Embryonic Development to 
Implantation by Oral Route (Gavage) in Rats  

Study no.: GT-157-TX-24
Study report location: EDR Section 4.2.3.5.1

Conducting laboratory and location:
Date of study initiation: December 30, 2004

Date of completion: February 27, 2006
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Genz-112638, Batch # P0054, 99.8%

Key Study Findings:

 In a fertility and early embryonic development study in male and female rats, 
animal were treated with Genz-112638 from prior to and during mating and until 
implantation (females) or sacrifice (males) at 10, 30 and 100 mg/kg/day by oral 
gavage. 

 Pre-implantation losses were increased at 30 and 100 mg/kg/day (statistically 
significant) compared to control.
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Methods:
Doses: 10, 30, 100 mg/kg/day

Frequency of dosing: Once a day, 7 days a week
Males: 29 days before mating and during the 
mating period (until sacrifice)
Females: 15 days before mating, during the 
mating period, during pregnancy until day 7 post 
coitum

Dose volume: 5 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Water
Species/Strain: Sprague Dawley rats

Number/Sex/Group: 24/sex/dose
Satellite groups: None

Study design: Shown in the table (from page 14 of the report)
Deviation from study protocol: Protocol deviations were considered not to have 

compromised the validity or integrity of the 
study.

The following table (from page 14 of the report) shows the study design.

Basis of dose selection: The doses for the current study were selected based on the 
results of the embryofetal development study (GT-157-TX-20) in rats at 10, 30 and 120 
mg/kg/day from days 6 to 17 post-coitum. Maternal toxicity [lower body weight gain 
(days 6-18 p.c., -30%; reduced food consumption (ranged between -12% and -21%)
were observed at 120 mg/kg/day. The numbers of late resorptions and dead fetuses 
and, the post-implantation loss were increased in comparison to the control group 
values. The fetal body weight was significantly reduced (-18%) at the high dose. In 
addition, in a 28-day toxicity study (GT-157-TX-5) in rats, animals were treated at 10, 30 
and 100 mg/kg/day. In females, a slight reduction in body weight gain was observed at 
30 and 100 mg/kg/day. Minor changes in several hematological and clinical chemistry 
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parameters were noted, however, no macroscopic or microscopic changes or effects on 
organ weights were observed. Based on the above, the following doses were selected
for the current study: 10, 30 and 100 mg/kg/day.

Observations and Results:

Mortality: Mortality was observed twice daily. There were no mortalities.

Clinical Signs: Clinical signs were observed once daily. All males at 100 mg/kg/day had 
ptyalism from the beginning of the dosing period until the end of the treatment. At 30 
mg/kg/day in males, 23 animals had ptyalism from the middle of the dosing period until 
near the end. In females at 100 mg/kg/day, majority of animals had ptyalism from the 
second week of dosing until the end of the treatment period (Day 7 post-coitum).

Body Weight: The body weight of males was recorded on Day 1, then twice a week until 
sacrifice. The body weight of females was recorded on Day 1, then twice a week until 
mated and on days 0, 4, 8, 11 and 15 post-coitum.

The mean initial (Day 1) and final (Day 50) body weights of control males were 305 and 
463 g, respectively. In the premating period, the mean initial (Day 1) and final (Day 15) 
body weights of control females were 230 and 250 g, respectively. In the pregnancy 
period, the mean initial (Day 0) and final (Day 15) body weight of control females were 
256 and 337 g, respectively. There were no significant treatment-related effects in either 
sex.

Food Consumption: Food consumption for males was recorded once a week. In 
females, food consumption was recorded as follows:

 During the pre-mating period: weekly from the first day of treatment
 During pregnancy: over the periods Day 0 to Day 8 and Day 8 to Day 15 post-

coitum

The mean initial (Day 1-8) and final (Day 22-29) food consumption in control males 
were 28 and 26 g/animal/day, respectively. In the premating period, the mean initial 
(Day 1-8) and final (Day 8-15) food consumption of control females were 18 and 18 
g/animal/day, respectively. In the pregnancy period, the mean initial (Day 0-8) and final 
(Day 8-15) food consumption of control females were 24 and 26 g/animal/day, 
respectively. There were no significant treatment-related effects in either sex.

Toxicokinetics: Not performed

Dosing Solution Analysis: Dosing formulations containing 0.4 and 33.3 mg/mL of test 
item were analyzed for stability. The dosage forms were found to be stable for nine days 
at +4°C. During the treatment period, the test item concentrations were determined in 
samples taken from each control and test item dosage form prepared for use on the first 
day of treatment at Week 4 and during the last week of treatment. The nominal and 
actual concentrations of the test item in the administered dosage forms analyzed were 
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satisfactory as the deviations from nominal concentrations remained within an 
acceptable range of ± 10%.

Necropsy: A macroscopic examination of the principal thoracic and abdominal organs 
(especially the reproductive organs) was performed on all animals. There were no 
significant necropsy findings in either sex.

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.): 
On day 15 post-coitum the mated females were sacrificed and a hysterectomy 
performed. The ovaries and uterus of the females were examined to determine the 
following: number of corpora lutea, number and distribution of dead and live concepti 
(embryos), number and distribution of early and late resorptions, number and 
distribution of implantation sites, early resorptions, and late resorptions. 

Pre-implantation losses were increased at 30 and 100 mg/kg/day (statistically 
significant) compared to control. The following table (from page 47 of the report) shows 
the hysterectomy data.
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9.2 Embryonic Fetal Development

Study title:  Study for Effects on Embryo-Fetal Development by Oral Route 
(Gavage) in Rats

Study no.: GT-157-TX-20
Study report location: EDR Section 4.2.3.5.2

Conducting laboratory and location:
Date of study initiation: April 14, 2004

Date of study completion: February 17, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Genz-112638, Batch No. P0054, 99.8%

Key Study Findings:

 In an oral embryofetal development study with Genz-112638 in rats, animals 
were treated at 10, 30 and 120 mg/kg/day from GD 6 to GD 17. 

 Maternal toxicity (decreased body weight and food consumption) was observed 
at 120 mg/kg/day.  

 At 120 mg/kg/day, there was an increase in the number of late resorptions, dead 
fetuses and post implantation loss. The fetal body weight was also reduced at 
120 mg/kg/day. 

 At 120 mg/kg/day, fetal visceral variations included dilated cerebral ventricles 
and fetal skeletal malformations included abnormal number of ribs or lumbar 
vertebra and fetal skeletal variations included poor bone ossification.

 At 30 and 10 mg/kg/day, no litter parameters at cesarean section or any findings 
at fetal examination were indicative of treatment-related effects.

Methods: 
Doses: 10, 30, 120 mg/kg/day

Frequency of dosing: Daily
Dose volume: 5 mL/kg

Route of administration: Oral (Gavage)
Formulation/Vehicle: Purified water

Species/Strain: SD rats
Number/Sex/Group: 24/dose

Satellite groups: None
Study design: Shown in the table (from page 13 of the report) 

below 
Deviation from study protocol: Protocol deviations were not considered to have 

compromised the validity or integrity of the 
study.

The following table (from page 13 of the report) shows the study design.
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Basis of dose selection: The doses were selected based on the results of a dose 
ranging embryofetal development study (GT-157-TX-18) in rats at 10, 30 and 100 
mg/kg/day. In this study, three groups of seven mated female Sprague-Dawley rats 
were treated with Genz-112638 (Batch No. P0054) by daily oral gavage at 10, 30 or 100 
mg/kg/day (5 mL/kg) from GD 6 to GD 17. Control group (seven females) received 
purified water. Clinical signs and mortality were checked daily. Body weight and food 
consumption were recorded at designated intervals. On GD 20, the dams were 
sacrificed and subjected to a macroscopic examination. The gravid uterus was weighed. 
The fetuses were removed by hysterectomy. The following litter parameters were 
recorded: number of corpora lutea, implantation sites, early and late resorptions, dead 
and live fetuses. The fetuses were weighed, sexed and submitted to external 
examination.

There were no mortalities in this study. At 10 and 30 mg/kg/day, there were no 
significant treatment-related clinical signs or effects on body weight and food 
consumption. There were no treatment-related necropsy findings. There were no 
significant treatment related effects on litter parameters. At 100 mg/kg/day, body weight 
gain (-14%) was reduced in dams associated with a slightly low fetal weight (-10%).

Based on the results of this study, 10, 30 and 120 mg/kg/day doses were selected for 
the current embryofetal development study.

Observations:

Mortality: Mortality was observed twice a day.

Clinical Signs: Clinical signs were observed on a daily basis.

Body Weight: Body weight was recorded on GD 2, 4, 6, 9, 12, 15, 18 and 20.
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Food Consumption: Food consumption was recorded for the following intervals: GD 2-4, 
4-6, 6-9, 9-12, 12-15, 15-18 and 18-20.

Toxicokinetics: Not conducted

Dosing solution analysis: Concentration and stability of the dosage formulations were 
analyzed at the start of the treatment. During the treatment period, the concentration of 
dosage forms prepared for use in the study was checked.

Necropsy: Principal thoracic and abdominal organs were collected on GD 20. 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.): On 
GD 20, animals were sacrificed and ovaries and uteri were examined for the following: 
number of corpora lutea, number and distribution of dead and live fetuses, number and 
distribution of early and late resorptions, number and distribution of uterine scars, 
number and distribution of implantation sites, implantation sites, early and late 
resorptions, etc.

Offspring (Malformations, Variations, etc.): Fetuses were examined for external, visceral 
and skeletal changes.

Results:

Mortality: There were no mortalities.

Clinical Signs: At 120 mg/kg/day, 19 females had ptyalism (more often during the 
second half of the dosing period). There were no other significant treatment related 
clinical signs.

Body Weight: The mean initial (Day 2) and final (Day 20) body weights were 236 and 
389 g, respectively. At 120 mg/kg/day, body weight gain was lower than controls (GD 6 
to 12, -17%). The body weight gain during the whole dosing period (GD 6-18) was also 
significantly lower than controls. The mean body weights were also lower compared to 
the control group at the high dose. At 30 and 10 mg/kg/day, body weight was not 
affected by treatment. The following table (from page 21 of the report) shows the body 
weight changes.
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Dosing solution analysis: Results of the dosing solution analyses demonstrated 
satisfactory stability of the dosage form examined (33.33 mg/mL) over a 9-day period at 
+4°C. Throughout the study, nominal and actual concentrations of the test item in the 
administered dosage forms were satisfactory as the deviations from nominal
concentration remained in an acceptable range of ± 10%.

Necropsy: At 120 mg/kg/day, mean uterine weight was significantly lower (-29%) than 
the control group value. At 30 and 10 mg/kg/day, the gravid uterine weight was similar 
to the control group value. At scheduled necropsy, four females at 120 mg/kg/day had 
uterine horns with small placenta and one case of enlarged placenta. In one female, this 
finding was associated with brownish content in the vagina. Brownish content in the 
uterus and/or vagina was also observed in two other females at 120 mg/kg/day group. 
Small placentae were considered to be treatment related as they were limited to the 
high-dose only.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):

The number of corpora lutea was similar in treated and control groups. At 120 
mg/kg/day, when compared to the control group value, the number of late resorptions 
and the mean post implantation loss were significantly higher and the number of dead 
fetuses was slightly higher and the mean number of live fetuses was slightly lower. The 
mean fetal body weight was markedly lower than that in the control group (20% 
reduction in both sexes). These findings were considered to be related to the treatment.
At 30 and 10 mg/kg/day, all the litter parameters were similar to the control group 
values. In addition, the percentage of male fetuses was similar among the groups and 
the fetal body weight was unaffected by treatment at low and mid dose. The following 
(from pages 36-37 of the report) tables show the cesarean data.
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and the low incidence and the distribution (including in the control group), these 
findings were considered to be spontaneous findings. At 120 mg/kg/day, 10 
fetuses distributed in seven litters presented dilated cerebral ventricles as 
visceral variations. This finding was considered to be a variation because of the 
degree of the dilation (a severe dilatation was considered as a malformation) and 
it was considered to be treatment-related. The different other variations were 
distributed among the groups with no apparent treatment or no dose-related 
increase.

Skeletal changes: 

Skeletal malformations: At 120 mg/kg/day, one fetus each in two litters 
showed one missing vertebrae and 25 pre-sacral vertebrae in 
consequence. In addition, at 120 mg/kg/day, two fetuses in one single 
litter had 12 ribs only (instead of 13) but the number of presacral vertebrae 
remained unchanged. As both findings concerned the vertebral column 
affecting four fetuses in three litters, the relation to the treatment could not 
be ruled out. At 10 mg/kg/day, two fetuses in one single litter had 25 pre-
sacral vertebrae with one missing lumbar vertebra. As this finding 
concerned one litter only in the treated groups and was not present at 30 
mg/kg/day, a relation to the treatment was ruled out.

Skeletal variations: Skeletal variations at 120 mg/kg/day included 
incomplete ossification of thoracic centrum, unossified and incomplete 
ossification of caudal centrum, incomplete ossification of 1st to 4th

sternebra, unossified 1st to 4th, 5th, and 6th sternebra and unossified 4th

metacarpals. The following (from page 25 of the report) table shows the 
skeletal variations.
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Summary: In an oral embryofetal development study in rats, animals were treated with 
Gez-112638 at 10, 30 and 120 mg/kg/day from GD 6 to GD 17. Maternal toxicity 
(decrease body weight and food consumption) was observed at 120 mg/kg/day.  At 120 
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mg/kg/day, there was an increase in the number of late resorptions, dead fetuses and 
post implantation loss. Fetal body weight was also reduced at 120 mg/kg/day. At 120 
mg/kg/day, fetal visceral variations included dilated cerebral ventricles and fetal skeletal 
malformations included abnormal number of ribs or lumbar vertebra and fetal skeletal 
variations included poor bone ossification. At 30 and 10 mg/kg/day, no litter parameters 
at cesarean section or any findings at fetal examination were indicative of treatment-
related effects.

Study title:  Study for Effects on Embryo-Fetal Development by Oral Route 
(Gavage) in Rabbits

Study no.: GT-157-TX-21
Study report location: EDR Section 4.2.3.5.2

Conducting laboratory and location:
Date of study initiation: April 13, 2004

Date of study completion: February 17, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Genz-112638, Batch No. P0054, 99.8%

Key Study Findings:

 In an oral embryofetal development study in New Zealand white rabbits, animals 
were treated at 10, 30 and 100 mg/kg/day from GD 6 to GD 18. 

 Eliglustat did not appear to cause significant adverse effects on embryofetal 
development up to 100 mg/kg/day in this study. 

Methods: 
Doses: 10, 30, 100 mg/kg/day

Frequency of dosing: Daily
Dose volume: 3 mL/kg

Route of administration: Oral (Gavage)
Formulation/Vehicle: Purified water

Species/Strain: New Zealand white rabbits
Number/Sex/Group: 20/dose

Satellite groups: 4/sex/dose (toxicokinetics)
Study design: Shown in the table (from page 14 of the report) 

below 
Deviation from study protocol: Protocol deviations were not considered to have 

compromised the validity or integrity of the
study.

The following table (from page 14 of the report) shows the study design.
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Basis of dose selection: Doses were selected based on the results of a dose ranging 
embryofetal development study (GT-157-TX-19) in rabbits at 10, 30 and 100 mg/kg/day. 
In this study, three groups of six mated female New Zealand white rabbits were treated 
with Genz-112638 (Batch No. P0054) by daily oral gavage at 10, 30 or 100 mg/kg/day 
(3 mL/kg) from GD 6 to GD 18. Control group (six females) received purified water. 
Clinical signs and mortality were checked daily. Body weight and food consumption 
were recorded at designated intervals. On GD 29, the dams were sacrificed and 
subjected to a macroscopic examination. Gravid uterus was weighed. Following litter 
parameters were recorded: number of corpora lutea, implantation sites, early and late 
resorptions, dead and live fetuses. Fetuses were weighed, sexed and examined for 
external changes.

There were no mortalities in this study. At 30 and 100 mg/kg/day, clinical signs included 
loud breathing in one and three animals, respectively. Body weight and food 
consumption were reduced at 100 mg/kg/day. None of the necropsy findings were 
considered treatment related and litter parameters were similar in all groups. There 
were no significant treatment-related fetal external variations or malformations. 

Based on the results of this study, 10, 30 and 100 mg/kg/day were selected for the 
embryofetal development study.

Observations:

Mortality: Mortality was observed twice a day.

Clinical Signs: Clinical signs were observed on a daily basis.

Body Weight: Body weight was recorded on GD 2, 4, 5, 6, 9, 12, 15, 19, 24 and 29.

Food Consumption: Food consumption was recorded for the following intervals: GD 2-4, 
4-5, 5-6, 6-9, 9-12, 12-15, 15-19, 19-24 and 24-29.
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Toxicokinetics: Plasma levels of the test item were determined in the satellite females at 
the beginning and the end of the treatment period. Blood samples were collected on GD 
6 and 18 at the following time-points: 0.5, 1, 2, 4, 8 and 24 hours post-dose.

Dosing solution analysis: Before the start of treatment, the formulations were analyzed 
for concentration and stability. During the treatment period, concentration of dosage 
forms prepared for use in the study was checked.

Necropsy: Principal thoracic and abdominal organs were collected on GD 29. 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.): On 
GD 29, animals were sacrificed and ovaries and uterus were examined for the following: 
number of corpora lutea, number and distribution of dead and live fetuses, number and 
distribution of early and late resorptions, number and distribution of uterine scars, 
number and distribution of implantation sites, implantation sites, early and late 
resorptions, etc.

Offspring (Malformations, Variations, etc.): Fetuses were examined for external, visceral 
and skeletal changes.

Results:

Mortality: At 100 mg/kg/day, three females (E31077, E31078 and E31065) were found 
dead on GD 11, 17 and 18, respectively. No clinical signs were recorded before death. 
In two females, foamy contents were noted in the trachea and the lungs. A brownish 
deposit, blackish foci and/or reddish area were observed in the stomach mucosa of the 
deceased females. The intestine was distended with gas in 2 of 3 above females. These 
deaths were attributed to gavage error (foamy contents in the trachea and the lungs) 
and were not considered to be treatment-related.

Clinical Signs: Loud breathing was transiently recorded in 3, 4, 2 and 4 of 20 females at 
0, 10, 30 and 100 mg/kg/day, respectively. This was not considered treatment related 
as it was also observed in the control group.

Body Weight: The mean initial (Day 2) and final (Day 29) body weights were 3.414 and 
3.877 kg, respectively. The final body weights were 101, 102, 103% of control at 10, 30 
and 100 mg/kg/day, respectively. There were no significant treatment-related changes 
on body weight. However, mean body weight gain was reduced (83% of control gain, 
control = 242 g) at the high dose as shown in the following table (from page 23 of the 
report).
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Food Consumption: The mean initial (Day 6-9) and final (Day 15-19) food consumption 
of control animals were 178 and 191 g/animal/day, respectively. Final food consumption 
values were 105, 111 and 98% of control at 10, 30 and 100 mg/kg/day, respectively. 
The food consumption data are shown in the following table (from page 24 of the 
report).

Dosing solution analysis: Results demonstrated satisfactory stability of the dosage form 
examined (33.33 mg/mL) over a 9-day period at +4°C. Throughout the study, the
nominal and actual concentrations of the test item in the administered dosage forms 
were considered satisfactory as the deviations from nominal concentration remained in 
an acceptable range of ± 10%.

Necropsy: There were no significant treatment related necropsy findings.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):

There were no significant treatment-related effects on the number of implantation sites, 
pre- and post-implantation loss, number of resorptions and dead fetuses. The 
percentage of male fetuses was similar among the groups. The mean fetal body weight 
was unaffected by the treatment. The following (from pages 41-42) tables show the 
cesarean data.
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Summary: In an oral embryofetal development study in New Zealand white rabbits, 
animals were treated at 10, 30 and 100 mg/kg/day from GD 6 to 18. No significant 
treatment-related adverse effects on embryofetal development were observed in this 
study. 

9.3 Prenatal and Postnatal Development

Study title:  Study for Effects on Pre- and Post-Natal Development by the 
Oral Route (Gavage) in Rats

Study no.: GT-157-TX-29
Study report location: EDR Section 4.2.3.5.3

Conducting laboratory and location:
Date of study initiation: October 11, 2007

Date of study completion: August 31, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Genz-112638, Batch Nos. Q0858 (purity 

= 99.99%) and S1517 (purity = 100%) 

Key Study Findings:

 In a pre- and post-natal development study in rats, animals were treated at 10, 
30 and 100 mg/kg/day by oral gavage. 

F0 Generation: 

 Two females at 100 mg/kg/day and two females at 30 mg/kg/day and one female 
at 10 mg/kg/day were sacrificed prematurely. Clinical signs at 100 mg/kg/day 
included ptyalism (hypersalivation) during gestation and lactation. 

 Body weight (7% reduction compared to control) and food consumption (4-14% 
reduction compared to control) were reduced at 100 mg/kg/day. 
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 The mean duration of gestation was longer at 100 mg/kg/day (22.0 days vs. 21.5 
days in control) compared to control.

 At 100 mg/kg/day, animals had a lower (9.8 vs. 12.0 in control) number of 
delivered pups per litter than that in the control and the mean post implantation 
loss was higher (25.5% vs. 9.4% in control) at 100 mg/kg/day than that in the 
control group.

F1 Generation: 

 Body weights were reduced by approximately 10% in both sexes at 100 
mg/kg/day. There were no body weight changes at 10 and 30 mg/kg/day. 

 Balanopreputial separation was achieved slightly earlier (50.6-50.9 days vs. 52.4 
days in control) in all male groups treated with Genz-112638.

 There were no significant treatment related effects on learning and memory and 
spontaneous locomotor activity.

 The mean numbers of corpora lutea and implantations were lower at 100 
mg/kg/day (15.9 vs. 17.3 in control and 14.3 vs. 16.1 in control, respectively) and 
the mean pre implantation loss was higher (9.9 vs. 6.9 in control) when 
compared to the controls. 

 Statistically significantly lower absolute testes and epididymides weights were 
observed in F1 males at 100 mg/kg/day. In addition, small epididymides and 
testes were observed in gross necropsy at 10 and 100 mg/kg/day. These findings 
(small epididymides and testes) do not appear to be treatment-related in the 
absence of dose response.

 Eliglustat did not appear to cause any significant adverse effects on pre and 
postnatal development up to 100 mg/kg/day in this study.

Reference ID: 3501244



NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

239

Methods: The objective of this study was to evaluate the potential toxic effects of 
Genz-112638 on the pregnant/lactating female (F0 generation) and on 
development of the conceptus and the offspring through sexual maturity (F1

generation). The test item was administered daily by oral route (gavage) to 
pregnant female rats from implantation through weaning [GD 6 to Day 21 post-
partum (pp)]. Principal dams and the pups were sacrificed on day 22 pp and a
macroscopic examination of the principal thoracic and abdominal organs was 
performed. The numbers of implantation scars were recorded for the dams. On 
the day of culling (Day 4 pp), one male pup from each principal litter was retained 
for possible further examination.

F1 generation: Clinical signs, body weight and food consumption were recorded 
for the F1 generation. The F1 pups were tested for auditory function, pupil 
constriction, learning and memory, spontaneous locomotor activity, testes 
descent and the day of sexual maturity (preputial separation or vaginal opening). 
At 12 and 14 weeks of age, F1 pups were paired for mating. The F1 generation 
females were sacrificed on day 15 post-coitum or at least 1 week after the end of 
the pairing period if no evidence of mating had been observed. Males were 
sacrificed after the female hysterectomies had been completed. Macroscopic 
examination of the principal thoracic and abdominal organs was performed for all 
animals and, for pregnant females, the numbers of corpora lutea and 
implantations, classified as dead and live concepti, early and late resorptions or 
implantation scars, were recorded. In addition, microscopic examination was
performed only on the reproductive organs of the F1 generation males 
(epididymides, testes, seminal vesicles, coagulating glands and prostate) and on 
the macroscopic lesions.

Doses: 10, 30, 100 mg/kg/day
Frequency of dosing: Daily

Dose volume: 5 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Purified water
Species/Strain: Sprague Dawley female rats

Number/Sex/Group: 24/dose
Satellite groups: 2-6/dose for toxicokinetics (TK)

Study design: Shown in the table (from page ) below
Deviation from study protocol:

The study design is shown below (from page 21 of the report).
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Basis of dose selection: The doses were selected based on the results of the fertility 
study (GT-157-TX-24) at 10, 30 and 100 mg/kg/day in rats. In this study, there were no 
treatment related premature deaths, clinical signs and there no effect on body weights, 
body weight gain or food consumption. Based on these, the above doses were selected 
for the current study.

Observations and Results:

F0 Dams:

Mortality: Mortality was observed twice a day.

100 mg/kg/day: Two females (Q20201 and Q20213) were prematurely sacrificed 
on day 25 post-coitum because of no delivery. Female Q20213 was not pregnant 
while female Q20201 had total resorptions. Female Q20209 was prematurely 
sacrificed on day 1 post-partum because of dead litter. No maternal clinical signs 
were observed prior to the death of the litter to explain the mortality. Macroscopic 
examination revealed distended stomach with red contents. The cause of the 
death was not evident.

30 mg/kg/day: Female Q20176 was found dead on day 21 post-coitum. Clinical 
signs on the day of death of this animal included hypotonia, dyspnea and 
lacrimation. At necropsy, red lungs were observed. The cause of the death was 
not determined. Female Q20174 was found dead on day 1 post-partum with no 
apparent clinical signs prior to death. There were no necropsy findings in this 
animal.

10 mg/kg/day: Female Q20163 delivered one pup which was found cannibalized 
on day 1 post-partum and this animal was sacrificed. On day 0 post-partum, this 
animal had pallor of the eyes and extremities. At macroscopic examination, the 
cause of the moribundity could not be established.

Clinical signs: Clinical signs were observed twice a day.
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Hypersalivation (ptyalism) was observed in 16 of 24 females during gestation and 20 of 
22 females during lactation at 100 mg/kg/day. This started around mid- to late-gestation
and generally lasted until the end of lactation. Four females at 100 mg/kg/day also had 
loud breathing for a maximum of 3 days, during the first half of the lactation period. No 
treatment-related clinical signs were observed at 10 or 30 mg/kg/day.

Body weight: The body weight was recorded on days 2, 6, 9, 12, 15, 20 post-coitum and 
on days 1, 4, 7, 10, 14, 18 and 21 post-partum and prior to premature sacrifice.

The mean initial (Day 6 pp) and final (Day 20 pp) body weights of control animals were 
261 and 378 g, respectively. The final body weight was reduced (93% of control) at 100 
mg/kg/day. At 100 mg/kg/day, a statistically significantly lower mean body weight gain
was observed from day 12 until day 20 post-coitum. There were no significant treatment 
related effects on mean body weight or body weight gain at 10 or 30 mg/kg/day. The 
following table (from page 38 of the report) shows the body weight data.

Food consumption: Food consumption was recorded for the following intervals: Days 2-
6, 6-9, 9-12, 12-15 and 15-20 post-coitum and days 1-7, 7-14 and 14-21 post-partum.

The mean initial (Day 2-6) and final (Day 15-20) food consumption in control animals 
were 24 and 29 g/animal/day, respectively. At 100 mg/kg/day, mean food consumption 
was reduced (4-14% reduction) compared to controls throughout the gestation and 
lactation periods. There were no significant treatment related effects on mean food 
consumption at 10 or 30 mg/kg/day.

Uterine content: The numbers of implantation scars were recorded for the dams. 

The mean duration of gestation was longer at 100 mg/kg/day (22.0 days vs. 21.5 days)
compared to control. No effects were observed at 10 or 30 mg/kg/day.
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The mean numbers of implantation sites were comparable with the controls for all 
treated groups. However, at 100 mg/kg/day, animals had a lower (9.8 vs. 12.0 in 
control) number of delivered pups per litter than the controls and the mean post 
implantation loss was higher (25.5% vs. 9.4% in control) at 100 mg/kg/day than in the 
control group. The following table (from page 39 of the report) shows the uterine data.

Necropsy: The principal dams and the non-selected pups were sacrificed on day 22 
post-partum and a macroscopic examination of the principal thoracic and abdominal 
organs was performed.

There were no significant treatment related necropsy findings.

Toxicokinetics: Blood samples for TK analysis were collected from all groups on day 6 
and day 17 post-coitum at 0.5, 1 and 4 hours post-dose and at pre-dose on day 17 post-
coitum only. Two satellite females were allocated to the control group and blood
samples were collected at 0.5 and 1 hour post-dose on days 6 and 17 post-coitum. All 
satellite females were sacrificed after blood sampling on day 17 post-coitum.

Plasma exposure to Genz-99067, as measured by Cmax and AUC0-4h, on both day 6 and 
day 17 post-coitum increased in a greater than dose-proportional manner between 10 
and 30 mg/kg/day. Between 30 and 100 mg/kg/day, both Cmax and AUC0-4h increased in 
a less then dose-proportional manner on day 6 post-coitum and in an approximately 
dose-proportional manner on day 17 post-coitum. The TK parameters are shown in the 
following table (from page 36 of the report).

Reference ID: 3501244



NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

243

Dosing solution analysis: Stability of the dosing formulation containing 0.4 and 33.3
mg/mL of test item was analyzed. During the course of the treatment period, the 
concentration of the test item in solutions was determined. The concentrations of the 
test article were determined in samples taken from each dosage form (including the 
control) during the first and the last weeks of treatment of the principal animals. In 
addition, concentrations of the test article were also determined in samples taken from 
each dosage form (including the control) for the satellite animals. The acceptance 
criterion for the concentration of test article was set at nominal value ± 10%.

The results of the analyses of dosing solutions demonstrated satisfactory stability of the 
dosage forms analyzed (0.4 and 33.3mg/mL) over a 11-day storage period at +4°C. In 
addition, the measured concentrations of the test item in the vehicle remained within an 
acceptable range of variation (-4.5% to 3.4%) compared to the nominal value. The test 
concentrations in the administered dosage forms analyzed during the first and last 
weeks of treatment remained within an acceptable range of (1.5% to +6.5%) of variation 
compared to the nominal values. The test concentrations in the administered dosage 
forms analyzed during the first and last weeks of treatment on satellites remained within 
an acceptable range of (-0.5% to +3.5%) of variation compared to the nominal values.

F1 Generation

Survival: One male (Q20021) at 10 mg/kg/day died accidentally on day 24 during the 
water T-maze testing. This was not related to treatment. One female (Q20245) from the 
control group was sacrificed after delivering, although no evidence of mating had been 
observed.

Clinical signs: There were no significant treatment related clinical signs.
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Body weight: The mean initial (Day 1) and final (Day 99) body weight of control males 
were 61 and 570 g, respectively. The mean initial (Day 1) and final (Day 71) body 
weights of control females were 59 and 282 g, respectively. The final body weights of 
treated males were 100%, 100% and 89% of control at low, mid and high dose, 
respectively. The final body weights of treated females were 101%, 98% and 90% of 
control at low, mid and high dose, respectively. Overall, body weights were reduced by 
approximately 10% in both sexes at 100 mg/kg/day. There were no changes at 10 and 
30 mg/kg/day.

Food consumption: The mean initial (Day 1-8) and final (Day 64-71) of food 
consumption of control males were 15 and 32 g/animal/day, respectively. The mean 
initial (Day 1) and final (Day 71) food consumption of control females were 15 and 22
g/animal/day, respectively. Final food consumption was not affected by the treatment in 
either sex.

Physical development: There were no effects of treatment on the mean age at testes 
descent. However, balanopreputial separation was achieved slightly earlier (50.6-50.9 
days vs. 52.4 days in control) in all treated males. The following table (from page 121 of 
the report) shows the balaopreputial separation data.

                             

This was not considered treatment-related as there was no dose response and the 
mean body weights were slightly lower than the controls. The mean age at appearance 
of vaginal opening was similar among all the groups, including the controls, although the 
mean body weight at 100 mg/kg/day was lower. All animals were positive for pupil 
constriction reflex and acoustic startle response at 4 weeks of age.

Neurological assessment: There were no significant treatment related effects on 
learning and memory (maze test) and spontaneous locomotor activity.

Reproduction: The mean number of days taken to mate was one day longer at 30 or
100 mg/kg/day than that of the controls and was not considered treatment related due 
to lack of a dose-response. The fertility indices were 90% or greater and the gestation 
indices were 100% for all animals treated with Genz-112638. The mean numbers of 
corpora lutea and implantations were lower at 100 mg/kg/day (15.9 vs. 17.3 in control 
and 14.3 vs. 16.1 in control, respectively) and the mean pre implantation loss was 
higher (9.9 vs. 6.9 in control) when compared with the controls. In the control group, one 
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female had total resorptions. The mean number of live concepti was higher in treated 
animals compared to control and the post-implantation loss was higher in control than 
the groups-treated with Genz-112638. The numbers of early resorptions was higher in 
the control group compared to the Genz-112638 treated animals. The numbers of late 
resorptions in the control was comparable to the Genz-112638 treated animals (except 
at 30 mg/kg/day, lower than control).The following table (from page 139-140 of the 
report) shows the hysterectomy data.

Reference ID: 3501244



NDA 205494 Reviewer: Tamal K. Chakraborti, Ph.D.

246

Macroscopy: Statistically significantly lower absolute testes and epididymides weights 
were noted in F1 males at 100 mg/kg/day. These weight changes are shown in the 
following table (from page 43 of the report).
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The Applicant stated that these differences were mainly due to the contribution of a 
single animal with spontaneous seminiferous tubule atrophy which may also occur 
spontaneously in controls, a relationship to treatment was considered unlikely. Per the 
Applicant, the minimally lower absolute prostate weights were considered not to be 
treatment-related. They were considered to be most likely due to the decreased final 
body weight.

In males, small epididymides and testes were observed at 10 and 100 mg/kg/day. 
These findings (small epididymides and testes) do not appear to be treatment-related in 
the absence of dose response. The following table (from page 44 of the report) shows 
the data.

Histopathology: Occasional unilateral or bilateral, moderate to marked atrophy of 
seminiferous tubules was noted in occasional control and treated rats. This finding 
generally correlated with organ weights and macroscopic findings. Since this was 
observed in controls and the incidence was low, it was considered to be sporadic and 
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unrelated to treatment. The following table (from page 44 of the report) shows the main 
microscopic findings.

F2 Generation: 

The Applicant did not provide the F2 generation data.

Summary: In a pre- and post-natal development study in rats, animal were treated at 
10, 30 and 100 mg/kg/day by oral gavage. 

F0 Generation: Two females at 100 mg/kg/day and two females at 30 mg/kg/day and 
one female at 10 mg/kg/day were sacrificed prematurely. Clinical signs at 100 
mg/kg/day included ptyalism (hypersalivation) during gestation and lactation. Body 
weight (7% reduction compared to control) and food consumption (4-14% reduction 
compared to control) were reduced at 100 mg/kg/day. The mean duration of gestation 
was longer at 100 mg/kg/day (22.0 days vs. 21.5 days) compared to control. At 100 
mg/kg/day, animals had a lower (9.8 vs. 12.0 in control) number of delivered pups per 
litter than the controls and the mean post implantation loss was higher (25.5% vs. 9.4% 
in control) at 100 mg/kg/day than in the control group.

F1 Generation: Body weights were reduced by approximately 10% in both sexes at 100 
mg/kg/day. There were no changes at 10 and 30 mg/kg/day. Food consumption was not 
affected by the treatment in either sex. Balanopreputial separation was achieved slightly 
earlier (50.6-50.9 days vs. 52.4 days in control) in all treated males. This was not 
considered treatment-related as there was no dose response and the mean body 
weights were slightly lower than the controls. There were no significant treatment 
related effects on learning and memory and spontaneous locomotor activity. The mean 
numbers of corpora lutea and implantations were lower at 100 mg/kg/day (15.9 vs. 17.3 
in control and 14.3 vs. 16.1 in control, respectively) and the mean pre implantation loss 
was higher (9.9 vs. 6.9 in control) when compared with the controls. Statistically 
significantly lower absolute testes and epididymides weights were noted in F1 males at 
100 mg/kg/day. In males, small epididymides and testes were observed in gross 
necropsy at 10 and 100 mg/kg/day. These findings (small epididymides and testes) do 
not appear to be treatment-related in the absence of dose response.
Overall, in this pre and postnatal development study in rats, eliglustat did not appear to 
cause any significant adverse effects on pre and postnatal development up to 100 
mg/kg/day.
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10 Special Toxicology Studies

4-Week Study by Twice Daily Oral Administration to Mature Cynomolgus 
Monkeys followed by a Treatment-Free Period (Report No. GT-157-TX-31)

Methods: This is an exploratory study and was not conducted in compliance with Good 
Laboratory Practice (GLP) regulations. Impaired spermatogenesis was observed in 
rodents. The objective of this study was to confirm this effect in non-human primates
and to evaluate the potential adverse effects of Genz-112638 on male reproductive 
organs and on sperm production in mature male (n = 4, mature) monkeys. In this study, 
each animal received an oral (gavage) daily dose of 72 mg/kg/day (36 mg/kg BID, 6 
hours apart, 1 mL/kg) for 4 weeks. After the 28 days of dosing, animals remained on 
study for an additional 12 to 29 weeks to permit evaluations through one or more 
spermatogenesis cycles. Sperm samples were collected and analyzed approximately 
every 14 days throughout the study, including the post-dosing period. Blood samples for 
toxicokinetics and GL1 analysis were collected on Days 1 and 28 at 1, 2, 3, 4, 5 and 6 
hours after the first daily dose. Each animal was checked for mortality and morbidity at 
least twice a day during the treatment and treatment-free periods. Clinical signs were 
observed on a daily basis. Semen was collected twice a week for the following sperm 
analysis: motility (M), morphology (MN), live sperm (LS), sperm concentration (SC), and 
total live sperm (TLS). 

Results: There were no significant treatment-related effects on any of the measured 
sperm parameters. The following table (from page 13-14 of the report) shows the results 
of sperm analysis.
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The Cmax of Genz-112368 on Day 1 ranged from 8.5 to 346 ng/mL and Cmax on Day 28 
ranged from 2.4 to 1050 ng/mL. The AUC on Day 1 ranged from 22 to 1150 ng.hr/mL 
and the AUC on Day 28 ranged from 5.5 to 3730 ng.hr/mL. The following tables (from 
page 22 of the report) show the TK data.
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On Day 28, GL1 levels were reduced for all four animals. GL1 for individual animals 
were reduced by 37-85% at 28 days (1 hour post dose) when compared to the Day 1.

Overall, sperm morphology was not affected by the treatment. However, there were 
significant variations in sperm counts and motility between animals and over time. It was 
concluded that there were no significant treatment related effects on any measured 
sperm parameters.

A Pilot Study to Compare the Behavioral Outcomes following Drug-Induced 
Peripheral Neuropathy in the Rat (Report No. GT-157-TX-22)

Methods: The objective of this pilot study was to determine the behavioral endpoints for 
evaluating the potential effects of Genz-112638 to induce a peripheral neuropathy in 
male SD rats (n = 6/group). The effects of Genz-112638 were compared to Taxol 
(paclitaxel), which is known to induce peripheral neuropathies that result in both sensory 
and motor dysfunction. In this study, Genz-112638 was administered at 75 mg/kg, BID
(150 mg/kg/day) by oral gavage for 4 days. The dose was then reduced to 50 mg/kg 
BID (100 mg/kg/day) for 35 days. Taxol was administered by intraperitoneal (IP) 
injection at 16 mg/kg on Day 10, 17, 24 and 31. In this study, the following behavioral 
parameters were examined: thermal paw stimulation for pain sensitivity, open field test 
for activity (locomotion and vertical rearing), foot fault test, and force plate analysis of
spontaneous tremor. In addition, the dorsal ganglia of the lumbar vertebra, and the 
sciatic nerve and hind paw dermis were collected for histopathological evaluations to 
assess the degree and amount of axonal disruption caused by each drug treatment.  
The following table (from page 11 of the report) shows the study design. Negative 
control animals were treated with distilled water for 35 days.
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Animals were observed for clinical signs on daily basis. Body weights were recorded 
prior to randomization, on Day 0, and on the behavioral testing days 7, 14, 21, 28 and 
then again at necropsy. Necropsy was conducted on Day 35.

Results: Nine animals were found dead. Four animals from Group 2 (Taxol 32 mg/kg) 
were found dead in the first week following the initial dose. Taxol dose was reduced to 
16 mg/kg and no further mortality was seen. Five animals from Group 3 (Genz-112638) 
died during the course of the study. A necropsy was performed on the initial two dead 
animals from this group, which were treated at higher dose (75 mg/kg BID) and most of 
the internal organs appeared normal. The lungs for both of these animals (#7590 & 
7583) appeared mottled, which correlated with observed wheezing.

Thermal paw test did not reveal any Genz-112638 related effects on paw withdrawal
latencies in response to thermal stimulation compared to the negative control. Taxol 
reduced this response compared to control and Genz-112638. The tremor test (force 
plate tremor test) did not register any tremors for any animals in this study at any time
points. Activity measurements in the open field test revealed significant reductions in the
amount of horizontal movement in the Genz-112638 group as compared to the control 
group. This effect was apparent as early as Day 7, and it occurred at each testing 
period throughout the study. There were no significant differences for the other groups.
The analysis for the foot fault test examined the number of times a foot slip occurred in 
any paw for each group as a function of overall movement during the test (quadrants 
crossed). The results indicated significant differences for both treatment and time. 
Further comparisons revealed an overall treatment difference for Taxol vs. controls and 
for Genz-112638 vs. controls as well as a time difference for the Taxol group on Day 28 
and Genz-112638 vs. their respective baseline data. Histopathological examinations did 
not reveal any treatment-related axonal disruption in the dorsal root ganglion, right 
sciatic nerve, or hindpaw dermis in any of the animals. Thus, there were no significant 
differences among any of the groups.

Overall, the results of this pilot study indicated that Genz-112638 did not show 
peripheral neuropathy in the thermal paw stimulation test and did not induce tremor 
(although a positive control for tremor was not used). However, Genz-112638 reduced 
locomotor activity. 
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Rat Studies: Four studies were conducted in Sprague Dawley (SD) rats. Two 4-week 
studies were conducted in rats. In study GT-157-TX-5, four groups of male and female 
Sprague-Dawley rats (approximately 28 days old) were treated with Genz-112638 at 0, 
5, 15 or 50 mg/kg BID. In study GT-157-TX-28, three groups of male Sprague-Dawley 
rats (12 weeks old) were treated at 0, 15 or 50 mg/kg BID for 29 days and one group 
was treated at 100 mg/kg BID for 16 days. The rats from this high-dose group were 
euthanized prematurely due to poor health conditions. In a 26-week toxicity study by 
oral route (gavage) followed by an 8-week treatment-free period (GT-157-TX-17), four 
groups of male and female Sprague-Dawley rats (approximately 7 weeks old) were 
respectively treated at 0, 5, 15 or 50 mg/kg/day.

Dog Studies: Two studies were conducted in dogs. In study GT-157-TX-6, four groups 
of male and female dogs were respectively treated at 0, 2.5, 5 and 12.5 mg/kg BID for 
28 days with a 14-day recovery period. In study GT-157-TX-15, dogs (n = 4/sex/dose) 
were treated for 13-week followed by a 4-week recovery period at 0, 2, 5 and 10 
mg/kg/day. In study, GT-157-TX-23, dogs (n = 4/sex/dose) were treated with Genz-
112638 for 52 weeks followed by an 8-week recovery period at 0, 2, 5 and 10 
mg/kg/day.

In order to compare the findings from the six studies, a review of organ weights, 
macroscopic data and microscopic examination of lymphoid organs was performed
(Kuper C.F. et al., 2000, Histopathologic Approaches to Detect Changes Indicative of 
Immunotoxicity, Toxicol Pathol, 28:454-66). The following (from page 6 of the report) 
table shows the tissues examined.

Results: Gross macroscopic findings were observed in the thymus and spleen of male 
rats at 100 mg/kg BID for 2 weeks. In this analysis, the organs with macroscopic 
abnormalities were collected and examined histologically. The changes in the thymus (5 
of 10 male rats) included a decrease of the size and cellularity of the cortex and 
medulla, with decreased cortex/medulla ratio. In the spleen, there was a slight decrease 
in size and/or cellularity of the periarteriolar lymphoid sheaths in 2 of 3 rats. In the dogs, 
atrophic changes in the thymus, characterized by minimal to moderate decrease in the 
cortex size, were noted in female dogs at 12.5 mg/kg BID for 4 weeks and in females at 
10 mg/kg/day for 13 weeks. These findings correlated with lower thymus weights. 
However, peripheral lymphocyte counts were unaffected. In addition, atrophic findings 
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were also seen in the lymph nodes and gut associated lymphoid tissue (GALT) in 
females at 12.5 mg/kg BID for 4 weeks, which consisted of minimal to slight decrease in
germinal center development of mesenteric or mandibular lymph nodes. The findings in 
the GALT were less prominent than in controls. These changes in females were not 
present at the end of the treatment-free period, indicating that these were reversible.

Per the review pathologist, these findings (seen in the thymuses, lymph nodes and 
GALT) were related to the treatment with Genz-112638, although they were of low 
magnitude and were questionable in males. There were some discrepancies noted 
between the 5 mg/kg BID for 4 weeks and the 10 mg/kg/day in the 13- and 52-week dog 
studies. While some changes were seen in the thymus in the 13-week study, no 
significant differences between treated and control animals were noted in the 4- and 52-
week studies. In addition, the changes seen in the lymph nodes and GALT of female
dogs at 12.5 mg/kg/day for 4 weeks were not observed at lower doses in the 4-, 13-, or
52-week studies. It was mentioned that the effects due to the stress or to the normal 
involution of the thymus (mainly in the dogs) over time could have contributed to these 
effects (Greaves P, 2007, In: Histopathology of Preclinical Toxicity Studies, Hemopoietic 
and Lymphatic Systems, 4, 125-127; Gruver AL and Sempowski GD, 2008, Cytokines, 
Leptin, and Stress-Induced Thymic Atrophy, Journal of Leukoc Biol, 84:915-23). From a 
morphological standpoint the changes seen in the thymus of the dogs and rats were 
similar. These changes consisted of a decrease of the size of the cortex and/or medulla, 
along with a decreased cortex/medulla ratio. This finding was observed in rats at 100 
mg/kg BID for 2 weeks. These changes in dogs were less prominent than that in rats, 
seen in females at 10 mg/kg/day or 12.5 mg/kg BID, respectively, for 13 weeks or 4 
weeks.

11 Integrated Summary and Safety Evaluation

Eliglustat (Cerdelga®) is a glucosylceramide synthase (GCS) inhibitor that resembles
ceramide, the substrate for GCS. Eliglustat is indicated for the long-term treatment of 
adult patients with Gaucher disease type 1 (GD1) and is being developed as a substrate 
reduction therapy (SRT) for GD1. The recommended dosage is 100 mg capsule twice 
daily (BID).

Eliglustat (Genz-112638) has been evaluated in a comprehensive program of 
nonclinical studies which included pharmacology, ADME (absorption, distribution, 
metabolism and excretion), acute toxicology (rat, dog), and repeated dose toxicology (4, 
13 and 26-week studies in rats and 4, 13 and 52-week studies in dog), juvenile 
toxicology (10-week study in juvenile rats), genotoxicity (Ames test, chromosome 
aberration assay, mouse bone marrow micronucleus test), carcinogenicity (2-year 
carcinogenicity studies in mice and rats), reproductive toxicity (fertility and early 
embryonic development in rats, embryofetal development in rats and rabbits and pre 
and post-natal development in rats) and special toxicology. In addition, studies were 
conducted to qualify one of the metabolites of eliglustat that was identified as a 
disproportionate metabolite in humans, and two impurities that elicited structural alerts 
in silico were evaluated for genotoxicity. 
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In vitro pharmacology studies revealed the potency (IC50 = 10 ng/mL) for the inhibition 
of GCS in human K562 cells or human A375 cell-derived microsomes. No inhibition of 
off-target enzymes such as glycosidases (up to 37 µM) and disaccharases were 
observed. In animal efficacy studies (in vivo), eliglustat decreased GL-1 levels in 
peripheral tissues and plasma in normal rats and dogs following oral administration. In 
the D409V/null mouse model of GD1, eliglustat decreased the accumulation of GL-1 in 
tissues. In older GD1 mice with already established disease, eliglustat significantly 
reduced both the number of enlarged, activated, macrophages typical of Gaucher 
disease ("Gaucher cells") (Kolter T and K Sandhoff, 2006, Sphingolipid Metabolism 
Diseases, Biochim Biophys Acta, 1758:2057-2079) and the accumulated GL-1 in
peripheral tissues and plasma. Potential secondary pharmacodynamic (PD) effects of 
eliglustat were examined (in vitro) in screening assays. In these screening assays, 
eliglustat showed binding to dopamine (D3, D4), serotonin (5HT1A, 5-HT2A, 5-HT2B 
and 5-HT6), mu opioid receptors and calcium channels with IC50 values of 10 µM. This 
concentration (10 µM) is approximately 100 times greater than the mean predicted 
clinical Cmax of 44.3 ng/mL (~100 nM).

Several safety pharmacology studies were conducted with eliglustat by oral route, which 
included central nervous system (CNS, rat), pulmonary (rat), renal (rat), gastrointestinal 
(rat) and in vitro and in vivo (dog) cardiovascular safety pharmacology studies. Eliglustat 
did not cause any significant CNS effects in rats when tested at 20,100 and 400 mg/kg. 
In pulmonary safety pharmacology study in rats at 20, 100 and 400 mg/kg, eliglustat 
caused about 27% decrease in respiration rate at 400 mg/kg. In renal safety 
pharmacology study in rats at 20, 100, and 400 mg/kg, eliglustat increased urinary pH 
(100 and 400 mg/kg) and decreased potassium and chloride excretion at 400 mg/kg. In 
gastrointestinal safety pharmacology study in rats at 20, 100 and 400 mg/kg, eliglustat 
decreased gastrointestinal (GI) transit and GI emptying at 100 and 400 mg/kg. Eliglustat 
caused inhibition of hERG channel expressed in HEK-293 cells with an IC50 value of 
0.35 µg/mL, indicating a potential to cause QT prolongation. Eliglustat inhibited sodium 
and calcium channel with IC50 values of 5.2 and 10.4 µg/mL, respectively. These values 
are about 8, 117, and 235 times greater, respectively, than the mean predicted (PK 
simulation) clinical Cmax of 44.3 ng/mL. In isolated canine Purkinje fiber assay, eliglustat 
decreased action potential duration (APD60 and APD90) at 1 and 10 µg/mL. In a single 
oral (gavage) dose conscious dog telemetry study at 1, 3, 10, 25, 50 and 80 mg/kg, 
eliglustat increased PR (50, 80 mg/kg) and QRS (10, 25, 50 and 80 mg/kg) intervals. In 
an IV (infusion) telemetry study in anesthetized dog at 1, 2.5 and 5 mg/kg, eliglustat 
increased PR, QRS and QTc intervals at 2.5 and 5 mg/kg.   

The ADME of eliglustat have been evaluated in vivo in several species used for toxicology 
studies including mouse, rat, rabbit, dog and monkey, and in vitro in mouse, rat, dog, 
monkey and human. The pharmacokinetic properties of eliglustat were generally 
consistent across species e.g., mouse, rat, dog and monkey. Terminal half-lives in male 
mice, male rats, male dogs and male monkeys were 0.546, 0.266, 1.03 and 1.43 hour, 
respectively. Following a single oral dose at 3 mg/kg dose, eliglustat was rapidly 
absorbed with a tmax of within 1 hour across all species tested. Oral bioavailability in 
male mice, male rats, male dogs and male monkeys were 4.68%, 8.70%, 12.3%, and 
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0.803%, respectively. Eliglustat exhibited moderate-to-high plasma protein binding across 
nonclinical species and human, with mouse ≈ rat ≈ dog (97.2 to 99.0%) > monkey (92.0 to 
92.2%) > human (76.4 to 79.5%). In vivo tissue distribution profiles were comparable across 
nonclinical species. Following a single oral administration of [14C]-Genz-99067 to mice at 
125 mg/kg, or [14C] Genz-112638 to rats at 50 or 100 mg/kg, radioactivity was rapidly and 
extensively distributed to tissues and decreased over time, with maximal concentrations 
were observed at approximately 0.5 to 1 hour. High concentration of radioactivity was 
observed in the gall bladder, kidneys, liver, urinary bladder, and intestine, and moderate 
concentration of radioactivity observed in lung, spleen, heart, adrenal, pituitary and prostate 
glands, and bone marrow. Negligible or limited exposure was observed in the brain, eyes,
testes and spinal cord. However, a 10-fold increase in radioactivity was observed in the 
brain tissue of P-glycoprotein (P-gp) deficient mice, compared to normal mice. Eliglustat 
was extensively metabolized in the rat, dog, monkey, and human. Metabolism of 
eliglustat occurred on the octanoyl, 2,3-dihydro-1,4 benzodioxane, and pyrrolidine 
moieties of the parent molecule. Major metabolic pathways of eliglustat included 
sequential oxidations of the octanoyl moiety. The primary metabolites included the 7-
hydroxyl metabolite Genz 256416 by cytochrome P450 (CYP450)2D6, CYP3A4 and 
CYP2C19, the 6-hydroxyl metabolite Genz-311752 by CYP2D6 and CYP3A4, the 5-
hydroxyl metabolite Genz 258179 by CYP3A4, and the amine metabolite Genz-256222 
by CYP3A4 and CYP2C19. In human hepatocytes, primary hydroxyl metabolites, Genz-
256416 and Genz-311752, were metabolized to secondary ketone metabolites, Genz-
258162 and Genz-527862, respectively, by CYP2D6 and CYP3A4, and further 
metabolized to acid metabolites Genz-399207, Genz-399240 and Genz-682042 in 
human hepatocytes. In vitro metabolite profiles were consistent across rat, dog, monkey 
and human liver microsomes and hepatocytes. All metabolites detected in human liver 
microsomes and hepatocytes were observed in vitro in at least one of the nonclinical 
species tested. The 7-hydroxyl metabolite Genz-256416 was the major metabolite of 
eliglustat in the rat, dog, monkey, and human liver microsomes and hepatocytes. In vivo 
metabolite profiles were similar for the primary hydroxyl metabolites and secondary 
ketone metabolites, but different for acid-containing metabolites in rat, dog, rabbit, 
monkey, and human. All circulating metabolites identified in the clinical study 
(GZGD02107) by were also observed in preclinical species tested. The only major 
human circulating metabolite exceeding 10% of total drug related exposure in human, 
Genz-399240, was low or below detectable levels in the rat and dog plasma, but at 
appreciable levels in the rabbit and monkey plasma. In rats, following a single 10 mg/kg 
IV dose of [14C]-eliglustat, 95 to 97% of the total radioactivity was recovered within 168
hours with approximately 81 to 82% of total radioactivity eliminated in the feces, and 
approximately 11 to 14% of total radioactivity in the urine. The majority of the 
radioactivity was excreted in the feces and urine within 24 to 48 hours. In dogs, following 
a single 2.5 mg/kg IV dose of [14C] eliglustat, 91 to 94% of the total radioactivity was 
recovered within 168 hours and radioactivity was primarily eliminated in the feces (64% to 
67% of total radioactivity), with 25% of total radioactivity eliminated in the urine. In dogs, 
following a single 25 mg/kg oral dose of [14C] eliglustat, 90 to 92% of the total radioactivity 
was recovered after 168 hours with 50% to 57% of total radioactivity eliminated in the feces, 
and 26% to 30% of total radioactivity eliminated in the urine.
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Acute toxicology studies were conducted by intravenous (IV infusion, rat) and oral (rat and 
dog) routes at doses ranging from 3-20 mg/kg (IV, rats) and 200 to 1000 mg/kg (oral, 
gavage) in rats and 25 to 100 mg/kg (oral, capsule) in dogs. The maximum nonlethal doses 
in rats were 20 mg/kg and 400 mg/kg by IV and oral route, respectively. In rats, clinical 
sings observed at doses ≥400 mg/kg included salivation, wet fur, labored and/or abnormal 
sneezing and breathing, decreased fecal output and/or abnormal distension. At 200 mg/kg, 
recurring breathing abnormalities and decreased feces output were noted. The maximum 
nonlethal dose in dogs was 100 mg/kg by oral route. In dogs, emesis was observed at all 
doses.

Chronic oral toxicology studies were conducted in rats (6-month) and dogs (1-year) at 
doses ranging from 5 to 50 mg/kg/day and 2 to 10 mg/kg/day, respectively.  In the 26-
weeek study in rats, there were no significant treatment-related histopathological findings in 
any organ or tissue. The NOAEL was considered as 50 mg/kg/day.

In an oral gavage study in juvenile rats, animals were treated with Genz-112638 at 5, 15 
and 25 mg/kg BID for 10 weeks commencing at PND 22 through Day 91. Mortalities were 
observed at all doses including control and were deaths were mainly considered due to 
gavage errors. Gross pathology findings included large mandibular lymph nodes with 
increased incidence at 25 mg/kg BID in females. In females, liver weights were increased at 
the high dose. Histopathological changes were seen in the lymph node (increased 
incidence/severity of lymphoid hyperplasia in the mandibular lymph nodes at 25 mg/kg BID) 
and eye (minimal grade unilateral neuropathy in the optic nerve of two animals at 25 mg/kg 
BID). The target organ could be the lymph node and eye based on the histopathology 
findings. The NOAEL was considered as 15 mg/kg BID.

A 28-day oral study was conducted in male rats to evaluate specific effects of Genz-112638 
on male reproductive organs and spermatogenesis at 15 or 50 mg/kg BID (30 or 100 
mg/kg/day) for 4 weeks or at 100 mg/kg BID (200 mg/kg/day) for 2 weeks. Mortality was 
observed at 200 mg/kg/day, and the dosing was terminated after 2 weeks of treatment due 
to severe toxicity. Electrolytes and liver enzymes as well as sperm motility and morphology 
were affected at 200 mg/kg/day. At 200 mg/kg/day, sperm morphology remained affected 
until 14-weeks treatment-free recovery period. Gross pathology examinations revealed grey 
foci on the forestomach mucosa, small thymus and spleen. Microscopic examinations 
revealed germ cell necrosis in the testis, sloughed cells in the epididymis, acute 
inflammation in the coagulating glands, epithelial hyperplasia in the forestomach and severe 
atrophy of thymus and spleen. No effects on sperm count or motility were seen at 50 and 15 
mg/kg BID doses. A follow-up 4-week oral study (GT-157-TX-31) was conducted at 36 
mg/kg BID (72 mg/kg/day) in mature Cynomolgus monkeys to confirm the above effects of 
Genz-112638 on spermatogenesis in non-human primates. There were no significant 
treatment-related effects on any of the measured sperm parameters in this monkey study. 

In 28-study in dogs, histological changes included atrophy of lymphoid organs/tissues 
(thymus, lymph nodes and gut lymphoid tissues) at 10 and 25 mg/kg/day, which was 
reversed after 2-week recovery. In a 13-week oral (gavage) toxicity study in Beagle dogs, 
animals were administered Genz-112638 at 2, 5 or 10 mg/kg/day. Histopathological 
changes were seen in the thymus (lymphoid depletion) of treated and control animals.
However, the severity of lymphoid depletion was highest at the high dose. In a 52-week 
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oral (gavage) study in Beagle dogs, animals were treated at 2, 5 and 10 mg/kg/day.
Histopathological changes were observed in the lung (peribronchiolar chronic
inflammation/fibrosis at 10 mg/kg/day), heart (mesothelial hyperplasia in the atria of the 
heart was noted only in treated female animals), and testes (seminiferous epithelial 
degeneration and segmental hypoplasia in the testes were seen with a greater 
incidence in the treated groups). Histopathological changes observed in the lung, heart 
and testes did not appear to be treatment related as the incidences were not dose 
related and were also seen in control animals. The NOAEL appeared to be 10 
mg/kg/day.

Eliglustat was negative in the Ames test, chromosome aberration assay using human 
peripheral blood lymphocytes and oral in vivo mouse micronucleus test. In addition, 
Genz-399240, a human metabolite of eliglustat, was negative in the Ames test and 
chromosome aberration assay using human peripheral blood lymphocytes. Two 
impurities were tested for potential genotoxicity. Impurity  was negative in 
the Ames test and impurity  was negative in the Ames II test.

The reports of the 2-year oral carcinogenicity studies in mice (GT-157-TX-43) and rats 
(GT-157-TX-38) were reviewed by Dr. Sruthi King (pharmacology review of NDA 
205494 dated April 15, 2014). In Sprague-Dawley rats, eliglustat tartrate was 
administered by oral gavage at doses up to 75 mg/kg/day in males (about 3.6 times the 
recommended human daily dose of 100 mg BID, based on a body surface area basis) 
and 50 mg/kg/day in females (about 2.4 times the recommended human daily dose 
based on body surface area basis). In CD-1 mice, eliglustat tartrate was administered to 
males and females at up to 75 mg/kg/day (about 1.8 times the recommended human 
daily dose based on a body surface area basis) via dietary admixture. Eliglustat tartrate 
did not produce any treatment-related neoplasms in rats or mice.

In an oral fertility and early embryonic development study in male and female rats at 10, 
30 and 100 mg/kg/day, eliglustat increased pre-implantation loss at 30 and 100 
mg/kg/day (statistically significant). In an oral embryofetal development study in rats, 
animals were treated at 10, 30 and 120 mg/kg/day from GD 6 to GD 17. Maternal 
toxicity (decrease body weight and food consumption) was observed at 120 mg/kg/day.
At 120 mg/kg/day, there was an increase in the number of late resorptions, dead 
fetuses and post implantation loss. Fetal body weight was also reduced at 120 
mg/kg/day. At 120 mg/kg/day, fetal visceral variations included dilated cerebral
ventricles and fetal skeletal malformations included abnormal number of ribs or lumbar 
vertebra and fetal skeletal variations included poor bone ossification. In an oral 
embryofetal development study in New Zealand white rabbits, animals were treated at 
10, 30 and 100 mg/kg/day from GD 6 to GD 18. No significant treatment-related 
adverse effects on embryofetal development were observed in this study. In a pre and 
postnatal development study in rats, eliglustat did not appear to cause any significant 
adverse effects on pre and postnatal development up to 100 mg/kg/day.

Evaluations of potential genotoxic impurities 
 in eliglustat tartrate were also provided in the submission. 
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and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit 
Potential Carcinogenic Risk, February 6, 2013] and appear to be acceptable.

Overall, the recommended human dose for eliglustat is 100 mg BID or 200 mg/day
(3.33 mg/kg/day). The NOAELs and associated exposures measured in the chronic 
toxicology studies in rats and dogs are shown in the following Table (from page 58 of 
Section 2.4). 

             

The mean clinical simulated Cmax of 44.3 ng/mL and AUC0-12h of 307 ng.hr/mL were 
derived from PK simulations based on a PopPK model (Report No. SIM0124). The 
NOAEL in rats (50 mg/kg/day) in the 6-month toxicity study was approximately 2.4 times 
the above recommended human dose of 100 mg BID based on body surface area. The 
exposure (AUC) at the NOAEL of 50 mg/kg/day in rats is approximately 8-12 times 
higher than the mean predicted AUC of 307 ng.hr/mL. The NOAEL in dogs (10 
mg/kg/day) in the 12-month toxicity study was approximately 1.6 times the above 
recommended human dose of 100 mg BID based on body surface area. The exposure 
(AUC) at the NOAEL of 10 mg/kg/day in dogs is approximately 10-15 times higher than 
the mean predicted AUC of 307 ng.hr/mL.

In conclusion, this NDA contains adequate nonclinical studies and meets the guidelines 
and satisfies the criteria for marketing authorization of eliglustat. From a nonclinical 
perspective, this application is recommended for approval for its proposed use as 
indicated in the label.

12 Appendix/Attachments

None
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1 Executive Summary

1.1 Introduction

Eliglustat tartrate is the active pharmacological ingredient in Cerdelga, which is being 
developed as a substrate reduction therapy (SRT) for Gaucher Disease, a rare 
lysosomal storage disorder resulting from a deficiency of the enzyme 
glucocerebrocidase (also known as acid -glucosidase).  Acid -glucosidase is the rate-
limiting enzyme in the hydrolysis of glucosylceramide (GL-1) to glucose and ceramide.  
Deficiency in acid -glucosidase causes accumulation of GL-1, particularly in lysosomes 
and macrophages.  Increased GL-1 accumulation in macrophages causes them to 
appear “lipid-engorged” and infiltrate the organs of the reticuloendothelial system 
(spleen, liver, bone marrow, and to some extent in the lungs), producing organomegaly.  
Therefore, Gaucher Disease is a chronologically debilitating, multisystem disease that is 
characterized by hepatosplenomegaly and hypersplenism, which produce hematological 
abnormalities (anemia, thrombocytopenia) and bone disease (bone marrow infection, 
low bone mineral density), and to a lesser extent lung disease (interstitial lung disease, 
pulmonary hypertension).  Disease presentation can occur at any age and clinical 
severity can range from asymptomatic to severely debilitating.  It is an orphan disease 
and is estimated to occur in 1 in 100,000 births.  Current treatment options for Gaucher 
patients are enzyme replacement therapy (ERT) and SRT.  Approved ERT products 
(such as Ceredase®, Cerezyme®, VPRIV™, and Elelyso™) are recombinant human 
enzymes which have been shown to effectively decrease GL-1 accumulation and 
improve symptoms of Gaucher patients.  The current approved SRT for Gaucher 
disease is Zavesca™; however this product is only approved in adults for whom ERT is 
not a viable option.  The currently approved ERTs require intravenous (IV) 
administration for the remainder of the patient’s life, while the only approved oral 
formulation, the SRT, is limited for use in adults only who do not respond to ERT.  

In this application, the applicant is proposing an oral formulation of SRT, eliglustat at the
proposed dosage of 84 mg to be taken twice a day (equivalent to 100 mg eliglustat 
tartrate taken BID).  The target population for eliglustat tartrate is CYP2D6 Intermediate 
Metabolizers and Extensive Metabolizers .

1.2 Brief Discussion of Nonclinical Findings

For details on the nonclinical safety assessment (pharmacology, pharmacokinetics, and 
toxicology (general toxicology, genetic toxicology, reproductive toxicology)), please refer 
to the review of Dr. Tamal Chakraborti.  

The carcinogenicity studies conducted in support of approval of eliglustat tartrate are 
reviewed here.  Two, 2-year rodent carcinogenicity studies were conducted: oral gavage 
study in Sprague-Dawley rats and dietary study in CD-1 mice.  Dose selection for both 
studies was based on previous agreement with the CDER Executive Carcinogenicity 
Assessment Committee (ECAC).  The highest doses tested were 75 mg/kg/day in mice 
(both sexes) and 75 mg/kg/day and 50 mg/kg/day in male and female rats, respectively.  
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Studies in both species failed to demonstrate any carcinogenic potential of eliglustat
tartrate at up to the highest doses tested in either sex.  

Mouse study:
In CD-1 mice (60/sex/dose), eliglustat tartrate was administered at 10, 25, and 75 
mg/kg/day, by dietary admixture for 105/106 weeks and was not carcinogenic in either 
sex at all doses tested. Control animals (2 groups of 60/sex each) were fed the 
powdered, maintenance diet.  There was no treatment-related effect on tumor latency in 
either sex.  Poly-3 trend tests revealed an increase in incidence of 3 rare tumor types at 
the HD in males and females: benign cortical adenoma (2/60 in high dose (HD) males, 
as compared to 0/120 controls), benign pheochromocytoma (2/60 in HD females, as 
compared to 0/120 controls), and malignant skin fibrosarcoma (2/58 in HD females, as 
compared to 0/120 controls).  The incidence of these tumors fell within the range of 
those observed in control animals (historical data from the testing laboratory and/or
published data from the literature), and therefore were considered to be unrelated to 
treatment by the applicant.  Additional analyses conducted by FDA statistical reviewer 
of specified tumor combinations revealed that the following tumor types had p values ≤
0.05 for dose relationships: Adrenal gland (Adenoma/Cortex), Liver 
(Hemangiosarcoma), Lungs (Adenocarcinoma+Adenoma) in Males and Adrenal Gland 
(pheochromocytoma) and Skin (fibrosarcoma) in Females).  When pair-wise 
relationships were evaluated, the following had p values ≤ 0.05:  Lungs 
(Adenocarcinoma and Adenocarcinoma + Adenoma in MD males) and Uterus 
(Endometrial Sarcoma in low dose (LD) females).  However, none of the incidences of 
tumors in either sex was considered to have a positive dose response relationship or a
significant increase in tumor incidence from pair-wise comparisons.  

There was an 11% increase in the mortality rate of HD males and 2% decrease in HD 
females, as compared to combined controls; however, a treatment-related effect was 
not apparent in the incidence or cause of mortality in either sex.  Mid dose (MD) and HD 
males showed a slight increase in clinical signs of poor health, such as thin appearance, 
hunched posture, abdominal breathing, and an abscess in the urogenital region, leading 
to unscheduled sacrifice.  A dose-dependent effect on body weight was not apparent.  
Overall, a decrease in body weight gain in either sex did not exceed 10%, as compared 
to combined controls.  LD and HD females had ~12% and ~2.5% increase in body 
weight gain, respectively, as compared to combined controls, while LD and HD males 
had ~4% and 3% increase, respectively, as compared to combined controls.  TK 
analysis was not conducted in mice, since plasma levels of the test article were below 
the lower limit of quantitation (5 ng/mL).  However, measurement of plasma GL-1 levels 
revealed a decrease in levels with treatment, as compared to control, although a dose-
response was not apparent.  The predicted human exposure (AUC) at doses of 50-150 
mg BID was 307 ng·h/mL.  

There was a statistically significant, treatment-related increase in the incidence and 
severity (Grade 3 or 4, particularly at higher doses) of hepatocellular hypertrophy in 
males (MD and HD) and females (all doses), as compared to controls.  The hypertrophy 
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was not associated with necrosis or hepatocellular degeneration and may be related to 
CYP450 induction in mice.  

Rat study:
In SD rats (50 sex/dose), eliglustat tartrate was administered by oral gavage at 10, 25, 
and 75 mg/kg/day in males for 105 weeks and at 5, 15, and 50 mg/kg/day in females for 
103 weeks.  Two groups of 50 rats/sex were assigned as Control animals and received 
vehicle via oral gavage (drinking water).  The test article was not carcinogenic in either 
sex at any of the doses tested.  A dose-dependent effect on tumor latency was not 
apparent.  Malignant tumors appeared earlier in test article treated males (as early as 
18 weeks after treatment initiation at the LD).  Females treated at the HD of test article 
had mammary gland adenocarcinomas starting at 38 weeks, as compared to 76 weeks 
in Group 2 control females.

A poly-3 test was conducted and revealed an increase in incidence of several tumors: 
granulocytic leukemia in 2/50 LD males, odontoma in 1/50 MD males, and mammary 
gland adenomas in females (1/50, 2/50, and 2/50 at LD, MD, and HD, respectively), as 
compared to 0/100 controls/sex.  However, the incidence of tumors in males and 
females fell within the range of those observed in control animals from historical data in 
the testing laboratory and published literature.  Therefore, the increased incidence of 
these tumors was considered to be unrelated to treatment with test article in either sex.  
Additional analyses conducted by FDA statistical reviewer revealed a p ≤ 0.05 for dose 
response relationship for skin fibroma in males only.  However, the incidence of this 
tumor did not have a positive dose response relationship or reveal a statistically 
significant increase in tumor incidence in the pair-wise comparisons (combined control 
vs. individual treatment group).

There was no statistically significant, treatment-related effect on survival in either sex.  
There was a >22% and >8% decrease in body weight gain in HD males and females, 
respectively, as compared to combined controls.  The mortality rate in HD males was 
7% lower than Combined Controls.  In females, the mortality rate was similar between 
combined controls and HD females, while it was at least 15% higher in LD and MD 
females.  TK analysis revealed that the exposure to test article was ~3.6x and 2.6x 
higher in HD males and females, respectively, than the predicted human exposure of 
307 ng·h/mL at clinical doses of 50-150 mg BID.  

There was an increased incidence and severity of non-neoplastic findings in the lungs of 
HD males, as compared to combined controls: granulomata (32/49, as compared to 
10/100 controls), chronic bronchio-aveolar inflammation (7/49, as compared to 1/100 
controls), and bronchiectasis (5/49, as compared to 1/100 controls).  These findings 
may correlate with adverse clinical signs observed in HD males, such as loud breathing, 
ptyalism, and dyspnea.  There were several changes observed in the genital tract of 
males, with slightly higher incidences in the HD group.  Swollen spermatids in the testes 
(1/50, 2/50, and 4/50 at LD, MD, and HD, respectively, as compared to 0/100 in 
controls) and inflammation in the coagulating glands (1/50 at LD and MD and 4/50 at 
HD, as compared to 0/100 in controls) were observed, but with low severity.  
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Inflammation in the coagulating glands was observed in a preliminary 28-day toxicity 
study at doses up to 100 mg/kg/day; however, these effects were reversed after a 9-
week treatment-free period.  

In females, there were no findings in the lungs similar to those in males.  There was a 
higher incidence of squamous metaplasia in the endometrium (3/50 at MD and 13/50 at 
HD, as compared to 6/100 controls).  No such findings were observed in the 26-week 
repeat-dose toxicity study at doses up to 50 mg/kg/day

Overall, administration of eliglustat tartrate to CD-1 mice (via dietary admixture) and SD 
rats (via oral gavage) for 2 years failed to produce any treatment-related, statistically 
significant increased incidences of neoplasms by CDER criteria.  Eliglustat tartrate was 
not carcinogenic in either mice or rats in 2-year oral studies at doses up to 75 
mg/kg/day (mice) and 75 mg/kg/day and 50 mg/kg/day in male and female rats, 
respectively.  

1.3 Recommendations

1.3.1 Approvability

The results of the carcinogenicity studies in rats and mice will not preclude marketing 
approval of Eliglustat Tartrate at the proposed dose for the proposed indication.

1.3.2 Additional Non Clinical Recommendations

None

1.3.3 Labeling

Applicant’s Version:

Carcinogenesis:   

 

 

 

Recommended Version:

Carcinogenesis:

Carcinogenic potential of CERDELGA was assessed in 2-year carcinogenicity studies in 

rats and mice.  In Sprague-Dawley rats, eliglustat tartrate was administered by oral 

gavage at doses up to 75 mg/kg/day in males (about 3.6 times the recommended 

human daily dose of 100 mg BID, based on a body surface area ) and 50 mg/kg/day in 
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females (about 2.4 times the recommended human daily dose based on body surface 

area ).  In CD-1 mice, eliglustat tartrate was administered to males and females at up to 

75 mg/kg/day (about 1.8 times the recommended human daily dose based on a body 

surface area ) via dietary admixture.  Eliglustat tartrate did not produce any treatment-

related neoplasms in rats or mice.

2 Drug Information

2.1 Drug

Generic Name:  Eliglustat (Eliglustat tartrate)

Code Name:  Genz-112638 (Genzyme),  (Sanofi),  (Corden 
Pharma)

Chemical Name: Octanamide, N-[(1R,2R)-2-(2,3-dihydro-1,4-benzodioxin-6- yl)-2-
hydroxy-1-(1-pyrrolidinylmethyl)ethyl]-, (2R,3R)-2,3- dihydroxybutanedioate (2:1)

Molecular Formula/Molecular Weight

Structure or Biochemical Description

Pharmacologic Class:  Glucosylceramide synthase inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs

IND 67589

2.3 Drug Formulation

The drug product is formulated as hard gelatin capsules of 84 mg each (containing 100 
mg eliglustat tartrate) for oral administration, to be taken twice a day.  

2.4-2.7 Comments on Novel Excipients, Comments on 
Impurities/Degradants of Concern, Proposed Clinical Population and
Dosing Regimen, Regulatory Background

Please refer to nonclinical review of this NDA by Dr. Tamal Chakraborti for details.
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Eliglustat tartrate did not produce any treatment-related statistically significant increased 
incidences of neoplasms, per CDER criteria, when administered as a dietary admixture 
to CD-1 mice at doses up to 75 mg/kg/day in either sex.  

There was no treatment-related effect on tumor latency in either sex.  Statistical 
analysis by the applicant (Conventional Peto test and Exact Peto test) failed to reveal 
any statistically significant trends in tumor incidence.  Poly-3 test statistics revealed an 
increase in incidence of 3 rare tumor types at the HD in males and females: benign 
cortical adenoma (2/60 HD males, as compared to 0/120 controls), benign 
pheochromocytoma (2/60 HD females, as compared to 0/120 controls), and malignant 
skin fibrosarcoma (2/58 HD females, as compared to 0/120 controls).  The incidence of 
these tumors fell within the range of those observed in control animals, based on 
historical data from the testing laboratory and published data from the literature, and 
therefore were considered to be unrelated to treatment by the applicant.  Additional 
analyses conducted by FDA statistical reviewer of specified tumor combinations 
revealed that the following tumor types had p values ≤ 0.05 for dose relationships: 
Adrenal gland (Adenoma/Cortex), Liver (Hemangiosarcoma), Lungs 
(Adenocarcinoma+Adenoma) in Males and Adrenal Gland (pheochromocytoma) and 
Skin (fibrosarcoma) in Females).  When pair-wise relationships were evaluated, the 
following had p values ≤ 0.05:  Lungs (Adenocarcinoma and Adenocarcinoma +
Adenoma in MD males) and Uterus (Endometrial Sarcoma in LD females).  However, 
none of the incidences of tumors in either sex was considered to have a positive dose 
response relationship or an increase in tumor incidence from pair-wise comparisons.  

Adequacy of Carcinogenicity Study

Dose selection was based on recommendations from the Executive CAC (May 27, 
2009)1.  The rationale for dose selection was based on results from a 13-week 
preliminary dietary toxicity study in CD-1 mice (the strain used in the pivotal 
carcinogenicity study).  In the preliminary study, the mice received with 50, 150, and 
350 mg/kg/day eliglustat tartrate as a dietary admixture.  There were no treatment-
related deaths or changes in clinical signs, clinical chemistry or hematology parameters 
in either sex.  There was a decrease in body weight (high dose only) and increased
weight of the liver (high and mid dose) and adrenal gland (high dose only) in males.  
Changes in organ weights in males did not correlate with histopathological findings.  In 
females, there was a decrease in food consumption at the high dose and low dose. TK 
analysis demonstrated that animals were exposed to drug at all doses.  Based on 
reduced body weight gain, the Division and CDER Executive Carcinogenicity 
Assessment Committee (ECAC) concluded that the maximum tolerated dose (MTD) 
was 75 mg/kg/day and should be set as the high dose for the pivotal carcinogenicity 
study.    

                                           
1 Please refer to the nonclinical review of the SPA for the 2-year dietary study protocol 
by Dr. Tamal Chakraborti for details on the study results (SDN 070 and 074, Dated May 
28, 2009) and ECAC recommendations in Appendix #1A.  
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The applicant conducted oral palatability studies of 4 days, 7 days, and 2 weeks in 
duration.  The MTD from the 2-week palatability study was determined to be 178 
mg/kg/day in males and 215 mg/kg/day in females, based on the observation of adverse 
clinical signs (thin appearance, piloerection, soiled abdomen and/or urogenital region, 
hunched posture) and weight loss in both sexes.  No target organs of toxicity were 
identified.  

The target doses achieved in the study were within acceptable ranges.  Therefore, 
based on applicant’s dose selection, confirmation of chemical/vehicle stability and 
achieved dosages, the study is adequate and acceptable.

The table below summarizes the body weight and mortality rates between combined 
controls (Group 1 and Group 2 vehicle-treated animals combined) and individual dose 
groups.

Table 1: Summary of body weight gain and mortality rates after dietary 
administration of eliglustat tartrate for 105/106 weeks in CD-1 mice

Body weight (% difference in mean body 
weight gain from combined controls

Mortality Rates at the end of the experiment

Dose Male Female Dose Male Female
Comb, Ctrl 51% 65%

LD 4.09 11.73 LD 55% 54%
MD -1.17 -9.26 MD 65% 66%
HD 2.93 2.47 HD 62% 63%

There was < 10% decrease in body weight gain in either sex, as compared to combined 
controls, and a clear dose-response relationship was not apparent.  MD females had a 
9.3% decrease in body weight gain, while LD and HD females had ~12% and ~2.5% 
increase, respectively, in body weight gain, as compared to combined controls.  In 
males, body weight gain was ~4% and 3% in LD and HD males, respectively, while MD 
males had ~1.2% decrease in body weight gain, as compared to combined controls.  
There was an 11% increase in the mortality rate of HD males and 2% decrease in HD 
females, as compared to combined controls.  Clinical signs of poor health were 
observed with a slight increased incidence in MD and HD males, as compared to dual 
controls.  Based on these findings, it is unclear whether the maximum tolerated dose 
(MTD) was reached.  The applicant selected doses for the carcinogenicity study based 
on recommendations from ECAC; however, the high dose (75 mg/kg/day), which was 
postulated to be the MTD, was not previously tested in the dose-ranging studies.

Appropriateness of Test Models

The  mouse is an acceptable test model for the
carcinogenicity study.  

Evaluation of Tumor Findings
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There was no apparent treatment-related effect on tumor latency.  The table below 
summarizes the onset of tumors in males and females.  The following doses were used: 
0, 0, 10, 25, and 75 mg/kg/day and are noted as Groups 1-5, respectively.   

Table 2:  Onset of tumors in CD-1 mice receiving eliglustat tartrate for 105/106 
weeks as a dietary admixture

Males Females
Group Week 

of 
onset 

Organ Corresponding 
neoplasm

Week 
of 
onset 

Organ Corresponding 
neoplasm

1 (Ctrl) 73 Systemic Malignant lymphoma 51 Systemic Malignant lymphoma
2 (Ctrl) 66 Lung Adenocarcinoma 40 Systemic Malignant lymphoma
3 (Low 
Dose)

56 Systemic Malignant lymphoma 64 Colon Adenocarcinoma

4 (Mid 
Dose)

63 Lung Adenocarcinoma 48 Mammary Adenocarcinoma

5 (High 
Dose)

48 Systemic Malignant lymphoma 52 Systemic Malignant lymphoma

Conventional Peto test and Exact Peto test failed to reveal any statistically significant 
trends in tumor incidence.  Trend statistics using Poly-3 test revealed an increase in 
incidence of 3 rare tumor types at the HD in males and females: benign cortical 
adenoma (2/60 HD males, as compared to 0/120 controls), benign pheochromocytoma 
(2/60 HD females, as compared to 0/120 controls), and malignant skin fibrosarcoma 
(2/58 HD females, as compared to 0/120 controls).  The applicant concluded that the 
incidence of these rare tumors fell within the range of those observed in control animals 
from historical data in the testing laboratory  and published literature (See Table 11
Below); therefore, the increased incidence of these tumors was considered to be 
unrelated to treatment with test article.  

In addition, the statistical reviewer Dr. Min Min combined the following tumor types 
(taken from Dr. Min’s draft review) for additional analysis, based on this nonclinical 
reviewer’s request:

  

The results from these additional analyses showed that the following tumor types had p 
values ≤ 0.05 for dose response relationships or pair-wise comparisons for Combined 
Controls and each of the dose groups (Low Dose (L), Mid Dose (M), and High Dose (H)) 
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are shown in the table below from Dr. Min’s draft review.  However, none of the 
incidences of tumors in either sex was considered to have a positive dose response 
relationship.  Likewise, none of the pair-wise comparisons (combined control vs.
individual treatment group) revealed an increase in tumor incidence.

Methods
Doses: 0, 10, 25, 75 mg/kg/day (targeted dose levels)

Frequency of dosing: Free access to food (treated or untreated diet)
for 105/106 weeks

Dose volume: Mean food consumption per day 5.7 g/day 
(males), 7.2 g/day (females)

Route of administration: Dietary (because of short plasma half-life in the 
mouse)

Formulation/Vehicle: SAFE A04 C P2.5 powdered maintenance diet 
(Batch #s: 90107, 90414, 09229, 10180, 
10203, 10258, 11137, 09336), distributed 
weekly

Basis of dose selection: Previous 13-week dietary toxicity study in CD-1 
mice

Species/Strain:
Number/Sex/Group: Group Dose Notation Principal Satellite 

1
Satellite 
2

1 0 Ctrl 60/sex 6/sex 5/sex
2 0 Ctrl 60/sex 6/sex 5/sex
3 10 Low Dose 

(LD)
60/sex 20/sex 5/sex

4 25 Mid Dose 
(MD)

60/sex 20/sex 5/sex

5 75 High Dose 
(HD)

60/sex 20/sex 5/sex

Age: 6 weeks 
Animal housing: Individual polycarbonate cages 

Paradigm for dietary restriction: None
Dual control employed: Yes

Interim sacrifice: Yes at 13 weeks for GL-1 levels or 
toxicokinetics analysis

Satellite groups: Yes, Satellite 1 (Toxicokinetics analysis) and 
Satellite 2 (GL-1 level assessment)

Deviation from study protocol: None which affected the integrity of the study

Observations and Results

Mortality

Animals were checked twice daily for signs of morbidity and mortality during the 
treatment period.  Moribund animals were sacrificed and a blood smear was prepared 
from moribund Principal animals only.
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Results:  The table below summarizes the cumulative mortalities observed over the 
course of study.  The number of deaths shown during each interval represents the 
number of animals found dead + the number of animals sacrificed prematurely.

Table 3:  Cumulative mortalities in CD-1 mice receiving eliglustat tartrate for 105/106 
weeks as a dietary admixture

Males (N= 60/group) Females (N = 60/group)
Group 1 2 3 4 5 1 2 3 4 5
Dose (mg/kg/day) 0 0 10 25 75 0 0 10 25 75
Weeks 1-52 2 3 5 7 5 7 4 4 3 1
Weeks 53-78 8 8 12 18 11 14 15 9 13 8
Weeks 70-105 30 34 33 38 37 42 36 31 39 40
Total deaths (Weeks 1-105) 30 34 33 38 37 42 36 31 39 40
Total survivors at terminal sacrifice 30 26 27 22 23 18 24 29 21 20
Survival rate 50% 43% 45% 37% 38% 30% 40% 48% 35% 33%

Overall, the cumulative survival rate in both sexes was similar to controls.  There was a 
slight decrease in survival rate in MD and HD males, as compared to both Group 1 and 
2 controls.  There were no statistically significant differences in Kaplan Meier survival 
curves of test article-treated animals (either sex), when compared to controls (either as 
dual controls (i.e. Group 1 and Group 2 separately) or combined controls (i.e. Group 1 + 
Group 2 controls)).  Kaplan Meier curves are shown in the applicant’s figures
(applicant’s Figures 1 and 2) below.

Figure 1:  Kaplan-Meier plot of survival in CD-1 mice receiving eliglustat tartrate 
for 105/106 weeks as a dietary admixture (applicant’s figures); 1A (Males), 1B 
(Females)
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Table 7:  Mean body weight (g) and body weight change (g) in CD-1 mice receiving 
eliglustat tartrate for 105/106 weeks as a dietary admixture (applicant’s table), 7A 
(Males), 7B (Females)

Table 7A: 
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For Main Study animals, feed consumption was recorded twice before treatment 
initiation (during Week -2 and Week -1), after allocation into treatment groups, once a 
week during the first 13 weeks of treatment and once every 4 weeks until the end of the 
study.  For Satellite 2 animals, food consumption was recorded at the same intervals as 
Main Study animals for the first 13 weeks of treatment.

Results:  There were no statistically significant changes in food consumption over the 
entire dosing period, as compared to controls.  There was a statistically significant 
increase in food consumption in LD males during Week 13 (5.3%, p<0.05 as compared 
to Group 1 controls) and in MD males during Week 25 (9.8%, p<0.01 as compared to 
Group 1 controls).  

Ophthalmology

Ophthalmological examinations were conducted on the first 10 surviving animals/sex in 
Groups 1 and 5 during Weeks 26/27, 52, 78, and at the end of treatment.  If the fundus 
was not visible at the end of treatment of the examined animals, 5 additional 
animals/group/sex were examined.

Results:  There were occasional ophthalmological findings in treated males and 
females; however, it is unclear that the findings were treatment-related.  The findings 
included invisible fundus (4/sex/control group, 4 HD males, and 5 HD females) and 
mass in vitreous body (5 HD males and 1 control female).  

Hematology

Blood smears were prepared on moribund animals before sacrifice.  A differential white 
blood cell count was determined in Control (Group 1) and high dose animals (Group 5).  
At necropsy, blood samples were collected from the first 10 surviving animals/sex/group 
and analyzed for the following parameters: erythrocytes (RBC), hemoglobin (HB), mean 
cell volume (MCV), packed cell volume (PCV), mean cell hemoglobin concentration 
(MCHC), mean cell hemoglobin (MCH), thrombocytes, platelets (PLT), leucocytes 
(WBC), differential white blood cell count with morphology (neutrophils(N), eosinophils 
(E), basophils (B), lymphocytes and large unstained cells (L + LUC), monocytes (M)), 
and reticulocytes (RTC).  

Results:  There was a decrease in PLT at the HD in males, as compared to Group 1 
(16%) and Group 2 (8.4%) controls at the end of the treatment period; however, the 
decreases were not statistically significant.  There were no statistically significant, 
treatment-related changes in males or females over the course of the treatment period.

Clinical Chemistry

At necropsy, blood samples were collected from the first 10 surviving animals/sex/group 
and analyzed for the following parameters: sodium (Na+), potassium (K+), chloride (Cl-
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), calcium (Ca++), inorganic phosphorous (I.PHOS), glucose (GLUC), urea (UREA), 
creatinine (CREAT), total bilirubin (TOT.BIL), total proteins (PROT), albumin (ALB), 
albumin/globulin ratio (A/G), total cholesterol (CHOL), triglycerides (TRIG), alkaline 
phosphatase (ALP), aspartate aminotransferase (ASAT), and alanine aminotransferase 
(ALAT).

Results:  There were no significant treatment-related changes in serum biochemistry. 

Gross Pathology

Principal animals were sacrificed at the end of the treatment period.  Satellite 1 animals
were sacrificed at the end of blood sampling for toxicokinetics, and Satellite 2 animals 
were sacrificed for GL-1 analysis.  Moribund animals were sacrificed and examined to 
identify the cause of death.

Results:  There were no treatment-related changes in gross pathology.  

Histopathology

The following organs/tissues were harvested and processed for histopathology (shown 
in applicant’s table below).
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primary neoplasms was higher in HD females (67 total) as compared to Group 1 and 
Group 2 females (58 and 60 each, respectively).  There were 8 HD males (N = 60) with 
metastases.  There were no statistically significant differences in tumor findings 
between test article-treated and control animals, in either sex.  The applicant’s table 
below summarizes the tumor findings in each sex.  

Table 9:  Summary of overall tumor data in CD-1 mice receiving eliglustat tartrate for 
105/106 weeks as a dietary admixture (applicant’s table)

Conventional Peto test and Exact Peto test failed to reveal any statistically significant 
trends in tumor incidence.  The applicant pooled hemangiosarcomas and hemangiomas 
from all organs and no statistically significant findings were made.

Trend test statistics using Poly-3 test revealed an increase in incidence of 3 tumor types 
at the HD in males and females: benign cortical adenoma (2/60 HD males, as compared 
to 0/120 controls), benign pheochromocytoma (2/60 HD females, as compared to 0/120 
controls), and malignant skin fibrosarcoma (2/58 HD females, as compared to 0/120 
controls).  The table below summarizes these findings.
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Table 11:  Incidence and severity of hepatocellular hypertrophy in CD-1 mice receiving 
eliglustat tartrate for 105/106 weeks as a dietary admixture (applicant’s table)

Toxicokinetics (TK)

TK of test article was assessed in satellite animals (the first 18 animals/sex/group in 
Groups 3, 4, and 5).  Sampling from Control animals were taken on Day 7 or Day 89/90.
The first 2 animals/sex in Group 1 and the first 9 animals/sex in Groups 3, 4, and 5 in 
the satellite animals were sampled for TK measurements.  Test article-treated animals 
(3/sex/group) were sampled at three time points: 0.25, 0.5, and 1 h post-dose.  Control 
group animals were sampled once at 0.5 h post dose. 

Results:  TK analysis was not conducted, since plasma levels of the test article were 
below the lower limit of quantitation (5 ng/mL).  

Plasma levels of Glucosylceramide (GL-1)

Plasma GL-1 levels were determined in samples taken from Satellite 2 animals during 
Week 13.  Analysis was conducted under non-GLP conditions.

Results:  Plasma levels decreased in test article-treated animals, as compared to 
control, suggesting systemic exposure of drug.  However, a clear dose response was 
not apparent.  The results are shown in the applicant’s table below.

Table 12:  Plasma levels of glucosylceramide (GL-1) after dietary administration of 
eliglustat tartrate for 13 weeks in in CD-1 mice 
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Adequacy of Carcinogenicity Study:

The carcinogenicity study was adequate and acceptable.  

Dose selection was based on findings from a 28-day study in Sprague-Dawley rats, with 
concurrence from the CDER ECAC (Please refer to Dr. Tamal Chakraborti’s nonclinical 
review of the Special Protocol Assessment for study design details and ECAC 
recommendations (SDN 060 and 062 dated December 18, 2008)2.  Briefly, the ECAC 
recommended doses of 10, 25, and 75 mg/kg/day for males, based on mortality 
observed at 200 mg/kg/day (administered as 100 mg/kg BID) in a 28-day oral toxicity 
study with 9-week recovery period.  In females, the ECAC agreed with the applicant’s 
selection of 5, 15, and 50 mg/kg/day based on AUC comparisons (about 30-fold higher 
than human AUC at 100 mg BID dosing).

Therefore, based on applicant’s dose selection, confirmation of chemical/vehicle 
stability and achieved dosages, the study is adequate and acceptable.

Appropriateness of Test Models

The Sprague-Dawley rat is an acceptable model for the 2-year oral carcinogenicity 
study.

Evaluation of Tumor Findings

The table below shows the week of onset of the first malignant neoplasm.  The following 
doses were used in Males: Vehicle Control (0 mg/kg/day, Ctrl), 10 mg/kg/day (Low 
Dose, LD), 25 mg/kg/day (Mid Dose, MD), and 75 mg/kg/day (High Dose, HD).  In 
females, Groups 1 and 2 were Vehicle Controls (0 mg/kg/day, Ctrl), 5, 15, and 50 
mg/kg/day were the Low Dose (LD), Mid dose (MD) and High Dose (HD), respectively.  
The first malignant neoplasm was observed in LD males during Week 18 (leukemia) 
and in HD females during Week 38 (adenocarcinoma).  A dose-related effect on tumor 
onset or type of tumor was not apparent.

Table 13:  Onset of tumors in SD rats treated with eliglustat tartrate for 2 years via oral 
gavage

Males
Group
Dose (mg/kg/day)

Week of onset Organ Corresponding neoplasm

1 (0, Ctrl) 73 Brain Astrocytoma
2 (0, Ctrl) 91 Bone Osteosarcoma
3 (10, LD) 18 Hemolympho-reticular system Leukemia
4 (25, MD) 43 Mammary gland Adenocarcinoma
5 (75, HD) 45 Subcutaneous tissue Sarcoma

                                           
2 Please refer to the nonclinical review of the SPA for the 2-year oral gavage study 
protocol by Dr. Tamal Chakraborti for details on the study results (SDN 060 and 062, 
Dated December 18, 2008) and ECAC recommendations in Appendix #1B.
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Females
Group/
Dose (mg/kg/day)

Week 
of onset 

Organ Corresponding neoplasm

1 (0, Ctrl) 65 Thymus Thymoma
2 (0, Ctrl) 76 Mammary gland area Adenocarcinoma
3 (5, LD) 64 Mammary gland area Adenocarcinoma
4 (15, MD) 69 Mammary gland area Adenocarcinoma
5 (50, HD) 38 Mammary gland area Adenocarcinoma

The applicant performed trend test statistics (Conventional Peto test) on neoplastic 
findings.  Mammary tumors were pooled.  However, a statistically significant, treatment-
related trend in tumor incidence was not revealed.  

Trend statistics using Poly-3 test revealed an increase in incidence of several tumors (p 
< 0.005 for common tumors and p < 0.025 for rare tumors (tumors not found in control 
animals)).  The following rare tumors were identified in males: granulocytic leukemia in 
2/50 animals, as compared to 0/100 controls, and odontoma in 1/50 males, as 
compared to 0/100 controls).  The applicant concluded that the incidence of these rare 
tumors in males fell within the range of those observed in control animals from historical 
data in the testing laboratory  and published literature (See Table 24 below); 
therefore, the increased incidence of these tumors was considered to be unrelated to 
treatment with test article in males.  

In females, there was an increase in incidence of rare, benign mammary gland 
adenomas at the MD and HD (p = 0.018).  The type of tumor was observed in less than 
1% of control females.  There was also an increase in the incidence of fibroadenomas 
and fibromas.  However, the incidence of all three of these tumor types (adenoma, 
fibroadenoma, and fibroma) was within the range of historical control data from and 
published literature.  The applicant did not combine mammary gland adenomas, 
fibroadenomas and fibromas, since several animals had multiple mammary neoplasm 
and the incidences of these tumor types were similar amongst dose groups.  

Independent analysis of the tumor findings was conducted by FDA statistical reviewer 
Dr. Min, who combined the following tumor types for additional analyses, based on this 
nonclinical reviewer’s request:
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The results from these additional analyses showed a p ≤ 0.05 for dose response 
relationship for Combined Controls for skin fibroma in males only, as shown in the table 
below from Dr. Min’s review.  Pair-wise comparisons for Combined Controls and each of 
the dose groups (Low Dose (L), Mid Dose (M), and High Dose (H)) are also shown in 
the table below.  However, none of the incidences of tumors in either sex was 
considered to have a positive dose response relationship.  Likewise, none of the pair-
wise comparisons (combined control vs. individual treatment group) revealed an 
increase in tumor incidence.

Table 14:  Tumor types in SD rats with p-values ≤ 0.05 for dose response relationship 
or pair-wise comparisons (combined controls, low, medium and high dose groups), 
taken from draft review of Dr. Min Min

The table below summarizes the body weight and mortality rates between combined 
controls (Group 1 and Group 2 vehicle-treated animals combined) and individual dose 
groups.
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Table 15:  Summary of body weight gain and mortality rates in SD rats treated with 
eliglustat tartrate for 2 years via oral gavage

Body weight (% difference in mean body 
weight gain from combined controls

Mortality Rates at the end of the experiment

Dose Male Female Dose Male Female
Comb. Ctrl 58% 56%

LD -4.55 -4.32 LD 60% 72%
MD -4.75 8.95 MD 62% 71%
HD -22.8 -8.95 HD 51% 56%

There was a > 22% and > 8% decrease in body weight gain in HD males and HD 
females, respectively, as compared to combined controls.  The mortality rate in HD 
males was 7% lower than Combined Controls.  In females, the mortality rate was similar 
between combined controls and HD females, while it was ≥15% higher in LD and MD 
females.  Based on these findings, the MTD was reached in both males and likely 
reached in females in the rat study.

Reference ID: 3489781



NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

33

Methods
Doses: Mg/kg/day Group #

Sex 1
(Ctrl)

2
(Ctrl)

3
(LD)

4
(MD)

5
(HD)

Male (105 
weeks)

0 0 10 25 75

Female (103 
weeks)

0 0 5 15 50

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

Route of administration: Oral gavage
Formulation/Vehicle: Solution in Vehicle/Drinking water

Basis of dose selection: 28-day toxicity studies (GT-157-TX-28 and GT-
157-TX-5), 26-week toxicity study (GT-157-TX-
17); results are summarized below:

Study Study design Results
GT-
157-
TX-28

30 or 100 
mg/kg/day for 4 
weeks or 200 
mg/kg/day for 2 
weeks via oral 
gavage in adult 
males only

 MTD < 100 
mg/kg/bid

 NOAEL (systemic 
effects) = 30 
mg/kg/day

 NOEL (effects on 
spermatogenesis 
and male 
reproductive 
organs) = 30
mg/kg/day

GT-
157-
TX-5

10, 30, 100 
mg/kg/day via 
oral gavage in 
adult males and 
females

 NOAEL = 30 
mg/kg/day

GT-
157-
TX-17

5, 15, 50 
mg/kg/day for 26 
weeks followed 
by an 8-week 
treatment-free 
period in adult 
males and 
females

 NOAEL = 50 
mg/kg/day

 NOEL = 15 
mg/kg/day

Species/Strain: Rat/Sprague-Dawley Crl CD® (SD) IGS BR
Number/Sex/Group: Principal: 50/sex/group

Satellite: 4/sex/group (Group 1 control only), 
10/sex/group (Groups 3-5), 0/sex/group (Group 
2 control)

Age: 6 weeks old at initiation of treatment
Males: 176-238 g body weight
Females: 135-187 g body weight

Animal housing: 2 rats/sex/group/cage
Paradigm for dietary restriction: No diet restriction

Dual control employed: Yes (2 vehicle control groups)
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Table 18:  Incidences and most common causes of mortality in SD rats treated with 
eliglustat tartrate for 2 years via oral gavage (applicant’s table)

Clinical Signs

Clinical signs were monitored once daily and detailed clinical examinations were made 
once a week until the end of the study.  If an animal lost teeth, it was isolated until the 
new tooth was visible and given powdered diet.  Clinical signs were monitored daily.

Results:  There was a dose-dependent increase in ptyalism in males (4-6% in controls, 
as compared to 40-76% at the MD and HD.  There was also an increase in dyspnea 
(62%, as compared to controls) and loud breathing (70%, as compared to controls) in 
HD males.  Females also experienced loud breathing and dyspnea, but there was no 
apparent dose response (~50% in all dose groups).  There were no other treatment-
related clinical signs.

Body Weights

Body weights for Principal females and satellite animals (both sexes) were recorded 
once before group allocation, prior to blank gavage on dosing treatment Day 1, once a 
week during the first 14 weeks of treatment, once every 4 weeks until the end of the 
study, and at study termination.  For Principal males, body weight was recorded before 
group allocation, before blank gavage, on Day 1 of treatment, once a week during the 
first 26 weeks of treatment, and once every two weeks from Weeks 26-86, once every 4 
weeks until the end of the study, and at study termination.  

Results:  A statistically significant decrease in body weight was observed in high dose 
males, as compared to Group 1 controls, beginning in Week 12 of treatment.  Over the 
course of the entire treatment period, there was a 26.9% and 20.9% change in body 
weight in high dose males, as compared to Group 1 and Group 2 controls, respectively.  
There were no statistically significant, treatment-related changes in body weight in 
females.  The applicant’s table below summarizes the changes in body weight over the 
course of the treatment period.  Mean body weight (g) and percent body weight change 
from control Groups 1 and 2 are shown in parentheses and brackets, respectively.  
Statistical significance is shown as *p < 0.05 or **p < 0.01, as compared to Group 1 
control.
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Table 19:  Mean body weight (g) and body weight change (g) in SD rats treated with 
eliglustat tartrate for 2 years via oral gavage (applicant’s table); 19A (Males), 19B 
(Females)

Table 19A: 
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Table 19B:
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Feed Consumption

For Principal females, food consumption (per cage) was recorded once a week for the 
first 13 weeks of treatment and once every 4 weeks thereafter until the end of treatment.  
For Principal males, food consumption (per cage) was recorded once a week during the 
first 25 weeks of treatment, once every 2 weeks from Weeks 25-85, and once every 4 
weeks until the end of the study.  Food consumption was calculated per animal per day.

Results:  There were no statistically significant, treatment-related changes in food 
consumption in either sex, as compared to control (shown in the applicant’s table 
below).

Ophthalmology

Ophthalmological examination was performed on the first 10 surviving Principal
animals/sex/group in Groups 1 (Vehicle control) and Group 5 (high dose) during Weeks 
26, 52, 78 and at completion of treatment.

Results:  There were no treatment-related effects in the eye. 

Hematology

Blood smears were prepared on moribund animals before sacrifice.  A differential white 
blood cell count was determined in Control (Group 1) and high dose animals (Group 5).  
At necropsy, blood samples were collected from the first 10 surviving animals/sex/group 
and analyzed for the following parameters: erythrocytes (RBC), hemoglobin (HB), mean 
cell volume (MCV), packed cell volume (PCV), mean cell hemoglobin concentration 
(MCHC), mean cell hemoglobin (MCH), thrombocytes (PLT), leucocytes (WBC), 
differential white blood cell count with morphology (neutrophils(N), eosinophils (E), 
basophils (B), lymphocytes and large unstained cells (L + LUC), monocytes (M)), and 
reticulocytes (RTC).

Results:  There were no treatment-related effects on hematological parameters.

Clinical Chemistry

At necropsy, blood samples were collected from the first 10 surviving animals/sex/group 
and analyzed for the following parameters: sodium (Na+), potassium (K+), chloride (Cl-
), calcium (Ca++), inorganic phosphorous (I.PHOS), glucose (GLUC), urea (UREA), 
creatinine (CREAT), total bilirubin (TOT.BIL), total proteins (PROT), albumin (ALB), 
albumin/globulin ratio (A/G), total cholesterol (CHOL), triglycerides (TRIG), alkaline 
phosphatase (ALP), aspartate aminotransferase (ASAT), and alanine aminotransferase 
(ALAT).

Results:  There was a 12.5% and 20.56% increase (p < 0.05, as compared to Group 1 
and Group 2 controls, respectively) in IPHOS levels and 69.8% and 80% increase (p < 
0.01, as compared to Group 1 and Group 2 controls, respectively) in ALAT activity.
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Gross Pathology

Animals (Principal and Satellite) which survived until scheduled termination were 
sacrificed by exsanguination after intraperitoneal pentobarbital injection.  Principal
animals which survived until scheduled necropsy underwent a complete post-mortem 
examination which included external surfaces, all orifices, the cranial, thoracic, 
abdominal and pelvic cavities, organs and tissues associated with each cavity, external 
surface of the brain and neck and associated organs.  Satellite animals which died 
prematurely were subjected to complete macroscopic examination to identify a cause of 
death.

Results:  The table below summarizes the incidence of palpable masses (PM) and 
those which were confirmed malignant.

Table 20:  Incidence of palpable masses in SD rats treated with eliglustat tartrate for 2 
years via oral gavage

Group Males (N = 50) Females (N = 50)
Group # animals 

with PM
# PM # PM 

confirmed 
malignant

# animals 
with PM

# PM # PM 
confirmed 
malignant

1 (Ctrl) 42 69 12 48 100 15
2 (Ctrl) 44 81 12 50 110 15
3 (Low Dose) 39 68 13 48 115 20
4 (Mid Dose) 42 73 13 48 102 16
5 (High Dose) 37 57 8 46 92 18

There was an increased incidence of enlarged pituitary in Groups 1-4 males (9-10 
animals, N = 26-30/group) which were deceased and in 1-7 males in the same dose 
groups which survived until termination.  The incidence of enlarged pituitary was lower 
in high dose males. This finding was not observed in females.  There were no other 
significant treatment-related gross macroscopic findings.

Histopathology

The following organs were harvested and preserved from all Principal animals (shown in 
applicant’s table below):
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Table 22:  Summary of overall tumor data in SD rats treated with eliglustat tartrate for 2 
years via oral gavage (applicant’s table)

Poly-3 test statistics revealed higher incidences of several rare tumors (< 1% incidence 
in Controls).  In males, there was a higher incidence of granulocytic leukemia at the LD 
(10 mg/kg/day) in 2 of 50 males, as compared to 0/100 males in the controls.  
Odontoma was observed in 1 of 50 MD (25 mg/kg/day) males, as compared to 0/100 
control males.  The incidences of these rare tumors in males were similar to testing 
laboratory  historical control data and published literature (Lit).  Furthermore, there 
was no dose-relationship in the incidence of either tumor.  In females, there was an 
increase in incidence of mammary gland adenomas at the MD and HD (15 and 50 
mg/kg/day).  There was also an increase in the incidence of fibroadenomas and 
fibromas.  However, the incidence of all three of these tumor types was within the range 
of historical control data (from  and LIT data.  The applicant did not combine these 
tumors because several neoplasms were observed in various dose groups.  The table 
below summarizes the incidence of neoplastic lesions (shown as % of animals with 
tumor) in each sex and compares the findings to  Ctrl3) historical controls and 
published data (Lit data)4.

Table 23:  Incidence of selected neoplasms in SD rats treated with eliglustat tartrate for 
2 years via oral gavage (applicant’s table), as compared to  and Lit Data

Males Organ/System
Tumor

Ctrl
N = 100

LD
N = 50

MD
N = 50

HD
N = 50

 Ctrl Lit Data

Hemolymphoreticular
Leukemia, granulocytic

0 4 2 0 0-2 0.56-2.85

                                           
3 Control data for Sprague-Dawley rats from  from carcinogenicity studies (1990-
2008)
4 Compilation of spontaneous neoplastic lesions and survival in Sprague-Dawley rats 
from control Groups, 
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Teeth
Odontoma

0 0 2 0 -- 1.67

Females Mammary gland
Adenocarcinoma

16 30 22 18 18-31.6 8.57-58.33

Adenocarcinoma arising 
in fibroadenoma

5 8 2 2 0-10

Fibroadenoma 38 40 40 40 32.7-52.6 13.33-62.31
Fibroma 2 0 0 2
Adenoma 0 2 4 4 1.3-2 1.14-32

Statistical analysis by FDA reviewer Dr. Min is shown in Table 15.  Fibroma in skin 
(Males only) showed a p-value ≤ 0.05 for a dose-response relationship (p = 0.029, as
compared to combined controls) and at the high dose only for a pair-wise relationship (p 
= 0.086, as compared to combined controls).  However, a positive dose-response 
relationship or increase in tumor incidence was not apparent.
  
Non Neoplastic:  The organs with significant findings were the lungs, uterus, testes, and 
coagulating glands.  Granulomata in the lungs, which consisted of multinucleated giant 
cell and macrophage aggregates, were observed in males, with a higher incidence and 
severity at the HD.  There were a total of 3/49, 2/49, and 32/49 males affected with 
granulomata in the LD, MD, and HD, respectively, as compared to 10/100 in the 
controls (combined Groups 1 and 2). There was also a higher incidence of and severity 
of chronic bronchio-alveolar inflammation in HD males (7/49 HD males, as compared to 
1/100 controls).  Bronchiectasis was observed only in HD males (5/49 males) and was 
considered to be secondary to inflammation-induced mechanical bronchial obstruction, 
as shown in the applicant’s table below.  These findings may correlate with adverse 
clinical signs observed in HD males, such as loud breathing, ptyalism, and dyspnea.  
There were several changes observed in the genital tract of males, with slightly higher 
incidences in the HD group.  Swollen spermatids in the testes (1/50, 2/50, and 4/50 at 
LD, MD, and HD, respectively, as compared to 0/100 in controls) and inflammation in 
the coagulating glands (1/50 at LD and MD and 4/50 at HD, as compared to 0/100 in 
controls) were observed, but with low severity.  Inflammation in the coagulating glands 
was observed in a preliminary 28-day toxicity study at doses up to 100 mg/kg/day; 
however, these effects were reversed after a 9-week treatment-free period.  In females, 
there was a higher incidence of endometrial squamous metaplasia at the HD of 50 
mg/kg/day: 13/50 affected females, as compared to 3/50 and 6/100 affected females in 
the MD and Control groups. Despite the higher incidence at the HD, the severity of 
endometrial squamous metaplasia was generally minimal.  No such findings were made 
in the 26-week repeat-dose toxicity study at doses up to 50 mg/kg/day.  The applicant’s 
table below summarizes the non-neoplastic findings in males and females.  

Reference ID: 3489781





NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

46

Results: The toxicokinetic parameters are shown in the table below.

Table 25:  Toxicokinetics of eliglustat tartrate in SD rats on Day 1 and Week 13 of 
treatment

Males (N = 10, 
satellite animals)

Females (N = 10, 
satellite animals)

Sampling 
Time

Dose 
(mg/kg/day)

10 25 75 5 15 50

Day 1 Cmax (ng/mL) 50.9 136 872 26.7 118 782
Tmax (h) 0.5 0.5 0.25 0.5 0.25 0.5
AUC0-t

(ng·h/mL)
31.8 100 532 18.5 84.6 516

Cmax/dose 5.1 5.4 11.6 5.3 7.8 15.6
AUC0-t/dose 3.2 4.0 7.1 3.7 5.6 10.3

Week 13 Cmax (ng/mL) 187 620 1935 143 703 1296
Tmax (h) 0.5 0.5 0.25 0.25 0.25 0.5
AUC0-t

(ng·h/mL)
129 486 1135 75.9 415 825

Cmax/dose 18.7 24.8 25.8 28.5 46.9 25.9
AUC0-t/dose 12.9 19.4 15.1 15.2 27.6 16.5

TK analysis demonstrated that study animals were systemically exposed to test article.  
Exposure to test article (Cmax and AUC) increased in a greater than dose-proportional 
manner in both sexes at both sampling times.  Accumulation of drug (2-5x) was 
observed during Week 13, as compared to exposure on Day 1.  

Dosing Solution Analysis

Samples (each control and each test article dose) were checked for concentration in 
Week 1 and then once every 3 months. The measured concentration was the nominal 
concentration ± 10%.  

Results:  Dosing solution analysis revealed that the test article concentrations were 
within the acceptable range of -6.1% to +6.1 %, which fell within the acceptance criteria
(± 10%).

9-10 Reproductive and Developmental Toxicology, Special 
Toxicology Studies

A review of the reproductive and developmental toxicology studies and special 
toxicology studies (if any) can be found in the nonclinical review of Dr. Tamal 
Chakraborti.  Please refer to his review for detailed information.
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11 Integrated Summary and Safety Evaluation

Gaucher Disease is a rare lysosomal storage disorder resulting from a deficiency of the 
enzyme glucocerebrocidase (also known as acid -glucosidase), which is the rate-
limiting enzyme in the hydrolysis of glucosylceramide (GL-1) to glucose and ceramide.  
Deficiency in acid -glucosidase causes accumulation of GL-1, particularly in lysosomes 
and macrophages.  Lipid engorged macrophages infiltrate the organs of the 
reticuloendothelial system (spleen, liver, bone marrow, and to some extent in the lungs), 
producing organomegaly.  Therefore, Gaucher Disease is a chronologically debilitating, 
multisystem disease that is characterized by hepatosplenomegaly and hypersplenism, 
which produce hematological abnormalities (anemia, thrombocytopenia) and bone 
disease (bone marrow infection, low bone mineral density), and to a lesser extent lung 
disease (interstitial lung disease, pulmonary hypertension).  Disease presentation can 
occur at any age and clinical severity can range from asymptomatic to severely 
debilitating.   Current treatment options for Gaucher patients are enzyme replacement 
therapy (ERT) and substrate reduction therapy (SRT).  Approved ERT products (such 
as Ceredase®, Cerezyme®, VPRIV™, and Elelyso™) are recombinant human enzymes 
which have been shown to effectively decrease GL-1 accumulation and improve 
symptoms of Gaucher patients; however, these products require life-long intravenous 
(IV) administration.  The only approved SRT for Gaucher disease at this time is 
Zavesca™, which is taken orally; however this product is only approved in adults for 
whom ERT is not a viable option.  In the current submission, the applicant is seeking 
approval of an oral formulation of Eliglustat tartrate as a SRT, with a proposed dosage 
is 84 mg to be taken twice a day.  Eliglustat tartrate was shown to be a potent and 
specific inhibitor of GL-1 synthesis in vitro and in vivo (normal and Gaucher disease 
type 1 mice).  The target population for eliglustat tartrate is CYP2D6 Intermediate 
Metabolizers and Extensive Metabolizers 

To support marketing approval of this product, the applicant has submitted an extensive 
nonclinical safety package, including pharmacology, pharmacokinetics, repeat-dose 
toxicology, reproductive and developmental toxicology, juvenile animal toxicology, 
immunotoxicology, and genetic toxicology studies.  For a complete review of the 
nonclinical safety studies, please refer to the review of Dr. Tamal Chakraborti.  

Eliglustat was nongenotoxic in vitro (Ames test, chromosomal aberration test in human 
peripheral blood lymphocytes) and in vivo (mouse micronucleus assay).  The 2-year 
oral carcinogenicity studies in the mouse and rat were reviewed here in detail.  

Mouse study:
In CD-1 mice (60/sex/dose), eliglustat tartrate was administered at 10, 25, and 75 
mg/kg/day, by dietary admixture for 105/106 weeks and was not carcinogenic in either 
sex at all doses tested, when compared to controls (2 groups of 60/sex each fed the 
powdered, maintenance diet).  There was no treatment-related effect on tumor latency 
in either sex.  Poly-3 trend tests revealed an increase in incidence of 3 rare tumor types 
at the high dose (HD) in males and females: benign cortical adenoma (2/60 HD males, 
as compared to 0/120 controls), benign pheochromocytoma (2/60 HD females, as 
compared to 0/120 controls), and malignant skin fibrosarcoma (2/58 HD females, as 
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compared to 0/120 controls).  However, the incidence of these tumors fell within the 
range of those observed in control animals (historical data from the testing laboratory 
and/or published data from the literature), and therefore these were considered to be 
unrelated to treatment by the applicant.  Additional analyses conducted by FDA 
statistical reviewer were in agreement with the applicant’s conclusions.  Statistical 
analysis of specific tumor combinations revealed that the following tumor types had p 
values ≤ 0.05 for dose relationships: Adrenal gland (Adenoma/Cortex), Liver 
(Hemangiosarcoma), Lungs (Adenocarcinoma+Adenoma) in Males and Adrenal Gland 
(pheochromocytoma) and Skin (fibrosarcoma) in Females).  When pair-wise 
relationships were evaluated, the following had p values ≤ 0.05:  Lungs 
(Adenocarcinoma and Adenocarcinoma + Adenoma in mid dose (MD) males) and 
Uterus (Endometrial Sarcoma in low dose (LD) females).  However, none of the 
incidences of tumors in either sex was considered to have a positive dose response 
relationship or an increase in tumor incidence from pair-wise comparisons.  

There was a statistically significant, treatment-related increase in the incidence and 
severity (Grade 3 or 4, particularly at higher doses) of hepatocellular hypertrophy in 
males (MD and HD) and females (all doses), as compared to controls.  The hypertrophy 
was not associated with necrosis or hepatocellular degeneration and maybe related to 
CYP450 induction in mice.  

Rat study:
In SD rats (50 sex/dose), eliglustat tartrate was administered by oral gavage at 10, 25, 
and 75 mg/kg/day in males for 105 weeks and at 5, 15, and 50 mg/kg/day in females for 
103 weeks and was shown to be non-carcinogenic at the doses tested, when compared 
to vehicle controls (two groups of 50 rats/sex which received drinking water).  A dose-
dependent effect on tumor latency was not apparent.  However, malignant tumors 
appeared earlier in test article-treated males (as early as 18 weeks after treatment 
initiation at the LD) and females at the high dose had mammary gland 
adenocarcinomas starting at 38 weeks, as compared to 76 weeks in control females.  
Poly-3 trend tests revealed an increase in incidence of several tumors: granulocytic 
leukemia in 2/50 LD males, odontoma in 1/50 MD males, and mammary gland 
adenomas in females (1/50, 2/50, and 2/50 at LD, MD, and HD, respectively), as 
compared to 0/100 controls/sex.  However, the incidence of tumors in males and 
females fell within the range of those observed in control animals from historical data in 
the testing laboratory and published literature, and therefore, the findings were 
considered to be unrelated to treatment with test article in either sex.  Additional 
analyses conducted by FDA statistical reviewer were in agreement with the applicant’s 
conclusions.  Statistical analysis of tumor combinations revealed a p ≤ 0.05 for dose 
response relationship for skin fibroma in males only.  However, the incidence of this 
tumor did not have a positive dose response relationship or reveal an increase in tumor 
incidence in the pair-wise comparisons (combined control vs. individual treatment 
group).

There was an increased incidence and severity of the following non-neoplastic findings 
in the lungs of HD males, as compared to combined controls: granulomata (32/49, as 
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compared to 10/100 controls), chronic bronchio-aveolar inflammation (7/49, as 
compared to 1/100 controls), and bronchiectasis (5/49, as compared to 1/100 controls).  
These findings may correlate with adverse clinical signs observed in HD males, such as 
loud breathing, ptyalism, and dyspnea.  There were several changes observed in the 
genital tract of males, with slightly higher incidences in the HD group.  Swollen 
spermatids in the testes (1/50, 2/50, and 4/50 at LD, MD, and HD, respectively, as 
compared to 0/100 in controls) and inflammation in the coagulating glands (1/50 at LD 
and MD and 4/50 at HD, as compared to 0/100 in controls) were observed, but with low 
severity.  In females, there was a higher incidence of squamous metaplasia in the 
endometrium (3/50 at MD and 13/50 at HD, as compared to 6/100 controls).  

Overall, administration of eliglustat tartrate to CD-1 mice (via dietary admixture) and SD 
rats (via oral gavage) for 2 years failed to produce any treatment-related neoplasms at 
statistically significant increased incidences by CDER criteria.  Eliglustat tartrate was not 
carcinogenic in either mice or rats in 2-year oral studies at doses up to 75 mg/kg/day 
(mice) and 75 mg/kg/day and 50 mg/kg/day in male and female rats, respectively.  
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12 Appendix/Attachments

Appendix 1A:  Minutes from the CDER ECAC meeting: Mouse carcinogenicity study: 
special protocol assessment

Appendix 1B:  Minutes from the ECAC meeting: Rat carcinogenicity study: special 
protocol assessment

Appendix 2:  Non-neoplastic lesions in male and female CD-1 mice treated with 
eliglustat tartrate for 2 years

Appendix 3:  Neoplastic lesions in male and female CD-1 mice treated with eliglustat 
tartrate for 2 years

Appendix 4:  Non-neoplastic lesions in male and female SD rats treated with eliglustat 
tartrate for 2 years

Appendix 5:  Neoplastic lesions in male and female SD rats treated with eliglustat 
tartrate for 2 years

Reference ID: 3489781







NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

55

Reference ID: 3489781

       

          
                    

   
   

 
   

  
  

 
   





NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

57

Reference ID: 3489781

  

   

 

 

   

   

       
      

      
        
  

      

         
    

   

             
 

 
  
   

 

 
 

           
  

    

          
                 
              

              
         

    

                 
                  

           

               
                  

              
               

           
            

  



NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

58

Reference ID: 3489781

              
               

                     
             

             
               

            
               

             
            

           
                

              
              
           

           
                

               
                   

              
               

                
           

             
             

              
     

     

                
              

             

               
                

     

       

    
   

 
   

  
  

  
   

   
   

   



NDA # 205494 Reviewer: Sruthi Tallapragada King, PhD

59

Appendix 2:  Non-neoplastic lesions in male and female mice (Applicant’s table 
from Study# GT-157-TX-43)
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Appendix 3:  Neoplastic lesions in male and female mice
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Appendix 4:  Non-neoplastic lesions in male and female SD-rats (Applicant’s table 
from Study# GT-157-TX-38
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Appendix 5:  Neoplastic lesions in male and female SD-rats (Applicant’s table 
from Study# GT-157-TX-38
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. None

Tamal K. Chakrabortit, Ph.D. October 15, 2013

Reviewing Pharmacologist Date

Sushanta K. Chakder, Ph.D. October 15, 2013

Supervisor Date

Reference ID: 3390279
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