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ABSTRACT

Introduction: Pangenotypic direct-acting
antivirals are expected to cure hepatitis C virus
(HCV) in more than 95% of treated patients.

However, data on the effectiveness and safety of
sofosbuvir/velpatasvir (SOF/VEL) in Taiwan are
limited. This study aims to characterize the
patient population in the nationwide Taiwan
Association for the Study of the Liver (TASL)
HCV Registry and evaluate treatment outcome
in Taiwanese patients receiving SOF/VEL.
Methods: This study was a retrospective-
prospective, observational, multicenter, real-
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world analysis. Adults with chronic hepatitis C
were treated with SOF/VEL 400/100 mg ± rib-
avirin for 12 weeks. The primary outcome was
sustained virologic response 12 weeks after end
of therapy (SVR12). Factors associated with not
achieving SVR12 were evaluated using logistic
regression and covariate analysis. Safety was
also assessed.
Results: In total, 3480 patients were included:
86.8% genotype 1/2, 2.8% genotype 3, 0.1%
genotype 4/5, 9.6% genotype 6; unclassified,
0.8%; 12.2% compensated cirrhosis; 3.3%
decompensated cirrhosis; and 15.8% chronic
kidney disease. Overall SVR12 rate was 99.4%
(genotype 1, 99.5%; genotype 2, 99.4%; geno-
type 3, 96.9%; genotype 4, 100%; genotype 6,
99.7%). SVR12 rates among patients with com-
pensated cirrhosis, decompensated cirrhosis,
and chronic kidney disease stages 4–5 were
99.5%, 100%, and 100%, respectively. There
were 21 patients (0.6%) who did not achieve
SVR12. Factors associated with failure were
treatment adherence below 60%, high viral

load, and genotype 3 (p\ 0.001, p = 0.028, and
p = 0.001, respectively). Adverse events occur-
red in 10% of patients; 0.6% were serious and
one was related to treatment. Treatment dis-
continuation occurred in 0.3% of patients;
none were treatment related. The estimated
glomerular filtration rate remained
stable throughout treatment and follow-up,
regardless of baseline values and cirrhosis status.
Conclusion: SOF/VEL was highly effective and
well tolerated in Taiwanese patients, irrespec-
tive of viral genotype, liver disease severity, and
comorbidities.

Keywords: Hepatitis C; Sofosbuvir; Velpatasvir;
Direct-acting antivirals; Real-world; Taiwan
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Key Summary Points

Why carry out this study?

Data on hepatitis C virus (HCV)
treatment in certain populations in
Taiwan are limited.

Data on HCV treatment with sofosbuvir/
velpatasvir (SOF/VEL) from large-scale
real-world settings in Taiwan are limited.

Efficacy and safety of SOF/VEL was
analyzed in 3480 patients using a
nationwide HCV database.

What was learned from this study?

Overall, 99.4% of patients with HCV
treated with SOF/VEL, with and without
ribavirin, achieved cure, regardless of
baseline characteristics and patient
population.

Treatment with SOF/VEL was well
tolerated in those with severe liver disease
and comorbidities.

Treatment with SOF/VEL did not worsen
kidney function in patients with HCV and
chronic kidney disease.

INTRODUCTION

Hepatitis C virus (HCV) is a global public health
concern, with over 71 million people infected
around the world. Chronic HCV is recognized as
a common cause of cirrhosis, hepatocellular
carcinoma (HCC), liver transplantation, and
liver-related deaths [1]. Since the introduction
of direct-acting antivirals (DAAs), the expecta-
tion is that 95% of treated patients will be cured
of HCV—defined as a sustained virologic
response 12 weeks after the end of therapy
(SVR12) [2]. Achieving SVR12 is associated with
a decreased risk of liver disease progression and
its complications, including liver decompensa-
tion, portal hypertension, and death [3, 4].

Sofosbuvir/velpatasvir (SOF/VEL), a protease
inhibitor (PI)-free 12-week regimen for patients
with chronic HCV, has demonstrated SVR12
rates of 95–100% in over 1100 clinical trial
patients with HCV genotypes 1–6 [5–7]. Efficacy
in clinical trials has translated into effectiveness
in clinical practice, evidenced through multiple
real-world studies [8–10]. Clinical trials in an
Asian population have shown similar results to
those in western parts of the world [11].

Many regions in Taiwan are classified as
hyperendemic for HCV [12, 13], with a
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prevalence rate of 1.8–5.5% [14]. Genotypes 1
and 2 are the most frequent in the general
population [15] and genotypes 1, 3, and 6 are
the most dominant among people who inject
drugs (PWID) [16]. The use of SOF/VEL has been
approved in Taiwan for HCV-infected patients
with compensated liver disease, and with the
addition of ribavirin it can be used to treat
patients with decompensated cirrhosis [17].

Real-world data of DAA therapy for chronic
hepatitis C have been reported extensively in
Europe and North America. Although some

real-world evidence has been published
recently, there is still a lack of data in some
patient populations in Taiwan, particularly
those with decompensated cirrhosis.

The Taiwan Association for the Study of the
Liver (TASL) HCV Registry (TACR) is a nation-
wide registry program to manage the database
and biobank of patients with HCV who receive
DAA therapy in Taiwan. By February 2021, a
total of 48 sites, including 22 regional hospitals,
21 medical centers, and 5 primary care clinics,
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were contributing patient data to the registry
[18].

The current study aimed to use the TACR
database and biobank to characterize the
patient population and evaluate the treatment
outcomes of patients with chronic HCV receiv-
ing SOF/VEL in Taiwan, particularly in patient
populations where little or no data are available.

METHODS

Design

This study was a retrospective-prospective,
observational, multicenter, real-world analysis
of patients who received a 12-week fixed dose of
SOF/VEL ± ribavirin from 2017 to February
2021. Data from the TACR database were used,
details of which have been published previously
[19]. The study was approved by the institu-
tional review board at each study site, con-
formed to the guidelines of the International
Conference on Harmonization for Good Clini-
cal Practice, and was performed in accordance
with the Helsinki Declaration of 1964 and its
later amendments. This study included a retro-
spective cohort from which data were retrieved
retrospectively and a prospective cohort where
data were collected prospectively. Informed
consent for the data collected retrospectively
was waived by the ethics committee. All
patients participating in the prospective cohort
provided written informed consent.

Patient Population

Patients with detectable HCV RNA receiving
SOF/VEL 400/100 mg ± ribavirin, once daily for
12 weeks before the end of February 2021 were
eligible for inclusion. Patients included in the
current analysis were aged over 20 years, had
received at least one dose of medication, and
completed post-treatment follow-up with
SVR12 data available. Patients were treated
according to local standards of care, with
comorbidities determined by the treating
physician according to local clinical practice.
No specific exclusion criteria, including severe

renal impairment, were applied to the study
population. The study complied with all nec-
essary ethics guidance.

Outcomes

Effectiveness, defined as HCV RNA negativity
12 weeks after the end of therapy, was assessed
in all patients receiving at least one dose of SOF/
VEL with a valid SVR12 status available. The
primary outcome was the proportion of patients
achieving SVR12. Pill counts were used to esti-
mate treatment adherence. Factors associated
with virologic failure were evaluated using
logistic regression and covariate analysis.
Among patients with decompensated cirrhosis,
degree of conserved liver function was catego-
rized using the Child–Turcotte–Pugh (CTP)
score before starting therapy and 12 weeks after
SOF/VEL therapy. Clinical judgement of the
treating physician determined whether any
adverse events were related to the study
medication.

Statistical Analysis

Descriptive characteristics were presented as the
number (n) and percentage of patients (%) for
categorical variables. Continuous variables were
summarized as mean (± SD). The effect of
patient characteristics, including injecting drug
use, HBV or HIV coinfection, cirrhosis, presence
of HCC, renal function, presence of chronic
kidney disease (CKD), HCV viral load, HCV
genotype, treatment history, drug adherence,
treatment duration, and addition of ribavirin
were evaluated using logistic regression. Multi-
variate regression analysis was performed to
determine the factors associated with failure to
achieve SVR12 by analyzing the covariates with
a p value less than 0.1 in the univariate analysis.
Analyses were performed using the SPSS 12.0
statistical package.

Infect Dis Ther (2022) 11:485–500 489



Table 1 Baseline demographics

Variables Number Mean – SD
or n (%)

Age, years 3480 59.8 ± 13.3

C 65 years 1198 (34.4)

Female 3480 1699 (48.8)

BMI, kg/m2 2525 24.6 ± 4.0

Virology

HCV genotype 3480

1 1419 (40.8)

2 1567 (45.0)

1 ? 2 33 (1.0)

3 97 (2.8)

4 2 (0.1)

6 335 (9.6)

Unclassified 27 (0.8)

HCV RNA, log10IU/mL 3466 6.0 ± 1.0

[ 6,000,000 IU/mL 702 (20.2)

[ 800,000 IU/mL 2212 (63.6)

Treatment

Treatment history 3480

Naı̈ve 3285 (94.4)

Experienced 195 (5.6)

IFN 179 (5.1)

DAAa 16 (0.5)

Ribavirin use 3480

No 3297 (94.8)

Yes 183 (5.3)

SOF/VEL adherence 3480

[ 60% 3471 (99.7)

B 60%b 9 (0.3)

Comorbidities and coinfections

Diabetes 3480

No 2893 (83.1)

Yes 587 (16.8)

Table 1 continued

Variables Number Mean – SD
or n (%)

Injecting drug use 3480

No 3088 (88.7)

Yes 392 (11.3)

HBV coinfection 3480

No 3229 (92.8)

Yes 251 (7.2)

HIV coinfection 3480

No 2887 (83.0)

Yes 65 (1.9)

Unknown 528 (15.2)

HCC 3480

No 3273 (94.1)

Yes 207 (6.0)

Inactive 139 (4.0)

Active 68 (2.0)

Liver cirrhosis 3480

No 2877 (82.7)

Yes 603 (17.3)

Compensated cirrhosis 426 (12.2)

Decompensated cirrhosis 114 (3.3)

Unknown 63 (1.8)

FIB-4 3443 2.9 ± 3.3

C 3.25 3443 861 (25.0)

Chronic kidney diseasec 3480

No 2925 (84.1)

Yes 550 (15.8)

Unknown 5 (0.1)

eGFRd, mL/min/1.73 m2 3354 90.4 ± 28.7

B 29 53 (1.5)

30–59 311 (8.9)

60–89 1349 (38.8)

C 90 1641 (47.2)
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RESULTS

Baseline Characteristics

Overall, 3480 patients with HCV were included
in the study, with a mean age of
59.8 ± 13.3 years. Baseline characteristics are

included in Table 1 and further details are pro-
vided in the Supplementary Material (Table S1).
Overall, 48.8% were female, 11.3% were active
injection drug users, and 5.6% had previous
treatment experience. Additionally, over 85% of
patients had genotypes 1 and/or 2, 12.2% of
patients had compensated cirrhosis, and 3.3%
had decompensated cirrhosis (n = 114). In
terms of coinfection, 7.2% were coinfected with
HBV and 1.9% were coinfected with HIV. Fur-
thermore, 15.8% had CKD, 16.8% had diabetes,
28.2% had hypertension, and 6% had HCC (2%
active cases). Over the course of treatment,
patients attended a mean of 5.6 (± 0.6, range
2–9) outpatient visits.

Effectiveness

Overall, 99.4% of patients achieved SVR12.
When stratified by genotype, SVR12 rates were
generally between 96.9% and 100% and were
largely similar with and without ribavirin
(Fig. 1a). SVR12 in patients with compensated
cirrhosis was 99.5%. In patients with genotype 3
infection, SVR12 rates were 94.1% and 100% in
patients with compensated cirrhosis and
decompensated cirrhosis, respectively [Supple-
mentary Material (Table S2)].

Further subgroup analyses demonstrated
SVR12 rates of between 97.6% and 99.5% when
stratified by treatment history and presence of
cirrhosis (Fig. 1b). Of the patients who were
previously treated with interferon-based regi-
mens and DAA-based regimens, 98.3% and
93.8% achieved SVR12, respectively. All
patients with grade 3–4 total bilirubin, and the
majority of patients with grade 2–4 alanine
aminotransferase (ALT) elevations, achieved
SVR12.

Overall, adherence was greater than 60% in
99.7% of patients and SVR12 rates in this pop-
ulation were at least 99%, irrespective of viral
load. In the difficult-to-cure subpopulation, of
those infected with genotype 3 with a high viral
load (greater than 6,000,000 IU/mL), all
achieved SVR12 (Fig. 1c).

The majority of patients were treated with
SOF/VEL in accordance with the product label
in Taiwan; 99.5% of these patients achieved

Table 1 continued

Variables Number Mean – SD
or n (%)

Liver transplantation 3480 7 (0.2)

Laboratory assessments

AST, IU/L 3469 56.4 ± 58.6

ALT, IU/L 3472 70.9 ± 96.0

r-GT, U/L 1388 60.4 ± 87.6

Platelet count, 9 103/lL 3456 193.8 ± 74.0

Albumin, g/dL 3405 4.2 ± 0.5

Total bilirubin, mg/dL 3458 0.8 ± 0.6

Creatinined, mg/dL 3354 0.9 ± 0.7

ALT alanine aminotransferase, AST aspartate amino-
transferase, BMI body mass index, DAA direct-acting
antiviral, eGFR estimated glomerular filtration rate, FIB-4
fibrosis-4, IFN interferon, HCC hepatocellular carcinoma,
r-GT gamma-glutamyl transferase
aPrior DAA experience includes sofosbuvir/ribavirin
(n = 8); sofosbuvir/ledipasvir ± ribavirin (n = 3);
ombitasvir/paritaprevir/dasabuvir ± ribavirin (n = 2);
sofosbuvir/daclatasvir ± ribavirin (n = 1); daclatasvir/
asunaprevir ± ribavirin (n = 1); elbasvir/grazoprevir
(n = 1)
bReasons for adherence of B 60%: early treatment dis-
continuation (n = 4; acute myocardial infarction [n = 1],
gastrointestinal upset, nausea, epigastralgia [n = 1], dry
mouth, dizziness, epigastralgia [n = 1], unwillingness
[n = 1]) and treatment interruption (n = 5; headache
[n = 1], epigastralgia [n = 1], trauma [n = 1], hospital
admission due to pneumonia [n = 1], insomnia [n = 1])
cDefined as patients on regular dialysis, or
eGFR B 59 mL/min/1.73 m2 or eGFR C 60 mL/min/
1.73 m2 if combined with proteinuria (dialysis patients:
126 patients; eGFR C 60 mL ? proteinuria: 147
patients)
d126 dialysis patients were excluded

Infect Dis Ther (2022) 11:485–500 491



SVR12. Of the 132 patients not treated in
accordance with the product label, 97.0%
achieved SVR12 [Supplementary Material
(Table S3)].

This study included a large proportion of
patients from special populations, including
those with CKD or decompensated liver

cirrhosis. All 25 patients with CKD stage 4 or
stage 5 [estimated glomerular filtration rate
(eGFR)\30 mL/min/1.73 m2] not under dialy-
sis achieved SVR12. Of the 126 patients under
maintenance dialysis, 96.8% attained SVR12.

All 114 patients with decompensated liver
cirrhosis at baseline achieved SVR12, of which

Fig. 1 SVR12 in different patient populations. Percentage
of patients achieving SVR12 stratified by a genotype and
ribavirin use, b treatment history and cirrhosis stage, and
c genotype, viral load, and adherence. High viral load was

defined as greater than 6,000,000 IU/mL [20]. GT
genotype, RBV ribavirin, SVR12 sustained virologic
response 12 weeks after end of treatment, TE treatment-
experienced, TN treatment-naı̈ve
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34% were treated without ribavirin. Of the
patients with decompensated cirrhosis, 85 had
CTP scores available at both baseline and at
follow-up. Among these 85 patients, 70.6% had
lower CTP scores at end of follow-up versus
baseline, 17.6% had no change, and 11.7% had
higher CTP scores [Supplementary Material
(Fig. S1)]. For the remaining 29 patients, end-of-
follow-up CTP scores were missing.

Factors Associated with Failure to Achieve
SVR12

Overall, 21 patients did not achieve SVR12, with
four of these patients failing because of non-
virologic reasons (adherence less than 20%,
n = 3; and 20–40%, n = 1). Of the remaining
patients, 15 experienced a relapse, and two were
non-responders. Detailed baseline characteris-
tics of patients who did not achieve SVR12 are
provided in the Supplementary Material
(Table S4).

Logistic regression analyses were performed
to investigate the impact of different patient
characteristics on treatment outcome. Follow-
ing an adjusted crude odds ratios (OR) analysis,
drug adherence below 60% was the most critical
factor associated with the risk of not achieving
SVR12 [adjusted OR = 173.37, 95% confidence
interval (CI) 27.09–1109.57]. HCV RNA viral
load above 6,000,000 IU/mL and HCV geno-
type 3 were found to be associated with the risk
of not achieving SVR12 [adjusted OR = 3.39
(95% CI 1.13–10.13) and adjusted OR = 11.01
(95% CI 2.61–46.37), respectively] [Supple-
mentary Material (Table S5)].

Safety

Discontinuation of treatment was observed in
0.3% of the cohort and 33% of discontinuations
were due to adverse events. None of the treat-
ment discontinuations were considered related
to treatment with SOF/VEL (Table 2). Adverse
events were reported in 10% of the cohort. The
most common adverse events were fatigue,
insomnia, pruritus, and headache, with fatigue
and headache occurring significantly more fre-
quently in patients receiving ribavirin.

Grade 3–4 total bilirubin and grade 3–4 ALT
elevations were observed in 1.2% of patients
and 0.3% of patients, respectively. Milder
increases in total bilirubin were more common
in patients receiving ribavirin. None were found
to be related to treatment. Serious adverse
events were reported in 0.6% of patients, of
which one was related to treatment. The most
frequently observed serious adverse events were
liver-related (n = 5) or infections (n = 6).

Impact on Renal Function

eGFR levels remained stable through end of
treatment to end of follow-up, irrespective of
cirrhosis status (Fig. 2; Supplementary Material,
Table S6), baseline renal function (Supplemen-
tary Material, Fig. S2A), or treatment with rib-
avirin (Supplementary Material, Fig. S2B). A
significant improvement in renal function was
observed in patients with cirrhosis and
eGFR\ 90 mL/min/1.73 m2 from baseline to
end of treatment (p = 0.004) and baseline to end
of follow-up (p = 0.009).

DISCUSSION

This study is the largest real-world study in Asia
to evaluate the effectiveness and safety of SOF/
VEL in a diverse group of patients with a broad
range of HCV genotypes, comorbidities, and
liver disease severity.

Although there have been some real-world
analyses on the use of SOF/VEL in Taiwan
published recently, there is still a gap in data
available. The studies that have been published
to date have reported high SVR12 rates (be-
tween 98% and 100%) [19, 21]. A study using
the TACR database previously investigated the
efficacy of SOF/VEL, reporting SVR12 rates of
99%. However, only 390 patients were included
[18]. In comparison, the large-scale TACR study
reported here, which includes 3480 patients
treated with SOF/VEL in Taiwan, confirms the
data from clinical trials and real-world evidence,
supporting the use of SOF/VEL in clinical prac-
tice across diverse patient groups.

In the current study, high SVR12 rates were
achieved across all genotypes, including
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Table 2 Adverse events

Total (n = 3480) 1 Ribavirin (n = 183) 2 Ribavirin (n = 3297) P value

Treatment discontinuation, n (%) 10 (0.3) 0 (0.0) 10 (0.3) –

Adverse event-related 3 (0.1) 0 (0.0) 3 (0.1) –

Treatment-related 0 (0.0) 0 (0.0) 0 (0.0) –

Any adverse event, n (%) 348 (10.0) 43 (23.5) 305 (9.3) \ 0.001

Fatigue 152 (4.4) 23 (12.6) 129 (3.9) \ 0.001

Insomnia 49 (1.4) 4 (2.2) 45 (1.4) 0.359

Pruritus 44 (1.3) 3 (1.6) 41 (1.2) 0.641

Headache 40 (1.2) 5 (2.7) 35 (1.1) 0.039

Nausea 28 (0.8) 4 (2.2) 24 (0.7) 0.032

Rash 14 (0.4) 2 (1.1) 12 (0.4) 0.129

Dyspnea 7 (0.2) 2 (1.1) 5 (0.2) 0.006

Jaundice 3 (0.1) 2 (1.1) 1 (0.03) \ 0.001

Depression 3 (0.1) 0 (0.0) 3 (0.1) 0.683

Increase in total bilirubina 874 (25.1) 103 (56.3) 771 (23.4) \ 0.001

Grade 1 170 (4.9) 39 (21.3) 131 (4.0) \ 0.001

Grade 2 663 (19.1) 59 (32.2) 604 (18.0) \ 0.001

Grade 3 39 (1.1) 5 (2.7) 34 (1.0) 0.033

Grade 4 2 (0.1) 0 (0.0) 2 (0.1) 0.739

Increase in ALTb 55 (1.6) 2 (1.1) 53 (1.6) 0.912

Grade 1 28 (0.8) 1 (0.6) 27 (0.8) 0.739

Grade 2c 18 (0.5) 1 (0.6) 17 (0.5) 0.533

Grade 3d 7 (0.2) 0 (0.0) 7 (0.2) 0.919

Grade 4e 2 (0.1) 0 (0.0) 2 (0.1) 0.646

Serious adverse events 21 (0.6) 1 (0.6) 20 (0.6) 0.929

Treatment-related 1 (0.03) 0 (0.0) 1 (0.03) –

Liver 6 (0.2) 0 (0.0) 6 (0.2) –

Digestive 1 (0.03) 0 (0.0) 1 (0.03) –

Cardiovascular 2 (0.06) 0 (0.0) 2 (0.1) –

Endocrine 1 (0.03) 0 (0.0) 1 (0.03) –

Skin 1 (0.03) 1 (0.6) 0 (0.0) –

Infection 6 (0.2) 0 (0.0) 6 (0.2) –

Other cancer 1 (0.03) 0 (0.0) 1 (0.03) –
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genotype 3. Of the 97 patients with genotype 3
infection, approximately 97% were cured. Of
note, 91 of these patients were treated without
the addition of ribavirin. Until recently there
had been some caution around using SOF/VEL
without ribavirin in patients with genotype 3
and cirrhosis. However, the high rates achieved
without ribavirin in this difficult-to-cure cohort
are not only in line with the phase 3 ASTRAL-3
and POLARIS-3 trials (cure rates between 93%
and 98% in patients with genotype 3 [6, 22]) but
also exceed the SVR12 rates observed in the

Asian phase 3 trial (76%) [11]. However, the
Asian phase 3 trial included a high proportion
of patients with genotype 3b infection, who are
considered more resistant to treatment with
SOF/VEL or glecaprevir/pibrentasvir (GLE/PIB)
[23], but account for only approximately 10% of
the genotype 3 population [16, 24]. The results
from this cohort study are also in line with a
recent large-scale real-world study across Europe
and North America which reported SVR12 rates
of 98.3% among 1677 patients with genotype 3
HCV treated without ribavirin [8]. The high
response rates seen with SOF/VEL in genotype 3
patients, even those with cirrhosis, have been
reflected recently in the changing guidelines
[2]. This patient group can now be considered
for a simplified regimen and initiation of
pangenotypic therapy without the need for
genotyping or assessment of fibrosis.

Although the mean number of outpatient
visits from initiating treatment to SVR12
assessment in this TACR cohort was relatively
high, this is due to advice from the Taiwan
Health Insurance Administration. Patients,
especially those with cirrhosis, are advised to
visit every 2 weeks for 4–8 weeks during DAA
treatment, followed by every 4 weeks post-
treatment for reimbursement purposes. How-
ever, following recently published data
demonstrating high SVR12 rates achieved with

Table 2 continued

Total (n = 3480) 1 Ribavirin (n = 183) 2 Ribavirin (n = 3297) P value

Other 2 (0.06) 0 (0.0) 2 (0.06) –

ALT alanine aminotransferase, SOF sofosbuvir, ULN upper limit of normal, VEL velpatasvir
aTotal blood bilirubin increased: Grade 1: 1.0 ULN–1.5 9 ULN if baseline was normal;[ 1.0–1.5 9 baseline if baseline
was abnormal; Grade 2:[ 1.5–3.0 9 ULN if baseline was normal;[ 1.5–3.0 9 baseline if baseline was abnormal; Grade 3:
[ 3.0–10.0 9 ULN if baseline was normal;[ 3.0–10.0 9 baseline if baseline was abnormal; Grade 4:[ 10.0 9 ULN if
baseline was normal; [ 10.0 9 baseline if baseline was abnormal; Normal: BL_Bil(T) 0.1–1.2 mg/dL; abnormal:
BL_Bil(T)[ 1.2 mg/dL
bALT increased: Grade 1: [ 1.0–3.0 9 ULN if baseline was normal; [ 1.5–3.0 9 baseline if baseline was abnormal;
Grade 2: [ 3.0–5.0 9 ULN if baseline was normal; [ 3.0–5.0 9 baseline if baseline was abnormal; Grade 3: [ 5.0–-
20.0 9 ULN if baseline was normal;[ 5.0–20.0 9 baseline if baseline was abnormal; Grade 4:[ 20.0 9 ULN if baseline
was normal;[ 20.0 9 baseline if baseline was abnormal; Normal: ALT: 4–44 (U/L); abnormal: ALT[ 44 (U/L)
cNone were treatment-related; all achieved SVR12
dNone were treatment-related; all but one patient achieved SVR12
eNone were treatment-related; all achieved SVR12

Fig. 2 eGFR at baseline, end of treatment and end of
follow-up. Mean eGFR at baseline, end of treatment, and
end of follow-up following SOF/VEL therapy stratified by
cirrhosis stage. eGFR estimated glomerular filtration rate
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a minimal monitoring treatment schedule, it
could be argued that this may not be required
[25].

HCV populations have more comorbidities
that may aggravate the progression of fibrosis,
such as obesity and insulin resistance and
coinfection with HIV or HBV. The development
of hepatic and extrahepatic diseases, such as
circulatory disease and renal disease, can lead to
increased mortality in patients with chronic
HCV [26]. In Taiwan, the most common
comorbidities are diseases of the digestive sys-
tem (40.1%), circulatory system (38.7%), and
endocrine/nutritional/metabolic diseases
(35.2%). These diverse comorbidities in the
Taiwanese population are reflected in this cur-
rent cohort and it is encouraging that high
SVR12 rates were achieved with SOF/VEL in
persons who inject drugs (99.5%), patients with
active HCC (98.5%), and those coinfected with
HBV (98.8%) or HIV (96.9%). This suggests that
SOF/VEL was well tolerated in patients with
comorbidities and these rates of cure match or
exceed those of previous clinical and real-world
studies [27–29].

Currently, there is a large gap in data on the
effectiveness and safety of SOF/VEL in patients
with decompensated cirrhosis in Taiwan. As the
use of PI-based regimens is contraindicated in
patients with decompensated cirrhosis, such
data are essential for guiding patients and
physicians in treatment decision-making and
advising healthcare policies on treatment cov-
erage. To the best of our knowledge, this is the
largest cohort study on the efficacy and safety of
SOF/VEL treatment in patients with decom-
pensated cirrhosis in Taiwan. The high SVR12
rates achieved in this patient group in this study
(100% of 114 patients) demonstrate the high
effectiveness and value of a PI-free regimen,
such as SOF/VEL, in this patient group.

In patients who did not achieve SVR12, HCV
RNA viral load over 6,000,000 IU/mL and HCV
genotype 3 infection were the factors found to
be significantly associated with the risk of not
achieving SVR12. However, as only three
patients with genotype 3 did not achieve SVR in
the TACR cohort, and all patients with geno-
type 3 and high viral load achieved cure, this
statistically significant difference is unlikely to

have a clinical impact, especially given that the
majority of the chronic HCV population in
Taiwan is infected with genotype 1 or 2 (as also
reflected in this cohort). Despite having a very
low cutoff value for drug adherence (the SIM-
PLIFY study quantified low adherence as below
90% [30]), the majority of patients (5/9) with
adherence below this 60% threshold achieved
SVR12 with SOF/VEL. However, adherence is
important to ensure treatment effectiveness.

As the metabolite of SOF is renally cleared,
SOF-based regimens were previously not rec-
ommended in patients with severely impaired
renal function (CKD stage 4 or 5,
eGFR\ 30 mL/min/1.73 m2). However, despite
elevated plasma levels of sofosbuvir and its
metabolite GS-331007 in patients with renal
impairment, increasing evidence supports the
safety and effectiveness of SOF-based regimens
in this patient population [31, 32], including
those with liver cirrhosis [32] and uremic
patients on dialysis [33]. In November 2019, the
US Food and Drug Administration (FDA)
amended the package inserts for SOF-based
regimens to allow use in patients with renal
disease, including those with an eGFR\30 mL/
min/1.73 m2 and those on dialysis, and the
Taiwan consensus statement on the manage-
ment of hepatitis C recommends SOF/VEL as
one of the treatment options for patients with
stage 4 or 5 CKD [17]. This is supported by data
from this cohort that demonstrated a lack of
fluctuation in eGFR levels across some CKD
stages and, notably, all patients with CKD
stage 4 achieved SVR12. In patients with
eGFR\ 90 mL/min/1.73 m2 and cirrhosis, eGFR
increased significantly, showing that not only
could renal function deterioration be halted but
it could also be improved in some patient
groups typically seen as ‘‘difficult to cure’’.

The majority of patients tolerated treatment
well with only 10% of patients experiencing
adverse events and 0.6% experiencing serious
adverse events, the majority of which were
experienced in the ribavirin-added group. Only
three patients discontinued treatment as a
result of adverse events and these were not
considered to be related to SOF/VEL therapy. It
should be noted that the adverse events
observed could be due to ribavirin or the
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severity of disease. Although, with the high
SVR12 rates achieved irrespective of ribavirin, it
raises the question whether a simplified therapy
without ribavirin would be more beneficial.
This has been highlighted by a recent phase 3
trial from Japan that demonstrated SOF/VEL
without ribavirin was highly effective and well
tolerated in patients with decompensated cir-
rhosis. The study found the addition of ribavirin
did not improve efficacy, but increased toxicity
[34].

There were limitations identified in this
cohort study. First, this was a retrospective-
prospective study, where patients treated with
SOF/VEL before February 2021 were eligible for
inclusion. However, the data analyzed were
obtained prospectively in accordance with the
regulations of Taiwan’s Health Insurance
Administration for DAA therapy. Second, as a
result of limited numbers of certain types of
patients, such as patients with HCV genotypes 4
and 5, the treatment outcomes for those
patients may be lacking. Despite these limita-
tions, the TACR includes data from patients
treated at a range of settings across Taiwan,
including medical centers, regional hospitals,
and local clinics. Furthermore, as no specific
exclusion criteria were applied to the study
population, this is a true reflection of the real-
world management of patients with chronic
hepatitis C in this country.

CONCLUSION

A simple, pangenotypic, protease inhibitor-free
treatment that results in high SVR12 rates with
and without ribavirin, regardless of genotype,
cirrhosis, severity of liver disease, and comor-
bidities is of value in Taiwan and across Asia.
The confirmation of the high SVR12 rates with
SOF/VEL with and without ribavirin supports
use of this regimen in a more diverse popula-
tion, including those with decompensated cir-
rhosis and CKD.
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