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Background: Effective treatment options are needed for pa-
tients with genotype 1 or 3 hepatitis C virus (HCV) infection in
whom previous therapy has failed.

Objective: To assess the efficacy and safety of sofosbuvir plus
velpatasvir, with and without ribavirin, in treatment-experienced
patients.

Design: Randomized, phase 2, open-label study. (ClinicalTrials
.gov: NCT01909804)

Setting: 58 sites in Australia, New Zealand, and the United
States.

Patients: Treatment-experienced adults with genotype 3 HCV
infection without cirrhosis (cohort 1) and with compensated cir-
rhosis (cohort 2) and patients with genotype 1 HCV infection that
was unsuccessfully treated with a protease inhibitor with pegin-
terferon and ribavirin (50% could have compensated cirrhosis)
(cohort 3).

Intervention: All patients received 12 weeks of treatment that
included 400 mg of sofosbuvir once daily. Patients in each co-
hort were randomly assigned to 25 mg of velpatasvir once daily
with or without ribavirin or 100 mg of velpatasvir once daily with
or without ribavirin.

Measurements: Proportion of patients with sustained virologic
response at week 12 after treatment (SVR12).

Results: In cohort 1, SVR12 rates were 85% with 25 mg of vel-
patasvir, 96% with 25 mg of velpatasvir plus ribavirin, 100% with
100 mg of velpatasvir, and 100% with 100 mg of velpatasvir plus
ribavirin. In cohort 2, SVR12 rates were 58% with 25 mg of vel-
patasvir, 84% with 25 mg of velpatasvir plus ribavirin, 88% with
100 mg of velpatasvir, and 96% with 100 mg of velpatasvir plus
ribavirin. In cohort 3, SVR12 rates were 100% with 25 mg of vel-
patasvir, 97% with 25 mg of velpatasvir plus ribavirin, 100% with
100 mg of velpatasvir, and 96% with 100 mg of velpatasvir plus
ribavirin. The most common adverse events were headache, fa-
tigue, and nausea.

Limitation: Treatment assignments were not blinded, and no
inferential statistics were planned.

Conclusion: Treatment with 400 mg of sofosbuvir plus 100 mg
of velpatasvir for 12 weeks was well-tolerated and highly effec-
tive in treatment-experienced patients with genotype 1 or 3 HCV
infection.
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Of the 6 hepatitis C virus (HCV) genotypes, 1 and 3
are the most common and account for approxi-

mately 46% and 22% of all global infections, respec-
tively (1). Chronic infection with genotype 1 HCV is
most prevalent in the Americas, Europe, and China,
and genotype 3 HCV infection is most prevalent in In-
dia, Pakistan, and Southeast Asia (1). With the advent of
direct-acting antiviral agents, effective interferon-free
combination regimens are now available for most pa-
tients chronically infected with genotype 1 or 3 HCV (2,
3). However, some subgroups of patients do not
achieve optimal rates of sustained virologic response
(SVR) with existing 12-week regimens—in particular, cir-
rhotic patients with genotype 1 or 3 HCV infection who
previously received unsuccessful treatment of HCV in-
fection (4–6). These patients, who are at increased risk
for progression to decompensated cirrhosis, hepato-
cellular carcinoma, and other liver complications, have
a medical need for more effective and well-tolerated
treatment (7, 8).

Velpatasvir (Gilead Sciences) is a novel inhibitor of
the HCV NS5A protein, which is involved in HCV repli-
cation, virion assembly, and modulation of host cellular
response. Velpatasvir (formerly GS-5816) has demon-
strated potent pangenotypic antiviral activity in vitro (9)
and in a 3-day monotherapy study in patients with ge-
notype 1, 2, 3, or 4 HCV infection (10, 11). Pharmacol-
ogy studies showed no clinically important drug inter-
actions between sofosbuvir and velpatasvir (12). A
recent phase 2 study demonstrated the safety and effi-
cacy of 12 weeks of the combination of sofosbuvir and
velpatasvir in treatment-naive patients with genotype 1
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to 6 HCV infection, with rates of SVR at week 12 after
treatment (SVR12) of 93% to 100% (13).

We evaluated the antiviral activity, safety, and tol-
erability of sofosbuvir administered with 25 or 100 mg
of velpatasvir with and without ribavirin for 12 weeks in
treatment-experienced patients with genotype 1 or 3
HCV infection. Because previously treated patients
have historically had a poorer response than treatment-
naive patients, we chose to evaluate sofosbuvir plus
velpatasvir with ribavirin, as well as sofosbuvir plus vel-
patasvir alone.

METHODS
Design Overview

This phase 2, multicenter, randomized, open-label
study was conducted from June 2013 (when the first
patient was enrolled) to August 2014 (when the last
patient completed follow-up). The study was originally
designed to enroll 2 cohorts of patients with chronic
genotype 3 HCV infection who had not achieved SVR
after previous therapy with an interferon-based
regimen—approximately 100 patients without cirrhosis
and 100 patients with compensated cirrhosis. Favor-
able results in treatment-naive patients with genotype 1
HCV infection in a phase 2 trial of similar design (13)
prompted us to amend our protocol to enroll a third
cohort of approximately 100 patients with chronic ge-
notype 1 HCV infection who did not achieve SVR after
previous therapy with an approved or experimental
NS3/4A protease inhibitor in combination with pegin-
terferon and ribavirin. Up to 50% of patients with geno-

type 1 HCV infection could have compensated
cirrhosis.

The protocol was approved by the institutional eth-
ics committees at all sites, and the study was conducted
in accordance with Good Clinical Practice guidelines
and the Declaration of Helsinki.

Setting and Participants
The study was conducted at 58 clinical sites: 7 in

Australia, 2 in New Zealand, and 49 in the United
States. Some patients were recruited partly through a
posting of study details on ClinicalTrials.gov and others
through referral by their treating physicians.

Adults (aged ≥18 years) with HCV RNA levels
greater than 10 000 IU/mL were eligible. The HCV RNA
genotype was determined by the central laboratory us-
ing the Versant HCV Genotype 2.0 Assay (LiPA) (Sie-
mens). If results were inconclusive, we used the Tru-
Gene HCV 5=NC Genotyping Kit (Siemens) with the
OpenGene DNA Sequencing System (Siemens). The
presence of cirrhosis was established by liver biopsy, a
FibroTest score greater than 0.75 and an aspartate ami-
notransferase–platelet ratio index greater than 2 during
screening, or a FibroScan value greater than 12.5 kPa.
Exclusion criteria were hepatic decompensation or co-
infection with hepatitis B virus or HIV; aminotransferase
level more than 10 times the upper limit of normal;
direct bilirubin level more than 1.5 times the upper limit
of normal; platelet count less than 90 × 109 cells/L; he-
moglobin A1c level greater than 8.5%; creatinine clear-
ance rate less than 60 mL/min/1.73 m2, as calculated by
the Cockcroft–Gault equation; hemoglobin level less
than 11 g/dL for female patients or less than 12 g/dL for
male patients; albumin level less than 454.55 μmol/L;
and prothrombin time (international normalized ratio)
greater than 1.5 times the upper limit of normal. To be
eligible, patients must not have achieved SVR after pre-
vious treatment of HCV infection and must not have
discontinued the previous regimen due to an adverse
event. Patients with genotype 3 HCV infection with pre-
vious exposure to an approved or experimental HCV-
specific direct-acting antiviral agent were excluded. Full
eligibility criteria are listed in the study protocol
(Supplement, available at www.annals.org). All patients
provided written informed consent before screening.

Randomization and Interventions
Three cohorts of eligible patients were enrolled:

treatment-experienced patients with genotype 3 HCV
infection without cirrhosis, treatment-experienced pa-
tients with genotype 3 HCV infection with compensated
cirrhosis, and patients with genotype 1 HCV infection
whose previous treatment with a protease inhibitor and
interferon-based regimen was unsuccessful. Within
each cohort, patients were randomly assigned to 4
groups (by a 1:1:1:1 ratio), each of which received 12
weeks of a single oral daily dose of 400 mg of sofosbu-
vir plus 25 mg of velpatasvir, 25 mg of velpatasvir with
ribavirin, 100 mg of velpatasvir, or 100 mg of velpatas-
vir with ribavirin (Figure). Velpatasvir was orally admin-
istered in single daily doses of either 25 or 100 mg.
Ribavirin was administered orally in a divided daily
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dose determined by body weight: 1000 mg daily in
patients weighing less than 75 kg and 1200 mg daily in
patients weighing 75 kg or greater.

Random assignment of patients was managed with
an interactive Web-response system (Bracket). A statis-
tician employed by the sponsor (L.H.) generated the
randomization code using SAS, version 9.2 (SAS Insti-
tute), which was validated by another statistician em-
ployed by the sponsor. The randomization was strati-
fied by cohort. Within cohort 3 (patients with genotype
1 HCV infection), randomization was stratified by geno-
type 1 subtype (1a or 1b) and cirrhosis status (presence
or absence). Investigators (Appendix, available at www
.annals.org), patients, and trial personnel were not
blinded to treatment assignment.

Outcomes and Follow-up
The primary efficacy outcome measure was SVR12,

defined as a serum HCV RNA level below the lower
limit of quantification (LLOQ) 12 weeks after comple-
tion of treatment. We measured HCV RNA levels with
the Cobas TaqMan HCV Quantitative Test, v2.0 (Roche
Diagnostics), in combination with the High Pure System
Viral Nucleic Acid Kit (Roche Diagnostics), and used an
LLOQ of 25 IU/mL.

Secondary efficacy outcome measures included
the proportion of patients with virologic failure, which

was defined as either on-treatment virologic failure
(HCV RNA level at or above the LLOQ after 8 weeks of
therapy, confirmed >1 log10 increase in HCV RNA level
from nadir, or confirmed HCV RNA level at or above the
LLOQ after 2 consecutive HCV RNA levels less than the
LLOQ) or relapse (HCV RNA level at or above the LLOQ
during the posttreatment period or HCV RNA levels
less than the LLOQ at the end of treatment). Other sec-
ondary efficacy outcome measures (SVR4, SVR24, and
HCV RNA levels less than the LLOQ by study visit and
HCV RNA levels and change from baseline in HCV RNA
levels through week 12) are not reported here.

The primary safety outcome measure was any ad-
verse event leading to permanent withdrawal of study
drugs. Safety assessments during treatment and up to
30 days after treatment included reports of adverse
events, standard laboratory testing, 12-lead electrocar-
diography, assessment of vital signs, and symptom-
driven physical examinations. Adverse events were
coded using the Medical Dictionary for Regulatory Ac-
tivities and graded by severity by the investigator ac-
cording to the Gilead Sciences Grading Scale for Sever-
ity of Adverse Events and Laboratory Abnormalities.

Deep sequencing of the HCV NS5A and NS5B
gene was done from pretreatment plasma samples
from all enrolled patients and from posttreatment sam-

Figure. Study flow diagram.
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Patients in groups 9 to 12 were enrolled after patients in groups 1 to 8 had completed the trial and were assessed for efficacy. HCV = hepatitis C
virus; RBV = ribavirin; SOF = sofosbuvir; VEL = velpatasvir.
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ples from all patients with virologic failure. The HCV
NS5A and NS5B coding regions were amplified by DDL
Diagnostic Laboratory (Rijswijk, The Netherlands) with
standard reverse transcriptase polymerase chain reac-
tion technology, and the reverse transcriptase polymer-
ase chain reaction products were deep sequenced by
WuXi AppTec (Shanghai, China). We defined NS5A
resistance-associated variants (RAVs) as changes from a
genotype-specific reference sequence at amino acid
position 24, 28, 30, 31, 32, 38, 58, 92, or 93 (14). We
defined NS5B RAVs as any change from the HCV refer-
ence sequence at position 96, 142, 159, 282, 289, 320,
or 321.

Statistical Analysis
The analysis set for efficacy and safety included

randomly assigned patients who received at least 1
dose of a study drug. No inferential statistics or statisti-
cal comparison was planned or conducted for efficacy
or safety data. A 2-sided 95% CI for the proportion of
patients with SVR12 in each treatment group was calcu-
lated by the Clopper–Pearson method (15). Patients
with missing HCV RNA levels for posttreatment week
12 and after for any reason were counted as having
unsuccessful treatment. No formal power or sample
size calculations were used to determine group size.
With a sample size of 25 patients in each treatment
group, a 2-sided exact CI was calculated to extend, at
most, 41% in length. We used SAS, version 9.2, for all
statistical analyses.

Role of the Funding Source
Gilead Sciences funded this study and was in-

volved in the design, collection, analysis, and interpre-

tation of the data and writing of the report. All coau-
thors had access to the study data, approved the final
report, and assume full responsibility for the veracity of
the data and analyses. The lead author had full access
to all data and had final responsibility for the decision
to submit the manuscript for publication.

RESULTS
Baseline Characteristics

We screened 416 patients, 321 of whom were ran-
domly assigned, received a study drug (Figure and Ap-
pendix Table, available at www.annals.org), and were
included in the final analysis. Patients were enrolled at
58 sites in the United States, Australia, and New Zea-
land. The median number of patients enrolled at each
site was 5 (range, 1 to 16). Table 1 shows demographic
and disease characteristics of the treatment groups.
Most patients were men, were white, and had non-CC
IL-28B genotype. Approximately one third of patients
with genotype 1 HCV infection had cirrhosis. Most pa-
tients were classified as having relapse or breakthrough
from their previous treatment regimen.

Virologic Response
On-Treatment Response

Of the 321 patients who received treatment, 267
(83%) had HCV RNA levels less than the LLOQ by week
2 of treatment; that proportion increased to 99% (318
of 320) by week 4. By the end of treatment, all patients
had HCV RNA levels less than the LLOQ, except for 1
patient with genotype 3 HCV infection who received
sofosbuvir with 25 mg of velpatasvir and ribavirin

Table 1. Demographic, Baseline, and Disease Characteristics*

Characteristic Noncirrhotic Patients With Genotype 3 HCV Infection

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 1:
No RBV
(n � 26)

Group 2:
Plus RBV
(n � 28)

Group 3:
No RBV
(n � 27)

Group 4:
Plus RBV
(n � 26)

Mean age (range), y 54 (22–69) 51 (25–67) 55 (32–68) 56 (42–72)
Mean BMI (range), kg/m2 27 (20–38) 28 (20–38) 27 (22–39) 28 (21–39)
Male, n (%) 18 (69) 22 (79) 18 (67) 17 (65)
Race, n (%)

White 25 (96) 26 (93) 25 (93) 24 (92)
Black 0 (0) 1 (4) 0 (0) 1 (4)

Site location, n (%)
Australia 9 (35) 10 (36) 7 (26) 6 (23)
New Zealand 1 (4) 2 (7) 3 (11) 3 (12)
United States 16 (62) 16 (57) 17 (63) 17 (65)

Cirrhosis, n (%) 0 (0) 0 (0) 0 (0) 0 (0)
HCV RNA level (SD), log10 IU/mL 6.7 (0.8) 6.6 (0.7) 6.6 (0.6) 6.7 (0.5)
HCV RNA level ≥800 000 IU/mL, n (%) 21 (81) 22 (79) 25 (93) 24 (92)
Non-CC IL-28B genotype, n (%) 18 (69) 18 (64) 19 (70) 15 (58)
Baseline ALT level >1.5 ULN, n (%) 16 (62) 17 (61) 18 (67) 15 (58)
Previous treatment, n (%)

Nonresponse 7 (27) 10 (36) 7 (26) 5 (19)
Relapse/breakthrough 19 (73) 18 (64) 20 (74) 21 (81)

ALT = alanine aminotransferase; BMI = body mass index; HCV = hepatitis C virus; RBV = ribavirin; SOF = sofosbuvir; ULN = upper limit of normal;
VEL = velpatasvir.
* Percentages may not sum to 100 due to rounding.
† Protease inhibitor failures.
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(group 6) (Table 2). This patient had HCV RNA levels
less than the LLOQ from weeks 2 to 10 but had an HCV
RNA level of 43 IU/mL at week 12 and subsequently
achieved SVR12.

SVR
Table 2 shows SVR12 rates in all treatment groups.

Among the treatment-experienced patients with geno-
type 3 HCV infection without cirrhosis who received so-
fosbuvir plus 25 mg of velpatasvir without and with
ribavirin, the SVR12 rates were 85% and 96%, respec-
tively. All treatment-experienced patients with geno-
type 3 HCV infection without cirrhosis who received so-
fosbuvir plus 100 mg of velpatasvir with or without
ribavirin achieved SVR12. All virologic failures in the
treatment-experienced patients with genotype 3 HCV
infection without cirrhosis were due to posttreatment
relapse. One patient discontinued treatment at day 81
due to an adverse event and achieved SVR12.

Among the treatment-experienced patients with
genotype 3 HCV infection and cirrhosis who received
sofosbuvir plus 25 mg of velpatasvir without and with
ribavirin, the SVR12 rates were 58% and 84%, respec-
tively. The SVR12 rates in treatment-experienced pa-
tients with genotype 3 HCV infection and cirrhosis who
received sofosbuvir plus 100 mg of velpatasvir without
and with ribavirin were 88% and 96%, respectively. All
virologic failures in the treatment-experienced patients
with genotype 3 HCV infection and cirrhosis were due
to relapse after treatment. One patient treated with so-
fosbuvir plus 25 mg of velpatasvir and ribavirin was
withdrawn by the investigator for nonadherence to the
study protocol and then withdrew consent for subse-
quent follow-up.

Among patients with genotype 1 HCV infection
who had not achieved SVR after previous treatment

with a protease inhibitor regimen, SVR12 rates were
100% and 97% in those treated with sofosbuvir plus 25
mg of velpatasvir without and with ribavirin, respec-
tively, and 100% and 96% in those treated with sofos-
buvir plus 100 mg of velpatasvir without and with riba-
virin. Two patients did not achieve SVR12; both
patients, who had genotype 1a HCV infection, had a
relapse after the end of treatment. One patient who
had a relapse was a white man aged 60 years without
cirrhosis who received sofosbuvir plus 25 mg of velpa-
tasvir with ribavirin, and the other was a white woman
aged 50 years with cirrhosis who received sofosbuvir
plus 100 mg of velpatasvir with ribavirin. No additional
relapses were detected in any treatment group after
the posttreatment week 12 visit.

Viral Resistance Assessment
Of the 321 patients enrolled, all had pretreatment

sequencing data for HCV NS5A and 318 had pretreat-
ment sequencing data for HCV NS5B (Table 3). The
prevalence of pretreatment NS5A RAVs detected with
15% cutoff was 17% (53 of 321) overall: 17% (36 of 210)
in patients with genotype 3 HCV infection and 15% (17
of 111) in patients with genotype 1 HCV infection.
Among patients with genotype 3 HCV infection without
cirrhosis, the SVR12 rates were similar in patients with
and without NS5A RAVs. Patients with cirrhosis who
had genotype 3 HCV infection who were treated with
sofosbuvir plus 25 mg of velpatasvir had the lowest
overall SVR12 rate at 58% (15 of 26), and only 1 of the
11 patients who had a relapse (9%) (10 of 11 [91%]) had
NS5A RAVs (Table 3). Sixteen of 17 (94%) genotype
1–infected patients with pretreatment NS5A RAVs
achieved SVR12 (Table 3). The S282T variant was not
seen in any patient in this study.

Table 1—Continued

Cirrhotic Patients With Genotype 3 HCV Infection Patients With Genotype 1 HCV Infection†

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 5:
No RBV
(n � 26)

Group 6:
Plus RBV
(n � 25)

Group 7:
No RBV
(n � 26)

Group 8:
Plus RBV
n � 26)

Group 9:
No RBV
(n � 27)

Group 10:
Plus RBV
(n � 29)

Group 11:
No RBV
(n � 27)

Group 12:
Plus RBV
(n � 28)

57 (40–68) 56 (38–65) 56 (45–68) 54 (44–65) 55 (25–67) 57 (47–67) 57 (46–67) 56 (41–66)
27 (20–39) 28 (22–45) 29 (23–44) 28 (20–38) 28 (23–43) 30 (21–45) 30 (20–50) 29 (18–37)
21 (81) 15 (60) 20 (77) 20 (77) 15 (56) 22 (76) 15 (56) 18 (64)

25 (96) 23 (92) 25 (96) 24 (92) 20 (74) 27 (93) 23 (85) 21 (75)
0 (0) 0 (0) 0 (0) 0 (0) 7 (26) 2 (7) 4 (15) 4 (14)

5 (19) 5 (20) 7 (27) 5 (19) 5 (19) 2 (7) 2 (7) 4 (14)
5 (19) 2 (8) 4 (15) 4 (15) 0 (0) 0 (0) 0 (0) 0 (0)

16 (62) 18 (72) 15 (58) 17 (65) 22 (81) 27 (93) 25 (93) 24 (86)
26 (100) 25 (100) 26 (100) 26 (100) 8 (30) 10 (34) 7 (26) 10 (36)

6.6 (0.5) 6.2 (0.7) 6.4 (0.8) 6.7 (0.5) 6.5 (0.6) 6.8 (0.4) 6.4 (0.5) 6.5 (0.4)
23 (88) 18 (72) 19 (73) 24 (92) 21 (78) 29 (100) 24 (89) 25 (89)
14 (54) 20 (80) 14 (54) 13 (50) 27 (100) 28 (97) 25 (93) 25 (89)
22 (85) 17 (68) 21 (81) 23 (88) 11 (41) 17 (59) 12 (44) 12 (43)

6 (23) 9 (36) 10 (38) 3 (12) 6 (22) 13 (45) 7 (26) 8 (29)
20 (77) 16 (64) 16 (62) 23 (88) 21 (78) 16 (55) 20 (74) 20 (71)
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Safety Results
Overall, 263 of 321 patients (82%) had at least 1

adverse event (Table 4). One patient had an adverse
event that led to treatment discontinuation. This pa-
tient, a white woman aged 58 years without cirrhosis
who had genotype 3 HCV infection and received 25 mg
of velpatasvir plus ribavirin, had an elevated alanine
aminotransferase level (8.75 μkat/L) and �-glutamyl
transferase level (7.55 μkat/L) on treatment day 80.
Study treatment was discontinued on day 81. This pa-
tient's �-glutamyl transferase level returned to pretreat-
ment levels by posttreatment day 11 and alanine ami-
notransferase level normalized by posttreatment day
33. Total bilirubin levels remained normal throughout.
The investigator assessed the elevated alanine amino-
transferase and �-glutamyl transferase levels as related
to a study drug. This patient achieved SVR12. Across all
treatment groups, 8 patients (2%) had serious adverse
events that were not considered to be related to a
study drug.

Adverse events that occurred in more than 10% of
patients across all treatment groups included headache
and fatigue (Table 4). More patients in the groups re-
ceiving ribavirin had fatigue, nausea, and pruritus; de-
creased hemoglobin levels; and increased bilirubin lev-

els. One patient had decreased lymphocyte counts and
1 had decreased neutrophil counts that resolved on
treatment.

DISCUSSION
The results from this open-label, randomized study

suggest that the combination of sofosbuvir and velpa-
tasvir is a safe and effective therapy for treatment-
experienced patients with genotype 1 or 3 HCV infec-
tion. Although this study was not designed to allow
statistical comparisons, especially among subgroups,
some preliminary observations may be made about re-
sponse by velpatasvir dose and the presence or ab-
sence of ribavirin.

The SVR12 rates seen in noncirrhotic patients with
genotype 3 HCV infection seemed to show a similar
pattern of response—those receiving 25 mg of velpatas-
vir had generally lower rates of SVR12 than those re-
ceiving 100 mg. Our data generally suggest that there
is no benefit in adding ribavirin to sofosbuvir plus 100
mg of velpatasvir but that ribavirin seems to benefit
patients receiving sofosbuvir plus 25 mg of velpatasvir.
However, because of the small sample sizes, additional
study in larger populations is warranted.

Table 2. Virologic Response During and After Treatment

Variable Noncirrhotic Patients With Genotype 3 HCV Infection

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 1:
No RBV
(n � 26)

Group 2:
Plus RBV
(n � 28)

Group 3:
No RBV
(n � 27)

Group 4:
Plus RBV
(n � 26)

HCV RNA level <25 IU/mL during treatment, n (%)
Week 1 7 (27) 8 (29) 6 (22) 11 (42)
Week 2 22 (85) 24 (86) 24 (89) 25 (96)
Week 4 25 (96) 28 (100) 27 (100) 26 (100)

SVR12
Participants, n (% [95% CI]) 22 (85 [65–96]) 27 (96 [82–100]) 27 (100 [87–100]) 26 (100 [87–100])

Virologic relapse, n (%) 4 (15) 1 (4) 0 (0) 0 (0)

HCV = hepatitis C virus; RBV = ribavirin; SOF = sofosbuvir; SVR12 = sustained virologic response at 12 wk after treatment; VEL = velpatasvir.
* Protease inhibitor failures.

Table 3. SVR in Patients With Pretreatment NS5A Resistance–Associated Polymorphisms

Variable Noncirrhotic Patients With Genotype 3 HCV Infection

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 1:
No RBV
(n � 26)

Group 2:
Plus RBV
(n � 28)

Group 3:
No RBV
(n � 27)

Group 4:
Plus RBV
(n � 26)

Patients with pretreatment NS5A sequence data, n 26 28 27 26
Patients with pretreatment NS5A RAVs, n (%) 5 (19) 6 (21) 4 (15) 2 (8)
SVR12 in patients with NS5A RAVs, n/N (%) 4/5 (80) 5/6 (83) 4/4 (100) 2/2 (100)
SVR12 in patients without NS5A RAVs, n/N (%) 18/21 (86) 22/22 (100) 23/23 (100) 24/24 (100)

HCV = hepatitis C virus; RAV = resistance-associated variant; RBV = ribavirin; SOF = sofosbuvir; SVR12 = sustained virologic response at 12 wk after
treatment; VEL = velpatasvir.
* Protease inhibitor failures.
† 1 participant without pretreatment NS5A RAVs did not complete posttreatment assessments and was excluded from SVR12 analysis.
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The SVR12 rates seen in treatment-experienced pa-
tients with genotype 3 HCV infection receiving 100 mg
of velpatasvir compare favorably with those previously
reported for other regimens. In the VALENCE study,
treatment-experienced patients with genotype 3 with-
out cirrhosis who received 24 weeks of sofosbuvir plus
ribavirin had an SVR12 rate of 79%, and those with cir-
rhosis had an SVR12 rate of 62% (16). In the BOSON
study, treatment-experienced patients with genotype 3
HCV infection without cirrhosis who received 12 weeks
of sofosbuvir plus peginterferon and ribavirin had an
SVR12 rate of 94%, and those with cirrhosis had an
SVR12 rate of 86% (17). The ALLY-3 phase 3 study eval-
uated sofosbuvir plus daclatasvir for 12 weeks in pa-
tients with genotype 3 HCV infection. Thirty-two of the
34 (94%) treatment-experienced patients without cir-
rhosis had SVR12, and 9 of 13 (69%) of those with cir-
rhosis achieved SVR12 (18).

Patients with genotype 1 HCV infection who had
not achieved SVR with previous protease inhibitor reg-
imens had similar rates of SVR12—ranging from 96% to
100%—regardless of velpatasvir dose and presence or
absence of ribavirin. Cirrhosis did not seem to lessen
the likelihood of SVR12. Of the 35 treatment-
experienced patients with genotype 1 HCV infection
and cirrhosis in this cohort, 34 (97%) achieved SVR12.

This compares favorably with the results in the ION-2
study among treatment-experienced patients with ge-
notype 1 HCV infection and cirrhosis who had not
achieved SVR with a protease inhibitor regimen: SVR12
was achieved by 86% (12 of 14) of those who received
12 weeks of ledipasvir plus sofosbuvir and 85% (11 of
13) of those who received 12 weeks of ledipasvir plus
sofosbuvir and ribavirin (4). The populations evaluated
in this study and the ION-2 study were similar, although
this study had a greater proportion of patients with cir-
rhosis (31%) and previous unsuccessful protease inhib-
itor treatment (100%). Approximately 20% of patients in
the ION-2 study had cirrhosis, and 61% had a previous
unsuccessful protease inhibitor regimen.

The presence of pretreatment NS5A RAVs did not
seem to affect SVR12 rates in patients with genotype 1
or 3 HCV infection, except for the patients with geno-
type 3a HCV infection receiving 25 mg of velpatasvir.
The high SVR12 achieved by patients treated with so-
fosbuvir and 100 mg of velpatasvir with and without
ribavirin suggests that this velpatasvir dose effectively
suppressed both wild-type virus and virus with RAVs.

Overall, treatment with sofosbuvir and 25 or 100
mg of velpatasvir with or without ribavirin was well-
tolerated, with low rates of serious adverse events and
only 1 withdrawal due to adverse events. The type and

Table 2—Continued

Cirrhotic Patients With Genotype 3 HCV Infection Patients With Genotype 1 HCV Infection*

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 5:
No RBV
(n � 26)

Group 6:
Plus RBV
(n � 25)

Group 7:
No RBV
(n � 26)

Group 8:
Plus RBV
(n � 26)

Group 9:
No RBV
(n � 27)

Group 10:
Plus RBV
(n � 29)

Group 11:
No RBV
(n � 27)

Group 12:
Plus RBV
(n � 28)

5 (19) 7 (28) 5 (19) 2 (8) 9 (33) 2 (7) 12 (44) 10 (36)
22 (85) 24 (96) 22 (85) 18 (69) 21 (78) 19 (66) 23 (85) 23 (82)
26 (100) 24 (96) 26 (100) 26 (100) 26 (96) 29 (100) 27 (100) 28 (100)

15 (58 [37–77]) 21 (84 [64–96]) 23 (88 [70–98]) 25 (96 [80–100]) 27 (100 [87–100]) 28 (97 [82–100]) 27 (100 [87–100]) 27 (96 [82–100])

11 (42) 3 (12) 3 (12) 1 (4) 0 (0) 1 (3) 0 (0) 1 (4)

Table 3—Continued

Cirrhotic Patients With Genotype 3 HCV Infection Patients With Genotype 1 HCV Infection*

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

SOF, 400 mg,
Plus VEL, 25 mg

SOF, 400 mg,
Plus VEL, 100 mg

Group 5:
No RBV
(n � 26)

Group 6:
Plus RBV
(n � 25)

Group 7:
No RBV
(n � 26)

Group 8:
Plus RBV
(n � 26)

Group 9:
No RBV
(n � 27)

Group 10:
Plus RBV
(n � 29)

Group 11:
No RBV
(n � 27)

Group 12:
Plus RBV
(n � 28)

26 25 26 26 27 29 27 28
4 (15) 7 (28) 4 (15) 4 (15) 6 (22) 6 (21) 4 (15) 1 (4)

3/4 (75) 5/7 (71) 3/4 (75) 4/4 (100) 6/6 (100) 5/6 (83) 4/4 (100) 1/1 (100)
12/22 (55) 16/17† (94) 21/22 (95) 21/22 (95) 21/21 (100) 23/23 (100) 23/23 (100) 26/27 (96)
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incidence of adverse events or laboratory abnormalities
did not suggest toxicity related to velpatasvir dose. Pa-
tients who received regimens containing ribavirin had a
higher incidence of decreased hemoglobin and ele-
vated bilirubin consistent with ribavirin-induced
hemolysis.

This study is limited by its open-label design and
because it was not powered for comparisons among
treatment groups. In addition, no patients with geno-
type 2, 4, 5, or 6 HCV infection or decompensated cir-
rhosis were enrolled in this study. The efficacy of the
regimens should not be extrapolated across all HCV
genotypes.

In summary, sofosbuvir plus 100 mg of velpatasvir
provided high rates of SVR12 in treatment-experienced
patients with genotype 1 or 3 HCV infection, including
those with compensated cirrhosis, but results will need
confirmation in a phase 3 trial. These results support
the formulation of a fixed-dose combination tablet of
sofosbuvir and 100 mg of velpatasvir for evaluation in
phase 3 studies with the goal of developing a simple,
all-oral, highly effective, and well-tolerated regimen
with broad genotypic coverage.
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Variable SOF, 400 mg,
Plus VEL, 25 mg
(n � 79)

SOF, 400 mg,
Plus VEL, 25 mg,
Plus RBV (n � 82)

SOF, 400 mg,
Plus VEL, 100 mg
(n � 80)

SOF, 400 mg,
Plus VEL, 100 mg,
Plus RBV (n � 80)

Total
(n � 321)

Patients who had AEs 65 (82) 66 (80) 63 (79) 69 (86) 263 (82)
Patients who had AEs leading to discontinuation of treatment 0 (0) 1 (1) 0 (0) 0 (0) 1 (<1)
Deaths 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Patients who had serious AEs† 1 (1) 0 (0) 4 (5) 3 (4) 8 (2)
AEs‡

Headache 23 (29) 28 (34) 18 (23) 24 (30) 93 (29)
Fatigue 16 (20) 27 (33) 19 (24) 27 (34) 89 (28)
Nausea 12 (15) 18 (22) 7 (9) 18 (23) 55 (17)
Insomnia 12 (15) 11 (13) 6 (8) 16 (20) 45 (14)
Irritability 6 (8) 6 (7) 3 (4) 12 (15) 27 (8)
Diarrhea 9 (11) 4 (5) 9 (11) 4 (5) 26 (8)
Pruritus 2 (3) 9 (11) 2 (3) 12 (15) 25 (8)
Rash 4 (5) 5 (6) 2 (3) 9 (11) 20 (6)

Laboratory events
Decreased hemoglobin level

<100 g/L 0 (0) 3 (4) 2 (3) 5 (6) 10 (3)
<85 g/L 0 (0) 0 (0) 0 (0) 1 (1) 1 (<1)

Lymphocyte count <0.500 × 109 cells/L 0 (0) 0 (0) 1 (1) 0 (0) 1 (<1)
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AE = adverse event; RBV = ribavirin; SOF = sofosbuvir; ULN = upper limit of normal; VEL = velpatasvir.
* Values are numbers (percentages).
† None was related to the study drug.
‡ ≥10% in total.
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Appendix Table. Reasons for Screen Failure*

Variable Value

Screened patients, n 416
Patients rescreened, n 1
Screen failure patients 93/416 (22)
Screen failure patients who did not meet eligibility criteria 99/83 (96)

Exclusion criterion 3: screening laboratory results within
acceptable range

40/89 (45)

Exclusion criterion 8: clinically relevant drug or alcohol abuse 12/89 (13)
Inclusion criterion 5A: history of prior treatment failure 12/89 (13)
Inclusion criterion 6: HCV genotype determined at screening 9/89 (10)
Inclusion criterion 9: liver imaging for HCC in patients with

cirrhosis
8/89 (9)

Inclusion criterion 5: history of prior treatment failure 6/89 (7)
Inclusion criterion 4: HCV RNA level ≥104 IU/mL at screening 5/89 (6)
Exclusion criterion 1: history of clinically significant illness or

any other major medical disorder
3/89 (3)

Exclusion criterion 9: use of any prohibited concomitant
medications

3/89 (3)

Inclusion criterion 14: participant must be able to adhere to
the study directions and assessments

2/89 (2)

Exclusion criterion 2: screening ECG with clinically significant
abnormalities

1/89 (1)

Exclusion criterion 5: pregnant or nursing woman or man
with pregnant female partner

1/89 (1)

Screen failure patients who met eligibility criteria 4/93 (4)
Reasons for nonenrollment of patients who met eligibility

criteria
Withdrew consent 2/4 (50)
Other 1/4 (25)

Outside visit window 1/4 (25)

ECG = electrocardiography; HCC = hepatocellular carcinoma; HCV =
hepatitis C virus.
* Values are n/N (%) unless otherwise indicated.
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