ORIGINAL ARTICLE

Korean J Intern Med 2023;38:504-513
https://doi.org/10.3904/kjim.2022.252

Efficacy and safety of sofosbuvir-velpatasvir and
sofosbuvir-velpatasvir—voxilaprevir for hepatitis C
in Korea: a Phase 3b study

Jeong Heo'* Yoon Jun Kim?*, Sung Wook Lee?, Youn-Jae Lee* Ki Tae Yoon?, Kwan Soo Byun®, Yong Jin Jung’,
Won Young Tak®, Sook-Hyang Jeong®, Kyung Min Kwon'?, Vithika Suri'®, Peiwen Wu'®, Byoung Kuk Jang'",
Byung Seok Lee'?, Ju-Yeon Cho'®, Jeong Won Jang', Soo Hyun Yang'®, Seung Woon Paik'®, Hyung Joon Kim",
Jung Hyun Kwon'¥, Neung Hwa Park'®, Ju Hyun Kim'®, In Hee Kim?, Sang Hoon Ahn?', and Young-Suk Lim??

'Department of Internal Medicine, College of Medicine, Pusan National University and Biomedical Research Institute, Pusan National University
Hospital, Busan; 2Department of Internal Medicine and Liver Research Institute, Seoul National University College of Medicine, Seoul; >Department
of Internal Medicine, Dong-A University Hospital, Dong-A University College of Medicine, Busan; “Department of Internal Medicine, Inje University
Busan Paik Hospital, Inje University College of Medicine, Busan; *Department of Internal Medicine, Pusan National University Yangsan Hospital, Pusan
National University School of Medicine, Yangsan; ®Division of Gastroenterology and Hepatology, Department of Internal Medicine, Korea University
College of Medicine, Seoul; "Division of Gastroenterology, Department of Internal Medicine, Seoul National University Boramae Medical Center,
Seoul National University College of Medicine, Seoul; ®Department of Internal Medicine, Kyungpook National University Hospital, School of Medicine,
Kyungpook National University, Daegu; °Department of Internal Medicine, Seoul National University Bundang Hospital, Seoul National University
College of Medicine, Seongnam, Korea; '°Gilead Sciences, Inc., Foster City, CA, USA; ""Department of Internal Medicine, Keimyung University School
of Medicine, Daegu; '?Department of Internal Medicine, School of Medicine, Chungnam National University, Daejeon; *Department of Internal
Medicine, College of Medicine, Chosun University, Gwangju; "Division of Hepatology, Department of Internal Medicine, College of Medicine, The
Catholic University of Korea, Seoul; ">Department of Internal Medicine, Veterans Health Service Medical Center, Seoul; '®Department of Medicine,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul; ""Department of Internal Medicine, Chung-Ang University College
of Medicine, Seoul: "®Department of Internal Medicine, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan; '*Department

of Internal Medicine, Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon; 2°Department of Internal Medicine,
Jeonbuk National University Hospital, Jeonju; 2'Department of Internal Medicine, Institute of Gastroenterology, Yonsei University College of
Medicine, Seoul; 2?Department of Gastroenterology, Liver Center, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

*These authors contributed equally to this manuscript.

Efficacy and safety of sofosbuvir-velpatasvir and sofosbuvir-velpatasvir—
voxilaprevir for hepatitis C in Korea: a Phase 3b study

Phase 3b, multicenter, open-label cohort study
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Background/Aims: Despite the availability of direct-acting antivirals (DAASs) for chronic hepatitis C virus (HCV) infection in
Korea, need remains for pangenotypic regimens that can be used in the presence of hepatic impairment, comorbidities, or
prior treatment failure. We investigated the efficacy and safety of sofosbuvir—velpatasvir and sofosbuvir-velpatasvir-voxila-
previr for 12 weeks in HCV-infected Korean adults.

Methods: This Phase 3b, multicenter, open-label study included 2 cohorts. In Cohort 1, participants with HCV genotype 1
or 2 and who were treatment-naive or treatment-experienced with interferon-based treatments, received sofosbuvir-velpat-
asvir 400/100 mg/day. In Cohort 2, HCV genotype 1 infected individuals who previously received an NS5A inhibitor-contain-
ing regimen > 4 weeks received sofosbuvir-velpatasvir—voxilaprevir 400/100/100 mg/day. Decompensated cirrhosis was an
exclusion criterion. The primary endpoint was SVR12, defined as HCV RNA < 15 1U/mL 12 weeks following treatment.
Results: Of 53 participants receiving sofosbuvir-velpatasvir, 52 (98.1%) achieved SVR12. The single participant who did not
achieve SVR12 experienced an asymptomatic Grade 3 ASL/ALT elevation on day 15 and discontinued treatment. The event
resolved without intervention. All 33 participants (100%) treated with sofosbuvir—velpatasvir—voxilaprevir achieved SVR 12.
Overall, sofosbuvir-velpatasvir and sofosbuvir-velpatasvir-voxilaprevir were safe and well tolerated. Three participants (5.6%)
in Cohort 1 and 1 participant (3.0%) in Cohort 2 had serious adverse events, but none were considered treatment-related.
No deaths or grade 4 laboratory abnormalities were reported.

Conclusions: Treatment with sofosbuvir-velpatasvir or sofosbuvir-velpatasvir—voxilaprevir was safe and resulted in high

SVR12 rates in Korean HCV patients.
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INTRODUCTION

The World Health Organization has set a goal of eliminating
hepatitis C as a public health problem by 2030 [1]. Elimina-
tion is defined as reducing new infections with hepatitis C
virus (HCV) by 90% and resulting deaths by 65%. Globally,
multiple countries have initiatives for meeting the 2030 tar-
get, and modelling data indicate that 11 countries are on
pace to reach this goal [2]. Some countries, such as South
Korea, are on pace for elimination by 2040, while many
countries are not expected to do so before 2050 [2]. To
improve progress, four hepatology societies, including the
Asian-Pacific Association for the Study of the Liver, have put
forth a call to action describing and emphasizing simplified
approaches to HCV testing and cure [3]. The need to eval-
uate HCV genotype, fibrosis status, and the presence of re-
sistance-associated substitutions (RAS) all slow efforts to be-
gin treatment and complicate on-treatment monitoring [4].
Thus, removing some or all of these steps facilitates cure [4].

As in many regions, in Korea persons aged 60 years or
older have the highest prevalence of HCV [5-8]. With longer
duration of infection, older generations have a higher risk
of advanced liver disease [9,10]. They also are at greater risk
for comorbidities [11], including those that can accelerate
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liver disease progression [12] or whose treatment creates
the potential for drug—-drug interactions.

Of current direct-acting antiviral (DAA) regimens, sever-
al are highly effective and well tolerated [13-15]. However,
few are pangenotypic, and several contain protease inhib-
itors, whose risk for drug-drug interactions limit their use
in patients with hepatic impairments. The combination of
sofosbuvir (@an NS5B polymerase inhibitor) and velpatasvir
(an NS5A inhibitor) is indicated for all HCV genotypes and
can be used in a wide spectrum of patients, including those
with decompensated cirrhosis [13,14,16,17]. Sofosbuvir—
velpatasvir is recommended as a first-line HCV treatment
in European Association for the Study of the Liver (EASL)
guidelines [13].

Voxilaprevir, a reversible inhibitor of the HCV NS3/4A pro-
tease, has been shown to have pangenotypic activity as well
as activity against most HCV RAS [18-20]. The combination
of sofosbuvir, velpatasvir, and voxilaprevir is a retreatment
option for patients who have failed an HCV regimen with an
NS5A inhibitor [21] and is the first-line retreatment regimen
recommended by EASL and the American Association for
the Study of Liver Diseases (AASLD) for persons who failed
prior HCV treatment [13,14].

In Asian populations, no prospective trial data has been
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available for sofosbuvir-velpatasvir or sofosbuvir-velpat-
asvir—voxilaprevir. Prior to regulatory approval of sofosbu-
vir-velpatasvir and sofosbuvir-velpatasvir—voxilaprevir in Ko-
rea, we initiated a Phase 3b, prospective, multicenter study
to examine the safety and efficacy of sofosbuvir-velpatasvir
and sofosbuvir—velpatasvir-voxilaprevir in Korean patients
with chronic HCV.

METHODS

Study design

This was a Phase 3b, multicenter, open-label study. Partici-
pants were enrolled in 2 cohorts, each receiving fixed-dose
tablets once daily with or without food for 12 weeks. Cohort
1 received sofosbuvir-velpatasvir (400/100 mg), and cohort
2 received sofosbuvir-velpatasvir-voxilaprevir (400/100/100
mag). After 12 weeks of treatment, follow-up visits occurred
at post-treatment weeks 4 and 12.

The study protocol was approved by the review board or
ethics committee of each institution prior to study initiation
(approval number: AMC IRB 2019-1542). The study was
conducted in accordance with the International Conference
on Harmonization Good Clinical Practice Guidelines and the
Declaration of Helsinki.

Patients
Eligible participants were >19 years old, had a BMI > 18 kg/m?,
and had chronic hepatitis C infection with quantifiable HCV
RNA (> 15 IU/mL) at screening. Cohort 1 participants, who
had genotype 1 or 2 HCV infection and were either treat-
ment-naive or treatment-experienced with interferon-based
treatments, received sofosbuvir—velpatasvir. This cohort ex-
cluded persons who were previously exposed to any DAA
agent targeting HCV NS5A or NS5B. Cohort 2 participants,
who had genotype 1 infection and had failed prior treat-
ment with an NS5A inhibitor taken for at least 4 weeks,
received sofosbuvir-velpatasvir-voxilaprevir. Persons with or
without compensated cirrhosis were eligible for study par-
ticipation. Major exclusion criteria were decompensated liv-
er disease or past or current hepatocellular carcinoma.

All participants provided written informed consent prior
to undergoing any study procedures.
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Assessments

Virology

HCV RNA levels were quantified by using the Roche COBAS
Ampliprep/COBAS TagMan HCV Test, v2.0 (Roche Molec-
ular Systems, Inc., Branchburg, NJ, USA), which has a low-
er limit of quantification (LLOQ) of 15 IU/mL. At screening,
HCV genotype (and subtype, if possible) were determined
using the Siemens VERSANT® HCV Genotype INNO-LiPA
2.0 Assay. For confirming HCV subtype and characterizing
virologic resistance, HCV baseline and postbaseline am-
plification and deep sequencing were performed by DDL
Diagnostic Laboratory (Rijswijk, Netherlands). Genotype
and subtype were confirmed or determined by basic local
alignment search tool analyses of NS3, NS5A, and NS5B se-
quences from deep sequencing. Reported resistance-associ-
ated variants (RAVs) were present in more than 15% of the
sequence reads for NS3, NS5A, or NS5B.

Plasma HCV RNA levels were evaluated at screening; on
day 1 of treatment; at treatment weeks 2, 4, 8, and 12;
and at follow-up weeks 4 and 12. Plasma samples for vi-
ral sequencing were collected at all visits during treatment
and follow-up, following the same schedule as for HCV RNA
evaluation.

Safety

Complete physical examinations were conducted at screen-
ing, on day 1 of treatment, and at the final treatment vis-
it. At the screening and all treatment and follow-up visits,
data regarding vital signs were collected. Reported adverse
events, concomitant medication intake, and clinical labora-
tory samples were collected at all visits through follow-up
week 4. The Medical Dictionary for Regulatory Activities,
version 23.1, was used to code treatment-emergent clinical
and laboratory adverse events.

Endpoints and analyses

The primary efficacy endpoint was achievement of SVR12,
defined as having HCV RNA < LLOQ (15 IU/mL) 12 weeks
following the completion of treatment. A 2-sided 95%
exact confidence interval (Cl) based on the Clopper-Pear-
son method was calculated for percentages of participants
achieving SVR12. The primary safety endpoint was any ad-
verse event leading to discontinuation of study drug. All
analyses were performed using SAS Software version 9.4
(SAS Institute Inc., Cary, NC, USA).
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Table 1. Patient demographics and baseline characteristics

- SOF-VEL  SOF-VEL-
(n=54) VOX (n = 33)
Age, yr 60 (27-85) 62 (31-80)
Sex at birth
Female 29 (53.7) 18 (54.5)
Male 25 (46.3) 15 (45.5)
Asian race 54 (100.0) 33 (100.0)
BMI, kg/m2 25 (18-36) 25 (19-32)
Genotype
1 27 (50.0) 32 (97.0)
1a 1(1.9) -
1b 26 (48.1) 32 (97.0)
2 27 (50.0) 1(3.0)
HCV treatment history
Treatment naive 46 (85.2) -
Treatment experienced 8 (14.8) 33 (100.0)
Prior HCV treatment
PEG-IFN + RBV 5(9.3) -
Other IFN-containing 1 (3.0
NS5A + DAA(s) - 32 (97.0)
NS5A + NS5B - 2 (6.1)
NS5A + NS3 + NS5B - 29 (87.9)
NS5A + other - 1(3.0)
HCV RNA, log;q IU/mL 59(1.2-7.3) 6.5(5.4-7.1)
HCV RNA > 800,000 IU/mL 30 (55.6) 30(90.9)
IL28B genotype
de 41(75.9) 23(69.7
CcT 13 (24.7) 9(27.3
T - -
Missing - 1(3.0)
Compensated cirrhosis 11 (20.4) 9(27.3)
ALT, U/L 52 (9-212) 67 (17-319)
eGFRY, mL/min/1.73 m? 89 (38-179) 86 (44-141)
<90 31(57.4) 21 (63.6)
>90 23 (42.6) 12 (36.4)

Values are presented as mean (range) or number (%).

ALT, alanine aminotransferase; BMI, body mass index; DAA,
direct-acting antiviral; eGFR, estimated glomerular filtration
rate; HCV, hepatitis C virus; IFN, interferon; IL28B, interleu-
kin-28B; PEG, pegylated; RBV, ribavirin; SOF, sofosbuvir; VEL,
velpatasvir; VOX, voxilaprevir.

dParticipant had prior treatment with PEG-IFN followed by
SOF plus ribavirin. This was an eligibility criteria deviation for
the SOF-VEL-VOX-treated cohort.

BEstimated using the Cockcroft-Gault Equation.
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RESULTS

Patient population

A total of 87 participants were enrolled at 22 study sites in
the Republic of Korea. Study screening through follow-up
occurred from January to November 2020. Demograph-
ics and baseline characteristics were generally balanced
across both treatment cohorts (Table 1). All participants
were Asian, and more than half (54%) were female. Mean
age was 60 years for sofosbuvir-velpatasvir and 62 years
for sofosbuvir-velpatasvir-voxilaprevir. Among participants
receiving sofosbuvir-velpatasvir, 50.0% (27/54) had geno-
type 1 HCV infection and 50.0% (27/54) had genotype 2.
Among participants receiving sofosbuvir—velpatasvir-voxila-
previr, 97.0% (32/33) had genotype 1 HCV infection, and
3.0% (n = 1, eligibility criteria deviation) had genotype 2.
More than three quarters (26/33, 78.8%) of participants in
the sofosbuvir—velpatasvir-voxilaprevir group had previously
received treatment with asunaprevir and daclatasvir (Table 2,
Supplementary Table 1).

Al participants who received sofosbuvir—velpatasvir—vox-
ilaprevir completed treatment (n = 33) (Fig. 1). Of the 54
individuals receiving sofosbuvir-velpatasvir, 53 completed
treatment and one participant discontinued study treat-
ment at week 4 after meeting prespecified stopping criteria
regarding increases in alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). One participant assigned
sofosbuvir-velpatasvir was excluded from the efficacy anal-
ysis for having undetectable HCV at baseline. This individ-

Table 2. Prior regimens of 33 participants receiving sofos-
buvir-velpatasvir-voxilaprevir

Regimen No. of participants
Asunaprevir + daclatasvir 26
Peginterferon or interferon + ribavirin 9%
Daclatasvir + sofosbuvir 2
Elbasvir/grazoprevir 2
Ledipasvir 1
Ombitasvir + dasabuvir + paritaprevir + 1
ritonavir
Sofosbuvir + ribavirin 1

INine participants received peginterferon/interferon + ribavirin
as well as either asunaprevir + daclatasvir (n = 7); daclatasvir +
sofosbuvir (n = 1); or sofosbuvir + ribavirin (n = 1) (Supplemen-
tary Table 1).
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ual had HCV RNA 6.6 log;, IU/mL at screening, completed
treatment with sofosbuvir-velpatasvir, and was included in
the safety analysis set.

Virologic response

SVR12 was achieved in 98.1% (52/53) of participants who
received sofosbuvir-velpatasvir and 100% (33/33) who re-
ceived sofosbuvir-velpatasvir—voxilaprevir (Table 3). All par-

96 Screened

87 Enrolled

Initiated treatment 54 SOF-VEL 33 SOF-VEL-VOX
Discontinued 1 Adverse event
treatment
Completed treatment n =53 n=33
Completed week 12 n_sc4 N33

follow-up

Figure 1. Patient disposition throughout the study. SOF, sofosbu-
vir; VEL, velpatasvir; VOX, voxilaprevir.

Table 3. Treatment response to sofosbuvir-velpatasvir and
sofosbuvir-velpatasvir-voxilaprevir

Response SOF-VEL  SOF-VEL-
(n=53" VOX(n=33)

SVR4 52 (98.1) 33(100.0)
SVR12 52 (98.1) 33(100.0)

95% Cl 90-100 89-100
Virologic failure

On treatment 0

Relapse

Discontinued study treatment 1

Values are presented as number (%) or number only.

Cl, confidence interval; SOF, sofosbuvir; SVR4 and SVR12, sus-
tained virologic response 4 and12 weeks after treatment; VEL,
velpatasvir; VOX, voxilaprevir.

d0ne patient had no detectable HCV RNA at baseline and
was removed from the full analysis set. At screening, HCV
RNA was 6.6 log;q IU/mL for this patient.
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ticipants who completed treatment achieved SVR12. One
participant, assigned to sofosbuvir—velpatasvir, had virologic
relapse after stopping treatment at week 4 due to meeting
protocol-defined stopping criteria (more detail provided in
Safety section).

Resistance

In the sofosbuvir-velpatasvir cohort, pretreatment RAVs for
NS5A and NS5B inhibitors were observed in 58% and 9%
of participants, respectively. SVR12 was achieved by all par-
ticipants with pretreatment NS5A and/or NS5B nucleoside
inhibitor RAVs who received sofosbuvir-velpatasvir for 12
weeks. The participant who discontinued sofosbuvir-velpa-
tasvir at week 4 had NS5A RAV L31M at baseline and at
relapse (follow-up week 4) but no NS5B NI RAVs at these
times.

In the sofosbuvir-velpatasvir—voxilaprevir cohort, all 33
participants had pretreatment RAVs to either NS3 (2/33,
6.1%), NS5A (14/33, 42.4%), or both (17/33, 51.5%).
NS5B RAVs were observed in 9%. All 33 achieved SVR12.

Safety

Overall, sofosbuvir-velpatasvir and sofosbuvir-velpatasvir—
voxilaprevir were well tolerated in Korean patients with
chronic HCV (Table 4).

Sofosbuvir-velpatasvir

With sofosbuvir-velpatasvir, the most commonly reported
adverse events were headache (7.4%, 4 participants) and
nausea (3.7%, 2 participants). Three individuals (5.6%) had
serious adverse events, none of which were considered by
investigators to be treatment-related. One participant had a
Grade 3 adverse event of liver function test increased, which
was considered treatment-related. The event led to study
drug discontinuation because the increases in ALT and AST
met prespecified protocol stopping criteria (ALT and/or AST
above upper limit of normal [ULN] and > 5x day 1 or nadir;
confirmed by immediate repeat testing). The elevations in
ALT and AST were first reported on day 15, and on day 20
concentrations were ALT 408 IU/L and AST 206 U/L. The
elevations were not associated with any an increase in other
lab parameters (e.g., total bilirubin) and did not meet Hy's
Law. Study treatment was discontinued at week 4. On day
140 the event was deemed resolved based on local lab re-
sults (ALT = 29 U/L, AST = 28 U/L) that were within normal
ranges. At follow-up week 4, the mean = standard devia-
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Adverse events

SOF-VEL (n = 54) SOF-VEL-VOX (n = 33)

No. of participants with any
Adverse events
Grade 3 or 4 adverse events?
Treatment-related adverse events
Grade 3 or 4 treatment-related adverse events
Serious adverse events
Treatment-related serious adverse events
Adverse events leading to discontinuation
Adverse events leading to discontinuation
Liver function test increased
Adverse events in > 5% of participants in either treatment group
Headache
Nausea
Rash
Serious adverse events
Cerebral infarction
Erythema nodosum
Facial bones fracture
Hematochezia
Pyrexia
Grade 3 laboratory abnormalities
Platelets, 25,000 to < 50,000/mm?
ALT, > 5to 10x ULN
AST, > 5 to 10x ULN
Hemoglobin, 70 to < 90 g/L or decrease > 45 g/L
Hyperglycemia, > 250 to 500 mg/dL

23 (42.6) 15 (45.5)
3(5.6) 13.0)
5(9.3) 6(18.2)
1.9 0(0.0)
3(5.6) 1(3.0)
0(0.0) 0(0.0)
1(1.9) 0(0.0)
1(1.9)? -

9.1)

9.1)

9.1)
1(1.9 -
1019 -

- 1(3.0)
1(1.9) -
1(1.9) -
1(1.9) 1(3.0)
1(1.9) -
1(1.9) -
1(1.9) -
1(1.9) -

Values are presented as number (%).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ULN, upper limit of normal; SOF, sofosbuvir; VEL, velpatasvir; VOX,

voxilaprevir.

dGrade 3 adverse events were erythema nodosum (n = 1), facial bones fracture (n = 1), hematochezia (n = 1), liver function test
increased (n = 1), and pyrexia (n = 1). There were no grade 4 adverse events.

®Grade 3 liver function test increased. Study drug was discontinued because the increase in ALT and AST met prespecified stop-
ping criteria. The biochemical elevations in ALT and AST were first reported on day 15, not associated with any an increase in other
lab parameters (e.g., total bilirubin), and did not meet Hy's Law. On day 140 the event was deemed resolved based on local lab
results (ALT = 29 U/L, AST = 28 U/L) that were within normal ranges.

tion (SD change in eGFR was -1.5 + 11.40 mL/min. A single
participant had a Grade 1 elevation of bilirubin (> 1.0to 1.5
x ULN); no Grade 2—4 elevations in bilirubin occurred.

Sofosbuvir-velpatasvir-voxilaprevir

With sofosbuvir-velpatasvir—voxilaprevir, the most com-
monly reported adverse events were headache, nausea, and

https://doi.org/10.3904/kjim.2022.252

rash (9.1%, 3 participants each). One participant (3.0%)
had a serious adverse event, which was considered not
treatment-related. No participants receiving sofosbuvir-vel-
patasvir-voxilaprevir had adverse events leading to discon-
tinuation of study drug. At follow-up week 4, the mean +
SD change in eGFR was -3.3 £ 11.32 ml/min. Grade 1 ele-
vations (>1.0 to 1.5 x ULN) in bilirubin occurred in 4 partic-

www.Kjim.org 509


www.kjim.org

KJIM™

ipants receiving sofosbuvir velpatasvir voxilaprevir (12.1%);
no Grade 2-4 elevations in bilirubin occurred.

DISCUSSION

Streamlining strategies for treating HCV is recommended
for public health initiatives aimed at eliminating hepatitis
[3]. Such strategies include using treatments that encom-
pass large patient populations and do not require geno-
typing or evaluation of fibrosis status prior to initiation [4].
Sofosbuvir-velpatasvir has the benefits of being pangeno-
typic and lacking a protease inhibitor, which allows for use
in a wide spectrum of patients, including those with hepatic
impairment [13,14,16,17]. In persons with decompensated
cirrhosis, HCV protease inhibitors are contraindicated due to
toxicity from increased drug concentrations in the liver [22].
Real-world study data indicate the potential for drug-drug
interactions is minimal with sofosbuvir-velpatasvir and low-
er in comparison to regimens containing an HCV NS3/4A
protease inhibitor [23,24]. In addition, dose adjustment of
sofosbuvir-velpatasvir is not required in persons with any
degree of renal impairment, including those undergoing di-
alysis [25-28]. In regions where prevalence of HCV is highest
in older populations, such as Korea, regimens free of pro-
tease inhibitors have specific benefits for those with comor-
bidities and taking multiple prescribed medications [29].

In this study of Korean individuals with chronic HCV, both
sofosbuvir-velpatasvir and sofosbuvir-velpatasvir-voxilapre-
vir were highly effective and well tolerated. All participants
were infected with HCV genotype 1 or 2, which is repre-
sentative of more than 98% of infections in Korea [10]. The
SVR rate with sofosbuvir-velpatasvir, 98% among DAA-
naive participants, is comparable to the rate of 99% report-
ed previously in registrational Phase 3 studies of non-gen-
otype 3, treatment-naive persons [30,31] as well rates of
96% to 99% for sofosbuvir-velpatasvir use in real-world co-
hort analyses [32,33]. For participants who previously failed
treatment including an NS5A inhibitor, sofosbuvir-velpat-
asvir—voxilaprevir SVR was 100%, comparable to the 96%
reported among study participants in the POLARIS-1 study
who received sofosbuvir—velpatasvir-voxilaprevir and almost
all (> 99%) previously received an NS5A inhibitor [21]. In
real-world cohort analyses of > 750 DAA-experienced pa-
tients, SVR of 91% has been reported with sofosbuvir—vel-
patasvir-voxilaprevir retreatment [34,35]. Smaller analyses
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of sofosbuvir-velpatasvir-voxilaprevir retreatment have
yielded SVR rates of 94% after glecaprevir—pibrentasvir fail-
ure [36] and 100% after sofosbuvir-velpatasvir failure [37].

In our study, all participants who completed treatment
achieved SVR12. Indeed, the importance of treatment ad-
herence has been underscored by analyses of The Taiwan
HCV Registry of more than 13,000 patients, where incom-
plete adherence was the most important factor associated
with treatment failure [38].

No participants in this study had treatment-related serious
adverse events. One participant, who received sofosbuvir—
velpatasvir, discontinued study treatment at week 4 after
meeting prespecified stopping criteria for increases in ALT
and AST, which later spontaneously resolved. This individual
experienced virologic relapse and was the only participant
who initiated treatment and did not reach SVR.

Triple therapy with sofosbuvir—velpatasvir—voxilaprevir is
the first-line retreatment regimen recommended by EASL
and the AASLD [13,14]. With the current availability of mul-
tiple, highly efficacious DAA regimens, failure to achieve
SVR is rare but nonetheless does occur. In Asia, the combi-
nation regimen of daclatasvir with asunaprevir was at one
time widely used but has since been shown to have lower
efficacy than later-generation DAA regimens [39]. For Kore-
an patients who had treatment failure with daclatasvir and
asunaprevir, there has been a lack of suitable retreatment
options. As shown by this study, sofosbuvir-velpatasvir—
voxilaprevir represents a good option for patients who have
been waiting for a rescue therapy.

This study has limitations. Cohort 1, treated with sofos-
buvir-velpatasvir, only enrolled patients with either HCV
genotype 1 or 2 infection. This was to facilitate comparison
of results from this study with those from the ASTRAL 1
and 2 Phase 3 registrational trials for sofosbuvir-velpatasvir.
Given that 98% of HCV patients in Korea have either HCV
genotype 1 or 2 infection [10], our results are relevant to
the Korean HCV population. For individuals with other HCV
genotypes, genotype 3 has been identified as a challeng-
ing factor in achieving SVR [40], although data have been
conflicting. In the largest real-world dataset to date, which
included 1,514 patients with HCV genotype 3, genotype 3
was not associated with lower SVR with sofosbuvir-velpat-
asvir treatment [32]. Large-scale Korean real-world data in
such population would be helpful in addressing this ques-
tion. Among the participants in this study who had prior
DAA failure, none had a history of treatment with gleca-
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previr—pibrentasvir (Table 2), a commonly used regimen in
Korea. However, existing evidence from large registrational
studies supports use of sofosbuvir-velpatasvir in all geno-
types [30,31] and sofosbuvir-velpatasvir—voxilaprevir after
prior failure with a DAA regimen containing an NS5A in-
hibitor [21].

In conclusion, sofosbuvir-velpatasvir and sofosbuvir-vel-
patasvir—voxilaprevir were highly effective and well tolerated
in a Korean population with chronic HCV. Sofosbuvir-vel-
patasvir represents an important option as a pangenotypic,
panfibrotic regimen with a favorable drug-drug interaction
profile, and it is approved in Korea for use in patients with
decompensated cirrhosis (in combination with ribavirin) or
end-stage renal disease. Sofosbuvir-velpatasvir—voxilaprevir
was effective and safe for Korean HCV patients with prior
DAA failure.

KEY MESSAGE

1. In a Korean population chronically infected with
hepatitis C virus (HCV), 98.8% (85/86) who re-
ceived either sofosbuvir-velpatasvir or sofosbuvir-
velpatasvir—voxilaprevir achieved sustained virologic
response, or cure.

2. Sofosbuvir-velpatasvir represents an important
option as a pangenotypic regimen covering a wide
spectrum of patients, including those with decom-
pensated cirrhosis or end-stage renal disease.

3. Sofosbuvir-velpatasvir-voxilaprevir is an important
retreatment option for Korean HCV patients with
prior DAA failure.

REFERENCES

1. World Health Organization. Global hepatitis report, 2017
[Internet]. Geneva: World Health Organization, c2017 [cited
2020 September 20]. Available from: https:/apps.who.int/iris/
bitstream/10665/255016/1/9789241565455-eng.pdf?ua =
1/.

2. Gamkrelidze |, Pawlotsky JM, Lazarus JV, et al. Progress to-
wards hepatitis C virus elimination in high-income countries:
an updated analysis. Liver Int 2021;41:456-463.

3. American Association for the Study of Liver Diseases. Call-
to-action to advance progress towards viral hepatitis elimi-

https://doi.org/10.3904/kjim.2022.252

10.

11.

12.

13.

14.

15.

KJIM™

nation: a focus on simplified approaches to HCV testing and
cure [Internet]. Alexandria, VA: American Association for the
Study of Liver Diseases, c2019 [cited 2023 April 1]. Available
from: https://www.aasld.org/news/global-hepatology-societ-
ies-call-better-hcv-testing-and-access-treatment.

Mangia A, Albanese AP, Bourliére M, et al. Guidelines have a
key role in driving HCV elimination by advocating for simple
HCV care pathways. Adv Ther 2021;38:1397-1403.

. Lim YS. Current status of liver disease in Korea: hepatitis C.

Korean J Hepatol 2009;15 Suppl 6:525-S28.

. Moore KJ, Gauri A, Koru-Sengul T. Prevalence and sociode-

mographic disparities of Hepatitis C in Baby Boomers and the
US adult population. J Infect Public Health 2019;12:32-36.
Zaltron S, Spinetti A, Biasi L, Baiguera C, Castelli F. Chronic
HCV infection: epidemiological and clinical relevance. BMC
Infect Dis 2012;12 Suppl 2(Suppl 2):S2.

Greenaway C, Thu Ma A, Kloda LA, et al. The seroprevalence
of hepatitis C antibodies in immigrants and refugees from
intermediate and high endemic countries: a systematic review
and meta-analysis. PLoS One 2015;10:e0141715.

Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-spe-
cific fibrosis progression rates in chronic hepatitis C virus
infection: a meta-analysis and meta-regression. Hepatology
2008;48:418-431.

Nam JY, Jang ES, Kim YS, et al. Epidemiological and clinical
characteristics of hepatitis C virus infection in South Korea
from 2007 to 2017: a prospective multicenter cohort study.
Gut Liver 2020;14:207-217.

Salive ME. Multimorbidity in older adults. Epidemiol Rev
2013;35:75-83.

Park H, Chen C, Wang W, Henry L, Cook RL, Nelson DR.
Chronic hepatitis C virus (HCV) increases the risk of chronic
kidney disease (CKD) while effective HCV treatment decreases
the incidence of CKD. Hepatology 2018;67:492-504.
European Association for the Study of the Liver. EASL recom-
mendations on treatment of hepatitis C: final update of the
series. J Hepatol. 2020;73:1170-1218.

Ghany MG, Morgan TR; AASLD-IDSA Hepatitis C Guidance
Panel. Hepatitis C guidance 2019 update: American Associa-
tion for the Study of Liver Diseases-Infectious Diseases Society
of America recommendations for testing, managing, and
treating hepatitis C virus infection. Hepatology 2020;71:686-
721.

Korean Association for the Study of the Liver. KASL clinical
practice guidelines: management of hepatitis C. Clin Mol
Hepatol 2016;22:76-139.

www.Kjim.org 511


www.kjim.org

KJIM™

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

512

Curry MP, O'Leary JG, Bzowej N, et al.; ASTRAL-4 Investiga-
tors. Sofosbuvir and velpatasvir for HCV in patients with de-
compensated cirrhosis. N Engl J Med 2015;373:2618-2628.
Liu CH, Chen CY, Su WW, et al. Sofosbuvir/velpatasvir plus
ribavirin for Child-Pugh B and Child-Pugh C hepatitis C vi-
rus-related cirrhosis. Clin Mol Hepatol 2021;27:575-588.
Gane EJ, Schwabe C, Hyland RH, et al. Efficacy of the com-
bination of sofosbuvir, velpatasvir, and the NS3/4A protease
inhibitor GS-9857 in treatment-naive or previously treated
patients with hepatitis C virus genotype 1 or 3 infections.
Gastroenterology 2016;151:448-456.e1.

Lawitz E, Reau N, Hinestrosa F, et al. Efficacy of sofosbuuir,
velpatasvir, and GS-9857 in patients with genotype 1 hepatitis
C virus infection in an open-label, phase 2 trial. Gastroenter-
ology 2016;151:893-901.e1.

Gane EJ, Kowdley KV, Pound D, et al. Efficacy of sofosbuvir,
velpatasvir, and GS-9857 in patients with hepatitis C virus
genotype 2, 3, 4, or 6 infections in an open-label, phase 2
trial. Gastroenterology 2016;151:902-909.

Bourliere M, Gordon SC, Flamm SL, et al.; POLARIS-1 and
POLARIS-4 Investigators. Sofosbuvir, velpatasvir, and voxil-
aprevir for previously treated HCV infection. N Engl J Med
2017,376:2134-2146.

Mak LY, Seto WK, Lai CL, Yuen MF. An update on the toxico-
logical considerations for protease inhibitors used for hepatitis
C infection. Expert Opin Drug Metab Toxicol 2018;14:483-
491,

Mangia A, Scaglione F, Toniutto P, et al. Drug-drug interac-
tions in italian patients with chronic hepatitis C treated with
pangenotypic direct acting agents: insights from a real-world
study. Int J Environ Res Public Health 2021;18:7144.

Liu CH, Yu ML, Peng CY, et al. Comorbidities, concomitant
medications and potential drug-drug interactions with inter-
feron-free direct-acting antiviral agents in hepatitis C patients
in Taiwan. Aliment Pharmacol Ther 2018;48:1290-1300.
Desnoyer A, Pospai D, L& MP, et al. Pharmacokinetics, safety
and efficacy of a full dose sofosbuvir-based regimen given
daily in hemodialysis patients with chronic hepatitis C. J Hepa-
tol 2016;65:40-47.

Borgia SM, Dearden J, Yoshida EM, et al. Sofosbuvir/vel-
patasvir for 12 weeks in hepatitis C virus-infected patients
with end-stage renal disease undergoing dialysis. J Hepatol
2019;71:660-665.

Liu CH, Chen CY, Su WW, et al. Sofosbuvir/velpatasvir with
or without low-dose ribavirin for patients with chronic hep-
atitis C virus infection and severe renal impairment. Gut

www.kjim.org

The Korean Journal of Internal Medicine Vol. 38, No. 4, July 2023

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

2022;71:176-184.

De A, Roy A, Verma N, et al. Sofosbuvir plus velpatasvir com-
bination for the treatment of chronic hepatitis C in patients
with end stage renal disease on renal replacement therapy:
a systematic review and meta-analysis. Nephrology (Carlton)
2022;27:82-89.

Chung JW, Choi HY, Ki M, Jang ES, Jeong SH. Comorbidities
and prescribed medications in Korean patients with chronic
hepatitis C: a nationwide, population-based study. Gut Liver
2021;15:295-306.

Feld JJ, Jacobson IM, Hézode C, et al.; ASTRAL-1 Investigators.
Sofosbuvir and velpatasvir for HCV genotype 1, 2, 4, 5, and 6
infection. N Engl J Med 2015;373:2599-2607.

Foster GR, Afdhal N, Roberts SK, et al.; ASTRAL-2 Inves-
tigators; ASTRAL-3 Investigators. Sofosbuvir and velpat-
asvir for HCV genotype 2 and 3 infection. N Engl J Med
2015;373:2608-2617.

Mangia A, Milligan S, Khalili M, et al. Global real-world
evidence of sofosbuvir/velpatasvir as simple, effective HCV
treatment: analysis of 5552 patients from 12 cohorts. Liver Int
2020;40:1841-1852.

Liu CH, Chen PY, Chen JJ, et al. Sofosbuvir/velpatasvir for
patients with chronic hepatitis C virus infection and com-
pensated liver disease: real-world data in Taiwan. Hepatol Int
2021,15:338-349.

Degasperi E, Spinetti A, Lombardi A, et al.; NAVIGATORE-Lom-
bardia and Veneto Study Groups. Real-life effectiveness and
safety of sofosbuvir/velpatasvir/voxilaprevir in hepatitis C
patients with previous DAA failure. J Hepatol 2019;71:1106-
1115.

Belperio PS, Shahoumian TA, Loomis TP, Backus LI. Real-world
effectiveness of sofosbuvir/velpatasvir/voxilaprevir in 573 di-
rect-acting antiviral experienced hepatitis C patients. J Viral
Hepat 2019;26:980-990.

Pearlman B, Perrys M, Hinds A. Sofosbuvir/velpatasvir/vox-
ilaprevir for previous treatment failures with glecaprevir/pi-
brentasvir in chronic hepatitis C infection. Am J Gastroenterol
2019;114:1550-1552.

Ruane P, Strasser SI, Gane EJ, et al. Sofosbuvir/velpatasvir/
voxilaprevir for patients with HCV who previously received a
Sofosbuvir/Velpatasvir-containing regimen: results from a re-
treatment study. J Viral Hepat 2019;26:770-773.

Chen CY, Huang CF, Cheng PN, et al. Factors associated with
treatment failure of direct-acting antivirals for chronic hepa-
titis C: a real-world nationwide hepatitis C virus registry pro-
gramme in Taiwan. Liver Int 2021;41:1265-1277.

https://doi.org/10.3904/kjim.2022.252


www.kjim.org

Heo J, et al. SOF-VEL and SOF-VEL-VOX Phase 3b study

39. Kwon JH, Yoo SH, Nam SW, et al. Clinical outcomes after
the introduction of direct antiviral agents for patients in-
fected with genotype 1b hepatitis C virus depending on
the regimens: a multicenter study in Korea. J Med Virol
2019;91:1104-1111.

40. Cheng PN, Mo LR, Chen CT, et al.; TACR investigators. So-
fosbuvir/velpatasvir for hepatitis C Virus infection: real-world
effectiveness and safety from a nationwide registry in Taiwan.
Infect Dis Ther 2022;11:485-500.

Received : July 30, 2022
Revised :January 31, 2023
Accepted: April 15, 2023

Correspondence to

Young-Suk Lim, M.D., Ph.D.

Department of Gastroenterology, Liver Center, Asan Medical Center,
88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea

Tel: +82-2-3010-3190, Fax: +82-2-485-5782

E-mail: limys@amc.seoul.kr

Sang Hoon Ahn, M.D., Ph.D.

Department of Internal Medicine, Yonsei University College of Medi-
cine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea

Tel: +82-2-2228-1290, Fax: +82-2-393-6884

E-mail: AHNSH@yuhs.ac

Acknowledgments

We thank the participants and their families as well as the study-site
personnel. Jennifer King, PhD, of August Editorial provided writing as-
sistance.

CRedit authorship contributions

Jeong Heo: data curation, formal analysis, methodology, writing - orig-
inal draft, writing - review & editing; Yoon Jun Kim: data curation, for-
mal analysis, methodology, writing - original draft, writing - review &
editing; Sung Wook Lee: data curation, formal analysis, methodology,
writing - original draft, writing - review & editing; Youn-Jae Lee: data
curation, formal analysis, methodology, writing - original draft, writing
- review & editing; Ki Tae Yoon: data curation, formal analysis, meth-
odology, writing - original draft, writing - review & editing; Kwan Soo
Byun: data curation, formal analysis, methodology, writing - original
draft, writing - review & editing; Yong Jin Jung: data curation, formal
analysis, methodology, writing - original draft, writing - review & ed-
iting; Won Young Tak: data curation, formal analysis, methodology,
writing - original draft, writing - review & editing; Sook-Hyang Jeong:
data curation, formal analysis, methodology, writing - original draft,
writing - review & editing; Kyung Min Kwon: data curation, formal
analysis, methodology, writing - original draft, writing - review & edit-
ing; Vithika Suri: data curation, formal analysis, methodology, writing
- original draft, writing - review & editing; Peiwen Wu: data curation,
formal analysis, methodology, writing - original draft, writing - review
& editing; Byoung Kuk Jang: data curation, formal analysis, methodol-
ogy, writing - original draft, writing - review & editing; Byung Seok Lee:

https://doi.org/10.3904/kjim.2022.252

KJIM™

data curation, formal analysis, methodology, writing - original draft,
writing - review & editing; Ju-Yeon Cho: data curation, formal analysis,
methodology, writing - original draft, writing - review & editing; Jeong
Won Jang: data curation, formal analysis, methodology, writing - orig-
inal draft, writing - review & editing; Soo Hyun Yang: data curation,
formal analysis, methodology, writing - original draft, writing - review
& editing; Seung Woon Paik: data curation, formal analysis, method-
ology, writing - original draft, writing - review & editing; Hyung Joon
Kim: data curation, formal analysis, methodology, writing - original
draft, writing - review & editing; Jung Hyun Kwon: data curation, for-
mal analysis, methodology, writing - original draft, writing - review &
editing; Neung Hwa Park: data curation, formal analysis, methodology,
writing - original draft, writing - review & editing; Ju Hyun Kim: data
curation, formal analysis, methodology, writing - original draft, writing
- review & editing; In Hee Kim: data curation, formal analysis, meth-
odology, writing - original draft, writing - review & editing; Sang Hoon
Ahn: conceptualization, design, data curation, formal analysis, meth-
odology, writing -original draft, writing review & editing; Young-Suk
Lim: conceptualization, design, data curation, formal analysis, method-
ology, writing - original draft, writing - review & editing

Conflicts of interest

Jeong Heo discloses receipt of grant/research support from Roche, Yu-
han, and Gilead Sciences. Yoon Jun Kim discloses receipt of research
grants from BTG, AstraZeneca, Gilead Sciences, Samijin, and Bayer.
Jeong Won Jang discloses receipt of grants from Gilead Sciences, Yu-
han Pharmaceuticals, Sysmex, and DongA ST and being a consultant
and lecturer for Abbvie, Ipsen Korea, and Roche. Hyung Joon Kim dis-
closes receipt of research grants and being an advisor, speaker, and
consultant for Gilead Sciences as well as being a consultant for GSK
and Roche. Sang Hoon Ahn discloses being an advisor and investi-
gator for Gilead Sciences, Janssen Pharmaceuticals, AbbVie, Roche,
Assembly Biosciences, Arbutus, Brii, Vaccitech, GSK, Inovio, Aligos, Vir
Biotechnology, SL Vaxigen, GeneOne Life Science, GreenCross, Yu-
han, Samil, and lldong. Young-Suk Lim discloses receipt of research
grants and being an advisory board member, speaker, and consultant
for Gilead Sciences; being a speaker and consultant for Abbvie; and
being a consultant for Assembly Biosciences, GSK, Olix, Roche, and Vir.
Kyung Min Kwon, Vithika Suri, and Peiwen Wu are employees of Gil-
ead Sciences and may hold stock interest in the company. Sung Wook
Lee, Youn-Jae Lee, Ki Tae Yoon, Kwan-Soo Byun, Yong Jin Jung, Won
Young Tak, Sook-Hyang Jeong, Byoung Kuk Jang, Byung Seok Lee,
Ju-Yeon Cho, Soo Hyun Yang, Seung Woon Paik, Jung Hyun Kwon,
Neung Hwa Park, Ju Hyun Kim, and In Hee Kim have no declared con-
flicts.

Funding
Funding for this study was provided by Gilead Sciences, Inc.

Data sharing

Gilead Sciences shares anonymized individual patient data upon re-
quest or as required by law or regulation with qualified external re-
searchers based on submitted curriculum vitae and reflecting non
conflict of interest. The request proposal must also include a statisti-
cian. Approval of such requests is at Gilead Science’s discretion and is
dependent on the nature of the request, the merit of the research pro-
posed, the availability of the data, and the intended use of the data.
Data requests should be sent to datarequest@gilead.com.

www.kjim.org 513


www.kjim.org

Heo J, et al. SOF-VEL and SOF-VEL-VOX Phase 3b study

Supplementary Table 1. Treatment histories of participants receiving sofosbuvir-velpatasvir-voxilaprevir

KJIM™

Participant ID

Prior HCV Treatment

Response

05608-58202

05608-58205
05608-58230
05609-58206
05609-58207
06334-58211
06334-58232
06337-58212
06341-58216
06342-58204
06342-58213

06342-58226
06758-58214
06758-58215
06758-58233
06874-58203
06874-58208

08276-58201

08276-58228
08519-58224

08519-58225
08705-58209
08705-58229
09819-58217

13696-58227

14525-58218
14781-58231
15499-58210
15499-58223
15524-58221
16681-58222

16683-58219
16683-58220

Peginterferon + ribavirin
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Daclatasvir + sofosbuvir
Ledipasvir

Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir

Ombitasvir + dasabuvir + paritaprevir + ritonavir

Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Peginterferon + ribavirin
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Elbasvir/grazoprevir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Elbasvir/grazoprevir
Peginterferon + ribavirin
Asunaprevir + daclatasvir
Peginterferon + ribavirin
Daclatasvir + sofosbuvir
Asunaprevir + daclatasvir
Interferon + ribavirin
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Peginterferon + ribavirin
Asunaprevir + daclatasvir
Peginterferon + ribavirin
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Peginterferon

Sofosbuvir + ribavirin
Asunaprevir + daclatasvir
Asunaprevir + daclatasvir
Peginterferon + ribavirin

Met stopping rule
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Null responder
Relapse/breakthrough
Disc. due to adverse event
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Non-responder
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Null responder

Partial responder
Partial responder

Null responder

Null responder
Relapse/breakthrough
Relapse/breakthrough
Partial responder
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
Relapse/breakthrough
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