
ORIGINAL RESEARCH

Real-World Clinical Application of 12-Week
Sofosbuvir/Velpatasvir Treatment for Decompensated
Cirrhotic Patients with Genotype 1 and 2:
A Prospective, Multicenter Study

Masanori Atsukawa . Akihito Tsubota . Chisa Kondo . Hidenori Toyoda . Makoto Nakamuta . Koichi Takaguchi .

Tsunamasa Watanabe . Atsushi Hiraoka . Haruki Uojima . Toru Ishikawa . Motoh Iwasa . Toshifumi Tada .

Akito Nozaki . Makoto Chuma . Shinya Fukunishi . Akira Asai . Toru Asano . Chikara Ogawa . Hiroshi Abe .

Naoki Hotta . Toshihide Shima . Etsuko Iio . Shigeru Mikami . Yoshihiko Tachi . Shinichi Fujioka .

Hironao Okubo . Noritomo Shimada . Joji Tani . Isao Hidaka . Akio Moriya . Kunihiko Tsuji . Takehiro Akahane .

Naoki Yamashita . Tomomi Okubo . Taeang Arai . Kiyoshi Morita . Kazuhito Kawata . Yasuhito Tanaka .

Takeshi Okanoue . Shin Maeda . Takashi Kumada . Katsuhiko Iwakiri on behalf of KTK49 Liver Study Group

Received: July 11, 2020 / Published online: September 8, 2020
� The Author(s) 2020

ABSTRACT

Introduction: Clinical trials of direct-acting
antivirals for patients with decompensated

cirrhosis have been conducted, but there is
limited information on the medicinal applica-
tions in clinical settings. We aimed to evaluate
the safety and efficacy of sofosbuvir/velpatasvir
for decompensated cirrhotic patients with
genotypes 1 and 2 in real-world clinical
practice.
Methods: A prospective, multicenter study of
12-week sofosbuvir/velpatasvir was conducted
for patients with decompensated cirrhosis at 33
institutions.
Results: The cohort included 71 patients (52
genotype 1, 19 genotype 2): 7 with Child–Pugh
class A, 47 with class B, and 17 with class C
(median score 8; range 5–13). The albu-
min–bilirubin (ALBI) score ranged from - 3.01
to - 0.45 (median - 1.58). Sixty-nine patients
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(97.2%) completed treatment as scheduled. The
overall rate of sustained virologic response at
12 weeks post-treatment (SVR12) was 94.4%
(67/71). SVR12 rates in the patients with
Child–Pugh classes A, B, and C were 85.7%,
97.9%, and 88.2%, respectively. Among 22
patients with a history of hepatocellular carci-
noma treatment, 20 (90.9%) achieved SVR12.
The Child–Pugh score and ALBI grade signifi-
cantly improved after achieving SVR12
(p = 7.19 9 10-4 and 2.42 9 10-4, respectively).
Notably, the use of diuretics and branched-
chain amino acid preparations significantly
reduced after achieving SVR12. Adverse events
were observed in 19.7% of the patients, leading
to treatment discontinuation in two patients
with cholecystitis and esophageal varices rup-
ture, respectively.

Conclusion: Twelve weeks of sofosbuvir/vel-
patasvir in real-world clinical practice yielded
high SVR rates and acceptable safety profiles in
decompensated cirrhotic patients with geno-
types 1 and 2. Achievement of SVR not only
restored the liver functional reserve but also
reduced or spared the administration of drugs
for related complications.
Trial Registration: UMIN registration no,
000038587.

Keywords: ALBI grade; Child–Pugh class;
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Sofosbuvir; Velpatasvir
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Key Summary Points

Why carry out this study?

Real-world patient cohorts may include
patients with unfavorable factors or
conditions, unlike the participants in
phase 3 clinical trials.

To confirm the real-world efficacy and
safety of 12-week sofosbuvir/velpatasvir
(SOF/VEL) (without ribavirin), we
performed a prospective multicenter study
of decompensated cirrhotic patients,
including those who would be ineligible
for clinical trials, and addressed how
sustained virologic response (SVR)
achievement could have a beneficial
impact on such patients within a short
period in real-world clinical practice.

Among 71 patients, 69 (97.2%) completed
treatment as scheduled, 71 (100%) had
virological response at the end (or
cessation) of treatment, and 67 (94.4%)
achieved sustained virologic response at
12 weeks post-treatment (SVR12).

Twelve weeks of SOF/VEL yielded high
efficacy, acceptable safety, and good
tolerability, even in patients exhibiting
advanced disease stages or unfavorable
conditions. The achievement of SVR not
only restored the liver functional reserve
but also reduced or spared the
administration of drugs for related
complications.

What was learned from the study?

In real-world clinical practice, achieving
SVR with SOF/VEL not only restored the
liver functional reserve but also reduced or
spared the use of diuretics and branched-
chain amino acid preparations for the
treatment of cirrhosis-related
complications in the short term.

These findings suggest that direct-acting
antiviral treatment such as SOF/VEL may
improve health-related quality of life and
prognosis and reduce physical and
economic burdens of decompensated
cirrhotic patients.
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DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12770987.

BACKGROUND

Chronic hepatitis C virus (HCV) infection cau-
ses hepatic necroinflammation and fibrogene-
sis, and, consequently, is a primary risk factor
for liver cirrhosis and hepatocellular carcinoma
(HCC). Liver fibrosis gradually progresses
through chronic active hepatitis to compen-
sated cirrhosis, and eventually to decompen-
sated cirrhosis, which is accompanied by
various portal hypertension-related complica-
tions, such as ascites, gastrointestinal hemor-
rhage, and hepatic encephalopathy [1]. A recent
meta-analysis showed that the 2-year survival
rates of patients with Child–Pugh classes B and
C were 70% and 40%, respectively [1]. A Span-
ish cohort study reported that the mean sur-
vival of patients with decompensated cirrhosis
was 4.1 years [2]. Therefore, a breakthrough
treatment is urgently desired in order to
improve the poor prognosis of decompensated
cirrhosis.

Currently, direct-acting antiviral agents
(DAAs) are the first-line standard of care for
chronic HCV infection. We have previously
reported that HCV elimination was achieved in
95–99% of patients with chronic hepatitis or
compensated cirrhosis [3–10], although our
reports excluded patients with decompensated
cirrhosis. Meanwhile, several real-world studies
from Europe and the United States have inclu-
ded decompensated cirrhotic patients, but only

one phase 3 study focusing on decompensated
cirrhotic patients has been reported in Asia, by
Japan [11–17]. Considering that patients with
hepatitis C in Japan are generally older than
those in Europe and the United States [3–17], it
is necessary to evaluate the efficacy and safety of
DAAs for decompensated cirrhotic patients in
real-world clinical practice in Japan.

DAAs available for treating HCV include NS3/
4A protease inhibitors, NS5A inhibitors, and
NS5B polymerase inhibitors. Generally, two or
more of these different drugs are administered in
combination to treat chronic HCV infection.
However, given the hepatotoxicity of some NS3/
4A protease inhibitors [4–10, 18], the guidelines
of the European Association for the Study of
Liver and the American Association for the
Study of Liver Diseases recommend combining
an NS5A inhibitor and an NS5B polymerase
inhibitor for patients with decompensated cir-
rhosis [19, 20]. Indeed, clinical trials in Europe
and the United States indicate that this combi-
nation yielded high sustained virologic response
(SVR) rates and that the liver functional reserve
improved after SVR achievement [11–14]. There
have been only two phase 3 clinical studies of
sofosbuvir/velpatasvir (SOF/VEL) with or with-
out ribavirin in patients with decompensated
cirrhosis [Child–Pugh class B (score of 7–9) in
ASTRAL-4 or Child–Pugh score of B 12 in a
Japanese phase 3 study] [13, 21]. The Japanese
phase 3 study reported that the addition of rib-
avirin did not improve the SVR rate, but rather
increased the frequency and severity of adverse
events (AEs) [21]. Therefore, the 12-week SOF/
VEL regimen (without ribavirin) was approved
in 2019 in Japan for patients with decompen-
sated cirrhosis.

In this prospective, multicenter study, we
aimed to evaluate the safety and efficacy of
12-week SOF/VEL (without ribavirin) for
patients with decompensated cirrhosis, includ-
ing those who would be ineligible for clinical
trial settings (primary objective). In addition,
we assessed how SVR achievement could have
beneficial impacts, such as restoration of liver
functional reserve and reduction in drug doses
for cirrhosis-related complications, within a
short period in real-world clinical practice (sec-
ondary objective).
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METHODS

Patients

This was a prospective, multicenter (n = 33)
study conducted by the KTK49 Liver Study
Group in Japan (UMIN registration no.
000038587). Decompensated cirrhotic patients
with genotypes 1 and 2 were recruited and
received 12-week SOF/VEL between March 2019
and December 2019. Patients consented to
participate in the study and met the following
inclusion criteria: (1) serum HCV ribonucleic
acid (RNA) levels[1.2 log IU/mL; (2) 18 years
or over; and (3) decompensated liver cirrhosis
(Child–Pugh classes B or C) at the time of entry
into the study. The exclusion criteria were: (1)
malignant tumors; (2) co-infection with human
immunodeficiency virus or hepatitis B virus; (3)
contraindicated concomitant drugs against
SOF/VEL; and (4) estimated glomerular filtra-
tion rate (eGFR) of\ 30 mL/min/1.73 m2. This
study was approved by the ethics committee of
Nippon Medical School (IRB #R1-05-1129) and
each institution. This study was performed in
accordance with the 2013 Helsinki Declaration.
All patients consented to provide their data.
Written informed consent was obtained from
each patient before enrollment.

Treatment Protocol and Laboratory Tests

Patients received one tablet of EPUCLUSA� per
os once daily (400 mg SOF and 100 mg VEL;
Gilead Sciences, Foster City, CA, USA) for
12 weeks. Physical, hematological, and bio-
chemical examinations were performed at
treatment initiation, and every 4 weeks during
the treatment and follow-up periods.

AEs including laboratory abnormalities were
graded according to the Common Terminology
Criteria for Adverse Events v.5.0, as presented
by the National Cancer Institute Cancer Ther-
apy Evaluation Program [22].

Serum HCV RNA levels were measured using
a real-time polymerase chain reaction (PCR)-
based method (COBAS TaqMan HCV Test 2.0;
Roche Molecular Systems, Pleasanton, CA,
USA). The lower limit of quantification was 1.2

log IU/mL. HCV genotype was determined
using PCR with genotype-specific primers for
amplifying the core gene sequence [23].

Definition of Treatment Responses

SVR12 was defined as undetectable serum HCV
RNA at 12 weeks post-treatment. Patients with
undetectable serum HCV RNA at the end of
treatment were considered to have achieved the
end-of-treatment response (EOT). Patients with
EOT in whom viral RNA reappeared after treat-
ment completion were considered to have
relapsed.

Evaluation of the Resistance-Associated
Substitutions

NS5A substitutions were determined using direct
sequencing techniques. Extracted RNA samples
from the serum were reverse-transcribed and
amplified via the nested PCR method, using
outer primers for the NS5A region: 50-ATGAACC
GRCTGATAGCGTT-30 [NS5A H-F1; sense,
nucleotide (nt) 6075–6094, numbered according
to HCV-J (accession no. D90208)] and 50-CTA
GCTGAAGAGCTGGCCAA-30 (NS5AH-R1; anti-
sense, nt 6969–6988), and inner primers: 50-T
CCCCYACRCACTATGTGCC-30 (NS5A H-F2;
sense, nt6117–6136) and 50-CGCTTYGCCG
TRTCTGCTGT-30 (NS5A H-R2; antisense, nt
6921–6940). The conditions of the first and sec-
ond PCR rounds were the same: 95 �C for 2 min,
followed by 40 cycles at 98 �C for 10 s, 55 �C for
15 s, and 68 �C for 1 min. The PCR products were
then sequenced on an automated DNA sequen-
cer (3730xl DNA Analyzer; Thermo Fisher Sci-
entific, Waltham, MA, USA). The resistance-
associated amino acid positions were referenced
as in previous reports [24]. Subtype-specific ref-
erence strains were Con1 (AJ 238799) for geno-
type 1b, JFH-1 (AB047639) for genotype 2a, and
HC-J8 (D10988) for genotype 2b.

Evaluation of the Liver Functional Reserve

The Child–Pugh classification was used to assess
the liver functional reserve. In this study, the
original version was used for the Child–Pugh

Infect Dis Ther (2020) 9:851–866 855



classification [25], where ascites was graded as
follows: 1 = none, 2 = mild, and 3 = moderate.
Moreover, the albumin–bilirubin (ALBI) grading
system was adopted because it is known that
liver functional reserve can be categorized in
more detail compare to the Child–Pugh classi-
fication. The ALBI score was calculated based on
serum albumin and total bilirubin values using
the following formula: ALBI score = [log10
bilirubin (lmol/L) 9 0.66] ? [albumin (g/
L) 9 - 0.085]. The ALBI grade was defined by
the following scores: B - 2.60 for grade 1,
between - 2.60 and - 1.39 for grade 2, and[
- 1.39 for grade 3. Furthermore, the middle
ALBI grade (grade 2) was subdivided into 2a and
2b [designated as the modified ALBI (mALBI)
grade] by an ALBI score of - 2.270, corre-
sponding to the cutoff value for a 15-min
indocyanine green retention rate of 30% [26].

Statistical Analyses

Continuous variables are presented as medians
and ranges in parentheses. Categorical variables
are presented as numbers and percentages. The
Wilcoxon signed-rank test was used to evaluate
the time-course changes in serum albumin,
total bilirubin, eGFR, prothrombin time,
Child–Pugh class/score, and ALBI grade/score.
The Fisher’s exact test, chi-square test, and
Tukey’s multiple comparison test were used to
compare groups, as appropriate. The
Cochran–Armitage trend test was used to eval-
uate associations between a variable with two
categories and a variable with multiple cate-
gories. A p value of\0.05 was considered sta-
tistically significant. All statistical analyses were
performed using IBM SPSS Statistics v.26.0 (IBM
Japan, Tokyo, Japan) and JMP v.12.0.1 (SAS
Institute, Cary, NC, USA).

RESULTS

Patient Characteristics

This study involved 71 patients with decom-
pensated cirrhosis, comprising 38 males and 33
females, with a median age of 65 (43–86) years
(Table 1). Fifty-two and 19 patients were

Table 1 Baseline characteristics of the 71 patients

Variable N = 71

Gender (male/female) 38/33

Age (years) 65 (43–86)

White blood cell (/mm3) 3420 (1500–7800)

Hemoglobin (g/dL) 11.7 (7.9–16.0)

Platelets (9 103/mm3) 77 (29–186)

AST (U/L) 55 (20–152)

ALT (U/L) 31 (11–119)

Serum albumin (g/dL) 2.9 (1.9–4.5)

Total bilirubin (mg/dL) 1.5 (0.5–5.2)

Prothrombin time (%) 64.0 (18.0–110.0)

Child–Pugh score 8 (5–13)

Child–Pugh class (A/B/C) 7/47/17

ALBI score - 1.58 (- 3.01 to

- 0.45)

ALBI grade (1/2a/2b/3) 1/4/37/29

Ascites (none/mild/moderate or

severe)

35/30/6

Hepatic encephalopathy (absent/

mild)

48/23

Administration of BCAA (no/yes) 31/40

Administration of diuretics (no/

yes)

23/48

Esophageal varices (absent /

present/unknown)

20/45/6

Alpha-fetoprotein (ng/mL) 7.0 (1.3–2031.8)

HCV RNA (log IU/mL) 5.7 (3.0–7.4)

HCV genotype (1b/2a/2b) 52/17/2

History of IFN-free DAAs

(naı̈ve/experienced)

70/1

History of HCC treatment (no/

yes)

49/22

AST aspartate aminotransferase; ALT alanine amino-
transferase; BCAA branched chain amino acid; HCV
hepatitis C virus; IFN interferon; DAAs direct-acting
antivirals; HCC hepatocellular carcinoma

856 Infect Dis Ther (2020) 9:851–866



infected with genotype 1 and 2, respectively.
The median values of albumin, total bilirubin,
and prothrombin time were 2.9 (1.9–4.5) g/dL,
1.5 (0.5–5.2) mg/dL, and 64.0 (18.0–110.0) %,
respectively. The median Child–Pugh score was
8 (5–13) points. Seven patients were Child–Pugh
class A (score 5–6), 47 were class B (score 7–9),
and 17 were class C (score 10–15). All the
patients with Child–Pugh class A had previous
decompensated events, and their Child–Pugh
scores improved after branched-chain amino
acid (BCAA) and/or diuretics administration;
consequently, the Child–Pugh class improved
to A at the initiation of SOF/VEL. ALBI grades 1,
2a, 2b, and 3 were registered in 1, 4, 37, and 29
patients, respectively. Among the 71 patients,
45 (63.4%) had esophageal varices, and 12 were
treated by an endoscopic procedure before SOF/
VEL initiation. Twenty-two (31.0%) patients
underwent previous treatment for HCC (ra-
diofrequency ablation in 9 patients, surgical
resection in 3, transcatheter arterial chemoem-
bolization in 5, chemotherapy in 1, heavy ion
therapy in 1, and proton therapy 1; all per-
formed 2 months to 13 years before the entry
into this study). None of the patients had evi-
dence of HCC on imaging modalities at the
initiation of SOF/VEL. Forty (56.3%) patients
were administered BCAA for hypoalbuminemia
and hepatic encephalopathy, and 48 (67.6%)
patients were administered diuretics (fur-
osemide, spironolactone, and/or tolvaptan) for
hepatic edema. Other clinical characteristics at
the initiation of SOF/VEL are shown in Table 1.

Virologic Responses

Among the 71 patients, 69 completed the treat-
ment as scheduled; the remaining 2 patients
prematurely discontinued treatment due to AEs
(as described below). The overall SVR12 rate,
based on intention-to-treat analysis, was 94.4%
(67/71; Fig. 1a). Four patients did not achieve
SVR12—two relapsed, and one discontinued
treatment at week 9 (when serum HCV RNA was
undetectable) due to acute cholecystitis and died
of sepsis 3 weeks later; thus, the final virologic
response was undetermined. The final patient
that did not achieve SVR12 completed the

treatment and achieved SVR4, but developed
spontaneous bacterial peritonitis and died of
liver failure at week 10 after the completion of
treatment. The two deaths exhibited no viremia
during treatment; thus, all the 71 patients
achieved EOT. According to the Child–Pugh
classification, the SVR12 rates were 85.7% (6/7)
for class A, 97.9% (46/47) for class B, and 88.2%
(15/17) for class C (Fig. 1b). The SVR12 patients
with Child–Pugh class C included one individual
with a Child–Pugh score of 13, who would have
been excluded from the Japanese phase 3 trial
[21]. According to the ALBI grading system, the
SVR12 rates were 0% (0/1) for grade 1, 100% (4/4)
for grade 2a, 97.3% (36/37) for grade 2b, and
93.1% (27/29) for grade 3 (Fig. 1c). Among the 22
patients withHCC treatment history, 20 (90.9%)
achieved SVR12 (Fig. 1d), while the remaining 2
patients relapsed (both were naı̈ve to DAA)
(Table S1). Of the 20 patients with SVR12, 4
developed recurrent HCC during the follow-up
period: 1 underwent radiofrequency ablation for
solitary lesion, 1 underwent CyberKnife treat-
ment for solitary lesion, 1 underwent hepatic
arterial infusion chemotherapy using a reservoir
for portal vein thrombosis, and 1 is awaiting liver
transplantation due to deteriorated liver func-
tion despite a solitary lesion. Sixty-six of the 70
DAA-naı̈ve patients (94.3%) achieved SVR12,
while 1 DAA-experienced patient (prior treat-
ment: asunaprevir plus daclatasvir) achieved
SVR12.

We sequentially analyzed the resistance-as-
sociated substitutions (RASs) in the NS5A region
of the two patients who relapsed. In one patient
(genotype 1b), no RASs were detected at posi-
tion L31, Q54, and Y93 at baseline; however,
L31V, F37L, and Y93N emerged at relapse. In
the other patient (genotype 2b), Q30K and
L31M had already existed at baseline; thereafter,
both Q30K and L31M remained at relapse.
Neither relapser had NS5B RASs (including
S282T) at baseline or relapse.

Time-Course Changes in the Liver
Functional Reserve

Changes in the biochemical and liver functional
reserve parameters from baseline to 12 weeks

Infect Dis Ther (2020) 9:851–866 857



post-treatment were analyzed in the 67 patients
who achieved SVR12. The median total bilirubin
levels did not change (p = 0.09; Fig. 2a). The
medianprothrombin time significantly improved
from 64.0 to 71.0% (p = 0.001; Fig. 2b). The
median albumin levels significantly increased
from 2.9 to 3.3 g/dL (p\0.001; Fig. 2c).

The median Child–Pugh score significantly
improved, from 8 points at baseline to 7 points
at 12 weeks post-treatment (p\ 0.001; Fig. 2d).
The proportion of Child–Pugh class A patients
increased from 9.0 to 37.3%, while that of
classes B and C patients decreased from 68.6 to
49.3% and from 22.4 to 13.4%, respectively.
Accordingly, the liver functional reserve based
on the Child–Pugh classification significantly
improved in the patients who achieved SVR12

(p\ 0.001; Fig. 3a). Among the 17 class C
patients, 4 improved to class B and 2 improved
to class A. Among the 47 class B patients, 17
improved to class A (Fig. S1). No patients
showed a deterioration in Child–Pugh class, but
three patients exhibited worse scores after
achieving SVR12 (i.e., 7–8, 8–9, and 11–12).

The median ALBI grade scores also improved
from - 1.59 at baseline to - 1.90 at 12 weeks
post-treatment (p\0.001; Fig. 2e). Grade 1
increased from 0.0 to 7.5%, grade 2a increased
from 6.0 to 14.9%, and grade 2b increased from
53.7 to 59.7%. In contrast, grade 3 decreased
from 40.3 to 17.9%. Accordingly, the liver
functional reserve based on the mALBI grade
also significantly improved in patients who
achieved SVR12 (p\ 0.001; Fig. 3b). Among the

Fig. 1 Sustained virologic response rates according to each
category. a A sustained virologic response rate in a total of
71 patients with decompensated liver cirrhosis based on
intention-to-treat analysis. b Comparison of sustained
virologic response rates among patients with Child–Pugh

classes A, B, and C. c Comparison of sustained virologic
response rates among patients with ALBI grades 1, 2a, 2b,
and 3. d Comparison of sustained virologic response rates
between patients with and without a history of hepato-
cellular carcinoma (HCC)
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29 grade 3 patients, 15 improved to grade 2b
and one improved to grade 2a. Among the 37
grade 2b patients, e8ight improved to grade 2a
and 3 improved to grade 1. Two patients with
grade 2a improved to grade 1. However, two
patients deteriorated mALBI grades despite
achieving SVR12: one from grade 2b to grade 3
and the other from grade 2a to grade 2b
(Fig. S2). Both patients were administered
tolvaptan for refractory ascites, and the former
underwent a transjugular intrahepatic por-
tosystemic shunt procedure due to non-re-
sponsiveness to tolvaptan.

Taken together, improvements in these sur-
rogate parameters indicate that the achieve-
ment of SVR12 with SOF/VEL could restore the
liver function reserve during the short term of
24 weeks in patients with decompensated

cirrhosis. However, the ALBI grade and score
deteriorated in some patients with refractory
ascites, despite achieving SVR12.

Time-Course Changes in Drug
Administration for Complications
in Patients with Decompensated Cirrhosis

Given that the serum albumin levels, Child–-
Pugh scores/classes, and ALBI grades/scores
improved in patients who achieved SVR12, we
investigated if the diuretic doses and BCAAs
were reduced or discontinued with SVR12.
Among the 67 patients who achieved SVR12, 45
(67.2%) had been administered diuretics and 22
(32.8%) were diuretics free at baseline. Of the 45
patients receiving diuretics, 13 discontinued

Fig. 2 Time-course changes in the biochemical and
hepatic functional reserve parameters. Time-course changes
from baseline to 12-week post-treatment in a total
bilirubin levels, b prothrombin time, c serum albumin

levels, d Child–Pugh score, and e ALBI score among
patients who achieved sustained virologic response at
12 weeks post-treatment (SVR12)
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diuretic use and 2 reduced their doses with the
achievement of SVR12. Twenty-five patients
continued the same dosages, and five patients
increased their doses. One patient initiated
diuretic treatment despite achieving SVR12.
Thus, the proportion of patients who main-
tained, increased, or initiated diuretic use dur-
ing the study period significantly decreased to
46.3% (31/67) at 12 weeks post-treatment
(p = 0.01; Fig. 4a). The proportion of patients
receiving BCAA treatment significantly
decreased from 53.7% (36/67) at baseline to
37.3% (25/67) at 12 weeks post-treatment.
Thus, 11 of the 36 patients receiving BCAAs
spared BCAAs (p = 0.02; Fig. 4b). These results
suggest that achieving SVR12 with SOF/VEL
could improve the severity of cirrhosis-related
complications, thereby reducing or sparing drug
administration dosages for the treatment of
complications in patients with decompensated
cirrhosis. Such results have not been reported
before.

Adverse Events

Overall, AEs were observed during the treat-
ment and follow-up periods in 19.7% (14/71) of
the patients. The incidence was higher in the
Child–Pugh class C group [35.3% (6/17)] than
in the Child–Pugh class A/B group [14.8% (8/
54)], although not statistically significant
(p = 0.08; Table 2). Serious AEs occurred more
frequently in the former [11.8% (2/17)] than in
the latter [3.8% (2/54)], although not statisti-
cally significant (p = 0.241). AEs leading to
treatment discontinuation were observed in two
patients with Child–Pugh class B: acute chole-
cystitis in one (as described above) and eso-
phageal varices rupture in the other (as
described below). Two patients died during the
follow-up period (as described above): one
Child–Pugh class B patient had diabetes melli-
tus and cholecystolithiasis at baseline and
developed acute cholecystitis and later died of
sepsis; and the other Child–Pugh class C
patients had total bilirubin and albumin levels
that fluctuated at 3.2–3.8 mg/dL and 2.3–3.0 g/

Fig. 3 Time-course changes in the distribution of the
Child–Pugh class and ALBI grade. a Child–Pugh class and
b ALBI grade significantly improved from baseline to
12-week post-treatment in patients who achieved sustained

virologic response at 12 weeks post-treatment (SVR12)
(p = 7.19 9 10-4 and 2.42 9 10-4, respectively, by the
Cochran–Armitage trend test)
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dL, respectively, during the treatment period
and developed spontaneous bacterial peritonitis
and consequently died of liver failure. Two
patients with Child–Pugh class B and ALBI
grade 3 developed encephalopathy grade 2
during the treatment period, but rapidly recov-
ered with hydration and achieved SVR12 after
treatment completion. After achieving SVR12,
both patients improved the liver functional
reserve: Child–Pugh B to A in one and ALBI
grade 3 to 2b in both. Two patients developed
variceal bleeding during the treatment period,
but both achieved SVR12: one patient showed
varices grade 3 with red signs at baseline and
discontinued treatment at week 8 (as described
above); and the other patient exhibited varices
grade 2 without red signs at baseline and com-
pleted the treatment. Neither patient under-
went endoscopic treatment before SOF/VEL,
albeit the 12 patients who had undergone

endoscopic treatment for esophageal varices did
not develop variceal rupture. No patients had
elevated transaminase, but one patient experi-
enced increased total bilirubin from 0.5 to
2.3 mg/dL (grade 1). The median eGFR levels
did not vary from the baseline to 12 weeks post-
treatment (70.0 mL/min/1.73 m2 for both;
p = 0.11; Fig. S3).

DISCUSSION

To date, there have been only two phase 3
clinical trials of SOF/VEL with or without rib-
avirin for patients with decompensated cirrho-
sis: one from the United States (ASTRAL-4) for
those with Child–Pugh class B (score of 7–9)
[13]; and the other from Japan for those with
Child–Pugh score B 12 [21]. Our prospective,
real-world, multicenter study included patients

Fig. 4 Time-course changes in the administration dosages
of drugs for the treatment of complications. a Changes in
administration doses of diuretics for hepatic edema. The
proportion of patients who received the same, increased
the doses or initiated diuretics significantly decreased after
achieving sustained virologic response at 12-week post-
treatment (SVR12) (p = 1.46 9 10-2 by the
Cochran–Armitage trend test). b Changes in

administration of branched chain amino acid (BCAA)
for hepatic encephalopathy and/or hypoalbuminemia. The
proportion of patients who continued to receive BCAA
treatment was significantly reduced from baseline to
12-week post-treatment among patients who achieved
SVR12 (p = 2.44 9 10-2 by the Cochrane–Armitage
trend test)
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with more advanced disease stages or unfavor-
able conditions; however, it achieved high
effectiveness, acceptable safety profiles, and
good tolerability of 12-week SOF/VEL in
decompensated cirrhotic patients with geno-
types 1 and 2 (Child–Pugh score B 13) in real-

world clinical practice. The SVR rate of 94.4%
(67/71) in our study is similar to those of
12-week SOF/VEL without ribavirin in the
ASTRAL-4 study [88.8% (16/18) for genotype 1b
and 100% (4/4) for genotype 2] and in the Japan
phase 3 study (92.2%; 47/51) [21]. Real-world

Table 2 Adverse events

Adverse events Total
(n = 71)

Child–Pugh class A or B
(n = 54)

Child–Pugh class C
(n = 17)

p value

Any adverse events 14 (19.7%) 8 (14.8%) 6 (35.3%) 0.08

Death 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Serious adverse events (CTCAE

grade C 4)

4 (5.6%) 2 (3.8%) 2 (11.8%) 0.24

Adverse events leading to treatment

discontinuation

2 (2.8%) 2 (3.8%) 0 (0.0%) 1.00

CTCAE grade

Grade 1 5 (7.0%) 3 (5.7%) 2 (11.8%) 0.59

Grade 2 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Grade 3 3 (4.2%) 2 (3.8%) 1 (5.9%) 0.57

Grade 4 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Grade 5 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Adverse events

Nosebleed 1 (1.4%) 0 (0.0%) 1 (5.9%) 0.24

Dysgeusia 1 (1.4%) 1 (1.9%) 0 (0.0%) 1.00

Hepatic encephalopathy 2 (2.8%) 2 (3.8%) 0 (0.0%) 1.00

Progression of diabetes mellitus 1 (1.4%) 0 (0.0%) 1 (5.9%) 0.24

Esophageal varices rupture 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Acute cholecystitis 1 (1.4%) 1 (1.9%) 0 (0.0%) 1.00

Deterioration of ascites 2 (2.8%) 1 (1.9%) 1 (5.9%) 0.42

Fatigue 1 (1.4%) 0 (0.0%) 1 (5.9%) 0.24

Pharynx discharge 1 (1.4%) 1 (1.9%) 0 (0.0%) 1.00

Liver failure 1 (1.4%) 0 (0.0%) 1 (5.9%) 0.24

Laboratory abnormalities

Total bilirubin elevation 1 (1.4%) 1 (1.9%) 0 (0.0%) 1.00

Adverse events were graded according to the Common Terminology Criteria for Adverse Events (CTCAE) v.4.0, as
presented by the National Cancer Institute Cancer Therapy Evaluation Program
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study cohorts may include patients with more
unfavorable factors or conditions, unlike the
participants in phase 3 clinical trials. For
instance, our study cohort included one patient
with a Child–Pugh score of 13, who would have
been ineligible for the previous phase 3 studies
[13, 21]. Nevertheless, this individual com-
pleted the treatment safely and improved to
score 12 after achieving SVR. Likewise, 31.0% of
the patients had undergone prior treatment
modalities for HCC, and 91.3% of those
patients achieved SVR after treatment comple-
tion (some of whom would have been ineligible
for the above studies [13, 21]. In many patients,
the liver functional reserve was restored in the
short period, suggesting that the achievement
of SVR might provide more treatment options
for recurrent HCC. However, deteriorated liver
functional reserve was observed in some
patients despite achieving SVR; hence, a better
understanding of the limitations of the treat-
ment (e.g., identification of such patients) is
required.

Previous and our studies have indicated that
the achievement of SVR with 12-week SOF/VEL
could retrieve the liver functional reserve over a
short time of 24 weeks even for patients with
decompensated cirrhosis [21]. Notably, we sug-
gest that the restored liver functional reserve
could improve cirrhosis-related complications
and consequently reduce or spare the doses of
drug, such as diuretics for hepatic edema and
BCAA preparations for hepatic encephalopathy
and hypoalbuminemia. This is the first report to
clarify such beneficial effects of VEL/SOF on
complications and related treatments. Given
our previous report on the poor prognosis of
cirrhotic patients receiving high-dose diuretics
for hepatic edema [27], reduced or spared
diuretic use may lead to improvements in the
mid- and long-term prognosis of patients with
decompensated cirrhosis, especially those with
hepatic edema.

An advantage of the SOF/VEL regimen is that
a protease inhibitor, which may cause hep-
atopathy, is not included. We also observed no
increases in the transaminase levels in this
study. Increased total bilirubin was observed in
one patient, but the relationship between this
result and the drugs is unclear; perhaps, the

treatment was administered during naturally-
occurring deterioration.

In our real-world cohort, treatment was pre-
maturely discontinued due to cholecystitis and
esophageal varices rupture. Specifically, patients
with advanced decompensated cirrhosis may be
vulnerable to acute infection, which can be
difficult to treat or control. Uncontrollable or
rapidly progressive infections could impair the
functioning of the liver and other organs,
resulting in multiple organ failure. In our study,
acute cholecystitis followed by sepsis and
spontaneous bacterial peritonitis caused or
triggered patient deaths. Therefore, physicians
and patients must pay scrupulous attention to
HCV and acute infections. The Japanese phase 3
study also reported esophageal varices rupture
during treatment [21]; in our study, the two
patients with variceal rupture had esophageal
varices C grade 2 with or without red signs and
had not undergone endoscopic treatment
before SOF/VEL. These results suggest that
advanced treatment for esophageal varices
should be considered for such patients prior to
SOF/VEL. Our results indicate no association
between SOF/VEL and acute infections or eso-
phageal varices rupture.

The current study has some limitations. First,
the sample size was small, although it did
exceed the sample size of previous phase 3
studies [13, 21]. Second, this was an open-label
study. Third, the mid- and long-term effects of
achieving SVR with SOF/VEL on the liver func-
tional reserve, health-related quality of life, and
prognosis remain unclear. Finally, the RASs at
baseline and relapse were analyzed in patients
with virologic failure, but the pre-existing RASs
to SOF/VEL were not analyzed in all the
patients.

CONCLUSION

This prospective, multicenter study demon-
strated the high efficacy, acceptable safety, and
good tolerability of 12-week SOF/VEL in
decompensated cirrhotic patients with geno-
types 1 and 2 in real-world clinical practice. The
achievement of SVR not only restored the liver
functional reserve but also reduced or spared
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the use of diuretics and BCAA preparations for
the treatment of complications over a short
term of 24 weeks.
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