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Abstract The single-tablet regimen of sofosbuvir (SOF), an HCV nucleotide
analog NS5B polymerase inhibitor, and velpatasvir (VEL), a second-generation
HCV NS5A inhibitor, provides a highly efficacious, safe, and simple treatment
regimen for patients with genotype 1–6 HCV infection. The clinical development
program for SOF/VEL focused on generating safety and efficacy data across a broad
range of patient populations to support a single treatment duration for all patients and
therapeutic options for patients with compensated and decompensated liver disease.
Three Phase 2 studies defined the optimal dose of VEL as 100 mg for a fixed-dose
combination tablet with 400 mg of SOF and demonstrated that the treatment duration
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of 12 weeks provided high SVR rates across all genotypes irrespective of cirrhosis
status, prior treatment history, or the presence of baseline resistance-associated
substitutions (RASs). The Phase 3 studies enrolled and treated over 1,000 genotype
1–6 HCV-infected patients with 12 weeks of SOF/VEL. In patients with compen-
sated cirrhosis, the overall SVR rate was 98%, and with SOF/VEL + RBV in patients
with decompensated cirrhosis, the SVR rate was 94%. With minimal drug-drug
interactions and no need for on-treatment safety monitoring, SOF/VEL for 12 weeks
provides an important treatment option for patients of all genotypes and is ideally
suited to address the global epidemic of chronic HCV infection.

Keywords Decompensated cirrhosis, Elimination, Epclusa, HCV, Pangenotypic,
SOF/VEL

1 Introduction

Hepatitis C virus infection is a global health challenge with approximately 80 million
persons infected worldwide [1]. Even with interferon-based therapy targeting the
host immune system, treatment response rates varied based on genotype, likely due
to the substantial genetic variability across genotypes. Early direct-acting antivirals
(DAAs) were designed for maximal efficacy against genotype 1 reflecting its
predominance in North America and Europe, and, importantly, the first in vitro
HCV replicons were limited to genotype 1 only. At Gilead, the ultimate goal for
hepatitis C treatment was to develop an all-oral, pangenotypic regimen that could be
safely and simply administered across a broad population. Based on the success of
tenofovir disoproxil fumarate-containing single tablet regimens for HIV treatment in
both in the developed and developing world, there was a keen recognition of the
need for this simplicity to have the maximal impact globally on chronic HCV
infection. With this goal in mind, a pangenotypic NS5A inhibitor was developed
to coformulate with sofosbuvir (SOF), a pangenotypic nucleotide analog
nonstructural protein (NS) 5B polymerase inhibitor.

2 Phase 1 Studies

Sofosbuvir had been well characterized from a clinical pharmacology perspective at
the time velpatasvir (VEL) was developed. Thus, the Phase 1 program focused on
studies with VEL alone initially and, then, in combination with SOF to further define
drug interactions. The plasma half-life for VEL of approximately 15 h supported
once daily dosing. Velpatasvir is absorbed relatively rapidly, with a median time to
Cmax (Tmax) of 3 h (Gilead). Velpatasvir is highly protein bound (>99.5%) and is
minimally metabolized with biliary excretion of unchanged VEL as the major route
of elimination accounting for 77% of recovered drug in a clinical absorption,
distribution, metabolism, and excretion study (Gilead). Studies conducted in patients
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with renal insufficiency or hepatic impairment demonstrated that no dose adjustment
is needed for VEL in patients with end-stage renal disease or those with severe
hepatic insufficiency (Gilead). Furthermore, population pharmacokinetic analysis in
HCV-infected patients indicated that race, gender, age, and BMI have no clinically
relevant effect on the exposure of VEL (or SOF or its major metabolite, GS-331007).
Velpatasvir exposure increases approximately 30% when coadministered with a
meal, supporting the dosing recommendation of SOF/VEL to be administered
without regard to food.

In vitro, VEL was determined to be a substrate and an inhibitor of P-glycoprotein
(P-gp) and breast cancer resistance protein (BCRP), a substrate of CYP2B6,
CYP2C8, and CYP3A4 with slow turnover and an inhibitor of OATP1B1,
OATP1B3, and OATP2B1. A large number of drug interaction studies were
conducted with SOF/VEL to assess for the potential of clinically meaningful drug
interactions. Overall, SOF/VEL has a clinical pharmacology and drug interaction
profile that make it well suited for a diverse patient population. Potent inducers of
P-gp and/or moderate or potent inducers of CYP2B6, CYP2C8, or CYP3A4 (e.g.,
rifampin, St. John’s wort, carbamazepine) will reduce plasma concentrations of SOF
and/or VEL and should be avoided. Immunosuppressants such as cyclosporine and
tacrolimus can be safely coadministered as can opiate substitution therapy and oral
contraceptives. Efavirenz and tipranavir are the two antiretroviral agents that should
be avoided with SOF/VEL coadministration, and statin exposure can increase with
SOF/VEL coadministration – the risk of rhabdomyolysis may be increased for these
patients, and for rosuvastatin, a dose no higher than 10 mg daily should be used.
Absorption of VEL is pH-dependent, and therefore acid-reducing agents can lower
exposure. This effect can be minimized with specific dosing instructions: antacid
dosing should be separated by at least 4 h from SOF/VEL; H2-receptor antagonists
should be given simultaneously or 12 h apart from SOF/VEL at a dose no higher
than famotidine 40 mg twice daily or equivalent; the effect of proton-pump
inhibitors up to a dose of omeprazole 20 mg daily or its equivalent can be largely
mitigated through coadministration of SOF/VEL with food.

3 Phase 1b Study

Once preliminary safety and pharmacokinetic data were obtained from single and
multiple doses of VEL ranging from 50 to 450 mg in healthy subjects, a Phase 1b
study, GS-US-281-0102, was undertaken to assess the antiviral activity and safety
and pharmacokinetic profiles of VEL administration for 3 days at doses of 5–150 mg
in genotype 1–4 HCV-infected patients [2]. A total of 11 dosing cohorts were
enrolled across 10 sites in the United States and Puerto Rico: five cohorts of patients
with genotype 1a HCV infection (5, 25, 50, 100, and 150 mg VEL); one cohort each
of patients with genotype 1b, 2, or 4 HCV infection (150 mg VEL); and three cohorts
of patients with genotype 3 HCV infection (25, 50, and 150 mg VEL). Within each
cohort, patients were randomized in a 4:1 ratio to VEL or placebo except for the
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cohort of patients with genotype 4 HCV infection, all of whom received VEL.
Patients were excluded from participation if they had cirrhosis or prior exposure to
an HCV NS5A inhibitor.

Of the 87 patients treated, 84 completed 3 days of dosing and 2 weeks follow-up
(Day 17). One patient discontinued on Day 1 due to an adverse event of nausea, one
withdrew consent on Day 4 after completing dosing, and one was lost to follow-up
after the Day 7 visit. A total of 61 patients completed 48 weeks of long-term follow-
up. Most patients were male (78%), nearly one-third (31%) were black or African-
American, and baseline viral load was similar across dosing groups and genotypes
with a mean HCV RNA of 6.43 log10 IU/mL. Between Day 1 and Day 17, 21/87
patients (24%) reported at least one adverse event: 18/70 (26%) of the VEL-treated
patients and 3/17 (18%) of the placebo-treated patients. All adverse events were mild
or moderate in severity with headache being the most frequently reported adverse
event (6/87 patients, 7%). No deaths or serious adverse events were reported from
Day 1 through week 48 of follow-up. There was no trend in adverse events relative
to the dose of VEL and no clinically relevant changes in laboratory values, vital
signs, physical examination findings, or ECGs. The pharmacokinetics of VEL were
similar to those observed in healthy volunteers and confirmed that VEL is suitable
for once-daily dosing in patients with HCV infection.

Administration of three daily doses of VEL resulted in rapid reductions in HCV
RNA such that the median maximal decline in HCV RNA across all genotypes at all
VEL doses evaluated was >3 log10 IU/mL (Fig. 1). Among patients with genotype
1a HCV infection, the median maximum HCV RNA decline was >3.6 log10 IU/mL
at all doses from 5 to 150 mg. Patients with genotype 1b and 2 HCV infection who
received VEL 150 mg for 3 days had median (Q1, Q3) maximal viral load reductions
of 4.3 (4.2, 4.4) and 4.4 (4.1, 4.8) log10 IU/mL, respectively. The median (Q1, Q3)
maximal viral load reductions in patients with genotype 3 HCV infection were 3.2
(1.0, 4.0) log10 IU/mL, 3.1 (1.9, 3.3) log10 IU/mL, and 3.1 (2.9, 3.8) log10 IU/mL for
the 25, 50, and 150 mg VEL doses, respectively. The two patients with genotype
4 HCV infection had maximal viral load reductions of 3.9 and 3.0 log10
IU/mL. Patients receiving the 5 mg VEL dose experienced more rapid viral rebound
after treatment than patients receiving higher VEL doses although all patients had
HCV RNA return to baseline levels during the follow-up period. Analysis of NS5A
sequences was also undertaken. At baseline, 22/70 patients (31%) had pretreatment
NS5A resistance-associated substitutions (RASs) detected using a cutoff of 1%.
Patients with genotype 1 or 3 HCV infection without pretreatment RASs had greater
declines in HCV RNA compared to patients with pretreatment RASs. This
difference was most notable at the 25 and 50 mg doses of VEL in genotype
3 HCV-infected patients, whereas at the 150 mg dose level, the difference was not
observed. Among the patients with 48 weeks of follow-up, RASs that were present at
baseline generally persisted through the follow-up period, whereas those that had
emerged during treatment tended to decline over time.

Based on the totality of safety, pharmacokinetic, and antiviral activity, 25 and
100 mg doses of VEL were selected to move forward in combination with SOF for
Phase 2 trials in HCV-infected patients.
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Fig. 1 Viral load reductions over time following three doses of velpatasvir in (a) genotype
1 HCV-infected patients and (b) genotype 2, 3, or 4 HCV-infected patients (Reproduced from [2])
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4 Phase 2 Studies

The potent antiviral activity of VEL across genotypes 1–4 and the previously
demonstrated efficacy of SOF as well as the combination of ledipasvir (LDV) and
SOF as an approved single-tablet regimen for genotype 1, 4, 5, or 6 HCV infection
suggested that the combination of SOF/VEL would be highly efficacious as a
therapeutic regimen. Thus, the Phase 2 program was designed to address three
fundamental questions. The first was regarding dose selection for VEL (25 mg
versus 100 mg); the second was regarding duration of treatment (8 weeks versus
12 weeks); the third was regarding the contribution of ribavirin to safety and
efficacy. Recognizing that SOF/VEL had the potential with its pangenotypic activity
to be a cornerstone of an HCV elimination strategy globally which would include
resource-limited settings, the goal was to determine the optimal dose and duration to
provide maximal efficacy and safety across a broad patient population irrespective of
genotype, prior treatment history, or fibrosis status to advance into Phase 3 clinical
trials and, ultimately, to patients where genotyping would no longer be a necessary
component of the HCV treatment algorithm. Safety, efficacy, and pharmacokinetic
data were generated from three Phase 2 studies described separately below.

4.1 Study GS-US-342-0102

Study GS-US-342-0102 enrolled treatment-naïve genotype 1–6 HCV-infected
patients without cirrhosis [3]. The study was conducted at 48 sites in the United
States from August 2013 through August 2014 in two parts. In Part A, genotype 1–6
HCV-infected patients were randomized to receive SOF 400 mg with velpatasvir,
25 or 100 mg, for 12 weeks (groups 1–6). In Part B which was initiated following a
review of the safety and efficacy of patients enrolled in Part A, genotype 1 or
2 HCV-infected patients were randomized to receive SOF 400 mg with velpatasvir
25 or 100 mg, with or without weight-based RBV (1,000–1,200 mg daily) for
8 weeks (groups 7–14). Patients were required to have cirrhosis excluded by either
liver biopsy within 2 years of screening, a FibroTest score of 0.48 or less and an
aspartate aminotransferase-platelet ratio index of 1 or less during screening, or a
Fibroscan score of 12.5 kPa or less within 6 months of baseline. Additional exclu-
sion criteria included HIV or HBV coinfection, hepatic decompensation, prior
treatment for HCV, and select laboratory abnormalities. The primary endpoint was
sustained virologic response 12 weeks after treatment completion (SVR12).

A total of 377 patients were randomized and treated. Table 1 shows demographic,
disease, and baseline characteristics by dose and duration. In general, patients were
representative of a treatment-naïve population in the United States. Within the
different dosing groups, demographic factors were balanced across the different
genotypes. All but three patients completed study treatment. One genotype 3
HCV-infected patient receiving SOF + VEL 25 mg for 12 weeks discontinued at
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week 8 due to virologic failure; one genotype 1 HCV-infected patient receiving
SOF + VEL 25 mg for 8 weeks discontinued at Day 6 due to adverse events of
abdominal pain, palpitations, and dizziness; and one genotype 1 HCV-infected
patient receiving SOF + VEL 100 mg for 8 weeks discontinued due to
noncompliance with study drugs.

Overall, among the 377 patients randomized and treated, 337 (89%) achieved
SVR12 (Table 2). In part A, assessing 12 weeks of SOF + VEL treatment, the
SVR12 rate was 96% (26/27) in those receiving SOF + VEL 25 mg (group 1) and
100% (28/28) in those receiving SOF + VEL 100 mg (group 2). Among patients with
genotype 3 HCV infection, the SVR12 rate was 93% (25/27) in those receiving

Table 2 Virologic outcomes in study GS-US-342-0102

% SVR12
(95% CI)

On-treatment
virologic failure,
n (%)

Relapse,
n (%)

Other,
n (%)

Part A
12 weeks

GT1 SOF + VEL
25 mg, n ¼ 27

96 (81–100) 0 (0) 1 (4) 0 (0)

SOF + VEL
100 mg, n ¼ 28

100 (88–100) 0 (0) 0 (0) 0 (0)

GT3 SOF + VEL
25 mg, n ¼ 27

93 (76–99) 1 (4) 1 (4) 0 (0)

SOF + VEL
100 mg, n ¼ 27

93 (76–99) 0 (0) 2 (7) 0 (0)

GT2/
4/5/6

SOF + VEL
25 mg, n ¼ 23

96 (78–100) 0 (0) 0 (0) 1 (4)

SOF + VEL
100 mg, n ¼ 22

95 (77–100) 0 (0) 0 (0) 1 (5)

Part B
8 weeks

GT1 SOF + VEL
25 mg, n ¼ 30

87 (69–96) 0 (0) 3 (10) 1 (3)

SOF + VEL
25 mg + RBV,
n ¼ 30

83 (65–94) 0 (0) 5 (17) 0 (0)

SOF + VEL
100 mg, n ¼ 29

90 (73–98) 0 (0) 3 (10) 0 (0)

SOF + VEL
100 mg + RBV,
n ¼ 31

81 (63–93) 0 (0) 5 (16) 1 (3)

GT2 SOF + VEL
25 mg, n ¼ 26

77 (56–91) 0 (0) 6 (23) 0 (0)

SOF + VEL
25 mg + RBV,
n ¼ 25

88 (69–98) 0 (0) 2 (8) 1 (4)

SOF + VEL
100 mg, n ¼ 26

88 (70–98) 0 (0) 3 (12) 0 (0)

SOF + VEL
100 mg + RBV,
n ¼ 26

88 (70–98) 0 (0) 3 (12) 0 (0)
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SOF + VEL 25 mg (group 3) as well as SOF + VEL 100 mg (group 4). The two
patients who did not achieve SVR12 in group 3 experienced virologic failure – one
subject had a 5 log10 IU/mL HCV RNA reduction after 4 weeks of treatment but
failed to fully suppress by week 8 and thus met a virologic stopping criterion; the
other patient relapsed at posttreatment week 4. In group 4, one patient experienced
virologic relapse, and one patient had evidence for reinfection with genotype 2b that
was not detectable with deep sequencing prior to treatment. The SVR12 rate in
patients with genotype 2, 4, 5, or 6 HCV infection receiving SOF + VEL 25 mg
(group 5) or SOF + VEL 100 mg was 96% (22/23) and 95% (21/22), respectively.
There were no virologic failures in either of these groups; one patient committed
suicide prior to posttreatment week 12, and the other patient was lost to follow-up
after completing treatment. The high SVR rate and low rate of virologic failure in
treatment-naïve, genotype 1–6 HCV-infected patients without cirrhosis treated for
12 weeks with SOF + VEL 25 mg or 100 mg supported assessing a shorter treatment
duration.

In order to examine both the 25 and 100 mg doses of VEL and the impact of RBV
on an 8-week treatment duration, part B was limited to genotype 1 or 2 patients only.
This facilitated enrollment, as well, given the genotype distribution within the
United States. The shortened treatment duration of 8 weeks for genotype 3
HCV-infected treatment-naïve patients was assessed in a Phase 2 study conducted
in New Zealand and is discussed below. Rates of SVR12 among genotype 1
HCV-infected patients were 87% (26/30) for those receiving VEL 25 mg, 83%
(25/30) for those receiving VEL plus RBV, 90% (26/29) for those receiving VEL
100 mg, and 81% (25/31) for those receiving VEL plus RBV. Other than one patient
in the SOF + VEL 25 mg group who discontinued treatment on Day 6 and one
patient in the SOF + VEL 100 mg group who was lost to follow-up, virologic relapse
occurred in patients not achieving SVR12. Among genotype 2 HCV-infected
patients, SVR12 rates were 77% (20/26) with VEL 25 mg, 88% (22/25) with VEL
25 mg plus RBV, 88% (23/26) with both VEL 100 mg and VEL 100 mg plus RBV.
One patient in the VEL 25 mg plus RBV group did not complete posttreatment
assessments, and all other non-SVR12 patients experienced virologic relapse.

Deep sequencing of the HCV NS5A and NS5B genes was performed from
pretreatment samples from all patients and from posttreatment samples from all
patients with virologic failure. Of the 377 patients enrolled, 375 and 372 had
sequencing data for HCV NS5A and NS5B, respectively. The prevalence of
pretreatment NS5A RASs detected with a 15% cutoff was 34% (128/375) and
18% (25/142), 23% (7/31), 48% (58/122), and 24% (13/54) in patients with geno-
type 1a, 1b, 2, and 3 HCV infections, respectively. In contrast, the rates of
pretreatment HCV NS5B RASs were much lower with only 5% (17/372) of patients
overall having these RASs at baseline. Overall, rates of SVR12 were similar among
patients with pretreatment NS5A RASs (90%) as compared to those without
pretreatment NS5A RASs (92%). The impact of pretreatment NS5A RASs did not
substantially differ based on treatment duration and/or genotype.

Overall, treatment with SOF + VEL with or without RBV was well tolerated, with
only one patient (<1%) discontinuing treatment due to an adverse event. This
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patient, a 19-year-old white woman with genotype 1 HCV infection, was receiving
SOF + VEL 25 mg and experienced mild abdominal pain, mild palpitations, and
moderate dizziness on treatment Day 6. The investigator assessed these events as
related to study drug, and treatment was discontinued on the following day. All of
these events resolved by Day 2 of follow-up. Across all treatment groups, there were
low rates of serious adverse events (2%), none of which were assessed by the
investigator as related to study drugs, and one death occurred in the study: a
36-year-old man with genotype 2 HCV infection and preexisting psychiatric disease
committed suicide after completing 12 weeks of treatment with SOF + VEL 25 mg
(group 5). Patients administered with RBV-containing regimens had a higher inci-
dence of RBV-associated toxicities such as fatigue, insomnia, and rash and labora-
tory abnormalities consistent with hemolysis such as decreased hemoglobin and
elevated bilirubin levels. No difference in the type or incidence of adverse events
between treatment regimens with respect to dose of VEL or treatment duration was
observed. Fatigue and headache were the only adverse events occurring in >10% of
patients in the SOF + VEL 100 mg 12-week treatment groups.

Sofosbuvir with VEL 25 or 100 mg for 12 weeks was well tolerated and resulted
in high SVR12 rates in noncirrhotic patients infected with genotypes 1–6. With
8 weeks of treatment, higher relapse rates were observed among the genotype 1 or
genotype 2 HCV-infected patients at both the 25 and 100 mg dose of VEL, and the
addition of RBV did not impact SVR12 rates. These data supported the further
development of a fixed-dose combination tablet of SOF/VEL at the 12-week
treatment duration.

4.2 Study GS-US-337-0122

The impact of shortening SOF + VEL treatment duration from 12 to 8 weeks in
genotype 1 or 2 HCV-infected patients was assessed in GS-US-342-0102, conducted
in the United States where genotype 3 HCV infection represents approximately 6%
of total HCV-infected patients. In contrast, genotype 3 HCV-infected patients make
up over 30% of total HCV infections in New Zealand. Study GS-US-337-0122
(ELECTRON-2) was an ongoing Phase 2 clinical trial at two sites in New Zealand.
This trial was amended to assess the safety and efficacy of SOF + VEL 25 or 100 mg
with or without RBV for 8 weeks in treatment-naïve genotype 3 HCV-infected
patients without cirrhosis [4].

A total of 104 patients were randomized to one of the four treatment groups.
Demographic and baseline characteristics are provided in Table 3. The patient
population was similar to that enrolled in GS-US-342-0102 with the exception of
a higher percentage of native Hawaiian/Pacific Islander patients enrolled in this trial
and higher percentage of black patients enrolled in GS-US-342-0102. All but two
patients completed treatment. One patient withdrew consent for participation in the
study, and one patient discontinued treatment due to a flare of preexisting eczema.
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Virologic outcomes following 8 weeks of SOF + VEL at both dose levels and
with or without RBV are presented in Table 4. All patients who received SOF + VEL
25 mg for 8 weeks achieved SVR12. The SVR12 rate was 88% in patients who

Table 3 Demographic and baseline characteristics in study GS-US-337-0122

SOF + VEL
25 mg 8 weeks
(N ¼ 27)

SOF + VEL
25 mg + RBV
8 weeks (N ¼ 24)

SOF + VEL
100 mg
8 weeks
(N ¼ 27)

SOF + VEL
100 mg + RBV
8 weeks (N ¼ 26)

Mean age (range),
years

48 (29–59) 47 (35–61) 50 (20–63) 47 (29–64)

Mean BMI
(range), kg/m2

25 (20–31) 26 (18–38) 26 (19–33) 26 (18–36)

Male, n (%) 17 (63) 18 (75) 17 (63) 11 (42)

Race, n (%)

White 20 (74) 20 (83) 20 (74) 19 (73)

Native
Hawaiian/Pacific
Islander

5 (19) 2 (8) 3 (11) 6 (23)

HCV genotype, n (%)

Genotype 3 2 (7) 1 (4) 0 0

Genotype 3a 25 (93) 22 (92) 27 (100) 26 (100)

Genotype 3k 0 1 (4) 0 0

Mean HCV RNA
(SD), log10 IU/mL

5.9 (0.86) 6.3 (0.69) 6.0 (0.71) 6.2 (0.92)

HCV RNA
�800,000 IU/mL,
n (%)

13 (48) 14 (58) 16 (59) 19 (73)

IL28B genotype
CC, n (%)

10 (37) 6 (25) 15 (56) 14 (54)

Baseline ALT
>1.5 � ULN,
n (%)

10 (37) 14 (58) 13 (48) 12 (46)

ALT alanine aminotransferase, BMI body mass index, HCV hepatitis C virus, RBV ribavirin, SOF
sofosbuvir, ULN upper limit of normal, VEL velpatasvir

Table 4 Virologic outcomes in study GS-US-337-0122

8 weeks treatment
% SVR12
(95% CI)

On-treatment virologic
failure, n (%)

Relapse,
n (%)

Other,
n (%)

SOF + VEL 25 mg,
n ¼ 26

100 (87–100) 0 (0) 0 (0) 0 (0)

SOF+VEL 25mg+RBV,
n ¼ 24

88 (68–97) 0 (0) 2 (8) 1 (4)

SOF + VEL 100 mg,
n ¼ 27

96 (81–100) 0 (0) 0 (0) 1 (4)

SOF + VEL
100 mg + RBV, n ¼ 26

100 (87–100) 0 (0) 0 (0) 0 (0)
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received SOF + VEL 25 mg + RBV for 8 weeks with two patients experiencing
virologic relapse and one patient discontinuing treatment prior to virologic suppres-
sion. In the SOF + VEL 100 mg groups, SVR rates were 96% and 100%, without and
with RBV, respectively. There were no virologic failures in either treatment group;
one patient withdrew consent from the trial.

The combination of SOF + VEL 25 or 100 mg with or without RBV for 8 weeks
was well tolerated. One patient discontinued SOF + VEL 25 mg + RBV treatment
due to an exacerbation of facial eczema and eye inflammation. A second patient in
the SOF + VEL 100 mg group discontinued RBV only due to dyspepsia and
lethargy. Only one serious ADVERSE EVENT occurred in the trial (convulsion)
which was assessed by the investigator as unrelated to study drug. No difference in
the type or incidence of ADVERSE EVENTs between treatment regimens with
respect to dose of VEL or treatment duration was observed.

This Phase 2 study suggested that high SVR12 rates could be achieved in
genotype 3 HCV-infected patients without cirrhosis treated for 8 weeks with
SOF + VEL. The higher dose of VEL 100 mg was associated with a slightly higher
SVR rate – no virologic failures were observed in the SOF + VEL 100 mg treatment
groups. The addition of RBV increased hematologic toxicity but did not improve
efficacy.

4.3 Study GS-US-342-0109

Study GS-US-342-0109 was conducted in parallel with Study GS-US-342-0102 and
enrolled treatment-experienced genotype 1 or 3 HCV-infected patients with or
without cirrhosis [5]. The study was conducted at 58 sites in the United States,
Australia, and New Zealand from June 2013 through August 2014. Three cohorts of
patients were enrolled: treatment-experienced genotype 3 HCV-infected patients
without cirrhosis, treatment-experienced genotype 3 HCV-infected patients with
cirrhosis, and treatment-experienced genotype 1 HCV-infected patients with or
without cirrhosis. For genotype 3 HCV-infected patients, treatment-experienced
was defined as having failed prior therapy with an interferon-based regimen, whereas
for genotype 1 HCV-infected patients, prior treatment experience was limited to
patients who had failed an NS3/4A protease inhibitor in combination with
peginterferon and RBV. Within these three cohorts, patients were randomized to
one of four treatment groups to receive SOF 400 mg with VEL, 25 or 100 mg, with
or without weight-based RBV (1,000–1,200 mg daily) for 12 weeks. Inclusion and
exclusion criteria were otherwise similar to GS-US-342-0102, the Phase 2 trial of
SOF + VEL in treatment-naïve genotype 1–6 HCV-infected patients. The primary
endpoint was SVR12.

A total of 321 patients were randomized and treated. Table 5 shows demographic,
disease, and baseline characteristics by dose and duration. In general, patients were
representative of a treatment-experienced population. As compared to treatment-
naïve patients without cirrhosis enrolled in GS-US-342-0102, these patients were
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slightly older, and there was a higher percentage of males, non-IL28B CC genotype,
higher viral load, and abnormal ALT levels at baseline. Within the different dosing
groups, demographic factors were balanced across genotype 1 and genotype 3
patients. Approximately 1/3 of the genotype1 HCV-infected patients had cirrhosis.
All but two patients completed study treatment. One genotype 3 HCV-infected
patient without cirrhosis receiving SOF + VEL 25 mg + RBV for 12 weeks
discontinued treatment due to elevated gamma glutamyltransferase (GGT) and
ALT, and one genotype 3 HCV-infected patient with cirrhosis receiving SOF + VEL
25 mg + RBV for 12 weeks discontinued due to noncompliance with study drugs and
subsequently withdrew consent.

Table 6 shows SVR12 rates in all treatment groups. Among the treatment-
experienced patients with genotype 3 HCV infection without cirrhosis who received
SOF plus VEL 25 mg without or with RBV, the SVR12 rates were 85% and 96%,
respectively. All treatment-experienced patients with genotype 3 HCV infection
without cirrhosis who received SOF plus VEL 100 mg without or with RBV
achieved SVR12. Among the treatment-experienced patients with genotype 3
HCV infection and cirrhosis who received SOF plus VEL 25 mg without or with
RBV, the SVR12 rates were 58% and 84%, respectively. The SVR12 rates in
treatment-experienced patients with genotype 3 HCV infection and cirrhosis who
received SOF plus VEL 100 mg without or with RBV were 88% and 96%,
respectively. Among patients with genotype 1 HCV infection who had not achieved
SVR after previous treatment with a protease inhibitor regimen, SVR 12 rates were
100% and 97% in those treated with SOF plus VEL 25 mg without and with RBV,

Table 6 Virologic outcomes in study GS-US-342-0109

% SVR12
(95% CI) Relapse Other

GT3
No cirrhosis

SOF + VEL 25 mg, n ¼ 26 85 (65–96) 4 (15) 0 (0)

SOF + VEL 25 mg + RBV,
n ¼ 28

96 (82–100) 1 (4)

SOF + VEL 100 mg, n ¼ 27 100 (87–100) 0 (0) 0 (0)

SOF + VEL 100 mg + RBV,
n ¼ 26

100 (87–100) 0 (0) 0 (0)

GT3 cirrhosis SOF + VEL 25 mg, n ¼ 26 58 (37–77) 11 (42) 0 (0)

SOF + VEL 25 mg + RBV,
n ¼ 25

84 (64–96) 3 (12) 1 (4)

SOF + VEL 100 mg, n ¼ 26 89 (70–98) 3 (12) 0 (0)

SOF + VEL 100 mg + RBV,
n ¼ 26

96 (80–100) 1 (4) 0 (0)

GT1
No cirrhosis and
cirrhosis

SOF + VEL 25 mg, n ¼ 27 100 (87–100) 0 (0) 0 (0)

SOF + VEL 25 mg + RBV,
n ¼ 29

97 (82–100) 1 (3) 0 (0)

SOF + VEL 100 mg, n ¼ 27 100 (87–100) 0 (0) 0 (0)

SOF + VEL 100 mg + RBV,
n ¼ 28

96 (82–100) 0 (0) 0 (0)
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respectively, and 100% and 96% in those treated with SOF plus VEL 100 mg
without and with RBV, respectively. In contrast to the efficacy data generated in
treatment-naïve patients in Study GS-US-342-0102 which didn’t differentiate
between the two doses of VEL, in the current study including genotype 3
treatment-experienced patients, the VEL 100 mg dose demonstrated higher SVR
rates as compared to those observed with SOF + VEL 25 mg.

Deep sequencing of the HCV NS5A and NS5B genes was successfully performed
from pretreatment samples for 321 and 318 patients, respectively, and from
posttreatment samples from all patients with virologic failure. The prevalence of
pretreatment NS5A RASs detected with a 15% cutoff was 17% (53/321) overall:
17% (36/210) in patients with genotype 3 HCV infection and 15% (17/111) in
patients with genotype 1 HCV infection. Among patients with genotype 3 HCV
infection without cirrhosis, SVR12 rates were similar in patients with and without
NS5A RASs. Only 1 of the 11 genotype 3 HCV-infected patients with cirrhosis who
relapsed following treatment with SOF plus VEL 25 mg had pretreatment NS5A
RASs. The SVR12 rate among genotype 1 HCV-infected patients with RASs was
96% (16/17). Overall, these data suggested that NS5A RASs did not influence
treatment outcome even with the lower dose of VEL. The prevalence of HCV
NS5B RASs overall was lower with only 4% (11/318) of patients having NS5B
RASs at baseline. All but one of these patients achieved SVR12.

Treatment with SOF + VEL with or without RBV was well tolerated, with only
one patient (<1%) discontinuing treatment due to an adverse event. This patient, a
58-year-old white woman without cirrhosis and genotype 3 HCV infection, was
receiving SOF + VEL 25 mg plus RBV and experienced an elevated ALT and GGT
levels on treatment Day 80. The investigator assessed these events as related to a
study drug, and treatment was discontinued on the following day; she achieved
SVR12. This patient’s GGT level returned to pretreatment levels by posttreatment
Day 11 and ALT level normalized by posttreatment Day 33. Total bilirubin levels
remained normal throughout. Across all treatment groups, there was a low rate of
serious adverse events (2%), and none was assessed by the investigator as related to
study drugs. Patients administered with RBV-containing regimens had a higher
incidence of RBV-associated toxicities such as fatigue, insomnia, and rash and
laboratory abnormalities consistent with hemolysis such as decreased hemoglobin
and elevated bilirubin levels. No difference in the type or incidence of adverse events
between treatment regimens with respect to dose of VEL or treatment duration was
observed. Adverse events were similar to those observed in Study GS-US-342-0102
and did not differ based on cirrhosis status.

Among treatment-experienced genotype 1 or 3 HCV-infected patients with or
without cirrhosis, SOF with VEL 100 mg for 12 weeks resulted in consistently high
SVR12 rates. With the lower dose of VEL, higher relapse rates were observed
among the genotype 3 HCV-infected patients with or without cirrhosis; the addition
of RBV improved SVR12 rates to some extent in this situation. Given the goal of the
SOF/VEL program to have a single-tablet regimen supporting a single treatment
duration for patients irrespective of genotype, prior treatment, or cirrhosis status,
these data, in combination with those from GS-US-342-0102, supported the further
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development of a fixed-dose combination tablet of SOF 400 mg/VEL 100 mg for a
12-week treatment duration.

As described above, these Phase 2 studies assessed the combination of SOF and
VEL coadministered as separate agents. It is worth noting that while these trials were
ongoing, significant formulation efforts were underway to develop a fixed-dose
combination (FDC). Since the dose for Phase 3 was unknown at the time, both the
25 and 100 mg doses of VEL were coformulated with SOF 400 mg. As the
SOF/VEL 400/100 mg FDC was selected to move ahead into Phase 3, this formu-
lation was assessed in a bioavailability study comparing the pharmacokinetics of the
two drugs coadministered as separate agents as compared to administered as an
FDC. The exposure to SOF, SOF metabolites, and VEL was similar across
both formulations thus enabling transition to the single-tablet regimen for the
registrational Phase 3 trials. This Phase 1 study, 342-0104, also assessed the impact
of high-fat or medium-fat meal on the pharmacokinetics of the SOF/VEL FDC and
demonstrated that food modestly increased VEL exposure to a degree that would not
be anticipated to impact efficacy or safety based on the clinical data. These results
enabled coadministration of SOF/VEL without regard to food in the Phase 3 studies.

5 Phase 3 Studies

The dose of VEL (100 mg) in combination with SOF 400 mg and the duration of
therapy (12 weeks) were established based on the safety and efficacy results in
genotype 1–6 HCV-infected patients enrolled in the three Phase 2 studies. The
SOF/VEL Phase 3 studies were designed to evaluate the efficacy and safety of
treatment with SOF/VEL in a diverse subject population with respect to HCV
genotypes and subtypes, demographic characteristics, and geographical regions.
Three multicenter studies evaluated SOF/VEL in subjects without cirrhosis or with
compensated cirrhosis, and one multicenter study evaluated regimens of SOF/VEL
in subjects with decompensated cirrhosis. At this time (first half of 2014), SOF had
been approved, in combination with pegylated interferon for genotype 1 and 4
HCV-infected patients and in combination with RBV for 12 or 24 weeks in genotype
2 or 3 HCV-infected patients, respectively. This treatment landscape informed the
study design for each trial, as outlined below. The goal was to demonstrate that
SOF/VEL could be a highly effective, single-tablet 12-week treatment regimen
for all HCV-infected patients with compensated liver disease, irrespective of
HCV genotype or subtype, stage of fibrosis, prior interferon-based treatment, or
pretreatment viral resistance. In addition, a Phase 3 study in HCV-infected patients
with decompensated cirrhosis was also conducted – a treatment population without
any approved treatment options at that time.
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5.1 ASTRAL-1

ASTRAL-1 was a Phase 3, double-blind, placebo-controlled study involving
untreated and previously treated patients with chronic HCV genotype 1, 2, 4, 5, or
6 infection, including those with compensated cirrhosis [6]. A separate trial with an
active comparator group was deemed necessary for patients with genotype 3 HCV
infection in light of the special clinical challenges presented in this population,
particularly those with cirrhosis and/or prior treatment failure. In ASTRAL-1,
patients with HCV genotype 1, 2, 4, or 6 were randomly assigned in a 5:1 ratio to
receive SOF/VEL (400 mg/100 mg) in a once-daily, fixed-dose combination tablet
or matching placebo for 12 weeks at 81 sites in the United States, Canada, Europe,
and Hong Kong from July 18, 2014, through December 19, 2014. Because of the low
prevalence of genotype 5 in the study regions, patients with genotype 5 did not
undergo randomization but were assigned to the SOF/VEL group. Patients in the
placebo group were eligible for deferred treatment with 12 weeks of SOF/VEL. The
primary endpoint was SVR12. The protocol allowed enrollment of patients with
compensated cirrhosis as well as those who had previously been treated for HCV
with a regimen not containing an HCV NS5B inhibitor or NS5A inhibitor. No upper
limits were placed on age or body mass index.

Of the 740 patients treated, 35 patients with genotype 5 HCV infection were
enrolled directly into the SOF/VEL group, 624 were randomized to receive
SOF/VEL, and 116 patients were randomized to receive matching placebo. Demo-
graphic and baseline characteristics were generally balanced across these groups
(Table 7). In the SOF/VEL group, 34% of the patients had HCV genotype 1a, 19%
genotype 1b, 17% genotype 2, 19% genotype 4, 6% genotype 5, and 7% genotype 6.
Most patients were white (79%) and male (60%). Nineteen percent of the patients
had cirrhosis, 69% had a non-CC IL28B genotype (which has been associated with a
reduced response to interferon-based HCV treatment), and 32% had received previ-
ous unsuccessful treatment for HCV. Of the 201 patients in the SOF/VEL group who
had received previous treatment, 28% had received a regimen of peginterferon,
RBV, and a protease inhibitor, and 61% had received peginterferon and RBV;
48% of these patients had persistently detectable HCV RNA while receiving previ-
ous treatment, and 51% had a virologic relapse or breakthrough. A total of 51% of
patients were enrolled in Europe, 46% in North America (Canada and the United
States), and 3% in Hong Kong.

Overall, the rate of SVR12 among patients who received 12 weeks of SOF/VEL
was 99% (95% confidence interval [CI], 98 to >99), which was significantly
superior to the prespecified performance goal of 85% (P < 0.001) (Fig. 2). None
of the 116 patients in the placebo group had an SVR. Rates of SVR were similar
regardless of the HCV genotype: 98% (95% CI, 95 to>99) in patients with genotype
1a infection, 99% (95% CI, 95–100) with genotype 1b, 100% (95% CI, 97–100)
with genotype 2, 100% (95% CI, 97–100) with genotype 4, 97% (95% CI, 85 to
>99) with genotype 5, and 100% (95% CI, 91–100) with genotype 6. Of the
121 patients with any genotype who had cirrhosis, 120 (99% [95% CI,
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95 to >99]) had a SVR. Of the 624 patients who received at least one dose of
SOF/VEL, 2 (<1%) had virologic failure: a 56-year-old white man without cirrhosis
who had received no previous treatment for genotype 1a HCV infection and a
58-year-old black man with cirrhosis who had persistently detectable HCV RNA
during previous peginterferon – RBV treatment for genotype 1b HCV infection. The
two men had undetectable serum HCV RNA at week 4 of treatment, and both had a
virologic relapse by posttreatment week 4. Four other patients in the SOF/VEL
group did not achieve an SVR. Two of the four were lost to follow-up (one did not
return after completing 45 days of treatment; the other completed treatment and had
undetectable serum HCV RNA at posttreatment week 4 but did not return for the
posttreatment week 12 visit), one discontinued treatment because of an adverse
event, and one died during follow-up. Rates of SVR in all patient subgroups,
including those with cirrhosis (99%) and prior treatment experience (>99%), were
high.

Table 7 Demographic and baseline characteristics in ASTRAL-1

Placebo (N ¼ 116) SOF/VEL (N ¼ 624)

Mean age (range), years 53 (25–74) 54 (18–82)

Mean BMI (range), kg/m2 26 (18–40) 27 (17–57)

Male, n (%) 68 (59) 374 (60)

Race, n (%)

White 90 (78) 493 (79)

Black 11 (9) 52 (8)

Region, n (%)

North America 52 (45) 289 (46)

Europe 60 (52) 316 (51)

Hong Kong 4 (3) 19 (3)

HCV genotype, n (%)

Genotype 1a 46 (40) 210 (34)

Genotype 1b 19 (16) 118 (19)

Genotype 2 21 (18) 104 (17)

Genotype 4 22 (19) 116 (19)

Genotype 5 0 35 (6)

Genotype 6 8 (7) 41 (7)

Mean HCV RNA (SD), log10 IU/mL 6.3 (0.58) 6.3 (0.66)

HCV RNA �800,000 IU/mL, n (%) 87 (75) 461 (74)

Compensated cirrhosis, n (%) 21 (18) 121 (19)

Previous HCV treatment, n (%) 33 (28) 201 (32)

IL28B genotype CC, n (%) 36 (31) 186 (30)

Baseline ALT >1.5 � ULN, n (%) 54 (47) 279 (45)

ALT alanine aminotransferase, BMI body mass index, HCV hepatitis C virus, RBV ribavirin, SOF
sofosbuvir, ULN upper limit of normal, VEL velpatasvir
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At baseline, NS5A resistance-associated variants were detected in 257 of
616 patients (42%) for whom sequencing data were available. Of these 257 patients,
255 (99%) had an SVR. The two patients who had virologic failure did not have
NS5A-resistant variants at baseline but did so at the time of relapse. The patient with
HCV genotype 1a infection who had a relapse had the Y93N variant detected in
more than 99% of the viral population. The second patient (with HCV genotype 1b
who had a relapse) had the Q30R (in 98.7%) and L31M (in >99%) at baseline and
Q30R (in >99%), L31M (in >99%), and Y93H (in 99%) at the time of relapse. The
Q30R variant confers an increase by a factor of 2.2 in the 50% effective concentra-
tion (EC50) of VEL in the HCV genotype 1a replicon. Arginine (R) variants at
position 30 of the NS5A protein were present at baseline in 62 patients in the entire
study population: 5 patients with genotype 1, 5 with genotype 2, 50 with genotype 4,
and 2 with genotype 5. Of these 62 patients, 60 (97%) had an SVR. Variants
associated with resistance to NS5B nucleoside inhibitors were detected at baseline
in 54 of the 601 patients (9%) for whom sequencing data were available. No S282
variants were detected. All 54 patients had an SVR.

Twelve weeks of SOF/VEL treatment was well tolerated with the type,
frequency, and severity of nonserious adverse events generally similar in both
groups (Table 8). Of the 624 patients in the SOF/VEL group, 1 (<1%) discontinued
treatment prematurely because of an adverse event. This patient, a 52-year-old white
woman with genotype 1a HCV infection without cirrhosis, discontinued treatment
because of an anxiety attack on the 13th day of treatment. Of the 116 patients in the
placebo group, 2 (2%) discontinued treatment because of an elevated aminotrans-
ferase level, a prespecified criterion for discontinuation. A total of 15 patients (2%)
in the SOF/VEL group had 19 serious adverse events. No single serious adverse
event occurred in more than one patient. There was one death in the SOF/VEL
group. This patient, a 55-year-old white man with HCV genotype 5a without
cirrhosis who had a history of dyslipidemia for which he was taking
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Fig. 2 SVR12 rates in ASTRAL-1 overall and by genotype (Reproduced from [6]). Error bars
represent 95% confidence intervals
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ezetimibe–simvastatin, died during sleep 8 days after the completion of treatment.
The cause of death was not determined. The patient was not taking amiodarone.
None of the patients in the placebo group had a serious adverse event. There was no
significant difference in the rates of any adverse event in the SOF/VEL group and the
placebo group (78% and 77%, respectively). The rates of individual adverse events
did not differ significantly between the two groups. The most common adverse
events were headache, fatigue, nasopharyngitis, and nausea. Hematologic abnormal-
ities were infrequent in the SOF/VEL group, affecting 1% of patients or less. No
patients in the placebo group had hematologic abnormalities. No patient in either
study group had a Grade 3 or 4 elevation in creatinine (>3.0 mg/dL) or total bilirubin
(>2.5 mg/dL).

5.2 ASTRAL-2

After the protocol for ASTRAL-1 was finalized and trial activity had begun, the US
Food and Drug Administration requested a separate study be conducted with an
active comparator for patients with HCV genotype 2. ASTRAL-2 was a Phase 3,
open-label, active comparator trial involving untreated and previously treated
patients with chronic HCV genotype 2 infection, including those with compensated
cirrhosis [7]. Patients with HCV genotype 2 were randomly assigned in a 1:1 ratio to
receive SOF/VEL (400 mg/100 mg) in a once-daily, fixed-dose combination tablet
or SOF + RBV for 12 weeks, the standard of care at the time the study was
conducted. The primary endpoint was SVR12. The protocol allowed enrollment of
patients with compensated cirrhosis as well as those who had previously been treated

Table 8 Safety of SOF/VEL for 12 weeks in ASTRAL-1

SOF/VEL 12 weeks
(N ¼ 624)

Placebo 12 weeks
(N ¼ 116)

Number (%) of subjects experiencing any

Treatment-emergent adverse event 485 (78%) 89 (77%)

Grade 3 or above treatment-emergent adverse
event

18 (3%) 1 (<1%)

Treatment-emergent serious adverse event 15 (2%) 0

Treatment-emergent treatment-related serious
adverse event

0 0

Adverse event leading to premature discontin-
uation of the study drug

1 (<1%) 2 (2%)

All death 1 (<1%) 0

Common adverse events (�10% in any group)

Headache 182 (29%) 33 (28%)

Fatigue 126 (20%) 23 (20%)

Nasopharyngitis 79 (13%) 12 (10%)

Nausea 75 (12%) 13 (11%)
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for HCV with an interferon-based regimen. Inclusion and exclusion criteria were
similar to those in ASTRAL-1 including no upper limits on age or body mass index.
Due to the need for RBV coadministration, a creatinine clearance of greater than
50 mL/min at screening was required.

A total of 266 patients were randomized and treated at 51 sites in the United
States from October 15, 2014, through December 18, 2014. Randomization was
stratified by cirrhosis status and prior treatment history. The demographic and
baseline characteristics of patients were generally balanced across treatment groups
(Table 9). Most of the patients were white men and had non-CC IL28B genotype. A
total of 14% of patients had cirrhosis, and 14–15% had received unsuccessful
treatment for HCV. All but two patients (<1%), one in each treatment group,
completed treatment. One patient in the SOF/VEL group discontinued treatment
on Day 1 due to adverse events of difficulty concentrating, headache, and anxiety.
One patient in the SOF + RBV group completed the week 10 visit and was
subsequently lost to follow-up.

The rate of SVR12 was 99% (95% confidence interval [CI], 96–100) among those
who had received SOF/VEL for 12 weeks, as compared with 94% (95% CI, 88–97)
among those who had received SOF + RBV for 12 weeks (Fig. 3). The study met its

Table 9 ASTRAL-2 demographic and baseline characteristics

SOF/VEL 12 weeks
(N ¼ 134)

SOF + RBV 12 weeks
(N ¼ 132)

Total
(N ¼ 266)

Mean age (range), years 57 (26–81) 57 (23–76) 57 (23–81)

Mean BMI (range), kg/m2 28 (17–45) 29 (19–61) 29 (17–61)

Male, n (%) 86 (64) 72 (55) 158 (59)

Race, n (%)

White 124 (93) 111 (84) 235 (88)

Black 6 (5) 12 (9) 18 (7)

Genotype 2 (no confirmed
subtype)

13 (9.7%) 12 (9.1%) 25 (9.4%)

Genotype 2a 2 (1.5%) 4 (3.0%) 6 (2.3%)

Genotype 2a/2c 16 (11.9%) 12 (9.1%) 28 (10.5%)

Genotype 2b 103 (76.9%) 104 (78.8%) 207 (77.8%)

Cirrhosis, n (%) 19 (14) 19 (14) 38 (14)

Mean HCV RNA (SD),
log10 IU/mL

6.5 (0.78) 6.4 (0.74) 6.4 (0.76)

HCV RNA
�800,000 IU/mL, n (%)

111 (83) 101 (77) 212 (80)

Previous HCV treatment,
n (%)

19 (14) 20 (15) 39 (15)

IL28B genotype CC, n (%) 55 (41) 46 (35) 101 (38)

Baseline ALT >1.5 �
ULN, n (%)

54 (40) 50 (38) 104 (39)
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primary statistical endpoint in that those treated with SOF/VEL had an SVR12 rate
that was significantly superior to that among patients who had received the standard
treatment of SOF + RBV for 12 weeks, with a strata-adjusted absolute difference of
5.2 percentage points (95% CI, 0.2–10.3, P ¼ 0.02 with the Cochran–Mantel–
Haenszel test stratified according to cirrhosis status and previous treatment). There
were no virologic failures among patients receiving SOF/VEL. One 57-year-old
black man discontinued study treatment on Day 1 after receiving one dose of the
study drug because of adverse events. Of the 132 patients who received SOF + RBV,
6 (5%) had a virologic relapse, and 2 other patients were lost to follow-up. Deep
sequencing indicated that approximately 60% of the 134 patients in the SOF/VEL
group had NS5A RASs and 10% had NS5B RASs at baseline. The most prevalent
NS5A variant observed at baseline was L31M in 52% of the patients. Despite the
presence of pretreatment NS5A and NS5B RASs, no patient receiving SOF/VEL had
virologic failure.

Overall, treatment with SOF/VEL or SOF + RBV for 12 weeks was generally safe
and well tolerated (Table 10). A smaller percentage of subjects in the SOF/VEL
12-week group experienced any adverse event (69%, 92 of 134) compared with the
SOF + RBV 12-week group (77%, 101 of 132), including treatment-related adverse
events (SOF/VEL, 34%; SOF + RBV, 57%) and adverse events leading to modifi-
cation or interruption of any study drug (SOF/VEL, 0; SOF + RBV, 10%). The most
common adverse events were reported by a smaller percentage of subjects in the
SOF/VEL 12-week group compared with the SOF + RBV 12-week group, including
fatigue (15% vs 36%), headache (18% vs 22%), nausea (10% vs 14%), and insomnia
(5% vs 14%). Most adverse events were Grade 1 (mild) or Grade 2 (moderate) in
severity. Grade 3 (severe) adverse events were rare (SOF/VEL, 2%; SOF + RBV,
2%). No Grade 4 (life-threatening) adverse events were reported. Serious adverse
events were also rare (2%, four of 266 subjects [2 in each treatment group]). No

Fig. 3 SVR12 rates following 12 weeks of SOF/VEL or SOF + RBV in ASTRAL-2 by cirrhosis
and prior treatment history. Error bars represent 95% confidence intervals
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serious adverse event was reported in >1 subject. All serious adverse events were
considered by the investigators to be not related to study drug. Two nontreatment-
emergent deaths were reported during the study (metastatic lung cancer and cardiac
arrest after treatment completion). Only one subject permanently discontinued any
study drug (SOF/VEL) due to adverse events. Hematologic laboratory abnormalities
consistent with RBV-induced hemolysis were observed in the SOF + RBV arm but
not in patients treated with SOF/VEL.

5.3 ASTRAL-3

Before the availability of direct acting antiviral agents, HCV genotypes 2 and 3 were
grouped together in treatment guidelines as “easy-to-cure” genotypes. However, in
the era of direct acting antivirals, HCV genotype 3 has been associated with fewer
available treatment options and lower rates of treatment response. Furthermore,
some studies have suggested HCV genotype 3 is associated with more rapid disease
progression and a higher rate of complications such as hepatocellular carcinoma. A
simple, RBV-free regimen that would be highly effective in patients irrespective of
genotypes would be highly desirable. The ASTRAL-3 study was a Phase 3, open-
label, active comparator study involving untreated and previously treated patients
with chronic HCV genotype 3 infection, including those with compensated cirrhosis
[7]. Patients with HCV genotype 3 were randomly assigned in a 1:1 ratio to receive
SOF/VEL (400 mg/100 mg) in a once-daily, fixed-dose combination tablet or
SOF + RBV for 24 weeks, the standard of care at the time the study was conducted.
The primary endpoint was SVR12. The protocol allowed enrollment of patients with

Table 10 Safety of SOF/VEL and SOF + RBV for 12 weeks in ASTRAL-2

SOF/VEL 12 weeks
(N ¼ 134)

SOF + RBV 12 weeks
(N ¼ 132)

Number (%) of subjects experiencing any

Treatment-emergent adverse event 92 (69) 101 (77)

Grade 3 or above treatment-emergent adverse
event

3 (2) 3 (2)

Treatment-emergent serious adverse event 2 (2) 2 (2)

Treatment-emergent treatment-related serious
adverse event

0 0

Adverse event leading to premature discon-
tinuation of the study drug

1 (<1) 0

All death 2 (2) 0

Common adverse events (�10% in any group)

Fatigue 20 (15) 47 (36)

Headache 24 (18) 29 (22)

Nausea 14 (10) 19 (14)

Insomnia 6 (5) 18 (14)
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compensated cirrhosis as well as those who had previously been treated for HCV
with an interferon-based regimen. Inclusion and exclusion criteria were similar to
those in ASTRAL-1 and ASTRAL-2 including no upper limits on age or body mass
index. Due to the need for RBV coadministration, a creatinine clearance of greater
than 50 ml/min was required at screening.

A total of 552 patients were randomized and treated at 76 sites in the United
States, Canada, Europe, Australia, and New Zealand from July 30, 2014, through
December 17, 2014. Randomization was stratified by cirrhosis status and prior
treatment history. The demographic and baseline characteristics of patients were
generally balanced across treatment groups (Table 11). Most of the patients were
white men and had non-CC IL28B genotype. Nearly a third of patients had cirrhosis,
and just over one quarter had undergone unsuccessful treatment.

The rate of SVR12 was 95% (95% CI, 92–98) among those who had received
SOF/VEL for 12 weeks, as compared with 80% (95% CI, 75–85) among those who
had received 24 weeks of SOF + RBV (Fig. 4). The SVR12 rate with 12 weeks of
SOF/VEL was significantly superior to that with 24 weeks of SOF + RBV. The
strata-adjusted absolute difference was 14.8 percentage points (95% CI, 9.6–20.0;
P < 0.001 with the Cochran–Mantel–Haenszel test stratified according to cirrhosis

Table 11 ASTRAL-3 demographic and baseline characteristics

SOF/VEL 12 weeks
(N ¼ 277)

SOF + RBV 24 weeks
(N ¼ 275)

Total
(N ¼ 552)

Mean age (range), years 49 (21–76) 50 (19–74) 50 (19–76)

Mean BMI (range), kg/m2 26 (17–48) 27 (17–56) 27 (17–56)

Male, n (%) 170 (61) 174 (63) 344 (62)

Race, n (%)

White 250 (90) 239 (87) 489 (89)

Asian 23 (8) 29 (11) 52 (9)

Genotype 3 (no confirmed
subtype)

9 (3) 18 (7) 27 (5)

Genotype 3a 265 (96) 250 (91) 515 (93)

Genotype 3b 2 (<1) 5 (2) 7 (1)

Genotype 3h 0 2 (<1) 2 (<1)

Genotype 3k 1 (<1) 0 1 (<1)

Cirrhosis, n (%) 80 (29) 83 (30) 163 (30)

Mean HCV RNA (SD),
log10 IU/mL

6.2 (0.72) 6.3 (0.71) 6.3 (0.72)

HCV RNA
�800,000 IU/mL, n (%)

191 (69) 194 (71) 385 (70)

Previous HCV treatment,
n (%)

71 (26) 71 (26) 142 (26)

IL28B genotype CC, n (%) 105 (38) 111 (40) 216 (39)

Baseline ALT >1.5 �
ULN, n (%)

182 (66) 188 (68) 370 (67)
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status and previous treatment). Among the 277 patients who received SOF/VEL,
11 (4%) had virologic failure after the end of treatment, and 2 patients were lost to
follow-up. Among the 275 patients who received SOF + RBV, 38 (14%) had a
relapse after treatment, 1 had virologic failure during treatment, 6 were lost to
follow-up, 4 discontinued treatment because of adverse events, 2 withdrew consent,
2 died, and 1 discontinued treatment before achieving undetectable HCV RNA.
Among patients who received SOF/VEL, the SVR rate was 91% among those with
cirrhosis, as compared with 97% among those without cirrhosis. Among patients
who received SOF + RBV, the rates of SVR among patients with and those without
cirrhosis were 66% and 87%, respectively. A similar pattern of response was seen
according to whether patients had received previous treatment. Among patients in
the SOF/VEL group, the rate of SVR was 90% among those who had received
previous HCV treatment, as compared with 97% among those who had received no
previous treatment. The corresponding rates among patients in the SOF + RBV
group were 63 and 86%. The rate of SVR among patients who had received previous
treatment and who had evidence of cirrhosis was 89% in the SOF/VEL group as
compared with 58% in the SOF + RBV group. Sustained virologic response did not
appear to be correlated with the IL28B genotype or early viral kinetics.

Of the 274 patients in the SOF/VEL group who had available data on virologic
outcome with deep sequencing data, 43 (16%) had detectable NS5A RASs (A30K,
L31M, and Y93H) at baseline. Of these patients, 38 (88%) had an SVR. Of the
25 patients with the Y93H variant at baseline, 21 (84%) had an SVR. Of the
231 patients without NS5A RASs at baseline, 225 (97%) had an SVR. All ten
patients with baseline NS5B resistance-associated variants (N142T, L159F,
E237G, L320I, and V321A/I) had an SVR.

Fig. 4 SVR12 rates following 12 weeks of SOF/VEL or 24 weeks of SOF + RBV in ASTRAL-3
by cirrhosis and prior treatment history. Error bars represent 95% confidence intervals
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Treatment with SOF/VEL for 12 weeks was well tolerated in this study and
compared favorably with SOF + RBV for 24 weeks (Table 12). Overall, adverse
events and Grade 3 and 4 adverse events occurred less frequently in patients in the
SOF/VEL 12-week group than in the SOF + RBV 24-week group. For the majority
of adverse events that occurred in �10% of patients in either treatment group, there
was a lower incidence of adverse events in SOF/VEL-treated patients than in
SOF + RBV-treated patients. Adverse events associated with the hematological,
constitutional, dermatologic, and neuropsychiatric toxicities of RBV were, as
expected, markedly less common in the SOF/VEL 12-week group than in the
SOF + RBV 24-week group: anemia (0.4% vs 9%), fatigue (26% vs 38%), arthralgia
(4% vs 8%), pruritus (3% vs 13%), dry skin (0.7% vs 9%), insomnia (11% vs 27%),
irritability (8% vs 15%), and anxiety (3% vs 8%). There were no discontinuations
due to adverse events in the SOF/VEL 12-week group compared with nine discon-
tinuations due to adverse events in the SOF + RBV 24-week group, suggesting that
the more favorable safety and tolerability profile of the SOF/VEL 12-week group
resulted in a higher rate of treatment completion. There were no Grade 4 adverse
events or treatment-related serious adverse events in the SOF/VEL 12-week group.
Three deaths were reported in the study: one due to gunshot wounds, one due to

Table 12 Safety of SOF/VEL for 12 weeks and SOF + RBV for 24 weeks in ASTRAL-3

SOF/VEL 12 weeks
(N ¼ 277)

SOF + RBV 24 weeks
(N ¼ 275)

Number (%) of subjects experiencing any

Treatment-emergent adverse event 245 (88) 260 (95)

Grade 3 or above treatment-emergent adverse
event

12 (4) 23 (8)

Treatment-emergent serious adverse event 6 (2) 15 (6)

Treatment-emergent treatment-related serious
adverse event

0 1 (<1)

Adverse event leading to premature discon-
tinuation of the study drug

0 9 (3)

All death 0 3 (1)

Common adverse events (�10% in any group)

Headache 90 (33) 89 (32)

Fatigue 71 (26) 105 (38)

Insomnia 31 (11) 74 (27)

Nausea 46 (17) 58 (21)

Nasopharyngitis 34 (12) 33 (12)

Irritability 23 (8) 40 (15)

Cough 14 (5) 35 (13)

Back pain 25 (9) 20 (7)

Pruritus 8 (3) 35 (13)

Asthenia 16 (6) 26 (10)

Diarrhea 20 (7) 21 (8)

Dyspepsia 9 (3) 30 (11)
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natural causes, and one due to an unknown cause; all three patients were in the
SOF + RBV 24-week group. There were no clinically meaningful Grade 3 or
4 laboratory abnormalities in the SOF/VEL 12-week group. Consistent with the
expected toxicity profile of RBV, decreases in hemoglobin and lymphocytes and
increases in reticulocytes, platelets, and total bilirubin were observed in the
SOF + RBV 24-week group.

5.4 ASTRAL-4

Prior to SOF-based therapies, the only treatment option for HCV-infected patients
who had progressed to decompensated cirrhosis was liver transplantation; interferon-
based therapies were associated with poor response rates and unacceptable toxicities
including death. The compassionate use program with SOF + RBV demonstrated
proof-of-concept that patients with advanced liver disease could be safely and
effectively treated. However, treatment durations of 24–48 weeks were required,
and efficacy was not optimized. Ledipasvir/sofosbuvir plus RBV for 12 weeks
subsequently showed high SVR rates and excellent tolerability in both pretransplant
and posttransplant genotype 1 or 4 HCV-infected patients. With these data and the
Phase 1 study demonstrating that velpatasvir pharmacokinetics were not substan-
tially altered in severe hepatic impairment, ASTRAL-4 was undertaken to assess the
possibility for a pangenotypic treatment option for HCV-infected patients with
decompensated cirrhosis. The study set out to address both the impact of treatment
duration and the need for RBV in HCV-infected patients with Child-Pugh-Turcotte
(CPT) B cirrhosis. The ASTRAL-4 study was a Phase 3, open-label study involving
untreated and previously treated patients with chronic HCV genotype 1–6 infection
and CPT B cirrhosis [8]. Patients were randomly assigned in a 1:1:1 ratio to receive
SOF/VEL once-daily for 12 weeks, SOF/VEL plus weight-based RBV for 12 weeks,
or SOF/VEL for 24 weeks. The primary endpoint was SVR12.

A total of 267 patients were randomized and treated at 47 sites in the United
States from August 17, 2014, through December 19, 2014. Randomization was
stratified by genotype. The demographic and baseline characteristics of patients
were generally balanced across treatment groups (Table 13). Overall, 60% of
patients had HCV genotype 1a, 18% genotype 1b, 4% genotype 2, 15% genotype
3, 3% genotype 4, and less than 1% genotype 6; no patients had genotype 5. A total
of 6% of patients were black, and 55% had received prior treatment for HCV
infection. The median baseline CPT score was 8 (range, 5–10), the median baseline
MELD score was 10 (range, 6–24), and the median creatinine clearance was
84.7 mL/min (range, 15–198). The majority of patients (95%) had a baseline
MELD score of 15 or less. All the patients had CPT class B cirrhosis at screening,
but 27 patients (10%) had CPT class A or CPT class C cirrhosis at treatment
baseline, which reflects the dynamic changes in CPT scoring in this population.

Rates of SVR were 83% (95% confidence interval [CI], 74–90) in patients who
received SOF/VEL for 12 weeks, 94% (95% CI, 87–98) among those who received
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Table 13 Demographic and baseline characteristics in ASTRAL-4

SOF + VEL
12 weeks (N ¼ 90)

SOF + VEL + RBV
12 weeks (N ¼ 87)

SOF + VEL
24 weeks (N ¼ 90)

Mean age (range),
years

58 (42–73) 58 (40–71) 58 (46–72)

Mean BMI (range),
kg/m2

31 (17–56) 30 (20–55) 30 (18–50)

Male, n (%) 57 (63) 66 (76) 63 (70)

Race, n (%)

White 79 (88) 79 (91) 81 (90)

Black 6 (7) 5 (6) 6 (7)

HCV genotype, n (%)

Genotype 1a 2 (7) 1 (4) 0

Genotype 1b 25 (93) 22 (92) 27 (100)

Genotype 2 0 1 (4) 0

Genotype 3 14 (16) 13 (15) 12 (13)

Genotype 4 4 (4) 2 (2) 2 (2)

Genotype 6 0 0 1 (1)

Mean HCV RNA
(SD), log10 IU/mL

6.0 (0.5) 5.8 (0.6) 5.9 (0.6)

HCV RNA
�800,000 IU/mL,
n (%)

59 (66) 45 (52) 45 (50)

IL28B genotype CC,
n (%)

20 (22) 22 (25) 20 (22)

CPT score, n (%)

�6 3 (3) 6 (7) 7 (8)

7 36 (40) 23 (26) 21 (23)

8 31 (34) 41 (47) 34 (38)

9 19 (21) 13 (15) 22 (24)

10 1 (1) 4 (5) 6 (7)

MELD score, n (%)

<10 36 (40) 29 (33) 26 (29)

10–15 50 (56) 54 (62) 59 (66)

�16 4 (4) 4 (5) 5 (6)

Ascites, n (%)

None 16 (18) 22 (25) 15 (17)

Mild or moderate 72 (80) 61 (70) 74 (82)

Severe 2 (2) 4 (5) 1 (1)

Mean eGFR (range),
mL/min

89 (15–169) 90 (50–167) 90 (43–198)

Prior HCV treatment,
n (%)

58 (64) 47 (54) 42 (47)

ALT alanine aminotransferase, BMI body mass index, HCV hepatitis C virus, RBV ribavirin, SOF
sofosbuvir, ULN upper limit of normal, VEL velpatasvir
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SOF/VEL + RBV, and 86% (95% CI, 77–92) among those who received SOF/VEL
for 24 weeks (Fig. 5). Post hoc analyses did not detect any significant differences in
SVR rates among the three treatment groups. Among patients with HCV genotype 1,
the SVR rate was 88% for those who received SOF/VEL for 12 weeks, 96% for
those who received SOF/VEL + RBV, and 92% for those who received SOF/VEL
for 24 weeks. Among the smaller population of patients with HCV genotype 3, the
SVR rate among patients who received SOF/VEL + RBV was 85%, as compared
with 50% for the two groups that received SOF/VEL alone. All the patients with
HCV genotype 2, 4, or 6 had an SVR except for one patient with HCV genotype 2
who was assigned to receive SOF/VEL for 24 weeks; this patient died of liver failure
after completing 28 days of treatment. A total of 22 patients had virologic failure:
11 of 90 patients (12%) who received SOF/VEL for 12 weeks, 3 of 87 patients (3%)
who received SOF/VEL + RBV, and 8 of 90 patients (9%) who received SOF/VEL
for 24 weeks. Of the 22 patients who had virologic failure, 20 had a relapse, and
2 (both with HCV genotype 3) had virologic breakthrough. One of the patients with
virologic breakthrough, a 56-year-old white man who was assigned to receive
SOF/VEL + RBV, had undetectable plasma levels of study drugs at the time of
virologic failure, which suggests nonadherence. The other patient with virologic
breakthrough was a 52-year-old white man with HCV genotype 3a who was
assigned to receive SOF/VEL for 24 weeks. This patient had an HCV RNA level
of less than 15 IU/mL from week 4 through week 10 with low levels of HCV RNA
(26–80 IU/mL) at week 12 and week 16; the patient’s participation in the study was
terminated early at week 16 because he met the stopping criteria for virologic failure.
There was no evidence to suggest nonadherence. Also counted among the patients

Fig. 5 SVR12 rates and virologic outcomes following 12 weeks of SOF/VEL, SOF/VEL + RBV,
or 24 weeks of SOF/VEL in ASTRAL-4 overall and by genotype. *Patient with nondetectable drug
levels at time of virologic failure. LTFU lost to follow-up
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with treatment failure were four who were lost to follow-up and seven who died
before the primary endpoint.

Of the 255 patients for whom pretreatment NS5A sequencing data were available,
72 (28%) had pretreatment NS5A RASs. Of these 72 patients, 64 (89%) had an SVR,
as compared with 169 of 183 patients (92%) who did not have pretreatment NS5A
RASs. Among patients with HCV genotype 1 receiving SOF/VEL + RBV, the SVR
rate in those with NS5A RASs was 100%, and the rate without such variants was
98%. Among patients with HCV genotype 1 in the SOF/VEL groups who had
pretreatment RASs, the SVR rate was 80% among those who received 12 weeks
of treatment and 90% among those who received 24 weeks of treatment; among
those who did not have RASs, the rates were 96% and 98%, respectively. An
analysis of the effect of resistance on treatment outcome in patients with HCV
genotype 3 was limited by the small number (six patients) with RASs in our study.
The majority of patients who had virologic failure had NS5A RASs at the time of
failure; NS5B RASs were less common and typically observed at low levels. Of the
251 patients for whom pretreatment NS5B deep-sequencing data were available,
8 had pretreatment RASs (at positions N142T, L159F, E237G, and M289I). All
eight patients had an SVR.

In this population of patients with decompensated liver disease, understanding
whether achieving SVR is associated with improved outcomes is important
[9]. Among patients who achieved SVR24 and had CPT and MELD scores avail-
able, 54% had an improvement in the CPT score over baseline, 36% had no change
in the CPT score, and 10% had a worsening in the CPT score (Table 14). Of the
223 patients with a baseline MELD score of less than 15 for whomMELD data were
available at posttreatment week 24, a total of 49% had an improved MELD score,
25% had no change in the MELD score, and 26% had a worsening in the MELD
score. Among patients with a baseline MELD score above 15 who achieved SVR24,
72% had an improved MELD score, 4% had no change, and 24% had a worsened
MELD score at posttreatment week 24.

A total of 9 patients discontinued study treatment prematurely because of an
adverse event: 1 of 90 patients (1%) who received SOF/VEL for 12 weeks, 4 of
87 patients (5%) who received SOF/VEL + RBV, and 4 of 90 patients (4%) who
received SOF/VEL for 24 weeks (Table 15). No adverse event that led to discon-
tinuation of a study drug was reported in more than one patient. Serious adverse
events occurred in 19% of patients who received SOF/VEL for 12 weeks, 16% of
those who received SOF/VEL + RBV, and 18% of those who received SOF/VEL for
24 weeks. The most common serious adverse events were hepatic encephalopathy

Table 14 Shift table of CPT class at baseline and at posttreatment week 24 among patients
achieving SVR24 in ASTRAL-4

Baseline CPT class CPT A (5–6) CPT B (7–9) CPT C (10–15) No assessment

CPT A (5–6) 12/13 (92%) 1/13 (8%) 0/13 3

CPT B (7–9) 50/191 (26%) 138/191 (72%) 3/191 (2%) 19

CPT C (10–15) 2/9 (22%) 5/9 (56%) 2/9 (22%) 1
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and sepsis (with each event occurring in five patients across groups). The most
common adverse events in all groups were fatigue (29%), nausea (23%), and
headache (22%), although anemia, diarrhea, and insomnia were also common
among the patients who received SOF/VEL + RBV. Overall, 81% of patients in
the groups who received SOF/VEL alone had at least one adverse event, as com-
pared with 91% of patients receiving SOF/VEL + RBV. Nine deaths occurred during
the study. Two patients died after discontinuing study treatment but within 30 days
after the end of treatment, and seven patients died more than 30 days after the end of
treatment. Most of the deaths were due to complications of end-stage liver disease
(i.e., liver failure, sepsis, or multiorgan failure). The nine deaths were evenly divided
among the three treatment groups; none were considered to be related to therapy by
the investigator. Reductions in hemoglobin, lymphocytes, and platelets were com-
mon in all three groups. In the group that received SOF/VEL + RBV, decreases in
hemoglobin to less than 10.0 g/dL occurred in 23% of patients and decreases to less
than 8.5 g/dL in 7% of patients. In the groups that received SOF/VEL, the rates of
decrease in hemoglobin were 8% and 1%, respectively, among those who received
12 weeks and 9% and 1% among those who received 24 weeks. Anemia or
reductions in hemoglobin were successfully managed in the majority of patients

Table 15 Safety in ASTRAL-4

SOF/VEL
12 weeks
(N ¼ 90)

SOF/VEL + RBV
12 weeks (N ¼ 87)

SOF/VEL
24 weeks
(N ¼ 90)

Number (%) of subjects experiencing any

Treatment-emergent adverse event 73 (81) 79 (91) 73 (81)

Grade 3 or above treatment-
emergent adverse event

16 (18) 11 (13) 17 (19)

Treatment-emergent serious
adverse event

17 (19) 14 (16) 16 (18)

Treatment-emergent treatment-
related serious adverse event

0 1 (1) 1 (1)

Adverse event leading to premature
discontinuation of the study drug

1 (1) 4 (5) 4 (4)

All death 3 (3) 3 (3) 3 (3)

Common adverse events (�10% in any group)

Fatigue 23 (26) 34 (39) 21 (23)

Nausea 22 (24) 22 (25) 18 (20)

Headache 23 (26) 18 (21) 17 (19)

Anemia 4 (4) 27 (31) 3 (3)

Diarrhea 6 (7) 18 (21) 7 (8)

Insomnia 9 (10) 12 (14) 9 (10)

Pruritus 10 (11) 4 (5) 4 (4)

Muscle spasms 3 (3) 10 (11) 4 (4)

Dyspnea 4 (4) 9 (10) 2 (2)

Cough 2 (2) 9 (10) 2 (2)
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with a modification of or interruption in the RBV dose, although one patient was
treated with erythropoietin. Two patients who received SOF/VEL for 12 weeks
required the infusion of packed red cells for the treatment of gastrointestinal
bleeding. Hyperbilirubinemia that was consistent with hemolysis was primarily
observed in patients receiving SOF/VEL + RBV.

5.5 Summary of Phase 3 Data Supporting Initial Registration
of SOF/VEL

A total of 1,035 patients were treated with 12 weeks of SOF/VEL across the three
Phase 3 studies in genotype 1–6 patients with compensated liver disease. The overall
SVR rate was 98% (1,015/1,035) with a 1% rate of virologic failure. These data
conclusively demonstrated that SOF/VEL for 12 weeks provides a simple, highly
effective, and safe single-tablet regimen for HCV-infected patients irrespective of
genotype or demographic or baseline disease characteristics. This simplicity can
enable expansion of treatment to nearly all HCV-infected patients and allow exten-
sion of the provider network beyond specialist physicians. Removing the need to
genotype reduces overall cost of care, as does the absence of a need for on-treatment
laboratory monitoring. Among patients with decompensated cirrhosis,
SOF/VEL + RBV for 12 weeks resulted in a 94% SVR rate and was associated
with an improvement in CPT and/or MELD scores in the majority of patients
enrolled in ASTRAL-4. These data from the four registrational Phase 3 studies
supported the approval of SOF/VEL (Epclusa®) in the United States on June
28, 2016, as the first interferon-free pangenotypic regimen and the only
pangenotypic regimen indicated for both patients with compensated and
decompensated liver disease. Since then, Epclusa has been approved in the
European Union and in many other regions worldwide.

5.6 ASTRAL-5

HIV-infected patients coinfected with chronic HCV have more rapid progression of
liver disease. In the interferon era, response rates to treatment were low, and
tolerability was poor such that the decision to treat these patients was challenging
and the management complex, involving a coordinated effort across hepatology and
infectious disease experts. In light of these differences in efficacy and safety among
the HIV/HCV coinfected population, these patients were considered a “special
population,” and dedicated studies were required in some regions to gain approval
for treatment of these patients. The ASTRAL-5 study was a Phase 3 open-label,
single-arm trial of 12 weeks of SOF/VEL in HIV/HCV coinfected patients with
genotype 1–6 HCV infection [10]. Patients with compensated cirrhosis and/or prior
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treatment failure were permitted, and most HIV antiretroviral regimens were
allowed, as well as enrollment of subjects not on current treatment for HIV. The
primary endpoint of the trial was SVR12.

Of the 106 patients enrolled at 17 sites in the United States, 91 (86%) were
men, 48 (45%) were black, and 19 (18%) had cirrhosis. SVR12 was achieved by
101 (95%; 95% CI 89–99) of 106 patients; 74 (95%, 87–99) of 78 with genotype 1,
all 11 (100%, 72–100) with genotype 2, 11 (92%, 62–100) of 12 with
genotype 3, and all 5 (100%, 48–100) with genotype 4. All 19 patients with cirrhosis
had SVR12. Two patients relapsed, two were lost to follow-up, and one withdrew
consent. Two discontinued treatment due to adverse events and two had serious
adverse events. The most common adverse events were fatigue (25%), headache
(13%), arthralgia (8%), and upper respiratory tract infection (8%). These data were
consistent with the Phase 3 studies in HCV monoinfected patients and demonstrated
that SOF/VEL for 12 weeks was safe and provided high rates of SVR12 in patients
with HCV and HIV coinfection. This study supported the supplemental indication in
the United States for SOF/VEL for the treatment of coinfected patients, granted on
August 2, 2017 [11].

6 Conclusion

The single-tablet regimen of SOF/VEL combines a pangenotypic nucleotide HCV
NS5B polymerase inhibitor (SOF) with a pangenotypic HCV NS5A inhibitor
(VEL). Large Phase 3 studies in diverse patient populations inclusive of individuals
with multiple traditionally negative predictive factors for treatment response (e.g.,
cirrhosis, prior treatment failure) demonstrated high SVR rates as well as a
favorable safety profile. These data support the use of SOF/VEL for 12 weeks in
genotype 1–6 HCV-infected patients without cirrhosis or with compensated cirrhosis
and SOF/VEL + RBV for 12 weeks in genotype 1–6 HCV-infected patients with
decompensated cirrhosis. With SOF/VEL as a treatment option, the only decision a
healthcare provider needs to make is regarding the addition of RBV for those
patients with decompensated cirrhosis. The simplicity of the regimen (one pill
once daily for a single duration for HCV-infected patients with compensated liver
disease), limited drug interactions, and a favorable safety profile make it ideally
suited to address the global health challenge of chronic HCV and fulfill the World
Health Organization’s target of HCV elimination by 2030.
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