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Sofosbuvir/Velpatasvir Plus Ribavirin Combination Therapy
for Patients with Hepatitis C Virus Genotype 1a, 2a, or 3b
after Glecaprevir/Pibrentasvir Therapy Failed
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Abstract:

Glecaprevir/pibrentasvir (GLE/PIB) is a pan-genotype anti-hepatitis C virus (HCV) therapy with high effi-
cacy and safety. However, evidence supporting retreatment following failure of the GLE/PIB regimen is lim-
ited. We herein report 3 non-cirrhotic cases involving two men aged 51 and 58 years old and a woman aged
68 years old infected with HCV genotype la, 2a, and 3b respectively who failed anti-HCV therapies includ-
ing GLE/PIB therapy. With combination therapy of sofosbuvir/velpatasvir plus ribavirin (SOF/VEL+RBYV) for
24 weeks, all 3 patients had achieved a sustained viral response (SVR) at 24 weeks after completing treat-

ment. SOF/VEL+RBYV therapy was effective for retreatment of HCV after failure of GLE/PIB therapy.
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Introduction

Treatment for chronic hepatitis C virus (HCV) infection
has progressed considerably since the development of direct-
acting antivirals (DAAs) (1). In Japan, the combination of
glecaprevir (GLE), an NS3/4A protease inhibitor, and pi-
brentasvir (PIB), an NS5A inhibitor, was approved as a pan-
genotypic DAA regimen in 2017. Several reports in real-
world settings have demonstrated high sustained virological
response (SVR) rates with GLE/PIB therapy among DAA-
naive patients infected with HCV genotype 1 and 2 (2, 3).
GLE/PIB therapy can be effective for patients infected with
HCV showing virologic failure after prior DAA therapies
because of the antiviral activities of GLE and PIB against
HCV strains carrying non-structural (NS) 3-resistance-
associated substitutions (RASs) or NS5A-RASs, except for
the strains with NS5A-P32 deletion (4). The 2020 Japan So-
ciety for Hepatology guidelines for Management of Hepati-
tis C Virus Infection recommend 12-week GLE/PIB therapy
for retreatment of patients who have failed prior treatment
with protease and NS5A inhibitors (5). In several reports,

due to the high anti-viral effect for HCV with RASs, GLE/
PIB therapy was shown to be effective for retreatment of pa-
tients infected with HCV genotype 1 who failed previous
therapy with NS3 protease and NS5A inhibitors and patients
with genotype 2 who failed previous treatment with sofosbu-
vir (SOF), an NS5B inhibitor and ribavirin (RBV) therapeu-
tic (6, 7).

However, GLE/PIB therapy has reduced efficacy on HCV
variants carrying NS5A-P32 deletion that emerge after DAA
treatment failure (4, 6). The American Association for the
Study of Liver Diseases (AASLD) and European Associa-
tion for the Study of the Liver (EASL) recommend that pa-
tients who fail a DAA regimen containing an NS5A inhibi-
tor be treated with fixed-dose combination therapy of SOF,
the NS5B inhibitor velpatasvir (VEL) and the NS3/4A pro-
tease inhibitor voxilaprevir for 12 weeks (8, 9). One issue in
Japan is that voxilaprevir is unavailable in clinical settings,
and evidence supporting alternatives for the retreatment of
patients who fail prior GLE/PIB therapy is limited.

HCV genotype 1b accounts for approximately 70% of
HCYV infections in Japan, followed by genotypes 2a and 2b
at 20% and 10%, respectively (10). Combination therapy of
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Table. Clinical Characteristics of the Patients at Baseline.

Case 1 Case 2 Case 3
Age (years) 58 51 68
Gender Male Male Female
IL28B genotype (rs8099917 SNP) TT TT TG
Cirrhosis/non-cirrhosis Non-cirrhosis Non-cirrhosis Non-cirrhosis
History of HCC None None None
IFN regimens None None Peg-IFN+TVR+RBV
DAA regimens SOF+RBV, GLE/PIB GLE/PIB GLE/PIB
Outcome after the latest DAA therapy Relapse Relapse Breakthrough
HCV RNA viral load (log IU/mL) 6.1 6.8 6.4
HCV genotype la 2a 3b
RAS in NS5A ND L31M, P58S Y93H
Leukocyte count (/uL) 8,100 6,100 4,100
Hemoglobin (g/dL) 14.0 15.0 12.5
Platelet count (x10%uL) 25.0 26.2 13.1
Total bilirubin (mg/dL) 0.5 0.9 0.5
ALT (IU/L) 125 20 81
FIB-4 index 1.45 0.74 5.19
AFP (ng/mL) 2.9 2.5 15.3

ND: not detected, IL28B: Interleukin 28B, SNP: single nucleotide polymorphism, HCC: hepatocellular carcinoma, IFN:

interferon, DAA: direct-acting antivirals, ALT: alanine aminotransferase, AFP: alpha fetoprotein, GLE: glecaprevir,

PIB: pibrentasvir, RAS: resistance-associated substitution, SOF: sofosbuvir, VEL: velpatasvir, RBV: ribavirin. TVR:

telaprevir

SOF/VEL+RBYV is a DAA regimen approved in 2019 for re-
treatment after the failure of prior DAA therapy. According
to a recent report, chronic hepatitis patients who failed treat-
ment with NS3 protease inhibitors and NS5A inhibitors, in-
cluding GLE/PIB therapy, who had HCV genotype 1b carry-
ing NS5A-P32 deletion variants achieved an SVR by combi-
nation therapy of SOF/VEL once daily plus weight-based
RBYV twice daily for 24 weeks (11). However, that report in-
cluded only patients infected with HCV genotype 1b, which
is dominant in Japan, so the implications concerning retreat-
ment of patients with less common HCV genotypes who
had failed prior GLE/PIB therapy were unclear.

We herein report three patients infected with HCV geno-
types la, 2a, and 3b who were successfully retreated with
SOF/VEL+RBYV therapy after failure of prior DAA therapies
including GLE/PIB.

Case Reports

Case 1

The first case was a 58-year-old, non-cirrhotic man in-
fected with HCV genotype la of 6.1 log IU/mL at baseline
(Table). He had received SOF/RBV therapy for HCV sero-
type 2 for 12 weeks and had once achieved an SVR at 24
weeks after the completion of treatment (SVR24). However,
HCV relapsed 16 months after finishing SOF/RBV therapy
and HCV genotype la was detected. Since the patient had
been using illegal intravenous drugs, reinfection of HCV by
drug injection was suspected. After stopping the illegal drug
use, he was treated with GLE/PIB therapy for eight weeks.

Although the patient achieved SVRI12, the level of HCV
RNA was re-elevated at 24 weeks after finishing GLE/PIB
therapy. Consequently, he visited our hospital to be treated
for HCV again. A population-sequence analysis showed no
RASs in the NS5A region of HCV genotype la after GLE/
PIB failure. The patient was treated with SOF/VEL once
daily and 800 mg RBYV twice daily for 24 weeks. Despite
hyperuricemia and mild liver transaminase elevation during
the course, no serious adverse events were observed. At the
48th week after the end of SOF/VEL+RBV therapy, HCV
RNA was undetectable.

Case 2

The second case was a 51-year-old, non-cirrhotic man in-
fected with HCV genotype 2a at baseline level of 6.8 log
IU/mL (Table). The patient was treated with GLE/PIB ther-
apy for 8 weeks, after which his HCV RNA decreased to an
undetectable level. However, HCV relapsed 11 weeks after
finishing GLE/PIB therapy. Through a population-
sequencing analysis, L31M and P58S in the NS5A region
were detected before GLE/PIB therapy, and additional RASs
in the NS5A region were not detected after the failure of
GLE/PIB therapy. Subsequently, the patient was treated once
daily with SOF/VEL and twice daily with 800 mg RBV for
24 weeks. Although the patient had lost 5 kg of weight dur-
ing the therapy, he completed it. He also achieved an SVR
24.

Case 3

The third case was a 68-year-old, non-cirrhotic woman
who was infected with HCV genotype 3b at baseline level
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Figure. Clinical courses of anti-HCV therapies in three cases illustrated by changes in serum HCV

RNA (solid line) and ALT (dotted line) levels. The lower limit of detection of HCV RNA was 1.2 log
IU/mL. ALT: alanine aminotransferase, GLE: glecaprevir, HCV: hepatitis C virus, PIB: pibrentas-
vir, RNA: ribonucleic acid, SOF: sofosbuvir, VEL: velpatasvir, RBV: ribavirin

of 6.4 log TU/mL (Table). She was born in Japan and had
never stayed abroad nor lived with a foreigner. She never
had blood transfusions nor engaged in illicit drug injection
either. She had a history of treatment with HCV serotypel
with interferon (IFN)-o. (human lymphoblastoid interferon),
pegylated IFN+RBYV, and telaprevir (TVR)+pegylated IFN+
RBY, but these IFN-based therapies did not eliminate HCV.

After the failure of TVR+pegylated IFN+RBYV, the geno-
type was examined. She was found to be infected with HCV
genotype 3b, which did not match the serotype. Before
GLE/PIB therapy, the histological findings had shown stage
2 and grade 2, non-cirrhosis. The patient was started on 12-
week GLE/PIB therapy; however, viral breakthrough oc-
curred in the fourth week. After the failure of GLE/PIB, the
ALT levels fluctuated around 40 U/L (Figure). At the start
of SOF/VEL4RBV therapy, the alanine aminotransferase
level was transiently elevated. The FIB-4 index was beyond
3.25 only at baseline. These data indicated advanced fibrosis
that had not yet progressed to cirrhosis.

Population sequencing of the amino acid sequence of NS5
A of HCV genotype 3b showed S24-, K26-, M28-, K30-, M
31-, P32-, P58-, E92-, and Y93- before GLE/PIB therapy.
After the failure of GLE/PIB therapy, Y93H replacement in
NSS5A was detected. The patient was treated with SOF/VEL
plus 600 mg of RBV for 24 weeks, and she achieved SVR
24. Mild pruritus and headache appeared during retreatment,
but no serious adverse events were observed.

Notably, the serum HCV RNA levels dropped below the

detectable limit on real-time polymerase chain reaction
(PCR) by week 4 of the SOF/VEL+RBYV therapy in all three
of the above cases, and all of them achieved SVR24 (Fig-
ure).

Discussion

In a phase III trial in Japan, SOF/VEL+RBV therapy
showed SVRI12 rates of 98% for patients with genotype 1
and 92% for those with genotype 2 (12). However, only one
patient in whom prior GLE/PIB therapy had failed was en-
rolled into that study. Recently, Takaki et al. reported that
two of three patients with HCV genotype 1b carrying NS5
A-P32 deletion variants in whom prior GLE/PIB therapy
had failed achieved an SVR after receiving SOF/VEL+RBV
24 weeks (11). In our report, three non-cirrhotic patients
who were infected with HCV genotypes la, 2a, and 3b
achieved SVR24 with SOF/VEL+RBV therapy after anti-
HCYV therapies including GLE/PIB had failed.

In the real-world setting, GLE/PIB therapy has achieved
high SVR rates in DAA-naive patients with HCV genotypes
1 or 2. According to recent studies, the total SVR rate was
99.5% (220/222, 132/132, and 830/834) in non-cirrhotic pa-
tients and 100% (48/48, 41/41, and 334/334) in cirrhotic pa-
tients (7, 13, 14). A systematic review of GLE/PIB failure
recently showed that baseline RASs in NS3 and NS5A were
present in 44 (88%) out of 50 cases of virologic failure (15).
The presence of the baseline RASs L31M, P32del, and Y93
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H in NS5A reduced the odds of achieving SVR in patients
with genotype 1. In contrast, no significant RASs were de-
tected in patients with genotype 2.

In case 1 of our study, no RASs in the NS5A region of
HCV genotype la were detected after GLE/PIB failure,
whereas in case 2, which was infected with HCV genotype
2a, L31M and P58S in the NS5A region were detected at
the baseline before GLE/PIB therapy. Case 1 was re-infected
with HCV genotype la after SVR24 following treatment for
HCV serotype 2, while case 2 did not have a history of
DAA therapy. Therefore, these non-cirrhotic patients were
treated with GLE/PIB therapy for eight weeks. However,
real-world studies in Japan have shown that eight-week
treatment was a common factor for GLE/PIB failure in
DAA-naive patients (3, 7, 14). As we did not a perform se-
quence analysis of the NS3/4 protease region and deep se-
quencing in two cases, why initial DAA treatments failed in
two cases is unclear; however, eight weeks of GLE/PIB
therapy may have been insufficient for the therapy to be
successful.

Case 3 was infected with genotype 3b, which is uncom-
mon in Japan. The patient’s source of infection could not be
identified. She showed resistance to multiple anti-HCV
therapies, including IFN-based regimens, and Y93H RAS
emerged when viral breakthrough occurred during GLE/PIB
therapy. In two clinical trials of GLE/PIB (VOYAGE-1 and
VOYAGE-2), SVR12 was achieved in 95% (19/20) of pa-
tients with genotype 3a and in 50% (10/20) of those with
genotype 3b (16). In Japanese studies, SVR12 was achieved
in 100% (15/15) of patients with genotype 3a and in 40%
(4/10) of those with genotype 3b (7, 13, 14). GLE/PIB ther-
apy was shown to be less effective in patients with genotype
3b than in those with genotype 3a. Generally, wild-type
HCV genotype 3b has a unique amino acid sequence in NS5
A: S24, M28, K30, M31, P32, P58, E92, and Y93 (17). This
amino acid sequence might be one of the reasons for the re-
duced efficacy of GLE/PIB therapy in patients with geno-
type 3b.

In Case 3, SVR24 with SOF/VEL4+RBV therapy was
achieved, even though Y93H RAS emerged after the failure
of GLE/PIB therapy. A clinical study on genotype 3 showed
that 50% (2/4) of patients with YO3H at baseline achieved
SVRI12 with SOF/VEL therapy. In contrast, of the 9 cir-
rhotic patients with Y93H at baseline treated with SOF/VEL
+RBYV therapy, 8 (89%) achieved SVRI12 (18). In addition,
Gane et al. reported that the rate of retreatment with SOF/
VEL+RBV for 24 weeks was 78% (14/18) in patients in-
fected with genotype 3 in whom previous SOF/VEL-based
regimens administered for 12 weeks had been ineffec-
tive (19). The addition of RBV and prolonged treatment du-
ration were speculated to have led to SVR despite the previ-
ous failure of several therapies, including GLE/PIB.

Overall, SOF/VEL+RBYV therapy was well tolerated in all
cases. Although adverse events, such as hyperuricemia and
mild liver transaminase elevation, weight loss, mild pruritus,
and headache, were observed, no patient discontinued the

therapy. A previous study reported that 74.8% of patients
with HCV genotype 3 who were treated with SOF/VEL+
RBV for 12 weeks had adverse events, such as asthenia,
headache, and insomnia. However, most adverse events were
mild, and serious events were rare at 2% (18). Although the
duration of our regimen was longer than in that study, most
of the adverse events were mild, which was consistent with
these previous findings.

In the United States of America and European countries,
combination therapy with SOF/VEL/voxilaprevir is recom-
mended for patients who fail to respond to prior treatment
with a regimen containing an NS5A inhibitor (8, 9). How-
ever, voxilaprevir is not available in Japan. To our knowl-
edge, there are no reports comparing the anti-HCV effects
of SOF/VEL/voxilaprevir and SOF/VEL+RBV. Further stud-
ies are thus necessary to evaluate the effects of SOF/VEL+
RBYV in patients with DAA failure.

In conclusion, we administered 24 weeks of SOF/VEL+
RBV therapy to 3 patients infected with genotypes other
than 1b in whom GLE/PIB therapy had failed. The therapy
was safe and well-tolerated. SOF/VEL+RBV therapy was
effective for patients who did not respond to multiple anti-
HCYV therapy, regardless of HCV genotype.

All procedures followed have been performed in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. Informed consent for inclu-
sion in this study was obtained from all patients.
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