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Abstract
Background and aims In clinical studies, sofosbuvir–velpatasvir has demonstrated high cure rates and favorable tolerability 
in patients chronically infected with chronic hepatitis C virus (HCV) of any genotype. We evaluated the effectiveness and 
safety of sofosbuvir–velpatasvir administered with minimal medical monitoring to patients in India.
Methods At 16 sites in India, 129 adult patients with chronic HCV infection of any genotype initiated 12 weeks of once-daily 
sofosbuvir–velpatasvir (400–100 mg). Patients with compensated cirrhosis or prior treatment experience could be included 
in the study. Study drug was dispensed monthly, but there were no on-treatment study assessments. The primary efficacy 
endpoint was rate of sustained virologic response (HCV RNA < 15 IU/mL) 12 weeks after treatment (SVR12), which was 
compared to a pre-specified performance goal of 85%.
Results The majority of patients had HCV genotype 3 infection (70%), followed by HCV genotype 1 (22%). The SVR12 
rate was 93% (120/129; 95% CI, 87% to 97%) (p = 0.009 compared with the 85% performance goal). Of the nine patients 
who did not achieve SVR12, 1 experienced virologic failure, 2 relapsed after treatment, 1 withdrew consent after treatment, 
and 5 were lost to follow-up (1 during and 4 after treatment). Sofosbuvir–velpatasvir was well-tolerated, and no patients 
discontinued treatment because of an adverse event. The most frequently reported adverse events were headache (3% of 
patients), upper abdominal pain (2%), and pyrexia (2%).
Conclusions In this study conducted at multiple sites in India, sofosbuvir–velpatasvir administered without genotype restric-
tion or on-treatment safety assessments was well-tolerated and highly effective.
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Abbreviations
AASLD  American Association for the Study of Liver 

Diseases
APRI  AST:platelet ratio index
BMI  Body mass index
DAA  Direct-acting antiviral
FDA  Food and Drug Administration
HCV  Hepatitis C virus
LLOQ  Lower limit of quantification
RAS  Resistance-associated substitution
SOF  Sofosbuvir
SVR  Sustained virological response
ULN  Upper limit of normal
VEL  Velpatasvir

Introduction

In India, the burden of chronic hepatitis C virus (HCV) 
infection is large [1]. An estimated 0.8% [2] of 1.3 billion 
persons are anti-HCV positive. Studies of subpopulations 
in India suggest prevalence rates vary widely (0.09–5.2%) 
[1, 3–9], although some of this variation can be attrib-
uted to differences in sampling technique. The majority of 
HCV-infected persons in India have genotype 3 virus [1, 
2], which has been associated with a relatively aggressive 
course of liver disease, with increased risk of severe stea-
tosis, fibrosis progression, or hepatocellular carcinoma 
[10, 11]. Relative to other genotypes, genotype 3 HCV 
has been less responsive to treatment with earlier-gen-
eration direct-acting antivirals [12] and requires longer 
durations of treatment or the addition of ribavirin, which 
is associated with anemia and therefore necessitates care-
ful monitoring of patients during treatment.

The combination of sofosbuvir, NS5B polymerase 
inhibitor, with velpatasvir, NS5A inhibitor, is a once-
daily, oral, pangenotypic, single-tablet regimen that is 
well-tolerated and leads to high SVR rates (95–99%) in 
patients with or without compensated cirrhosis in clini-
cal studies [13, 14]. A key advantage of sofosbuvir–vel-
patasvir relative to earlier regimens containing direct-
acting antivirals is that it can be used without ribavirin in 
all HCV genotypes and patients with compensated cirrho-
sis. The safety and tolerability of sofosbuvir–velpatasvir 
suggest it could be administered with minimal safety 
monitoring, an important consideration for regions with 
limited medical resources. We evaluated the safety and 
effectiveness of sofosbuvir–velpatasvir administered with 
no genotypic restrictions or on-treatment study assess-
ments at multiple medical centers in India.

Methods

Patients

Eligible patients were adults aged 18 years or older with 
chronic HCV infection of any genotype. Patients could be 
treatment-naive or -experienced, and those without cirrhosis 
or with compensated cirrhosis were eligible for participa-
tion. The presence of cirrhosis was determined by either (1) 
liver biopsy with Metavir 4 or Ishak ≥ 5 scoring; (2) Fibro-
scan > 12.5 kPa; (3) abdominal ultrasound or radiographic 
imaging; or 4) laboratory tests such as FibroTest (> 0.75), 
AST:platelet ratio index (> 2), FIB-4 (> 5.88), or another 
test meeting accepted standards. Patients were excluded 
from participating in the study if they had any of the fol-
lowing conditions: platelets < 30,000/µL, hemoglobin < 8 g/
dL, alanine aminotransferase or aspartate aminotrans-
ferase > 10 × ULN; creatinine clearance < 30 mL/min (Cock-
croft–Gault equation); infection with hepatitis B or HIV; 
prior liver transplantation; hepatocellular carcinoma; or had 
previously been treated with a HCV non-structural (NS) pro-
tein 5A inhibitor. Patients provided written informed consent 
before undertaking any study-related procedures.

Study design

This was an open-label, Phase 3 study. Up to approximately 
20% of patients could have compensated cirrhosis, and up to 
approximately 20% could be treatment-experienced. Patients 
received sofosbuvir–velpatasvir (400–100 mg) combination 
tablet once-daily for 12 weeks. Study visits were conducted 
at screening, on day 1 of treatment, and at the end of treat-
ment. In addition, drug-dispensing visits occurred at weeks 
4 and 8. After completing 12 weeks of treatment, patients 
underwent follow-up visits at post-treatment weeks 4 and 12.

Study oversight

The study protocol was approved by the review board or 
ethics committee of each institution prior to study initiation. 
The study was conducted in accordance with the Interna-
tional Conference on Harmonization Good Clinical Practice 
Guidelines and the Declaration of Helsinki.

Assessments

Screening assessments included measurement of plasma 
HCV RNA level, HCV genotyping, and standard laboratory 
and clinical tests. HCV RNA levels were quantified by using 
the COBAS Ampliprep/COBAS TaqMan HCV Test, version 
2.0 (Roche Molecular Systems, Inc., Branchburg, NJ), which 
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has a lower limit of quantitation (LLOQ) of 15 IU/mL. HCV 
genotype and subtype were determined using the LiPA 2.0 
genotyping assay or by Sanger sequencing if the LiPA assay 
did not provide a genotype.

Plasma HCV RNA levels were evaluated at screening, 
on day 1 of treatment, at the end of treatment, and at the 
week 12 follow-up visit. Plasma samples for viral sequenc-
ing were collected on day 1 of treatment, at the end of 
treatment, and at post-treatment week 12. Deep sequenc-
ing of the NS5A, and NS5B coding regions was performed 
on samples obtained from patients with virologic failure 
at baseline and at the first postbaseline time point during 
which a plasma sample with HCV RNA >1000 IU/mL was 
available. Sequences obtained from postbaseline and base-
line samples were compared to detect treatment-emergent 
resistance-associated substitutions (RASs). Reported RASs 
were present in more than 15% of the sequence reads.

Physical examinations were conducted at screening, on 
treatment day 1, at the final treatment visit, and at the week 
4 follow-up visit. Collection of vital signs, adverse events, 
concomitant medication intake, and clinical laboratory 
assessments followed the same schedule. Adverse events 
were coded using the Medical Dictionary for Regulatory 
Activities, Version 20.1. Study drug was dispensed monthly. 
Adherence study drug was measured by pill counts of bot-
tles returned to the study site by patients. If a bottle was 
dispensed but not returned (missing), it was assumed that 
no study drug was taken from that bottle.

Endpoints

The primary efficacy endpoint was achievement of SVR12, 
defined as having HCV RNA < LLOQ 12 weeks after dis-
continuing study drugs, among patients who took at least 1 
dose of study drug.

Statistical analyses

In the primary efficacy analysis, the SVR12 rate was com-
pared to a pre-specified performance goal of 85% by using 
a 2-sided exact 1-sample binomial test at the 0.05 signifi-
cance level. The basis for the 85% benchmark included the 
overall trend toward increasing SVR rates in recent years, 
the higher SVR rates observed with peg-interferon plus 
ribavirin in Asian patients [15], and the general appeal 
of using a fixed clinically relevant threshold as a measure 
of treatment benefit [16] of the pangenotypic regimen of 
sofosbuvir–velpatasvir.

A sample size of 125 patients was to provide 95% power 
to detect an improvement in SVR12 from 85% to 95% using 
a 2-sided exact 1-sample binomial test at a significance level 
of 0.05.

Results

Patient population

At 16 sites in 14 cities in India, 129 patients were enrolled 
and received at least 1 dose of sofosbuvir–velpatasvir. The 
majority of patients (59%) were male, and the median age 
was 42 years (range 19–75) (Table 1). Seventy-one percent 
of patients (90/129) were infected with HCV genotype 3. 
Forty-two patients (33%) had cirrhosis and 11 patients 
(9%) had prior treatment experience, 9 of whom (82%) had 
prior treatment with Peg-interferon and ribavirin. Of the 
129 patients who initiated therapy, 128 (99%) completed 
it and 1 patient was lost to follow-up during treatment 
(Fig. 1).

Table 1  Patient demographics and baseline characteristics

ALT alanine aminotransferase, BMI body mass index, eGFR esti-
mated glomerular filtration rate, HCV hepatitis C virus, SOF sofosbu-
vir, VEL velpatasvir
*This patient was later determined to have HCV genotype 6n infec-
tion by BLAST analysis

SOF-VEL 
12 weeks 
(N = 129)

Median (range) age, year 42 (19–75)
Age < 65 years, n (%) 122 (95)
Male sex at birth, n (%) 76 (59)
Asian race, n (%) 129 (100)
Median (range) BMI, kg/m2 24 (15–40)
Genotype, n (%)
 1 28 (22)
  1a 6 (5)
  1b 22 (17)

 3 90 (70)
  3a 61 (47)
  3b 11 (9)
  3g 1 (1)
  3i 6 (5)
  3k 5 (4)

 4 7 (5)
  4a/4c/4d 1 (1)
  4h 4 (3)

 6c-1 1 (1)*
 Indeterminate 3 (2)

Mean (SD) HCV RNA,  log10 IU/mL 5.9 (0.96)
Cirrhosis, n (%) 42 (33)
Median (range) ALT, U/L 46 (11, 298)
Treatment experienced, n (%) 11 (9)
 Peg-interferon + ribavirin 9 (7)
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Efficacy

The SVR12 rate was 93% (120 of 129; 95% CI 87% to 97%) 
(Table 2), which was significantly higher than the prespeci-
fied performance goal of 85% (p = 0.009). Among patients 
with cirrhosis, 98% (41 of 42) achieved SVR12 (Table 3). 
Of the 11 patients who had previously received treatment for 
HCV, 10 (91%) achieved SVR12. At the end of treatment, 
99% (112 of 113) of patients who underwent evaluation 
had undetectable HCV RNA. Of the nine patients who did 
not reach SVR12, one experienced on-treatment virologic 
failure, two relapsed after treatment, one withdrew consent 

after completing treatment, and five were lost to follow-up 
(one during treatment and four after treatment). Six addi-
tional patients did not achieve SVR12 (five patients were 
lost to follow-up and one patient withdrew consent). Of the 
six patients who were lost to follow-up and withdrew, 4 had 
genotype 3a, 1 had genotype 1a, and 1 had genotype 1b 
HCV infection. The overall relapse rate was 2% (2 of 112 
patients).

The patient who experienced on-treatment virologic 
failure was a 30-year-old male with HCV genotype 3a who 
did not have cirrhosis, had HCV RNA 3,900,000 IU/mL at 
baseline and 25 IU/mL at the end of treatment. This patient 

Fig. 1  Patient disposition 
throughout treatment. HCV 
hepatitis C virus, SOF sofosbu-
vir, VEL velpatasvir

Initiated SOF-VEL Treatment
N=129

Completed Follow-up Week 12 
HCV RNA Assessment 

n=123

Completed SOF-VEL Treatment
n=128

Patients Screened
N=170

Patients Enrolled
N=130

Not Enrolled, n=40
Did not meet eligibility criteria, n=28
Outside of visit window, n=8
Withdrew consent, n=2
Other, n=2

Enrolled But Not Treated, n=1
Withdrew consent, n=1

Discontinued Study Treatment, n=1
Lost to follow-up, n=1

Discontinued Study Treatment, n=5
Lost to follow-up, n=4
Withdrew consent, n=1
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was reported as being adherent to treatment and did not have 
NS5A or NS5B RASs at baseline or postbaseline.

The two patients that relapsed had genotype 3b and geno-
type 6n HCV infection as determined by BLAST analysis. 
The patient with genotype 3b infection had cirrhosis and had 
been enrolled with an exclusionary prior treatment history 
having received sofosbuvir and daclatasvir for 12 weeks. 
This patient had NS5A RASs A30K and L31M at baseline 
and relapse. No NS5A RASs emerged at relapse (NS5B 
sequencing was not available due to assay failure). The 

other patient who relapsed with genotype 6n HCV infection 
was initially identified as having genotype 6c-1 by LiPA at 
screening. This patient was treatment naive and did not have 
cirrhosis. This patient had NS5A RASs F28V and T93S and 
the NS5B RAS M289L at baseline and relapse. No NS5A or 
NS5B RASs emerged at relapse.

Safety

Fifteen percent (19 of 129) of patients experienced an 
adverse event (Table  4). The most commonly reported 
adverse events overall were headache (3%), upper abdomi-
nal pain (2%), and pyrexia (2%). One serious adverse event, 
rectal hemorrhage, was reported, and this event was not 
considered related to study treatment. The event occurred 
20 days after the end of treatment and resolved 12 days after 
onset. No patient had adverse events leading to premature 
discontinuation of treatment or to interruption of sofosbu-
vir–velpatasvir dosing. The only Grade 3 or 4 laboratory 
abnormalities that occurred in more than 1 patient were 
decreased hemoglobin (five patients), lymphocytes (three 
patients), and platelets (two patients) and increased bilirubin 
(two patients); none of these labs was considered clinically 
significant. Of the five patients with Grade 3 or 4 decreased 
hemoglobin, four had Grade 2 decreased hemoglobin and 
one had normal hemoglobin levels at screening and/or day 
1 of treatment and all five had maximal decreases to Grade 
3. Overall, hemoglobin was stable during the study with the 
mean (median) change from baseline of 0.0 (0.1) g/dL at 
week 12 and 0.1 (0.2) g/dL at post-treatment week 4.

Discussion

In this study conducted at multiple sites in India, sofosbu-
vir–velpatasvir administered without genotype restriction 
or on-treatment safety assessments was well-tolerated and 
highly effective with a 93% SVR12 rate. Overall, 9 (7%) 
of 129 patients did not achieve SVR12. Of these, 1 patient 
had on-treatment virologic failure, and two patients relapsed. 
One of the patients who had relapsed had been previously 
treated with NS5A inhibitor-containing regimen (SOF and 
DCV for 12 weeks). None of the three patients with viro-
logic failure had treatment-emergent resistance. The SVR12 
rates were > 90% for all subtype groups with greater than 1 
patient, including patients with treatment experience, cir-
rhosis and rare subtypes of genotype 3 that are often under-
represented in studies taking place in Western countries.

These efficacy findings are consistent with those observed 
in the global sofosbuvir–velpatasvir development program. 
In the Phase 3 ASTRAL-1 (GS-US-342-1138), ASTRAL-2 
(GS-US-342-1139), and ASTRAL-3 (GS-US-342-1140) 
studies, the SVR12 rate of sofosbuvir–velpatasvir for 

Table 2  Treatment response to sofosbuvir–velpatasvir

HCV hepatitis C virus, LLOQ lower limit of quantification, SOF 
sofosbuvir, SVR12 sustained virologic response 12 weeks after treat-
ment, VEL velpatasvir

SOF-VEL 
12 weeks 
(N = 129)

HCV RNA < LLOQ (15 IU/mL), n/n (%)
 On treatment
  Week 12 112/113 (99)

 After treatment
  Week 12 (SVR12) 120/129 (93)
   95% CI 87% to 97%

Virologic failure, n (%)
 On treatment 1
 Relapse 2

Table 3  SVR12 by subgroups

HCV hepatitis C virus, SOF sofosbuvir, SVR12 sustained virologic 
response 12 weeks after treatment, VEL velpatasvir, VOL voxilaprevir

SOF-VEL 
12 weeks 
(N = 129)

Cirrhosis
 Yes 98% (41/42)
 No 91% (79/87)

HCV genotype
 1 (all subtypes) 93% (26/28)
  1a 83% (5/6)
  1b 96% (21/22)

 3 93% (84/90)
 4 100% (7/7)
 6 0% (0/1)
 Indeterminate 100% (3/3)

Prior treatment
 Naive 93% (110/118)
 Experienced 91% (10/11)

Adherence to SOF-VEL
 < 80% 88% (7/8)
 ≥ 80% 93% (113/121)
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12 weeks in patients with genotype 1–6 HCV infection with 
and without compensated cirrhosis was 98% (1015 of 1035 
patients) and the relapse rate was 1% (13 of 1032 patients) 
[13, 14]. Compared with the global Phase 3 program, the 
overall SVR12 rate in this study was slightly lower due to 
the number of patients who did not achieve SVR12 due to 
non-virologic reasons; the relapse rate was similar (2%).
Overall, treatment with sofosbuvir–velpatasvir for 12 weeks 
in patients with chronic HCV infection was generally safe 
and well tolerated. The overall rate of AEs was lower (15%) 
than had been previously observed in the ASTRAL studies 
(69%–88%) perhaps due to the design of the current study 
having fewer on-treatment assessments [13, 14].

Sofosbuvir–velpatasvir has multiple advantages relative 
to earlier direct-acting antiviral regimens with regard to 
diagnostic testing and monitoring. Because of its pangen-
otypic activity, HCV genotype assessment prior to sofos-
buvir–velpatasvir treatment is not required. The treatment 

algorithm is further simplified in the single treatment 
duration for all degrees of liver fibrosis and the absence of 
ribavirin greatly reduces the need for safety monitoring on 
treatment. During the conduct of this study, sofosbuvir–vel-
patasvir was approved in India and sofosbuvir–velpatasvir 
will be available locally through a partnership with a generic 
manufacturer.

From a public health standpoint, having a highly effective 
treatment that requires minimal diagnostic testing and on-
treatment monitoring would be advantageous for reaching 
large number of patients with limited resources and will be 
critical achieving the goal of HCV elimination as set forth 
by the World Health Organization [17].

In summary, results from this Phase 3 study in India 
suggest treatment with the pangenotypic regimen sofos-
buvir–velpatasvir for 12 weeks is safe and effective when 
administered with minimal monitoring, which has important 
implications for treating patients in resource-limited regions.

Table 4  Adverse events and 
laboratory abnormalities

ALT alanine transaminase, AST aspartate transaminase, SOF sofosbuvir, ULN upper limit of normal, VEL 
velpatasvir

SOF-VEL 12 
weeks (N = 129)

No. (%) of patients with any adverse event 19 (15)
No. (%) of patients with a Grade 3 or 4 adverse event 1 (1)
No. (%) of patients with a serious adverse event 1 (1)
Adverse events leading to discontinuation of study drug, n (%) 0
Deaths, n 0
Adverse events in > 1% of patients, n (%)
 Headache 4 (3)
 Abdominal pain upper 3 (2)
 Pyrexia 3 (2)
 Fatigue 2 (2)
 Hyperchlorhydria 2 (2)
 Nausea 2 (2)
 Upper respiratory tract infection 2 (2)

Serious adverse events, n (%)
 Rectal hemorrhage 1 (1)

Laboratory abnormalities (Grade 3 or above), n (%)
 Hemoglobin, 70 to < 90 g/L or ≥ 4.5 g/L decrease from baseline 5 (4)
 Lymphocytes
  350 to < 500/mm3 1 (1)
  <350/mm3 2 (2)

 Bilirubin, > 2.5 to 5.0 × ULN 2 (2)
 ALT, > 10.00 × ULN 1 (1)
 AST, > 5.00 to 10.00 ULN 1 (1)
 Glucose, > 250 to 500 mg/dL 1 (1)
 Platelets
  25,000 to < 50,000/mm3 1 (1)
  < 25,000 mm3 1 (1)

 White blood cells, 1000 to < 1500/mm3 1 (1)
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