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Executive Summary

1.1

Introduction

Reviewer: Christopher Ellis, Ph.D.

Harvoni™, a once daily fixed-dose combination (FDC) tablet containing ledipasvir
and sofosbuvir, is intended to be indicated for treatment of chronic hepatitis C virus
(HCV) genotype 1 infection in adult patients. Ledipasvir (LDV, GS-5885) is a specific
inhibitor of nonstructural protein 5A (NS5A) of HCV that has displayed potent inhibition
of HCV replication in vitro. Sofosbuvir (SOF, GS-7977) is a nucleotide prodrug of 2’deoxy-2’-fluoro-2’-C-methyluridine monophosphate that is converted intracellularly to
the active uridine triphosphate (GS-461203) within tissues. GS-461203 is a specific
inhibitor of nonstructural protein 5B (NS5B) of HCV that has displayed potent inhibition
of HCV replicon ribonucleic acid (RNA) replication in vitro. SOF (as a component of a
combination antiviral treatment regimen) was approved for marketing in the U.S. in
December 2013 (refer to NDA-204,671).
The nonclinical safety profile of LDV has been evaluated in: safety pharmacology
studies in rats and dogs; repeat-dose toxicology studies in mice, rats and dogs for up to
1, 6 and 9 months duration, respectively; up to 2-week repeat-dose toxicology studies to
qualify impurities; phototoxicity studies in mice and rats; fertility and pre- and post-natal
developmental studies in rats; embryo-fetal developmental studies in rats and rabbits;
and genetic toxicology studies (Ames, in vitro chromosomal aberration and in vivo rat
micronucleus assays). In addition, numerous in vitro and in vivo nonclinical
pharmacokinetic studies evaluating the absorption, distribution, metabolism and
excretion of LDV have been conducted, while rat and mouse carcinogenicity studies
with LDV are currently in progress. With the exception of rodent 2-year carcinogenicity
studies that were reviewed with this application, nonclinical safety studies for SOF to
support the FDC were reviewed previously. Refer to the Pharmacology/Toxicology
review for NDA-204,671 for a detailed summary of SOF nonclinical data (as well as
Table 41 in this review for updated exposure multiples).

1.2

Brief Discussion of Nonclinical Findings

LDV had moderate oral bioavailability (~30-50% in rats, monkeys and dogs) with
Tmax values of ~4-5 hours, despite low intrinsic aqueous solubility and saturation of
absorption that nonetheless resulted in adequate circulating LDV exposure levels in
toxicology studies. LDV was bound highly to plasma protein (>99.8%) and was
distributed widely to tissues including gall bladder (and bile), liver, adrenal, salivary,
thyroid, pituitary, pancreas, adipose tissue (brown), kidney (in mice and/or rats) and the
uveal tract of the eye in pigmented rats, but did not accumulate to any great extent in
tissues (mean residence times ~6-13 hours). Although several minor metabolites were
identified, unchanged parent drug is the predominant circulating component (in mice,
rats, dogs and human subjects) as well as the primary component in feces, with a major
route of LDV elimination occurring as biliary excretion of unchanged parent (in rats and
dogs).
No clear target organs of toxicity were identified in repeat-dose toxicology studies
in mice, rats and dogs administered LDV doses of up to 300, 100 and 30 mg/kg/day for
1, 6 and 9 months, respectively. Therefore, no specific overlapping toxicity of potential
7
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significant clinical concern was identified in animals administered LDV or SOF alone.
However, a potential LDV-related mild hepatobiliary toxicity signal (not considered
adverse and not clearly dose dependent) was noted, with slight increases in ALP and/or
ALT associated with increased liver/gall bladder weight (high-dose males only) without
correlating histopathology changes observed in mice following oral administration of
LDV at up to 300 mg/kg/day (AUC0-24hr~164 & 271 µg.h/ml for GS-5885 in females and
males, respectively). In addition, minimal to slight random foci of hepatocyte necrosis
(males) and bile duct hyperplasia (males and females) were noted in rats following oral
administration of LDV at up to 100 mg/kg/day (AUC0-24hr~56 µg.h/ml for GS-5885).
These non-adverse hepatobiliary findings were observed at GS-5885 AUC exposure
~8- and 30-fold higher, in rats and mice respectively, than that in humans at the
recommended LDV dose. In addition, slight increases in cholesterol and triglycerides
were noted in rats at 100 mg/kg/day. In dogs, no clear clinically relevant LDV-related
findings were observed following oral administration of LDV at up to 30 mg/kg/day
(AUC0-24hr~41.3 & 80.3 µg.h/ml for GS-5885 in males and females, respectively),
resulting in GS-5885 AUC exposure ~9-fold higher than that in humans at the
recommended LDV dose.
The average number of corpora lutea, implantations and viable embryos were
reduced slightly in rats following administration of LDV at 100 mg/kg/day (estimated
AUC0-24hr~25.1 µg.h/ml for GS-5885) and were associated with non-adverse maternal
toxicity findings consisting of slight body weight loss and reduced food consumption.
The NOEL for female fertility and early embryonic development is considered to be 30
mg/kg/day (estimated AUC0-24hr~12.1 µg.h/ml for GS-5885). At 30 and 100 mg/kg/day,
GS-5885 AUC exposure is estimated to be ~2 and 3.4-fold higher, respectively, than
that in humans at the recommended LDV dose.

1.3
1.3.1

Recommendations
Approvability

Yes, the sponsor provided sufficient nonclinical safety information on ledipasvir in
support of approval for marketing in the U.S. Sofosbuvir (as a component of a
combination antiviral treatment regimen) was approved for marketing in the U.S. in
December 2013.
1.3.2

Additional Non Clinical Recommendations
None

1.3.3

Labeling

The Pharmacology/Toxicology portion of the sponsor’s draft product label with
reviewer suggested modifications (designated by strikethrough or bold italics) is
included below.
8.1

Pregnancy

Pregnancy Category B
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Sofosbuvir: Heart degeneration and inflammation were observed in rats following GS9851 (a stereoisomeric mixture containing approximately 50% sofosbuvir) doses of
2,000 mg/kg/day for up to 5 days. At this dose, AUC exposure to the predominant
(b
circulating metabolite GS-331007 is approximately 1 ) 7-fold higher than human
exposure at the recommended clinical dose. No heart(4)degeneration or inflammation was
observed in mice, rats or dogs in studies (b)up to 3 months,
6 months or 9 months at GS(b)
(b) (4)
331007 AUC exposures approximately 2 (4)4-, 5- or 1 (4)7-fold higher, respectively,
than human exposure at the recommended clinical dose. In addition, no heart
degeneration or inflammation was observed in rats following sofosbuvir doses of up
to 750 mg/kg/day in the 2-year carcinogenicity studyies at GS-331007 AUC exposures
(b) (4)
approximately
9-fold the exposure in humans at the recommended clinical
dose.

2

Drug Information

2.1

Drug

2.1.1 Ledipasvir
CAS Registry Number

1256388-51-8

Generic Name

Ledipasvir (LDV)

Code Name

GS-5885

Chemical Name

Methyl [(2S)-1-{(6S)-6-[5-(9,9-difluoro-7-{2[(1R,3S,4S)-2-{(2S)-2-[(methoxycarbonyl)
amino]-3-methylbutanoyl}-2-azabicyclo
[2.2.1]hept-3-yl]-1H-benzimidazol-6-yl}-9Hfluoren-2-yl)-1H-imidazol-2-yl]-5-azaspiro
[2.4]hept-5-yl}-3-methyl-1-oxobutan-2-yl]
carbamate (IUPAC)

Molecular Formula/Molecular Weight

C49H54F2N8O6//889.00 g/mol

Structure
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2.1.2 Sofosbuvir
CAS Registry Number

1190307-88-0

Generic Name

Sofosbuvir (SOF)

Code Name

GS-7977 (PSI-7977)

Chemical Name

(S)-Isopropyl 2-((S)-(((2R,3R,4R,5R)-5-(2,4dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-fluoro-3hydroxy-4-methyltetrahydrofuran-2yl)methoxy)(phenoxy) phosphorylamino)
propanoate (IUPAC)

Molecular Formula/Molecular Weight

C22H29FN3O9P/529.46 g/mol

Structure

Pharmacologic Class

2.2

Relevant INDs, NDAs, BLAs and DMFs

INDand IND-115,268 (for LDV & SOF FDC).

2.3

HCV nucleotide analog NS5B polymerase
inhibitor

(b) (4)

IND-106,739 and NDA-204,671 (for SOF)

Drug Formulation
(b) (4)

LDV/SOF fixed dose combination (FDC) tablets are orange,
filmcoated, diamond shaped tablets containing 90 mg of LDV and 400 mg of SOF (refer to
Sponsor Table below).
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Comments on Novel Excipients
Not applicable. All excipients are compendial.

2.5

Comments on Impurities/Degradants of Concern

Qualification assessment of residual solvents, metals and LDV-related impurities
(specified and unspecified process intermediates, degradants, starting materials etc.)
was conducted by Dr. Mark Powley. Refer to the Pharmacology/Toxicology review of
NDA-204,671 for the qualification assessment of SOF. The qualification of specified
impurities in the LDV drug substance is based on results from general repeat-dose
toxicology studies, assessment of potential mutagenicity using (quantitative) structure(b) (4)
activity relationship [(Q)SAR] models and/or phototoxicity evaluation (for
Repeat-dose toxicology studies in rats were conducted using multiple LDV batches
containing various levels of LDV-related impurities, with no indication that the impurities
present in these batches altered the toxicity profile of LDV. In addition, numerous LDV
impurities were evaluated by (Q)SAR analyses and are expected to be non-mutagenic.
Finally, a 3-day multiple dose ocular phototoxicity study was conducted in male Long
(b)
(b) (4)
Evans (LE) rats administered LDV or LDV (spiked w/ (4) %
given a specific
cause for concern identified regarding the presence of a potentially reactive impurity/
(b) (4)
photodegradant (
that (like LDV) absorbs ultraviolet (UV) light and (likely)
accumulates in the uveal tract of the eye in pigmented LE rats. This study was
considered negative (refer to Section 10). Overall, the proposed LDV specifications are
considered acceptable from a pharmacology/toxicology perspective.

2.6

Proposed Clinical Population and Dosing Regimen

LDV/SOF FDC is to be indicated for treatment (single tablet once a day) of
chronic hepatitis C (CHC) genotype 1 infection for 12 to 24 weeks in adult patients.

2.7

Regulatory Background

NDA-204,671 (for SOF in combination w/ other agents) was approved on
(b) (4)
December 6, 2013, while
IND-115,268 (for LDV/SOF FDC)
were opened on April 23, 2010 and July 1, 2012, respectively.

3

Studies Submitted

3.1

Studies Reviewed
Study Title

Study #

Safety Pharmacology
Effects of GS-5885 on Cloned hERG Potassium Channels
Expressed in Human Embryonic Kidney Cells
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Cardiovascular Safety Pharmacology Evaluation of GS-5885
Administered by Oral Gavage to Male Telemetry-Instrumented
Conscious Dogs
Respiratory Safety Pharmacology Evaluation of GS-5885
Using Head-Out Plethysmography following Oral Gavage
Administration to Male Rats
Central Nervous System Safety Pharmacology Evaluation of
GS-5885 Following Oral Gavage Administration to Male Rats

PC-256-2005

PC-256-2006
PC-256-2007

Analytical Method Validation
Abbreviated Validation of a Method for the Determination of
GS-5885 in Mouse Plasma by HPLC with MS/MS Detection
Validation of a Method for the Determination of GS-5885 in
Mouse Plasma by HPLC with MS/MS Detection
Validation of a Method for the Determination of GS-5885 in Rat
Plasma by HPLC with MS/MS Detection
Partial Validation of a Method for the Determination of GS5885 in Rat Plasma (K3EDTA) by Liquid ChromatographyTandem Mass Spectrometry (LC-MS/MS)
Partial Validation of a Method for the Assessment of the Impact
of Co-administered Drugs on the Quantitation of GS-5885 in
Rat Plasma (K3EDTA) by Liquid Chromatography-tandem
Mass Spectrometry (LC-MS/MS)
Abbreviated Validation of a Method for the Determination of
GS-5885 in Rabbit Plasma by HPLC with MS/MS Detection
Abbreviated Validation of a Method for the Determination of
GS-5885 in Dog Plasma by HPLC with MS/MS Detection
Validation of a Method for the Determination of GS-5885 in
Dog Plasma (K3EDTA) by Liquid Chromatography-Tandem
Mass Spectrometry (LC-MS/MS)
Partial Validation of a Method for the Assessment of the Impact
of Co-administered Drugs on the Quantitation of GS-5885 in
Dog Plasma (K3EDTA) by Liquid Chromatography-Tandem
Mass Spectrometry (LC-MS/MS)

BA-256-2009
BA-256-2011
BA-256-2002

BA-256-2007

BA-256-2008

BA-256-2004
BA-256-2003

BA-256-2005

BA-256-2006

ADME/Pharmacokinetics
Permeability of GS-5885 across Caco-2 Cell Monolayers
Pharmacokinetics of GS-5885 Following Single Oral Doses to
Male and Female CD-1 Mice
Determination of the Pharmacokinetics of GS-5885 After a
Single Oral Gavage Dose to Male 001178-W (wild type) Mice
Pharmacokinetics of GS-5885 in Sprague-Dawley Rats
Pharmacokinetics of GS-5885 Following Single Ascending Oral
Doses in Sprague-Dawley Rats
15
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Pharmacokinetics of GS-5885 Following Oral Suspension
Doses to Non-fasted Male SD Rats
Pharmacokinetic Study of GS-5885 in Female Rabbits
Pharmacokinetics of GS-5885 in Male beagle dogs
Pharmacokinetics of GS-5885 in Cynomolgus Monkeys
In Vitro Determination of GS-5885 Protein Binding by
Equilibrium Dialysis
In Vitro Metabolic Stability of GS-5885 in Hepatic Subcellular
Fraction from CD-1 Mice
In Vitro Metabolic Stability of GS-5885 in Hepatic Subcellular
Fractions from Human, Dog, Rat and Monkey and in
Cryopreserved Human Hepatocytes
Pharmacokinetics, Absorption, Distribution, and Excretion of
14
C-GS-5885 Following Oral Administration to Mice
Pharmacokinetics, Absorption, Distribution, and Excretion of
14
C-GS-5885 Following Oral Administration to Rats
Pharmacokinetics, Absorption, and Excretion of 14C-GS-5885
Following Oral Administration to Intact and Bile DuctCannulated Dogs
Pharmacokinetics of GS-5885 in Bile-Duct Cannulated Beagle
Dogs
Profiling and Identification of Metabolites in Selected Plasma,
Urine, and Feces Samples from Mice After Oral Administration
of 14C-GS-5885
Profiling and Identification of Metabolites in Selected Plasma,
Bile, and Feces Samples from Rats after Oral Administration of
14
C-GS-5885
Profiling and Identification of Metabolites in Selected Plasma,
Urine, Bile, and Feces Samples from Dogs after Oral
Administration of 14C-GS-5885

AD-256-2129
AD-256-2152
AD-256-2103
AD-256-2104
AD-256-2094
AD-256-2138

AD-256-2095
AD-256-2136
AD-256-2083

AD-256-2127
AD-256-2105

AD-256-2137

AD-256-2084

AD-256-2128

General Toxicology
2-Week Oral Gavage Toxicity and Toxicokinetic Study with GS5885 in Rats

TX-256-2003

2-Week Oral Gavage Toxicity and Toxicokinetic Study with GS5885 in Dogs

TX-256-2004

4-Week Oral Gavage Dose Range-Finding Toxicity and
Toxicokinetic Study with GS-5885 in Model 001178-W (WildType), CByB6F1-Tg(HRAS)2Jic Mice
26-Week Oral Gavage Toxicity and Toxicokinetic Study of GS5885 in Rats with a 13-Week Interim Necropsy and a 4-Week
Recovery Phase
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39-Week Oral Gavage Toxicity and Toxicokinetic Study of GS5885 in Dogs with a 13-Week Interim Necropsy and a 4-Week
Recovery Phase

TX-256-2009

Genetic Toxicology
Bacterial Reverse Mutation Assay with a Confirmatory Assay
with GS-5885

TX-256-2005

Chromosomal Aberrations in Cultured Human Peripheral Blood
Lymphocytes with GS-5885

TX-256-2006

In Vivo Rat Bone Marrow Micronucleus Assay with GS-5885

TX-256-2007

Carcinogenicity
TWENTY-FOUR MONTH ORAL GLP CARCINOGENICITY
STUDY OF PSI-7977 (GS-7977) IN MICE

TX-334-2002

TWENTY-FOUR MONTH ORAL GLP CARCINOGENICITY
STUDY OF PSI-7977 (GS-7977) IN RATS

TX-334-2001

Reproductive and Developmental Toxicology
Study of Fertility and Early Embryonic Development to
Implantation of GS-5885 Administered by Oral (Gavage) in
Rats

TX-256-2017

Oral Gavage Dose Range-Finding Developmental Toxicity and
Toxicokinetic Study with GS-5885 in Rats

TX-256-2011

Oral Gavage Study for Effects on Embryo-Fetal Development
with GS-5885 in Rats

TX-256-2012

Oral Gavage Dose Range-Finding Developmental Toxicity and
Toxicokinetic Study with GS-5885 in Rabbits

TX-256-2010

Oral Gavage Study for Effects on Embryo-Fetal Development
with GS-5885 in Rabbits

TX-256-2013

An Oral (Gavage) Study of the Effects of GS-5885 on Pre- and
Postnatal Development, Including Maternal Function in Rats

TX-256-2020

Toxicology Studies (other)
2-Week Oral Gavage Toxicity and Toxicokinetic Study with GS5885 and GS-5885-02 in Rats
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2-Week Oral Gavage Qualification Toxicity and Toxicokinetic
Study with GS-5885 in Male Rats

TX-256-2035

Phototoxicity Evaluation of GS-5885-02 Administered as a
Single Oral (Gavage) Dose in Hairless Mice

TX-256-2015

A Multiple Dose Phototoxicity Study to Determine the Effects of
(b) (4)
Oral (Gavage) Administration of GS-5885 and GS-5885 +
on Eyes in Pigmented Rats

TX-256-2038

A 13-week Oral Gavage Toxicity and Toxicokinetic Study of
GS-9190, GS-9451 and GS-5885 in the Rat

TX-248-2001

A 13-week Oral (Capsule) Toxicity and Toxicokinetic Study of
GS-9190, GS-9256 and GS-5885 in the Beagle Dog
GS-5885-03: Assessment of Skin Sensitization Potential using
the Local Lymph Node Assay in the Mouse (Individual animal
approach)
GS-5885-03: The Bovine Corneal Opacity and Permeability
Assay (BCOP)
GS-5885-03: Skin Irritation to the Rabbit

3.2

TX-248-2002
TX-256-2031

TX-256-2029
TX-256-2030

Studies Not Reviewed

All nonclinical safety and PK/ADME studies were reviewed. Note: In vitro PK
drug interaction studies utilizing human matrices (cells, microsomes etc.) were reviewed
by the clinical pharmacology reviewer.

3.3

Previous Reviews Referenced

Some GS-5885 nonclinical safety studies, including safety pharmacology, ADME,
repeat-dose toxicology, genetic toxicology, combination toxicology and reproductive
toxicology studies have been reviewed by Dr. Verma or Dr. Lansita to support the NDA,
and are summarized (as appropriate) in sections of this review, with complete reviews
of pivotal studies included within the review text. With the exception of the rodent 2-year
carcinogenicity studies, nonclinical safety studies for GS-7977 (SOF) to support the
NDA were reviewed previously (refer to Pharmacology/Toxicology review for NDA204,671).

4

Pharmacology

4.1

Primary Pharmacology

Ledipasvir (LDV, GS-5885) is a specific inhibitor of nonstructural protein 5A
(NS5A) of hepatitis C virus (HCV) that has displayed potent inhibition of HCV replication
in vitro (EC50 values of 0.053 nM against genotype 1a and 0.004 nM against
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genotype 1b replicons). Sofosbuvir (SOF, GS-7977) is a nucleotide prodrug of 2’-deoxy2’-fluoro-2’-C-methyluridine monophosphate that is converted intracellularly to the active
uridine triphosphate (GS-461203) within tissues. GS-461203 is a specific inhibitor of
nonstructural protein 5B (NS5B) of HCV that has displayed potent inhibition of HCV
replicon ribonucleic acid (RNA) replication in vitro. Refer to clinical virology reviews for a
detailed description and review of the primary pharmacology data for LDV (submitted
with this NDA) and SOF (reviewed in NDA-204,671).

4.2

Secondary Pharmacology

No significant pharmacologic activity of LDV against other viruses and no specific
concerns regarding the in vitro cytotoxicity profile of LDV were noted. Potential
molecular targets of LDV were screened using radioligand binding assays against a
panel of 68 mammalian ion channels and receptors (study# PC-256-2020). Significant
inhibition of the sodium ion channel (site 2) was observed (IC50~210 nM). The clinical
significance of this inhibition is considered minimal given the low unbound clinical Cmax
(~ 0.8 nM) of LDV at therapeutic exposure levels.

4.3

Safety Pharmacology

Note: The following GS-5885 study reviews were taken directly from the original IND(b) (4)
review by Dr. Pritam Verma. Refer to Pharmacology/Toxicology review of NDA204,671 for SOF data.
1. Effects of GS-5885 on Cloned hERG Potassium Channels Expressed in Human
Embryonic Kidney Cells (PC-256-2008)
Based on the limit of the solubility of GS-5885 in the hERG vehicle, a nominal top dose
concentration of 0.6 μM was chosen for this study. However, since measured
concentrations of GS-5885 at 0.3 and 0.6 μM were not within ± 10% of the nominal
concentrations, measured concentrations (0.25 and 0.50 μM) are reported below.
GS-5885 inhibited hERG current by 0.3 ± 0.2% (mean ± SEM, n = 3) at 0.25 μM and 0.8
± 0.2% at 0.50 μM versus 0.5 ± 0.2% (n = 3) in the control cells. The decrease in hERG
current at 0.25 and 0.50 μM was not statistically significant when compared to vehicle
control values. The IC50 for the inhibitory effect of GS-5885 on hERG potassium current
was not calculated but was estimated to be greater than 0.50 μM. Conclusion: The test
article was found to inhibit hERG current at higher concentrations.
2. Cardiovascular Safety Pharmacology Evaluation of GS-5885 Administered by
Oral Gavage to Male Telemetry-Instrumented Conscious Dogs (PC-256-2005)
The potential cardiovascular effects of GS-5885 administered by oral gavage were
evaluated in non-naïve telemetry-instrumented conscious male Beagle dogs. Four male
dogs were administered a single dose via oral gavage of all dosages using a modified
Latin square design with a 3-day washout period between each dose administration.
Each animal received dose preparations containing vehicle control article, or GS-5885
at 3, 10, or 30 mg/kg in a dose volume of 2.0 mL/kg. Evaluation of cardiovascular
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effects was based on electrocardiography and hemodynamic parameters collected predose and up to 25 hours post-dose.
No mortality or change in clinical condition was observed following any dosage of GS5885 or vehicle control article. All electrocardiograms (ECGs) were qualitatively and
quantitatively within normal limits and no test article-related arrhythmias were observed.
No GS-5885-related effects on any quantitative ECG parameters, including PR, QRS
duration, QT, or corrected QT interval (QTc, using Fridericia correction) were observed.
There were no effects on hemodynamic or intra-abdominal temperature measurements.
The NOEL for GS-5885 is 30 mg/kg, the highest dose tested.
Following doses of 3, 10, and 30 mg/kg GS-5885, plasma concentrations of GS-5885
ranged from 207 to 380 ng/mL, 1140 to 1350 ng/mL, and 1930 to 2960 ng/mL,
respectively, at 4.5 hours post dose.
3. Respiratory Safety Pharmacology Evaluation of GS-5885 Using Head-Out
Plethysmography following Oral Gavage Administration to Male Rats (PC-2562006)
The potential effects of orally administered GS-5885 on respiratory function as indicated
by tidal volume, respiration rate, and minute volume were evaluated in male rats. Four
groups (8 animals/group) received a single dose of 0 (vehicle), 10, 30, or 100 mg/kg of
GS-5885 and respiratory parameters were measured continuously for 6 hours postdose and a single 30-minute average at approximately 24 hours post-dose.
No mortality or clinical signs of toxicity related to GS-5885 were observed. One animal
given 10 mg/kg GS-5885 was found dead at approximately 5.75 hours post dose.
Cause of death was attributed to equipment malfunction and not to test article
administration. No GS-5885-related effects were noted on tidal volume, respiration rate,
or minute volume. Based on these results, the NOEL for GS-5885 on respiratory
function was considered to be 100 mg/kg, the highest dose tested.
4. Central Nervous System Safety Pharmacology Evaluation of GS-5885 Following
Oral Gavage Administration to Male Rats (PC-256-2007)
The potential neurological effects of GS-5885 when administered as a single dose via
oral gavage were evaluated in male rats. Four groups (6 animals/group) received a
single dose of 0 (vehicle), 10, 30, or 100 mg/kg of GS-5885. Evaluation of neurological
effects was based on behavioral observations collected pre-dose and at intervals up to
24 hours post-dose using a modified Irwin battery of neurological assessments,
including home-cage, hand-held, open-field, and elicited response observations. In
addition, general measures of toxicity consisting of mortality, clinical signs, and body
temperature were evaluated.
All animals survived until scheduled sacrifice and no effects related to GS-5885 were
observed for clinical signs, body temperature, or for the home-cage, hand-held, open-
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field, or elicited components of the modified Irwin battery at any dose level. The NOEL
for the evaluation of neurological effects in male rats was considered to be 100 mg/kg
GS-5885, the highest dose tested.

5

Pharmacokinetics/ADME/Toxicokinetics

5.1

PK/ADME

Absorption, distribution, metabolism and excretion of ledipasvir (LDV, GS-5885)
have been studied in numerous in vitro and in vivo studies. A summary of the
significant findings from studies in mice, rats, rabbits, dogs and monkeys is presented
below. Refer to Pharmacology/Toxicology review for NDA-204,671 for SOF summary
data.
Absorption:
The oral bioavailability of LDV was estimated to be ~33, 41 and 53% in rats,
monkeys and dogs, respectively, following administration by gavage in vehicle [5%
ethanol, 45% PEG 400 and 50% citrate buffer (pH 3.0)] (refer to Sponsor Table below).
Oral Tmax values for LDV in rats, monkeys and dogs ranged from ~4 to 5 hours. LDV
has low intrinsic aqueous solubility (<1 μg/mL at pH 7.0) and low solubility in simulated
intestinal fluid (25 μg/mL at pH 6.5 & 230 μg/mL at pH 5.0). This low solubility, as well
as saturation of absorption, limited the exposure obtained during toxicology studies with
less than proportional increases in exposure observed following oral administration at
higher doses in mice, rats, rabbits and dogs. Despite this low solubility and saturation of
absorption, absorption of LDV from the GI tract was sufficient to achieve adequate
circulating LDV exposure levels in the toxicology studies submitted in these species.
Although no nonclinical combination PK/ADME studies were conducted with SOF
and LDV, increases in SOF (and its main circulating metabolite, GS-331007) exposure
were observed clinically when administered as a FDC w/ LDV (compared to w/o LDV).
This increased exposure of SOF and metabolites appears to be the result of increased
intestinal absorption of SOF due to LDV inhibition of intestinal transporters, as
evidenced in vitro by measuring the effect of LDV on the bidirectional permeability of
SOF using Caco-2 cell monolayers. No significant safety issues for this increased
exposure were identified, with exposure multiples recalculated and included in Table 41.
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Table 2: Summary of plasma PK parameters of LDV in rats, dogs and monkeys
following oral gavage administration

Distribution:
In rats, dogs and monkeys, the steady state volume of distribution (Vss) was 2.7,
1.2, and 2.2 L/kg, respectively, values greater than total body water volume, with mean
residence times (MRT) of ~6, 9 and 13 hours, respectively (refer to Sponsor Table
below). In addition, LDV was bound highly to plasma protein in all species (>99.8%
bound), including CD-1 mice, Sprague-Dawley rats, Beagle dogs, Cynomolgus
monkeys and humans, as determined by equilibrium dialysis at 2 & 10 µM (study #AD256-2094). These data with LDV appear reasonable given its hydrophobic structure and
low intrinsic aqueous solubility.
Table 3: Summary of plasma PK parameters of LDV in rats, dogs and monkeys
following intravenous administration

Tissue distribution of LDV and related metabolites was examined using
quantitative whole body autoradiography in male CD-1 mice following a single 20 mg/kg
dose of 14C-LDV (study #AD-256-2136). 14C-LDV-derived radioactivity distributed to
most tissues by 3 hours post-dose, with the highest maximum concentrations of
radioactivity observed in the GI tract, gall bladder, liver, harderian gland and kidney.
LDV does not appear to cross the blood-testes and blood-brain barriers significantly in
mice since only low levels of radioactivity were measured in testes and trace amounts
detected in the brain. Tissue distribution was also examined using similar methods in
male pigmented [Long-Evans (LE)] and non-pigmented [Sprague-Dawley (SD)] rats
following a single 10 mg/kg dose of 14C-LDV (study #AD-256-2083). Differences
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between pigmented and non-pigmented rats were observed, most notably in the eye
uveal tract. Concentration of LDV and related metabolites in the eye uveal tract in LE
rats peaked at 8 hours post-dose (at ~4 times that in plasma) and was still detectable at
168 hours post-dose (at ~32% that at 8 hours). Although a slightly increased distribution
of LDV to pigmented versus non-pigmented skin was observed in these rats, direct
binding of LDV to melanin appears unlikely. In Sprague-Dawley rats, concentration of
LDV and related metabolites in liver were ~17 and 23 times that in plasma 1 and 4
hours post-dose, at 24 hours was ~15% that at 1 hour and was below the level of
detection by 168 hours. In addition to liver, the highest concentrations were measured in
the GI tract, bile, adrenal, salivary, thyroid, pituitary and harderian glands, pancreas,
adipose tissue (brown) and kidney (refer to Table below). LDV and related metabolite
concentrations were less than 50% of plasma (at all time-points) in only bone, brain,
epididymis, eye and spinal cord. At 168 hours post-dose, LDV and related metabolites
were almost completely absent from tissues and could only be detected in the adrenal
and pituitary glands as well as the kidney.
Table 4: Selected* tissue to plasma ratios of LDV and related metabolites from
male Sprague-Dawley rats administered a single 10 mg/kg dose of 14C-LDV.
Tissue
Bile
Liver
Adrenal Gland
Renal Cortex
Renal Medulla
Harderian gland
Spleen
Salivary Gland
Pancreas
Thyroid Gland
Adipose (brown)
Pituitary Gland
Urinary Bladder
Urine
Diaphragm
Heart (myocardium)
Lung
Lacrimal gland (exorbital)
Lacrimal gland (intraorbital)
Prostate gland
Thymus
Lymph Node(s)
Skin (non-pigmented)
Skeletal Muscle

2 hrs post-dose
32
20
8
7
6
NA
4
3
4
5
4
3
9
6
3
4
2
NA
NA
NA
NA
NA
NA
NA

*

8 hrs post-dose
26
20
17
13
6
9
6
9
9
8
7
5
2
ND
4
4
4
6
4
4
4
4
2
3

24 hrs post-dose
29
17
29
22
20
34
10
9
6
5
5
8
ND
ND
4
3
3
5
6
5
5
5
3
ND

non-GI tract tissues with ratios >2-fold; ND=not determined due to insufficient data; NA=not
applicable since <2-fold
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Neonatal rats were exposed to LDV via milk consumption from lactating rats
administered LDV once daily by oral gavage from Gestation Day (GD) 6 through
Lactation Day (LD) 10 (study #TX-256-2020, refer to Section 9.3). Briefly, LDV was
administered at dose levels up to 100 mg/kg/day to F0 female animals. Exposure to LDV
in the F1 neonate rats increased greater than dose proportionally as the maternal dose
level increased from 10 to 100 mg/kg/day. The AUC0-24h values (sexes combined) on LD
10 in the F1 neonate rats at these dose levels ranged from ~0.6 to 9.8 μg•h/mL, which
were ~25% of the exposure in corresponding F0 female rats. Although tissue distribution
of LDV was not evaluated, neonatal rats were exposed to significant amounts of LDV
via lactation. In addition, placental transfer of LDV and metabolites was not specifically
evaluated in rodents.
Metabolism:
LDV was stable metabolically, as assessed in vitro in hepatic microsomes from
mice, rats, dogs, monkeys and humans and in cryopreserved human hepatocytes.
Unchanged parent drug was the major circulating component, representing ~87 to 98%
of total plasma AUC following oral administration of 14C-LDV to CD-1 and rasH2 mice
(study# AD-256-2137), intact and bile duct cannulated rats (study# AD-256-2084), intact
and bile duct cannulated dogs (study# AD-256-2128) and healthy human subjects.
Unchanged parent drug was not only the major component in feces (accounting for
greater than 80% of the total) in mice, rats, dogs, and humans, but also accounted for
~44% and 80% of the radioactivity recovered in bile from rats and dogs, respectively.
Less than 1% of the total dose was recovered in urine from all nonclinical species.
Several minor metabolites were identified in plasma, feces, bile and/or urine, primarily
formed via oxidation and N-demethylcarboxylation (refer to Sponsor Figure and Table
below).
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Figure 1: Proposed biotransformation pathway of LDV
Table 5: Percent of total plasma AUC for LDV and metabolites following oral
administration of 14C-LDV
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Excretion:
The systemic clearance (CL) of LDV was low in all species tested (less than 12%
of the hepatic blood flow) with terminal half-lives of ~5, 7, and 10 hours in rats, dogs and
monkeys, respectively (refer to Table 3). Approximately 93 to 96% of the administered
LDV-derived radioactivity was excreted in feces from mice, rats and dogs. In addition, it
was estimated that ~86% and 98% of the absorbed dose was eliminated via biliary
excretion in rats and dogs, respectively, so biliary excretion of unchanged parent
compound was a major route of elimination for LDV.
PK Drug Interactions:
Refer to the clinical pharmacology review for a detailed description and review of
the PK drug interaction-related data for LDV and SOF.

5.2

Toxicokinetics
Review of this data is included in Section 6.

6

General Toxicology

6.1

Single-Dose Toxicity
Not conducted

6.2

Repeat-Dose Toxicity
(b) (4)

Note: The following study reviews were summarized from the original INDreview by Dr. Pritam Verma. Refer to Pharmacology/Toxicology review for NDA204,671 for SOF data.
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Table from sponsor

Note: The following study review was taken directly from the original INDreview by Dr. Janice Lansita.
Study title: 4-Week Oral Gavage Dose Range-Finding Toxicity and
Toxicokinetic Study with GS-5885 in Model 001178-W (Wild-Type),
CByB6F1-Tg(HRAS)2Jic Mice
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No test article related clinical signs were observed.
Body Weights and Food Consumption
Test article related increases in mean body weight were seen in high dose males
(5.2%) on Day 29 compared with controls. Mean body weight gain was increased in
high dose males (77.3%) and females across dose groups (19.2%-50%). The increase
in mean absolute body weight and mean body weight gain in high dose males
correlated with increased mean food consumption in high dose males (up to 20% from
Day 15-22) compared to controls.
Ophthalmoscopy
Not applicable
ECG
Not applicable
Hematology
Increases in mean reticulocyte counts (high dose males - 21.4%, high dose females 18.9%) and white blood cell counts (high dose females - 35.6%) were observed but
were not considered to be toxicologically significant.
Clinical Chemistry
An increase in mean ALP was observed in high dose males (51.9%) and high dose
females (19.5%) which may correlate with an increase in liver/gall bladder weights in
high dose males. Mean ALT was slightly elevated in mid- and high-dose males (26.7%)
and moderately elevated in low-dose (53.6%) and high-dose females (64.3%). The
sponsor did not consider these changes to be adverse. It is possible that the ALP
(males and females), ALT (males and females) and liver/gall bladder weight (males
only) changes are indicative of mild liver toxicity (summarized below). However, since
no correlating histopathology changes were seen in the liver these findings were not
considered to be adverse.
Table 8: Summary of ALP, ALT and Liver/Gall Bladder Weight Mean % Change
Relative to Mean Control Values in High Dose (300 mg/kg) Male and Female
Mice
Parameter

ALP
ALT
Liver/Gall Bladder
Weights

Mean % Change Relative to
Controls
High Dose Males
51.9%
26.7%
23% Absolute
15% Relative to Brain
21% Relative to Body

Urinalysis
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Not applicable
Gross Pathology
No test article-related gross pathology findings were observed. Gavage-related
macroscopic findings were seen in one high dose male (Animal No. A76303) and
included a raised area in the distal esophagus serosal membrane (or serosa),
semisolid material in the thoracic cavity, and multiple tan adhesions of all lung lobes.
Organ Weights
An increase in liver/gall bladder weights in high dose males (absolute - 23%, relative to
body weight - 15%, and relative to brain weight - 21%) and slight increases in liver/gall
bladder weights in females (absolute - 9%, relative to body weight - 8%, and relative to
brain weight - 9%) were seen. Additional organ weight changes in high dose males
included decreased seminal vesicle weights (absolute - 19%, relative to body weight 25%, and relative to brain weight - 21%). These changes were not considered to be
toxicologically significant since there were no correlating toxicities identified by clinical
pathology and/or histopathology.
Histopathology
Adequate Battery
Yes
Peer Review
No
Histological Findings
Histopathology was performed on the control and high dose groups. Microscopic
pathology findings were seen in the esophagus and were described as minimal to slight
regeneration and/or degeneration of the esophageal muscularis in control and GS-5885
treated animals; the sponsor attributed the findings to the gavage procedure. However,
there was a slight increase in the incidence of regeneration of the esophageal
muscularis in high dose females compared with controls: 7 high dose females vs. 3
control females. This apparent change may be a result of physical trauma related to the
gavage procedure (i.e., if the test article was more viscous or difficult to administer
compared with the vehicle) since test-article related findings in the esophagus were not
reported in previously conducted toxicity studies. Chronic cardiac inflammation of the
heart and pleura of the lung in one high dose male were also attributed to the gavage
procedure and correlated with macroscopic findings in the lung and thoracic cavity.
Finally, an additional male animal showed cardiac inflammation described as focal
chronic inflammation of the epicardial fat and epicardium (minimal severity) was
considered to be an incidental finding. Since cardiac findings were not observed in
previously conducted toxicity studies in rats and dogs with GS-5885, this interpretation
appears to be reasonable.
Special Evaluation
None
Toxicokinetics
The TK of GS-5885 in male and female mice was characterized on Day 1 and Day 28
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Key Study Findings: GS-5885 administered once daily via oral gavage to rats for at
least 26 weeks was well-tolerated at dose levels up to 100 mg/kg/day. Therefore, the
NOAEL for GS-5885 was 100 mg/kg/day (mean Week 26 Cmax of 3,228 ng/mL and
AUC0-24 of 56,008 ng·hr/mL; sexes combined).
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

0, 10, 30 and 100 mg/kg/day
Daily
Oral
5 ml/kg
[45% propylene glycol and 15% Solutol HS-15
prepared in 40% pH-adjusted reverse osmosis
water (pH 2.5 ± 0.1) (v/v/v)].
Rats/Crl:CD(SD)
10/sex/group
6-7 weeks old
170 to 324 g for males and 145 to 252 g for
females
5/sex/group
None
None

Observations and Results
Mortality: All toxicity animals designated for the interim and terminal phase sacrifice
survived to their respective scheduled sacrifice, except four females given 100
mg/kg/day. Two of these deaths were attributed to gavage error and two were of
undetermined cause.
Toxicity group female No. B88091 given 100 mg/kg/day was sacrificed on Day 57 and
was observed with red hair coat (front legs/facial and perineal regions), particularly on
Days 55, 56, and 57; few feces; general debilitation on Day 57; and a 15% body weight
loss during Days 50 to 57. No remarkable clinical pathology, macroscopic or
microscopic observations were made for this animal. The cause of death was
undetermined and of uncertain relationship to treatment.
Toxicity group female No. B88103 given 100 mg/kg/day was sacrificed on Day 134 and
was observed with red hair coat (head/front legs), particularly on Days 131, 133, and
134; yellow hair coat on Days 133 and 134; few feces; general debilitation on Day 134;
and a 13% body weight loss from Days 127 to 134. The only notable clinical pathology
finding was increased absolute neutrophil count. The only noteworthy microscopic
findings for this animal were slight ulceration/erosion and epithelial hyperplasia of the
nonglandular stomach; which are common microscopic findings in debilitated rats and
were not test-article related. The cause of death was undetermined and of uncertain
relationship to treatment.
Clinical Signs: Clinical signs were limited to a slightly increased incidence of red hair
coat around the perioral region, nose, and/or mouth in males given ≥ 30 mg/kg/day and
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in females given 100 mg/kg/day, and struggling during dosing during the first few weeks
of dosing for multiple females given 100 mg/kg/day. Red hair coat was not observed
during the recovery phase.
Body Weights: After Week 1 of dosing, mean body weights for males given 100
mg/kg/day were significantly lower (8%) compared with controls, and mean body weight
gain was lower for males and females given 100 mg/kg/day (decreased 45 and 29%
versus controls, respectively). At Week 26, lower mean body weight (non-significantly
decreased 9% versus control) and mean body weight gain (significantly decreased 16%
versus control) was noted in males given 100 mg/kg/day. During the recovery phase,
body weight gain for males given 100 mg/kg/day was comparable with controls.
At Week 26, there were no notable effects on body weight or body weight gain in
females given 100 mg/kg/day, and no changes in body weight in males or females
treated with 10 and 30 mg//kg/day GS-5885.

Figure 2: Mean Body Weight Data – Males
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Figure 3: Mean Body Weight Data - Females
Feed Consumption: Mean food consumption was significantly lower during Week 1 in
males and females given 100 mg/kg/day (decreased 26% and 13%, respectively). After
Week 2, food consumption was generally similar between treated and control groups
throughout the dosing and recovery phases. Small, statistically significant increases in
food consumption were observed sporadically during the 26 week dosing phase and
during the recovery phase for males and females given 100 mg/kg/day.

36
Reference ID: 3540127

NDA # 205,834

Reviewer: Christopher Ellis, Ph.D.

Figure 4: Mean Food Consumption Data - Males

Figure 5: Mean Food Consumption Data - Females
Ophthalmoscopy: No abnormal findings were noted during ophthalmic examinations
conducted pre-dose, or during Weeks 13 or 26.
Clinical Pathology: Hematology findings considered GS-5885-related affected only
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animals given 100 mg/kg/day compared to controls and were limited to the following:
1. Mildly lower mean absolute reticulocyte count for males at Weeks 13 and 26 (30%
and 25%, respectively).
2. Mildly higher mean absolute neutrophil count for females at Week 26 (1.67-fold
control).
Lower absolute reticulocyte count for males given 100 mg/kg/day may have resulted
from a normal negative feedback response because these males had slightly higher red
cell mass (i.e., red blood cell count, hemoglobin, and hematocrit) than control males.
Higher absolute neutrophil count for females given 100 mg/kg/day suggested a mild
inflammatory response and was consistent with the findings of minimally higher globulin
and lower albumin-to-globulin ratio for these females. However, no correlative anatomic
pathology findings were observed.
Clinical chemistry findings considered GS-5885-related affected only animals given
100 mg/kg/day compared to controls and were limited to the following:
Males: minimally lower mean glucose at Week 26 (10%).
Females: minimally lower mean urea nitrogen at Weeks 13 and 26 (25% and 18%,
respectively); minimally higher mean globulin at Week 26 (1.11-fold control);
minimally lower mean albumin-to-globulin ratio at Weeks 13 and 26 (12% and 14%,
respectively); minimally higher mean cholesterol at Week 26 (1.32-fold control);
moderately higher mean triglycerides at Week 26 (2.20-fold control); minimally
higher mean calcium at Week 26 (1.04-fold control).
Coagulation and Urinalysis: Test results were unaffected by GS-5885.
Gross Pathology:
Interim Sacrifice: In animals sacrificed after 13 weeks of dosing, no test article-related
organ weight or macroscopic findings were noted.
Terminal Sacrifice:
Organ Weights: Statistically significant increases in absolute and/or relative (to body
weight or brain weight) adrenal weights in males and females given 100 mg/kg/day (24
to 28% versus control) and in absolute and/or relative liver weights in females given 30
mg/kg/day (12% versus control) or 100 mg/kg/day (17 to 22% versus control) did not
have microscopic correlates.
No test article-related macroscopic findings were noted in animals sacrificed after at
least 26 weeks of dosing.
Histopathology: Test article-related histomorphologic alterations were observed.
Adequate Battery: yes
Peer Review: yes
Histological Findings: an increased incidence and severity of minimal to slight adrenal
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Date of study initiation: 25 June 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: GS-5885, 5885-XB-1 and 97.7%
Key Study Findings: GS-5885 given once daily by oral gavage to male and female
Beagle dogs for 39 weeks was well-tolerated at dose levels up to 30 mg/kg/day.
Therefore, the NOAEL for GS-5885 was 30 mg/kg/day (mean Week 39 Cmax 4157
ng/mL; and AUC0-t 62,563 ng·hr/mL; sexes combined).
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

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

0, 3, 10 and 30 mg/kg/day
daily
oral
2 ml/kg
[45% propylene glycol and 15% Solutol HS-15
prepared in 40% pH-adjusted reverse osmosis
water (pH 2.5 ± 0.1) (v/v/v)].
Beagle dogs
7-9/sex/group; 3/sex/group for 13-week interim
sacrifice, 4/sex/group for the terminal 39-week
sacrifice, and 2/sex/control and high dose
groups for recovery).
6 to 7 months old
8.0 to 10.6 kg for males and 7.6 to 10.7 kg for
females
none
none
none

Observations and Results
Mortality: One male (Animal No. H06413) given 30 mg/kg/day was sacrificed in
moribund condition on Day 78 with clinical signs of general debilitation described as few
and mucoid feces, hypoactivity, hunched posture, body weight loss (1.1 kg relative to
the body weight on Day 71) and increased body temperature (40.2◦C). This animal had
a similar loss in body weight (0.9 kg) between Days 12 and 15, was subsequently put on
a dosing holiday for 2 days and began receiving canned food supplementation. Dosing
with GS-5885 resumed on Day 17 after the animal had regained body weight. Canned
food supplementation was continued, and body weight continued to improve until the
general debilitation was observed on Day 78. Hematology changes included minimally
decreased red cell mass (decreased red blood cells, hematocrit, reticulocyte, and
hemoglobin), a moderate increase in white blood cells, neutrophils, and monocyte
counts, and mildly decreased eosinophil and basophil counts. These changes were
suggestive of severe inflammation or bacterial infection and stress. Activated partial
thromboplastin time was also mildly prolonged, suggesting consumption of nonenzymatic clotting factors (Factor V, Factor VIII, and/or fibrinogen), likely related to
excessive coagulation.
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Clinical chemistry changes were consistent with the moribund condition but also
indicated possible systemic bacterial infection, especially involving the liver [i.e.,
decreased blood glucose concentration; increased globulin concentration; mild to
moderate increases (4- to 7-fold) in AST, ALT, and gamma glutamyltransferase
activities; marked increases (44-fold) in ALP; and marked increase (22-fold) in total
bilirubin concentration compared with control values on Day 93].
Macroscopic findings in this animal included red discolored duodenum and ileum.
Notable microscopic findings were observed in the liver, gallbladder, stomach,
duodenum, ileum, heart, lung, and prostate gland. Changes in clinical pathology test
results for this animal were consistent with a combination of microscopic findings,
including hepatic inflammation and necrosis, bile duct hyperplasia, inflammation and
vasculitis of the gallbladder, gastrointestinal inflammation, focal pulmonary
inflammation, and necrotizing inflammation of a prostatic artery. Although bacteria were
not visualized on a Brown and Brenn-stained section of the liver, the clinical sign of
pyrexia (40.2°C), clinical pathology changes, and microscopic alterations are still
Consistent with sepsis and not directly test article-related.
Clinical Signs: Over the course of the dosing phase, GS-5885-related clinical signs
were limited to excessive salivation that was noted as early as Day 3 in treated animals.
The number of animals with excessive salivation was higher for animals given 30
mg/kg/day and with higher incidence in females. The salivation was transient and often
noted shortly before or after dosing.
Body Weights & Feed Consumption: Administration of GS-5885 had no statistically
significant effects on absolute mean body weight in either sex. No GS-5885-related
effect on mean food consumption was noted.
Ophthalmoscopy: No visible lesions were noted.
ECG: All the ECGs evaluated in this study were qualitatively and quantitatively
interpreted and considered normal.
Blood Pressure: No GS-5885-related effects were noted on blood pressure parameters
(systolic, diastolic, and mean arterial pressure) during the dosing or recovery phases.
Clinical Pathology: During Weeks 13, 26 and 39 of the dosing phase, no GS-5885related changes were present in the hematology, coagulation, or clinical chemistry test
results of animals given 3, 10 and 30 mg/kg/day.
Urinalysis: The mean urine volume was minimally decreased and specific gravity was
minimally increased on Day 93 in animals given 30 mg/kg/day, but these changes were
attributed to individual variation due to the small magnitude of change and lack of
difference from control values.
Gross Pathology: No test article-related findings were noted at the interim, dosing, or
recovery phase necropsies.
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Organ Weights: No effects were noted.
Histopathology: Histomorphologic alterations were not observed.
Adequate Battery: yes
Peer Review: yes
Histological Findings: No test article-related findings were noted at the interim, dosing,
or recovery phase necropsies.
Toxicokinetics: Data are shown in Sponsor Table below. The increases in mean Cmax
and AUC0-t were, in general, approximately proportional between the 3 and 10
mg/kg/day dose levels and less than proportional between the 10 and 30 mg/kg/day
dose levels. Mean Cmax and AUC0-t values were generally higher (generally less than 2fold) during Weeks 13 and 39 than on Day 1, indicating slight accumulation of GS-5885
after repeat dosing in dogs. Sex differences were generally less than 2-fold in GS-5885
mean Cmax and AUC0-t values, although values for females were generally higher than
males, especially during Week 39.
Table 11: Mean Toxicokinetic Parameters of GS-5885 in Dog Plasma: Day 1 and
Weeks 13 and 39

7

Genetic Toxicology

Note: The following study reviews were taken directly from the original INDreview by Dr. Pritam Verma.

7.1

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
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Methods
Doses: 0 (vehicle), 0 (water), 20, 60, 200 mg/kg/day
(males); 0 (vehicle), 0 (water), 60, 200, 600
mg/kg/day (females)-see Table below
Frequency of dosing: Once daily
Dose volume: 5 ml/kg
Route of administration: Oral gavage
Formulation/Vehicle: PSI-7977 in 95% PEG 400, 5% Tween 80
Basis of dose selection: MTD (reduced BW gain) based on 3-month
oral dose finding study (study #PSI-7851-090008).
Note: ExecCAC concurred with the high dose
levels selected.
Note: Low/mid dose selection for males differs
from execCAC recommendations (40 & 80
mg/kg). The sponsor apparently selected
lower doses (20 & 60 mg/kg) in order to limit
the study to 4 total GS-7977 formulations (as
opposed to 5) to help prevent the potential for
dosing errors.
Species/Strain: Mouse/ICR (CD-1®)
Number/Sex/Group: 60 (main), 54 (TK), 25 (sentinel)
Age: 5 to 6 wks
Weight: 15 to 30 g
Animal housing: Single housed
Paradigm for dietary restriction: No restrictions-certified rodent diet (Harlan
Teklad® 2016C) provided ad libitum
Dual control employed: Yes
Interim sacrifice: No
Satellite groups: TK
Deviation from study protocol: None that affected the integrity or conclusions
of the study. Mice were treated for ~92-97
weeks (instead of 104 weeks as initially
scheduled) prior to scheduled necropsy since
vehicle treated controls reached the specified
minimal group survival criteria of 20 animals on
Study Day 647/648 (female) and 674 & 679
(male). Note: The sponsor’s contingency plans
regarding early euthanasia were consistent
with execCAC recommendations.
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Table 12: Summary of mouse 2-year carcinogenicity study design

Observations and Results
Mortality: Not affected significantly by test-article administration (refer to Sponsor
Figures and Tables below).
• Males: total number of early deaths [found dead (FD), sacrificed (moribund or in
extremis) or died during dosing] in Group 1 through 5 was as follows: 41 (30 FD,
11 & 0), 37 (21 FD, 15 & 1), 44 (33 FD, 11 & 0), 40 (30 FD, 9 & 1) and 39 (24
FD, 15 & 0).
• Females: total number of early deaths [found dead (FD), sacrificed (moribund or
in extremis) or died during dosing] in Group 1 through 5 was as follows: 40 (27
FD, 12 & 1), 40 (28 FD, 12 & 0), 35 (21 FD, 14 & 0), 37 (23 FD, 14 & 0) and 42
(32 FD, 10 & 0).
Note: Neoplasia was a fairly frequent cause of death in water control group only. This
appeared to be due to the longer survival time of many mice in this group (i.e., mice
were older when they died versus mice in other groups who succumbed to early vehicle
intolerance).
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Figure 6: Kaplan-Meier survival estimates in male mice administered GS-7977,
vehicle or water for ~97 weeks
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Figure 7: Kaplan-Meier survival estimates in female mice administered GS-7977,
vehicle or water for ~92 weeks
Table 13: Summary of unscheduled mortality of CD-1 mice administered GS-7977,
vehicle or water for ~92 (female) to 97 (male) weeks
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Table 14: Cause of death summary of unscheduled mortalities in CD-1 mice
administered GS-7977, vehicle or water ~92 (female) to 97 (male) weeks

Clinical Signs: No clear test-article related changes noted.
•

Gaseous distention of the abdomen observed in 17 & 10, 15 & 8, 31 & 15, 23 &
15 and 25 & 19 males & females in groups 1 through 5, respectively, was
associated with gastrointestinal atony leading to severe bloating and death in
some animals (refer to Sponsor Table above). Finding appears to be
predominately vehicle-related indicating some level of vehicle intolerance,
particularly in males.

•

NutraGel (dietary supplement) administered to 154 animals (most of these with
distended abdomens) to provide readily accessible water and nutrients.
Respiratory crackles detected in 13, 0, 4, 8 and 19 males in groups 1 through 5.
Finding appears primarily related to vehicle administration but the potential for a
slight GS-7977 related effect (increased incidence in high dose animals) is
possible.
“Appears dehydrated” in 27, 23, 25, 26 and 39 females in groups 1 through 5.

•

•

Body Weights (1x/wk for 1st 13 weeks & then 1x/mos):
•
•

Significant (p<0.01) reduction (5-7%) in BW observed in group 5 (versus group 1)
females from week 17 to 39 only.
Vehicle-related reduction in BW gain observed in males (BW increased 45% in
group 1 versus 59% in group 2) and in females (BW increased 61% in group 1
versus 69% in group 2) at week 95 and 91, respectively, compared to pre-dose.

Feed Consumption (1x/wk for 1st 13 weeks & then 1x/wk-1x/mos): No test-article
related changes noted.

51
Reference ID: 3540127

NDA # 205,834

Reviewer: Christopher Ellis, Ph.D.

Hematology: No test-article related changes noted.
Gross Pathology
•

Gaseous distention of the GI tract observed (associated with GI atony leading to
severe bloating and death in some animals-refer to Clinical Signs). Finding
appears to be predominately vehicle-related.

Histopathology
Peer Review: Yes
Neoplastic: No significant test-article related changes noted.
•
•

There was a statistically significant increase in the incidence of combined
hepatocellular carcinoma/adenoma in the liver of water versus vehicle control
groups in males only (refer to Sponsor Table below).
In addition, malignant lymphoma was a common neoplasm in females with the
highest incidence in the water control group.

Table 15: Summary of statistical analysis for selected tumor types in male mice
administered GS-7977, vehicle or water for ~97 weeks

Non Neoplastic: No clear test-article related changes noted.
•

Effects on nasal turbinates, consisting of variable amounts of serocellular
exudate in nasal passages associated with inflammatory changes (dilated
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mucosal glands, eosinophilic hyaline droplets, inflammation of submucosa) and
hyperplasia of respiratory epithelium appear to be due primarily to mild irritation
of the vehicle and/or gavage process. The incidence of these observations was
increased in Group 5 females (refer to Sponsor Table below) so a GS-7977related contribution to these findings in females cannot be ruled out.
Gaseous distention of the GI tract, observed in animals found dead and
sacrificed, correlated with gross pathology and clinical findings.
Papillary mineralization in kidney observed in 3 of 60 Group 5 females (1
considered grade 3) versus 0, 1 and 1 of 60 Group 1, 3 and 4 females. Finding
does not appear to be of significant concern given the low incidence.
Papillary necrosis in kidney in 7 of 60 Group 5 females (6 considered grade 3)
versus 2 of 60 Group 1 females (1 considered grade 3). Finding may be sporadic
or a slight GS-7977-related effect.

Table 16: Incidence and mean severity of nasal turbinate histopathologic changes
in CD-1 mice administered GS-7977, vehicle or water for ~92 (female) to 97 (male)
weeks

Toxicokinetics: Note: Blood samples collected pre-dose, 1, 2, 4, 8, 12, and 24 hours
post-dose at Days 1 and 178 from 3/sex.
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99.6%
99.1%
99.6%
99.1%
99.6%
99.6%
99.2%
99.6%

2-13-12 to 3-19-12
3-20-12 to 4-21-12
4-22-12 to 5-22-12
5-23-12 to 6-1-12
6-2-12 to 10-8-12
4-22-12 to 10-3-12
3-20-12 to 4-21-12
4-22-12 to 7-30-12

All
3, 4
3
3
3
4
5
5

Key Study Findings: An evaluation of mortality, clinical signs, body weight, food
consumption, hematology, gross pathology, histopathology (neoplastic and nonneoplastic lesions) and toxicokinetics was conducted in Sprague Dawley rats
administered vehicle (95% PEG 400, 5% Tween 80), water or GS-7977 at doses of 75,
250 and 750 mg/kg/day for ~20 months (all males and group 5 females) or for ~23
months (group 1-4 females) by oral gavage. GS-7977 administration was halted early in
Group 5 females since only 20 animals remained. All groups were sacrificed early, since
male and female control groups reached the pre-specified minimal group survival
criteria (20 animals) prior to 104 weeks, with males and females sacrificed at ~20 and
23 months, respectively. Although not statistically significant (perhaps related to halting
high dose administration ~3 months prior to sacrifice), a trend for a GS-7977-related
decrease in survival was noted in females only. GS-7977-related findings were limited
to a slightly higher incidence of various clinical signs, with no evidence of heart or
skeletal muscle abnormalities noted.
Adequacy of Carcinogenicity Study: Despite the early sacrifice of all groups and a
trend (not statistically significant) for drug-related mortality in females, the study appears
to be adequate. The high dose level selected (based on ~1/3 lethal dose in 7 day study
w/ GS-9851 since MTD >500 mg/kg/day in 3-month study w/ GS-7977) was consistent
with CAC recommendations. GS-331007 AUC0-24h values at the high dose level (on Day
180) are ≥8- and 10-fold higher in males and females, respectively, than clinical
exposure levels.
Appropriateness of Test Models: GS-7977 is metabolized rapidly in vivo ultimately
producing GS-331007, which accounts for the vast majority of total circulating drugrelated material in all species (including humans). Therefore, the rat is an appropriate
model for evaluating the potential carcinogenicity of GS-7977.
Evaluation of Tumor Findings: Based on statistical criteria for rare and common
tumors, no significant GS-7977-related tumor findings were noted in male or female
rats.
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Methods
Doses: 0 (vehicle), 0 (water), 75, 250, 750 mg/kg/daydesignated groups 1 through 5, respectively
Frequency of dosing: Once daily
Dose volume: 5 ml/kg
Route of administration: Oral gavage
Formulation/Vehicle: PSI-7977 in 95% PEG 400, 5% Tween 80
Basis of dose selection: High-dose selected (~1/3 lethal dose) based on
a 90-Day oral toxicology study with PSI-7977
(GS-7977) (study #PSI-7977-09-0007) with
MTD >500 mg/kg and a 7-Day oral toxicology
study with PSI-7851 (GS-9851) (study # PSI7851-08-001) with lethality observed at 2,000
mg/kg.
Note: ExecCAC concurred with the dose levels
selected.
Species/Strain: Rat/Hsd: Sprague Dawley® SD®
Number/Sex/Group: 55 (main), 14 (TK), 25 (sentinel)
Age: 8 to 9 wks
Weight: 143 to 334 g
Animal housing: Single housed
Paradigm for dietary restriction: No restrictions-certified rodent diet (Harlan
Teklad® 2016C) provided ad libitum
Dual control employed: Yes
Interim sacrifice: No
Satellite groups: TK
Deviation from study protocol: None that affected the integrity or conclusions
of the study. Rats were treated for ~20 (all
males and group 5 females) or 23 months
(group 1 to 4 females) (instead of 24 months as
initially scheduled) since control groups
reached the specified minimal group survival
criteria of 20 animals on Study Day 616 (group
2 males) and 694 (group 1 females). Testarticle administration was halted on Day 628 in
Group 5 females since only 20 animals
remained. Males were sacrificed at 20 months,
while all surviving females were sacrificed at 23
months. Note: The sponsor’s contingency
plans regarding early euthanasia were
consistent with execCAC recommendations.
Observations and Results
Mortality: Although there was no statistically significant decrease in survival in GS7977 treated groups (as compared to vehicle control), increased mortality in Group 5
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females necessitated the halting of dose administration ~3 months prior to sacrifice.
Thus, a positive trend on mortality was observed in females (but not in males) with slight
increases in mortality occurring with increasing GS-7977 dose levels (refer to sponsor
figures below).
• Males: total number of early deaths [found dead (FD), sacrificed (moribund or in
extremis) or accidental/died during dosing] in Group 1 through 5 was as follows:
(19 FD, 5 & 1), (21 FD, 13 & 1), (16 FD, 6 & 2), (30 FD, 3 & 1) and (17 FD, 6 &
1). Although the primary cause of death in males was due to nephropathy, a
significant number died due undetermined causes.
• Females: total number of early deaths [found dead (FD), sacrificed (moribund or
in extremis) or died during dosing] in Group 1 through 5 was as follows: (18 FD,
17 & 0), (9 FD, 24 & 0), (19 FD, 19 & 0), (19 FD, 20 & 1) and (17 FD, 22 & 0).
The primary cause of death in females was due to moribund sacrifice resulting
from the presence of benign mammary fibroadenomas, presenting as large
palpable masses. Many of the remaining benign neoplasms causing early
mortality were pituitary adenomas.
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Figure 8: Kaplan-Meier survival estimates in male rats administered GS-7977,
vehicle or water for ~20 months
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Figure 9: Kaplan-Meier survival estimates in female rats administered GS-7977,
vehicle or water for up to ~20 to 23 months
Table 19: Mortality summary of rats administered GS-7977, vehicle or water for
~20 to 23 months

Table from sponsor
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Table 20: Cause of death summary of unscheduled mortalities in rats
administered GS-7977, vehicle or water for ~20 to 23 months

Table from sponsor

Clinical Signs
•
•

•

Slightly higher incidence of material around eyes, mouth, nose and anogenital
staining and respiratory crackles in group 5 animals. Signs were partially vehiclerelated.
Increased incidence of abnormal pinna (right, left or both) in group 5 ♂ [4 animals
(7%) versus 0 in other groups combined]. No additional description/information
(gross pathology, histopathology etc.) was provided in report. Finding appears
unlikely to be a direct test-article related effect.
Increased incidence of lame/limping in group 5 ♀ [3 animals (5.5%) versus 0 in
other groups combined].
o One animal had finding in the right hind-limb associated with fractured
tibia and focal edema. Finding most likely due to accidental injury.
o Second animal had finding described only as bilateral and generalized. No
additional description/information (gross pathology, histopathology etc.)
regarding this finding was provided in report. Uncertain whether finding is
test-article related.
o Third animal had finding in left fore-limb. No additional description/
information (gross pathology, histopathology etc.) regarding this finding
was provided in report. Although no histopathological effects on skeletal
muscle (biceps femoris) were noted, this animal had moderate myofiber
degeneration with mild acute inflammation of the muscle in skin. This
muscle finding appears unrelated to the fore-limb finding [although sample
may have originated in fore-limb it is likely a smooth (not skeletal) muscle
finding]. Uncertain whether finding is test-article related.
o Given the low incidence of lameness/limping in group 5 ♀ (only 2 of 55
potentially test-article related) and the apparent lack of associated skeletal
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muscle degeneration findings, this finding (and its relationship to a
potential cardiac/skeletal muscle degeneration signal) appears to be of
little or no significance.
Males: total number of animals with masses or nodules in Group 1 through 5 was
as follows: 16, 26, 24, 22 and 27.
Females: total number of animals with masses or nodules in Group 1 through 5
was as follows: 37, 49, 47, 43 and 42.

Body Weights (1x/wk for 1st 13 weeks & then 1x/mos): No test-article related
changes noted.
•

Vehicle-related reduction in BW gain noted (Groups 1, 3, 4 & 5 versus Group 2).
o BW gain ↓31% (from 1 to 87 weeks) in Group 1 versus Group 2 ♂.
o BW gain ↓21% (from 1 to 99 weeks) in Group 1 versus Group 2 ♀.

Feed Consumption (1x/wk for 1st 13 weeks & then 1x/mos): No test-article related
changes noted.
•

Vehicle-related reduction in consumption noted (Groups 1, 3, 4 & 5 versus Group
2).

Hematology: No test-article related changes noted.
•

Vehicle-related changes in some parameters noted in males (Groups 1 versus
2).

Gross Pathology: No test-article related changes noted.
Histopathology
Peer Review: Yes
Neoplastic: No significant test-article related changes noted.
•

Minor trend for increased incidence of endometrial adenocarcinoma in the uterus
with 0, 0, 0, 1 & 2 of 55 noted in groups 1 through 5, respectively.
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Table 21: Summary of statistical analysis for selected tumor types in male rats
administered GS-7977, vehicle or water for ~20 months

Table from sponsor

Table 22: Summary of statistical analysis for selected tumor types in female rats
administered GS-7977, vehicle or water for ~20 to 23 months

Table from sponsor

Non Neoplastic: No clear test-article related changes noted.
•

Effects on nasal turbinates, consisting of variable amounts of serocellular
exudate in nasal passages associated with acute inflammatory changes appear
to be due primarily to mild irritation of the vehicle and/or gavage process. The
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incidence of these observations was increased in GS-7977 treated animals so a
GS-7977-related contribution to these findings appears likely (refer to Sponsor
Table below).
Vacuolation of the renal tubular epithelium appears to be a vehicle-related effect.
No evidence of heart or skeletal muscle abnormalities (degeneration etc.) was
observed (refer to Sponsor Table below).

Table 23: Incidence and mean severity for GS-7977 related histopathologic
changes in rats
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Table 24: Incidence and mean severity for histopathology findings in heart,
skeletal muscle and tongue in rats

Toxicokinetics: Note: Blood samples collected pre-dose, 1, 2, 4, 6, 8, 12, and 24 hours
post-dose on Day 1 and Day 180 from 3 rats/sex.
Table 25: Mean plasma TK parameters for the predominant GS-7977 (PSI-7977)related metabolite, GS-331007 (PSI-6206), in rats following single and multiple
(Day 180) GS-7977 administration

Table from sponsor

Dosing Solution Analysis: Dosing formulations (0, 15, 50 and 150 mg/ml) were
analyzed for uniformity, concentration and/or stability. Duplicate “entrance” (from top,
middle and bottom) and “exit” samples collected at week 1, while middle samples only
were collected at months 3, 6, 9, 12, 15, 18 and 21. All mean assay results were within
an acceptable concentration range (±14%), while the vehicle and the compound in this
vehicle were shown to be stable under the conditions of this study.
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Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol:

0, 10, 30, or 100 mg/kg/day
Once daily
5 ml/kg/day
Oral gavage
45% propylene
glycol and 15% Solutol HS-15 prepared in pHadjusted deionized water
Crl:CD(SD) rats
22 animals/sex/group
None
Males were treated once daily beginning 28
days before cohabitation, during cohabitation
(maximum of 21 days) and continuing through
the day before euthanasia
None

Observations: The following parameters and end points were evaluated: viability,
clinical observations, body weights, body weight changes, food consumption, mating
and fertility, ovarian and uterine examinations, male reproductive assessments (sperm
motility, concentration, and morphology), organ weights and gross necropsy findings.
Mortality: There were no test article-related deaths. One male rat in each of the 0
(Vehicle) and 30 mg/kg/day dose groups was euthanized due to a gavage error.
Clinical Signs: Mild dehydration (based on skin turgor), and urine-stained abdominal
fur occurred in 4 and 3 male rats, respectively, in the 100 mg/kg/day dose group. The
incidences of these observations were statistically increased as compared to the vehicle
control group values; however, because they occurred in a small number of rats over a
limited number of days, they were not considered to be toxicologically important.
Additionally, without clinical pathology data to confirm actual dehydration; the
dehydration was not considered adverse.
Body Weight: Body weight gain was significantly reduced in males given 30 and 100
mg/kg/day during the first week of dosing (DSs 1 to 8); gains were 21% and 80% below
the vehicle control group value, respectively. In males given 100 mg/kg/day, body
weight gain was then significantly increased (1.5-fold) as compared to the control group
for the second week of dosing (DSs 8 to 15), and for the remainder of the study body
weight gain was similar to controls. Because body weight gain was comparable to or
above control values after the first week, these initial reductions in body weight were not
considered adverse. Body weights and body weight gains were unaffected in males
given 10 mg/kg/day.
Feed Consumption: Absolute and relative food consumption values were significantly
reduced in males given 30 and 100 mg/kg/day for the first week of the study (9% to 30%
below control). Absolute and relative food consumption values were then significantly
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increased in males given 100 mg/kg/day on DSs 15 to 22 and were similar to controls
for the remainder of the study. Because food consumption was comparable to or above
control values after the first week, these initial reductions in food consumption were not
considered adverse. Absolute and relative food consumption values were unaffected in
males given 10 mg/kg/day.
Toxicokinetics: Not reported
Dosing Solution Analysis: For all formulations analyzed, the mean sample
concentration results were within or equal to 15% of the theoretical concentrations and
ranged from 98.1% to 110.6% of target. Concentration verification specifications were
met for all test article formulations.
Mating and Fertility: All mating and fertility parameters [numbers of days in
cohabitation, rats that mated, the Fertility Index (number of pregnancies per number of
rats that mated), rats with confirmed mating dates during the first week of cohabitation
and number of pregnancies per number of rats in cohabitation] were unaffected by
dosages of GS-5885 as high as 100 mg/kg/day. All values were comparable among the
four dose groups and did not significantly differ.
Necropsy Observations: Included small epididymides, a soft tan mass in the
epididymis and small and flaccid testes. However, all necropsy observations were
considered unrelated to GS-5885 because: 1) the incidences were not dose dependent;
2) the observations occurred in only one rat.
Male rat #3850 (30 mg/kg/day) with small epididymides and small and flaccid testes
mated but did not impregnate the cohort female rat, had a low sperm count and no
motile sperm present in the motility sample. Male rat #3869 (100 mg/kg/day) with the
mass on the right epididymis mated and impregnated the cohort female rat and all other
sperm parameters were apparently normal. Because these were isolated incidences
neither of these findings was considered test-article related.
Terminal Body Weights, Organ Weights and Ratios (%) of Organ Weights to
Terminal Body Weights: Terminal body weights were comparable among the four
dose groups and did not significantly differ. The weights of the epididymides, caudal
epididymis, testes, seminal vesicles (with and without fluid) and prostate and the ratios
of these organ weights to terminal body weight were unaffected by GS-5885.
Sperm Evaluation: All sperm parameters evaluated were unaffected by GS-5885.
Values for number and percent motile sperm, number of non-motile sperm and total
sperm count from the vas deferens and cauda epididymal sperm count and density
were comparable among the four dose groups and did not significantly differ.
Sperm morphology data were unaffected by GS-5885. The small but statistically
significant decrease (3% below control) in the number of normal sperm in males given
10 mg/kg/day, and the significant increases in the percentage of abnormal sperm and
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the numbers of sperm with detached heads in males given 10 and 100 mg/kg/day were
not considered to be test article related because these changes were not dose
dependent.
F0 Generation Female Rats- Mortality and Clinical Observations: All female rats
survived until scheduled euthanasia. Urine-stained abdominal fur occurred in an
increased number of female rats (5) in the 100 mg/kg/day dose group during the
gestation period.
Body Weight and Body Weight Changes: A small but statistically significant body
weight loss occurred in females given 100 mg/kg/day during the first week of dose
administration (DSs 1 to 8), as compared to females in the control group. Maternal body
weight gain was also slightly reduced (-12.7% compared to control) in the 100
mg/kg/day dose group during the gestation dosing period [calculated as Days 0 to 8 of
gestation (DGs 0 to 8)]. After the completion of dosing on DGs 8 to 10, body weight
gains were significantly increased above the vehicle control group value in females
given 100 mg/kg/day. Since the body weight changes were small, transient and similar
to or above control values at the end of dosing, they were not considered adverse. Body
weights and body weight gains during the pre-cohabitation and gestation periods were
unaffected in females given dosages of GS-5885 up to 30 mg/kg/day.
Absolute (g/day) and Relative (g/kg/day) Food Consumption Values: Absolute and
relative food consumption values were reduced or significantly reduced (12% to 20%
below control) in females given 100 mg/kg/day for the first two weeks of the study (DSs
1 to 8, 8 to 15 and 1 to 15). Absolute and relative food consumption values during the
pre-cohabitation period were unaffected by dosages of GS-5885 as high as 30
mg/kg/day. Absolute and relative food consumption values during the gestation period
were generally comparable to control values during the gestation dosing period (DGs 0
to 8), and were significantly increased above control group values during the post-dose
period (DGs 8 to 13), reflecting rebounds in body weight gain during this period.
Estrous Cycling, Mating and Fertility: The number of estrous stages per 14 days was
comparable among the four dose groups before the start of administration and during
the pre-cohabitation period. All mating and fertility parameters [numbers of days in
cohabitation, rats that mated, the Fertility Index (number of pregnancies per number of
rats that mated), rats with confirmed mating dates during the first or second week of
cohabitation and number of pregnancies per number of rats in cohabitation] were
unaffected by dosages of GS-5885 as high as 100 mg/kg/day. All values were
comparable among the four dose groups and did not significantly differ.
Necropsy Observations: There were no test article-related necropsy observations in
the female rats. The only necropsy observation was the presence of pup tissues in the
stomach of one control group rat that delivered a litter.
Terminal Body Weights, Organ Weights and Ratios (%) of Organ Weights to
Terminal Body Weights: Terminal body weights were comparable among the four
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dose groups and did not significantly differ. Weights of the ovaries and the ratios of the
ovary weight to the terminal body weight were generally comparable among the four
dose groups. A statistically significant reduction in the weight of the left ovary and the
ratio of the left ovary to the terminal body weight in the 30 mg/kg/day dose group was
not considered to be adverse or test article related because it was not dose dependent
and a comparable change did not occur for the right ovary.
Caesarean-Sectioning and Litter Observations: Pregnancy occurred in 22 (100%),
22 (100%), 20 (90.9%) and 22 (100%) rats in the four GS-5885 dose groups, 0, 10, 30
and 100 mg/kg/day, respectively. One rat in the control group without a confirmed
mating date delivered a litter. As a result of this delivery, Caesarean-sectioning and litter
observations were based on 21, 22, 20 and 22 pregnant rats in Groups 1 through 4,
respectively.
The average number of corpora lutea and implantations were significantly reduced
(10.3% and 9.9% below control, respectively) in females given 100 mg/kg/day. Although
not statistically significant, the average number of viable embryos was also reduced
(13% below control) in this group. The reduction in corpora lutea and implantations was
considered adverse and potentially test-article related.
No other Caesarean-sectioning or litter parameters were affected by dosages of GS5885 as high as 100 mg/kg/day. The litter averages for pre-implantation loss, nonviable
embryos and post-implantation loss were comparable among the four dose groups and
did not significantly differ. No dam had a litter consisting of only nonviable embryos. All
placentae appeared normal.

9.2

Embryonic Fetal Development

Note: The following study reviews were taken directly from the original INDreview by Dr. Pritam Verma.

(b) (4)

Study title: Oral Gavage Study for Effects on Embryo-Fetal Development with GS5885 in Rats
Key study findings: GS-5885-related effects on mean maternal body weight, body
weight gain, and food consumption were noted at 100 mg/kg/day. During the dosing
phase, a small decreases (96.5 to 97.8% of control) occurred from GD 10 through 18.
The cesarean section data were unremarkable and indicated that GS-5885 had no
effects on embryo/fetal viability. There were no GS-5885-related effects on mean fetal
weights or external or soft tissue variations or malformations. There were no GS-5885related skeletal malformations. A small statistically significant increase occurred in the
total fetal and litter incidences of common skeletal variations affecting the vertebra,
sternebrae, and ribs in animals given 100 mg/kg/day. In the absence of other evidence
of fetal toxicity or associated malformations, these common skeletal variations are likely
secondary to general maternal toxicity (decreased food consumption and body weight
gain) rather than a direct developmental effect of GS-5885.
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Vehicle: The vehicle control article was 45% propylene glycol and 15% Solutol® HS-15
prepared in pH-adjusted reverse osmosis water [(pH 2.5 ± 0.1 adjusted with dilute
hydrochloric acid).
Parameters and endpoints evaluated: Abnormalities of the placenta or amniotic sac
were described, if applicable. The uterus from each gravid animal was excised,
weighed, and examined for the number and placement of live and dead fetuses, the
number of early or late resorptions, and any abnormalities. Each fetus (live or dead)
was sexed, weighed, and examined for external abnormalities. Live fetuses were
sacrificed via an intracisternal injection of sodium pentobarbital followed by thoracic
penetration.
Results
Mortality & Clinical signs (dams): All animals survived to scheduled necropsy, and there
were no GS-5885-related clinical signs of toxicity.
Body weight (dams): GS-5885-related effects on mean maternal body weight and body
weight gain occurred at 100 mg/kg/day. During the dosing phase (GD 6 to 18), there
were no significant decreases in mean maternal body weight, although mean body
weight gain from GD 6 to 8 was significantly decreased (33% of control). The effects on
mean body weight gain reversed during the post-dose phase (GD 18 to 21), where the
mean body weight gain was 1.5 fold the control mean. There were no effects on body
weight at 10 and 30 mg/kg/day.
Food consumption (dams): Mean food consumption of animals given 100 mg/kg/day
decreased significantly from GD 6 to 8, GD 8 to 10, GD 10 to 12, GD 12 to 14, and GD
6 to 18 (78.9 to 89.4% of control). The effects on mean food consumption reversed
during the post-dose phase (GD 18 to 21). There were no effects on food consumption
at 10 and 30 mg/kg/day.
Toxicokinetics: Exposure to GS-5885 increased with the increase in dose level from 10
to 100 mg/kg/day (refer to Sponsor Table below). The increases in Cmax and AUC0-24
were dose proportional between 10 and 30 mg/kg/day, and slightly less than
proportional between 30 and 100 mg/kg/day. Approximately 2-fold accumulation of GS5885 was observed after multiple dosing of GS-5885 in pregnant rats.
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Table 26: Toxicokinetic Parameters for GS-5885 in Rat Plasma.

Terminal Procedures:
Gross Pathology: There were no remarkable observations attributed to GS-5885 at the
parental necropsy.
Uterine Findings: There was no effect of GS-5885 on uterine weights, corrected terminal
body weight, or net corrected body weight changes. Means were similar between
control and GS-5885 treated groups.
The cesarean section data were unremarkable and indicated that GS-5885 had no
effects on embryo/fetal viability.
Fetal External, Soft Tissue, and Skeletal Evaluations:
Fetal Weight: There were no GS-5885-related effects on mean fetal weights.
There were no GS-5885-related fetal external abnormalities. The fetal and litter
incidences of fetal external variations were similar to control.
Soft Tissue Evaluations:
There were no GS-5885-related soft tissue variations or malformations. Dilated ureter(s)
showed a positive trend in fetal incidence at 100 mg/kg/day; however, this trend was not
statistically significant and the percent fetal and litter incidences were within the
historical control range for this common variation. The fetal and litter incidences of the
remaining soft tissue variations and malformations were similar between the control and
GS-5885 groups.
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Skeletal Evaluations:
There were no GS-5885-related skeletal malformations. A small increase was noted in
the fetal and litter incidences of common variations affecting the vertebra, sternebrae,
and ribs in animals given 100 mg/kg/day.
Commonly noted findings of bipartite vertebral centrum(a), 5th/6th sternebra(e)
incomplete ossification, 5th sternebra(e) unossified showed a positive trend in fetal and
litter incidences, and the presence of a 7th cervical rib had a positive trend in fetal
incidence. Although the incidence of some of these common variations were outside the
historical control range, none were statistically significant compared to control. The
presence of 14th rudimentary rib(s) showed a positive trend in fetal incidence. The fetal
incidence of this common variation was outside of the historical control range and
statistically significant (p<0.05) only at 30 mg/kg/day. In the absence of other evidence
of fetal toxicity, such as fetal weight effects, alterations in fetal viability, or associated
malformations, these common skeletal variations are deemed unrelated to GS-5885.
There was a positive trend identified in the fetal and litter incidences of total skeletal
variations with statistical significance at 100 mg/kg/day compared to control. This likely
reflects the effects of lower maternal weight gain and significantly decreased food
consumption in a majority of the dams in this group during the dosing phase. These
variations are considered related to general maternal toxicity (decreased food
consumption and body weight gain) rather than a direct developmental insult from GS5885.
Conclusion: The NOAEL for maternal toxicity of GS-5885 when given once daily by oral
gavage to pregnant rats during the period of organogenesis was 30 mg/kg/day based
on significantly decreased maternal body weight gain and food consumption at 100
mg/kg/day. There were no GS-5885-related effects on embryo/fetal viability and no fetal
visceral or skeletal anomalies; therefore, the NOAEL for developmental toxicity is 100
mg/kg/day.
Study title: Oral Gavage Study for Effects on Embryo-Fetal Development with GS5885 in Rabbits
Key study findings: There were no test article-related deaths. Seven early deaths
were distributed similarly in control and GS-5885-treated groups (2, 0, 2 and 3 deaths
at 0, 30, 60 and 180 mg/kg/day, respectively). Deaths were associated with severe
weight loss, inappetence, possible dosing errors, or poor pregnancy outcome (early
delivery/abortion) that also showed no dose-related incidence. Fecal changes (few,
none, and soft) were noted in all groups but with a higher incidence in the 180
mg/kg/day dose group. There were no remarkable maternal necropsy findings. The
cesarean section data were unremarkable and indicated that GS-5885 had no effects
on embryo-fetal viability. The NOAEL for maternal toxicity was 180 mg/kg/day. The
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Route, formulation, volume, and infusion rate: oral gavage; 3 ml/kg/day
Toxicokinetics: Toxicokinetic evaluation at the 180 mg/kg/day level was conducted by
(b) (4)
Toxicokinetic evaluation at dose levels of 30, 60 and 100 mg/kg/day was
conducted during the rabbit dose range finding study (study#TX-256-2010).
Parameters and endpoints evaluated: On GD 29, the remaining rabbits were sacrificed
by Beuthanasia® followed by exsanguination. Uterine contents were examined. Each
fetus (live or dead) was weighed and examined for external abnormalities.
Results
Mortality (dams): Seven animals died or were euthanized as described in Sponsor
Table below. These deaths were generally associated with severe weight loss,
inappetence, possible dosing errors, or poor pregnancy outcomes (early
delivery/abortion) that also showed no dose-related incidence.
Table 28: Summary of Unscheduled Deaths in Rabbit EFD Study

Clinical signs (dams): Fecal abnormalities (few or none, liquid and/or mucoid feces)
were observed in all groups, with a slightly higher incidence at 180 mg/kg/day relative to
the control group.
Body weight (dams): There were no statistically significant differences in mean maternal
body weight or body weight gain between the GS-5885 groups and control. Animals
given 180 mg/kg/day had decreased mean body weight gain during intervals GD 9 to 11
and 18 to 21. However, mean body weight gain of this group during the full dosing
period (GD 7 to 21) was similar to (1.2-fold above) the control group.
Food consumption (dams): During the GD 8 to GD 15 interval, mean food consumption
in animals given 180 mg/kg/day was 14% lower than controls. All animals that ate less
than 25 grams of food were provided dietary supplements (additional timothy hay and
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vegetables) to stimulate appetite. Daily food consumption from GD 7 to 21 (dosing
period) decreased slightly (8% less than control) in animals given 180 mg/kg/day but
this difference was not statistically significant. Observation of the entire study interval
(GD 4 to 29) showed no difference in food consumption between the control and treated
groups.
Toxicokinetics: The mean toxicokinetic parameters of GS-5885 (180 mg/kg/day) in
pregnant rabbit plasma are presented in Sponsor Table below. Exposure to GS-5885
was observed out to 24 hours post-dose. Values for mean Cmax and AUC0-24 were 1,102
ng/mL and 13,079 ng·hr/mL, respectively, on GD 7 and 1,399 ng/mL and 20,831
ng·hr/mL, respectively, on GD 20. Possible accumulation of GS-5885 was observed
after repeat dosing in pregnant rabbits.
Table 29: Summary of the Mean Toxicokinetic Parameters for GS-5885 in
Pregnant Rabbit

Dose range study (TX-256-2010): Exposure to GS-5885 increased with the increase in
dose level from 30 to 300 mg/kg/day (refer to Sponsor Table below). The increase in
exposure was proportional with dose levels from 30 to 60 mg/kg/day, but was less than
proportional with dose levels between 60 to 300 mg/kg/day. Approximately 2-fold
accumulation of GS-5885 was observed after repeat dosing of GS-5885 in pregnant
rabbits, which was consistent with the observed half-lives of GS-5885 in this study.
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Table 30: Summary of the Mean Toxicokinetic Parameters for GS-5885 in the
Plasma of Pregnant

Terminal Procedures: There were no remarkable GS-5885-related observations at
scheduled maternal necropsy.
Gravid Uterine Weights, Corrected Terminal Weights, and Net Body Weight
Changes
Gravid uterine weights, corrected terminal body weights, and net body weight changes
were similar between the vehicle control and GS-5885-treated groups.
Cesarean Section: There was no effect of GS-5885 on ovarian, uterine, and fetal litter
data. Pregnancy rates were 85, 100, 95 and 90% in the 0, 30, 60 and 180 mg/kg/day
groups, respectively, due to animals found not pregnant at cesarean section. There
were no early deliveries. The numbers of corpora lutea and implantation sites were
similar to control values. The number and mean percent of early, late and total
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respectively; F1 rat pups: AUC0-t~9.8 µg.h/ml for GS-5885 at PND10 (LD10)], while the
NOAEL for maternal toxicity was estimated conservatively to be 30 mg/kg/day
[maternal: AUC0-t~8.6 & 11.4 µg.h/ml for GS-5885 at GD6 & LD10, respectively; F1 rat
pups: AUC0-t~2.6 µg.h/ml for GS-5885 at PND10 (LD10)], given adverse maternal
findings at 100 mg/kg/day. A trend for reduced body weight in the F1 generation that
was not statistically significant was observed, which appears to be attributed to maternal
toxicity and not a direct LDV-related effect. At 100 mg/kg/day, one gravid female was
euthanized in extremis on GD 18 following body weight loss, low food consumption and
clinical findings. In addition, mean maternal body weight was decreased at GD 20,
correlating with lower mean food consumption, but was not significantly different than
the control group by LD 7. No other significant PPND or maternal effects were
observed.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol:

0, 10, 30, 100 mg/kg/day
Once daily
Oral gavage
5 ml/kg
GS-5885 in 45% propylene glycol & 15% Solutol
HS-15 (pH=2.5)
Rat/Crl:CD(SD) Sprague Dawley
25 ♀ (main), 9 (TK), 2 pups (F1)/sex/litter (25
pups/sex/group for both subsets A & B)
TK
• GS-5885 administered to pregnant females
from gestation day (GD) 6 to lactation day
(LD) 20 and sacrificed on LD21. F1 pups not
selected for F1 generation sacrificed on
PND21.
• F1 generation split into subsets A or B (see
Sponsor table below). F1 pups not selected
for breeding phase sacrificed after
attainment of developmental landmarks.
• Laparohysterectomies performed on GD 20
(F2 generation morphological assessment)
for F1 animals selected for breeding phase
(reproductive assessment). F1 males
sacrificed.
None that affected the integrity or conclusions of
the study.
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Table 31: Offspring allocation of F1 generation

Note: Biel maze swimming trial conducted to assess learning and memory (measured
escape time and errors).
Observations and Results
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F0 Dams
Survival: In the 100 mg/kg/day group, one gravid female (had
6 late resorptions and 1 early resorption) was
euthanized in extremis on GD 18 following body
weight loss of 7% from GD 15-18 and low food
consumption (↓60% versus other HD ♀). Clinical
findings of pale eyes and red material around the
nose and urogenital area were noted on the day of
euthanasia. Macroscopic findings at necropsy
included dark red contents in the uterus and vagina
and red skin matting on the urogenital area.
Findings considered GS-5885-related but of low
incidence (1 of 25). In the 30 mg/kg/day group, one
female was euthanized due to total litter loss on LD
10. All other females in the vehicle control, 10, 30,
and 100 mg/kg/day groups survived to the
scheduled necropsies.
Clinical signs: Signs of maternal toxicity at 100 mg/kg/day included
slightly higher incidence of slight/moderate forelimb
hair loss.
Body weight: ~10% decrease of mean body weight gain (and
transient body weight loss from GD 6-9) was noted
in 100 mg/kg/day group animals (versus vehicle
control) from GD 6-20, resulting in ~6% lower mean
body weights at GD 20. Mean body weight gain was
lower in the 30 mg/kg/day group (versus vehicle
control) from GD 6-9 only. Significantly higher mean
body weight gain was noted at 100 mg/kg/day
(versus vehicle control) from LD 1-7 and 10-21,
attributed to a slight developmental delay of the F1
pups (by conducting lab), resulting in mean body
weights that were not significantly different than the
vehicle control group by LD 7.
Feed consumption: Significantly lower mean food consumption was
noted in the 100 mg/kg/day group (versus vehicle
control) throughout the entire gestation period (GD
6-20). In the 30 mg/kg/day group, significantly lower
mean food consumption was noted (versus vehicle
control) during GD 6-9 only.
Uterine content: No test-article related findings noted. Gestation
length was 22.0, 21.9 and 22.0 days in the 10, 30
and 100 mg/kg groups versus 22.0 days in the
vehicle control. Refer to Table below.
Necropsy observation: No test-article related findings noted.
Toxicokinetics: Note: Samples collected pre-dose, 0.5, 1, 2, 4, 8, 12
& 24 hours post-dose from 3 ♀/group/timepoint on
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GD 6 & LD10 and 1 pup/sex/litter/group @ PND 10
(LD 10). See Sponsor Table below.
Dosing Solution Analysis All dosing formulations (0, 2, 6 and 20 mg/ml) were
analyzed for concentration. Assay results were
within an acceptable concentration range (±10%),
while the vehicle and the compound in this vehicle
were shown to be stable under the conditions of this
study.
Other: None
Table 32: Summary of uterine content in F0 dams administered GS-5855

# of dams that delivered:
Implantation sites/litter:
# pups born/litter:
Live litter size (PND 0)/litter:
% male:

0
(vehicle)
25
16.3
15.2
15.1
48.8
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mg/kg
25
16.4
15.8
15.2
50.7

30
mg/kg
24
15.9
14.4
14.1
47.5

100
mg/kg
24
16.0
14.8
14.5
48.1
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Table 33: Mean plasma GS-5885 TK parameters in pregnant and lactating F0 rats
and F1 offspring following maternal GS-5885 administration
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F1 Generation
Survival: No clear test-article related findings noted. Trend for
increased pups found dead/euthanized/missing in
GS-5885 dose groups that was not statistically
significant.
Clinical signs: No test-article related findings noted.
Body weight: No clear biologically significant test-article related
findings noted. However, a trend for a slightly
reduced BW and BW gain in 100 mg/kg/day dose
group (that was generally not statistically significant)
was noted (refer to Table below). For example, BW
was 4.1 & 5.8% less in males & females respectively
at PND 1 and ~6.5% less in males & females at PND
21 (the result of decreased BW gain during PND 4-7
& 17-21).
Feed consumption: Not evaluated
Physical development: No test-article related findings noted.
Neurological assessment: No test-article related changes on startle response
(PND 20 or 60), motor activity (PND 21 or 61) or
learning and memory (Biel maze at PND 22 or 62)
noted. Differences observed either did not reach
statistical significance or were consistent with
historical control values.
Reproduction: Refer to Table below.
Other: No test-article related effects noted on gestation
length, parturition or gross pathology.
Table 34: Summary of survival, body weight, clinical and selected developmental
parameters in the F1 generation

# of pups examined (clinical signs):
# of pups found dead:
# of pups euthanized in extremis:
# of pups missing (cannibalized):
Mean pup weight on PND 1 (♂):
Mean pup weight on PND 1 (♀):
Mean pup weight on PND 21 (♂):
Mean pup weight on PND 21 (♀):
Mean body weight on PND 126 (♂):
Mean body weight on PND 84 (♀):
PN survival (%)/litter (birth to PND 4):
PN survival (%)/litter (PND 4 to 21):
Balanopreputial separation (PND):
Mean BW at attainment age (♂):

0
(vehicle)
374
9
0
4
7.3 g
6.9 g
53.5 g
51.0 g
624 g
290 g
97.5
98.5
43.5
247.8 g
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10
mg/kg
376
15
2
9
7.2 g
6.8 g
50.6 g
47.3 g
625 g
281 g
94.3
98.5
44.2
247.9 g

30
mg/kg
331
17
7
6
7.7 g
7.1 g
54.8 g
52.0 g
633 g
291 g
95.2
93.8
43.2
249.6 g

100
mg/kg
338
19
0
14
7.0 g
6.5 g
50.1 g
47.7 g
600 g
277 g
92.9
95.5
43.6
239.0 g
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procedure-related manipulation. Thus, the NOEL for ocular phototoxicity was 100
mg/kg/day for LDV (Cmax = 3,120 ng/mL, AUC0-24 = 61,500 ng·hr/mL at 3 days) and ~86
(b) (4)
and 13 mg/kg/day for LDV and
respectively (LDV: Cmax =3,540 ng/mL,
AUC0-24 = 58,400 ng·hr/mL at 3 days).
Table 38: Experimental design summary of ocular phototoxicity study in male
Long Evans rats

Table 39: Mean plasma GS-5885 TK parameters in male Long Evans rats following
(b) (4)
administration of GS-5885 with or without

Table from sponsor

11

Integrated Summary and Safety Evaluation

Harvoni™, a once daily fixed-dose combination (FDC) tablet containing 90 mg of
ledipasvir and 400 mg of sofosbuvir, is intended to be indicated for treatment of chronic
hepatitis C virus (HCV) genotype 1 infection in adult patients. Ledipasvir (LDV, GS5885) is a specific inhibitor of nonstructural protein 5A (NS5A) of HCV that has
displayed potent inhibition of HCV replication in vitro. Sofosbuvir (SOF, GS-7977) is a
nucleotide prodrug of 2’-deoxy-2’-fluoro-2’-C-methyluridine monophosphate that is
converted intracellularly to the active uridine triphosphate (GS-461203) within tissues.
GS-461203 is a specific inhibitor of nonstructural protein 5B (NS5B) of HCV that has
displayed potent inhibition of HCV replicon ribonucleic acid (RNA) replication in vitro.
SOF (as a component of a combination antiviral treatment regimen) was approved for
marketing in the U.S. in December 2013 (refer to NDA-204,671). With the exception of
the rodent 2-year carcinogenicity studies, nonclinical safety studies for SOF to support
the FDC were reviewed previously. Refer to the Pharmacology/ Toxicology review for
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NDA-204,671 for the detailed summary of SOF nonclinical data as well as Table 41 for
updated SOF clinical exposure multiples.
Pharmacokinetics:
The oral bioavailability of LDV was estimated to be ~33 to 53% in rats, monkeys
and dogs, following administration by gavage, while oral Tmax values for LDV in these
species ranged from ~4 to 5 hours. LDV has low intrinsic aqueous solubility and low
solubility in simulated intestinal fluid. Despite this low solubility and a saturation of
absorption, absorption of LDV from the GI tract was sufficient to achieve adequate
circulating LDV exposure levels in the toxicology studies. Increases in SOF (and its
main circulating metabolite, GS-331007) exposure were observed clinically when
administered as a FDC w/ LDV, which appears to be the result of increased intestinal
absorption of SOF due to LDV inhibition of intestinal transporters.
The steady state volume of distribution (Vss) ranged from ~1.2 to 2.7 L/kg in rats,
dogs and monkeys, values greater than total body water volume, with mean residence
times (MRT) from ~6 to 13 hours. In addition, LDV was bound highly to plasma protein
in all species (>99.8% bound). These data with LDV appear reasonable given its
hydrophobic structure and low intrinsic aqueous solubility. Tissue distribution of LDV
and related metabolites was examined using quantitative whole body autoradiography
in male mice (CD-1) and rats [Long-Evans (LE) and Sprague-Dawley (SD)]. In mice, the
highest concentrations of radioactivity were observed in the GI tract, gall bladder, liver,
harderian gland and kidney, in the absence of significant penetration of the blood-testes
and blood-brain barriers. In SD rats, concentration of LDV and related metabolites in
liver were 23 times that in plasma 4 hours post-dose. In addition to liver, the highest
concentrations were measured in the GI tract, bile, adrenal, salivary, thyroid, pituitary
and harderian glands, pancreas, adipose tissue (brown) and kidney.
The systemic clearance of LDV was low in all species tested with terminal halflives of ~5 to 10 hours in rats, dogs and monkeys. Unchanged parent drug was the
major circulating component, representing ~87 to 98% of total plasma AUC following
oral administration of 14C-LDV to mice, rats, dogs and healthy human subjects.
Unchanged parent drug was not only the major component in feces (accounting for
greater than 80% of the total) in these species, but also accounted for ~44% and 80% of
the radioactivity recovered in bile from rats and dogs, respectively. Several minor
metabolites were identified in plasma, feces, bile and/or urine, primarily formed via
oxidation and N-demethylcarboxylation. Approximately 93 to 96% of the administered
LDV-derived radioactivity was excreted in feces from mice, rats and dogs. In addition, it
was estimated that ~86% and 98% of the absorbed dose was eliminated via biliary
excretion in rats and dogs, respectively, so biliary excretion of unchanged parent
compound was a major route of elimination for LDV.
Safety Pharmacology:
No significant effects on neurologic (modified Irwin test) or respiratory
parameters (respiratory rate, tidal or minute volumes) were observed in male rats
following single oral doses of LDV up to 100 mg/kg (estimated Cmax~1.63 µg/ml for GS5885), providing an ~5-fold rat to human exposure multiple at the recommended LDV
dose. This Cmax value (Day 1) was obtained from the 2-week toxicology study in rats
(study #TX-256-2003). In addition, no significant cardiovascular effects on
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hemodynamic (HR and BP) or electrocardiographic parameters were noted for up to 25
hours post-dose in telemetry-monitored male dogs given single oral doses of LDV up to
30 mg/kg (C4.5hr=1.93 to 2.96 µg/ml; estimated Cmax~5.86 µg/ml for GS-5855), providing
~6- to 9- (at C4.5hr) & ~18-fold (at estimated Cmax) dog to human exposure multiples at
the recommended LDV dose. This (estimated) Cmax (Day 1) value was obtained from
the 2-week toxicology study in dogs (study #TX-256-2004). GS-5885 did not
significantly inhibit hERG current in vitro at the maximal feasible concentration [445(0.5)
ng/mL(μM)], based on solubility limitations. No significant hemodynamic or
electrocardiographic heart effects have been observed in clinical trials with LDV.
Repeat-Dose Toxicology Studies:
In mice, increases in mean body weight gain (associated with increased mean food
consumption and increased body weight in males) were observed in both males and
females administered an oral LDV dose of 300 mg/kg/day (AUC0-24hr~164 & 271 µg.h/ml
for GS-5885 in females and males, respectively). In addition, slight increases in ALP
and/or ALT were observed in males and females at 300 mg/kg/day that were also
observed to some extent at other dose levels, and so these elevations appeared LDVrelated but were not clearly dose dependent. It is possible that the ALP and ALT
elevations and a slight increase in liver/gall bladder weight (in males administered 300
mg/kg/day only) are indicative of mild hepatobiliary toxicity. However, in the absence of
correlating histopathology changes in the liver, these findings were not considered to be
adverse. Additional organ weight changes in males administered 300 mg/kg/day included
decreased seminal vesicle weight that was not considered to be toxicologically significant,
since there were no correlating histopathology findings. These non-adverse body weight
and hepatobiliary findings were observed at GS-5885 AUC exposure ~30-fold higher than
that in humans at the recommended LDV dose.
In rats, decreased body weight gain and food consumption, increases in
cholesterol (up to 32% in 26-week study) and triglycerides (up to 2.2-fold in 26-week
study) were noted at 100 mg/kg/day (AUC0-24hr~56 µg.h/ml for GS-5885) in both the 14day and 26-week studies. In addition, increased incidence of minimal to slight adrenal
cortical sinusoid dilatation/congestion in females with minimal adrenal vacuolar
degeneration in a single male and female given 100 mg/kg/day were observed. In the
liver, minimal to slight random foci of hepatocyte necrosis in males and bile duct
hyperplasia in males and females were noted at all or most LDV dose levels following
26-weeks of LDV administration, and so these findings were not clearly dose
dependent. Two (of 15) females administered 100 mg/kg/day in the 26-week study were
sacrificed at around 8 and 19 weeks, respectively, due to general debilitation including
few feces and 13-15% body weight loss. Clinical signs in these animals included red
hair coat (front legs/facial and/or perineal regions), which was also observed at higher
incidence in males and other females administered ≥30 and 100 mg/kg/day,
respectively. Red hair coat was attributed, at least in part, to struggling during dosing
that occurred for the first few weeks, particularly in females administered 100
mg/kg/day. The only noteworthy findings in sacrificed animals were increased absolute
neutrophil count in one female and a slight ulceration/erosion and epithelial hyperplasia
of the non-glandular stomach in the other female, which are common findings in
debilitated rats and so were not likely a direct LDV effect. Thus, the cause of death was
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undetermined for both animals and of uncertain relationship to treatment. These
findings, which were considered either non-adverse or not clearly LDV-related, were
observed at GS-5885 AUC exposure ~8-fold higher than that in humans at the
recommended LDV dose.
In dogs, LDV-related adverse effects, including body weight loss and lower food
consumption during the first week of dosing, were observed in several animals
administered 30 mg/kg/day in the 2-week toxicology study. However, this dose level
was well-tolerated for 2-weeks when nutritional supplementation was provided. Large
cerebral ventricles (described microscopically as minimal dilatation of ventricles) were
noted in one female administered 30 mg/kg/day for 14 days. Although the significance is
uncertain, this finding was observed in only a single animal and was not seen in longer
duration studies and so appears to be sporadic and therefore not LDV-related. The only
clear LDV-related finding in the 39-week study at 30 mg/kg/day (AUC0-24hr~41.3 & 80.3
µg.h/ml for GS-5885 in males and females, respectively) was transient post-dose
salivation. In addition, one (of 9) male administered 30 mg/kg/day was sacrificed in
moribund condition at around 11 weeks with clinical signs of general debilitation (few
and mucoid feces, hypoactivity, hunched posture, body weight loss and increased body
temperature). This animal also lost body weight during the first two weeks of dosing and
was subsequently put on a brief dosing holiday and began receiving food
supplementation. Although the reason for the potential intolerability in this animal is not
totally clear, the clinical sign of pyrexia, clinical pathology changes, and microscopic
alterations in this animal were consistent with sepsis, and therefore not directly LDVrelated. These findings, which were considered either non-adverse or not clearly LDVrelated, were observed at GS-5885 AUC exposure ~9-fold higher than that in humans at
the recommended LDV dose.
Phototoxicity:
Tissue distribution of LDV was examined in male pigmented [Long-Evans(LE)]
and non-pigmented (Sprague-Dawley) rats following a single 10 mg/kg dose of 14CLDV. Differences between pigmented and non-pigmented rats were observed, most
notably in the eye uveal tract. Concentration of LDV and related metabolites in the eye
uveal tract in LE rats peaked at 8 hours post-dose (at ~4 times that in plasma) and was
still detectable at 168 hours post-dose. The half-life of LDV in the uveal tract of the eye
was slightly less than seven days following a single dose, occurring at LDV AUC
exposure similar to that in humans at the recommended LDV dose. Although a slight
increase in LDV distribution to pigmented versus non-pigmented skin was observed in
LE rats, direct binding of LDV to melanin appears unlikely.
Since LDV (and related metabolites/impurities/degradants) absorbs ultraviolet
(UV) light, accumulates in the uveal tract of the eye in pigmented rats and includes an
(b) (4)
impurity/photodegradant of potential phototoxic concern (
based on
structure (LDV converted to a potentially more reactive molecule by visible light), a 3day multiple dose ocular phototoxicity study was conducted in male LE rats
(b) (4)
(b) (4)
administered LDV or LDV (spiked w/ %
This study was undertaken not
only for general hazard identification and risk assessment purposes but also to qualify
(b) (4)
the
impurity/photodegradant, given the specific cause for concern identified.
No eye reactions indicative of phototoxicity occurred in male pigmented rats
(b) (4)
administered oral gavage doses of LDV with or without
up to 100 mg/kg
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once a day for 3 days followed by a single exposure to solar-simulated UVR. The NOEL
for ocular phototoxicity was 100 mg/kg/day for LDV (Cmax = 3,120 ng/mL, AUC0-24 =
(b) (4)
61,500 ng·hr/mL at 3 days) and ~86 and 13 mg/kg/day for LDV and
respectively (LDV: Cmax =3,540 ng/mL, AUC0-24 = 58,400 ng·hr/mL at 3 days), resulting
in LDV AUC exposure ~8-fold higher than that in humans at the recommended LDV
dose. Additionally, human equivalent dose multiples (based on body surface area
(b) (4)
(b) (4)
conversion) for
are estimated to be greater than 1-fold (based on
as a photodegradant, assuming the worst case scenario of 100%
(b) (4)
photodegradation of LDV) and 190-fold (based on
as an impurity, assuming
highest exposure allowed under the current LDV drug substance specification) higher
than that in humans at the recommended LDV dose. No ocular toxicity was noted in
(pigmented) dogs administered up to 30 mg/kg/day for 39 weeks, at GS-5885 AUC
exposure ~9-fold higher than that in humans at the recommended LDV dose. In
addition, no skin reactions indicative of phototoxicity occurred in albino female hairless
mice administered single oral doses of LDV of up to 300 mg/kg followed by a single
exposure to solar-simulated UVR.
Reproductive and Developmental Toxicology:
The NOEL for male fertility is 100 mg/kg/day (estimated AUC0-24hr~34.5 µg.h/ml
for GS-5885), the highest dose tested, while the NOEL for female fertility and early
embryonic development is considered to be 30 mg/kg/day (estimated AUC0-24hr~12.1
µg.h/ml for GS-5885) in rats administered oral doses of LDV. In females at 100 mg/kg
(estimated AUC0-24hr~25.1 µg.h/ml for GS-5885), the average number of corpora lutea,
implantations and viable embryos were reduced slightly and were associated with nonadverse maternal toxicity findings consisting of slight body weight loss and reduced food
consumption during first one and two weeks of dosing, respectively. The rat to human
GS-5885 AUC exposure multiples at the NOEL are estimated to be ~2- and 5, for
females and males respectively, at the recommended LDV dose, while the exposure
multiple in females at 100 mg/kg is estimated to be ~3.4. Since TK were not conducted
in this study, exposures at the 30 and 100 mg/kg/day dose levels were estimated based
on data obtained at these dose levels following 2-weeks of LDV administration (study
#TX-256-2003). In the absence of 28-day GS-5885 exposure data in males, using this
2-week exposure data to estimate exposure multiples seem appropriate, since females
and males were treated for 15 and 28 days, respectively, prior to mating, with females
administered test-article through gestational day (GD) 7.
The NOEL for embryo-fetal development (EFD) toxicity is considered to be 100
mg/kg/day (AUC0-24hr~18.3 & 39.2 µg.h/ml for GS-5885 at GD6 & 18, respectively), the
highest dose tested, in pregnant rats administered oral doses of LDV. A small increase
in total fetal and litter incidence of common skeletal variations (affecting vertebra,
sternebrae and ribs) were observed at 100 mg/kg/day, which appear to be attributed to
maternal toxicity (indirect effect). The NOAEL for maternal toxicity was 30 mg/kg/day,
based on significantly decreased maternal body weight gain and food consumption at
100 mg/kg/day. Thus, no clear EFD or teratogenicity findings were observed in rats at
GS-5885 AUC exposure ~4-fold higher than that in humans at the recommended LDV
dose.
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The NOAEL for maternal toxicity and NOEL for EFD toxicity is 180 mg/kg/day
(AUC0-24hr~13.1 & 20.8 µg.h/ml for GS-5885 at GD7 & 20, respectively), the highest
dose tested, in pregnant rabbits administered oral doses of LDV. Thus, no EFD or
teratogenicity findings were observed in rabbits at GS-5885 AUC exposure ~2.3-fold
higher than that in humans at the recommended LDV dose. Maternal findings at this
dose level were limited to mild stool abnormalities (few/none, liquid and/or mucoid
feces). This 180 mg/kg dose level was selected based on results of a pilot study in
which early death and significantly decreased body weight gain and food consumption
were observed at 300 mg/kg/day, with the NOAEL for maternal toxicity determined to be
100 mg/kg/day.
The NOEL for PPND toxicity was estimated to be 100 mg/kg/day [maternal:
AUC0-t~22.2 & 37.6 µg.h/ml for GS-5885 at GD6 & LD10, respectively; F1 rat pups:
AUC0-t~9.8 µg.h/ml for GS-5885 at PND10 (LD10)], while the NOAEL for maternal
toxicity was estimated conservatively to be 30 mg/kg/day [maternal: AUC0-t~8.6 & 11.4
µg.h/ml for GS-5885 at GD6 & LD10, respectively; F1 rat pups: AUC0-t~2.6 µg.h/ml for
GS-5885 at PND10 (LD10)], given adverse maternal findings at 100 mg/kg/day. A trend
(not statistically significant) for reduced body weight in the F1 generation was observed,
which appears to be attributed to maternal toxicity (indirect effect). At 100 mg/kg/day,
one gravid female was euthanized in extremis on GD 18 following body weight loss, low
food consumption and clinical findings. In addition, mean maternal body weight was
decreased at GD 20, correlating with lower mean food consumption, but was not
significantly different than the control group by LD 7. At 30 mg/kg/day, GS-5885 AUC
exposure is ~1.6-fold higher than that in humans at the recommended LDV dose. No
other significant LDV-related effects on pregnancy, parturition and lactation of maternal
animals (F0) or on the growth, viability, development or reproductive performance of the
F1 generation, or survivability of the F2 generation were noted at 100 mg/kg/day. At 100
mg/kg/day, GS-5885 AUC exposure is ~5-fold higher than that in humans at the
recommended LDV dose. In addition, neonatal rats were exposed to significant
amounts of LDV and related metabolites via milk consumption, with LDV AUC exposure
~25% of that observed maternally.
Genetic Toxicology and Carcinogenicity:
Ledipasvir (LDV) was not mutagenic or clastogenic as tested in the Ames assay,
the in vitro chromosomal aberration assay in human peripheral blood lymphocytes and
the in vivo rat micronucleus assay. In addition, mouse and rat carcinogenicity studies
with LDV are in progress.
Sofosbuvir (SOF) was not mutagenic or clastogenic as tested with GS-9851 in
the Ames assay, the in vitro chromosomal aberration assay in human peripheral blood
lymphocytes and the in vivo mouse micronucleus assay. In addition, no significant SOFrelated tumor findings were noted in male or female CD-1 mice administered SOF
doses of up to 200 mg/kg/day (for ~97 weeks in males) or 600 mg/kg/day (for ~92
weeks in females) by oral gavage (AUC0-24hr~48 & 214 µg.h/ml for GS-331007 in males
and females, respectively, on Day 178), the highest doses tested, resulting in GS331007 AUC exposure ~4- to 18-fold higher than those in humans at the recommended
SOF dose. In rodents, SOF is metabolized rapidly in vivo ultimately producing GS331007, which accounts for the vast majority of total circulating drug-related material in
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all species (including humans). The high dose levels in this study were selected based
on the MTD (>10% reduction in body weight gain in 3-month study) and did not affect
survival in this study. All groups were sacrificed early since vehicle control groups
reached the pre-specified minimal group survival criteria prior to 104 weeks. SOFrelated findings were limited to transient reductions in body weight and a slight increase
in the incidence and severity of papillary mineralization and/or necrosis in kidney in
females administered 600 mg/kg/day.
No significant SOF-related tumor findings were noted in male or female Sprague
Dawley rats administered SOF doses of up to 750 mg/kg/day for ~20 months (all males
and high-dose females) or for ~23 months (all other female groups) by oral gavage
(AUC0-24hr~97 & 125 µg.h/ml for GS-331007 in males and females, respectively, on Day
180), the highest dose tested, resulting in GS-331007 AUC exposure ~8- to 10-fold
higher than those in humans at the recommended SOF dose. The high dose level was
selected based on ~1/3 lethal dose in the 7 day toxicology study w/ GS-9851 (since
MTD >500 mg/kg/day in 3-month study w/ SOF). SOF administration was halted early in
females administered 750 mg/kg/day due to a low number of surviving animals. All
groups were sacrificed early, since control groups reached the pre-specified minimal
group survival criteria prior to 104 weeks, with males and females sacrificed at ~20 and
23 months, respectively. Although not statistically significant, a trend for a SOF-related
decrease in survival was noted in females only. SOF-related findings were limited to a
slightly higher incidence of various clinical signs, with no evidence of heart or skeletal
muscle abnormalities noted.
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Lethality & heart
toxicity
7-day RD
6-month RD
Fertility & EED
24-Month
Carcinogenicity

2000 GS-9851
(1000 GS-7977)
250 (NOAEL)
500 (NOAEL)
500 (NOEL)

EFD

500 (NOEL)

PPND

500 (NOEL)

EFD

GI toxicity
3-month RD
GI toxicity
9-month RD

750 (NOEL)

~17
(~9)
2.6
5.5
~5
~8 (♂)
~10 (♀)

NA
NA
NA
NA

2.8 @ GD6 &
6 @ GD18
3.3 @ GD6 &
~7 @ LD10

NA

300 (NOEL)

~7 @ GD6 &
~17 @ GD19

~2 @ GD6 &
6.6 @ GD19

500
100 (NOAEL)
500
100 (NOAEL)

~23
~7
~17
~7

~76
~17
NA

NA

*AUC in HCV-infected human subjects given FDC (LDV & SOF): 12,000 ng.hr/ml at 400 mg QD;
^AUC in HCV-infected human subjects given FDC (LDV & SOF): 1,320 ng.hr/ml at 400 mg QD;
NA= not applicable (either not measured or below the level of detection); RD=repeat-dose
toxicology study; EFD=embryo-fetal development study; PPND=pre- and post-natal
development study; EED=early embryonic development; GD=gestational day; MTD=maximal
tolerated dose; NOEL=no effect level; NOAEL=no adverse effect level
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Appendix/Attachments

12.1 Histopathology inventory (for SOF carcinogenicity studies)
Study

TX-3342002

TX-3342001

Species
Adrenals
Aorta
Bone Marrow
smear
Bone (femur)
Brain
Cecum
Cervix
Colon
Duodenum

mouse
X
X
X

rat
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
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Epididymis
Esophagus
Eye
Fallopian tube
Gall bladder
Gross lesions
Harderian gland
Heart
Ileum
Injection site
Jejunum
Kidneys
Lachrymal gland
Larynx
Liver
Lungs
Lymph nodes,
cervical
Lymph nodes
mandibular
Lymph nodes,
mesenteric
Lymph nodes,
popliteal
Lymph nodes,
unilateral
Mammary Gland
Nasal turbinates
Optic nerves
Ovaries
Pancreas
Parathyroid
Peripheral nerve
Peyer’s patches
Pharynx
Pituitary
Prostate
Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skeletal muscle
Skin
Spinal cord*
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X
X
X

X
X
X

X

X

X
X

X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
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Spleen
Sternum
Stomach
Testes
Thymus
Thyroid
Tongue
Trachea
Urinary bladder
Uterus
Vagina
Zymbal gland

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X, histopathology performed; *cervical and thoracic
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Drug Name: Ledipasvir (LDV, NDA Type: Original
GS-5885) & Sofosbuvir (SOF,
GS-7977)
On initial overview of the NDA application for filing:

Content Parameter
1 Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a
manner to allow substantive review to
begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?
4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?
5 If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).
6 Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?
7 Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?
8 Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?

Yes No

Comment

X

X

In eCTD format

X

X

Carcinogenicity studies for SOF in rats and
mice were submitted (also submitted as
PMRs to NDA-204,671).
Carcinogenicity studies for LDV in rats and
mice are in progress. As agreed upon by the
Agency, the Sponsor plans to submit study
results post-approval.

X

X

X

X

Further nonclinical assessment of ocular
phototoxicity risk was requested in an IR
letter sent on March 7th.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
Content Parameter
9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
serum/plasma levels) and in accordance
with 201.57?
10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)
11 Has the applicant addressed any abuse
potential issues in the submission?
12 If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
submitted?

Yes No

X

X

Comment
Appropriateness of content will be
determined upon review and discussed at
labeling meetings.
Whether sponsor has addressed issues
adequately is a review issue.

X Not applicable

X Not applicable

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? ___Yes___
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.
Not applicable

Please identify and list any potential review issues to be forwarded to the Applicant for the 74day letter.
Not applicable

Christopher Ellis, Ph.D.
Reviewing Pharmacologist

March 11, 2014
Date

Hanan Ghantous, Ph.D. DABT
Team Leader/Supervisor

March 11, 2014
Date
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