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3,6]dioxadiazacyclononadecino[
11,12-b]quinoxaline-8-
carboxamide

Molecular 
formula C22H29FN3O9P C49H54N8O8 C40H52F4N6O9S

Molecular 
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Drug category:  Antiviral

Indication: VOSEVI is a fixed-dose combination of sofosbuvir, a hepatitis C virus (HCV) nucleotide 
analog NS5B polymerase inhibitor, velpatasvir, an HCV NS5A inhibitor, and voxilaprevir, an HCV 
NS3/4A protease inhibitor, and is indicated for the treatment of adult patients with chronic HCV infection 
without cirrhosis or with compensated cirrhosis (Child-Pugh A) who have:

 genotype 1, 2, 3, 4, 5, or 6 infection and have previously been treated with an HCV regimen 
containing an NS5A inhibitor

 genotype 1a or 3 infection and have previously been treated with an HCV regimen containing 
sofosbuvir without an NS5A inhibitor

Dosage Form/Route of administration:  Oral

Dispensed: Rx  

Abbreviations: BL, baseline; BVDV, bovine viral diarrhea virus; DAA, direct acting antiviral; EC50, 
effective concentration at 50%; FC, fold-change; FDA, Food and Drug Administration; FDC, fixed-dose 
combination; GT, genotype; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; IC50, inhibitory concentration at 50%; IFN, recombinant human interferon; LDV, 
ledipasvir; NGS, next generation sequencing; NRTIs, nucleoside reverse transcriptase inhibitors; PBL, 
peripheral blood lymphocytes; PDVF, protocol defined virologic failure; PI, NS3/4A protease inhibitor; 
P/R, pegylated interferon/ribavirin; RAS, resistance-associated substitution; RBV, ribavirin; RSV, 
respiratory syncytial virus; SDM, site-directed mutants;  SOF, sofosbuvir; SVR, sustained virologic 
response; SVR12, sustained virologic response at 12 week after end of treatment; VEL, velapatasvir; 
VOX, voxilaprevir; WT, wild-type;
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EXECUTIVE SUMMARY
The sponsor submitted this original NDA application for the fixed-dose combination (FDC) of sofosbuvir 
(SOF), velpatasvir (VEL), and voxilaprevir (VOX) (SOF/VEL/VOX 400/100/100 mg) to be used in the 
treatment of chronic HCV infection. SOF/VEL/VOX is a fixed-dose combination of SOF, a hepatitis C 
virus (HCV) uridine nucleotide analog NS5B polymerase inhibitor (NAPI), VEL, an HCV NS5A inhibitor, 
and VOX, an HCV NS3/4A protease inhibitor. VOX is an investigational agent for which the sponsor is 
seeking approval for its use in combination with SOF/VEL (NDA 205834; Harvoni®; approved October 
10, 2014) in this NDA. The sponsor has concluded that SOF/VEL/VOX is indicated for the treatment of 
HCV genotype (GT) 1, 2, 3, 4, 5, and 6 infections in adult patients with prior NS5A inhibitor failure and 
for and 3 HCV infections in NS5A inhibitor-naïve adult patients with prior DAA-failure, including 
NS5B polymerase inhibitor failures. This review focused on the independent assessment of next 
generation sequencing (NGS) data provided in support of the New Drug Application.  Overall, 
assessment of the NGS data by the Division of Antiviral Products (DAVP) indicated that the data and 
analyses provided by the sponsor, Gilead Sciences (GSI), were acceptable and this NDA is approvable 
with respect to Clinical Virology.

SOF was previously approved for use in combination with other agents for the treatment of HCV 
infection (NDA 204671; Sovaldi®; approved December 6, 2013). SOF/VEL (NDA 205834; Harvoni®; 
approved October 10, 2014) is currently approved for use with or without ribavirin for the treatment of 
chronic HCV genotype 1, 4, 5 or 6 infections. VOX is an experimental agent that acts as an active site 
inhibitor of HCV NS3/4A serine protease. Its antiviral activity was demonstrated by biochemical 
inhibition studies, competition studies, and X-ray crystallographic analysis. VOX had Ki values of 38 and 
66 pM against recombination genotype 1b and 3a NS3/4A proteases, respectively. The crystal structure 
confirmed that the inhibitor binds to the enzyme active site and acts as a competitive, product-based 
inhibitor of protease activity.  In addition, the crystal structure shows VOX binds to the D168Q mutant of 
GT1a NS3/4A protease in a similar fashion as the wild-type enzyme.  The slight flexibility of the VOX 
macrocycle likely contributes to its ability to avoid unfavorable interactions with glutamine 168 (Q168) in 
the mutant enzyme while maintaining the majority of favorable interactions.

Four pivotal phase 3 clinical trials were conducted to determine the efficacy and safety of the FDC of 
SOF/VEL/VOX (400/100/100 mg), including POLARIS-1 (GS-US-367-1171), POLARIS-2 (GS-US-367-
1172), POLARIS-3 (GS-US-367-1173), and POLARIS-4 (GS-US-367-1170). These trials evaluated the 
efficacy and safety of SOF/VEL/VOX in a range of HCV-infected subject populations. Please see the 
review of Senior Clinical Virology Reviewer, Dr. Lisa Naeger, Ph.D. for specific information regarding 
this NDA (Clinical Virology review of NDA 209195 SDN 000).

In POLARIS-1 (GS-US-367-1171), SOF/VEL/VOX (400/100/100 mg) was compared with placebo for 12 
weeks in NS5A-inhibitor direct-acting antiviral (DAA) treatment-experienced subjects with or without 
cirrhosis (~40% cirrhotic) infected with chronic HCV GT1, 2, 4, 5, or 6 infection. The overall sustained 
virological response at week 12 post-treatment (SVR12) for the SOF/VEL/VOX arm was 96.2% (see 
Statistical review of NDA 209195 SDN 000 for more details).

In POLARIS-2 (GS-US-367-1172), 8 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in DAA-naive subjects with chronic HCV GT 1, 2, 3, 4, 5, or 6 
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infection. Approximately 20% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 95% (see Statistical review of NDA 209195 SDN 000 for more details).

In POLARIS-3 (GS-US-367-1173), 8 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in DAA-naive subjects with chronic HCV GT 3 infection. All subjects 
in this trial had cirrhosis. The overall SVR12 rate for the SOF/VEL/VOX arm was 96.4% (see Statistical 
review of NDA 209195 SDN 000 for more details).

In POLARIS-4 (GS-US-367-1170), 12 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in non-NS5A DAA-experienced subjects with chronic HCV GT 1, 2, 3, 
or 4 infection. Approximately 50% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 97.3% (see Statistical review of NDA 209195 SDN 000 for more details).

NGS data were generated by sequencing serum samples collected at baseline for all subjects and at a 
time point near the time of treatment failure for subjects who failed the SOF/VEL/VOX treatment to 
assess for amino acid substitutions in the viral target protein that could confer resistance, detected as 
amino acid substitutions that correlate with treatment failure, to one of the drugs in the FDC. The 
independent assessment of NGS data focused upon the results from POLARIS-1 (GS-US-367-1171) 
and POLARIS-4 (GS-US-367-1170), and in particular the NGS data for subjects who failed 
SOF/VEL/VOX treatment.

Several amino acid positions have been associated with resistance to SOF, VEL, and VOX. For SOF, 
substitutions at NS5B positions 96, 142, 159, 237, 282, 289, 320, and 321 (NDA 204671) are 
considered to be resistance-associated. For VEL, the following NS5A positions were determined to be 
resistance-associated: 24, 28, 30, 31, 32, 58, 92, and 93 (NDA 205834). For VOX, the following NS3/4a 
positions were determined to be resistance-associated: 36, 41, 43, 54, 55, 56, 80, 155, 156, and 168 
(review of NGS in this original NDA). In addition, for HCV GT3, NS3/4A substitutions at positions 77 
and 178 were considered to be resistance-associated.

The goal of the independent assessment of NGS data was to confirm the results reported by the 
sponsor, to determine which known resistance-associated substitutions were present in the virus of 
subjects who failed treatment, and to determine if additional substitutions occurring in two or more 
subjects could be associated with treatment failure.

Overall, the NGS analyses results reported by the sponsor were in agreement with the results 
generated by DAVP, with a few minor exceptions that could be rectified using a third NGS analysis 
pipeline. No additional substitutions that occurred in two or more subjects could be determined to be 
associated with resistance for the subjects analyzed.

BACKGROUND AND SUMMARY
Sofosbuvir is a uridine nucleotide analog inhibitor of the HCV NS5B RNA-dependent RNA polymerase, 
which is required for HCV genome replication. The SOF prodrug is hydrolyzed by cellular esterases to 
a uridine analog monophosphate that is subsequently phosphorylated by cellular enzymes to generate 
a uridine analog triphosphate inhibitor. The uridine analog is incorporated into the nascent HCV RNA by 
the NS5B polymerase and acts as a chain terminator. SOF was previously approved for use in 
combination with other agents for the treatment of HCV infection (NDA 204671; Sovaldi®; December 6, 
2013).

Velpatasvir (VEL) is an inhibitor of the HCV NS5A protein, which is an HCV protein that is required for 
HCV replication, although its exact function in the RNA genomic replication process is not fully 
understood. Resistance selection experiments in cell culture and cross-resistance studies indicate 
velpatasvir targets NS5A as its mode of action. SOF/VEL (Harvoni®) is currently approved for use with 
or without ribavirin for the treatment of chronic HCV genotype 1, 4, 5 or 6 infections.
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VOX is an experimental agent that acts as an active site inhibitor of HCV NS3/4A serine protease. Its 
antiviral activity was demonstrated by biochemical inhibition studies, competition studies, and X-ray 
crystallographic analysis. VOX had Ki values of 38 and 66 pM against recombination genotype 1b and 
3a NS3/4A proteases, respectively. The crystal structure confirmed that the inhibitor binds to the 
enzyme active site and acts as a competitive, product-based inhibitor of protease activity.  In addition, 
the crystal structure shows VOX binds to the D168Q mutant of GT1a NS3/4A protease in a similar 
fashion as the wild-type enzyme.  The slight flexibility of the VOX macrocycle likely contributes to its 
ability to avoid unfavorable interactions with glutamine 168 (Q168) in the mutant enzyme while 
maintaining the majority of favorable interactions.  Of note, Q168 is the consensus residue in HCV GT3 
NS3.

Four pivotal phase 3 clinical trials were conducted to determine the efficacy and safety of the FDC of 
SOF/VEL/VOX, including POLARIS-1 (GS-US-367-1171), POLARIS-2 (GS-US-367-1172), POLARIS-3 
(GS-US-367-1173), and POLARIS-4 (GS-US-367-1170). These trials evaluated the efficacy and safety 
of SOF/VEL/VOX in a range of HCV-infected subject populations (Table 1). Please see the review of 
Senior Clinical Virology Reviewer, Dr. Lisa Naeger, Ph.D. for specific information regarding this NDA 
(Clinical Virology review of NDA 209195 SDN 000).

Table 1. Clinical Studies Included in this Virology Study Report (Table 1, page 12, Phase 3 Integrated 
Virology Report)

In POLARIS-1 (GS-US-367-1171), SOF/VEL/VOX (400/100/100 mg) was compared with placebo for 12 
weeks in NS5A-inhibitor direct-acting antiviral (DAA) treatment-experienced subjects with or without 
cirrhosis (~40% cirrhotic) infected with chronic HCV GT1, 2, 4, 5, or 6 infection. The overall sustained 
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virological response at week 12 post-treatment (SVR12) for the SOF/VEL/VOX arm was 96.2% (see 
Statistical review of NDA 209195 SDN 000 for more details).

In POLARIS-2 (GS-US-367-1172), 8 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in DAA-naive subjects with chronic HCV GT 1, 2, 3, 4, 5, or 6 
infection. Approximately 20% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 95% (see Statistical review of NDA 209195 SDN 000 for more details).

In POLARIS-3 (GS-US-367-1173), 8 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in DAA-naive subjects with chronic HCV GT 3 infection. All subjects 
in this trial had cirrhosis. The overall SVR12 rate for the SOF/VEL/VOX arm was 96.4% (see Statistical 
review of NDA 209195 SDN 000 for more details).

In POLARIS-4 (GS-US-367-1170), 12 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in non-NS5A DAA-experienced subjects with chronic HCV GT 1, 2, 3, 
or 4 infection. Approximately 50% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 97.3% (see Statistical review of NDA 209195 SDN 000 for more details).

Next generation sequencing of the HCV NS3/4A, NS5A, and NS5B genes was performed for all 
subjects at baseline and at the timepoint closest to failure for all subjects who relapsed or otherwise 
met the criteria for treatment failure in four pivotal phase 3 clinical studies. 

The sponsor provided the NGS data as part of their resistance analysis for the four clinical trials (Table 
1). The sponsor included a virology study report for the SOF/VEL/VOX Phase 3 program, which 
contained the integrated analyses conducted for the 4 Phase 3 clinical studies evaluating 
SOF/VEL/VOX in subjects with chronic HCV infection with genotypes 1 through 6 with or without 
cirrhosis (Table 1). The NGS data provided by the sponsor included: 1) frequency tables showing 
amino acid variation that occurred at each position of the three viral proteins (NS3/4A, NS5A, and 
NS5B) for each subject at baseline and near the time of failure for all treatment failure samples that 
were successfully sequenced using Illumina technology; 2) raw sequence data in fastq format for all 
samples that were deep sequenced; 3) summary resistance data for each study; and 4) cross study 
comparisons of resistance data.

Given that next generation sequencing is an emerging technology with no current standards for 
analysis, the division requested raw data in fastq format so that an independent analysis could be 
performed on the NGS data. The sponsor’s summary NGS data were compared to the results 
generated by DAVP following these criteria:

1. The sponsor’s frequency tables were used to generate a summary and do a direct comparison 
of the results reported by the sponsor;

2. Frequency tables were generated by DAVP using an independent mapping of reads to a 
reference for each sample and using an optimized NGS analysis pipeline in the High-
Performance Integrative Virtual Environment (HIVE). A second optimized NGS analysis pipeline 
using CLC Genomics Workbench was used to assess variants for which there was 
disagreement (novel variants or major disagreements in frequency) between the sponsor’s 
results and the HIVE pipeline. The results of the independent assessment were compared with 
those reported by the sponsor and those generated using the sponsor’s frequency table; and

3. The conclusions from the NGS data were compared to the results reported by the sponsor using 
Sanger population sequence analysis when applicable.

Rationale for Requesting and Analyzing NGS Data
In general, the FDA does not analyze raw nucleotide sequence data in conjunction with new drug 
applications (NDAs). However, because of the complexity and size of NGS data, the lack of data 

Reference ID: 4095090



DIVISION OF ANTIVIRAL PRODUCTS (HFD-530)
VIROLOGY REVIEW: Eric F. Donaldson, Ph.D.

NDA#: 209195 SDN 000e 002  DATE REVIEWED: 03/27/2017

7

standards and standardized analyses pathways, and the large number of tools available for different 
operations in an analysis pathway the Division of Antiviral Products has determined that an 
independent analysis of NGS data should be performed for new drug applications to ensure that 
resistance pathways for new drugs and new combinations are carefully characterized and defined in 
the label. DAVP provides an NGS template entitled, Submitting Next Generation Sequencing Data 
to the Division of Antiviral Products to sponsors who intend to use NGS technology in support of 
new drug approvals.

NGS Data Analysis Pipeline
DAVP used the HIVE, in collaboration with CBER, to perform the majority of the independent 
assessment of the NGS data for this NDA. DAVP virologists, in collaboration with the HIVE team, have 
developed specific tools that allow DAVP to batch rename files to meet nomenclature rules for the 
analysis pipeline, to assess quality control on all sequence files, to convert variant call files (VCF) to 
frequency tables at the amino acid level, and to generate tables comparing results submitted by the 
sponsor and those generated by HIVE or CLC Genomics (Figure 1). The initial analysis of NGS data 
was generated using HIVE. A second optimized NGS analysis pipeline using CLC Genomics 
Workbench was used to assess variants for which there was disagreement (novel variants or major 
disagreements in frequency of 10% or greater) between the sponsor’s results and the HIVE pipeline 
(Figure 1).

               
Figure 1. Overview of the NGS analysis pipeline using HIVE and/or CLC Genomics Workbench 
(DAVP Analysis).

NGS Analysis Parameters and Overview of Data Analysis
DAVP used an optimized HIVE analysis pipeline for the primary NGS analyses and an optimized CLC 
Genomics workbench pipeline for the secondary NGS analyses (assessing disagreements). The 
workflow in HIVE was as follows: 1) sequence reads were mapped to the reference sequence using 
Hexagon aligner tool, 2) variants were called at the amino acid level using the Heptagon profiling tool, 
and 3) frequency tables were generated using the Viral Mutation Comparator tool.
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The parameters used in HIVE were the following: 
1. Mapping using Hexagon aligner

a. Match benefit: 5
b. Mismatch penalty: -4
c. Mismatch continuation penalty: -6
d. Gap continuation cost: -4
e. Gap opening cost: -12
f. Local alignment

2. Heptagon profiling
a. Minimum coverage was set to 100

Briefly, the workflow in CLC Genomics workbench was as follows: 1) trimmed reads were mapped to 
the reference sequence, 2) structural variants were detected based on the information derived from 
unaligned ends and locally realigned to the reference sequence, 3) consensus sequences were 
generated, 4) variants were called at the amino acid level, exported in Excel, and later imported into 
HIVE for analysis using HIVE’s Viral Mutation Comparator tool and to generate frequency tables.

The parameters used in CLC Genomics were the following: 
1. Mapping using Hexagon aligner

a. Match score: 1
b. Mismatch cost: 2
c. Insertion cost: 3
d. Deletion cost: 3
e. Length fraction of read required for mapping: 0.5
f. Similarity fraction: 0.8
g. Local alignment

2. InDels and Structural Variants
a. p-value threshold of unaligned end breakpoints: 0.0001
b. maximum number of mismatches: 3
c. minimum number of reads to filter variants: 2

3. Local realignment
a. multi-pass realignment: 2
b. maximum guidance-variant length (defined by InDels and Structural Variants): 100

4. Low frequency variant detection
a. Minimum frequency: 1%
b. Minimum coverage was set to 100
c. Frequency was set to 1%
d. Significance: 1%

Each step of the analysis process is briefly described below. 

1. Processing fastq files. Data were submitted to the FDA on a portable hard drive, which 
included fastq files for each subject (at baseline and a timepoint close to the time of failure) that 
was sequenced using paired end chemistry and the Illumina sequencing platform. The 
sequences were uploaded via the HIVE interface and assessed for quality control by looking at 
the following parameters: position statistics, where the mean phred score is calculated; read 
length, the relative base population of A, C, G, T for each sample; and average base quality for 
each file. Outlier files were flagged and evaluated more closely.

2. Segregating sequences by HCV genotype and trimming the sequence reads prior to 
mapping. The fastq files were separated by genotype and subtype and the NS3/4A, NS5A, and 
NS5B genes for HCV GT1a (H77; NC_004102), GT1b (Con1; AJ238799), HCV GT2a (JFH1; 
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AB047639), HCV GT2b (MD2b1; AY232748), GT3a (S52; GU814263), GT4 (ED43, 
GU814265), GT5a (SA13, AF064490), and GT6a (EUHK2, Y12083) were imported and 
annotated as coding sequences to be used as reference sequences for mapping. The individual 
reads from each fastq file were subjected to trimming using the default parameters for CLC 
Genomics Workbench (when used).

3. Mapping reads to the appropriate reference sequence for each HCV genotype/subtype. 
The reads from each fastq file were aligned to the appropriate reference sequence to generate 
a mapping for each sample. The mapping contained the target of interest (the NS3/4A, NS5A or 
NS5B gene sequences) and was used to identify variants that differed from the reference 
sequence.  In general, the mappings were assessed to determine the depth of coverage at each 
nucleotide position and to evaluate read directionality (ratio of forward to reverse reads) to 
identify regions of bias. 

NGS Analysis Pipeline Output
4. Generating frequency tables of amino acid substitutions. From the read mappings, variants 

were called and variant tables were generated for each sequence run using the built in variant 
caller in HIVE (Simonyan et al., 2017) and the low frequency variant caller in CLC Genomics 
workbench (only used in cases of disagreement between HIVE and the sponsor). The variant 
call tables were converted into amino acid frequency tables using the HIVE Viral Mutation 
Comparator tool. Below are descriptions for the variant callers and the frequency table:

a. HIVE Variant Detector (HVD) – calls variants from a read mapping using the Heptagon 
Sequence Profiler tool (Simonyan et al., 2017). Following alignment, the reference-
based variant profile is computed by mapping nucleotides of short read sequences and 
counting occurrences of distinct bases at every genomic position on the reference. This 
variant-calling procedure produces consensus, per-base, forward/reverse, and total 
coverage maps for all reference segments of the specified reference genomes/sets. The 
frequencies of each variant call are then computed relative to the reference genome or 
relative to the accumulated consensus genome, depending on user specifications. 
Amino acids (AA) are called based on the contribution of every read and its alignment in 
relation to an annotated open reading frame (ORF). AA substitution calls are made from 
codon translations of individual reads, based on mapping to annotated open reading 
frames. This is to contrast the variant calling from a consensus based AA calling 
procedure.  

b. Low Frequency Variant Detection (LFVD) – according to the CLC Genomics 
Workbench Manual: “a statistical test is performed at each site to determine if the 
nucleotides observed in the reads at that site could be due simply to sequencing errors, 
or if they are significantly better explained by there being one (or more) alleles than the 
reference present in the sample at some unknown frequency. If the latter is the case, a 
variant corresponding to the significant allele will be called, with estimated frequency”.

c. Frequency tables – Tables were generated using the HIVE Viral Mutation Comparator 
tool. This table contains information for each position of each gene and each subject for 
which variation from the reference occurs. The frequency table contains the following 
columns: unique subject identifier (USUBJID), treatment regimen (ARM), visit (VISIT), 
the amino acid position within the gene of interest (AAPOS), total coverage at the 
nucleotide position (TCOV), the amino acid found in the reference sequence (AAREF), 
the amino acid substitution (AASUB), the coverage at the nucleotide level for the variant 
(VCOV), and the frequency by which the variant was detected (AAFREQ). Frequency 
tables are generated by:

i. The variant tables were combined by genotype/subtype and study
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ii. The variant tables were filtered to remove synonymous substitutions

iii. The variant tables were reformatted to be directly comparable to the frequency 
tables submitted by the sponsor

iv. Any amino acid substitution ≥1% 

5. Generating resistance analysis tables. The HIVE Viral Comparator tool and Excel macros 
were used to convert the frequency tables into resistance analysis tables, allowing the 
resistance tables to be populated using different frequency thresholds. For example, the 
frequency tables generated from CLC Genomics Workbench output or submitted by the sponsor 
contained all variants with a frequency greater than or equal to 1%, and this tool allowed 
resistance analysis tables to be generated showing variants at different levels of sensitivity (5%, 
15%, 25%, etc.) as defined by the user. 

6. Conducting independent resistance analysis. The frequency tables and resistance analysis 
tables were then analyzed to identify substitutions that occurred above a defined frequency 
threshold of 10%, using the following criteria: 

a. SUBS10 criteria – Identified all substitutions that were not detected at baseline (<0.01 
frequency) but were detected at a frequency of 10% (0.10) or greater at later timepoints 
or detected at baseline at a frequency ≥10% (0.10) and not detected at later timepoints.

b. In addition, known resistance-associated substitutions that have been identified in 
NS3/4A, NS5A, and NS5B were analyzed at the 1% frequency cutoff, given that amino 
acid replacements at these sites may represent viral populations that are of low fitness 
and therefore may rapidly be overgrown once treatment stops. Several amino acid 
positions have been associated with resistance to SOF, VEL, and VOX. For SOF, 
substitutions at NS5B positions 96, 142, 159, 237, 282, 289, 320, and 321 are 
considered to be resistance-associated (NDA 204671). For VEL, the following NS5A 
positions were determined to be resistance-associated: 24, 28, 30, 31, 32, 58, 92, and 
93 (NDA 205834). For VOX, the following NS3/4a positions were identified as being 
resistance-associated in cell culture selection studies and/or clinical studies: 36, 41, 43, 
54, 55, 56, 80, 155, 156, and 168. In addition, for HCV GT3, NS3/4A substitutions at 
positions 77 and 178 were considered to be resistance-associated.

NGS Data Comparison
7. Comparing results to those submitted by the sponsor. The remainder of this review 

provides details on how the NGS data submitted by the sponsor were independently evaluated 
using the above described NGS analysis pipeline. In general, the NGS data analysis was 
performed using data generated in this pipeline and provided by the sponsor, and the results 
were compared as follows:

a. Frequency and resistance analysis tables were compared directly and major differences 
were noted

b. Amino acid substitutions were identified by at least two and up to three algorithms, 
including the sponsor’s algorithm (GIL) and HVD and LFVD (used by DAVP) and major 
differences between algorithms were reported

c. Novel resistance-associated amino acid substitutions reported by different NGS analysis 
approaches were compared and major differences were reported

d. NGS analysis results were compared to results obtained and reported by the sponsor 
using Sanger population sequencing when applicable

e. Novel resistance-associated substitutions identified by the independent analysis were 
noted and discussed with the review team for potential labeling/post-marketing actions
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CLINICAL STUDIES
The sponsor submitted NGS data for four phase 3 clinical trials and four phase 2 trials that were 
provided to support the NDA for the FDC of SOF, VEL, and VOX (SOF/VEL/VOX; 400/100/100 mg). 
This portion of the clinical virology NDA review focused exclusively on the independent analysis of NGS 
data from treatment failures from the phase 3 clinical trials POLARIS-1 (GS-US-367-1171) and 
POLARIS-4 (GS-US-367-1170), as there were too few virologic failures in POLARIS-2 (GS-US-367-
1172) and POLARIS-3 (GS-US-367-1173). The primary review of the phase 3 and phase 2 clinical trials 
and overall conclusions drawn from phase 2 and phase 3 resistance data can be found in the review of 
Senior Clinical Virology Reviewer Lisa Naeger, Ph.D. (NDA 209195 SDN 000).

In POLARIS-1 (GS-US-367-1171), SOF/VEL/VOX (400/100/100 mg) was compared with placebo for 12 
weeks in NS5A-inhibitor direct-acting antiviral (DAA) treatment-experienced subjects with or without 
cirrhosis (~40% cirrhotic) infected with chronic HCV GT1, 2, 4, 5, or 6 infection. The overall SVR12 for 
the SOF/VEL/VOX arm was 96.2% (see Statistical review of NDA 209195 SDN 000 for more details). 
There were a total of 7 subjects who failed treatment from the SOF/VEL/VOX arm, 1 subject infected 
with HCV GT1a experienced virologic breakthrough and 6 subjects (4 infected with GT3a, 1 with GT1a 
and 1 with GT4d) experienced relapse.

In POLARIS-4 (GS-US-367-1170), 12 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in non-NS5A DAA-experienced subjects with chronic HCV GT 1, 2, 3, 
or 4 infection. Approximately 50% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 97.3% (see Statistical review of NDA 209195 SDN 000 for more details). Only 
one subject failed treatment from the SOF/VEL/VOX arm, and this subject was infected with HCV GT1a 
and experienced relapse.

The NGS data submitted for these clinical trials included:
1. Raw sequence data in fastq format
2. Frequency tables showing the frequency of amino acid substitutions at each timepoint
3. Resistance analysis tables populated at a 15% cutoff
4. Summary of resistance-associated substitutions within and between studies

A total of 28 paired end fastq files were examined for the subjects from POLARIS-1 (GS-US-367-1171) 
who experienced treatment failure in the SOF/VEL/VOX arm. A total of 6 paired end fastq files were 
examined for the subject from POLARIS-4 (GS-US-367-1170) who experienced treatment failure in the 
SOF/VEL/VOX arm. 

The sponsor submitted a Virology Study Report that described the individual and integrated resistance 
analyses results for the four phase 3 clinical studies that evaluated the SOF/VEL/VOX FDC in 
treatment-naïve and treatment-experienced subjects chronically infected with HCV genotype 1 through 
6. These results were compared to the results generated independently by DAVP. 

Resistance Analysis Population
As stated in the Virology Analysis Plan, the resistance analysis population for POLARIS-1 (GS-US-367-
1171) and POLARIS-4 (GS-US-367-1170) included any subject who received at least 1 dose of a 
regimen containing SOF, VEL, and VOX and had a virologic outcome based on the following criteria:

 SVR12: HCV RNA <lower limit of quantitation (LLOQ) 12 weeks after the completion of 
treatment

 On-Treatment Virologic Failure: ≥1 log10 IU/mL increase in HCV RNA over nadir or HCV RNA 
≥LLOQ after having previously had HCV RNA <LLOQ during the on-treatment period, confirmed 
with 2 consecutive values (second confirmation value could be post-treatment) with absolute 
viral load values ≥1,000 IU/mL

 Virologic Failure due to Virologic Relapse: HCV RNA ≥LLOQ during the post-treatment 
period having achieved <LLOQ at the end of treatment, confirmed with 2 consecutive values or 
last available post-treatment measurement, with HCV RNA ≥1,000 IU/mL
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 Early Discontinuation: HCV RNA >1,000 IU/mL at the time of study discontinuation for any 
reason

For subjects experiencing virologic failure, NGS analysis was performed at the first virologic failure time 
point if HCV RNA levels were ≥1,000 IU/mL. If the HCV RNA levels at the first virologic failure time 
point after failure was <1,000 U/mL, the first time point with HCV RNA ≥1,000 U/mL was used for NGS 
analysis. The sponsor noted that the early time point will give the greatest probability of identifying 
resistant variants selected over the course of the study since the majority of subjects who failure have 
virologic relapse and wild-type sequence may rapidly repopulate over time off therapy.

Resistance Analysis Methodologies Used by the Sponsor
The sponsor stated that the HCV genotype and subtype were determined at screening by the central 
laboratory using Abbott RealTime PCR Genotype II assay.

The sponsor reported that NGS analysis of HCV NS3, NS5A, and NS5B coding regions was performed 
 using reverse transcriptase 

polymerase chain reaction (RT-PCR) and then followed by NGS analysis using the Illumina MiSeq 
deep sequencing platform (see the methods section in Appendix 1). The NS3, NS5A, and NS5B 
sequence was utilized to confirm the results of HCV genotyping and subtyping by Abbott RealTime 
HCV Genotyping II assay performed at screening.

The sponsor performed baseline NGS analysis of the HCV NS3, NS5A, and NS5B genes for all 
subjects. In addition, for all subjects who experienced virologic failure, NGS analysis was performed at 
the first time point after virologic failure if the plasma/serum sample was available and HCV RNA was 
>1,000 IU/mL. The sponsor defined resistance-associated substitutions (RAS) as specific substitutions 
that either confer a reduced susceptibility to drugs of the given class with a >2.5-fold change in half-
maximal effective concentration (EC50) compared with a genotype-specific reference in a replicon 
model or that commonly emerge in patients with virologic failure at the time of relapse. The sponsor 
reported RAS using 1% and 15% assay cutoffs. RAS present at baseline were defined as any amino 
acid change from the reference strain amino acid residue sequence at positions that have been 
associated with resistance. Baseline RAS were reported using a 15% assay cutoff.

For SOF, substitutions at NS5B positions 96, 142, 159, 237, 282, 289, 320, and 321 were considered to 
be resistance-associated. For VEL, the following NS5A positions were determined to be resistance-
associated: 24, 28, 30, 31, 32, 58, 92, and 93. For VOX, the following NS3/4a positions were 
determined to be resistance-associated: 36, 41, 43, 54, 55, 56, 80, 155, 156, and 168. In addition, for 
HCV GT3, NS3/4A substitutions at positions 77 and 178 were considered to be resistance-associated.

Baseline Analysis of RAS
Baseline sequences were analyzed for the presence of identified NS3, NS5A, or NS5B RAS as defined 
in the previous paragraph.

Virologic Failure Analyses
The sponsor performed its analysis by comparing post-treatment sequences with subject-specific 
baseline sequences to determine if any substitutions at RAS positions or other positions had emerged 
in the NS3, NS5A, and NS5B genes during treatment. By contrast, DAVP used the following reference 
sequences for mapping both baseline and post-treatment sequences: HCV GT1a (H77; NC_004102), 
GT1b (Con1; AJ238799), HCV GT2a (JFH1; AB047639), HCV GT2b (MD2b1; AY232748), GT3a (S52; 
GU814263), GT4 (ED43, GU814265), GT5a (SA13, AF064490), and GT6a (EUHK2, Y12083).
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POLARIS-1: GS-US-367-1171 
In POLARIS-1 (GS-US-367-1171), SOF/VEL/VOX (400/100/100 mg) was compared with placebo for 12 
weeks in NS5A-inhibitor direct-acting antiviral (DAA) treatment-experienced subjects with or without 
cirrhosis (~40% cirrhotic) infected with chronic HCV GT1, 2, 4, 5, or 6 infection. The overall sustained 
virological response at week 12 post-treatment (SVR12) for the SOF/VEL/VOX arm was 96.2% (see 
Statistical review of NDA 209195 SDN 000 for more details). There were a total of 7 subjects who failed 
treatment from the SOF/VEL/VOX arm, 1 subject infected with HCV GT1a experienced virologic 
breakthrough and 6 subjects (4 infected with GT3a, 1 with GT1a and 1 with GT4d) experienced relapse 
(Table 2).

Table 2. Subjects who failed treatment with SOF/VEL/VOX in POLARIS-1 (GS-US-367-1171) whose 
virus was analyzed for resistance (DAVP analysis).

SUBJID GT Relapse Cirr Previous 
DAA

1171-00407-24286 1a Y Y LDV/SOF
1171-02140-24070 1a BT Y LDV/SOF
1171-03060-24009 3a Y Y SOF/VEL
1171-01057-24090 3a Y Y SOF/VEL
1171-01065-24344 3a Y Y DCV SOF
1171-01386-24385 3a Y Y DCV SOF
1171-04021-24246 4d Y Y LDV/SOF

SUBJID, subject ID; GT, HCV genotype; Relapse, indicates subject who had a rebound in HCV RNA after treatment 
ended; BT, virologic breakthrough; Cirr, cirrhosis status; Previous DAA, previous drugs the subject was treated with prior 
to this clinical trial. LDV, ledipisvir; SOF, sofosbuvir; VEL, velpatasvir.

POLARIS-1 (GS-US-367-1171) Virologic Failure Analyses
For POLARIS-1 (GS-US-367-1171), the sponsor reported that 7 of 263 subjects (2.3%) did not achieve 
SVR12: 6 relapsed and 1 experienced on-treatment virologic failure with the pharmacokinetic data 
consistent with nonadherence. The sponsor noted that the NS3, NS5A, and NS5B genes were 
successfully sequenced at baseline and at virologic failure for all of the 7 subjects, but due to assay 
failure, NS5B sequencing data were not available for 1 subject 03060-24009 at the time of relapse. The 
results of the sponsor’s resistance analysis (baseline and post-treatment for virologic failures) are 
shown in Table 3. Five of the seven DAA-experienced subjects who experienced virologic failure had 
baseline RAS in two of the three viral genes being targeted by SOF/VEL/VOX. Subject 01057-24090 
had a NS5A RAS Y93H at 30.9% at baseline and this was enriched to 99% by time of failure (Table 3). 
Subject 01386-24385 had a NS3 RAS D168R detected at low frequency (1%) (Table 3). 

Table 3. Integrated Phase 3 Analysis: Baseline and Post-treatment sequence analysis in DAA-
experienced subjects who experienced virologic failure (POLARIS-1) using a 1% assay cutoff (Table 
49, page 64, Phase 3 Integrated Virology Report).
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POLARIS-1 (GS-US-367-1171) Resistance Conclusions from the Sponsor
The sponsor concluded that of the 7 subjects in the SOF/VEL/VOX 12 Week group with sequencing 
data available,1 subject, with GT1a who experienced virologic breakthrough, had treatment-emergent 
NS5A RAS L31M and Y93H in addition to preexisting NS3 Q80K and NS5A Q30T RAS at baseline 
utilizing a 15% cutoff. In addition, NS5A RAS Y93H emerged in 1 subject with genotype 4d infection 
who relapsed. No NS3 or NS5B RAS emerged in any of the remaining 5 subjects who relapsed.

POLARIS-1 (GS-US-367-1171) DAVP Analysis
For the most part, the DAVP analysis of NGS data from POLARIS-1 (GS-US-367-1171) was consistent 
with the results reported by the sponsor (Table 4). Most of the differences between the two analyses 
occurred at frequencies below 2% (compare Table 4 to Table 3). However, there were four 
discrepancies that occurred at high frequency, two of which were high frequency RAS identified by 
DAVP and not by the sponsor (highlighted in yellow) and two that were detected by the sponsor but not 
DAVP (red font)(Table 4). 

Table 4. Baseline and Post-treatment sequence analysis in DAA-experienced subjects who 
experienced virologic failure (POLARIS-1) using a 1% assay cutoff (DAVP Analysis).

SUBS10 AADIFF BL RAS AAFREQ SUBS10 AADIFF BL RAS AAFREQ SUBS10 AADIFF BL RAS AAFREQ
V36A 0.02 K24R 0.01
Q41K 0.01 Y93N 0.99
Q80K 1
Q80K 0.99 L31M 0.21 Q30T 0.98

Y93H 0.44
R155G 0.03 A30V 0.07 E237G 0.96

Y93H 0.7 en 1 S282G 0.01
01057-24090 3a F43Y 0.01 F36L 0.01 Y93H 0.31 en 0.99

Q41K 0.02 Q80K 0.01 A30K 0.99 F289L 0.01
V55A 0.05 F36L 0.01 L314I 0.02

R155M 0.01 P58T 0.01 L320F 0.01
01386-24385 3a Q168R 0.01 E92K 0.99

F43L 0.03 H54R 0.99 K24N 0.01 S96* 0.02
Q80K 0.02 Y93H 0.99 R30S 0.01 L159M 0.01
R155L 0.02 L30R 0.99 F36L 0.01 E237* 0.01
D168Y 0.02 T58P 0.96 en .99 E237G 0.01

T58Q 0.02

02140-24070

Emergent Baseline Emergent Baseline

N/A

1a

03060-24009

01065-24344

04021-24246

3a

3a

4d

00407-24286 1a

GT
NS3/4A NS5A NS5B

Emergent BaselineSUBJID

SUBJID, subject ID; GT, HCV genotype; Emergent, indicates an increase in RAS frequency at the post-treatment 
timepoint; SUBS10, is the emergent RAS detected; AADIFF, is the different in frequency of the emergent RAS as 
compared to baseline; BL RAS, RAS detected at baseline; AAFREQ, the frequency of the baseline RAS; en, enriched 
RAS that increased from baseline to post-treatment timepoint. Red, RAS detected by the sponsor but not DAVP; yellow, 
positions detected by DAVP but not the sponsor.

Discrepancies Resolved

 For the NS5A_Q30T substitution reported by the sponsor for subject 02140-24070 (infected with 
HCV GT1a), DAVP did not detect this substitution at baseline or at the post-treatment timepoint. 
The sponsor’s frequency table also did not indicate any substitutions at position 30 for this 
subject, indicating that this data point in Table 3 could be incorrect. However, using CLC 
Genomics Workbench to reanalyze the sequences for this subject, it became clear that this 
region in the NS5A gene is complicated by an insertion and deletion. The reference sequence 
codons were CCA for proline 29 and CAA for glutamine 30 whereas the codons derived from 
the subject at this position were CCG for proline 29 and ACA for threonine 30. The Q30T 
substitution was detected at a frequency of 99% in agreement with the results in Table 3.

 The NS5A_E92K substitution detected by DAVP in subject 01386-24385 (infected with HCV 
GT3a) represented a potential novel RAS, and while this substitution was not reported by the 
sponsor in Table 3, it was present in the sponsor’s frequency table at 99% frequency, which 
was in agreement with the results of the independent analysis. 
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 The NS5A_L30R reported by the sponsor at baseline and at the post-treatment timepoint in 
subject 04021-24246 (infected with HCV GT4d) in Table 3, was not detected by DAVP, and was 
also not present in the sponsor’s frequency table for this subject, indicating a possible error in 
Table 3. CLC Genomics Workbench was used to reanalyze the sequences for this subject, and 
at NS5A position 30, CLC detected no differences at baseline or at the post-treatment timepoint. 
In both cases the amino acid at this position was an arginine, which was in agreement with the 
reference sequence. Given that this is a known RAS for NS5A, this error is not critical for the 
resistance assessment. 

 For subject 04021-24246 (infected with HCV GT4d) at NS5A_H54, DAVP detected treatment 
emergent RAS H54R at a frequency of 99%, and this substitution was also present in the 
sponsor’s frequency table at the same frequency. It was not present in Table 3 because it was 
not at a signature position.

POLARIS-1 (GS-US-367-1171) DAVP conclusions:  In general, there was agreement between the 
variants detected by the sponsor and those detected by DAVP. Of the 7 subjects who had virologic 
failure, six had baseline NS5A substitutions, which likely lead to failure of VEL. All seven subjects had 
baseline RAS in at least one of the three genes targeted by the SOF/VEL/VOX combination. One RAS 
in the subject infected with HCV GT4d contained an NS5A H54R RAS at 99% frequency at the post-
treatment timepoint. This position was reported to be 98.41% conserved by the sponsor, and this 
position should be phenotyped.

POLARIS-4 (GS-US-367-1170)
In POLARIS-4 (GS-US-367-1170), 12 weeks of SOF/VEL/VOX (400/100/100 mg) was compared to 12 
weeks of SOF/VEL (400/100 mg) in non-NS5A DAA-experienced subjects with chronic HCV GT 1, 2, 3, 
or 4 infection. Approximately 50% of subjects in this trial had cirrhosis. The overall SVR12 rate for the 
SOF/VEL/VOX arm was 97.3% (see Statistical review of NDA 209195 SDN 000 for more details). 
There was one subject who failed treatment from the SOF/VEL/VOX arm in this clinical trial, and this 
subject was infected with HCV GT1a and experienced relapse (Table 5).

Table 5. Subjects who failed treatment with SOF/VEL/VOX in POLARIS-4 (GS-US-367-1170) whose 
virus was analyzed for resistance (DAVP analysis).

SUBJID GT Relapse Cirr Previous DAA

367-1170-00071-27790 1a Y Y P/R,SIM,SOF,TEL

SUBJID, subject ID; GT, HCV genotype; Relapse, indicates subject who had a 
rebound in HCV RNA after treatment ended; Cirr, cirrhosis status; Previous 
DAA, previous drugs the subject was treated with prior to this clinical trial. P/R, 
pegylated interferon and ribavirin; SIM, simeprevir; SOF, sofosbuvir; TEL, 
telaprevir.

POLARIS-4 (GS-US-367-1170) Virologic Failure Analyses
For POLARIS-4 (GS-US-367-1170), the sponsor noted that 1 of 182 subjects (0.5%) relapsed in the 
SOF/VEL/VOX 12 Week group. For the 1 subject who relapsed in the SOF/VEL/VOX 12 Week group, 
the sponsor reported that no NS3, NS5A, or NS5B RAS were detected at baseline or at the time of 
relapse using a 15% assay cutoff. The sponsor used a 1% assay cutoff to analyze this virus from this 
subject, and the NS5A RAV M28T was detected at 7.5% at the timepoint when relapse was detected, 
but no other NS3 or NS5B RAS were detectable utilizing the more sensitive 1% assay cutoff (Table 6).
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Table 6. Integrated Phase 3: Baseline and Post-treatment sequence analysis in DAA-experienced 
subjects with virologic failure (POLARIS-4) using a 1% assay cutoff (Table 50, page 66, Phase 3 
Integrated Virology Report).

POLARIS-4 (GS-US-367-1170) Resistance Conclusions from the Sponsor
The sponsor concluded that for the 1 subject who relapsed in the SOF/VEL/VOX 12 Week group in 
POLARIS-4 (GS-US-367-1170), no NS3, NS5A, or NS5B RAS were detected at baseline or at the time 
of relapse using a 15% assay cutoff. At an assay cutoff of 1%, the NS5A RAS M28T was detected at 
7.5% at relapse, and no other NS3 or NS5B NI RAVs were detectable utilizing the more sensitive 1% 
assay cutoff.

POLARIS-4 (GS-US-367-1170) DAVP Analysis
There was good agreement between the variants detected by the sponsor and those detected by DAVP 
for the one subject in POLARIS-4 (GS-US-367-1170) who experienced relapse in the SOF/VEL/VOX 
12 Week group (Table 7). No significant discrepancies were detected and no additional RAS were 
identified.

Table 7. Baseline and Post-treatment sequence analysis in DAA-experienced subjects who 
experienced virologic failure (POLARIS-4) using a 1% assay cutoff (DAVP Analysis).

SUBS10 AADIFF BL RAS AAFREQ SUBS10 AADIFF BL RAS AAFREQ SUBS10 AADIFF BL RAS AAFREQ
00071-27790 1a M28T 0.1 S96P 0.01

BaselineGTSUBJID
NS3/4A NS5A NS5B

Emergent Baseline Emergent Baseline Emergent

SUBJID, subject ID; GT, HCV genotype; Emergent, indicates an increase in RAS frequency at the post-treatment 
timepoint; SUBS10, is the emergent RAS detected; AADIFF, is the different in frequency of the emergent RAS as 
compared to baseline; BL RAS, RAS detected at baseline; AAFREQ, the frequency of the baseline RAS; en, enriched 
RAS that increased from baseline to post-treatment timepoint. 

POLARIS-4 (GS-US-367-1170) DAVP conclusions:  DAVP detected NS5A RAS M28T at a frequency 
of 10% compared to 7.5% for the sponsor. In addition, NS5B RAS S96P was detected at a frequency of 
1%. No significant discrepancies were detected and no additional RAS were identified.

COMBINED RESISTANCE ANALYSIS
Given that the NGS analysis reviewed for this NDA focused on two pivotal Phase 3 clinical trials, 
POLARIS-1 (GS-US-367-1171) and POLARIS-4 (GS-US-367-1170), and there were only 8 treatment 
failures in the SOF/VEL/VOX arm and only three subjects infected with HCV GT1a could be compared 
across studies (n=2 from POLARIS-1 and n=1 from POLARIS-4), no combined resistance analysis was 
performed.

To assess whether the absolute concentration of a baseline RAS, calculated by multiplying the 
frequency of the RAS at baseline times the baseline HCV RNA level, was compared among subjects 
who achieved SVR12 and those who failed treatment. No clear trends were identified for any baseline 
RAS in this analyses; however, in some instances a trend of higher absolute RNA concentration 
appeared to correlate with failure (Figure 2).
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Figure 2. Comparison of the absolute concentration of the NS5A Y93H RAS at baseline among 
subjects who had achieved SVR12 and those who failed treatment (DAVP analysis).

CONCLUSIONS
DAVP performed an independent analysis of the NGS data submitted for two pivotal phase 3 clinical 
trials and compared the results to those reported by the sponsor. In general, there was good agreement 
between these results. However, the different analysis pipelines used much different default filtering 
and mapping criteria and this was apparent when comparing frequency table values such as Total 
Coverage, Variant Coverage, and Amino Acid Frequency. However, despite these differences, the 
general trends observed were very similar and there was generally good agreement at frequencies 
greater than 2%.

Overall, the SOF/VEL/VOX fixed dose combination had high SVR rates greater than 95% and resulted 
in very few virologic failures. Most of the subjects who failed treatment relapsed after treatment had 
been completed, and nearly all had baseline RAS, particularly in the HCV NS5A gene, that likely 
contributed to relapse or virologic breakthrough. The NGS analyses results reported by the sponsor 
were in agreement with the results generated by DAVP, with a few exceptions. In general, most 
disagreements occurred at low frequency where differences in program parameters likely contributed to 
these discrepancies. However, there were a few disagreements that occurred at high frequency at 
positions known to be resistance-associated and so substitutions that occurred at known positions were 
counted if they were detected by any of the variant detectors used (including one by the sponsor and 
one or two by DAVP). However, no novel resistance-associated substitutions meeting the SUBS10 
criteria were identified in more than one subject. Moreover, discrepancies were rectified by comparing 
the sponsor resistance table (Table 3) to the results detected by DAVP and the results reported in the 
sponsor’s frequency tables that were submitted with the raw sequence data. This cross comparison 
indicated that there was one non-critical error in Table 3. In addition, DAVP reanalyzed the sequences 
of the subjects for which discrepancies occurred using the CLC Genomics workbench which showed 
that the results detected by DAVP using HIVE and the results detected using CLC Genomics 
workbench were in agreement with the results reported in the sponsor’s frequency tables. Of note, one 
RAS in the subject infected with HCV GT4d from POLARIS-I contained an NS5A H54R RAS at 99% 
frequency at the post-treatment timepoint. This position was reported to be 98.41% conserved by the 
sponsor, and we will recommend that this substitution be phenotyped.
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Taken together the results of this independent analysis confirm that SOF/VEL/VOX was highly effective 
against all HCV GTs, and has a high resistance barrier. No major discrepancies were found in the NGS 
analyses performed and no additional resistance-associated substitutions were identified.

For complete labeling details, please see the review of NDA 209195 SDN 000 by Senior Clinical 
Virology Reviewer Lisa Naeger, Ph.D.

POST MARKETING RECOMMENDATIONS

1. Please determine the phenotype of NS5A H54R in the GT4d replicon and report fold shifts in 
the EC50 value.

ADMINISTRATIVE

Reviewer’s Signature(s)

        Eric F. Donaldson 
   Eric F. Donaldson, Ph.D.
  Clinical Virology Reviewer

Concurrence(s)
                                                                                    Date:  
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HFD-530/Division File
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APPENDICES
METHODS (Copied from the NDA)

Deep Sequencing Assays
Deep sequencing will be utilized as described in Section 2.1. Production of amplicons encoding the 
subject-derived NS3/4A, NS5A and NS5B coding sequences will be performed , 

, if the serum/plasma level of HCV RNA is ≥ 1,000 IU/mL. Resulting amplicons will be 
further processed by a CRO including library preparation, multiplexing, and deep sequencing. Illumina-
MiSeq deep sequencing platform will be used. Deep sequencing data will be received from the CRO as 
FASTQ files that will be split into one file set (paired ends) per sample using only 100% matched 
barcodes to bin the reads. Internally-developed software will be used to process and align sequencing 
data via a multi-step method (Table A1).

To align the next-generation sequences (NGS) results, a de-novo assembly sequence will be used as a 
reference. Baseline samples will be de novo assembled using VICUNA (Yang et al., 2012). De-novo 
assembly is accomplished by the following steps:

1) Contigs will be generated from paired-end FASTQ files by VICUNA
2) Contigs will be merged to generate ASSEMBLY 1 sequence based on alignment to most similar 

subtype-specific reference using MOSAIK v1.1.0017. These subtype specific set of sequences 
will be compiled from the NCBI database. The set will include all currently characterized 
subtypes.

3) All reads from paired-end FASTQ files will be aligned to the ASSEMBLY 1 sequence to 
generate ASSEMBLY 2. The steps for generating ASSEMBLY 2 are:

a) Align paired-end FASTQ files using MOSAIK v1.1.0017 with ASSEMBLY 1 as reference
b) Base calls per amplicon position are tabulated from aligned reads
c) ASSEMBLY 2 is created by using ≥15% cutoff of tabulated results. If more than one 

base is represented at >15% at an amplicon position, then a mixture is used for the 
ASSEMBLY 2 (i.e. C 25%, T 75% = Y)

d) If an insertion or deletion is found with respect to the subtype reference, or if a significant 
drop in coverage is found (50% or more from the previous base), an intensive search of 
this region is performed in order to correct this region. Using the last 15 bp of a region in 
a frame shift.

The resulting tabulated summary of variants from the NGS pipeline will be utilized to generate a 
consensus sequence. Mixtures will be reported when present ≥ 15% of the viral population. Indels will 
be reported when present in more than 50% of the viral population. An additional step to refine the NGS 
consensus sequences with complex mixtures will take place to take advantage of the high resolution 
deep sequencing data. When consensus nucleotide sequences contain 2 ambiguities within a codon, 
the deep sequencing percentages of the amino acids will be checked to meet 15% cutoff and updated 
to the NGS identified amino acids. Any amino acid in a mixture with read coverage <15% will be 
removed from consensus.

In order to facilitate genotype analyses, the final assembly will be aligned to a genotype specific 
reference sequence based on the subtype of the sample as in the table below. Based on the alignment 
to the genotype-specific reference, inserted positions and positions downstream of insertions will be re-
labeled to reflect the reference coordinates. Deleted positions will be marked, and downstream 
positions will be re-labeled to reflect reference coordinates. In addition, the assembly sequence will also 
be aligned and labeled to the genotype 1a H77 reference sequence. Genotype 1a H77 reference amino 
acid numbering will be used for cross-genotype analyses as needed. In addition, a set of 67 subtype 
references will be used to provide a tabulated summary of NGS results for each sample relatively to a 
subtype specific reference. 

Reference ID: 4095090

(b) (4)

(b) (4)



DIVISION OF ANTIVIRAL PRODUCTS (HFD-530)
VIROLOGY REVIEW: Eric F. Donaldson, Ph.D.

NDA#: 209195 SDN 000e 002  DATE REVIEWED: 03/27/2017

20

Table A1. Overview of Gilead’s deep sequencing analysis pipeline (Table 2, page 10, Virology Analysis 
Plan).

Sequencing-based HCV Subtype Determination
Subtypes will be determined during screening for clinical trial subjects using one of several assays: 
INNO-LiPA, Trugene, Abbott RealTime HCV Genotype II assay or by sequencing a small conserved 
section of the NS5B gene. This information will be used to select primers to be used for amplification of 
full genes for baseline samples. A final subtype for virology analyses at baseline and post-treatment will 
be assigned by measuring the quality of an amino acid alignment of sequences against a curated set of 
reference sequences encompassing all known HCV subtypes. This set of reference sequences 
consists of 67 subtypes and 7 genotypes (hcvsubtypereferenceset.fasta).

Based on BLAST analyses against this HCV subtype reference set, the subtype will be determined 
using the following criteria:

 The subtype of the reference sequence with the highest homology is assigned to the sample if 
the amino acid alignment of a protein results in a greater than 85% amino acid identity. If 
multiple targets were sequenced, and the subtype analysis results in multiple subtypes having 
highest homology over 85% identity, all subtypes are assigned to the sample (for example 
NS5A had highest homology >85% to 1c and NS5B had highest homology >85% to 1h, the 
assigned subtype would be 1c/1h)

 Alignments that are shorter than 100 amino acids are not considered for the purpose of subtype 
assignments
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 In the case of fragmented alignments, the length weighted average of the percent identity is 
used for highest homology determination. The 100 amino acid length minimum is applied to 
each fragment

 All cases that do not match the provided criteria will be described individually as appropriate

The 85% threshold for the assignment of a subtype was determined following an analysis of the 
homologies of HCV subtype reference sequences of the same subtype. The threshold was designed to 
be conservative in allowing subtypes to be assigned, but also prevent spurious assignments; 99% of 
the sequences of the same subtype have percent identities greater than 85%.

If full length amplification fails for NS3/4A, NS5A and NS5B genes, subtypes may be determined using 
one of several assays: INNO-LiPA, Trugene, Abbott RealTime HCV Genotype II assay or by 
sequencing a small conserved section of the NS5B gene.
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methylpyrrolidin-1-yl]-3-
methyl-1-oxobutan-2-
yl}carbamate

methoxy-3,6-
dioxo-
1,1a,3,4,5,6,9,10,1
8,19,20,21,22,22a-
tetradecahydro-
8H-7,10-
methanocycloprop
a[18,19][1,10,3,6]d
ioxadiazacyclonon
adecino[11,12-
b]quinoxaline-8-
carboxamide
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formula

C22H29FN3O9P C49H54N8O8 C40H52F4N6O9S

Molecular 
weight

529.46 883.00 868.93

Drug category:  Antiviral
Indication: Fixed-dose combination of velpatasvir, a hepatitis C virus (HCV) NS5A 
inhibitor, sofosbuvir, an HCV nucleotide analog NS5B polymerase inhibitor, and a HCV 
NS3/4A protease inhibitor, voxilaprevir; indicated for the treatment of chronic hepatitis C 
(CHC) genotype 1 infection
Dosage Form/Route of administration:  Oral
Dispensed: Rx  

Abbreviations: AE, adverse events; BL, baseline; DAA, direct-acting antiviral; EC50, 
effective concentration at 50%; FC, fold-change; FDA, Food and Drug Administration; 
FDC, fixed-dose combination; GT, genotype; HBV, hepatitis B virus; HCV, hepatitis C 
virus; HIV, human immunodeficiency virus; IC50, inhibitory concentration at 50%; IFN, 
recombinant human interferon; LDV, ledipasvir; NGS, next generation sequencing; 
NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse 
transcriptase inhibitor; PBL, peripheral blood lymphocytes; PDVF, protocol defined 
virologic failure; PI, NS3/4A protease inhibitor; P/R, pegylated interferon/ribavirin; RAP, 
resistance-associated polymorphism; RAS, resistance-associated substitutions; RBV, 
ribavirin; SDM, site-directed mutants;  SOF, sofosbuvir; SVR, sustained virologic 
response; SVR12, sustained virologic response at 12 week after end of treatment; VEL, 
velpatasvir; VOX, voxilaprevir; WT, wild-type
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EXECUTIVE SUMMARY

This NDA for a fixed-dose combination (FDC) of the investigational NS3/4A protease 
inhibitor, voxilaprevir (VOX), in combination with the approved FDC of the NS5A 
inhibitor, velpatasvir (VEL), and the nucleotide analog NS5B polymerase inhibitor, 
sofosbuvir (SOF), seeks an indication for the treatment of genotypes 1, 2, 3, 4, 5, and 6 
NS5A inhibitor treatment-experienced adult patients and genotype  NS5B inhibitor 
treatment-experienced, NS5A inhibitor-naïve adult patients with chronic HCV infection.  
From a virology perspective, this application for SOV/VEL/VOX is approvable.  

After review of this NDA by the FDA team, SOF/VEL/VOX has been indicated for the 
treatment of adult patients with chronic HCV infection without cirrhosis or with 
compensated cirrhosis (Child-Pugh A) who have 

 genotype 1, 2, 3, 4, 5, or 6 infection and have previously been treated with an 
HCV regimen containing an NS5A inhibitor  

 genotype 1a or 3 infection and have previously been treated with an HCV 
regimen containing sofosbuvir without an NS5A inhibitor.

o No additional benefit of VOSEVI has been established over 
sofosbuvir/velpatasvir for the treatment of HCV genotypes 1b, 2, 4, 5 and 
6 in nucleotide analog NS5B polymerase inhibitor treatment-experienced 
adults who are NS5A inhibitor treatment-naïve 

SOF/VEL
SOF is a uridine nucleotide analog inhibitor of the HCV NS5B RNA-dependent RNA 
polymerase, which is required for viral replication. Specifically, the SOF prodrug is 
hydrolyzed by cellular esterases to a uridine analog monophosphate that is 
subsequently converted by cellular kinases to uridine analog triphosphate. The uridine 
analog is incorporated into HCV RNA by the NS5B polymerase and acts as a chain 
terminator.  SOF was approved for the treatment of HCV by the FDA in December 2013 
(NDA-204671).  VEL is an inhibitor of the HCV NS5A protein, which is required for viral 
replication.  Resistance selection experiments in cell culture and cross-resistance 
studies indicate velpatasvir targets NS5A as its mode of action.  VEL was approved in 
combination with SOF as a FDC tablet as a 12-week regimen on June 23, 2016 for the 
treatment of adults with chronic HCV genotypes 1, 2, 3, 4, 5, and 6 with and without 
cirrhosis.  The recommended regimen for patients with decompensated cirrhosis (Child-
Pugh B and C) is SOF/VEL + RBV for 12 weeks.

SOF and VEL have antiviral activity against HCV genotypes (GT) 1, 2, 3, 4, 5, and 6.  
The EC50 values for SOF range from 15 to 264 nM against laboratory replicons and the 
EC50 values for VEL range from 0.004 to 0.130 nM.  Against clinical isolates, median 
EC50 values range from 29 - 102 nM and 0.002 – 0.024 nM for SOF and VEL, 
respectively.  

HCV replicons with reduced susceptibility to sofosbuvir were selected in cell culture for 
genotypes 1b, 2a, 2b, 3a, 4a, 5a, and 6a.  Reduced susceptibility to sofosbuvir was 
associated with the NS5B amino acid substitution S282T in all replicon genotypes 
examined. An M289L substitution developed along with the S282T substitution in 
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genotype 2a, 5 and 6 replicons. Site-directed mutagenesis of the S282T substitution in 
replicons of genotypes 1 to 6 conferred 2- to 18-fold reduced susceptibility to sofosbuvir.

HCV genotype 1a, 1b, 2a, 3a, 4a, 5a, and 6a replicon variants with reduced 
susceptibility to velpatasvir were also selected in cell culture.   Selected viruses 
developed amino acid substitutions at NS5A inhibitor resistance-associated positions 24, 
28, 30, 31, 32, 58, 92, and 93.  Phenotypic analysis of site-directed mutagenesis mutant 
replicons of the selected NS5A substitutions showed that single and double 
combinations of L31V and Y93H/N in genotype 1a, the combination of L31V +Y93H in 
genotype 1b, Y93H/S in genotype 3a, and L31V and P32A/L/Q/R in genotype 6 
conferred greater than 100-fold reductions in velpatasvir susceptibility.  In the genotype 
2a replicon, the single substitutions F28S and Y93H showed 91-fold and 46-fold reduced 
susceptibility to VEL, respectively.  The single substitution Y93H conferred 3-fold 
reduced susceptibility to VEL in genotype 4a replicons.  Combinations of these NS5A 
substitutions often showed greater reductions in susceptibility to velpatasvir than single 
substitutions alone.

VOX
VOX is an active site inhibitor of HCV NS3/4A serine protease and its mechanism of 
action was demonstrated by biochemical inhibition studies, competition studies, and X-
ray crystallographic analysis.  VOX has antiviral activity across genotypes 1 to 6 with 
EC50 values ranging from 0.33 to 6.6 nM.   The median EC50 values of VOX were 0.55, 
2.7, 6.0, 0.56, 1.8, and 0.52 nM against genotypes 1, 2, 3, 4, 5, and 6 clinical isolates, 
respectively.  VOX showed a 6.8-fold reduction in activity against the genotype 1a HCV 
replicon in the presence of 40% human serum.  VOX exhibited low cytotoxicity across 
genotype 1a, 1b, 2a, and 3a stable replicon cell lines with CC50 values ranging from 
18,300 to 21,000 nM; giving selectivity indices >3,000 across the tested genotypes.  
VOX has no antiviral activity against other unrelated viruses (RSV, HRV, FLU, HBV, or 
HIV) at drug concentrations below the CC50 values.  

No significant antagonism was observed when VOX was tested in combination with 
other anti-HCV compounds (IFN-; nucleoside analog NS5B inhibitors: SOF, and RBV; 
non-nucleoside NS5B inhibitors tegobuvir and GS-9669: NS5A inhibitors LDV and VEL; 
cyclophilin inhibitor GS-607671) or with HIV inhibitors (ATV, DRV, EFV, EVG, FTC, RAL, 
RPV and TFV).

In resistance selection experiments with VOX in GT1a, the most frequent amino acid 
substitutions observed in VOX-resistant viruses were Q41R, A156T, and D168A/V in 
NS3.   The Q41R substitution confers 5-fold decreased susceptibility to VOX.  D168A/V 
substitutions alone or in combination with Q41R conferred 4- to 22-fold decreased 
susceptibility to VOX, respectively.  VOX has significantly reduced antiviral activity 
against the A156T variant alone or in combination with other amino acid substitutions 
(>100-fold decreased susceptibility compared to wild-type) and A156T variants had 
lower replication capacities than wild-type.  In genotypes 1b, 2a, 3a, and 4a, 
substitutions at position 156, with or without a substitution at position 168, were selected.  
Substitutions at position 156 (A156L/T/V) conferred the highest levels of decreased 
susceptibility (38- to > 224-fold) in genotypes 1b, 2a, 3a, and 4a.  In genotypes 5 and 6, 
the double substitutions Q41R+D168H/Y and Q41R+D168H were selected, respectively.  
Substitutions at position 168 that were selected in genotypes 2a, 5a, and 6a 

Reference ID: 4095029



DIVISION OF ANTIVIRAL PRODUCTS (HFD-530) VIROLOGY REVIEW
NDA: 209195       SDN: 000

DATE REVIEWED:   04/03/2017
Virology Reviewer: Lisa K. Naeger, Ph.D.

6

demonstrated 1.5- to 17.8-fold decreased susceptibility.  The double substitutions 
Q41R+D168H and Q41R+D168A/Y in genotypes 5 and 6 showed 18- and 47-fold 
reduced susceptibility to VOX, 3- to 12-fold higher compared to the single substitutions 
D168H/A/Y.

In cross-resistance experiments, VOX showed activity against NS3 protease inhibitor 
resistance-associated substitutions V36M, T54S, R155K and the polymorphism Q80K.  
EC50 values for various substitutions at D168 ranged from 1.6- to 20-fold for VOX 
against all the genotypes.  In contrast, A156T/V substitutions conferred >100 to >250-
fold decreased susceptibility to VOX.   VOX retained full activity against all of the 
nucleoside analog NS5B polymerase inhibitor resistance substitutions and NS5A 
inhibitor resistance subsitutions with EC50 fold changes <2-fold compared to wild-type.

Clinical Virology Assessment of POLARIS Trials
In POLARIS-1, a study of NS5A inhibitor treatment-experienced subjects, the effect of 
the presence of baseline NS5A inhibitor and NS3 protease inhibitor resistance-
associated substitutions (RAS) on SVR12 rates in subjects with GT1a, GT1b, GT3 and 
GT4 HCV infection following 12-week SOF/VEL/VOX treatment was examined.  Overall, 
SVR12 rates were equivalent for GT1a, GT1b, GT3a and GT4 subjects with and without 
NS5A RAS; 97% (186/192) versus 98% (54/55).  SVR12 rates were 100% for subjects 
with baseline NS5A RAS at positions 24, 28, 31, 58, or 92.  SVR12 rates were 97% for 
subjects with baseline NS5A RAS at positions 30 or 93.  In addition, an increase in the 
number of baseline NS5A RAS did not decrease SVR12 rates.  For subjects with more 
than one NS5A RAS, SVR12 rates were 100% (170/170).

The SVR12 rate for GT1a subjects with NS3 protease inhibitor resistance-associated 
substitutions was 100% (18/18) compared to 98% (79/81) for subjects without NS3 RAS.  
SVR12 rates were 100% for substitutions at the specific NS3 RAS positions 156 (1/1) 
and 168 (7/7).   For GT1b, GT3 and GT4 subjects, there was no effect of NS3 RAS on 
efficacy, because SVR12 rates were 100% for subjects with NS3 RAS. 

SVR12 rates for subjects with both NS3 protease inhibitor and NS5A inhibitor RAS at 
baseline were also examined and were 100% for all the subjects.  Therefore, the 
presence of baseline RAS in both targets, NS3 and NS5A, did not affect SVR12 rates 
following treatment with SOF/VEL/VOX.

Additionally, SVR12 was achieved in 18 of 19 (95%) subjects who had baseline 
nucleoside analog NS5B inhibitor resistance-associated substitutions in POLARIS-1, 
including 2 subjects that had virus with the S282T nucleoside analog NS5B inhibitor 
resistance-associated substitution in addition to NS5A resistance-associated 
substitutions at baseline. 

In POLARIS-4, a study of nucleoside analog NS5B inhibitor-experienced and NS5A 
inhibitor-naïve subjects, overall SVR12 rates were 99% (157/158) for the SOF/VEL/VOX 
arm compared to 90% (136/151) for the SOF/VEL arm.  This decrease in efficacy for the 
SOF/VEL group was driven by lower SVR12 rates in genotypes 1a and 3 HCV subjects.  
SVR12 rates for SOF/VEL/VOX were equivalent for GT1a, GT1b, GT3a and GT4 
subjects with and without NS5A RAS.  For GT1a subjects receiving SOF/VEL/VOX, the 
SVR12 rate with NS5A RAS was 100% (4/4) compared to 98% (49/50) without NS5A 
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RAS.  SVR12 rates were 100% for the GT1b, GT2 and GT3 subgroups receiving 
SOF/VEL/VOX with and without NS5A RAS.    In comparison, SVR12 rates in the 
SOF/VEL arm were lower for GT1a with NS5A inhibitor resistance-associated 
polymorphisms (RAPs); 67% (4/6) with vs. 92% (35/38) without.  SVR12 rates were 
lower for both GT3 subjects with (80%; 4/5) and without NS5A RAPs (85%; 40/47) 
compared to the SOF/VEL/VOX arms (100%).  SVR12 rates were equivalent in both the 
SOF/VEL and SOF/VEL/VOX arms for GT1b and GT2 with and without NS5A RAPs (95-
100%). 

For GT1a, GT1b, GT2 and GT3 subjects in the SOF/VEL/VOX arm, the overall SVR12 
rates were 100% (73/73) and 99% (110/111) for subjects with and without NS3 RAS, 
respectively, indicating there was no effect of NS3 RAS on the efficacy of 
SOF/VEL/VOX.  Additionally in POLARIS-4, 12 subjects in the SOF/VEL/VOX arm and 9 
subjects in the SOF/VEL arm had virus with nucleoside analog NS5B inhibitor 
resistance-associated substitutions (142, 159, 237, and/or 289) at baseline and all 
achieved SVR12.

Overall in both the POLARIS-1 and POLARIS-4 trials, the presence of baseline NS3 
protease inhibitor, NS5A inhibitor, and nucleoside analog NS5B inhibitor resistance-
associated substitutions did not alter the SVR rates for DAA-experienced subjects who 
received 12 weeks of SOF/VEL/VOX.  Another analysis of POLARIS-1 data showed that 
the previous duration of DAAs, time since DAA exposure, or number of DAAs also did 
not have an effect on efficacy.

Treatment-Emergent Substitutions in SOF/VEL/VOX Virologic Failures in 
POLARIS-1 and -4
Of the 263 NS5A inhibitor-experienced subjects treated with SOF/VEL/VOX for 
12 weeks in POLARIS-1, 7 of 263 (3%) subjects (2 with genotype 1a, 4 with genotype 
3a, and 1 with genotype 4d) did not achieve SVR12 and qualified for resistance analysis; 
6 relapsed and 1 experienced virologic breakthrough.  All the virologic failures had 
cirrhosis and all had a previous DAA regimen containing the nucleoside analog 
polymerase inhibitor SOF; 3 were LDV/SOF failures, 2 were SOF/VEL failures, and 2 
were DCV/SOF failures. Six of the 7 virologic failures had baseline NS5A inhibitor 
resistance-associated substitutions at position 30 or 93.  All 7 virologic failures had 
NS5A resistance-associated substitutions at failure.  The genotype 1a subject with 
virologic breakthrough at Week 12 had the NS5A resistance-associated substitution 
Q30T at baseline and developed the NS5A resistance-associated substitutions L31M 
and Y93H at breakthrough. The GT1a relapse subject had emergent low-level K24R in 
NS5A and low-level V36A in NS3.  Of the four genotype 3 relapsers, 2 had enrichment 
of Y93H at relapse that was present at low-levels at baseline, one had emergent NS5A 
resistance-associated substitution E92K in NS5A, and one had emergent low-level 
Q41K, V55A and R155M substitutions in NS3.  The genotype 4d subject who relapsed 
had emergent NS5A resistance-associated substitution Y93H. 

Of the 182 NS5B inhibitor treatment-experienced and NS5A treatment-naïve subjects 
treated with SOF/VEL/VOX for 12 weeks in POLARIS-4, 1 subject (genotype 1a) of 182 
(1%) subjects relapsed and qualified for resistance analysis. The NS5A resistant-
associated substitution M28T emerged in this subject at relapse. No NS3 protease 
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inbhitor or nucleoside analog NS5B inhibitor resistance-associated substitutions 
emerged in this subject.

1. RECOMMENDATIONS

1.1. Recommendation and Conclusion on Approvability

This supplemental NDA for the fixed-dose combination of velpatasvir (VEL), sofosbuvir 
(SOF) and VOX is approvable with respect to virology 

1.2. Recommendation on Phase IV (Post-Marketing) Commitments, 
Agreements, and/or Risk Management Steps, if Approvable. 

 Please determine the phenotype of NS5A H54R in the GT4d replicon and report 
fold shifts in the EC50 value.

 

2. SUMMARY OF OND VIROLOGY ASSESSMENTS     

2.1  Non-Clinical Virology

The clinical virology of SOF and VEL were previously reviewed in NDA208341. A 
brief summary of key characteristics are presented below.

Sofosbuvir (SOF) is a nucleotide prodrug of 2’-deoxy-2’-fluoro-2’-C-methyluridine 
monophosphate of which the active moiety is converted to the active uridine 
triphosphate form (GS-461203) within the hepatocyte.  The prodrug facilitates uptake of 
SOF by hepatocytes.  In a biochemical assay, GS-461203 inhibited the RNA polymerase 
activity of recombinant NS5B from HCV genotypes 1b, 2a, 3a and 4a with IC50 values 
ranging from 0.7 to 2.6 µM.  SOF had EC50 values ranging from 14-110 nM in stable full-
length replicon cells of genotype 1a, 1b, 2a, 3a and 4a; and chimeric GT1b Con-1 
replicons carrying NS5B coding sequences from genotypes 2b, 5a, or 6a.  The median 
EC50 values of sofosbuvir against chimeric replicons encoding NS5B sequences from 
clinical isolates were 62 nM for genotype 1a (range 29-128 nM; N=67), 102 nM for 
genotype 1b (range 45-170 nM; N=29), 29 nM for genotype 2 (range 14-81 nM; N=15) 
and 81 nM for genotype 3a (range 24-181 nM; N=106). The EC50 values of sofosbuvir 
against genotype 1a and 2a viruses were 30 and 20 nM, respectively.   

Velpatasvir (VEL; GS-5816) inhibits HCV replication by inhibiting NS5A protein activity.  
This is supported by resistance selection of substitutions in the NS5A protein in cell 
culure, the clinical resistance profile with NS5A resistance-associated subtitutions 
emerging in virologic failures, cross-resistance studies with other NS5A inhibitors, and 
studies showing VEL does not inhibit HCV enzymes. 

Voxilaprevir (VOX) is an active site inhibitor of the HCV NS3/4A serine protease, which 
was demonstrated by biochemical inhibition studies, competition studies, and X-ray 
crystallographic analysis.  The NS3/4A protease cleaves the viral polyprotein encoding 
nonstructural proteins.  VOX had Ki values of 38 and 66 pM against recombination 
genotype 1b and 3a NS3/4A proteases, respectively. The crystal structure confirms that 
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the inhibitor binds to the enzyme active site and acts as a competitive, product-based 
inhibitor of protease activity.  In addition, the crystal structure shows VOX binds to the 
D168Q mutant of genotype 1a NS3/4A protease in a similar fashion as the wild-type 
enzyme.  The slight flexibility of the VOX macrocycle likely contributes to its ability to 
avoid unfavorable interactions with glutamine 168 in the mutant enzyme while 
maintaining the majority of favorable interactions.

VOX exhibits antiviral activity across genotypes 1 to 6 with EC50 values ranging from 
0.33 to 6.6 nM.  The median EC50 values of VOX were 0.55, 2.7, 6.0, 0.56, 1.8, and 0.52 
nM against genotypes 1, 2, 3, 4, 5, and 6 clinical isolates, respectively.  Additionally, 
VOX shows broad coverage of NS3 polymorphisms across genotypes.  VOX showed a 
6.8-fold reduction in activity against the genotype 1a HCV replicon in the presence of 
40% human serum.  VOX exhibited low cytotoxicity across genotype 1a, 1b, 2a, and 3a 
stable replicon cell lines with CC50 values ranging from 18,300 to 21,000 nM; giving 
selectivity indices > 3,000 across the tested genotypes.  VOX has low antiviral activity 
against the related Flaviviridae virus BVDV (EC50 value = 3.4  with a CC50 value = 16 
M). VOX has no antiviral activity against other unrelated viruses (RSV, HRV, FLU, 
HBV, or HIV) at drug concentrations below the CC50 values.  No significant antagonism 
was observed when VOX was tested in combination with other anti-HCV compounds 
(IFN-; nucleoside analog NS5B inhibitors: SOF, and RBV; nonnucleoside NS5B 
inhibitors tegobuvir and GS-9669: NS5A inhibitors LDV and VEL; cyclophilin inhibitor 
GS-607671) or with HIV inhibitors (ATV, DRV, EFV, EVG, FTC, RAL, RPV and TFV).

In resistance selection experiments in GT1a, the most frequent substitutions observed in 
VOX-resistant viruses were Q41R, A156T, and D168A/V in NS3.   Multiple additional 
amino acid changes were also observed throughout the NS3 and NS4A genes (Q9R, 
P67S, Q89R, V113L, A200G, A200D, D249A, I359V, K583E, and S332P); however, 
these typically appeared at low frequency and in conjunction with Q41R, D168A/V, or 
A156T and conferred <2-fold decreased susceptibility to VOX. The Q41R substitution 
confers 5-fold decreased susceptibility to VOX.  D168A/V substitutions alone or in 
combination with Q41R conferred 4- to 22-fold decreased susceptibility to VOX, 
respectively. VOX has significantly reduced antiviral activity against the A156T variant 
alone or in combination with other amino acid substitutions (>100-fold decreased 
susceptibility compared to wild-type) and A156T variants had lower replication capacities 
compared to wild-type.  In genotypes 1b, 2a, 3a, and 4a, substitutions at position 156, 
with or without a substitution at position 168, were selected in VOX-resistant viruses.  
Amino acid changes were not observed at position 155.  Substitutions at position 156 
(A156L/T/V) conferred the highest levels of decreased susceptibility (38- to > 224-fold) in 
genotypes 1b, 2a, 3a, and 4a.  In genotypes 5 and 6, the double substitutions 
Q41R+D168H/Y and Q41R+D168H were selected, respectively.  Substitutions at 
position 168 that were selected in genotypes 2a, 5a, and 6a demonstrated 1.5- to 17.8-
fold decreased susceptibility.  The double substitutions Q41R+D168H and 
Q41R+D168A/Y in genotype 5 and 6 showed 18- and 47-fold reduced susceptibility to 
VOX, 3- to 12-fold higher compared to the single substitutions D168H/A/Y.

In the cross-resistance experiments, VOX showed activity against NS3 protease inhibitor 
resistance substitutions V36M, T54S, R155K and the polymorphism Q80K.  EC50 values 
for various substitutions at D168 ranged from 1.6- to 20-fold for VOX against all the 
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genotypes.  In contrast, A156T/V substitutions conferred >100 to >250-fold decreased 
susceptibility to VOX.   Additionally, VOX retained full activity against all of the NS5B 
polymerase inhibitor resistance substitutions and NS5A resistance subsitutions with 
EC50 fold changes <2-fold compared to wild-type.

2.2 Clinical Virology

Prevalence of Resistance-Associated Substitutions (RAS) and Effect on SVR12 
Rates

Analyses were conducted to explore the association between SVR12 rates and 
preexisting baseline NS3 protease inhibitor (any change at NS3 positions 36, 41, 43, 54, 
55, 56, 155, 156, and 168) and NS5A inhibitor resistance-associated substitutions (any 
change from reference at NS5A amino acid positions 24, 28, 30, 31, 58, 92, or 93) 
identified by next generation sequencing analysis at a sensitivity threshold of 15% or 
higher for subjects in POLARIS-1 and 4.  

Overall in both the POLARIS-1 and POLARIS-4 trials, the presence of baseline NS3 
protease inhibitor, NS5A inhibitor, and nucleoside analog NS5B inhibitor resistance-
associated substitutions did not alter the SVR rates for DAA-experienced subjects who 
received 12 weeks of SOF/VEL/VOX (See details below).

POLARIS-1: NS5A Inhibitor Resistance-Associated Substitutions
In POLARIS 1, the prevalence of baseline NS5A RAS in all subjects with baseline NS5A 
sequence data was 79% (206/262) subjects.  By specific genotype, prevalence of 
baseline NS5A RAS was 85% (89/105) in subjects with GT1a HCV infection, 91% 
(41/45) in subjects with GT1b HCV infection, 80% (4/5) in subjects with GT2 infection, 
57% (45/79) in GT3 HCV infection, 91% (20/22) in GT4 HCV infection.  The one GT5 
subjects and six GT6 subjects all had baseline NS5A RAS.   Most of the subjects had 
only a single NS5A resistance-associated substitution (n=111; 54%), while 2 resistance-
associated substitutions were detected in 66 subjects (32%) and 3 or more were 
detected in 29 subjects (14%).  The most prevalent NS5A resistance-associated 
substitutions were at resistance-associated amino acid positions 30, 31 and 93.

SVR12 rates were equivalent for GT1a, GT1b, GT3a and GT4 subjects with and without 
NS5A RAS; 97% (186/192) versus 98% (54/55).  For GT1a, the SVR12 rate for subjects 
with NS5A RAS was 98% (85/87) compared to 100% (16/16) for subjects without NS5A 
RAS.  The GT1a subject who relapsed had the Y93N in their HCV NS5A; the other 
GT1a subject who had breakthrough on treatment had the Q30T RAS at study entry.  
SVR12 rates were 100% for both GT1b subgroups with NS5A RAS (41/41) and without 
NS5A RAS (4/4).  The SVR12 rates for GT3a subjects were similar; 93% (42/45) for 
those with NS5A RAS and 97% (32/33) for those without NS5A RAS.  The three GT3a 
subjects who relapsed with NS5A RAS had either Q30K (n=1) or Y93H (n=2) at 
baseline.  For GT4 subjects, the SVR12 rate was 95% (18/19) for subjects with NS5A 
RAS comparable to 100% (2/2) for subjects without NS5A RAS.  The one GT4 relapser 
had Q30R at baseline.  SVR12 rates were 100% for subjects with baseline NS5A RAS at 
specific positions 24, 28, 31, 58, or 92.  SVR12 rates were 97% for subjects with 
baseline NS5A RAS at positions 30 or 93.  In addition, an increase in the number of 
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baseline NS5A RAS did not decrease SVR12 rates.  For subjects with more than one 
NS5A RAS, SVR12 rates were 100% (170/170).

POLARIS-1: NS3 Protease Inhibitor Resistance-Associated Substitutions
The prevalence of NS3 protease inhibitor resistance-associated substitutions in 
treatment-experienced subjects with baseline NS3 sequence data across all genotypes 
was 15% (37/248).  The prevalence of baseline NS3 RAS in subjects with baseline NS3 
sequence data was 18% (18/99) in GT1a, 27% (12/44) in GT1b, 50% (2/4) in GT2, 4% 
(3/74) in GT3, 5% (1/21) in GT4, and 17% (1/6) in GT6.   The most prevalent NS3 RAS 
were at positions 56 in GT1b, 36 and 56 in GT2, and 168 in GT3 and 4.

The SVR12 rate for GT1a subjects without NS3 RAS was 98% (79/81) compared to 
100% (18/18) for subjects with NS3 RAS.  SVR12 rates were 100% for substitutions at 
specific NS3 RAS positions A156 (1/1) and D168 (7/7).   For GT1b, GT3 and GT4 
subjects, there was no effect of NS3 RAS on efficacy, because SVR12 rates were 100% 
for subjects with NS3 RAS.  SVR12 rates for subjects with both NS3 and NS5A RAS at 
baseline were also examined and were 100% for all the subjects.  Therefore, the 
presence of baseline RAS in both targets, NS3 and NS5A, did not affect SVR12 rates 
following treatment with SOF/VEL/VOX.

POLARIS-1: Nucleotide Analog NS5B Polymerase Inhibitor Resistance-Associated 
Substitutions
SVR12 was achieved in 21 of 22 (95%) treatment-experienced subjects who had 
baseline nucleoside analog NS5B inhibitor resistance-associated substitutions in 
POLARIS-1, including 2 subjects that had virus with the S282T nucleoside analog NS5B 
inhibitor resistance-associated substitution in addition to NS5A resistance-associated 
substitutions at baseline. 

POLARIS-1: Effect of Previous DAA Regimens
Additionally, the effect of previous DAA regimens on SVR12 rates was assessed in 
subjects with GT1a, GT3 and GT4 HCV infection following 12-week SOF/VEL/VOX 
treatment.  The majority of subjects had a previous regimen of Harvoni™ (LDV/SOF).  
For GT1a, GT3 and GT4 subjects who had received a previous regimen of LDV/SOF, 
the combined SVR12 rate for SOF/VEL/VOX was 97% (94/97).  For subjects who had 
received a prior regimen containing a protease inhibitor, the SVR12 rates in POLARIS-1 
were 100%.  The duration of the previous regimen did not appear to affect SOF/VEL/ 
VOX SVR12 rates.  Durations of >1-4 Weeks, >4-12 Weeks, >12-24 Weeks and >24 
Weeks were examined and there was no clear decrease in SVR12 rates for any of these 
durations.  In addition, there was no clear difference in SVR12 rates for different lengths 
of time from the end of previous DAA regimen to start of SOF/VEL/VOX treatment (≤6 
months, >6 –12 months, >1-2 years, >2-4 years and >4-6 years).  Finally, the number of 
previous DAA regimens did not appear to affect efficacy of SOF/VEL/VOX, because 
SVR12 rates were similar for subjects with 1, 2, 3 or 4 previous DAA regimens [97% 
(121/125), 97% (63/65), 92% (11/12), and 100% (1/1), respectively].

POLARIS-4
Overall, 29% (97/329) of subjects in POLARIS-4 had baseline NS5A inhibitor resistance-
associated polymorphisms.  Most of the subjects had only a single NS5A resistance-
associated polymorphism (n=67; 69%).  The most prevalent NS5A polymorphism was at 
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amino acid position 31.  Overall SVR12 rates were 99% (157/158) for the SOF/VEL/VOX 
arm compared to 90% (136/151) for the SOF/VEL arm.  This decrease in efficacy for the 
SOF/VEL group was driven by lower SVR12 rates in genotypes 1a and 3 HCV subjects 
(89%; 39/44 and 85%; 44/52, respectively).  SVR12 rates for SOF/VEL/VOX were 
equivalent for GT1a, GT1b, GT3a and GT4 subjects with and without NS5A RAS.  
SVR12 rates in the SOF/VEL arm were lower for GT1a and GT3 subjects with NS5A 
RAPs (67% and 80%, respectively) compared to the SVR12 rates of 100% in GT1a and 
GT3 subjects with and without NS5A RAPs in the SOF/VEL/VOX arms.  SVR12 rates 
were equivalent in both the SOF/VEL and SOF/VEL/VOX arms for GT1b and GT2 
subjects with or without NS5A RAPs.

Overall prevalence of baseline NS3 protease inhibitor resistance-associated 
substitutions was 14% (46/323).   The most prevalent NS3 resistance-associated 
substitutions were at positions 56 in genotypes 1b and 2, and at position 168 in 
genotype 4.  For GT1a, GT1b, GT2 and GT3 subjects in the SOF/VEL/VOX arm, the 
overall SVR12 rates were 100% (73/73) and 99% (110/111) for subjects with and without 
NS3 RAS, respectively, indicating there was no effect of NS3 RAS on the efficacy of 
SOF/VEL/VOX.  A total of 27 subjects had virus with SOF resistance-associated 
substitutions at baseline and all achieved SVR12 in POLARIS-4.  

Treatment-Emergent Substitutions

Of the 263 NS5A inhibitor-experienced subjects treated with SOF/VEL/VOX for 12 
weeks in POLARIS-1, 7 of 263 (3%) subjects (2 with genotype 1a, 4 with genotype 3a, 
and 1 with genotype 4d) did not achieve SVR12 and qualified for resistance analysis; 6 
relapsed and 1 experienced virologic breakthrough. All the virologic failures had cirrhosis 
and all had a previous DAA regimen containing SOF; 3 were LDV/SOF failures, 2 were 
SOF/VEL failures, and 2 were DCV/SOF failures. Six of the 7 virologic failures had 
baseline NS5A primary resistance-associated substitutions at position 30 or 93. All 7 
virologic failures had NS5A resistance-associated substitutions at failure.  The genotype 
1a subject with virologic breakthrough at Week 12 had the NS5A resistance-associated 
substitution Q30T at baseline and developed the NS5A resistance-associated 
substitutions L31M and Y93H at breakthrough. The GT1a relapse subject had emergent 
low-level K24R in NS5A and low-level V36A in NS3. Of the four genotype 3 relapsers, 2 
had enrichment of Y93H at relapse that was present at low-levels at baseline, one had 
emergent NS5A resistance-associated substitution E92K in NS5A, and one had 
emergent low-level Q41K, V55A and R155M substitutions in NS3.  The genotype 4d 
subject who relapsed had emergent NS5A resistance-associated substitution Y93H. 

Of the 182 DAA treatment-experienced and NS5A treatment-naïve subjects treated with 
SOF/VEL/VOX for 12 weeks in POLARIS-4, 1 subject (genotype 1a) of 182 (1%) 
subjects relapsed and qualified for resistance analysis. The NS5A resistant-associated 
substitution M28T emerged in this subject at relapse. No NS3 inhibitor or nucleoside 
analog NS5B inhibitor resistance-associated substitutions emerged in this subject.

Cross-Resistance 

Voxilaprevir was fully active against virus with NS5A and NS5B polymerase inhibitor 
resistance-associated substitutions.  Based on resistance patterns observed in cell 
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culture replicon studies and HCV-infected subjects, cross-resistance is possible between 
voxilaprevir and other HCV NS3/4A protease inhibitors, and between velpatasvir and 
other HCV NS5A inhibitors.  Cross-resistance is not expected between SOF/VEL/VOX 
and pegylated interferon or ribavirin.  

3. ADMINISTRATIVE
3.1. Reviewer’s Signature(s)

____Lisa K. Naeger_______
[Lisa K. Naeger, Ph.D.]
Sr. Virologist, HFD-530
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4. VIROLOGY REVIEW

4.1   Important Milestones in Product Development

Sofosbuvir (SOF) was originally developed by Pharmasset as PSI-7977 until 
Pharmasset was acquired by Gilead Sciences.  SOF was approved for the treatment of 
HCV by the FDA in December 2013 (NDA-204671).  VEL was approved as part of a 
FDC of SOF/VEL (Epclusa) on June 28, 2016 (NDA-208341).

4.2   Methodology

SCREENING HCV GENOTYPE
HCV genotype and subtype were determined by the central laboratory using the Abbott 
RealTime HCV Genotyping II assay and confirmed by NS3, NS5A and NS5B deep 
sequencing using the Illumina MiSeq platform.

HCV VIRAL LOAD ASSAY
Serum HCV RNA values were measured during the POLARIS trials using the COBAS 
AmpliPrep/COBAS Taqman HCV test (v. 2.0) with a LLOQ of 15 IU/mL.  SVR12 was 
defined as HCV RNA less than LLOQ at 12 weeks after stopping treatment.

RESISTANCE ANALYSIS
Deep nucleotide sequencing of full-length HCV NS3/4A, NS5A, and NS5B coding 
regions was performed  
using reverse transcriptase polymerase chain reaction (RT-PCR) and then deep 
sequencing using the Illumina MiSeq deep sequencing platform. The NS3/4A, NS5A and 
NS5B sequences were utilized to confirm the results of HCV genotyping and subtyping 
by the Abbott RealTime HCV Genotyping II assay performed at screening.  

The NS3, NS5A, and NS5B genes were sequenced using NGS methods from which a 
consensus sequence was derived. Mixtures were reported when present ≥15% of the 
viral population.  When consensus nucleotide sequences contain 2 ambiguities within a 
codon, the deep sequencing percentages of the amino acids were checked to meet 15% 
cutoff and updated to the NGS identified amino acids. Any amino acid in a mixture with 
read coverage <15% was removed from the consensus sequence.

Deep sequencing of the NS3, NS5A, and NS5B genes was performed at baseline for all 
subjects and at the time of failure for subjects who did not achieve SVR12 due to 
virologic failure. The effect of baseline RAP and RAS on treatment outcome was 
analyzed using a 15% assay cutoff for all subjects from Study GS-US-367-1171 and 
Study GS-US-367-1170 who received 12 weeks of SOF/VEL/VOX or SOF/VEL (n=596) 
(Table 1).

In Study GS-US-367-1171, 263 subjects were randomized/enrolled in the study.  Due to 
amplification failure, sequencing data were not available for 12 subjects for NS3, 1 
subject for NS5A, and 2 subjects for NS5B.  Additionally, 261 had both NS3 and NS5A 
data available for baseline analysis (99%).
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Table 1.  SVR12 in DAA-Experienced in the SOF/VEL/VOX Phase 3 Studies 
(Integrated Virology Phase 3 Report; Page 19)

In Study GS-US-367-1170, 333 subjects were randomized or enrolled in the study. 
There were 15 subjects with amplification failure in NS3 (genotype 1 [n = 5], genotype 2 
[n = 4], genotype 3 [n = 6]), and 1 subject (genotype 2) with amplification failure in NS5A; 
no sequencing data were available for these subjects.  Of 11 subjects whose samples 
failed amplification of full-length NS5B (genotype 1 [n = 1], genotype 2 [n = 4], genotype 
3 [n = 3], and genotype 4 [n=3]), a short fragment of NS5B (amino acids 227–338) was 
obtained for 8 subjects.  Additionally, 172 subjects from the SOF/VEL/VOX 12 Week 
treatment group, and 145 subjects from the SOF/VEL 12 Week treatment group had 
both NS3 and NS5A sequencing data available for analysis (95% and 96%, 
respectively).

Definitions
 If a NS5A inhibitor resistance-associated substitution is identified at baseline in 

an NS5A inhibitor-naïve subject, we define the substitution as a baseline 
resistance-associated polymorphism (RAP)

 If a NS5A inhibitor resistance-associated substitution is identified at baseline in 
an NS5A inhibitor-experienced subject, we define the substitution as a baseline 
resistance-associated substitution (RAS) (and may or may not have pre-existed 
before prior treatment as a polymorphism)

NS5A 
NS5A inhibitor resistance-associated substitutions, RAS, are defined as any amino acid 
change from the corresponding HCV genotype specific reference at NS5A resistance-
associated positions 24, 28, 30, 31, 58, 92, or 93 (Table 2; Phase 3 Integrated Virology 
Study Report, page 16). For subjects with genotype 1 with non-1a/1b subtypes, the 
genotype 1a reference was used. For subjects with genotype 2 with non-2a/2b subtypes, 
the genotype 2a reference was used.  Similarly, genotype 3a, 4a, 5a, and 6a references 
were used for subjects with all subtypes of genotype 4, 5, and 6, respectively.  However, 
due to the presence of L31M in the reference sequence for genotype 4a and cell culture 
data showing reduced susceptibility of L31M to the first-generation NS5A inhibitors, the 
presence of L31M or any variant other than L at position 31 was considered a RAS 
across all genotypes. For this report, NS5A RAS are presented at a 15% cutoff.

NS3
NS3 protease inhibitor RAS are defined as any change from the reference strain amino 
acid residue sequence at positions 36, 41, 43, 54, 55, 56, 80, 155, 156, and 168 (Table 
3).  For subjects with genotype 1 with non-1a/1b subtypes, the genotype 1a reference 
was used.  For subjects with genotype 2 with non-2a/2b subtypes, the genotype 2a 
reference was used. Similarly, genotypes 3a, 4a, 5a and 6a references were used for 
subjects with all subtypes of genotypes 3, 4, 5 and 6, respectively.   
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Table 2. Resistance-Associated NS5A Positions and Consensus Amino Acid 
Residues for HCV Genotypes 1 through 6 (Integrated Virology Phase 3 Report; Page 16)

Table 3. Resistance-Associated NS3 Positions and Consensus Amino Acid
Residues for HCV Genotypes 1 through 6 (Integrated Virology Phase 3 Report; Page 14)

NS5B
Nucleoside analog NS5B polymerase inhibitor RAS are defined as any change from the 
reference strain amino acid residue sequence at positions 96, 142, 159, 237, 282, 289, 
320, and 321 (Table 4).

Table 4. Resistance-Associated Nucleoside Analog NS5B Inhibitor Positions and 
Consensus Amino Acid Residues for HCV Genotypes 1 through 6 (Integrated Virology 
Phase 3 Report; Page 17)
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Summary of Genotype and Subtype Concordance with the Abbott RealTime Assay 
and Sequencing-based BLAST Analysis

In Study GS-US-367-1171, in the SOF/VEL/VOX 12 Week group, the concordance 
between the Abbott RealTime assay and sequencing-based BLAST analysis was 86% 
(227 of 263 subjects). The Abbott RealTime assay was unable to genotype 13 subjects 
(4.9%); all of these subjects had their genotypes and subtypes determined by 
sequencing-based BLAST analysis.  Four subjects (1.5%) had discrepant genotypes 
between the 2 methods. Three subjects with genotype 6 and 1 with genotype 2l, as 
determined by sequencing-based BLAST analysis, were subtyped as genotype 1 and 5, 
respectively, by the Abbott RealTime assay.  One subject who was subtyped as 
genotype 1a by the Abbott RealTime assay was characterized as genotype 1g by 
sequencing-based BLAST analysis.  Sequencing-based BLAST analysis provided 
subtypes for 20 subjects with genotype 1 infection and 98 subjects with genotype 2, 3, 4, 
or 5 infections, who were characterized only at the genotype level by the Abbott 
RealTime assay. The 1 subject who was determined to have an unknown genotype 
based on the absence of sequencing data from the baseline sample had an HCV 
genotype 3a based on screening samples.  For this review, given that no treatment 
decisions for SOF/VEL/VOX with regard to genotype or subtype are being made for 
regimen or duration, the more accurate sequencing-based BLAST results are being 
used for the FDA efficacy and resistance analyses.

In Study GS-US-367-1170, the concordance between the Abbott RealTime assay and 
sequencing-based BLAST analysis was 91% (304 of 333 subjects).  The Abbott 
RealTime assay was unable to determine the genotype for 18 subjects (5%), all of whom 
had their genotypes and subtypes determined by sequencing-based BLAST analysis. 
Two subjects with genotype 2 HCV infection, which was determined by sequencing-
based BLAST analysis, were subtyped as genotype 5 HCV infection at screening by the 
Abbott RealTime assay.  Nine subjects with genotype 1 HCV infection who were not 
subtyped by the Abbott RealTime assay were assigned subtypes by sequencing-based 
BLAST analysis.  Lastly, sequencing-based BLAST analysis provided subtypes for 189 
subjects with genotype 2, 3, 4, or 5 HCV infections, which were only characterized at the 
genotype level by the Abbott RealTime assay.

4.3 Prior FDA Virological Reviews

IND-106739 reviews through SDN081 were done by Sr. Virology Reviewer Takashi 
Komatu, Ph.D. and then after SDN081 by Lisa K. Naeger, Ph.D., Sr. Virology Reviewer.  
Dr. Lisa Naeger was the reviewer for IND-115670 and NDA-208341 covering the fixed-
dose combination (SOF/VEL) of SOF and GS-5816 (velpatasvir, VEL), and is the 
reviewer for IND125751 and NDA-209195 covering the FDC of SOF/VEL/VOX.

4.4 State of Antivirals Used for the indication (s) Sought: 

Globally, 170 million people are estimated to be infected with HCV, which induces liver 
necrosis and inflammation and increases the risk of progressive liver failure and liver 
cancer (WHO, 2010).  The prevalence of chronic HCV infection in the United States (3.9 
million infected) is approximately 4 times that of HBV or HIV-1 infection.  An estimated 
75% of chronically HCV-infected individuals remain undiagnosed compared with 
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individuals infected with HBV (65%) or HIV-1 (21%).  HCV accounts for about 15% of 
acute viral hepatitis, 60-70% of chronic hepatitis and up to 50% of cirrhosis, end-stage 
liver disease and liver cancer.  Unlike HIV-1, which currently requires long-term therapy 
to maintain viral suppression, clearance of HCV is possible with therapy, because of a 
presumed lack of an archival form of the HCV RNA genome.  After a sustained virologic 
response has been achieved following HCV treatment, its durability has been 
consistently observed in long-term studies.  

HCV is a small, enveloped, positive sense, single-stranded RNA virus of the Flaviviridae 
family.  The virus contains a single, 10 kb RNA genome which encodes both structural 
proteins necessary for virus particle formation and nonstructural proteins necessary for 
replication.  Viral RNA encodes a single, long open reading frame producing a 
polyprotein.  Structural proteins are cleaved by cellular proteases and the nonstructural 
proteins are cleaved by the viral encoded NS2 and NS3/4A proteases. 

There are 6 major HCV genotypes with different geographic distributions.  Genotypes 1a 
and 1b are most common in the US representing about 75% of the infected population 
with genotype 1a predominating (Zein, N et. al., 1996).  Genotypes 2 and 3 are present 
in only 10-20% of US patients with subtypes 2a, 2b and 3a most common in the US 
(Pawlotsky JM, et. al., 1995; Clement CG et al, 2010, Nizar N Zein, 2000) and genotype 
4 is found in about 7% of US patients.  In the NHANESIII study done in the US, 57% 
were classified as 1a, 17% as 1b, 3.5% as 2a, 11% as 2b, 7% as 3a, 0.9% as 4, and 3% 
as type 6. [Alter MJ et al., 1999].   In another study, the HCV genotypes identified 
included 1a (n = 142; 52%), 1b (n = 73; 27%), 2a (n = 8; 3%), 2b (n = 27; 10%), 3a (n = 
17; 6%), 4 (n = 3; 1%), and 6 (n = 5; 2%) [Nainan OV et al., 2006].  

Direct-acting antivirals (DAAs) specifically target the HCV proteins involved in the HCV 
life cycle.  Variants resistant to DAAs likely pre-exist in all patients, because of the high 
HCV replication rate and error rate.  HCV has a high rate of replication (up to 1 x1012 
virions produced each day) (Neumann et al., 1998), which is error-prone because the 
HCV RNA-dependent RNA polymerase lacks a proofreading function.  The error rate of 
the polymerase is approximately 10-4/base/generation for a single mutation, which 
results in one mutation being introduced into every genome that is copied.  New variants 
are constantly being generated, and it has been estimated that every possible point 
mutation along the HCV genome occurs at least once and probably many times each 
day (Kieffer et al., 2010).  Treatment with DAA monotherapy can rapidly select for 
resistant variants in some patients, as has been demonstrated by the selection of 
variants with resistance to a number of DAAs, including NS3/4A protease inhibitors, 
NS5A inhibitors and NS5B polymerase inhibitors (Sarrazin and Zeuzem, 2010).  

In November 2013, the FDA approved the protease inhibitor simeprevir (Olysio™) for the 
treatment of GT1 chronic hepatitis C virus infecton in adult patients with compensated 
liver disease. Simeprevir has shown cure rates of up to 80% in GT1-infected patients. 
The once-daily treatment must be combined with pegylated recombinant human 
interferon α and ribavirin or with sofosbuvir. In December 2013, the FDA approved 
Gilead’s sofosbuvir (Sovaldi™), a uridine nucleotide analog inhibitor of the HCV NS5B 
RNA polymerase enzyme. Sofosbuvir is a once-a-day treatment given in combination 
with ribavirin for the treatment of chronic hepatitis C virus infection in adult patients with 
genotype 2 or 3 virus. Sofosbuvir may also be given in combination with pegylated 
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interferon and ribavirin for the treatment of chronic hepatitis C virus infection in 
treatment-naïve adult patients with GT1 and GT4 virus. In October 2014, the FDA 
approved Gilead’s HARVONI™, an interferon-free combination therapy containing the 
NS5A inhibitor ledipasvir and sofosbuvir as a once-a-day treatment for GT1 infection and 
a 3-drug combination of AbbVie’s VIEKIRA Pak (non-nucleoside analog NS5B 
polymerase inhibitor dasabuvir/NS5A inhibitor ombitasvir/NS3/4A protease inhibitor 
paritaprevir/ritonavir) with or without ribavirin for GT1 infection. In November 2014, the 
FDA approved the combination therapy of sofosbuvir and simeprevir for use in GT1 
patients. In July 2015, Bristol Myers Squibb DaklinzaTM (daclatasvir), an NS5A inhibitor 
was approved for GT3 infection in combination with sofosbuvir.  ZEPATIER [elbasvir 
(NS5A inhibitor) and grazoprevir (NS3/4A protease inhibitor)] with or without RBV was 
approved for the treatment of chronic HCV genotypes 1 and 4 infections in January 
2016.  In June 2016, EPCLUSA (SOF/VEL) was approved as a fixed-dose combination 
for the treatment of chronic HCV genotypes 1-6 infection with or without compensated 
cirrhosis and in decompensated cirrhosis in combination with RBV.

Current recommended treatments for adults with GT1 chronic hepatitis C (CHC) virus 
infection are treatment with HARVONI (LDV/SOF) for 12-weeks or 24 weeks (treatment-
experienced with cirrhosis), treatment with simeprevir plus sofosbuvir for 12 weeks 
(naïve without cirrhosis), treatment with VIEKIRA PAK (dasabuvir/ombitasvir/paritaprevir 
/ritonavir) + RBV for 12 weeks (no cirrhosis) or 24 weeks (with cirrhosis), treatment with 
ZEPATIER (elbasvir and grazoprevir) +/- RBV for 12 or 16 weeks, treatment with 
EPCLUSA (SOF/VEL) for 12 weeks, or treatment with daclatasvir/sofosbuvir for 12 
weeks (naïve without cirrhosis).  In the LDV/SOF registrational trials, the SVR rates were 
92% for GT1a-infected subjects and 82% for GT1b-infected subjects.  The SVR12 rate 
in GT1-infected subjects with multiple baseline factors such as IL28B rs12979860 non-
C/C alleles, HCV RNA >800,000 IU/mL and Metavir F3/F4 fibrosis was 71% (37/52).  
Additionally, physicians are prescribing SOF in combination with simeprevir both with 
and without RBV for 12 weeks for the treatment of HCV.  In the phase 2 simeprevir study 
(COSMOS), overall SVR12 rates for this 12-week combination were 93% and 96% in 
patients with METAVIR scores F0-F2 and 93% in patients with GT1 HCV and advanced 
liver fibrosis (METAVIR scores F3 and F4).  In the VIEKIRA PAK registrational trials, 
SVR12 rates were greater than 90% in both GT1a and GT1b subjects with RBV added 
to the dasabuvir/ombitasvir/ paritaprevir/ritonavir regimen.  In the ZEPATIER 
registrational trials, SVR12 rates were 94-95% for GT1 subjects treated with ZEPATIER 
for 12 weeks (90-92% for GT1a; 70% for GT1a with baseline NS5A polymorphisms) and 
97% (95% for GT1a; 100% (6/6) for GT1a with baseline NS5A polymorphisms) for 
subjects treated with ZEPATIER + RBV for 16 weeks. In the EPCLUSA registrational 
trials, SVR12 rates were 98% for GT1a, 99% for GT1b, 99% for GT2, 100% for GT4, 
96% for GT5, and 100% for GT6.  SVR12 rates for GT3 subjects with cirrhosis were 
93% compared to 98% for treatment-naïve non-cirrhotic subjects.  

Current recommended treatment for genotype 2 HCV infection is SOF/VEL for 12 
weeks.  Current recommended treatment for genotype 3 is SOF/VEL for 12 weeks or 
daclatasvir/SOF for 12 weeks.  Current recommended treatment of GT4 HCV infection is 
HARVONI (LDV/SOF) for 12-weeks, EPCLUSA (SOF/VEL) for 12 weeks, TECHNIVIE 
(paritaprevir/ritonavir/ombitasvir) for 12 weeks, or ZEPATIER (elbasvir/grazoprevir) for 
12 weeks.  HARVONI and EPCLUSA are recommended regimens for subjects with GT5 
or GT6 infection.
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4.5   NON-CLINICAL VIROLOGY

Sofosbuvir and Velpatasvir

Please see the NDA-204671 and NDA-208341 virology reviews for complete review 
of SOF and VEL non-clinical virology.

VOXILAPREVIR (VOX)

MECHANISM OF ACTION

VOX was designed to act as an active site inhibitor of HCV NS3/4A serine protease. 
Biochemical inhibition studies were performed using recombinant genotype 1b and 3a 
HCV NS3/4A proteases. In these studies, VOX had Ki values of 38 and 66 pM, 
respectively.  The potential of VOX to inhibit host proteases was also evaluated using a 
panel of five mammalian enzymes [three serine proteases (human leukocyte elastase, 
porcine pancreatic elastase, human proteinase 3), one cysteine protease (human 
cathepsin L) and one aspartic protease (human cathepsin D)].  VOX showed minimal 
inhibitory activity against the mammalian proteases tested (Table 5) with selectivity 
indices >400,000-fold.

Table 5. Inhibitory Activity of VOX against Mammalian Proteases (Nonclinical Report 
PC-338-2008; page 10)

A competition study was carried out to determine the mode of inhibition for VOX against 
a peptide substrate of the HCV genotype 1b NS3/4A protease. This study determined 
that VOX was competitive with the substrate ( =28;  values significantly larger than 1 
imply competitive inhibition). The measured Ki value in this study was 0.25 nM 
(Nonclinical Report PC-338-2003).

To confirm its mechanism of action, X-ray crystallographic analysis was utilized to 
elucidate the precise interactions between the inhibitor and target (Nonclinical Report 
PC-338-2009). The structure of VOX bound to the isolated recombinant HCV genotype 
1a NS3 protease domain was determined to 1.4 angstroms resolution. This crystal 
structure confirms that the inhibitor binds to the enzyme active site and acts as a 
competitive, product-based inhibitor of protease activity.  The sulfonamide of VOX forms 
direct hydrogen bonds with the catalytic serine 139 and histidine 57 residues, in addition 
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to other protein atoms forming the oxyanion hole of the protease. The cyclopropyl 
substitution extending off the sulfonamide group is buried in the hydrophobic S1’ pocket 
of NS3/4A. VOX binds to the protease in an extended conformation and interacts 
extensively with the NS3/4A substrate binding sites, S1, S2, S3, and S4.  In addition to 
specific polar interactions between the inhibitor and protein target, the structure reveals 
that VOX forms additional hydrophobic and van der Waals interactions with the 
protease. The diflouromethylcyclopropyl P1 moiety is buried in the hydrophobic S1 
pocket, while the P2 heterocycle packs against a relatively flat hydrophobic surface 
formed by the invariant catalytic residues, aspartic acid 81 and histidine 57. The 3-ethyl 
substitution on the P2 proline residue of the inhibitor also forms additional van der Waals 
interactions with His 57. The two fluorine atoms of the P2-P4 macrocycle pack against 
the aliphatic portion of the arginine 155 side chain. The crystal structure confirms that 
the inhibitor binds to the enzyme active site and acts as a competitive, product-based 
inhibitor of protease activity.

In addition, the crystal structure shows that there is a significant alteration in the 
protease protein near the S4 region of the substrate binding site as a result of the 
aspartic acid to glutamine switch at position 168; however, VOX binds to the D168Q 
mutant of genotype 1a NS3/4A protease in a similar fashion as the wild-type enzyme. 
Atoms of the P2-P4 macrocycle pass closest to the residue at position 168 of the 
protease. The slight flexibility of the macrocycle of VOX likely contributes to the ability of 
VOX to avoid unfavorable interactions with glutamine 168 in the mutant enzyme while 
maintaining the majority of favorable interactions observed in the wild-type NS3/4A 
inhibitor-bound crystal structure. 
One of the most significant differences between genotype 3 and genotypes 1, 2, 4, 5, 
and 6 in the substrate binding site is a glutamine residue at position 168. Therefore, the 
broad genotype replicon activity observed for VOX is due in part to its ability to avoid 
unfavorable interactions with Q168 of genotype 3 proteases while maintaining numerous 
favorable interactions in regions of the binding site that display higher sequence 
conservation across genotypes.

ANTIVIRAL ACTIVITY

The antiviral activity of VOX was tested against genotype 1 to 6 replicons, using the 
most prevalent NS3 sequence for each subtype, in standard 3-day cell-based replicon 
assays.  VOX exhibits antiviral activity across genotypes 1–6 with EC50 values ranging 
from 0.33 to 6.6 nM (Table 6; Nonclinical Report PC-38-2001). 

The antiviral activity of VOX was also tested using a tissue culture-adapted genotype 2a 
J6/JFH infectious virus (HCVcc). Treatment of 497-5 Lunet cells infected with the 
genotype 2a J6/JFH virus at an MOI of 0.5–1 TCID50/cell yielded an EC50 value of 0.8 
nM for VOX. This result is in close agreement with the EC50 value in corresponding 
genotype 2a JFH-1 replicon cells (EC50 value = 3.7 nM). 
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Table 6.  Antiviral Activity of VOX and other NS3 PIs against Genotypes 1-6 (Report 
PC-338-2014; page 11)

Impact of Genetic Polymorphisms in NS3 on Antiviral Activity
To assess the effect of polymorphism in the protease domain of NS3 on VOX antiviral 
activity, residues critical to protease inhibitor activity were determined by analyses of the 
X-ray crystal structure of the NS3 protease domain bound with VOX.  Residues in direct 
contact with VOX include residues: 41, 42, 43, 56, 57, 58, 78, 81, 123, 132, 135, 136, 
137, 138, 139, 154, 155, 156, 157, 158, 159, and 168. Residues in indirect contact with 
VOX include residues: 44, 55, 59, 79, 80, and 133.  To cover approximately 95% of the 
polymorphism for each residue, polymorphisms with >5% prevalence (based on 
available databases) were assessed by generating replicons encoding those 
polymorphisms using site-directed mutagenesis.  VOX antiviral activity was determined 
following transient transfection of parent, mutant, or chimeric replicons into permissive 
Huh-7 cells. The NS3/4A protease inhibitor grazoprevir and Gilead’s NS5A inhibitor VEL 
were tested in parallel.
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For genotype 1a, Q80K is the only polymorphism in the genotype 1a NS3 at a frequency 
of >5% and was prevalent in approximately 40% of genotype 1a isolates. Q80K has 
been associated with reduced susceptibility to protease inhibitors under clinical 
development (e.g., simeprevir).  The Q80K variant is equally susceptible to VOX and the 
parent sequence (H77) (2.8 nM vs. 2.9 nM, respectively).  For genotype 1b, VOX was 
had equivalent antiviral activity to the parent sequence for both site-directed mutants 
(representing five different polymorphisms Y56F, Q80L, S122G, V132I, and V170I).

All genotype 2a site-directed mutants, representing polymorphisms in the NS3 protease 
active site (L36V, S42T, Y56F, A78V, E79D, G80Q, K122S, I132L, I132V, I170V), 
remained as sensitive to VOX as the parental JFH-1 replicon (<1.2-fold shift).  The 
widely-used genotype 2a replicon (isolate JFH-1) represents only 5% of genotype 2a 
NS3 sequences in the EU HCV database. Therefore, J6-CH (AF177036), a natural 
isolate that represents the majority (85%) of genotype 2a NS3 protease sequences, was 
also cloned into the genotype JFH-1 subgenomic replicon, and tested for susceptibility to 
VOX.  J6-CH virus was 5-fold more sensitive to VOX than the standard genotype 2a 
JFH-1 strain.  All genotype 2b NS3 polymorphisms (S42T, E79D, and I170V) have 
equivalent susceptibility to VOX compared to the parental genotype 2b strain.

For genotype 3a, an efficient genotype 3a replicon derived from the isolate S52 was 
established, and VOX efficiently suppresses viral replication with an EC50 value of 6.6 
nM. The NS3 protease sequence of isolate S52 represents the consensus sequence of 
NS3 protease with the exception of residue V170, which appears in only 9% of the 
genotype 3a viral sequences in the EU HCV database. Importantly, the major 
polymorphism at this residue, V170I, is susceptible to VOX (EC50 value = 6.4 nM). 

VOX has similar activity against all genotype 4a polymorphisms (L44M, T54S, T122S, 
I132L, I132V, and V170I) to the parental 4a consensus chimeric replicon (EC50 fold 
change <2-fold). For genotype 6a, VOX had similar susceptibility to the individual site-
directed polymorphisms (K80Q, N122S, N122T, S133R, K136R, and I170V) compared 
to the parental genotype 6a replicon (<2-fold change), with the exception of the D168E 
polymorphism which was 6-fold less active (EC50 value = 8.7 nM).  In summary, VOX 
shows broad coverage of NS3 polymorphisms across genotypes.

Susceptibility against Treatment-naïve and Treatment-experienced Clinical 
Isolates
To determine the baseline susceptibilities of clinical isolates to VOX, the NS3 gene was 
amplified from individual subject plasma samples and cloned into the replicon-based 
shuttle vectors. This pooled population of molecules was utilized for transient replication 
assays. In total, NS3 from 332 clinical isolates were successfully replicated and were 
tested for their sensitivity to VOX samples.  The 332 clinical isolates includes isolates 
from treatment-naïve (n = 251), PI-experienced (n = 58), and other direct-acting antiviral 
(DAA)-experienced subjects (n = 23) with genotype 1 (n = 87), genotype 2 (n = 64), 
genotype 3 (n = 34), genotype 4 (n = 81), genotype 5 (n = 16), and genotype 6 (n = 50) 
infection from 30 subtypes; 1a (n = 58), 1b (n = 29), 2a (n = 18), 2b (n = 43), 2c (n = 2),
2a/c (n = 1), 3a (n = 32), 3b (n = 2), 4a (n = 58), 4d (n = 11), 4n (n = 4), 4o (n = 2), 4c (n 
= 1), 4m (n = 1), 4r (n = 1), 4t (n = 1), 4a/c (n = 1). 4p/t (n = 1), 5a (n = 16), 6a (n = 15), 
6e (n = 12), 6n (n = 7), 6l (n = 5), 6p (n = 2), 6v (n = 3), 6o (n = 2), 6m (n = 1), 6t (n = 1), 
6c/q (n = 1), and 6e/p (n=1).
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The median EC50 values of VOX for these baseline clinical isolates were 0.55, 2.7, 6.0, 
0.56, 1.8, and 0.52 nM against genotype 1 (n=87), 2 (n=64), 3 (n=34), 4 (n=81), 5 
(n=16), and 6 (n=50), respectively (Figure 1).  Variations in susceptibility among 
genotype 1, 2, 3, 4, 5 and 6 baseline isolates were observed with 20.5-, 6.8-, 6.7-, 8.1-
fold, 6.5-, and 42.1-fold differences between the 95th and 5th percentiles of EC50 values 
respectively. The reductions in susceptibility observed for individual clinical isolates 
correlated with known NS3 resistance substitutions (i.e., V36L, T54S, V55I, Q80K, 
R155K, A156G, D168A) present in those samples.

Figure 1. Susceptibility of HCV Genotype 1 – 6 Clinical Isolates from Treatment-
Naïve and Treatment-Experienced Subjects to VOX (Report PC-338-2016; page 17)

The clinical isolates were grouped by prior protease inhibitor treatment experience: PI-
naïve and PI-experienced subjects.  Among clinical isolates with genotype 1, the median 
EC50 value for isolates from PI-experienced subjects was 2-fold higher than the median 
EC50 value for those from PI-naïve subjects (0.75 nM compared to 0.38 nM, 
respectively). The lowest susceptibility was observed for two genotype 1 clinical isolates 
from PI-experienced subjects with NS3 substitutions V36L/Q80K/D168A or 
T54S/V55I/R155K/ A156G (EC50 value = 10.8 nM and 19.2 nM, respectively). Other 
clinical isolates from PI-experienced with EC50 values ranging from 1 to 10 nM had 2 or 
more NS3 resistance substitutions, R155K or D168E in combinations with other NS3 
resistance substitutions.  One genotype 3a PI-experienced clinical isolate with Q80K had 
an EC50 value that was 4-fold higher than the median EC50 value for genotype 3 PI-naïve 
clinical isolates.  The median EC50 values of VOX for genotype 2, 4, and 6 were similar 
between PI-naïve and PI-experienced clinical isolates.

Subtypes
For genotype 1 clinical isolates, no significant differences in EC50 values of VOX against 
genotype 1a and genotype 1b clinical isolates were observed (0.59 nM [range 0.14-
19.16] and 0.50 nM [range 0.19-2.87], respectively).  Clinical isolates from 4 subtypes of 
genotype 2 were tested (2a, 2b, 2c, 2a/c).  Median EC50 values ranged from 1.1 to 2.8 
nM (2a: 2.8 nM [range 1.78-6.72]; 2b: 2.1 nM [range 0.92-8.3]; 2c: 2.1 nM [range 1.35-
2.9]; 2a/2c: 1.1 nM).  For genotype 3a and 3b clinical isolates, no significant differences 
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in EC50 values of VOX against genotype 3a and genotype 3b clinical isolates were 
observed (median EC50 values were 6.3 nM [range 1.3-21.5] and 5.6 nM [5.4-5.8], 
respectively).  For genotype 4, the activity of VOX was evaluated against 10 subtypes: 
4a, 4d, 4n, 4o, 4c, 4m, 4r, 4t, 4a/c, and 4p/t; the median EC50 values ranged between 
0.16 nM and 1.2 nM against all subtypes tested (Table 7).  For GT5, all isolates were 
GT5a (n=16) and the median VOX EC50 value was 1.8 nM [range 0.87-5.63].  VOX 
activity was tested against 11 genotype 6 subtypes (6a, 6e, 6n, 6l, 6p, 6v, 6o, 6m, 6t, 
6c/q, 6e/p); median EC50 values ranged from 0.2 nM to 2.7 nM (Table 8). The lowest 
EC50 values were observed for subtype 6e (median EC50 value = 0.2 nM). The highest 
EC50 values were in subtype 6a (median EC50 value = 2.7 nM); note all genotype 6a 
isolates had L80K.

Table 7.  Antiviral Activity of VOX against Genotype 4 Subtypes (Report PC-338-
2016; page 25)

Table 8. Antiviral Activity of VOX against Genotype 6 Subtypes (Report PC-338-2016; 
page 26)

ANTIVIRAL ACTIVITY IN THE PRESENCE OF HUMAN SERUM

To determine the effect of plasma protein binding on the activity of VOX, stable genotype 
1a HCV replicon cells were treated with VOX in complete cell culture medium (CCM) 
containing 10% FBS plus 40% human serum (HS). VOX showed a 6.8-fold reduction in 
activity against the genotype 1a HCV replicon in the presence of 40% human serum.  
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ANTIVIRAL ACTIVITY AGAINST OTHER VIRUSES

The activity of VOX was tested against HCV and other viruses, including BVDV, RSV, 
HRV, influenza virus, HBV, and HIV in their respective cell-based antiviral assay 
systems (Table 9).  Known inhibitors were included as positive controls in each assay 
and showed antiviral activities consistent with historical values.  In contrast to its antiviral 
activity against genotype 1a HCV (EC50 value = 0.004 M), VOX has no significant 
antiviral activity against the related Flaviviridae virus BVDV (EC50 value = 3.4  with a 
CC50 value = 16 M). Similarly, VOX has no antiviral activity against unrelated viruses 
(RSV, HRV, influenza virus, HBV, or HIV) at drug concentrations below the CC50 values.

Table 9. Antiviral Activity and Cytotoxicity of VOX against Other Viruses (Report 
PC-338-2012; page 11)

CYTOTOXICITY

VOX exhibited low cytotoxicity across genotype 1a, 1b, 2a, and 3a stable replicon cell 
lines with CC50 values ranging from 18,300 to 21,000 nM; giving selectivity indices 
>3,000 across the tested genotypes (Table 10).

Table 10. HCV Replicon Cytotoxicity and Selectivity for VOX (GS-9857) (Report PC-
338-2001; page 16)
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ANTIVIRAL ACTIVITY OF VELPATASVIR IN COMBINATION WITH OTHER HCV 
AGENTS IN CELL CULTURE

The anti-HCV activity and cytotoxicity of VOX and other compounds were tested in Huh-
7 cells carrying a genotype 1a replicon.  The antiviral effects of VOX in combination with 
other anti-HCV compounds were evaluated in genotype 1a HCV replicon cells.  At the 
95% confidence intervals, mean synergy (0.7 to 25 M2) and antagonism (-6 to -1.3 M2) 
volumes were between 25 and -25 M2% when VOX was combined with IFN-; the 
nucleoside analog NS5B inhibitor SOF; the nonnucleoside NS5B inhibitors tegobuvir and 
GS-9669; the NS5A inhibitors LDV and VEL; and the cyclophilin inhibitor GS-607671, 
which indicates an additive interaction of VOX with these compounds in cell culture 
(Table 11). VOX showed a synergy volume of 27 M2 when combined with RBV; since 
this falls in the range of 25 to 50 μM2%, it indicates a minor synergetic interaction 
between these compounds. No significant antagonism was observed when VOX was 
tested in combination with any other compound.  Furthermore, in all combination 
experiments, the cell viability was higher than 85% at the highest tested concentrations

Table 11.  Quantification of Antiviral Synergy, Antiviral Antagonism and Drug 
Interactions of VOX (Report PC-338-2006; page 11)

ANTIVIRAL ACTIVITY OF VELPATASVIR IN COMBINATION WITH HIV INHIBITORS

To examine the effects of common HIV inhibitors of various classes on VOX anti-HCV 
activity, GT1a replicon cells were incubated with serially-diluted VOX in the presence of 
multiple concentrations of the protease inhibitors ATV and DRV; the INSTIs EVG and 
RAL; the NNRTIs EFV and RPV; and the NRTIs FTC and TFV (Report PC-338-2013).  
Concentrations of 0.15 to 15 μM were utilized for all HIV inhibitors tested to match or 
exceed the physiological levels observed in patients. VOX EC50 values were similar 
regardless of the presence of any of the HIV inhibitors at the concentrations tested. The 
data indicate that there are no antagonistic effects of these HIV inhibitors on VOX 
activity in cell culture. No cell toxicity was observed in these experiments.

To examine the effects of VOX on the anti-HIV activity of the HIV inhibitors utilized 
above, HIV infected MT-4 cells were incubated with serially-diluted ATV, DRV, EFV, 
EVG, FTC, RAL, RPV and TFV in the presence of multiple concentrations of VOX. 
Values corresponding to 1X, 5X and 20X EC50 value in GT1a replicon cells were utilized 
for these experiments (4, 20, and 80 nM, respectively). The EC50 values for all of the HIV 
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inhibitors tested were similar regardless of the presence of VOX at the concentrations 
tested. These data indicate that there is no antagonistic effect of VOX on the anti-HIV 
activity of any of the HIV inhibitors tested. No cell toxicity was observed in these MT-4 
experiments.

RESISTANCE SELECTION

GT1a
To determine the resistance profile, drug-resistant colonies were selected with VOX in 
stable genotype 1a and 3a HCV replicon cells.  Stable genotype 1a replicon cells were 
treated with 10x, 30x, 100x, or 500x the EC50 value concentrations of VOX for 4 weeks.  
Resistant colonies were selected at all concentrations; however, the number of selected 
colonies decreased as the concentration of VOX was increased.  A total of 25 individual 
clones were isolated and expanded from the selections conducted at 30x, 100x, and 
500x EC50 values of voxilaprevir.  All remaining clones were pooled for each individual 
concentration. Since the number of colonies were too numerous to count and were 
difficult to separate at 10x EC50 value, these cells were pooled without individual colony 
isolation. All expanded clones and pooled cells were analyzed for genotypic changes in 
the NS3-NS4A genes and for phenotypic changes in their susceptibility to VOX and 
grazoprevir.  All individual clones and pooled colonies showed reduced susceptibility to 
VOX and grazoprevir. The most frequent substitutions observed were Q41R, D168A/V, 
and A156T in NS3 protease domain.  Q41R was most prevalent in selections performed 
at low concentrations of VOX (10× and 30× EC50 value), D168A/V were prevalent at 30x 
and 100x EC50 concentrations, and A156T was predominant in cells treated at higher 
VOX concentrations (100x and 500x EC50 value).  Multiple additional amino acid 
substitutions were also observed throughout NS3 and NS4A; however, these typically 
appeared at low frequency and in conjunction with Q41R, A156T or D168A/V. 
Phenotypic analyses suggest that these additional amino acid substitutions did not 
further reduce the VOX susceptibility of selected replicon clones (see Table 12).

Individual or combination mutants that were either identified more than twice or were 
previously known as protease inhibitor resistance-associated substitutions (observed at 
least once), were introduced into a genotype 1a replicon by site-directed mutagenesis 
for transient replicon replication assays.   The Q41R substitution confers 5-fold 
decreased susceptibility to VOX, grazoprevir and simeprevir.  Q41R was also selected 
by grazoprevir and simeprevir in cell culture but has not been reported in vivo.  D168A/V 
substitutions alone or in combination with Q41R conferred 4- to 22-fold decreased 
susceptibility to VOX, respectively. In contrast, grazoprevir and simeprevir had >100-fold 
decreased susceptibility against D168 variants.  However, VOX has significantly reduced 
antiviral activity against the A156T variant alone or in combination with other amino acid 
substitutions (>100-fold decreased susceptibility compared to wild-type).  A156T variants 
had markedly lower replication capacities. Other less common single substitutions 
including Q9R, P67S, Q89R, V113L, A200G, A200D, D249A, I359V, K583E, and S332P 
observed in the NS3 protease and helicase regions were phenotyped.  These mutants 
conferred <2-fold decreased susceptibility to VOX and grazoprevir. 
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Table 12. Phenotypic Analysis of Selected Genotype 1a Amino Acid Substitutions 
against VOX in Transient Replicon Replication Assays (Report PC-338-2010, page 
14)

GT1b, 2a, 3a, 4a, and 6a
Stable replicon cells of genotypes 1b (Con-1), 2a (JFH-1 and J6), 3a (S52), 4a (ED43),
5a (SA13), and 6a (GSI6a-1) were treated with 10x and/or 100x concentrations of VOX 
for 4 weeks. Overall, there were a greater number of colonies selected from the 10x 
EC50 concentrations compared with the 100x EC50 concentrations. In genotype 1b, 2a, 
5a, and 6a replicon cells, there were no surviving colonies in the 100x EC50 value 
concentrations after 3 weeks of selection. Only genotype 3a and 4a replicon cells had 
surviving colonies at the higher concentration of VOX.  Single individual clones were 
isolated and expanded from the selections conducted with 10x EC50 value 
concentrations in genotype 1b, 2a, 5a, and 6a stable cell lines, and 100x in genotype 3a 
and 4a.  All expanded clones and pooled cells were analyzed for genotypic changes in 
the NS3 protease gene by deep sequencing and for phenotypic changes to VOX. 
Overall, substitutions at position 156, with or without a substitution at position 168, were 
selected in genotypes 1b, 2a, 3a, and 4a (Table 13).  In genotypes 5 and 6, the double 
substitutions Q41R+D168H/Y and Q41R+D168H were selected, respectively. 
Substitutions were not observed at position 155.
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Table 13.  Resistance-Associated Substitutions Selected by VOX in Genotypes 1 - 
6 (Report PC-338-2015, page 10)

Substitutions were introduced into genotypes 1 through 6 replicons by site-directed 
mutagenesis for transient replication assays.  Substitutions at position 156 (A156L/T/V) 
were selected in stable replicon cells with genotypes 1b, 2a (JFH-1 and J6), 3a, and 4a 
and conferred the highest levels of decreased susceptibility (38- to > 224-fold) (Table 
14). 

Table 14.  Activity of VOX against Site-Directed Mutants in Transient Replicon 
Assays (Report PC-338-2015, pages 16-17)
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Substitutions at position 168 that were selected in genotypes 2a (JFH-1 and J6), 5a, and 
6a demonstrated 1.5- to 17.8-fold decreased susceptibility. The single substitution 
D168H conferred 11.6- and 4.2-fold reduced susceptibility in genotype 5a and genotype 
6a replicons, respectively. The single substitution D168Y conferred 13.5-fold reduced 
susceptibility in genotype 5a replicon cells, but was susceptible to VOX in genotype 6a 
replicon cells.  Q41R, which was selected in genotype 5a and 6a replicon cells, did not 
replicate in the genotype 5a replicon and appeared to confer low 2.7-fold resistance 
levels in genotype 6a.  The double substitutions Q41R+D168H and Q41R+D168A in 
genotype 5 showed 35- and 47-fold reduced susceptibility to VOX, respectively, 3- to 6-
fold higher compared to the single substitutions D168H and D168A. In genotype 6, the 
double mutants Q41R+D168H and Q41R+D168Y demonstrated 18- and 39-fold reduced 
susceptibility to VOX, respectively, with 9 - to 12-fold higher reduced susceptibility than 
the single D168H or D168Y mutants.

GT3a
Stable genotype 3a replicon cells were treated with 10×, 30×, 100×, or 500× EC50 value 
concentrations of VOX for 4 weeks. Resistant colonies were selected at 10×, 30×, and 
100× EC50 value concentrations with the number of selected colonies decreasing as the 
concentration of VOX was increased (Table 15).  No colonies survived at the 500× 
concentration. A total of 35 individual clones were isolated and expanded from the 
selections, and the remaining colonies were pooled at each drug concentration. All 
expanded clones and pooled cells were analyzed for genotypic changes in the NS3-
NS4A genes and for phenotypic changes in their susceptibility to VOX.  Common 
substitutions selected by VOX in the genotype 3 replicon cell lines were Q41R, C134R, 
A156T, A156V, A166S, and Q168R.  Among them, A156T was the most prevalent and 
appeared in 23 of the 35 selected clones with its frequency increasing with increasing 
VOX concentration. 

Table 15.  Phenotypic Analysis of Selected Genotype 3a Substitutions against 
VOX (GS-9857) in Transient Replicon Replication Assays (Report PC-338-2010, 
page 19-20)
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Resistant clones selected at 30× and 100× EC50 values harbored predominantly A156T 
substitutions.  VOX and grazoprevir had >68-fold resistance and >4-fold resistance, 
respectively, to A156T mutants.  Multiple additional amino acid changes were also 
observed at low frequency throughout the NS3 and NS4A genes.  These substitutions 
typically appeared in conjunction with Q41R, A156T/V, or Q168R, and based on 
phenotypic analyses they did not impact VOX susceptibility of the resistant clones.  
Individual and combination mutants were introduced into a genotype 3a replicon by site-
directed mutagenesis for transient replicon replication assays.  Results from transient 
replicon replication assays indicated that the A156T and A156V conferred >100-fold 
decrease in EC50 value to VOX.  These mutants also have reduced replication capacity 
in genotype 3a, ~30% relative to the parent. The substitutions Q41R and Q168R 
conferred 5.8-fold and 9.4-fold decreased susceptibility, respectively, to VOX.  However, 
R155K did not confer any susceptibility shift to VOX. Combinations of the resistance 
substitutions Q41R and Q168R decrease VOX susceptibility 6- to 10-fold above what is 
predicted from the individual mutants. This was also observed for A156T/V mutants, 
when they appeared in combination with Q41R and Q168H.  The double mutant 
combinations conferred a higher degree of resistance to VOX compared to grazoprevir 
in genotype 3a HCV.  Multiple additional substitutions outside the protease inhibitor 
target sites were also observed in the NS3-4A region, including T47I, D110N, C134R 
and A166S in the NS3 protease domain; G282A, K380N and A431T in the NS3 helicase 
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region; and A15V, E53D, and M51V in NS4A.   None of these amino acid substitutions 
alone conferred resistance to VOX or grazoprevir and were observed infrequently and 
only in combination with Q41R, A156T/V, or Q168R. 

CROSS-RESISTANCE

NS3 Protease Substitutions
A panel of genotype 1a and 1b replicons encoding known NS3 protease substitutions 
were tested for susceptibility to VOX.   VOX had EC50 values <2.3-fold compared to wild-
type against substitutions V36M, T54S, and R155K.  VOX was also fully active against 
the Q80K polymorphism.  EC50 values for various substitutions at D168 ranged from 1.6- 
to 20-fold for VOX in genotype 1a and from 1- to 2.5-fold in genotype 1b (Table 16 and 
17).  In contrast, A156T/V substitutions conferred >250-fold decreased susceptibility to 
VOX and resistance to all tested inhibitors.

Table 16.  Antiviral Activity of VOX against Clinically-Significant Genotype 1a NS3 
Protease Inhibitor Resistance Substitutions (Report PC-338-2017; page 12)

Table 17.  Antiviral Activity of VOX against Clinically-Significant Genotype 1b NS3 
Protease Inhibitor Resistance Substitutions (Report PC-338-2017; page 12)
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In addition, the antiviral activity of VOX and other NS3 PI inhibitors (GZR, PTV, ABT-
493, and SIM) was tested in transient transfection HCV replicon assays following site-
directed mutagenesis of NS3 resistance subsitutions that were identified in treatment-
naive subjects with genotype 1, 2, 3, 4, 5, or 6 infection at baseline or observed in 
subjects who failed NS3 PI treatment (Report PC-338-2017). These amino acid positions 
in NS3 included 36, 41, 43, 54, 55, 56, 80, 107, 122, 132, 155, 156, 158, 166, 168, 170, 
and 175.  Substitutions that were observed to confer resistance to PIs in genotype 1a 
and 1b replicons were also tested in genotype 2a, 2b, 3a, 4a, 5a, and 6a replicons.

In GT1a, the single substitutions V36I/M, Q41L, T54A/C/G/S, V55A, Y56F, Q80M/N, 
V107I, S122A/C/G/N/T/V, V158A, and A166S did not confer reduced susceptibility to 
any of the tested PIs.  A156T and A156L were the only NS3 substitutions that conferred 
>100-fold resistance (2532- and 581-fold, respectively) to VOX.  The double substitution, 
Q41R+A156T, conferred >100-fold resistance to VOX.

In GT1b, substitutions T54A/S Y56F, Q80M, V107I, S122G/N/T, A166S, V170I, and 
M175L showed no resistance to any of the tested PIs.  Substitutions at position 168 
(D168A/V/Y) demonstrated <3.5-fold reduced susceptibility to VOX.  A156T and A156V 
demonstrated >100-fold decreased susceptibility to VOX.  All genotype 1b double 
substitutions demonstrated <3.4-fold reduced susceptibility to VOX.

Overall, substitutions at amino acid positions 54, 107, 132, 158 and 166 did not confer 
reduced susceptibility to VOX.  Substitutions at positions 36, 41, 55, 56, 80, 122, 170, 
and 175 were observed to confer no (≤ 2.5-fold) to low (2.5-20-fold) resistance to VOX in 
the tested genotypes. R155K in genotypes 1a, 1b, 3a, and 4a showed no resistance to 
VOX (0.4- to 1.5-fold).  However, R155W demonstrated 20-100-fold levels of resistance 
to VOX in genotypes 1a and 1b.  A156T and A156V demonstrated 20-100 or >100-fold 
levels of resistance to VOX in the tested genotypes. High levels of resistance (>100-fold) 
were observed for A156L against VOX.  Overall, D168A, D168E, D168V, and D168Y 
conferred ≤ 8.1-, ≤ 2.7-, ≤ 4.2-, and ≤ 13.5-fold reduced susceptibility to VOX in the 
tested genotypes.

NS5A Inhibitor and NS5B Inhibitor Resistance Substitutions
Transient replicon replication assays were performed to evaluate the antiviral activity of 
VOX against a panel of signature resistance substitutions to NS5A and nucleoside 
analog NS5B classes of HCV inhibitors. VOX was tested against replicons encoding 
several nucleoside analog NS5B polymerase inhibitor resistance substitutions including 
S282T in genotype 1b; S282T or M289L in genotype 2a; and non-nucleoside NS5B 
inhibitor-resistance substitutions  M414T(palm site III; Abbott A-837093); L419M, 
M423T, or A486V (thumb site II; GS-9669); C316 (palm site IV; HCV-796); and Y448H 
or C316Y/C445F/Y452H (palm site III/IV; TGV).  VOX retained full activity against all of 
the polymerase inhibitor resistance substitutions with EC50 fold changes <2-fold 
compared to wild-type (Table 18 and 19).  There were expected levels of susceptibility 
against control compounds 2CMeA, Abbott A-837093, GS-9669, HCV-796, and TGV.
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Table 18.  Activity of VOX (GS-9857) against Genotype 1b Nucleoside Analog and 
Non-Nucleoside Analog NS5B Polymerase Inhibitor Resistance-Associated 
Substitutions (Report PC-338-2004, page 8)

Table 19. Activity of VOX (GS-9857) against Genotype 2a Nucleoside Analog NS5B 
Polymerase Inhibitor Resistance-Associated Substitutions (Report PC-338-2004, 
page 9) 

VOX retained full activity against all NS5A inhibitor resistance substitutions (and the 
cyclosporin analog substitution D320E) with EC50 fold-changes <2-fold compared to wild-
type (Table 20).  Expected levels of resistance were observed for the control NS5A 
inhibitors VEL and daclatasvir as well as cyclosporine. 

Table 20.  Activity of VOX (GS-9857) against Genotype 1a and 1b NS5A Inhibitor
Resistance-Associated Substitutions (Report PC-338-2004, page 9) 

 GS-9857 = voxilaprevir; MK-5172 = grazoprevir; GS-5816 = velpatisvir; CsA = cyclosporin
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Colony Reduction Assays
Colony reduction assays were performed in cell lines stably replicating genotype 1a, 1b,
2a, 3a, 4a, or 6a subgenomic replicons treated with VOX at a series of concentrations 
ranging from 1× EC50 to 100× EC50 values with grazoprevir evaluated in parallel.  HCV 
inhibitor resistance barrier was assessed by determining the number of surviving 
colonies following a 3-week drug treatment.   VOX efficiently suppresses resistance 
colony formation at a drug concentration of 10× EC50 values, which is lower than the 
target estimated drug exposure in clinical studies (Cmax ~ 500 nM and plasma protein 
binding ratio =12).   In addition, VOX and grazoprevir treatments resulted in similar 
number of surviving colonies (at equivalent folds above their respective EC50 values) 
across all tested HCV genotypes indicating that these two compounds have similar 
overall resistance barriers.   However, in genotype 3a replicon cells, VOX is 9-fold more 
active than grazoprevir and required 9× less drug for VOX to achieve the same colony 
reduction efficiency.  

4.6   CLINICAL STUDIES

Study GS-US-367-1171 (POLARIS-1) is an ongoing Phase 3, randomized, double-blind 
study assessing the antiviral efficacy, safety, and tolerability of SOF/VEL/VOX compared 
with placebo for 12 weeks in NS5A inhibitor-experienced subjects with chronic HCV 
infection.  A placebo control arm was selected for this study due to the absence of 
approved treatment options for NS5A inhibitor-experienced patients.  The proportion of 
subjects who achieved SVR12 following treatment with SOF/VEL/VOX for 12 weeks was 
96% (253/263) (95% CI: 93.1% to 98.2%).  The SOF/VEL/VOX 12 Week group met the 
primary endpoint of an SVR12 rate that was statistically superior relative to the 
prespecified SVR12 performance goal of 85% (p <0.001).  No subjects in the Placebo 12 
Week group (0/152) achieved SVR4.  A total of 10 of 263 subjects (3.8%) in the 
SOF/VEL/VOX 12 Week group did not achieve SVR12. Of these, 1 GT1a subject had 
on-treatment virologic failure (breakthrough) and 6 subjects (1 GT1a, 4 GT3, and 1 GT4) 
relapsed

Study GS-US-367-1170 (POLARIS-4) is a Phase 3, randomized, open-label study 
assessing the antiviral efficacy, safety, and tolerability of 12 weeks of SOF/VEL/VOX 
versus 12 weeks of SOF/VEL in DAA-experienced subjects with chronic HCV infection 
with or without cirrhosis who had not previously received an NS5A inhibitor.  The SVR12 
rates were 97% (177/182) for the SOF/VEL/VOX 12 Week group (95% CI: 93.7% to 
99.1%) and 90% (136/151) for the SOF/VEL 12 Week group (95% CI: 84.1% to 94.3%).
The SOF/VEL/VOX 12 Week group met the primary efficacy endpoint with a significantly 
higher SVR12 rate of 97% compared with the performance goal of 85% (p <0.001).  In 
the SOF/VEL/VOX 12 Week group, 5 of 182 subjects (2.7%) did not achieve SVR12; 1 
GT1a subject with cirrhosis relapsed and 4 subjects were categorized as “Other”.  In the 
SOF/VEL 12 Week group, 15 of 151 subjects (9.9%) did not achieve SVR12: 1 GT2 
subject had on-treatment virologic failure and 14 subjects (8 GT3, 6 GT1) relapsed.
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31 24 
(27%)

24 
(59%)

3 
(75%)

3 (7%) 2 
(10%)

1 
(100%)

1 
(17%)

58 (28%)

58 14 
(16%)

3 (7%) 0 (0%) 0 (0%) 4 
(20%)

0 (0%) 3 
(50%)

24 (12%)

92 2 (2%) 0 (0%) 1 
(25%)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (1%)

Y93 33 
(37%)

35 
(85%)

0 (0%) 31 
(69%)

2 
(10%)

1 
(100%)

2 
(33%)

104 (50%)

1 46 
(52%)

17 
(41%)

2 
(50%)

39 
(87%)

7 
(35%)

0 (0%) 0 (0%) 111 (54%)

2 32 
(36%)

19 
(46%)

1 
(25%)

6 
(13%)

8 
(40%)

0 (0%) 0 (0%) 66 (32%)

3 or 
more

11 
(12%)

5 
(12%)

1 
(25%)

0 (0%) 5 
(25%)

1 
(100%)

6 
(100%)

29 (14%)

The prevalence of baseline NS3 protease inhibitor RAS in subjects with baseline NS3 
sequence data was 18% (18/99) in GT1a, 27% (12/44) in GT1b, 50% (2/4) in GT2, 4% 
(3/74) in GT3, 5% (1/20) in GT4, and 17% (1/6) in GT6 (Table 22; FDA Analysis).   The 
overall prevalence of NS3 RAS was 15% (37/248).  The most prevalent NS3 RAS were 
at positions 36 (5/18) and 168 (7/18) in genotype 1a, position 56 in GT1b (8/13; 62%), at 
36 and 56 in GT2 (2/2), and at 168 in GT3 (2/3) and GT4 (1/1).  

Table 22. Prevalence of NS3 Protease Inhibitor RAS at Baseline in Study 1171 
(SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a GT4 GT5 GT6
All 99 44 4 74 21 1 6
w/out PI 
RAS

81 (82%) 32 (73%) 2 (50%) 71 (96%) 20 (95%) Assay 
failure

0 (0%)

w/any PI 
RAS

18 (18%) 12 (27%) 2 (50%) 3 (4%) 1 (5%) Assay 
failure

1 (17%)

36 5 (28%) 1 (8%) 2 (100%) 0 (0%) 0 (0%) - 1 (17%)
41 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) -
43 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) -
54 4 (22%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) -
55 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) -
56 3 (17%) 8 (67%) 2 (100%) 0 (0%) 0 (0%) -
80K* 49 0 0 0 (0%) 0 (0%) -
80L/R 3 2 0 (0%) 0 0 - 6
155 3 (17%) 0 0 (0%) 0 0 -
156 1 (6%) 0 0 (0%) 1 (33%) 0 -
168 7 (39%) 3 (25%) 0 (0%) 2 (67%) 1 (100%) -
1 RAS 11 (61%) 11 (92%) 0 (0%) 3 (100%) 1 (100%) - 1 (17%)
2 RAS 5 (28%) 1 (8%) 2 (100%) 0 (0%) 0 (0%) - 0 (0%)
3 or 4 RAS 2 (11%) 0 (0%) 0 (0%) 0 (0%) - 0 (0%)
*not included in overall prevalence because it is a RAP not RAS

Overall prevalence of nucleotide analog NS5B polymerase inhibitor RAS across all 
genotypes was 8% (22/260).  Nucleotide analog NS5B inhibitor RAS were not prevalent 
in subjects with GT1, 2, 3 or 4 infection (Table 23; FDA analysis).  However, subjects 
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with GT6 infection had nucleotide analog NS5B inhibitor substitutions at positions 237 in 
all 6 subjects and at position 289 in 5 of 6 subjects.  Three subjects (1 GT1a, GT1b, and 
1 GT4) had the S282T nucleotide analog NS5B inhibitor RAS at baseline; two of these 
subjects (GT1a and 1b) achieved SVR12 and the GT4 subject discontinued.    

Table 23. Prevalence of Nucleotide Analog NS5B Polymerase Inhibitor RAS at 
Baseline in Study 1171 (SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a GT4 GT5 GT6
All 104 45 5 78 21 1 6
w/out 
NS5B 
RAS

102 41 4 74 16 (76%) 1 (100%) 0 (0%)

w/any 
NS5B 
RAS

2
(2%)

4
(9%)

1
(20%)

4
(5%)

5
(24%)

0
(0%)

6
(100%)

96 0 0 0 0 0 0 0
142 0 0 0 1 (25%) 0 0 0
159 0 2 (50%) 0 2 (50%) 0 0 0
237 1 0 0 2 (50%) 2 (40%) 0 6 (100%)
282 1 (50%)

[SVR12]
1 (25%)
[SVR12]

0 0 1 (20%) 
[DC]

0

289 0 0 1 (100%) 0 1 (20%) 0 5 (83%)
320 0 0 0 0 0 0 0
321 0 1 (25%) 0 0 3 (60%) 0
1 2 (100%) 3 (75%) 1 (100%) 3 (75%) 4 (80%) 0 1 (17%)
2 0 1 (25%) 0 1 (25%) 0 0 5 (83%)
3 or 
more

0 0 0 0 1 (20%) 0 0

CENSORING SUBJECTS FOR FDA ANALYSIS: POLARIS-1

For the FDA resistance analyses, subjects who experienced an AE while undetectable, 
or were lost to follow-up in the POLARIS trials were removed from the analysis. Thus, 2 
GT1a and 1 GT4 subject were censored from POLARIS -1 for the FDA resistance 
analysis (Table 24; FDA analysis).  

Table 24.  CENSORED SUBJECTS in POLARIS-1 (n=3)
PID Genotype ARM
1171-04001-
24394

1a SOF/VEL/VOX No HCV RNA 
detected , 
SVR4

Withdrew 
consent

1171-05663-
24309

1a SOF/VEL/VOX No HCV RNA 
detected WK8

Lost to FU

1171-02019-
24348

4r SOF/VEL/VOX Adverse Event Withdrew 
consent

GT1b: none
GT3: none
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ANALYSIS OF RESPONSE BY BASELINE NS5A INHIBITOR AND NS3 PROTEASE 
INHIBITOR RESISTANCE-ASSOCIATED SUBSTITUTIONS (RAS) IN POLARIS-1

The effect of the presence of baseline NS5A inhibitor and NS3 protease inhibitor RAS on 
SVR12 rates in subjects with GT1a, GT1b, GT3 and GT4 HCV infection following 12-
week SOF/VEL/VOX treatment was examined in POLARIS-1.  The SVR12 rate for GT2 
subjects was 100% (5/5), so the effect of baseline RAS was not examined for GT2 in the 
FDA analysis.  For GT1a, the SVR12 rate for subjects with NS5A RAS was 98% (85/87) 
compared to 100% (16/16) for subjects without NS5A RAS (Table 25; FDA analysis).  
The one subject who relapsed had the Y93N in their HCV NS5A; the other subject who 
had breakthrough on treatment had the Q30T RAS at study entry.  SVR12 rates were 
100% for both GT1b subgroups with NS5A RAS (41/41) and without NS5A RAS (4/4).  
The SVR12 rates for GT3a subjects were similar; 93% (42/45) for those with NS5A RAS 
and 97% (32/33) for those without NS5A RAS.  The three GT3a subjects who relapsed 
with NS5A RAS had either Q30K (n=1) or Y93H (n=2) at baseline.  For GT4 subjects, 
the SVR12 rate was 95% (18/19) for subjects with NS5A RAS comparable to 100% (2/2) 
for subjects without NS5A RAS.  The one GT4 relapser had Q30R at baseline.  Overall, 
SVR12 rates were equivalent for GT1a, GT1b, GT3a and GT4 subjects with and without 
NS5A RAS; 97% (186/192) versus 98% (54/55).  SVR12 rates were 100% for subjects 
with baseline NS5A RAS at positions 24, 28, 31, 58, or 92.  SVR12 rates were 97% for 
subjects with baseline NS5A RAS at positions 30 or 93.  In addition, an increase in the 
number of baseline NS5A RAS did not decrease SVR12 rates.  For subjects with more 
that one NS5A RAS, SVR12 rates were 100%.

Table 25.  SVR12 Rates* [Relapse%] by NS5A Inhibitor RAS in Study 1171 
(SOF/VEL/VOX arm)

GT1a GT1b GT3a GT4 OVERALL
All 98% 

(101/103)
[0.1%; 1/103)

100% (45/45)
[0%]

95% (75/79)
[4/79; 5%]

95% (20/21) 
[1/21; 5%]

97% 
(241/248)

[2%; 6/248]
w/out NS5A 
RAS

100% (16/16)

[0%]

100% (4/4) 97% (32/33)
[3%]

100% (2/2) 98% (54/55)

w/ any 
NS5A RAS

98% (85/87)
[1%; 1/87]

100% (41/41) 93% (42/45)
[7%]

95% (18/19) 97% 
(186/192)

With 
primary

98% (84/86)
[1%; 1/86)

100% (41/41) 93% (42/45)
[7%]

95% (18/19) 97% 
(185/191)

24 100% (4/4) 100% (2/2) - 100% (2/2) 100% (8/8)
28 100% (18/18) 100% (2/2) 100% (1/1) 100% (10/10) 100% (31/31)
30 98% (50/51)

[0%]
100% (7/7) 94% (15/16)

[6%]
94% (15/16) 97% (87/90)

31 100% (24/24) 100% (24/24) 100% (3/3)
[0%]

100% (2/2) 100% (53/53)

H58 100% (14/14) 100% (3/3) - 100% (4/4) 100% (21/21)
92T 100% (2/2) 0 - 0 100% (2/2)
Y93 97% (32/33)

[3%; 1/33]
100% (35/35) 94% (29/31)

[6%]
100% (2/2) 97% (98/101)

1 96% (44/46)
[2%; 1/46]

100% (17/17) 92% (36/39)
[8%]

86% (6/7) 94% 
(103/109)
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2 100% (32/32) 100% (19/19) 100% (6/6) 100% (7/7) 100% (64/64)
3 100% (7/7) 100% (3/3) - 100% (5/5) 100% (15/15)
4 100% (4/4) 100% (2/2) - - 100% (6/6)
2 or more 100% (43/43) 100% (24/24) 100% (6/6) 100% (12/12) 100% (85/85)
*(censored for DC while suppressed)

The SVR12 rate for GT1a subjects without NS3 protease inhibitor RAS was 98% (79/81) 
compared to 100% (18/18) for subjects with NS3 RAS (Table 26; FDA analysis).  SVR12 
rates were 100% for substitutions at specific NS3 RAS positions 156 (1/1) and D168 
(7/7).   For GT1b, GT3 and GT4 subjects, there was no effect of NS3 RAS on efficacy, 
because SVR12 rates were 100% for subjects with NS3 RAS. 

Table 26.  SVR12 Rates [Relapse%] by Baseline NS3 Protease Inhibitor RAS in 
Study 1171 (SOF/VEL/VOX arm)

GT1a GT1b GT3a GT4
All 98% (101/103)

[0.1%; 1/103)
100% (45/45) 95% (75/79)

[5%]
95% (20/21) 

[5%]
w/out NS3
RAS

98% (79/81) 100% (32/32) 94% (67/71) 95% (19/20)

w/any NS3 
RAS

100% (18/18) 100% (12/12) 100% (3/3) 100% (1/1)

Q80K 96% (46/48)
168 100% (7/7)
156 100% (1/1) 100% (1/1)

The prevalence of subjects with both NS3 protease inhibitor and NS5A inhibitor RAS at 
baseline was 13%, 27%, 20%, 4% and 5%, in GT1a, GT1b, GT2a, GT3a, and GT4d, 
respectively (Table 27; FDA Analysis).  SVR12 rates for subjects with both NS3 and 
NS5A RAS at baseline were also examined and were 100% for all the subjects.  
Therefore, the presence of baseline RAS in both targets, NS3 and NS5A, did not affect 
SVR12 rates following treatment with SOF/VEL/VOX.

Table 27.  SVR12 Rates in Subjects with Both NS3 and NS5A RAS in Study 1171
GT Prevalence of Subjects 

with Both NS3 and NS5A 
Baseline RAS

Proportion 
who Achieved 

SVR12
1a 13/103 (13%) 100%
1b 12/45 (27%) 100%
2a 1/5 (20%) 100%
3a 3/79 (4%) 100%
4d 1/21 (5%) 100%

The SVR12 rate for GT1a, GT1b, GT3 and GT4 subjects with nucleotide analog NS5B 
polymerase inhibitor RAS was 93% (13/14) compared to 97% (224/230) for subjects 
without nucleotide analog NS5B polymerase inhibitor RAS (Table 28; FDA analysis).  
Overall, SVR12 was achieved in 21 of 22 (95%) subjects who had baseline nucleotide 
analog NS5B inhibitor resistance-associated substitutions, including 2 subjects that had 
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virus with the S282T nucleotide analog NS5B inhibitor resistance-associated substitution 
in addition to NS5A resistance-associated substitutions at baseline. 

Table 28. SVR12 Rates of Nucleotide Analog NS5B Polymerase Inhibitor RAS at 
Baseline in Study 1171 (SOF/VEL/VOX arm)

GT1a GT1b GT3a GT4
All 98% (100/102) 100% (45/45) 95% (73/77) 95% (19/20)
w/out NS5B RAS 98% (98/100) 100% (41/41) 96% (70/73) 94% (15/16)
w/any NS5B RAS 100% (2/2) 100% (4/4) 75% (3/4) 100% (4/4)

ANALYSIS OF RESPONSE BY PREVIOUS DAA EXPOSURE, DURATION, AND 
NUMBER OF PREVIOUS REGIMENS: POLARIS-1

The effect of previous DAA regimens on SVR12 rates was assessed in subjects with 
GT1a, GT3 and GT4 HCV infection following 12-week SOF/VEL/VOX treatment.  The 
majority of subjects had a previous regimen of Harvoni™ (LDV/SOF).  For GT1a, GT3 
and GT4 subjects who had received a previous regimen of LDV/SOF, the combined 
SVR12 rate for SOF/VEL/VOX was 97% (94/97) (Table 29; FDA Analysis).  For subjects 
who had received a prior regimen containing a PI, the SVR12 rates in POLARIS-1 were 
100%.  The duration of the previous regimen did not appear to affect SOF/VEL/VOX 
SVR12 rates.  Durations of >1-4 Weeks, >4-12 Weeks, >12-24 Weeks and >24 Weeks 
were examined and there was no clear decrease in SVR12 rates for any of these 
durations (Table 29; FDA Analysis).  In addition, there was no clear difference in SVR12 
rates for different lengths of time from the end of previous DAA regimen to start of 
SOF/VEL/VOX treatment (≤6 months, >6 –12 months, >1-2 years, >2-4 years and >4-6 
years) (Table 29; FDA Analysis).  Finally, the number of previous DAA regimens did not 
appear to affect efficacy of SOF/VEL/VOX, because SVR12 rates were similar for 
subjects with 1, 2, 3 or 4 previous DAA regimens (Table 29; FDA Analysis).

Table 29.  SVR12 Rates* by Previous DAA Experience in Study 1171
GT1a GT3a GT4

All 98% (101/103) 95% (75/79) 95% (20/21) 
Previous DAA

LDV/SOF 96% (55/57) 100% (25/25) 93% (14/15)
Daclatasvir 100% (20/20) 95% (37/39)

SOF/VEL 100% (5/5) 71% (5/7) 100% (3/3)
VOX 100% (3/3) 0 100% (3/3)

ABT-530 0 100% (2/2)
OMB/PAR/RTV 100% (5/5) 100% (1/1) 100% (2/2)

ABT-
450/267/333+RTV

100% (16/16) 0 100% (1/1)

Other PIs 
(asunaprevir, ABT-

493,BOC, grazoprevir, 
TVR)

100% (25/25) 100% (6/6) 100% (2/2)

Duration of Most 
Recent Regimen
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>1-4 Weeks 100% (1/1) 0
>4-12 Weeks 98% (50/51; BT) 96% (26/27) 92% (12/13)

>12-24 Weeks 97% 
(36/37;relapse)

95% (36/38) 100% (8/8)

>24 Weeks 100% (14/14) 93% (13/14)
Time since Previous 
Exposure

≤6 months 100% (14/14) 88% (15/17) 100% (4/4)
>6-12 months 96% (51/53) 97% (35/36) 92% (12/13)

>1-2 years 100% (12/12) 100% (20/20) 100% (3/3)
>2-4 years 100% (13/13) 80% (4/5) 100% (1/1)
>4-6 years 100% (11/11) 100% (1/1)

Number of Previous 
DAA Regimens

1 97% (71/73) 97% (37/38) 93% (13/14)
2 100% (18/18) 95% (38/40) 100% (7/7)
3 100% (11/11) 0% (0/1)
4 100% (1/1) 0

*(censored for DC while suppressed)

TREATMENT-EMERGENT NS5A INHIBITOR AND NUCLEOSIDE ANALOG NS5B 
POLYMERASE INHIBITOR RESISTANCE-ASSOCIATED SUBSTITUTIONS 

There were 7 virologic failures in POLARIS-1; one breakthrough and 6 relapsers (Table 
30; FDA Analysis).  The subject who experienced breakthrough had GT1a HCV 
infection.  Of the relapsers, one had GT1a infection, four had GT3a infection, and one 
relapser had GT4d infection.  All the virologic failures had cirrhosis and all had received 
a previous DAA regimen containing SOF; 3 had received LDV/SOF, 2 had received 
SOF/VEL, and 2 had received DCV/SOF.  The virologic failures had 1 to 3 previous 
regimens; the time since exposure to the previous regimen ranged from >3- 6 months to 
>2-4 years; and the duration of the most recent regimen varied from >4-12 weeks to 
>24-36 weeks.  Six of the 7 virologic failures had a baseline NS5A primary RAS at 
position 30 or 93.  Both GT1a failures had the Q80K NS3 polymorphism.  All 7 virologic 
failures had NS5A RAS at failure (Table 30; FDA analysis).  The GT1a subject with 
virologic breakthrough had the NS5A substitution Q30T at baseline and developed the 
NS5A resistance substitutions L31M and Y93H at breakthrough. The GT1a relapse 
subject had emergent low-level K24R in NS5A and low-level V36A in NS3.  Of the four 
genotype 3 relapsers, 2 had enrichment of Y93H at relapse that was present at low-
levels at baseline, one had emergent NS5A resistance-associated substitution E92K in 
NS5A, and one had emergent low-level Q41K, V55A and R155M substitutions in NS3.  
The subject with genotype 4d who relapsed developed the NS5A resistance-associated 
substitution Y93H.
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Table 30.  Summary of Virologic Failures in POLARIS 1 (n = 7)
PID GT Relapse Cirr Previous 

DAA
Number 
of 
Previous 
Regimens

Duration 
of Most 
Recent 
Regimen

Time 
Since 
Previous 
Exposure

Baseline
RAS

Emergent
RAS*

1171-
00407-
24286

1a Y Y LDV/SOF 1 >12-24 
WK

>6-12 mo

NS5A Y93N K24R 
(1.2%)

NS3 Q80K V36A 
(2%)
I48V 
G237S

1171-
02140-
24070

1a BT
(WK12)

Y LDV/SOF 1 >4-12 
WK

>6-12 mo

NS5A Q30T L31M 
Y93H

NS3 Q80K none
1171-
03060-
24009

3a Y Y SOF/VEL 3 >12-24 
WK

>3-6 
months

NS5A Y93Y/H Y93H
NS3 none none

NS5B E237G
1171-
01057-
24090

3a Y Y SOF/VEL 1 >4-12 
WK

>2-4 
years

NS5A Y93Y/H Y93H
NS3 none none

1171-
01065-
24344

3a Y Y DCV 
SOF

2 >12-24 
WK

>3-6 mo

NS5A A30K V/T52/M
NS3 Q80K 

(1%)
Q41K 
(2%) 
V55A 
(3%) 
R155M 
(1%)
A294V

NS5B F289L 
(1%)
L320F 
(1%)

1171-
01386-
24385

3a Y Y DCV 
SOF

2 >24-36 
WK

>6-12 mo

NS5A none E92K
NS3 none none

1171- 4d Y Y LDV/SOF 1 >4-12 >6-12 mo
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2 2 (20%) 2 (15%) 10 (20%) 1 (7%) 2 (22%) 17 (18%)
3 or 
more

6 (12%) 0 2 (22%) 8 (8%)

The prevalence of baseline NS3 protease inhibitor RAS (36, 41, 43, 54, 55, 56, 155, 
156, and 168) in subjects with baseline NS3 sequence data was 22% (21/95) in GT1a, 
33% (14/43) in GT1b, 13% (8/60) in GT2, 0% (0/106) in GT3, and 16% (3/19) in GT4 
(Table 32; FDA analysis).   Overall prevalence of baseline NS3 RAS was 14% (46/323).   
The most prevalent NS3 RAS were at at positions 55 (9/21) and 155 (7/21) in genotype 
1a, position 56 in GT1b (44%; 8/18) and GT2 (8/8), and position 168 in GT4 (3/3).  

Table 32. Prevalence of NS3 Protease Inhibitor RAS at Baseline in Study 1170 
(SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a GT4
All 95 43 60 106 19
w/out PI 
RAS

74 (78%) 29 (67%) 52 (87%) 106 (100%) 16 (84%)

w/any PI 
RAS

21 (22%) 14 (33%) 8 (13%) 0 3 (16%)

36 4 (19%) 1 (7%) - - -
41 0 0 - - -
43 0 0 - - -
54 2 (10%) 2 (14%) - - -
55 9 (43%) 1 (7%) - - -
56 0 8 (57%) 8 (100%) - -
80K* 43 1 - - -
80L/R* 1 5 - - -
155 7 (33%) 0 - - -
156 0 1 (7%) - - -
168 3 (14%) 2 (14%) - - 3 (100%)
1 17 (81%) 12 (86%) 8 (100%) - 3 (100%)
2 4 (19%) 2 (14%) - - -
3 0 - - - -
*not included in total because RAP instead of RAS
Nucleotide analog NS5B polymerase inhibitor RAS were not prevalent in subjects with 
GT1, 2, 3 or 4 infection (Table 33; FDA analysis) and no subjects had the S282T 
nucleotide analog NS5B inhibitor RAS at baseline.  Overall prevalence of baseline NS5B 
RAS was 8% (27/320).   

Table 33. Prevalence of Nucleotide Analog NS5B Polymerase Inhibitor RAS at 
Baseline in Study 1170 (SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a GT4
All 97 45 62 100 16
w/out NS5B 
RAS

97 (100%) 42 (93%) 51 (82%) 93 (93%) 10 (62%)

w/any NS5B 
RAS

0% 3 (7%) 11 (18%) 7 (7%) 6 (38%)

96 - - - - -
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142 - - - 4 (57%) -
159 - 3 (100%) 1 (9%) 3 (43%) -
237 - - 1 (9%) - 3 (50%)
282 - - - - -
289 - - 10 (91%) - -
320 - - - - -
321 - - - - 3 (50%)

1 - 3 (100%) 10 (91%) 7 (100%) 6 (100%)
2 - - 1 (9%) - -

3 or more - - - - -

CENSORING SUBJECTS FOR FDA ANALYSIS: POLARIS-4

For the FDA resistance analyses, subjects who experienced an AE while undetectable, 
or were lost to follow-up in the POLARIS-4 trials were removed from the analysis. Thus, 
2 GT1b and 3 GT3a subject were censored from POLARIS-4 for the FDA resistance 
analysis (Table 34; FDA analysis).  

Note that Subject GS-US-367-1170-00407-27557 discontinued prematurely with 
headache. Last day of study drug was Day 56. The AE of headache was considered 
related to study drug by the investigator.  The applicant defined relapse as subjects with 
HCV RNA <LLOQ at their last on-treatment assessment; hence this subject was defined 
as a relapse with SOF/VEL.   However, the review team believes this GT1b subject 
should be classified as “Other” since this subject discontinued to an AE and did not 
complete the 12 week treatment course.

Table 34.  CENSORED SUBJECTS in POLARIS-4 (n=5)
PID Genotype ARM
GS-US-367-
1170-00380-
27734

1b SOF/VEL/VOX 
12 Weeks

No HCV RNA 
detected

Death

GS-US-367-
1170-00407-
27557

1b SOF/VEL 12 
Weeks

<15 IU/mL HCV 
RNA detected

Adverse Event

GS-US-367-
1170-02024-
27777

3a SOF/VEL/VOX 
12 Weeks

No HCV RNA 
detected.

SVR4 but no 
SVR12

GS-US-367-
1170-02024-
27810

3a SOF/VEL/VOX 
12 Weeks

No HCV RNA 
detected at 
EOT

GS-US-367-
1170-05969-
27808

3a SOF/VEL/VOX 
12 Weeks

No HCV RNA 
detected at 
EOT
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ANALYSIS OF RESPONSE BY BASELINE NS5A INHIBITOR AND NS3 PROTEASE 
INHIBITOR RESISTANCE-ASSOCIATED POLYMORPHISMS/SUBSTITUTIONS IN 
POLARIS-4

The effect of the presence of baseline NS5A inhibitor RAPs, NS3 protease inhibitor and 
nucleotide analog NS5B inhibitor RAS on SVR12 rates in subjects with GT1a, GT1b, 
GT2 and GT3s HCV infection following 12-week SOF/VEL/VOX or SOF/VEL treatment 
was examined in POLARIS-4.    

SVR12 rates were 99% (157/158) for the SOF/VEL/VOX arm compared to 90% 
(136/151) for the SOF/VEL arm.  This decrease in efficacy for the SOF/VEL group was 
driven by lower SVR12 rates in genotypes 1a and 3 HCV subjects.  Overall, SVR12 
rates for SOF/VEL/VOX were equivalent for GT1a, GT1b, GT3a and GT4 subjects with 
and without NS5A RAS.  For GT1a subjects receiving SOF/VEL/VOX, the SVR12 rate 
with NS5A RAS was 100% (4/4) compared to 98% (49/50) without NS5A RAS.  In 
comparison, SVR12 rates in the SOF/VEL arm were lower for GT1a with NS5A RAPs; 
67% (4/6) with vs. 92% (35/38) without (Table 35; FDA analysis).  For GT1b, GT2 and 
GT3 subjects treated with SOF/VEL/VOX, SVR12 rates were 100% for subgroups with 
and without NS5A RAS.  However, SVR12 rates were lower for both GT3 subjects with 
(80%) and without NS5A RAPs (85%) in the SOF/VEL arm.  For GT1b and GT2 
subjects, SVR12 rates were equivalent with and without NS5A RAPs in both the 
SOF/VEL and SOF/VEL/VOX arms. 

Table 35.  SVR12 Rates* [Relapse%] by NS5A Inhibitor RAPs in Study 1170 
(SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a
SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL

All 98% 
(53/54)

89%
(39/44)

100% 
(23/23)

100% 
(21/21)

100%
(30/30)

97% 
(32/33)

100% 
(51/51)

85%
(44/52)

w/out 
NS5A 
RAS

98% 

(49/50)

92% 

(35/38)

100% 
(13/13)

100% 
(18/18)

100% 
(6/6)

100% 
(7/7)

100% 
(41/41)

85%
(40/47)

w/ any 
NS5A 
RAP

100% 
(4/4)

67% 
(4/6)

100% 
(10/10)

100% 
(3/3)

100% 
(24/24)

96% 
(25/26)

100% 
(10/10)

80% 
(4/5)

With 
primary

100% 
(3/3)

80% 
(4/5)

2/2 1/1 100% 
(23/23)

96% 
(24/25)

100% 
(10/10)

80% 
(4/5)

24 0% (0/1) 1/1 100% 
(6/6)

86% 
(6/7)

- -

28 100% 
(3/3)

1/1 100% 
(5/5)

100% 
(4/4)

100% 
(2/2)

-

30  1/1  2/2  1/1 0  1/1  6/6 67% 
(2/3)

31 1/2  (1/2) 1/1 100% 
(22/22)

95% 
(21/22)

- -

H58 1/1 2/2 1/1 2/2 0 - -

92T 0 6/6 1/1 1/1 - -

Y93 0
0

0 0 3/3 2/2
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1 3/3 60% 
(3/5)

100% 9/9 100% 2/2 100% 
14/14

100% 
20/20

100% 
9/9

80% 
(4/5)

2 1/1 1/1 1/1 1/1 6/6 75% 
(3/4)

1/1

3 or 
more

4/4 2/2

For GT1a, GT1b, GT2 and GT3 subjects in the SOF/VEL/VOX arm, the overall SVR12 
rates were 100% (73/73) and 99% (110/111) for subjects with and without NS3 RAS, 
respectively, indicating there was no effect of NS3 RAS on the efficacy of 
SOF/VEL/VOX.  In comparison, SVR12 rates in the SOF/VEL arm were lower for 
subjects with GT1a (91%) and GT3a (80%) HCV who had NS3 RAS at baseline (Table 
36; FDA analysis).  

Table 36.  SVR12 Rates* [Relapse%] by NS3 Protease Inhibitor RAS in Study 1170 
(SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a
SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL SOF/
VEL/
VOX

SOF/VEL

All 98% 
(51/52)

88% 
(38/43)

100% 
(22/22)

100% 
(20/20)

100% 
(28/28)

97% 
(31/32)

100% 
(51/51)

85%
(44/52)

w/out 
NS3 
RAS

98% 
(41/42)

88% 
(28/32)

100%
(17/17)

100% 
(12/12)

100% 
(25/25)

100% 
(27/27)

100% 
(51/51)

85%
(44/52)

w/any 
NS3 
RAS

100% 
(10/10)

91% 
(10/11)

100% 
(5/5)

100% 
(8/8)

100% 
(3/3)

80% 
(4/5)

- -

36 3/3 1/1 2/2 -
41 - - - -
43 - - - -
54 2/2 2/2
55 100% 

5/5
100% 

4/4
1/1

56 100% 
3/3

100% 
(4/4)

100% 
3/3

80% 
(4/5)

80K 100%
24/24

84% 
(16/19)

1/1

80L/R 1/1 3/3 1/1
155 100% 

1/1
83% 
(5/6)

- -

156 - 1/1
168 3/3 2/2
1 94% 

(16/17)
78% 

(14/18)
100% 

8/8
86% 
(6/7)

100% 
3/3

80% 
(4/5)

2 4/4 100%
7/7

3/3

3 -
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There was no indication of an effect of nucleoside analog NS5B inhibitor RAS on 
efficacy of SOF/VEL/VOX or SOF/VEL with SVR12 rates of 100% in both arms (Table 
37; FDA analysis). A total of 12 subjects in the SOF/VEL/VOX arm and 9 subjects in the 
SOF/VEL arm had virus with nucleoside analog NS5B inhibitor resistance-associated 
substitutions (142, 159, 237, and/or 289) at baseline and all achieved SVR12.

Table 37.  SVR12 Rates* [Relapse%] by Nucleoside Analog NS5B Polymerase 
Inhibitor RAS in Study 1170 (SOF/VEL/VOX arm)

GT1a GT1b GT2 GT3a
SOF/

VEL/VOX
SOF/
VEL

SOF/
VEL/VOX

SOF/
VEL

SOF/
VEL/VOX

SOF/
VEL

SOF/
VEL/VOX

SOF/
VEL

All 98% 
(52/53)

89%
(39/44)

100% 
23/23

100% 
21/21

100% 
30/30

100% 
32/32

100% 
49/49

84% 
43/51

w/out 
NS5B 
RAS

98% 
(52/53)

89%
(39/44)

100% 
21/21

100% 
20/20

100% 
24/24

100% 
27/27

100% 
45/45

83% 
(40/48)

w/any 
NS5B 
RAS

- - 100% 
2/2

100% 
1/1

100% 
6/6

100% 
5/5

100% 
4/4

100% 
3/3

96 - - - - - - - -
142 - - - - - -

2/2 2/2
159 - -

2/2 1/1
-

1/1 2/2 1/1
237 - - - -

1/1
- - -

282 - - - - - - - -
289 - - - - 100% 

6/6
100% 

4/4
- -

320 - - - - - - - -
321 - - - - - - - -

1 - - - - - - 100% 
4/4

100% 
3/3

2 - -
2/2 1/1

- - - -

TREATMENT-EMERGENT RESISTANCE-ASSOCIATED SUBSTITUTIONS IN 
POLARIS-4

There was one virologic failure in the SOF/VEL/VOX arm of POLARIS-4; this subject 
had GT1a HCV, cirrhosis, 2 previous regimens with P/R/telaprevir and SIM/SOF greater 
than 1-2 years ago and no NS5A, NS3 or NS5B baseline resistance-associated 
substitutions (Table 38; FDA analysis).  This subject had emergent low-level M28T (8%) 
in NS5A at relapse.  The other 14 virologic failures were all in the SOF/VEL arm; 5 GT1a 
subjects, 1 GT2 subject who experienced breakthrough while noncompliant (see below), 
and 8 GT3a subjects (Table 38; FDA analysis).   Of 5 GT1a subjects, 4 had emergent 
NS5A RAS and 2 had emergent NS5B RAS (1 S282G).  The GT2 subject had NS5A 
RAPs T24S and L31M at baseline, emergent NS5A F28C, L31V, P58Q and Y93H/N 
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plus NS5B RAS S282T and M289I at Week 8 breakthrough.  All 8 GT3 failures were 
relapsers with with emergent Y93H in NS5A.

In summary, there were more viriologic failures in the SOF/VEL arm than in the 
SOF/VEL/VOX arm (15 versus 1).  Most of the SOF/VEL virologic failures had GT1a or 
GT3a (Table 38).  In addition, there were more emergent NS5A inhibitor and nucleoside 
analog NS5B polymerase inhibitor resistance-associated substitutions in the virologic 
failures of the SOV/VEL arm.

Table 38.  Summary of Virologic Failures in POLARIS-4 (n=15)
PID ARM GT Relapse Cirr Baseline

RAS
(>15%)

Emergent
RAS

1170-00071-
27790

SOF
VEL
VOX

1a Y Y

NS5A M28T (8%)
1170-01589-
27670

SOF
VEL

1a Y Y

NS5A M28T (6%) Y93H 
(99%)

NS3 Q80K Assay failure
NS5B V321F (1%)

1170-06842-
27605

SOF
VEL

1a Y Y

NS5A K24R
NS3 Q80K Q41K (1%)

1170-08802-
27611

SOF
VEL

1a Y Y

NS5A L31M Q30K (2%)
H58D (81%)
Y93C (19%)

NS3 Q80K
1170-09867-
27652

SOF
VEL

1a Y N

NS5A H58N (1%)
NS3 Q80K (1%) Q41K 

(1%) D168Y (1%)
1170-09867-
27663

SOF
VEL

1a Y N

NS5A Q30L (3%) Y93H 
(98%)
Y93N (1%)

NS3 R155K
I170V

NS5B S282G (2%)
1170-00632-
27709

SOF
VEL

2a/
2d/
2j

BT WK8 N

NS5A T24S L31M F28C (4%) L31V 
(5%) P58Q (1%) 
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Y93H (89%)
Y93N (1%)

NS3 Y56F Q41K (1%)
NS5B S282T (99%) 

M289I (1%)
1170-00407-
27515

SOF
VEL

3a Y Y

NS5A Y93H
1170-00451-
27558

SOF
VEL

3a Y Y

NS5A Y93H
1170-00719-
27690

SOF
VEL

3a Y N

NS5A Y93H
NS3 Q80K (1%)

1170-01057-
27536

SOF
VEL

3a Y Y

NS5A Y93H
1170-01415-
27721

SOF
VEL

3a Y Y

NS5A Y93H
1170-04078-
27815

SOF VEL 3a Y Y

NS5A P58T (1%) P58T (1%) Y93H
1170-05367-
27725

SOF VEL 3a Y Y

NS5A A30K Y93H
1170-07446-
27563

SOF VEL 3a Y Y

NS5A Y93H

Subject 00632-27709 was the one GT2 subject in the comparator SOF/VEL arm who 
was a virologic failure.  This subject had GT2a/2d/2j and experienced viral breakthrough 
at Week 8 on SOF/VEL.  Moreover, the NS5A inhibitor substitutions T24S and L31M 
were present at baseline with emergent Y93H and low level emergence of F28C (4%), 
L31V (5%), P58Q (1%), and Y93N (1%) at virologic failure at Week 8.  In addition, there 
were 2 emergent nucleoside analog NS5B inhibitor RAS, S282T and M289I.   It seems 
unusual that this subject would experience viral breakthrough with T24S and L31M 
NS5A RAPs and the S282T NS5B RAS.   In the ASTRAL-1 and -2 trials of SOF/VEL, 
there were no virologic failures with GT2, no emergent S282T in GT2 and 60% of GT2 
subjects had baseline NS5A RAPs including L31M, yet SVR12 rates were 100%.  We 
thought that this subject may have had compliance issues with 9 of 24 pills returned on 
06/14/2016 after dispensing at the Week 4 visit on 04/28/2016.  The Week 8 visit on 
05/26/2016 showed a viral load of 80,500 copies/mL indicating viral breakthrough (Table 
39).  However, the applicant provided additional compliance and PK information on this 
subject.  They stated that Subject 00632-27709 experienced breakthrough at Week 8 of 
treatment, and the pills that were returned represented the unused medication reflecting 
instructions to discontinue study drug after virologic breakthrough was confirmed. 
Specifically:
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 The subject began treatment on Day 1, 31 March 2016, at which time 2 bottles with 28 
tablets were dispensed

 On Day 29, 28 April 2016, at the Week 4 study visit, 0 tablets from bottle #1 were 
returned (100% adherence), and bottle #3 with 28 tablets was dispensed; HCV RNA was 
< LLOQ

 On Day 57, 26 May 2016, at the Week 8 study visit, HCV RNA was 80,500 IU/mL; the 
patient was instructed to return to the site for confirmation of virologic breakthrough

 On Day 69, 07 June 2016, HCV RNA was 53,800 IU/mL confirming virologic 
breakthrough; the patient was instructed to discontinue study drug

 Subject discontinued study drug on Day 75, 13 June 2016
 Post-treatment Day 1, 14 June 2016, at the Early Termination Visit, the subject returned 

0 tablets from bottle #2 and 9 tables from bottle #3 (100% adherence)

In addition to the subject being 100% adherent per pill counts, the investigator asked the 
subject about adherence many times with the patient confirming he “took all pills.” This 
information is consistent with this subject being compliant.   The PK data provided by the 
applicant indicated that this subject had lower plasma concentrations of VEL compared 
to what was seen overall in the Phase 3 studies of SOF/VEL (Table 40 and Figure 2).  
However, other subjects with this low exposure of VEL achieved SVR12.  Even given 
these new data, the one virologic failure in the SOF/VEL arm did not provide enough 
support to indicate an additional drug (i.e., the 3-drug regimen SOF/VEL/VOX) for GT2 
SOF failures.  It was determined by the review team that a single case of viral 
breakthrough is not sufficient to establish the contribution of VOX for subjects with 
genotype 2 HCV.

Table 39. Subject 00632-27709 (GT2a/2d/2j)
Visit Viral Load Genotype

Screening 628000
Baseline 230000 NS5A: T24S L31M

NS3: Y56F
Week 1 61
Week 2 <15 IU/mL HCV RNA detected
Week 4 <15 IU/mL HCV RNA detected
Week 8 80500 NS5A: F28C (4%), L31V (5%), P58Q 

(1%), Y93H (89%), Y93N (1%)
NS5B: S282T (99%) M289I (1%)
NS3: Q41K (1%)

Unscheduled 53800
Early Term 11700
Week 4 Post-
Treatment

355000

Week 12 Post- 
Treatment

227000
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Table 40.  Plasma Concentrations (ng/mL) of SOF, GS-331007, and VEL for Subject 
00632-27709 (NDA209195 Gilead Response to FDA Comments 28 April 2017, page 4)

Figure 2.  Plasma Concentrations of VEL from Subject 00632-27709 and the 
SOF/VEL Phase 3 Program (NDA209195 Gilead Response to FDA Comments 28 April 
2017, page 5)

GENOTYPES/SUBTYPES IN POLARIS-1 AND -4:

Concordance between Screening and Sequencing Assays
HCV genotype and subtype were determined at screening by the central laboratory 
using Abbott RealTime PCR Genotype II assay.  Abbott RealTime HCV Genotype II 
assay can determined subtype only for genotypes 1a and 1b and was unable to 
distinguish genotype 6.  Genotype and subtype were subsequently determined by 
BLAST analysis of NS3, NS5A, and NS5B sequences following deep sequencing 
performed  using the 
Illumina MiSeq deep sequencing platform. The NS3, NS5A, and NS5B sequence was 
utilized to confirm the results of HCV genotyping and subtyping by Abbott assay 
performed at screening.
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In POLARIS-1, in the SOF/VEL/VOX 12 Week group, the concordance between the 
Abbott RealTime assay and sequencing-based BLAST analysis was 86% (227 of 263 
subjects) (sponsor’s analysis). The Abbott RealTime assay was unable to genotype 13 
subjects (4.9%); all of these subjects had their genotypes and subtypes determined by 
sequencing-based BLAST analysis (Table 41).  Four subjects (1.5%) had discrepant 
genotypes between the 2 methods; 3 subjects with genotype 6 and 1 with genotype 2l, 
as determined by sequencing-based BLAST analysis, were subtyped as genotype 1 and 
5, respectively, by the Abbott RealTime assay. Sequencing-based BLAST analysis 
provided subtypes for 20 subjects with genotype 1 infection and 98 subjects with 
genotype 2, 3, 4, or 5 infections, who were characterized only at the genotype level by 
the Abbott RealTime assay. 

In POLARIS-4, the concordance between the Abbott RealTime assay and sequencing-
based BLAST analysis was 91% (304 of 333 subjects) (Table 42).  The Abbott RealTime 
assay was unable to determine the genotype for 18 subjects (5.4%), all of whom had 
their genotypes and subtypes determined by sequencing-based BLAST analysis. Two 
subjects with genotype 2 HCV infection determined by sequencing-based BLAST 
analysis were determined as genotype 5 HCV infection at screening by the Abbott 
RealTime assay.  Nine subjects with genotype 1 HCV infection who were not subtyped 
by the Abbott RealTime assay were assigned subtypes by sequencing-based BLAST 
analysis.  Lastly, sequencing-based BLAST analysis provided subtypes for 189 subjects 
with genotype 2, 3, 4, or 5 HCV infections characterized only at the genotype level by 
the Abbott RealTime assay.

Table 41. POLARIS-1: Discordant or Refined Results for Genotype and Subtype by 
the Abbott RealTime Assay and Sequencing-based BLAST Analysis for Subjects 
in the SOF/VEL/VOX 12 Week Group (Integrated Virology Ph3 Report Body, page 22)
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Table 42. POLARIS-4: Discordant or Refined Results for Genotype and Subtype by 
the Abbott RealTime Assay and Sequencing-based BLAST Analysis for Subjects 
in the SOF/VEL/VOX 12 Week Group (Integrated Virology Ph3 Report Body, page 23)

Prevalence of Genotype/Subtypes and Response
For GT1 subjects in the POLARIS studies, GT1a was the most prevalent subtype 
(~70%), ~30% of subjects had GT1b, and 1 subject each had c, e, g, and l subtypes 
(Table 42; FDA analysis).  SVR12 rates for SOF/VEL/VOX were 98% for GT1a and 96-
100% for GT1b in the POLARIS studies. SVR12 rates for SOF/VEL were 89% and 95% 
for GT1a and GT1b, respectively.

The majority of the GT2 subjects had subtype 2b (55%) followed by GT2a (28%) and 1 
or 2 subjects each had 2c, 2e, 2i, 2k, 2l, 2j/2r or 2a/2d/2j.  SOF/VEL/VOX SVR12 rates 
for subjects with GT2 were 100% (Table 43; FDA analysis).   For GT3, the predominant 
subtype at screening was GT3a (183/184; 99%) with only one GT3k subject.  SVR12 
rates for GT3a subjects were 94-95% for SOF/VEL/VOX and 85% for SOF/VEL.

For GT4, most subjects were determined as GT4a (19/40; 48%) or 4d (8/40; 20%).  
Other GT6 subtypes as determined by BLAST sequencing included 4b, 4c, 4k, 4m, 4n, 
4r, 4t and 4a/4v.  SVR12 rates for GT4 subjects were 90% (19/21) and 100% (19/19) for 
SOF/VEL/VOX in POLARIS-1 and -4, respectively (Table 42; FDA analysis).  There was 
one subject with GT5a infection and six subjects with GT6 (subtypes 6e, 6n, 6l, and 6t) 
with SVR12 rates of 100% (Table 43).

Overall these results indicate that theSVR12 rates for SOF/VEL/VOX do not differ for 
different subtypes of a genotype, although for genotypes 5 and 6, the numbers are too 
small to make definitive conclusions.

Table 43.  Prevalence and SVR12 Rates of Genotype/Subtypes in POLARIS 
Studies

POLARIS-1 POLARIS-4
SOF/VEL/VOX SOF/VEL/VOX SOF/VEL

Genotype Subtype Number SVR12 Number SVR12 Number SVR12
1 148 146/148 

(99%)
78 76/78

(97%)
66 60/66

(91%)
1a 99 97/99 54 53/54 44 39/44
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(98%) (98%) (89%)
1b 45 45/45 24 23/24

(96%)
22 21/22

(95%)
1c 1 1/1
1e 1 1/1
1g 1 1/1
1l 1 1/1

2 5 5/5 31 31/31 
(100%) 

33 32/33 
(97%)

2a 2 2/2 8 8/8 13 13/13
2l 1 1/1 1 1/1 1 1/1
2i 2 2/2
2k 1 1/1
2c 2 2/2
2e 2 2/2

2j/2r 1 1/1
2a/2d/2j 1 0/1

2b 2 2/2 18 18/18 14 14/14
3

3a 78 95% 
(74/78)

54 51/54
(94%)

52 44/52
(85%)

3k 1 1/1

4 21 90% 
(19/21)

19 19/19
(100%)

4a 8 8/8 11 11/11
4b 1 1/1
4c 1 1/1
4d 6 5/6 2 2/2
4k 3 3/3
4m 1 1/1
4n 1 1/1
4r 4 3/4 1 1/1
4t 1 1/1

4a/4v 1 1/1
5 5a 1 1/1
6 6 6/6 

(100%)
6e 1 1/1
6n 3 3/3
6l 1 1/1
6t 1 1/1

Reference ID: 4095029



DIVISION OF ANTIVIRAL PRODUCTS (HFD-530) VIROLOGY REVIEW
NDA: 209195       SDN: 000

DATE REVIEWED:   04/03/2017
Virology Reviewer: Lisa K. Naeger, Ph.D.

58

5. CONCLUSION

Sofosbuvir (SOF) is a nucleotide analog inhibitor of the HCV NS5B RNA-dependent 
RNA polymerase, which is required for viral replication. In a biochemical assay, the 
active metabolite of SOF inhibited the polymerase activity of the recombinant NS5B from 
HCV genotype 1b, 2a, 3a, and 4a with IC50 values between 0.36 to 3.3 M. Velpatasvir 
(VEL) is an inhibitor of the HCV NS5A protein, which is required for viral replication.  Cell 
culture resistance selection and cross-resistance studies indicate velpatasvir targets 
NS5A as its mode of action.  SOF/VEL as a fixed-dose combination was approved by 
the FDA June 28, 2016 (NDA-208341) for the treatment of chronic HCV GT1-6 infection 
with or without compensated cirrhosis and for decompensated cirrhosis in combination 
with RBV.

Voxilaprevir (VOX) is a non-covalent, reversible inhibitor of the HCV NS3/4A protease, 
which is necessary for the proteolytic cleavage of the HCV encoded polyprotein (into 
mature forms of the NS3, NS4A, NS4B, NS5A, and NS5B proteins) and is essential for 
viral replication. In a biochemical inhibition assay, voxilaprevir inhibited the proteolytic 
activity of recombinant NS3/4A enzymes from clinical isolates of HCV genotypes 1b and 
3a with Ki values of 38 and 66 pM, respectively. 

VOX has antiviral activity across genotypes 1 to 6 with EC50 values ranging from 0.33 to 
6.6 nM.   The median EC50 values of VOX were 0.55, 2.7, 6.0, 0.56, 1.8, and 0.52 nM 
against genotype 1, 2, 3, 4, 5, and 6 clinical isolates, respectively.  

Evaluation of sofosbuvir in combination with velpatasvir or voxilaprevir, as well as the 
combination of velpatasvir and voxilaprevir, showed no antagonistic effect in reducing 
HCV RNA levels in replicon cells.

Resistance
In Cell Culture
HCV replicons with reduced susceptibility to sofosbuvir have been selected in cell 
culture for multiple genotypes including 1b, 2a, 2b, 3a, 4a, 5a and 6a. Reduced 
susceptibility to sofosbuvir was associated with the NS5B substitution S282T in all 
replicon genotypes examined. An M289L substitution emerged along with the S282T 
substitution in genotypes 2a, 5 and 6 replicons.  Site-directed mutagenesis of the S282T 
substitution in replicons of genotype 1 to 6 conferred 2- to 18-fold reduced susceptibility 
to sofosbuvir.

HCV genotype 1a, 1b, 2a, 3a, 4a, 5a, and 6a replicon variants with reduced 
susceptibility to velpatasvir were selected in cell culture. Variants developed amino acid 
substitutions at NS5A resistance-associated positions 24, 28, 30, 31, 32, 58, 92, and 93. 
Phenotypic analysis of site-directed mutant replicons of the selected NS5A substitutions 
showed that single and double combinations of L31V and Y93H/N in genotype 1a, the 
combination of L31V + Y93H in genotype 1b, Y93H/S in genotype 3a, and L31V and 
P32A/L/Q/R in genotype 6 conferred greater than 100-fold reduction in velpatasvir 
susceptibility. In the genotype 2a replicon, the single substitutions F28S and Y93H 
showed 91-fold and 46-fold reduced susceptibility to velpatasvir, respectively. The single 
substitution Y93H conferred 3-fold reduced susceptibility to velpatasvir in genotype 4a 
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replicons. Combinations of these NS5A substitutions often showed greater reductions in 
susceptibility to velpatasvir than single substitutions alone.

HCV genotype 1a, 1b, 2a, 3a, 4a, 5a, and 6a replicon variants with reduced 
susceptibility to voxilaprevir were selected in cell culture.  Variants were selected at NS3 
resistance-associated positions 41, 156, and 168. Site-directed mutagenesis of NS3 
resistant-associated substitutions showed that substitutions conferring a >100-fold 
reduction in voxilaprevir susceptibility are A156L/T in genotype 1a, A156T/V in genotype 
1b, A156L/V in genotype 2a, A156T/V in genotype 3a, and A156L/T/V in genotype 4. 
Combinations of these substitutions often showed greater reductions in susceptibility to 
voxilaprevir than single resistant-associated substitutions alone.

In Clinical Trials
Of the 263 NS5A inhibitor-experienced subjects treated with SOF/VEL/VOX for 
12 weeks in POLARIS-1, 7 of 263 (3%) subjects (2 with genotype 1a, 4 with genotype 
3a, and 1 with genotype 4d) did not achieve SVR12 and qualified for resistance analysis; 
6 relapsed and 1 experienced virologic breakthrough. All the virologic failures had 
cirrhosis and all had a previous DAA regimen containing SOF; 3 were LDV/SOF failures, 
2 were SOF/VEL failures, and 2 were DCV/SOF failures. Six of the 7 virologic failures 
had a baseline NS5A inhibitor primary resistance-associated substitution at position 30 
or 93. All 7 virologic failures had NS5A inhibitor resistance-associated substitutions at 
failure.  The genotype 1a subject with virologic breakthrough at Week 12 had the NS5A 
resistance-associated substitution Q30T at baseline and developed the NS5A 
resistance-associated substitutions L31M and Y93H at breakthrough. The GT1a relapse 
subject had emergent low-level K24R in NS5A and low-level V36A in NS3. Of the four 
genotype 3 relapsers, 2 had enrichment of Y93H at relapse that was present at low-
levels at baseline, one had emergent NS5A resistance-associated substitution E92K in 
NS5A, and one had emergent low-level Q41K, V55A and R155M substitutions in NS3.  
The genotype 4d subject who relapsed had emergent NS5A resistance-associated 
substitution Y93H. 

Of the 182 nucleotide analog NS5B polymerase inhibitor treatment-experienced and 
NS5A inhibitor treatment-naïve subjects treated with SOF/VEL/VOX for 12 weeks in 
POLARIS-4, 1 subject (genotype 1a) of 182 (1%) subjects relapsed and qualified for 
resistance analysis. The NS5A inhibitor resistant-associated substitution M28T emerged 
in this subject at relapse. No NS3 protease inhibitor or nucleotide analog NS5B 
polymerase inhibitor resistance-associated substitutions emerged in this subject.

Persistence of Resistance-Associated Substitutions 
No data are available on the persistence of sofosbuvir, velpatasvir or voxilaprevir 
resistance-associated substitutions. NS5A resistance-associated substitutions observed 
with administration of other NS5A inhibitors have been found to persist for longer than 1 
year in most patients. The long-term clinical impact of the emergence or persistence of 
virus containing sofosbuvir, velpatasvir, or voxilaprevir resistance-associated 
substitutions is unknown. 

Effect of Baseline HCV Polymorphisms/Substitutions on Treatment Response
Analyses were conducted to explore the association between SVR12 rates and pre-
existing baseline NS3 and NS5A resistance-associated substitutions for subjects in 
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POLARIS-1 and 4.  Amino positions considered in resistance analyses included NS3 
positions 36, 41, 43, 54, 55, 56, 155, 156, and 168, and NS5A positions 24, 28, 30, 31, 
58, 92, or 93.  Baseline resistance-associated amino acid substitutions, which may 
include natural polymorphisms or prior treatment-emergent substitutions relative to 
subtype-specific references, were identified by next generation sequencing analysis 
using a sensitivity threshold of 15% of the viral population.

Overall, the presence of baseline NS3 protease inhibitor, NS5A inhibitor, and nucleotide 
analog NS5B polymerase inhibitor resistance-associated substitutions did not alter the 
SVR rates for DAA-experienced subjects in the POLARIS-1 and POLARIS-4 trials who 
received 12 weeks of SOF/VEL/VOX.  For subjects treated with SOF/VEL/VOX for 12 
weeks, SVR12 rates in subjects with or without baseline NS3 and NS5A resistance-
associated substitutions in the POLARIS-1 and POLARIS-4 trials were all greater than or 
equal to 97%.

[Note that in the package insert, the numbers in the following section were updated by 
the sponsor to use the positions defined by the FDA and exclude subjects without 
treatment outcome. These changes did not change the overall percentages or the 
interpretation of the results.]

In POLARIS 1, which included subjects with prior treatment experience with NS5A 
inhibitor containing regimens, 78% (206/263) subjects had baseline NS5A resistance-
associated substitutions across all genotypes.  The most prevalent NS5A resistance-
associated substitutions were at primary resistance-associated amino acid positions 30 
(99/206; 48%), 31 (58/206; 28%) and 93 (104/206; 50%).  Most of the subjects had only 
a single NS5A resistance-associated substitution (n=111; 54%), while 2 resistance-
associated substitutions were detected in 66 subjects (32%) and 3 or more were 
detected in 29 subjects (14%).  Overall prevalence of NS3 protease inhibitor resistance-
associated substitutions across all genotypes was 15% (37/248).    The most prevalent 
NS3 resistance-associated substitutions were at positions 36 (5/18; 28%) and 168 (7/18; 
39%) in genotype 1a and position 56 in genotype 1b (8/12; 67%).  Substitutions at 
positions 36, 56 or 168 were detected in 1-2 subjects for each genotype 2, 3 or 4.  

[Note that the numbers in the following section were updated in the package insert by 
the sponsor to include only subjects who received VOSEVI, excluding the subjects who 
received SOF/VEL.  These changes did not significantly change the overall percentages 
or the interpretation of the results.]

In POLARIS-4, which included subjects with prior treatment experience with nucleotide 
analog NS5B polymerase inhibitor and NS3 protease inhibitor classes, but who were 
naïve to NS5A inhibitors, 29% (97/329) of subjects in POLARIS-4 had baseline NS5A 
inhibitor resistance-associated polymorphisms.  Most of the subjects had only a single 
NS5A resistance-associated polymorphism (n=72; 74%).  The most prevalent NS5A 
polymorphism was at amino acid position 31 (n=52; 54%).  Overall prevalence of 
baseline NS3 resistance-associated substitutions was 14% (46/323).   The most 
prevalent NS3 resistance-associated substitutions were at positions 55 (9/21; 43%) and 
155 (7/21; 33%) in genotype 1a, position 56 in genotype 1b (44%; 8/18) and genotype 2 
(8/8), and at position 168 in genotype 4 (3/3).   
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SVR12 was achieved in 18 of 19 (95%) subjects who had baseline nucleotide analog 
NS5B polymerase inhibitor resistance-associated substitutions in POLARIS-1, including 
2 subjects that had virus with the S282T nucleotide analog NS5B polymerase inhibitor 
resistance-associated substitution in addition to NS5A resistance-associated 
substitutions at baseline. In POLARIS-4, a total of 14 subjects had virus with nucleotide 
analog NS5B polymerase inhibitor resistance-associated substitutions at baseline and all 
achieved SVR12.

Cross Resistance
Based on resistance patterns observed in cell culture replicon studies and HCV-infected 
subjects, cross-resistance is possible between voxilaprevir and other HCV NS3/4A 
protease inhibitors, and between velpatasvir and other HCV NS5A inhibitors.  Cross-
resistance is not expected between SOF/VEL/VOX and pegylated interferon or ribavirin.  

From this complete review, SOF/VEL/VOX is approvable from a virology perspective. 
SOF/VEL/VOX is indicated for the treatment of genotype 1, 2, 3, 4, 5, or 6 HCV 
infections in prior NS5A inhibitor treatment-experienced adult patients and treatment of 
genotype 1a and 3 HCV infections in DAA treatment-experienced, NS5A inhibitor-naïve 
adult patients.  In patients with HCV genotypes 1b, 2, 4, 5, or 6 infections who are DAA 
treatment-experienced and NS5A inhibitor-naïve, the additional benefit of SOF/VEL/VOX 
versus SOF/VEL has not been established.

6.  PACKAGE INSERT
6.1         SPONSOR-PROPOSED PACKAGE INSERT

12.4 Microbiology
Mechanism of Action
Sofosbuvir is a  inhibitor of the HCV NS5B RNA-dependent RNA polymerase, which is 
required for viral replication. Sofosbuvir is a nucleotide prodrug that undergoes intracellular metabolism to 
form the pharmacologically active uridine analog triphosphate (GS-461203), which can be incorporated 
into HCV RNA by the NS5B polymerase and acts as a chain terminator. In a biochemical assay, GS-
461203 inhibited the polymerase activity of the recombinant NS5B from HCV genotype 1b, 2a, 3a, and 4a 
with an IC50 value ranging from 0.36 to 3.3 micromolar. GS-461203 is neither an inhibitor of human DNA 
and RNA polymerases nor an inhibitor of mitochondrial RNA polymerase.

Velpatasvir is a  inhibitor of the HCV NS5A protein, which is required for viral replication. 
Resistance selection in cell culture and cross-resistance studies indicates velpatasvir targets NS5A as its 
mode of action.

Voxilaprevir is a  noncovalent, 
reversible inhibitor of the NS3/4A protease.

Antiviral Activity
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Overall, the presence of baseline  did not alter the SVR rates for DAA-
experienced subjects in the POLARIS-1 and POLARIS-4 trials who received 12 weeks of 
[TRADENAME].

Cross Resistance

 Sofosbuvir, velpatasvir, and voxilaprevir were  active 
against substitutions associated with resistance to other classes of DAAs with different mechanisms of 
actions; e.g., voxilaprevir was fully active against virus with NS5A and NS5B .

6.2 FDA-NEGOTIATED PACKAGE INSERT 
12.4 Microbiology
Mechanism of Action
Sofosbuvir is an inhibitor of the HCV NS5B RNA-dependent RNA polymerase, which is 
required for viral replication. Sofosbuvir is a nucleotide prodrug that undergoes 
intracellular metabolism to form the pharmacologically active uridine analog triphosphate 
(GS-461203), which can be incorporated into HCV RNA by the NS5B polymerase and 
acts as a chain terminator. In a biochemical assay, GS-461203 inhibited the polymerase 
activity of the recombinant NS5B from HCV genotype 1b, 2a, 3a, and 4a with an IC50 
value ranging from 0.36 to 3.3 M. GS-461203 is neither an inhibitor of human DNA and 
RNA polymerases nor an inhibitor of mitochondrial RNA polymerase.

Velpatasvir is an inhibitor of the HCV NS5A protein, which is required for viral replication. 
Resistance selection in cell culture and cross-resistance studies indicates velpatasvir 
targets NS5A as its mode of action.

Voxilaprevir is a noncovalent, reversible inhibitor of the NS3/4A protease, which is 
necessary for the proteolytic cleavage of the HCV encoded polyprotein (into mature 
forms of the NS3, NS4A, NS4B, NS5A, and NS5B proteins) and is essential for viral 
replication. In a biochemical inhibition assay, voxilaprevir inhibited the proteolytic activity 
of recombinant NS3/4A enzymes from clinical isolates of HCV genotypes 1b and 3a with 
Ki values of 38 and 66 pM, respectively.

Antiviral Activity
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Resistance
In Cell Culture
HCV replicons with reduced susceptibility to sofosbuvir have been selected in cell 
culture for multiple genotypes including 1b, 2a, 2b, 3a, 4a, 5a and 6a. Reduced 
susceptibility to sofosbuvir was associated with the nucleotide analog NS5B 
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The genotype 4d subject who relapsed had virus with emergent NS5A resistance-
associated substitution Y93H.

No NS5B nucleoside analog resistance-associated substitutions emerged among the 
virologic failure subjects from POLARIS-1.  

In POLARIS-4, of the 182 direct-acting antiviral experienced subjects who had not 
received an NS5A inhibitor treated with VOSEVI for 12 weeks, 1 subject (genotype 1a) 
of 182 (1%) subjects relapsed and qualified for resistance analysis.  The NS5A resistant-
associated substitution M28T emerged in this subject at relapse. No  protease 
inhibitor or  analog NS5B inhibitor substitutions were observed in this subject 
at relapse.

Persistence of Resistance-Associated Substitutions 
No data are available on the persistence of sofosbuvir, velpatasvir or voxilaprevir 
resistance-associated substitutions. NS5A inhibitor resistance-associated substitutions 
observed with administration of other NS5A inhibitors have been found to persist for 
longer than 1 year in most patients. The long-term clinical impact of the emergence or 
persistence of virus containing sofosbuvir, velpatasvir, or voxilaprevir resistance-
associated substitutions is unknown. 

Effect of Baseline HCV Variants on Treatment Response
Analyses were conducted to explore the association between SVR12 rates and pre-
existing baseline  and NS5A resistance-associated substitutions for subjects in 
POLARIS-1 and 4.  Amino positions considered in resistance analyses included NS3 
positions 36, 41, 43, 54, 55, 56, 155, 156, and 168, and NS5A positions 24, 28, 30, 31, 
58, 92, or 93.  Baseline resistance-associated amino acid substitutions, which may 
include natural polymorphisms or prior treatment-emergent substitutions relative to 
subtype-specific references, were identified by next generation sequencing analysis 
using a sensitivity threshold of 15% of the viral population.

Overall, the presence of baseline  protease inhibitor, NS5A inhibitor, and nucleotide 
analog NS5B polymerase inhibitor resistance-associated substitutions did not alter the 
SVR rates for direct-acting antiviral experienced subjects in the POLARIS-1 and 
POLARIS-4 trials who received 12 weeks of [TRADENAME].  For subjects treated with 
[TRADENAME] for 12 weeks, SVR12 rates in subjects with or without baseline NS3 and 
NS5A resistance-associated substitutions in the POLARIS-1 and POLARIS-4 trials were 
all greater than or equal to 97%.

In POLARIS 1, which included NS5A inhibitor-experienced subjects, 79% (206/260) 
subjects had baseline NS5A  resistance-associated substitutions across all 
genotypes.  The most prevalent NS5A resistance-associated substitutions were at 
primary resistance-associated amino acid positions 30 (97/206; 47%), 31 (58/206; 28%) 
and 93 (103/206; 50%).  Fifty-five percent (113/206) subjects had a single NS5A 
resistance-associated substitution, while 2 resistance-associated substitutions were 
detected in 65/206 subjects (32%) and 3 or more were detected in 28/206 subjects 
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(14%).  Overall prevalence of  resistance-associated substitutions across all 
genotypes was 15% (37/248).    The most prevalent NS3 resistance-associated 
substitutions were at amino acid positions 36 (5/17; 29%) and 168 (7/17; 41%) in 
genotype 1a and position 56 in genotype 1b (8/12; 67).  Substitutions at positions 36, 56, 
or 168 were detected in 1-2 subjects for each genotype 2, 3, or 4.  

In POLARIS-4, which included DAA-experienced subjects who had not received an 
NS5A inhibitor, 32% (57/177) of subjects who received 12 weeks of VOSEVI had 
baseline NS5A inhibitor resistance-associated substitutions.  Most of the subjects had a 
single NS5A resistance-associated polymorphism (n=40; 70%).  The most prevalent 
NS5A polymorphism was at amino acid position 31 (n=27; 47%).  Overall prevalence of 
baseline  resistance-associated substitutions was 12% (21/169).   The most 
prevalent NS3 resistance-associated substitutions were at positions 55 (5/10) and 168 
(3/10) in genotype 1a, position 56 in genotype 1b (3/5) and genotype 2 (3/3), and at 
position 168 in genotype 4 (3/3).

SVR12 was achieved in 18 of 19 (95%) subjects who had baseline nucleotide analog 
NS5B polymerase inhibitor resistance-associated substitutions in POLARIS-1, including 
2 subjects that had virus with the S282T nucleotide analog NS5B inhibitor resistance-
associated substitution in addition to NS5A inhibitor resistance-associated substitutions 
at baseline. In POLARIS-4, a total of 14 subjects had virus with nucleotide analog NS5B 
inhibitor resistance-associated substitutions at baseline and all achieved SVR12.

Cross Resistance
Cross-resistance is possible between voxilaprevir and other HCV NS3/4A protease 
inhibitors, and between  HCV NS5A inhibitors.  Sofosbuvir, 
velpatasvir, and voxilaprevir were each active against substitutions associated with 
resistance to other classes of direct-acting antivirals with different mechanisms of 
actions; e.g., voxilaprevir was fully active against virus with NS5A  and 
nucleotide analog NS5B  inhibitor resistance-associated substitutions.  
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APPENDIX:

There were 2 GT2 subjects in POLARIS-1 who had prior VEL experience.

A. Prior Treatment of GT2 Subjects in POLARIS 1
PID Previous Regimen Duration
GS-US-367-
1171-00407-
24024

LEDIPASVIR/SOFOSBUVIR >4-12 WEEKS

GS-US-367-
1171-04139-
24161

VELPATASVIR/SOFOSBUVIR >4-12 WEEKS

GS-US-367-
1171-00071-
24097

OMBITASVIR/PARITAPREVIR/RITONAVIR >4-12 WEEKS

GS-US-367-
1171-00529-
24129

VOX/VEL >4-12 WEEKS

GS-US-367-
1171-03974-
24270

GRAZOPREVIR/ELBASVIR >12-24 WEEKS
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