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appropriate
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ADDENDUM TO PHARMACOLOGY TEAM LEADER MEMORANDUM FOR
NDA 203,284 DATED DECEMBER 10, 2012
In the Pharmacology/Toxicology review by Dr. Ke Zhang (dated November 28, 2012),
the following recommendation appears in the evaluation of the proposed labeling:
13.2 Animal Toxicology and/or Pharmacology
Evaluation: The sponsor omitted this section from the proposed labeling. However, in
the label for Buphenyl (sodium phenylbutyrate), the following paragraph is included
under “PRECAUTIONS”:
“Neurotoxicity of Phenylacetate in Animals”
“When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused
decreased proliferation and increased loss of neurons, and it reduced CNS myelin.
Cerebral synapse maturation was retarded, and the number of functioning nerve
terminals in the cerebrum was reduced, which resulted in impaired brain growth.
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the
cortical pyramidal cells; dendritic spines were longer and thinner than normal and
reduced in number.”
Since phenylacetate is a major metabolite of glycerol phenylbutyrate, the same
information should be included in the label for Ravicti.
Recommended Version:
13.2 Animal Toxicology and/or Pharmacology
Neurotoxicity of Phenylacetate in Animals
When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused
decreased proliferation and increased loss of neurons, and it reduced CNS myelin.
Cerebral synapse maturation was retarded, and the number of functioning nerve
terminals in the cerebrum was reduced, which resulted in impaired brain growth.
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the
cortical pyramidal cells; dendritic spines were longer and thinner than normal and
reduced in number.

Comments:
Dr. Zhang provided a reasonable argument for including this animal data in the Ravicti
label, and I concurred with all of Dr. Zhang’s labeling recommendations in my Team
Leader memorandum. However, I have reconsidered my view on this issue. First, it
should be noted that the animal data summary, which originates from the Buphenyl®
label, was based on data from an unidentified publication (see Pharmacology/
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Toxicology review of NDA 20,572 and 20,573 dated April 23, 1996). The study methods
were not described in this review. However, the data summary in the Buphenyl® label
does indicate that the active metabolite, phenylacetate (PAA), which is known to be
neurotoxic, was injected subcutaneously in rat pups and presumably in pregnant rats for
the prenatal exposure evaluation.
The subcutaneous dosing of PAA in this study may have produced plasma levels higher
than that achievable through oral administration of glycerol phenylbutyrate at an
equivalent dose. Therefore, the relevance of the study results to the risk of
neurotoxicity with orally administered glycerol phenylbutyrate is unknown. Furthermore,
given that no detailed information about the study methods is available, the suitability of
this data for inclusion in the Ravicti label is uncertain. Based on these considerations, it
is appropriate to omit this nonclinical information in the Ravicti label.

Recommendations:
The nonclinical information from the Buphenyl® label, as shown above, should not be
included in the Ravicti label.

__________________________________ ____________
David B. Joseph, Ph.D.
Date
Pharmacology Team Leader
Division of Gastroenterology and Inborn Errors Products

cc:
NDA 203,284
DGIEP
DGIEP/PM
DGIEP/Dr. Joseph
DGIEP/Dr. Zhang
DGIEP/Dr. Blank
DGIEP/Dr. Griebel
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MEMORANDUM

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

FROM: David B. Joseph
Pharmacology Team Leader
DATE: December 10, 2012
SUBJECT: NDA 203,284 (SD # 1 dated December 23, 2011)
Sponsor: Hyperion Therapeutics Inc.
Drug Product: Ravicti™ (glycerol phenylbutyrate)
Comments:
(b) (4)

1. Ravicti™ (glycerol phenylbutyrate) is a
)
for oral administration, and is indicated for adjunctive therapy for chronic
management of adult and pediatric patients with UCDs (urea cycle disorders).
Glycerol phenylbutyrate is a triglyceride containing three molecules of 4-phenylbutyric acid (PBA) linked to a glycerol backbone. The drug is metabolized to PBA
and then PAA (phenylacetic acid), which is conjugated with glutamine to form PAGN
(phenylacetylglutamine). PAGN is excreted in urine, thereby acting as a substitute
for urea by mediating nitrogen excretion. Glycerol phenylbutyrate and sodium
phenylbutyrate (Buphenyl®) are metabolized to the same active metabolite (PAA),
therefore both drugs share the same mechanism of action. Buphenyl® is approved
for adjunctive therapy in the chronic management of adult and pediatric patients with
UCDs.
2. In the 2-year rat carcinogenicity study, glycerol phenylbutyrate produced an
increased incidence of pancreatic acinar cell adenoma, carcinoma and combined
adenoma or carcinoma, and Zymbal’s gland carcinoma in both male and female
rats, and thyroid follicular cell adenoma, carcinoma and combined adenoma or
carcinoma, adrenal cortical combined adenoma or carcinoma, uterine endometrial
stromal polyp and combined polyp or sarcoma in female rats.
3. Glycerol phenylbutyrate and its major metabolites are not genotoxic. Therefore, the
drug-induced tumors in rats appear to be mediated by a non-genotoxic
mechanism(s). A common mechanism for induction of thyroid follicular cell tumors
in rodents is through hepatic microsomal enzyme induction (Capen, Toxicologic
Pathology, 25(1), pg. 39-48, 1997). The metabolites PBA and PAA were shown to
be P450 enzyme inducers in cultured human hepatocytes, and hepatocellular
hypertrophy (indicative of enzyme induction) was observed in mice and monkeys in
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repeat-dose toxicity studies with glycerol phenylbutyrate. Although thyroid tumors
occurred in rats in the 2-year carcinogenicity study, the available data from all rat
studies does not clearly indicate whether glycerol phenylbutyrate or its metabolites
produce enzyme induction. The Sponsor did not provide any study that evaluated
enzyme induction in rats. However, a dose-dependent increase in liver weight
occurred in the 3-month oral toxicity study in rats (up to 31% in females), but this
effect was not associated with histological findings. Although hepatocellular
hypertrophy was not observed in rats, the increased liver weight is consistent with
enzyme induction. Therefore, the weight of evidence from rats and other species
suggests that the thyroid tumors in rats were secondary to hepatic enzyme
induction, a mechanism that does not appear to be relevant to the risk of thyroid
tumor development in humans (Capen, Toxicologic Pathology, 25(1), pg. 39-48,
1997). However, in the absence of additional studies (e.g. hepatic enzyme induction
in rats, effects on TSH levels in rats), a final conclusion cannot be made regarding
the mechanism of the thyroid follicular cell tumors produced by glycerol
phenylbutyrate.

Recommendations:
There are no nonclinical issues which preclude the approval of Ravicti™. I concur with
Dr. Zhang’s recommendation for approval, and his recommendations for labeling
revisions.

__________________________________ ____________
David B. Joseph, Ph.D.
Date
Pharmacology Team Leader
Division of Gastroenterology and Inborn Errors Products

cc:
NDA 203,284
DGIEP
DGIEP/PM
DGIEP/Dr. Joseph
DGIEP/Dr. Zhang
DGIEP/Dr. Blank
OND IO/Dr. Jacobs
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Disclaimer
Except as specifically identified, all data and information discussed below and
necessary for approval of NDA 203,284 are owned by Hyperion Therapeutics or are
data for which Hyperion Therapeutics has obtained a written right of reference. Any
information or data necessary for approval of NDA 203,384 that Hyperion Therapeutics
does not own or have a written right to reference constitutes one of the following: (1)
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug,
as reflected in the drug’s approved labeling. Any data or information described or
referenced below from reviews or publicly available summaries of a previously approved
application is for descriptive purposes only and is not relied upon for approval of NDA
203,284.
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1.

Executive Summary

1.1

Introduction

Glycerol phenylbutyrate is a triglyceride containing three molecules of 4-phenylbutyric
acid (PBA) linked to a glycerol backbone. Glycerol phenylbutyrate is hydrolyzed by
lipases in the GI tract to glycerol and PBA following oral administration. PBA is then
absorbed and metabolized to phenylacetic acid (PAA), which is subsequently
conjugated with glutamine in the liver and kidneys to form phenylacetylglutamine
(PAGN). PAGN is excreted in urine, thereby eliminating two moles of nitrogen on molar
basis. Thus, PAGN is utilized as an alternate means for metabolic disposal of nitrogen
waste in patients with genetic defects in their urea cycle. Buphenyl (sodium
phenylbutyrate) is approved for treatment of urea cycle disorders. The current sponsor
seeks market approval for glycerol phenylbutyrate as adjunctive therapy for chronic
management of adult and pediatric patients ≥ 6 years of age with urea cycle disorders.
1.2

Brief Discussion of Nonclinical Findings

Ravicti™ (glycerol phenylbutyrate) is a
)
for oral administration. Glycerol phenylbutyrate was tested as a neat liquid in the
nonclinical studies. The results of the repeated-dose oral toxicity studies revealed that
the central nervous system was the target organ of toxicity based on clinical signs
including hypoactivity, impaired equilibrium, ptosis, and shallow or labored respiration in
mice, hypoactivity, impaired equilibrium, and rigid muscle tone in rats, and hypoactivity,
impaired equilibrium, hunched posture, recumbency, labored respiration, and tremor in
monkeys. Histopathologic examination revealed hepatocellular hypertrophy in 13-week
oral toxicity studies in mice and monkeys and in the 52-week oral toxicity study in
monkeys. Minimal to mild periductal mixed cellular infiltrates in liver were observed in a
neonatal rat toxicity study after 7 weeks of treatment.
(b) (4)

Glycerol phenylbutyrate was not genotoxic in the Ames test, the in vitro
chromosomal aberration test, or the in vivo rat micronucleus test. The metabolites PBA,
PAA, PAGN, and phenylacetylglycine (PAG) were not genotoxic in the Ames test or the
in vitro chromosomal aberration test.
Glycerol phenylbutyrate was not tumorigenic in the 26-week carcinogenicity
study in Tg.rasH2 mice at oral doses of 600 and 1000 mg/kg/day. In the 2-year
carcinogenicity study in rats, glycerol phenylbutyrate increased the incidence of
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pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma, and
Zymbal’s gland carcinoma in both male and female rats, and thyroid follicular cell adenoma,
carcinoma and combined adenoma or carcinoma, adrenal cortical combined adenoma or
carcinoma, uterine endometrial stromal polyp and combined polyp or sarcoma in female
rats. The exposure multiples which produced tumors were 4.7 in male rats and 8.4 in
female rats relative to adult patients, and 3 in male rats and 5.5 in female rats relative to
pediatric patients.
Glycerol phenylbutyrate did not have adverse effects on fertility or reproductive
function in rats at oral doses up to 0.9 g/kg/day, but did produce an increase in the
number of non-viable embryos at 1.2 g/kg/day in the fertility and general reproduction
toxicity study in rats.
Glycerol phenylbutyrate had no adverse effects on embryo-fetal development in
the oral developmental Segment II toxicity study in rabbits. In the oral developmental
Segment II toxicity study in rats, the most common fetal effect was the presence of a
cervical rib at the 7th cervical vertebra in the drug-treated rats. This effect was dosedependent. Increased resorptions and reduced litter size were observed in the neonatal
rat toxicity study.

1.3
1.3.1

Recommendations
Approvability

From a nonclinical standpoint, the NDA application is approvable for the proposed
indication.

1.3.2

Additional Non Clinical Recommendations

None
1.3.3

Labeling

Sponsor’s Version:
8.1. Pregnancy
Pregnancy Category C
(b) (4)
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Evaluation: The animal to human exposure ratios should be calculated using the
combined AUCs for PBA and PAA, given that the human AUCs for these metabolites
are similar. The incidence of cervical ribs at the 7th cervical vertebra in rat fetuses
should be stated since this effect was dose-dependent and statistically significant. The
(b) (4)
description of
should be
deleted, since these findings were not statistically significant and occurred with low
incidence. Adverse embryo-fetal effects (i.e. increased resorptions and reduced litter
size) that were observed only in the reproduction phase of the neonatal rat toxicity study
should also be stated.
Recommended Version:
8.1. Pregnancy
Pregnancy Category C
The potential for glycerol phenylbutyrate to cause teratogenic effects was studied in rats
and rabbits. Oral administration of glycerol phenylbutyrate up to 350 mg/kg/day in
rabbits produced maternal toxicity, but no effects on embryo-fetal development. In rats,
oral doses of 650 mg/kg/day and higher produced maternal toxicity and adverse effects
on embryo-fetal development including reduced fetal weights, and cervical ribs at the 7th
cervical vertebra. The dose of 650 mg/kg/day in rats is approximately 5.7 times the
dose of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA.
No adverse effects were observed in rat fetuses at 300 mg/kg/day (1.9 times the dose
of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA). In a
neonatal rat study with daily dosing performed on post partum day 2 through mating and
pregnancy after maturation, embryotoxicity (increased resorptions) occurred at 650
mg/kg/day and litter size was reduced at 900 mg/kg/day. There are no adequate and
well-controlled studies in pregnant women. Ravicti should be used during pregnancy
only if the potential benefit justifies the potential risk to the fetus.

Sponsor’s Version:
(b) (4)
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Evaluation: The description of tumor incidences in rats should be changed to conform
to the conclusions of the FDA review of the rat carcinogenicity study. The animal to
human exposure ratios should be calculated using the combined AUCs for PBA and
PAA, given that the human AUCs for these metabolites are similar. The exposure ratios
for both adult and pediactric patients should be stated.

Recommended Version:
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis
In a 26-week study in transgenic (Tg.rasH2) mice, glycerol phenylbutyrate was not
tumorigenic at doses up to 1000 mg/kg/day. In a two-year study in Sprague-Dawley
rats, glycerol phenylbutyrate caused a statistically significant increase in the incidence
of pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at
650 mg/kg/day in males (4.7 times the dose of 6.87 ml/m2/day in adult patients, based
on combined AUCs for PBA and PAA) and 900 mg/kg/day in females (8.4 times the
dose of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA).
The incidence of the following tumors was also increased in female rats at 900
mg/kg/day: thyroid follicular cell adenoma, carcinoma and combined adenoma or
carcinoma, adrenal cortical combined adenoma or carcinoma, uterine endometrial
stromal polyp and combined polyp or sarcoma. The dose of 650 mg/kg/day in male rats
is 3 times the dose of 7.45 ml/m2/day in pediatric patients, based on combined AUCs for
PBA and PAA. The dose of 900 mg/kg/day in female rats is 5.5 times the dose of 7.45
ml/m2/day in pediatric patients, based on combined AUCs for PBA and PAA.
6
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Mutagenesis
Glycerol phenylbutyrate was not genotoxic in the Ames test, the in vitro chromosomal
aberration test in human peripheral blood lymphocytes, or the in vivo rat micronucleus
test. The metabolites PBA, PAA, PAGN, and phenylacetylglycine were not genotoxic in
the Ames test or in vitro chromosome aberration test in Chinese hamster ovary cells.
Impairment of Fertility
Glycerol phenylbutyrate had no effect on fertility or reproductive function in male and
female rats at oral doses up to 900 mg/kg/day. However, the number of non-viable
embryos was increased at 1200 mg/kg/day (approximately 7 times the dose of 6.87
ml/m2/day in adult patients, based on combined AUCs for PBA and PAA).
13.2 Animal Toxicology and/or Pharmacology
Evaluation: The sponsor omitted this section from the proposed labeling. However, in
the label for Buphenyl (sodium phenylbutyrate), the following paragraph is included
under “PRECAUTIONS”:
“Neurotoxicity of Phenylacetate in Animals”
“When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused
decreased proliferation and increased loss of neurons, and it reduced CNS myelin.
Cerebral synapse maturation was retarded, and the number of functioning nerve
terminals in the cerebrum was reduced, which resulted in impaired brain growth.
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the
cortical pyramidal cells; dendritic spines were longer and thinner than normal and
reduced in number.”
Since phenylacetate is a major metabolite of glycerol phenylbutyrate, the same
information should be included in the label for Ravicti.
Recommended Version:
13.2 Animal Toxicology and/or Pharmacology
Neurotoxicity of Phenylacetate in Animals
When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused
decreased proliferation and increased loss of neurons, and it reduced CNS myelin.
Cerebral synapse maturation was retarded, and the number of functioning nerve
terminals in the cerebrum was reduced, which resulted in impaired brain growth.
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the
cortical pyramidal cells; dendritic spines were longer and thinner than normal and
reduced in number.
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Drug Information

2.1

Drug

Ke Zhang

Trade Name: Ravicti™
Code Name: HPN-100
Chemical Name: Glycerol phenylbutyrate (GPB) / Glyceryl Tri-(4-phenylbutyrate)
(GT4P)
Note: The code name, HPN-100, and abbreviations for the drug name, GPB and GT4P,
are used in this review interchangeably.
Molecular Formula/Molecular Weight:

Structure or Biochemical Description:

Pharmacologic Class: Nitrogen scavenging agent for hyperammonemia
2.2

Relevant INDs, NDAs, and DMFs: IND 73,480

2.3

Drug Formulation
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7. Pharmacology Review (#047) by Ke Zhang, Ph.D. dated 02/02/2009
8. Pharmacology Review (#076) by Ke Zhang, Ph.D. dated 05/13/2010
9. Pharmacology Review (#021) by Ke Zhang, Ph.D. dated 02/17/2011
10. Pharmacology Review (#061) by Ke Zhang, Ph.D. dated 09/28/2011
11. Pharmacology Review (#099) by Ke Zhang, Ph.D. dated 07/31/2012
12. Executive CAC meeting minutes dated 8/14/2008 and 2/18/2010 under IND 73,480
and 7/23/2012 under NDA 203,284

4

Pharmacology

4.1

Primary Pharmacology
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Secondary Pharmacology

4.3

Safety Pharmacology

Ke Zhang

Neurological effects: The results of a modified Irwn's test indicated that a single oral
(gavage) dose of GT4P had no effects on neurobehavioral measures or core body
temperature at 1 g/kg in cynomolgus monkeys (n=4). However, a higher oral dose of 4
g/kg reduced locomotor activity, impaired balance and co-ordination, and produced
abnormal posture in 3 of the 4 monkeys.
Cardiovascular effects:
4-Phenylbutyric acid (PBA) and phenylacetic acid (PAA) are two active metabolites of
GT4P. PBA at 894 µg/ml and PAA at 988 µg/ml inhibited hERG current by ~36% or
54%, respectively, as compared to the vehicle control in the HEK 293 cell transfected
with hERG channels. PBA had no effects on the delayed rectifier (IKr) potassium
current in the isolated rabbit cardiac myocytes at concentrations up to 1591.8 μg/ml.
A single oral dose of GT4P at 1 g/kg or 4 g/kg had no effects on blood pressure and
heart rate in conscious cynomolgus monkeys. The results were presented in the
following tables (taken from the sponsor).
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GT4P at 4 g/kg prolonged QRS interval by 6 ms at 2-4 hours after dosing as compared
to the vehicle groups. However, the effect of GT4P on the QRS interval was not
observed at any other times. Hyppoactivity, hunched posture, unsteady gait,
piloerection, vomiting and loose feces were also observed at 4 g/kg in this study.
Single oral doses of HPN-100 at 100 or 300 mg/kg/day had no clear treatment effects
on ECGs including PR, QTc, JTc intervals (JTc = QTc-QRS), and QRS duration in
anesthetized rabbits. HPN-100 did not induce any arrhythmia in this study. However,
HPN-100 potentiated the pressor effect of methoxamine. For example, in the treatment
groups with 100 or 300 mg/kg/day HPN-100, methoxamine increased the mean arterial
pressure (MAP) by 72% and 104%, respectively, as compared to the baseline values.
The systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) were
increased similarly. However, the pressor effects of methoxamine were not seen in the
control group. Slightly decreased heart rates were observed following the pressor
effects. The clinical significance of these effects is not clear.
Pulmonary effects: A single oral dose of GT4P at 1 or 4 g/kg did not affect respiratory
function, blood pH, pO2, pCO2, oxygen saturation, bicarbonate, or actual base excess
values in conscious adult cynomolgus monkeys.

5

Pharmacokinetics/ADME/Toxicokinetics

5.1

PK/ADME
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A pharmacokinetic study was conducted in three male cynomolgus monkeys following a
single oral dose (600 mg PBA equivalents/kg) of 14C-HPN-100 (14C-GT4P) and an
intravenous dose (150 mg/kg) of 14C-PBA (Study UCY0008). The oral bioavailability of
PBA following oral administration of HPN-100 was 51–80% in monkeys. The results
were presented in the sponsor’s tables below.
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The radioactivity was widely distributed throughout the body with highest concentration
in the large intestine followed by bile, plasma, kidney, liver, urinary bladder, and whole
blood at 8 hours after a single oral dose of 14C-HPN-100 in male monkeys.
The majority of the radioactivity was recovered in the urine and feces at 168 hours after
dosing and the results were summarized in the sponsor’s table below.

Protein Binding:
Plasma protein binding of 14C-PBA and 14C-PAA was studied using in vitro ultra-filtration
methods. The protein binding of PBA was 57-88% in mice, 34-94% in rats, 96-98% in
rabbits, 75-98% in monkeys, and 81-98% in humans. The protein binding was
decreased as PBA concentration increased in mice, rats, monkeys, and humans.
Plasma protein binding of PAA was 6.6–15% in mice, 11-27% in rats, 27-76% in rabbits,
18-46% in monkeys, and 37-66% in humans, and was also concentration dependent.
Enzyme Induction/Inhibition:
Both PBA and PAA produced moderate in vitro induction of the human hepatic P450
enzymes CYP1A2 and CYP3A4/5 (up to ~31%, relative potency).
PBA inhibited human hepatic P450 enzymes CYP2C9, CYP2D6, and CYP3A4/5
activities by > 60% at 5 mM (0.82 mg/mL). The inhibition constants (Ki) for PBA were
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Repeat-Dose Toxicity
MOUSE
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RAT
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Following information was provide in the final report of this study submitted in
Amendments #021 on December 3, 2007.
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MONKEY
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Following information was provide in the final report of this study submitted in
Amendments #005 and #006 on December 1, 2006 and March 9, 2007, respectively.
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Following information was provide in the final report of this study submitted in
Amendments #005 and #006 on December 1, 2006 and March 9, 2007, respectively.
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A 12-month oral toxicity study in Monkeys
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Study title: A 12-month oral toxicity study in Monkeys
(b) (4)
Study no.:
671002
Study report location: N/A
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

(b) (4)

February 27, 2008
YES
YES
Glyceryl Tri (4-Phenylbutyrate), Lot no.
XA171 / 98.8-101.2%

Key Study Findings
Methods
Doses: 0.7, 1.1, and 1.5 g/kg/day (corn oil administered
to control group)
Frequency of dosing: daily
Route of administration: Oral via nasogastric intubation
Dose volume: 0.64, 1.0, and 1.36 mL/kg for low, middle, and high
dose groups
Formulation/Vehicle: Neat liquid
Species/Strain: Cynomolgus monkeys
Number/Sex/Group: 8/sex/group
4/sex/group were necripsied at 26 weeks
Age: 2-4 years old at initiation
Weight: 1974 g to 3468 g for the males and 1912 g to
2705 g for the females at initiation
Satellite groups: None
Unique study design: None
Deviation from study protocol: There were no deviations that affected the
outcome of this study.
Hypoactivity, hunched posture, thinness, impaired equilibrium, increased respiration
rate, pallor, and cool to touch were observed in the high dose group. Bodyweight at
study termination was decreased in males in all drug-treated groups, compared to the
control value. Reductions (~5-10%) in red blood cell count, hemoglobin, and hematocrit
occurred in the middle and high dose groups. Liver weight (absolute and relative) was
increased in all treatment groups at weeks 26 and 52, and this change was associated
with hepatocellular hypertrophy. At the 26-week and 52-week sacrifice, most of the
drug-treated animals exhibited hepatocellular hypertrophy, with dose-dependent
severity.
Observations and Results
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Mortality: All animal survived to termination.
Clinical Signs:
Hypoactivity, hunched posture, thinness and body pale and/or cool to touch, impaired
equilibrium, and increased respiration rate were observed in several animals in the high
dose group.
Body Weights: The initial body weights were 2591, 2657, 2551, and 2542 g in males
and 2220, 2223, 2181, and 2201 g in females in the control, low, middle, and high dose
groups, respectively. . The mean body weight of the control males and females at
study termination was 3861 g and 2885 g, respectively.
At termination, the mean body weights were ~14%, 8% and 22% lower than the control
group values for the low, mid, and high dose groups in males, respectively, and 10%
lower than the control group values for the high dose females.
Feed Consumption: Not determined.
Ophthalmoscopy: There were no treatment related changes.
ECG: There were no treatment related changes.
Hematology:
Decreased red blood cell counts, hemoglobin, and hematocrit and increased
reticulocyte counts were noted mainly in the middle and high dose groups at study
weeks 12 and 25. The results were summarized in the sponsor’s table below.
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Urinalysis: Slightly lowered pH and higher ketone level were noted in all treatment
groups as compared to the control group.
Gross Pathology: There were no treatment related changes.
Organ Weights:
Increased liver and kidney weights were noted in the treatment
groups. The results were summarized in the sponsor’s table below.
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Liver hypertrophy was noted in all treatment groups.
The hypertrophy was
characterized by enlarged hepatocytes with stippled to granular eosinophilic cytoplasm
that compressed and constricted sinusoidal spaces without evidence of passive
congestion or ischemia. The incidence and severity of the liver hypertrophy are
summarized in the following sponsor’s table.
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Toxicokinetics: Plasma levels of the metabolites PBA, PAA, and PAGN were
measured. The results are shown in the tables below (taken from the study report).
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Methods
Strains: TA98, TA100, TA1535 and TA1537 and
Escherichia coli WP2 uvrA
Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000
μg per plate
Basis of concentration selection: the maximum dose of 5000 μg per plate
was tested.
Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See table below
Formulation/Vehicle: DMSO
Incubation & sampling time: Incubated for 48-72 hours using the plate
incorporation method
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Concentrations in definitive study: See table below
Basis of concentration selection: cell growth inhibition
Negative control: DMSO
Positive control: Mitomycin C 0.1-0.2 ug/ml and
Cyclophosphamide 10-15 ug/ml
Formulation/Vehicle: DMSO
Incubation & sampling time: The cells were treated for 4 or 20 hours
All cells were harvested 20 hours after
treatment

Study Validity
The positive and solvent controls fulfilled the requirements for a valid test.
Results
The results were summarized in the following sponsor’s table.
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The results indicated that PBA significantly increased the proportion of cells with
structural aberrations in the presence of S-9 after 4 hours treatment. In the absence of
S-9, PBA did not significantly increase the proportion of cells with aberrations.

109
Reference ID: 3222607

NDA 203,284

Ke Zhang

The results indicated that PBA did not significantly increase the proportion of cells with
aberrations in the presence or absence of S-9.
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Methods
Strains: TA98, TA100, TA1535 and TA1537 and
Escherichia coli WP2 uvrA
Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and
5000 μg per plate
Basis of concentration selection: the maximum dose of 5000 μg per plate
was tested.
Negative control: Water
Positive control: See table below
Formulation/Vehicle: Water
Incubation & sampling time: Incubated for 48-72 hours using the plate
incorporation method
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Methods
Strains: TA98, TA100, TA1535 and TA1537 and
Escherichia coli WP2 uvrA
Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000
μg per plate
Basis of concentration selection: the maximum dose of 5000 μg per plate
was tested.
Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See table below
Formulation/Vehicle: DMSO
Incubation & sampling time: Incubated for 48-72 hours using the plate
incorporation method
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HPN-100 was well tolerated at all dose levels (600 and 1000 mg/kg/day). The FDA
statistical review concluded that HPN-100 did not produce any significant increase in
tumor incidence.
Adequacy of Carcinogenicity Study
The carcinogenicity study was conducted appropriately.
Appropriateness of Test Models
The test model was appropriate.
Evaluation of Tumor Findings
The tumor incidences were within the historical control ranges from the testing
laboratory. No statistically significant increase in tumors was observed in groups
treated with HPN-100. Treatment with urethane (positive control) produced a high
incidence of lung tumors and hemangiosarcoma in spleen.
The Executive
Carcinogenicity Assessment Committee concluded that there were no drug-related
neoplasms.

Methods
Doses: 0 (water), 0 (water), 600, and 1000 mg/kg/day;
1000 mg/kg urethane (positive control)
Frequency of dosing: daily
Dose volume: 0.91, 0.91, 0.54, and 0.91 ml/kg
Route of administration: oral
Formulation/Vehicle: HPN-100 was given as a neat liquid
Basis of dose selection: MTD and minimum feasible dose (see
Executive CAC minutes from February 16,
2010 in the appendix)
Species/Strain: Hemizygous Tg.rasH2 mice
Males (20.7-26.3 g)
Females (15.1-21.1 g)
Number/Sex/Group: 25
Age: 9 weeks
Animal housing: individually
Paradigm for dietary restriction: none
Dual control employed: no
Interim sacrifice: no
Satellite groups: 5/sex/group
Deviation from study protocol: Deviations did not have a significant impact on
the study outcome.
Mice were treated with HPN-100 (neat) at dose levels of 600 and 1000 mg/kg/day via
oral gavage for 26 weeks. The dose levels were recommended by the Executive
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Carcinogenicity Assessment Committee, based on MTD and the minimum feasible
dose. Two water control groups were included. The positive control animals received
urethane at 1000 mg/kg via intraperitoneal injection on Days 1, 3 and 5. The
toxicokinetic evaluation (exposure study) was conducted in hybrid CByB6F1
(nontransgenic) mice (5 mice/sex/group). The study design was summarized in Text
Table 7 from the study report (shown below).

Clinical signs of toxicity and mortality were observed daily. Body weights and food
consumption were determined. All animals were necropsied at termination. Complete
histopathological examination was performed on all treated animals in all main study
groups. The tumor data were analyzed using the Peto prevalence method, Peto death
rate method, and Peto combined analysis (incidental and fatal tumors).
Observations and Results
Mortality: Two high-dose females died before study termination. Malignant tumors
were found in these females and were considered as the cause of death (multicentric
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lymphoma in the female that died on day 49, and primary malignant hemangiosarcoma
of the liver in the female that died on day 164). One control female was found dead on
day 181. This female had malignant multicentric mesothelioma of the nasal cavity and
lung. One low-dose male was found dead on day 28. This male had axonal
degeneration of the spinal cord.
The mortality information was summarized in the following table (taken from the study
report).
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Clinical Signs: Hyperactivity was significantly increased in the treatment groups as
compared to the control groups.
Body Weight: The initial and final body weights for the control animals were 23.1-23.4
and 27-27.4 g, respectively, for males and 18.4-18.7 and 22.4-22.7 g, respectively, for
females. The terminal body weight gains were 3.98, 3.88, 3.42, 4.72 g in control 1,
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control 2, low, and high dose males, respectively, and 3.88, 3.86, 4.24, 4.8 g in control
1, control 2, low, and high dose females, respectively. The body weight gain was higher
in the high dose males, and in females in both HPN-100-treated groups, as compared to
the controls. The growth curves were not provided.
Feed Consumption: There were no treatment-related changes.
Gross Pathology: No treatment-related changes were observed.
Histopathology
Peer Review: Yes.
Non-Neoplastic Changes: There were no treatment-related changes.
Neoplastic Changes:
The positive control article produced a marked increase in the incidence of lung tumors,
whereas HPN-100 had no effects on the incidence of lung tumors. The incidence of
pulmonary tumors was summarized in the following table (taken from the study report).

Lung Tumors
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The positive control article produced a marked increase in the splenic
hemangiosarcoma rate, whereas no effect was observed with HPN-100, as shown the
table below (taken from the study report).
Spleen Tumors

The combined incidence of hemangiomas and hemangiosarcomas in multiple organs is
summarized in the following table. The treatment with HPN-100 did not significantly
increase the combined incidence of hemangiomas and hemangiosarcoma as compared
to the control groups.
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Hemangiomas and Hemangiosarcomas

The incidences of other types of tumors (non-vascular and non-pulmonary) were
presented in the following table (taken from the study report). The treatment with HPN100 did not significantly increase the incidence of these tumors as compared to the
control groups.

Non-Vascular and Non-Pulmonary Tumors
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The tumor incidences were within the historical control ranges from the testing
laboratory. The FDA statistical review of this study concluded that treatment with HPN100 did not significantly increase the tumor incidences in both males and females as
compared to each of the water controls and the combined water controls (see review by
Dr. Min Min).
Toxicokinetics: HPN-100 is rapidly converted to PBA (4-phenylbutyric acid) in the GI
tract. PBA is oxidized to PAA (phenylacetic acid). In mice, PAA conjugates with glycine
forming PAG (phenylacetylglycine). The plasma concentrations of the above mentioned
metabolites were analyzed in this study and the results were summarized in the
following table (taken from the study report).
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Dosing Solution Analysis: The test article was a neat liquid, and was stable
throughout the study period.
RAT:
Study title: HPN-100 (Glyceryl Tri-(4-Phenylbutyrate) [GT4P]: 24-Month
Repeated Dose Oral Carcinogenicity Study in Crl:CD(SD) Rats
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Evaluation of Tumor Findings
Statistically significant dose-response relationships were found for the following tumors,
based on comparison to the water control group: acinar cell adenoma, carcinoma and
combined adenoma or carcinoma in pancreas in both sexes, follicular cell adenoma in
thyroid in both sexes, malignant schwannoma in skin in males, malignant lymphoma in
males, adenoma and combined adenoma or carcinoma in adrenal cortex in females,
hepatocellular adenoma in females, follicular cell carcinoma and combined adenoma or
carcinoma in thyroid in females, polyp and combined polyp or sarcoma in uterus, and
carcinoma in Zymbal’s glands in females (see statistical review by Dr. Min Min).
The FDA statistical review also found significant increases in the following tumors,
based on pair-wise comparison to the water control group: acinar cell adenoma,
carcinoma and combined adenoma or carcinoma in pancreas in high-dose groups for
both sexes, follicular cell adenoma in thyroid in high-dose groups for both sexes,
combined adenoma or carcinoma in adrenal cortex in high-dose females, follicular cell
carcinoma and combined follicular cell adenoma or carcinoma in thyroid in high-dose
females, polyp and combined polyp or sarcoma in uterus in high-dose females, and
carcinoma in the Zymbal’s glands in high-dose females.
Methods
Doses: Males: 0 (water), 0 (corn oil), 70, 210, and 650
mg/kg/day
Females: 0 (water), 0 (corn oil), 100, 300, and
900 mg/kg/day
Frequency of dosing: daily
Dose volume: See study design table below
Route of administration: oral gavage
Formulation/Vehicle: HPN-100 was given as a neat liquid
Basis of dose selection: MTD in males, single-dose lethality in females
(see Executive CAC meeting minutes from
August 12, 2008 in the appendix)
Species/Strain: Crl:CD(SD) rats
Males (209-292 g)
Females (150-196 g)
Number/Sex/Group: 65
Age: 7 weeks
Animal housing: individually
Paradigm for dietary restriction: none
Dual control employed: water and corn oil
Interim sacrifice: no
Satellite groups: 6/sex/group
Deviation from study protocol: Deviations did not have a significant impact on
the study outcome.
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For females, there were higher incidences of gross findings in the pancreas, adrenal gland,
uterus, and cervix in the treatment groups, as summarized in the sponsor’s table below.

Histopathology
Peer Review: Yes.
Non-Neoplastic Changes: Treatment-related changes include focal hypertrophy in the
adrenal cortex, pancreatic acinar cell hyperplasia, follicular cell hyperplasia in the
thyroid gland, cystic endometrial hyperplasia of the uterus, Zymbal’s gland hyperplasia,
basophilic foci in the liver, and retinal atrophy in the eye. The incidences of these
changes are summarized in the following tables (taken from the study report).

149
Reference ID: 3222607

NDA 203,284

Ke Zhang

150
Reference ID: 3222607

NDA 203,284

Ke Zhang

Neoplastic Changes:
The incidences of selected tumors are summarized in the
following table (taken from the study report).
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The results of the sponsor’s statistical analysis including pair-wise and trend tests are
summarized in the following tables (taken from the study report).

Best Available
Copy
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The sponsor’s statistical analysis indicated that the following tumors show positive
dose-response trends: adrenal cortical carcinomas in males, adrenal cortical adenomas
in females, adrenal cortical adenomas + carcinomas in females, pancreatic acinar cell
adenomas in males and females, pancreatic acinar cell carcinomas in males and
females, pancreatic acinar cell adenomas + carcinomas in males and females, thyroid
follicular cell adenomas in females, thyroid follicular cell carcinomas in females, thyroid
follicular cell adenomas + carcinomas in females, benign endometrial stromal polyps of
the uterus, Zymbal’s gland carcinomas in females, hepatocellular adenomas in females,
hepatocellular adenomas + carcinomas in females, and skin schwannoma in males.
Each of these tumors, except for the liver tumors and skin schwannoma, was
significantly increased compared to the control groups, based on a pair-wise test.
The FDA statistical review showed significant dose-response relationships for the
following tumors, based on comparison to the water control group: acinar cell adenoma,
carcinoma and combined adenoma or carcinoma in pancreas in both sexes, follicular
cell adenoma in thyroid in both sexes, malignant schwannoma in skin in males,
malignant lymphoma in males, adenoma and combined adenoma or carcinoma in
adrenal cortex in females, hepatocellular adenoma in females, follicular cell carcinoma
and combined adenoma or carcinoma in thyroid in females, polyp and combined polyp
or sarcoma in uterus, and carcinoma in Zymbal’s glands in females.
The FDA statistical review also found significant increases in the following tumors,
based on pair-wise comparison to the water control group: acinar cell adenoma,
carcinoma and combined adenoma or carcinoma in pancreas in high-dose groups for
both sexes, follicular cell adenoma in thyroid in high-dose groups for both sexes,
combined adenoma or carcinoma in adrenal cortex in high-dose females, follicular cell
carcinoma and combined follicular cell adenoma or carcinoma in thyroid in high-dose
females, polyp and combined polyp or sarcoma in uterus in high-dose females, and
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carcinoma in the Zymbal’s glands in high-dose females (see statisical review by Dr. Min
Min).
The FDA statistical analysis was summarized in the following table.

Best Available
Copy

The incidence of Zymbal's gland carcinoma in males was 1/62 (water control), 2/62
(LD), 5/59 (MD) and 5/58 (HD). Although the incidence of this tumor was not
significant in either the dose-response or pair-wise test, the Executive CAC concluded
that the increased incidence in the mid- and high-dose males was drug-related, based
on the very low incidence of this neoplasm in historical control data.
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Dosing Solution Analysis: The test article was a neat liquid, which was stable
throughout the study period.

9

Reproductive and Developmental Toxicology

9.1

Fertility and Early Embryonic Development

Study title: Fertility and general reproduction toxicity study in rats
Study no.: MQY00011
Study report location: N/A
(b) (4)
Conducting laboratory and location:
Date of study initiation: September 10, 2007
GLP compliance: YES
QA statement: YES
Drug, lot #, and % purity: HPN-100 / XA179 / 99.8%
Key Study Findings
Methods
Doses: 0.65, 0.9, and 1.2 g/kg/day HPN-100; corn oil
was used as the control article
Frequency of dosing: daily
Dose volume: 0.59, 0.82, and 1.09 for low, middle, and high
dose, respectively
Route of administration: oral
Formulation/Vehicle: Neat liquid
Species/Strain: Rat/Crl:CD(SD)
Number/Sex/Group: 25/sex/group
Satellite groups: None
Study design: See table below
Deviation from study protocol: There were no deviations that had a significant
impact on the study outcome.

178
Reference ID: 3222607

NDA 203,284

Ke Zhang

The study design is shown in the tables below (taken from the study report).

Male rats were treated with the HPN-100 or corn oil once daily beginning 28 days
before the first cohabitation (with treated females up to 15 days), through the second
cohabitation (with untreated females up to 14 days). Treatment of males continued
through the day before sacrifice. Treated female rats were given HPN-100 or corn oil
once daily beginning 15 days before cohabitation through gestation day (DG) 7. The
study design was summarized in the sponsor’s table below.
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The major finding in this study was a small but statistically significant increase in
embryo-lethality in the high-dose group.
Mating and fertility parameters were
unaffected.
Observations and Results
Mortality: There were no treatment-related deaths. One low-dose male was sacrificed
due to aspiration of the test drug. All females survived to termination.
Clinical Signs: Salivation and chromorhinorrhea were noted in the treatment groups
(males and females). In addition, decreased motor activity, ataxia, and low carriage
were noted in the high-dose females.
Body Weight: The terminal body weights in males (91 day treatment) were lower in the
treatment groups (~96%, 92%, and 88% of the control group value for low, middle, and
high dose groups, respectively). The terminal body weights in females (gestation day
13) were lower in the treatment groups (~98%, 94%, and 94% of the control group value
for low, middle, and high dose groups, respectively).
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pregnant rats during gestation days 7-17. Significant clinical signs of maternal toxicity
including ataxia, decreased motor activity, muscle rigidity, splayed limbs, low carriage,
and cold to touch were observed at doses of 0.9 g/kg/day or higher. Decreases in
mean maternal body weights and fetal loss were noted at doses of 1.2 and 1.5 g/kg/day.
In the present study, the most common fetal effect was the presence of a cervical rib at
the 7th cervical vertebra. This effect was dose-dependent. The litter incidence was
statistically significant in the middle and high-dose groups, and fetal incidence was
significant only in the high-dose group. Malformations were observed in the middle and
high groups (3 and 2 fetuses, respectively), but were not statistically significant. Mild
maternal toxicity was observed in the middle and high dose groups, based on reduction
in weight gain. Reduced motor activity and splayed limbs were also noted in the high
dose group.
Observations and Results
Mortality: No deaths occurred.
Clinical Signs: Decreased motor activity and splayed limbs were observed in the high
dose group.
Body Weight: Body weight gains during DG 7-18 were reduced by 13% and 21% in
the middle and high-dose groups, respectively, as compared to the control.
Feed Consumption:
groups.

Food consumption was lower in the middle and high dose

Toxicokinetics: Plasma levels of the major metabolites of HPN-100 were measured.
The toxicokinetic results are shown in the table below (taken from the study report).
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Dosing Solution Analysis: Not applicable.
Necropsy
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
Fetal body weights were slightly lower in the middle (6%) and high dose groups (10%),
as compared to the control. There were no treatment-related effects on corpora lutea,
implantations, litter sizes, live fetuses, early and late resorptions, percent resorbed
conceptuses, and percent live male fetuses. The results were summarized in the
sponsor’s tables below.
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Offspring (Malformations, Variations, etc.)
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The increase in the number of fetuses with gross alterations was mainly due to higher
incidence of tail anomalies (short, threadlike) in the high dose group.
Fetal Soft Tissue Alterations:
One middle-dose fetus has interventricular septal defect and folded retina. This fetus
also had whole body edema as reported under external alterations. One high dose
fetus had undescended testes and other alterations such as short tail as described
under external alterations.
The results were summarized in the sponsor’s table below.
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Fetal Skeletal Alterations:
Malformations were found in three middle-dose fetuses and two high-dose fetuses. The
middle-dose fetuses with malformations included one fetus with a fused arch (cervical
vertebrae) and a cervical rib present at the 7th cervical vertebrae, one fetus with a
hemivertebra and only two caudal vertebrae (this fetus had other alterations such as no
tail), and one fetus with a short digit and a cervical rib present at the 7th cervical
vertebrae.
The two high-dose fetuses with malformations included one with fused ribs, cervical ribs
at the 7th cervical vertebrae, a 6th cervical arch that had the appearance (shape and
size) of the 7th arch, unilaterally ossified thoracic vertebral centrum, and a small
thoracic vertebral arch. The other high-dose fetus had only two sacral vertebrae, no
caudal vertebrae, and other alterations including a thread-like tail.
The most common skeletal alteration was the presence of a cervical rib at the 7th
cervical vertebra. This effect was dose-dependent. The litter incidence was statistically
significant in the middle and high-dose groups, and fetal incidence was significant only
in the high-dose group. Thickened ribs and incomplete ossification of the pelvis
occurred with low incidence in the high-dose group.
The results were summarized in the sponsor’s table below.
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g/kg/day given to pregnant rabbits during DG 7 through 19 induced marked
mortality/morbidity. At lower doses of 0.2 and 0.4 g/kg/day, body weight gains were
lower (-44% and -81%, respectively). One animal treated with 0.4 g/kg/day was
sacrificed due to clinical signs of toxicity (soft or liquid feces, dehydration, decreased
motor activity, ptosis, ataxia, pale, cold to touch, and tachypnea) and body weight loss.
Fetal weights were reduced (10%) in the 0.4 g/kg/day group as compared to the control.
Therefore, the selection of 0.35 g/kg/day as the high dose is acceptable. In the present
study, there were no signs of maternal toxicity and no adverse effects in fetuses.
Observations and Results
Mortality: No deaths occurred.
Clinical Signs: There were no treatment-related clinical signs of toxicity.
Body Weight: There were no treatment-related effects.
Feed Consumption: There were no treatment-related effects.
Toxicokinetics: Plasma levels of the major metabolites of HPN-100 were measured.
The toxicokinetic results are shown in the table below (taken from the study report).

Dosing Solution Analysis: Not applicable.

Necropsy
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
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There were no treatment-related effects. The results were summarized in the sponsor’s
tables below.

Offspring (Malformations, Variations, etc.)
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Methods
Doses: 0.65, 0.9, and 1.2 g/kg/day (corn oil was
administered to control group)
Frequency of dosing: Daily
Route of administration: Oral gavage
Dose volume: 0.59, 0.82, and 1.09 mL/kg for low, middle, and
high dose groups, respectively
Formulation/Vehicle: Neat liquid
Species/Strain: Rat/Crl:CD(SD)
Number/Sex/Group: 25/sex/group
Age: 2 days old at initiation
Weight: 6.7-6.9 g for males or 6.9-7.2 g for males at
initiation
Satellite groups: Blood samples from the toxicity study animals
were collected at termination for TK analysis.
Unique study design: Study included 2 parts with different treatment
durations (see description of Part A and B,
below)
Deviation from study protocol: There were no deviations that had a significant
impact on the study outcome.
The study design is shown in the sponsor’s table below.

Neonatal rats were treated with HPN-100 at 0.65, 0.9, and 1.2 g/kg/day by oral gavage
from postnatal day (PND) 2 to 51 in Part A of the study (25/sex/group). The rats in Part
B were treated from PND 2 through mating and day 20 of gestation, for a total of 125127 days of treatment (25/sex/group). Mating of rats was initiated on 96-100 days of
age.
No drug-related deaths occurred. In Part A, the major finding was periductal mixed
cellular infiltrates in liver in all drug-treated animals, with no incidence in the control
group. A reduction in neutrophils and lymphocytes occurred in the high-dose group.

201
Reference ID: 3222607

NDA 203,284

Ke Zhang

In Part B, terminal body weights were decreased by approximately 10-16% in the
middle and high-dose groups. Triglyceride levels were increased by more than 2-fold in
females in all treatment groups. Fertility index was decreased to 70-78% in all
treatment group females, compared to 96% in the control group. Sperm count and
morphology were not evaluated in this study. C-sections showed a dose-dependent
increase in post-implantation loss (i.e. resorptions) and a dose-dependent reduction in
fetal weight in all treatment groups. The number of live fetuses per litter was
significantly reduced in the middle and high dose groups. Preimplantation loss was
increased with dose, but this change was not statistically significant.
Observations and Results
PART A: Treatment from PND 2 to 51
Mortality: Deaths occurred, but these were not dose dependent (see the sponsor’s
table below). Therefore, the deaths are not considered as treatment related.

Clinical Signs: There were no treatment-related effects.
Body Weights: There were no treatment-related changes.

202
Reference ID: 3222607

NDA 203,284

Ke Zhang

Feed Consumption: There were no treatment-related changes.
Hematology: White blood cells, neutrophils, and lymphocytes were lower in the high
dose group as compared to the control. The results were summarized in the sponsor’s
table below.

Clinical Chemistry: Slightly increased AST and ALT values were noted in the middle
and high dose females (ALT = 43-52 U/L or AST 76-86 U/L) as compared to the control
(ALT = 36-45.5 U/L or AST = 66-75.4 U/L).
Gross Pathology: There were no treatment-related changes.

203
Reference ID: 3222607

NDA 203,284

Ke Zhang

Organ Weights: Decreased weight of the adrenals, thymus, and ovaries were noted
mainly in the middle and high-dose groups. The results were summarized in the
sponsor’s table below.

Histopathology: Minimal to mild periductal mixed cellular infiltrates in liver were noted
in all drug-treated animals, with no incidence in the control group, as shown in the
sponsor’s table below.
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Toxicokinetics: TK parameters were summarized in the following sponsor’s table.
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PART B: Treatment from PND 2 through mating and day 20 of gestation (a total
treatment duration of 125-127 days)
Mortality: Deaths occurred, but these were not dose dependent (see sponsor’s table).
The deaths are not considered as treatment related.

Clinical Signs: High-dose male rats had increased incidence of urine-stained
abdominal fur.
Body Weights: Terminal body weights in the low, middle, and high dose males were
96.8%, 87.4% and 84.2% of the control group, respectively. Terminal body weights in
the low, middle, and high dose females were 96.7%, 89.8% and 87.8% of the control
group, respectively.
Feed Consumption: The treatment did not have clearly adverse effects on feed
consumption.
Hematology: Small alterations of the hematological parameters were noted including
slightly reduced platelet counts, red blood cells, hemoglobin, and hematocrit in treated
males. The clinical significance of these changes are not clear.
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Clinical Chemistry: Triglyceride levels were higher in the treatment groups (192, 190,
and 180 mg/dl in males and 432, 463, 522 mg/dl in females) as compared to the
controls (122 mg/dl in males and 206 mg/dl in females).
Sexual Maturation: Delayed vaginal patency was noted in the high dose group (PND
37) as compared to the control group (PND 35).
Motor Activity and Acoustic Startle Habituation: There were no treatment-related
changes.
Learning and Memory: There were no treatment-related changes in the learning and
memory tests including passive avoidance and water maze tests.
Mating and Fertility: The number of animals mating and the time to mating were not
adversely affected by the treatment. The fertility index (number of rats that mated and
were pregnant) was lower in the low, middle, and high dose groups (78, 75, and 70%)
as compared to the control group (96%).
Caesarean-Sectioning and Litter Observations: The early and total resorptions per
litter, and percent post-implantation loss were significantly increased in all treatment
groups. The fetal weights for males and females were significantly decreased in all
treatment groups. The number of live fetuses per litter was significantly reduced in the
middle and high dose groups. Preimplantation loss was increased with dose, but this
change was not statistically significant. The results are summarized in the tables below
(taken from the study report).
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group, seven fetuses from 3 litters had gross external alterations. Two of these fetuses
had an umbilical hernia, three fetuses had a thread-like tail, one fetus had edema, and
one fetus had a thread-like tail and no anal opening. No gross external alterations were
observed in the control and low-dose groups.
Gross Pathology: There were no treatment-related changes.
Organ Weights: Absolute and relative weights of ovaries was reduced in all treatment
groups. Decreased weight of the adrenals, brain, thymus, and spleen were noted
mainly in the high-dose groups. The liver weight was generally higher in the treatment
groups. The results were summarized in the sponsor’s table below.
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Histopathology: Histopathological findings similar to those observed in Part A
(minimal to mild periductular mixed cellular infiltrates) were noted in all treatment groups
in Part B. These changes were not identified in the control group.

10

Special Toxicology Studies

None.

11

Integrated Summary and Safety Evaluation

Glycerol phenylbutyrate (GPB) is a triglyceride containing three molecules of 4phenylbutyric acid (PBA) linked to a glycerol backbone. Glycerol phenylbutyrate is
hydrolyzed to glycerol and PBA following oral administration. PBA is then metabolized
to phenylacetic acid (PAA), which is then conjugated with glutamine to form
phenylacetylglutamine (PAGN). PAGN is utilized as an alternate means for metabolic
disposal of nitrogen waste in patients with genetic defects in their urea cycle (urea cycle
disorders or UCDs). The sodium salt of PBA (Buphenyl®) is approved for treatment of
UCDs.
In the present NDA, the sponsor seeks market approval for RavictiTM (glycerol
phenylbutyrate) as adjunctive therapy for chronic management of adult and pediatric
patients ≥ 6 years of age with urea cycle disorders involving deficiencies of the following
enzymes: carbamyl phosphate synthetase (CPS), ornithine transcarbamylase (OTC),
argininosuccinate synthetase (ASS), argininosuccinate lyase (ASL) or arginase (ARG),
as well as the mitochondrial transporter ornithine translocase (hyperornithinemia–
hyperammonemia–homocitrullinuria [HHH] syndrome, also referred to as ornithine
translocase deficiency). In support of this NDA, the following nonclinical studies were
submitted: pharmacological studies, pharmacokinetic studies, oral acute toxicity studies
in rats and monkeys, 14-day oral toxicity studies in mice, rats, and monkeys, 13-week
oral toxicity studies in mice, rats, and monkeys, 26-week oral toxicity study in rats, 52week oral toxicity study in monkeys, 26-week oral carcinogenicity study in Tg.rasH2
mice with a 28-day dose ranging study in CByB6F1 mice, 2-year oral carcinogenicity
study in rats, Segment I mating and fertility study in rats, Segment II embryo-fetal
developmental studies in rats and rabbits, Segment III pre- and post-natal
developmental study in rats, oral toxicity study in neonatal rats, Ames test, in vitro
chromosomal aberration test in human lymphocytes, and a rat micronucleus test. In
addition, following mutagenicity studies were conducted with metabolites including PBA,
PAA, PAGN, and phenylacetylglycine (PAG): Ames tests and in vitro chromosomal
aberration tests in Chinese hamster ovary (CHO) cells or human lymphocytes.
In the conscious, unrestrained monkeys with telemetry monitoring, a single oral
dose of GT4P significantly prolonged QTc interval by ~25 ms at a dose of 4 g/kg but not
at 1 g/kg. Slight shortening of the PR interval (8-14 ms) was also observed at 4 g/kg of
GT4P in this study. The metabolites PBA at 894 µg/ml and PAA at 988 µg/ml inhibited
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hERG current by ~36% and 54%, respectively, as compared to the vehicle control in
HEK 293 cells transfected with hERG channels.
Following oral administration of GT4P, no parent compound was detected in the
plasma in rats and monkeys. There were measurable levels of PBA and PAA in the
plasma and urine in rats and monkeys, suggesting that GT4P is hydrolyzed to glycerol
and PBA prior to absorption or distribution into the general circulation. PBA is then
hydrolyzed to PAA through ß-oxidation. PAA is conjugated with glutamine to form
phenylacetylglutamine (PAGN) or with glycine to form phenylacetylglycine (PAG). Both
PAGN and PAG are eliminated in the urine.
In the single oral dose toxicity study in rats, GT4P was lethal at doses of 1.2 g/kg
or higher. The no effect dose was identified at 0.65 g/kg. In the single oral dose toxicity
study in monkeys, the minimal lethal dose was not identified.
In the 14-day oral dose-ranging toxicity study in mice, GT4P was given by oral
gavage at 0, 0.65, 0.9, 1.2, and 2.0 g/kg/day for 14 days (5/sex/group). The high dose
was lethal (4 males and 4 females died). The central nervous system was the target
organ of toxicity based on the clinical signs including hypoactivity, impaired equilibrium,
ptosis, and shallow or labored respiration. The no effect dose was not identified. The
dose of 0.65 g/kg/day was tolerated.
In the 13-week oral toxicity study in mice, GT4P was given by oral gavage to
mice at 0, 0.65, 0.9 and 1.2 g/kg/day for 90 days. The results indicated that there were
no treatment-related deaths or clinical signs of toxicity. Treatment increased the liver
weight and produced hepatocellular hypertrophy. The high dose of 1.2 g/kg/day was
the no-observed-adverse-effect level (NOAEL).
In the 14-day oral toxicity study in rats, GT4P was administered by oral gavage
for 14 days to rats at 0, 0.65, 0.9 and 1.2 g/kg/day. There were no deaths. The central
nervous system was the target organ of toxicity based on the clinical signs including
hypoactivity, impaired equilibrium, impaired muscle coordination and rigid muscle tone.
A no effect dose was not identified. The dose of 0.65 g/kg/day was tolerated.
In the 13-week oral toxicity study in rats, GT4P was give by oral gavage at 0,
0.65, 0.9 and 1.2 g/kg/day for 91 days. There were no treatment-related deaths. Rigid
muscle tone (all treatment groups) and hypoactivity (middle and high-dose groups) were
observed during first few days of treatment. Decreased terminal body weight gain was
noted in the low (11%), middle (21%), and high (37%) dose males, as compared to the
control males. Body weight gain was not affected in the female groups. There were no
treatment-related histopathologic findings. In conclusion, a no effect dose was not
identified. The dose of 0.65 g/kg/day was the maximum tolerated dose for males based
on the decrease in body weight gain. The dose of 1.2 g/kg/day was tolerated in
females. The central nervous system was the target organ of toxicity based on the
clinical signs.
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In the 26-week oral toxicity study in rats, GT4P was given by oral gavage at 0,
0.65, 0.9 and 1.2 g/kg/day for 6 months. Treatment with GT4P reduced the terminal
body weight gain by at least 10% or more in all treatment groups. Therefore, a NOAEL
was not established. Central nervous system was a target organ of toxicity based on
the clinical signs (hypoactivity and rigid muscle tone in the 0.9 and 1.2 g/kg/day groups).
One high-dose male was found dead. This death was possibly treatment-related.
In the 14-day oral toxicity study in cynomolgus monkeys, GT4P was given at 0, 1,
5, and 10 g/kg/day (3/sex/group) via nasogastric intubation in the dose ranging phase.
One middle dose male and one high dose female were sacrificed after the first dose due
to clinical signs of toxicity including hunched posture, hypoactivity, recumbency, labored
respiration, vomitus containing food and red discharge, discharge of bright yellow fluid
from the anus, and cold to the touch. On Day 2, the high and middle doses were
decreased to 5 g/kg/day and 2.5 g/kg/day, respectively. The two remaining high-dose
females were sacrificed due to the clinical signs of toxicity. The dosing was
discontinued on Day 3. Based on these results, the sponsor selected doses for GT4P
at 0, 1, 2.5, and 3.5 g/kg/day for the main study. Dosing of the middle and high dose
groups (2.5 and 3.5 g/kg/day) in the main study was terminated on Day 9 due to clinical
signs of toxicity. The dose of 1 g/kg/day was tolerated through the end of the 14-day
treatment period. A no effect dose was not identified. The central nervous system was
the target organ of toxicity based on the clinical signs.
In the 13-week oral toxicity study in cynomolgus monkeys, GT4P was given by
nasogastric intubation at 0, 0.75, 1.25 and 1.75 g/kg/day for 91 days. All animals
survived to the scheduled termination. Tremors (continuous or intermittent) were
observed in 1 middle-dose female and 2 high-dose females. The tremor was
sometimes accompanied by hypoactivity, impaired muscle coordination, twitching, body
pallor, and labored respiration. Decreased terminal body weight gain was noted in the
middle (19%) and high (24%) dose males, and in the middle (13%) and high dose (20%)
females, as compared to the control group. Pathological examination revealed small
thymus (high dose males) and minimal to mild lymphoid depletion (all treatment male
groups and the high dose females). Histopathologic examination also revealed
centrilobular hepatocellular hypertrophy (all treatment groups) and mild fatty infiltration
in the sternal bone marrow (all treatment male groups and the middle and high dose
female groups). A no effect dose was not identified. The dose of 1.25 g/kg/day was
close to or slightly higher than the maximum tolerated dose based on the reduction of
body weight gain and clinical signs of toxicity. The central nervous system was the
target organ of toxicity based on the clinical signs.
In the 52-week oral toxicity study in monkeys, GT4P was given by nasogastric
intubation at 0.7, 1.1, and 1.5 g/kg/day for 52 weeks. Treatment with GT4P induced
clinical signs of toxicity including hypoactivity, hunched posture, thinness, pallor and/or
cool to touch, impaired equilibrium, and increased respiration rate in the high dose
group. The terminal body weights were ~14%, 8%, and 22% lower in the low, middle,
and high dose males, respectively, and 10% lower in the high dose females. Liver
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weight (absolute and relative) was increased in all treatment groups at weeks 26 and
52, and this change was associated with hepatocellular hypertrophy.
GT4P was not genotoxic in the Ames test, the in vitro chromosomal aberration
test, and the rat micronucleus test. The metabolite PBA was not genotoxic in the Ames,
but significantly increased the proportion of cells with structural aberrations in the
presence of S-9 after 4 hours treatment in an in vitro chromosome aberration test in
Chinese hamster ovary (CHO) cells. However, the result was not reproducible in a
repetition of this test in human lymphocytes. Other metabolites including PAA, PAGN,
and PAG were not genotoxic in the Ames test or the in vitro chromosomal aberration
test.
In the 26-week oral dose carcinogenicity study in Tg.rasH2 mice, mice were
treated with HPN-100 (neat) at dose levels of 600 and 1000 mg/kg/day via oral gavage
for 26 weeks. The dose levels were recommended by the Executive Carcinogenicity
Assessment Committee, based on MTD and the minimum feasible dose. Two water
control groups were included. The positive control animals received urethane at 1000
mg/kg via intraperitoneal injection on Days 1, 3 and 5. The toxicokinetic evaluation
(exposure study) was conducted in hybrid CByB6F1 (nontransgenic) mice (5
mice/sex/group). HPN-100 was well tolerated at all dose levels (600 and 1000
mg/kg/day). The carcinogenicity study was conducted appropriately. The tumor
incidences were within the historical control ranges from the testing laboratory. No
statistically significant increase in tumors was observed in groups treated with HPN-100.
Treatment with urethane (positive control) produced a high incidence of lung tumors and
hemangiosarcoma in spleen. The FDA statistical review concluded that HPN-100 did
not produce any significant increase in tumor incidence. The Executive Carcinogenicity
Assessment Committee concluded that there were no drug-related neoplasms.
In the 24-month oral dose carcinogenicity study in Crl:CD(SD) rats, HPN-100
(neat) was administered via oral gavage at dose levels of 70, 210, and 650 mg/kg/day in
males, and 100, 300, and 900 mg/kg/day in females for 2 years. The dose levels were
recommended by the Executive Carcinogenicity Assessment Committee, based on
MTD and/or lethality. Two control groups (water and corn oil) were included. The study
was conducted appropriately. HPN-100 did not produce statistically significant changes
in mortality. The terminal body weight was 7% and 11% lower in the high dose males
and females, respectively, as compared to the water control group. The terminal body
weight gain was 13% and 21% lower in the high dose males and females, respectively,
as compared to the water control group. Treatment-related non-neoplastic changes
included focal hypertrophy in the adrenal cortex, pancreatic acinar cell hyperplasia,
follicular cell hyperplasia in the thyroid gland, cystic endometrial hyperplasia of the
uterus, Zymbal’s gland hyperplasia, basophilic foci in the liver, and retinal atrophy.
The Executive Carcinogenicity Assessment Committee concluded that HPN-100
increased the incidence of the following neoplasms in the 24-month rat study, as
indicated by statistical significance in both the dose-response and pair-wise tests using
the water control group, with exception of Zymbal’s gland carcinoma in males: in males,
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pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at the
high dose and Zymbal’s gland carcinoma at the middle and high doses, and in females,
pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at the
high dose, thyroid follicular cell adenoma, carcinoma and combined adenoma or
carcinoma at the high dose, adrenal cortical combined adenoma or carcinoma at the
high dose, uterine endometrial stromal polyp and combined polyp or sarcoma at the high
dose, and Zymbal’s gland carcinoma at the high dose. The increased incidence of
Zymbal’s gland carcinoma in males was considered to be drug-related, based on the
very low incidence of this neoplasm in historical control data.
Statistically significant dose-response relationships were found for the following
tumors, based on comparison to the water control group: acinar cell adenoma,
carcinoma and combined adenoma or carcinoma in pancreas in both sexes, follicular
cell adenoma in thyroid in both sexes, malignant schwannoma in skin in males,
malignant lymphoma in males, adenoma and combined adenoma or carcinoma in
adrenal cortex in females, hepatocellular adenoma in females, follicular cell carcinoma
and combined adenoma or carcinoma in thyroid in females, polyp and combined polyp
or sarcoma in uterus, and carcinoma in Zymbal’s glands in females (see statistical
review by Dr. Min Min). The FDA statistical review also found significant increases in
the following tumors, based on pair-wise comparison to the water control group: acinar
cell adenoma, carcinoma and combined adenoma or carcinoma in pancreas in highdose groups for both sexes, follicular cell adenoma in thyroid in high-dose groups for
both sexes, combined adenoma or carcinoma in adrenal cortex in high-dose females,
follicular cell carcinoma and combined follicular cell adenoma or carcinoma in thyroid in
high-dose females, polyp and combined polyp or sarcoma in uterus in high-dose
females, and carcinoma in the Zymbal’s glands in high-dose females.
In the fertility and general reproduction toxicity study in rats, male rats were
treated with 0 (corn oil), 0.65, 0.9, and 1.2 g/kg/day HPN-100 once daily beginning 28
days before the first cohabitation (with females treated up to 15 days), and through the
second cohabitation (with untreated females up to 14 days). Treatment of males
continued through the day before sacrifice. Treated female rats were given HPN-100 at
0 (corn oil), 0.65, 0.9, and 1.2 g/kg/day once daily beginning 15 days before
cohabitation through gestation day 7. The major finding in this study was a small but
statistically significant increase in embryo-lethality in the high-dose group. Mating and
fertility parameters were unaffected.
In the oral developmental Segment II toxicity study in rats, pregnant rats were
treated with HPN-100 at oral doses of 0 (corn oil), 0.3, 0.65, and 0.9 g/kg/day during
gestation days 7-17. The dose selection was justified based on the results of the doseranging study in pregnant rats (MQY00007). In the present study, the most common
fetal effect was the presence of cervical ribs at the 7th cervical vertebra. This effect was
dose-dependent. The litter incidence was statistically significant in the middle and highdose groups, and fetal incidence was significant only in the high-dose group.
Malformations were observed in the middle and high groups (3 and 2 fetuses,
respectively), but were not statistically significant. Mild maternal toxicity was observed
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in the middle and high dose groups, based on reduction in weight gain. Reduced motor
activity and splayed limbs were also noted in the high dose group.
In the oral developmental Segment II toxicity study in rabbits, the pregnant
rabbits were treated with HPN-100 given via stomach tube once daily on gestation days
7 through 19 at doses of 0 (corn oil), 0.15, 0.25, and 0.35 g/kg/day. The dose selection
(b) (4)
was justified based on the results of a dose range-finding study (
MYQ00009) in
pregnant NZW rabbits. In the present study, there were no signs of maternal toxicity
and no adverse effects in fetuses.
In the oral pre- and post-natal reproduction toxicity study in rats, GT4P was given
to pregnant rats by oral gavage at 0 (corn oil), 300, 600, and 900 mg/kg/day from DG7
through DG24 or day 20 of lactation. Treatment with 600 and 900 mg/kg/day reduced
the body weight gain in pregnant rats (F0 generation). No treatment-related effects
were observed in the learning ability, sexual maturation, mating and fertility, or
pregnancies of the F1 generation.
In the oral toxicity study in neonatal rats, HPN-100 was given at 0.65, 0.9, and
1.2 g/kg/day (25/sex/group) by oral gavage from postnatal day (PND) 2 to 51 (Part A) or
from PND 2 through mating and day 20 of gestation for a total of 125-127 days of
treatment (Part B). No drug-related deaths occurred. In Part A, the major finding was
periductal mixed cellular infiltrates in liver in all drug-treated animals, with no incidence
in the control group. A reduction in neutrophils and lymphocytes occurred in the highdose group. In Part B, terminal body weights were decreased by approximately 10-16%
in the middle and high-dose groups. Triglyceride levels were increased by more than 2fold in females in all treatment groups. Fertility index was decreased to 70-78% in all
treatment group females, compared to 96% in the control group. Sperm count and
morphology were not evaluated in this study. C-sections showed a dose-dependent
increase in post-implantation loss (i.e. resorptions) and a dose-dependent reduction in
fetal weight in all treatment groups. The number of live fetuses per litter was
significantly reduced in the middle and high dose groups. Pre-implantation loss was
increased with dose, but this change was not statistically significant.
The sponsor seeks market approval for glycerol phenylbutyrate (GPB) as
adjunctive therapy for chronic management of adult and pediatric patients ≥ 6 years of
age with urea cycle disorders (UCD). UCDs are characterized by hyperammonemia,
encephalopathy, and respiratory alkalosis. Patients with UCDs are at high risk for
neurologic deficits and death due to hyperammonemia. The current approved products
in the U.S. include Buphenyl (oral sodium phenylbutyrate) for long-term therapy, and
Ammonul (combination of sodium phenylacetate and sodium benzoate, intravenous) for
acute hyperammonemia. GPB and sodium phenylbutyrate are metabolized to the same
active metabolite (PAA), therefore both drugs share the same mechanism of action.
(b) (4)
GPB is an odorless and tasteless
that will eliminate the sodium burden and
relieve the pill burden of sodium phenylbutyrate. The major finding from the nonclinical
program is the tumorigenicity in the 2-year carcinogenicity study in rats. GPB was not
genotoxic in the standard genotoxicity test battery. The potential tumorigenic risk of
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GPB is presumably shared by sodium phenylbutyrate, since the plasma metabolic
profile for both drugs is expected to be very similar. Buphenyl was approved in 1996
and no cancer risk has been identified with the use of Buphenyl. UCDs are life
threatening diseases, and sodium phenylbutyrate is the only approved drug for longterm therapy. Therefore, from a nonclinical standpoint, we conclude that the benefit
from the treatment with glycerol phenylbutyrate outweighs the risk of the potential
tumorigenicity, and thus recommend that this application be approved for the proposed
indication. The sponsor should be asked to revise the label as recommended.
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Appendix/Attachments

1. Executive CAC meeting minutes dated August 12, 2008
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2. Executive CAC meeting minutes dated February 16, 2010
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3. Executive CAC meeting minutes dated July 17, 2012

4 pages have been Withheld in Full immediately following this page as a duplicate copy of the "Executive CAC
Meeting Minutes" dated July 17, 2012 which is located in the AdminCorres Section of the package
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