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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is the leading cause of 

cirrhosis, hepatocellular carcinoma (HCC), and liver transplanta-

tion. The annual incidence of hepatic decompensation ranges 

from 3% to 6% in HCV-infected patients with established cirrho-

sis.1 If HCV is left untreated, the probability of survival after the 

diagnosis of decompensated cirrhosis is 81.8% and 50.8% at 1 

and 5 years, respectively. Compared to patients with Child-Pugh 

B cirrhosis, the health-related outcome is further compromised in 

patients with Child-Pugh C cirrhosis.2 Although liver transplanta-

tion provides a survival benefit for decompensated HCV-related 

Background/Aims: Real-world studies assessing the effectiveness and safety of sofosbuvir/velpatasvir (SOF/VEL) plus 
ribavirin (RBV) for Child-Pugh B/C hepatitis C virus (HCV)-related cirrhosis are limited.
Methods: We included 107 patients with Child-Pugh B/C HCV-related cirrhosis receiving SOF/VEL plus RBV for 12 weeks 
in Taiwan. The sustained virologic response rates at off-treatment week 12 (SVR12) for the evaluable population (EP), 
modified EP, and per-protocol population (PP) were assessed. The safety profiles were reported.
Results: The SVR12 rates in the EP, modified EP and PP were 89.7% (95% confidence interval [CI], 82.5–94.2%), 94.1% 
(95% CI, 87.8–97.3%), and 100% (95% CI, 96.2–100%). Number of patients who failed to achieve SVR12 were attributed 
to virologic failures. The SVR12 rates were comparable regardless of patient characteristics. One patient discontinued 
treatment because of adverse events (AEs). Twenty-four patients had serious AEs and six died, but none were related to 
SOF/VEL or RBV. Among the 96 patients achieving SVR12, 84.4% and 64.6% had improved Child-Pugh and model for end-
stage liver disease (MELD) scores. Multivariate analysis revealed that a baseline MELD score ≥15 was associated with an 
improved MELD score of ≥3 (odds ratio, 4.13; 95% CI, 1.16–14.71; P=0.02). Patients with chronic kidney disease (CKD) stage 
1 had more significant estimated glomerular filtration rate declines than patients with CKD stage 2 (-0.42 mL/min/1.73 
m2/month; P=0.01) or stage 3 (-0.56 mL/min/1.73 m2/month; P<0.001).
Conclusions: SOF/VEL plus RBV for 12 weeks is efficacious and well-tolerated for Child-Pugh B/C HCV-related cirrhosis. 
(Clin Mol Hepatol 2021;27:575-588)
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•   The SVR12 rates in our real-world patients with Child-Pugh B and Child-Pugh C HCV-related cirrhosis receiving SOF/VEL plus RBV for 12 weeks were 

89.7%, 94.1%, and 100% in the EP, modified EP, and per-protocol population. The tolerance was also excellent.
•   Most patents who achieved SVR12 had improved Child-Pugh and MELD scores. The renal safety was excellent irrespective of baseline renal reserve.
•   Our real-world study provides robust evidence to practitioners that SOF/VEL plus RBV for 12 weeks is efficacious and well-tolerated for Child-Pugh 

B and Child-Pugh C HCV-related cirrhosis.
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cirrhosis, donor organ shortages may prevent timely intervention.3 

In addition to universal HCV recurrence following liver transplan-

tation, the post-transplantation course in recipients is accelerated, 

with 30% of them developing cirrhosis and graft loss within 5 

and 1 years, respectively.4,5 In contrast, HCV cure by effective an-

tiviral therapies is associated with improved liver reserve, in-

creased survival, and decreased serious liver-related events.6-10

The advent of interferon (IFN)-free direct-acting antivirals (DAAs) 

has led to a paradigm shift in the care of HCV. This is particularly 

relevant for patients with Child-Pugh B and Child-Pugh C HCV-re-

lated cirrhosis because IFN-based therapies are contraindicated in 

these patients. Although various DAA regimens have been ap-

proved for treating HCV, treatment regimens comprising a prote-

ase inhibitor are contraindicated for patients with Child-Pugh B 

and Child-Pugh C cirrhosis because of the potential risks of life-

threatening liver injuries.11-13

The phase 3 ASTRAL-4 trial compared the performance of so-

fosbuvir/velpatasvir (SOF/VEL) alone for 12 or 24 weeks, and SOF/

VEL plus weight-based ribavirin (RBV) for 12 weeks in HCV geno-

type (GT) 1–6 patients with Child-Pugh B HCV-related cirrhosis. 

The sustained virologic response rate at off-treatment week 12 

(SVR12) in participants receiving SOF/VEL plus weight-based RBV 

for 12 weeks was 94%, which was superior to the SVR12 rates of 

83% and 86% in participants receiving SOF/VEL alone for 12 and 

24 weeks, respectively.14 Furthermore, most patients tolerated 

treatment well. An extended study to assess the efficacy of SOF/

VEL plus weight-based RBV for 12 weeks in 23 patients with 

Child-Pugh C HCV-related cirrhosis revealed that the SVR12 rate 

was 70%. Among the 16 patients who completed off-therapy fol-

low-up, all patients achieved SVR12.
15 Based on the excellent clini-

cal performance and pan-genotypic potency, the guidelines have 

recommended the use of SOF/VEL plus RBV for 12 weeks to man-

age Child-Pugh B and Child-Pugh C HCV-related cirrhosis.11-13

To date, real-world studies assessing the effectiveness and 

safety of SOF/VEL plus RBV in Child-Pugh B and Child-Pugh C 

HCV-related cirrhosis are limited, with only one report from China 

showing the SVR12 rates of 100% in 12 patients with Child-Pugh 

B and Child-Pugh C HCV-related cirrhosis receiving SOF/VEL plus 

RBV for 12 weeks.16 To this end, we aimed to assess the effective-

ness and safety of SOF/VEL plus RBV for 12 weeks in a real-world 

multicenter practice for Child-Pugh B and Child-Pugh C HCV-re-

lated cirrhosis.

MATERIALS AND METHODS

Patients

Between July 2019 and June 2020, patients aged ≥20 years 

who had chronic Child-Pugh B or Child-Pugh C HCV-related cir-

rhosis and who were scheduled to receive SOF/VEL plus RBV for 

12 weeks were retrospectively included at 15 academic centers in 

Taiwan. Chronic HCV infection was defined as the presence of se-

rum HCV antibody (anti-HCV, Abbott HCV EIA 2.0; Abbott Labo-

ratories, Abbott Park, IL, USA) and quantifiable serum HCV ribo-

nucleic acid (RNA) (Cobas TaqMan HCV Test v2.0; Roche 

Diagnostics GmbH, Mannheim, Germany; lower limit of quantifi-

cation [LLOQ], 15 IU/mL) for ≥6 months. Child-Pugh B cirrhosis 

was defined as patients with a Child-Pugh score of 7 to 9, and 

Child-Pugh C cirrhosis was defined as patients with a Child-Pugh 

score of 10 to 15.17 Patients who had active HCC, had confirmed 

virologic failures to prior NS5A-containing DAA regimen, had un-

dergone liver transplantation, were co-infected with hepatitis B 

virus (HBV) defined as the presence of serum HBV surface antigen 

(HBsAg) (Abbott Architect HBsAg qualitative assay; Abbott Labo-

ratories) or human immunodeficiency virus (HIV) defined as the 

presence of serum HIV antibody (anti-HIV, Abbott Architect HIV 

Ag/Ab Combo; Abbott Laboratories), had other liver diseases such 

as autoimmune hepatitis or primary biliary cholangitis, or had 

chronic kidney disease (CKD) stage 4 or 5 defined as an estimated 

glomerular filtration rate (eGFR) <30 mL/min/1.73 m2 by the 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation, were excluded from the study.18 The study was ap-

proved by the Research Ethics Committee of each participating 

center and was conducted in accordance with the principles of 

Declaration of Helsinki in 1975.

Study design

Baseline demographics, hemogram, international normalized 

ratio (INR), serum albumin, total bilirubin (upper limit of normal 

[ULN], 1.0 mg/dL), direct bilirubin, aspartate transaminase (AST), 

alanine transaminase (ALT) (ULN, 30 U/L for males and 19 U/L for 

females), creatinine, eGFR as assessed by the CKD-EPI equation, 

anti-HCV, HBsAg, anti-HIV, HCV RNA, HCV GT (Roche Cobas HCV 

GT; Roche Diagnostics GmbH or Abbott RealTime HCV Genotype 

II; Abbott Laboratories) were collected for all patients.19,20 Hepatic 

imaging studies, including ultrasonography, computed tomogra-

phy and magnetic resonance imaging, were also performed to 
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confirm the presence of HCC or ascites. The Child-Pugh and mod-

el for end-stage liver disease (MELD) scores were calculated for all 

patients.17,21

All patients received SOF/VEL (Epclusa®, fixed-dose combina-

tion 400/100 mg per tablet; Gilead Sciences, Carrigtohill, Ireland) 

1 tablet once daily plus RBV (Robatrol®, 200 mg per capsule; 

Genovate Biotechnology Co. Ltd., Hsinchu, Taiwan) for 12 weeks. 

The dose of RBV was prescribed according to the label recom-

mendation (1,200 mg daily for body weight ≥75 kg, and 1,000 mg  

daily for body weight <75 kg in patients with an eGFR ≥50  

mL/min/1.73 m2; 200 mg and 400 mg every other day in patients 

with an eGFR between 30–49 mL/min/1.73 m2 regardless of body 

weight).22 The dose modification of RBV following treatment was 

based on physicians’ discretion. All patients underwent monitor-

ing at on-treatment weeks 4, 8, and 12 and at off-treatment 

week 12 according to the regulations of the National Health Insur-

ance Administration of Taiwan. Hemogram, total bilirubin, direct 

bilirubin, AST, ALT, creatinine and eGFR were assessed at on-

treatment weeks 4, 8, and 12. Hemogram, INR, albumin, total bil-

irubin, direct bilirubin, AST, ALT, creatinine, and eGFR were as-

sessed at off-treatment week 12. Serum HCV RNA levels were 

assessed at on-treatment week 12 and off-treatment week 12. 

Hepatic imaging studies were assessed at off-treatment week 12 

and were performed at other time points if necessary.

Drug adherence

Drug adherence was presented as the percentage of the total 

pills consumed during treatment divided by the dispended pills for 

SOF/VEL and RBV, respectively, in patients who completed 12 

weeks of treatment.

Effectiveness

The end-of-treatment virologic response at on-treatment week 

12 and sustained virologic response and off-treatment week 12 

were assessed. Patients were judged not to achieve SVR12 if the 

HCV RNA level was > LLOQ at off-treatment week 12 (virologic 

failure) or if patients had missing SVR12 data (non-virologic failure). 

The SVR12 endpoints included the evaluable population (EP) for 

Patients with Child-Pugh B or Child-Pugh C HCV-related cirrhosis
scheduled to receive SOF/VEL plus RBV for 12 weeks (n=137)

Eligible patients (n=107)

Complete treatment (n=102)

Complete follow-up (n=96)

PP analysis (n=96)EP analysis (n=107) Modified EP analysis (n=102)

Excluded from the study (n=30)
• Active HCC (n=8)
• Liver transplantation (n=1)
• HBV co-infection (n=11)
• CKD stage 4 or 5 (n=10)

• Death (n=2)
• Premature discontinuation 

(n=3)

• Death (n=4)
• Lost to follow-up (n=2)

Figure 1. Study flow. HCV, hepatitis C virus; SOF, sofosbuvir; VEL, velpatasvir; RBV, ribavirin; HCC, hepatocellular carcinoma; CKD, chronic kidney disease; 
EP, evaluable population; PP, per-protocol population.
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patients receiving at least one dose of SOF/VEL or RBV, the modi-

fied evaluable population (modified EP) for patients completing a 

12-week course of SOF/VEL plus RBV treatment, and the per-pro-

tocol population (PP) for patients with available SVR12 data.

Safety

In patients who prematurely discontinued treatment or who had 

serious adverse events (AEs) including death, life-threatening con-

dition, inpatient hospitalization, persistent disability, or important 

medical events requiring emergent intervention, we reviewed the 

medical records and assessed the causal relationship between 

HCV medications and these events. We also reported common 

AEs with rates of ≥10%, and the proportions of patients with  

≥ grade 2 anemia and ≥ grade 3 leukopenia, thrombocytopenia, 

total bilirubin and ALT elevations according to Common Terminol-

ogy Criteria for Adverse Events (CTCAE) version 5.0.23 The doses 

of RBV following antiviral treatment were shown according to on-

treatment hemoglobin levels.

Table 1. Baseline characteristics

Characteristic SOF/VEL plus RBV (n=107)

Age (years) 65 (56–73)

Age >60 years 66 (61.7)

Male 62 (57.9)

Prior antiviral treatment

Naïve 98 (91.6)

Experienced 9 (8.4)

PR 9 (100.0)

Grade of hepatic decompensation

Child-Pugh B 92 (86.0)

Child-Pugh C 15 (14.0)

History of HCC

No 83 (77.6)

Yes 24 (22.4)

Prior variceal hemorrhage

No 74 (69.2)

Yes 33 (30.8)

Ascites

None 21 (19.6)

Mild to moderate 82 (76.6)

Severe 4 (3.7)

Hepatic encephalopathy

None 79 (73.8)

Mild to moderate 28 (26.2)

Severe 0 (0.0)

HCV RNA (log10 IU/mL) 5.6 (4.6–6.3)

HCV RNA >2,000,000 IU/mL 26 (24.3)

HCV genotype

1 2 (1.9)

1a 11 (10.3)

1b 34 (31.8)

2 42 (39.3)

3 10 (9.3)

6 6 (5.6)

Mixed 1 (0.9)

Indeterminate 1 (0.9)

Hemoglobin (g/dL) 11.5 (10.7–12.8)

WBC count (109 cells/L) 4.4 (3.3–6.1)

Platelet count (109 cells/L) 86 (59–116)

INR 1.24 (1.11–1.34)

Albumin (g/dL) 2.9 (2.6–3.3)

Characteristic SOF/VEL plus RBV (n=107)

Total bilirubin (ULN)* 2.2 (1.7–3.1)

ALT (ULN)* 2.2 (1.2–3.3)

Creatinine (mg/dL) 0.80 (0.70–1.00)

eGFR (mL/min/1.73 m2)† 89 (67–100)

eGFR (mL/min/1.73 m2)

≥ 90 (CKD stage 1) 53 (49.5)

60–89 (CKD stage 2) 37 (34.6)

30–59 (CKD stage 3) 17 (15.9)

MELD score 10 (7–13)

MELD score

<10 49 (45.8)

10–14 42 (39.3)

≥15 16 (15.0)

Values are presented as median (interquartile range) or number (%).
SOF, sofosbuvir; VEL, velpatasvir; RBV, ribavirin; PR, peginterferon plus 
ribavirin; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; WBC, white 
blood cell; INR, international normalized ratio; ULN, upper limit of normal; 
ALT, alanine transaminase; eGFR, estimated glomerular filtration rate; CKD, 
chronic kidney disease; MELD, model for end-stage liver disease.
*The ULN of total bilirubin is 1.0 mg/dL. The ULN of ALT is 30 IU/L for males 
and 19 IU/L for females.
†Assessed by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation.

Table 1. Continued
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Statistical analysis

We used the Statistical Program for Social Sciences (SPSS Statis-

tics version 23.0; IBM Corp., Armonk, NY, USA) for all statistical 

analyses. Baseline characteristics were presented as median (in-

terquartile range, IQR) and numbers (percentages). The virologic 

response rates at on-treatment and off-treatment weeks 12 were 

presented as numbers (percentages) with 95% confidence inter-

vals (CIs). The subgroup analysis of SVR12 in EP was presented as 

number (percentage) with 95% CI. Common AEs and laboratory 

abnormalities were presented as numbers (percentages). We ana-

lyzed the changes in Child-Pugh and MELD scores from baseline 

to off-treatment week 12 in patients who achieved SVR12. Be-

cause the HCV-TARGET cohort revealed that age, sex, ALT levels, 

MELD and Child-Pugh scores were associated with short-term 

MELD score improvement, multivariate analysis for these factors 

was performed to assess factors associated with an improved 

MELD score of ≥3 after SOF/VEL plus RBV and was presented as 

odds ratio (OR) with 95% CI.9 The evolution of eGFR from base-

line to off-treatment week 12 in patients with baseline CKD stag-

es 1 to 3 was compared using the generalized estimated equation 

(GEE).24 All statistical tests were 2-tailed, and results were statisti-

cally significant when the P value was less than 0.05.

RESULTS

Patient characteristics

Of the 137 patients with Child-Pugh B and Child-Pugh C HCV-

related cirrhosis who were scheduled to receive SOF/VEL plus RBV 

for 12 weeks, 107 were eligible for the study after excluding 30 

patients with active HCC (n=8), liver transplantation (n=1), HBV 

co-infection (n=11), and CKD stage 4 or 5 (n=10). A total of 102 

(95.3%) and 96 (89.7%) patients completed 12 weeks of treat-

ment and 12 weeks of off-treatment follow-up (Fig. 1). The medi-

an age was 65 years, 62 (57.9%) were males, and 98 (91.6%) 

were treatment-naïve. All nine treatment-experienced patients 

failed to respond to peginterferon plus RBV. Ninety-two (86.0%) 

and 15 (14.0%) patients had Child-Pugh B and Child-Pugh C cir-

rhosis, respectively. With regard to the MELD score, 49 (45.8%), 

42 (39.3%), and 16 (15.0%) patients had baseline scores of <10, 

10–14, and ≥15, respectively. Twenty-four patients (22.4%) with 

HCC had achieved complete ablation. Thirty-three patients 

(30.8%) had a history of variceal hemorrhage. Eight-six (80.4%) 

and 28 (26.2%) presented with ascites and hepatic encephalopa-

thy. For HCV GT distribution, 47 (43.9%), 42 (39.3%), 10 (9.3%), 

and six (5.6%) patients were infected with HCV GT 1, 2, 3, and 6, 

and the remaining two patients (1.9%) were infected with mixed 

or indeterminate GTs. Fifty-three (49.5%), 37 (34.6%), and 17 

(15.9%) had baseline CKD stages 1, 2, and 3, respectively (Table 1). 

Drug adherence

Among the 102 patients who completed SOF/VEL plus RBV for 

12 weeks, 99 (97.1%) and three (2.9%) consumed ≥95% and 

90–94% of the dispended SOF/VEL pills, and 33 (32.3%), 27 

(26.5%), 27 (26.5%), and 15 (14.7%) consumed ≥80%, 60–79%, 

40–59%, and <40% of the dispended RBV pills. Among 102 pa-

tients who completed a 12-week course of SOF/VEL plus RBV 

Table 2. On-treatment and off-treatment virologic responses

HCV RNA < LLOQ*
SOF/VEL plus RBV (n=107)

n/N (%) 95% CI

During treatment

Week 12† 102/102 (100.0) 96.4–100.0

After treatment

SVR12, EP‡ 96/107 (89.7) 82.5–94.2

SVR12, modified EP§ 96/102 (94.1) 87.8–97.3

SVR12, PP∥ 96/96 (100.0) 96.2–100.0

Patients not achieving SVR12

On-treatment

Death 2

Premature discontinuation 3

Off-treatment

Death 4

Lost to follow-up 2

Relapse 0

HCV, hepatitis C virus; LLOQ, lower limit of quantification; SOF, sofosbuvir; 
VEL, velpatasvir; RBV, ribavirin; CI, confidence interval; SVR12, sustained 
virologic response rate at off-treatment week 12; EP, evaluable population; 
PP, per-protocol population.
*HCV RNA LLOQ: 15 IU/mL.
†Two patients who died and three patients prematurely discontinued 
treatment before on-treatment week 12 did not have available data for the 
analysis.
‡EP: patients receiving at least one dose of SOF/VEL or RBV were included in 
the analysis.
§Modified EP: patients completing a 12-week course of SOF/VEL plus RBV 
treatment were included in the analysis.
∥PP: patients with available SVR12 data were included in the analysis.
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Figure 2. The sustained virologic response rate at off-treatment week 12 (SVR12) rates in the evaluable population analysis according to subgroup. The 
position of the square indicates SVR12 in each subgroup; the horizontal lines indicate 95% CIs. The dotted vertical line represents overall SVR12 rate. CI, 
confidence interval; SOF, sofosbuvir; VEL, velpatasvir; RBV, ribavirin; HCC, hepatocellular carcinoma; CKD, chronic kidney disease; HCV, hepatitis C virus; 
MELD, model for end-stage liver disease. 

Subgroup n/N SVR12 (%) 95% CI SOF/VEL plus RBV for 12 weeks

Overall 96/107 89.7 82.5–94.2
Age

>60 years 60/66 90.9 81.6–95.8
≤60 years 36/41 87.8 74.5–94.7

Sex
Male 54/62 87.1 76.6–93.3
Female 42/45 93.3 82.1–97.7

Prior antiviral treatment
Naive 87/98 88.8 81.0–93.6
Experienced 9/9 100.0 70.1–100.0

Prior HCC
No 76/83 91.6 83.6–95.9
Yes 20/24 83.3 64.1–93.3

Child-Pugh
B 84/92 91.3 83.8–95.5
C 12/15 80.0 54.8–93.0

Prior variceal hemorrhage
No 66/74 89.2 80.1–94.4
Yes 30/33 90.9 76.4–96.9

Ascites
Absent 18/21 85.7 65.4–95.0
Present 76/86 88.4 79.9–93.6

Hepatic encephalopathy
Absent 72/79 91.1 82.8–95.6
Present 24/28 85.7 68.5–94.3

CKD stage
1 48/53 90.6 79.8–95.9
2 34/37 91.9 78.7–97.2
3 14/17 82.4 59.0–93.8

HCV RNA
≤2,000,000 IU/mL 71/81 87.7 78.7–93.2
>2,000,000 IU/mL 25/26 96.2 81.1–99.3

HCV genotype
1 43/47 91.5 80.1–96.6
2 37/42 88.1 75.0–94.8
3 9/10 90.0 59.6–98.2
6 5/6 83.3 43.7–97.0
Mixed 1/1 100.0 20.7–100.0
Indeterminate 1/1 100.0 20.7–100.0

MELD score
<10 46/49 93.9 83.5–97.9
10–14 35/42 83.3 69.4–91.7
≥15 15/16 93.8 71.7–98.9

0 10 20 30 40 50 60 70 80 90 100



582 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0155

Volume_27  Number_4  October 2021

Table 3. Safety summary

Event SOF/VEL plus RBV (n=107)

Any AE 98 (91.6)

Serious AE* 24 (22.4)

DAA-related serious AE 0 (0.0)

RBV-related serious AE 0 (0.0)

Treatment discontinuation† 3 (2.8)

Discontinuation due to treatment-emergent AE‡ 1 (0.9)

Death§ 6 (5.6)

AE occurring in ≥10% of patients

Fatigue 88 (82.2)

Nausea 24 (22.4)

Headache 21 (19.6)

Insomnia 18 (16.8)

Diarrhea 16 (15.0)

Dizziness 15 (14.0)

Pruritus 13 (12.1)

Dyspnea 11 (10.3)

Laboratory abnormalities

Hemoglobin

Grade 2 (8.0–9.9 g/dL) 28 (26.2)

Grade 3 (<8.0 g/dL) 6 (5.6)

White blood cell count

Grade 3 (1.0–2.0×109 cells/L) 5 (4.7)

Grade 4 (<1.0×109 cells/L) 1 (0.9)

Platelet count

Grade 3 (25–49×109 cells/L) 14 (13.1)

Grade 4 (<25×109 cells/L) 0 (0.0)

Total bilirubin

Grade 3 (3.0–10.0×ULN)∥ 31 (30.0)

Grade 4 (>10.0×ULN) 0 (0.0)

ALT

Grade 3 (5.0–20.0×ULN) 0 (0.0)

Grade 4 (>20.0×ULN) 0 (0.0)

Values are presented as number (%).
SOF, sofosbuvir; VEL, velpatasvir; RBV, ribavirin; AE, adverse event; DAA, direct-acting antiviral; ULN, upper limit of normal; ALT, alanine transaminase.
*Esophageal variceal hemorrhage (n=2), gastric variceal hemorrhage (n=2), spontaneous bacterial peritonitis (n=3), hepatic encephalopathy (n=4), 
hepatocellular carcinoma (n=4), pneumonia (n=3), urinary tract infection (n=2), ischemic bowel disease (n=1), femoral fracture with septic shock (n=1), 
lumbar epidural abscess (n=1), and traumatic head injury (n=1).
†Fatigue (n=1), traumatic head injury (n=1), and lost to follow-up (n=1) at on-treatment weeks 2, 3, and 8, respectively.
‡Fatigue at on-treatment week 2.
§Gastric variceal hemorrhage at on-treatment week 1 (n=1), ischemic bowel disease at on-treatment week 11 (n=1), hepatic encephalopathy at off-treatment 
week 2 (n=1), femoral fracture with septic shock at off-treatment week 4 (n=1), pneumonia at off-treatment week 8 (n=1), and lumbar epidural abscess at 
off-treatment week 8 (n=1).
∥Twenty-seven patients (87.1%) had unconjugated hyperbilirubinemia.
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treatment, the doses of RBV were reduced to <80%, <40%, and 

<20% at week 4 in patients with on-treatment week 4 hemoglo-

bin levels of 9.0–9.9 g/dL, 8.0–8.9 g/dL, and <8.0 g/dL, while the  

doses of RBV were not reduced in 100% and 55% patients with 

on-treatment hemoglobin levels of ≥12 g/dL and 11.0–11.9 g/dL 

at on-treatment week 4. At on-treatment week 8, the doses of 

RBV were reduced to <80%, <60%, and <20% in patients with 

on-treatment week 8 hemoglobin levels of 9.0–9.9 g/dL, 8.0–8.9 

g/dL, and <8.0 g/dL, while the doses of RBV were not reduced in 

94% and 50% patients with on-treatment hemoglobin levels of 

≥12 g/dL and 11.0–11.9 g/dL at on-treatment week 8. In patients 

with on-treatment hemoglobin levels of 10.0–10.9 g/dL, the dos-

es of RBV were reduced to 60–79% in 73% and 48% patients at 

on-treatment weeks 4 and 8, respectively (Supplementary Fig. 1).

Effectiveness

At on-treatment week 12, 102 patients (100%) with available 

data had serum HCV RNA levels < LLOQ. In the EP, modified EP 

and PP analyses, the SVR12 rates were 89.7% (96 of 107 patients; 

95% CI, 82.5–94.2%), 94.1% (96 of 102 patients; 95% CI, 87.8–

97.3%) and 100.0% (96 of 96 patients; 95% CI, 96.2–100.0%), 

respectively (Table 2). Among the 11 patients who failed to 

achieve SVR12, six, three, and two patients died, prematurely dis-

continued treatment and were lost to follow-up during the study 

period. The SVR12 rates of the subgroups in the EP analysis are 

shown in Figure 2.

Safety

A total of 98 patients (91.6%) were reported to have at least 

one AE. Among the 24 patients (22.4%) presenting with serious 

AEs, including six deaths, none were related to SOF/VEL or RBV 

(Table 3). Three of 92 (3.3%) and three of 15 patients (20.0%) 

with Child-Pugh B and Child-Pugh C cirrhosis died, and two of 

the six events (33.3%) were liver-related deaths. Four patients 

who completed 12 weeks of SOF/VEL plus RBV died during off-

treatment follow-up because of hepatic encephalopathy, femoral 

fracture with septic shock, pneumonia, and lumbar epidural ab-

scess. One of the three patients who discontinued treatment had 

treatment-related fatigue at on-treatment week 2. The other two 

patients discontinued treatment at on-treatment weeks 3 and 8 

due to traumatic head injury and personal reasons. Common AEs 

with reported rates of ≥10% included fatigue (82.2%), nausea 

(22.4%), headache (19.6%), insomnia (16.8%), diarrhea (15.0%), 

dizziness (14.0%), pruritus (12.1%), and dyspnea (10.3%). Twenty-

eight (26.2%) and six (5.6%) patients had on-treatment grade 2 

and grade 3 anemia. Thirty-one patients (30.0%) had on-treat-

ment grade 3 total bilirubin elevation, and 27 (87.1%) had uncon-

jugated hyperbilirubinemia. None had an on-treatment ≥ grade 3 

ALT elevation. Three (3.6%) and one (4.2%) patients had HCC oc-

currence and recurrence during the 24-week study period. Four 

patients (3.7%) experienced esophageal or gastric variceal hem-

orrhage during the 24-week study period, in whom one patient 

died (Table 3). The eGFR declines from baseline to SVR12 were 
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filtration rate; CKD, chronic kidney disease; Tx, treatment; SVR12, sustained virologic response rate at off-treatment week 12; GEE, generalized estimated 
equation; CI, confidence interval.
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more significant in patients with CKD stage 1 than in patients 

with CKD stage 2 (-0.42 mL/min/1.73 m2/month; 95% CI, -0.75 to 

-0.09; P=0.01) and in patients with CKD stage 1 than in patients 

with CKD stage 3 (-0.56 mL/min/1.73 m2/month; 95% CI, -0.84 

to -0.29; P<0.001) (Fig. 3).

Changes of Child-Pugh and MELD scores before and 
after antiviral treatment

Among the 96 patients who achieved SVR12, 81 (84.4%) and 

three (3.1%) showed improvement and worsening in Child-Pugh 

scores (Fig. 4A), and 62 (64.6%) and 20 (20.8%) showed im-

provement and worsening MELD scores, respectively (Fig. 4B). 

Furthermore, 30 (31.3%) of the 96 patients who achieved SVR12 

had an improved MELD score of ≥3. Multivariate analysis revealed 

that a baseline MELD score ≥15 (OR, 4.13; 95% CI, 1.16–14.71; 

P=0.02) was associated with an improved MELD score of ≥3  

(Table 4). Before antiviral treatment, 86 (80.4%) and 28 (26.2%) 

of 107 patients presented with ascites and hepatic encephalopa-

thy, while 34 (31.8%) and eight (7.5%) of 96 patients who 

achieved SVR12 presented with ascites and hepatic encephalopa-

thy, respectively.

DISCUSSION

Until now, SOF/VEL plus RBV is the only approved pangenotypic 

regimen for patients with Child-Pugh B and Child-Pugh C HCV-re-

lated cirrhosis, who are expected to have a grave prognosis if left 

untreated. Furthermore, this regimen is easily described by physi-

cians with a 12-week course of treatment, limited pill burden, and 

low risks of significant drug-drug interactions.25 Although several 
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Figure 4. Proportion of patients achieving SVR12 with improving and worsening (A) Child-Pugh and (B) MELD scores from baseline to SVR12.
 SVR12, sus-

tained virologic response rate at off-treatment week 12; MELD, model for end-stage liver disease.

Table 4. Multivariate analysis of baseline factors associated with an improved MELD score of ≥3 from baseline to SVR12

Factor β coefficient OR 95% CI P-value

Age >60 years vs. age ≤60 years 0.28 1.32 0.48-3.63 0.59

Male vs. female -0.39 0.68 0.23-2.02 0.48

Child-Pugh B vs. Child-Pugh C 0.77 2.15 0.44-10.52 0.35

MELD score ≥15 vs. MELD score <15 1.42 4.13 1.16-14.71 0.02

ALT ≥2×ULN vs. <2×ULN -0.83 0.44 0.16-1.19 0.11

MELD, model for end-stage liver disease; SVR12, sustained virologic response rate at off-treatment week 12; OR, odds ratio; CI, confidence interval; ALT, alanine 
transaminase; ULN, upper limit of normal.
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studies from Japan showed that Child-Pugh B and Child-Pugh C 

HCV-related cirrhotic patients who were infected with HCV GT 1b 

or 2 can achieve high SVR12 rates by SOF/VEL alone for 12 weeks, 

the guidelines and the regulatory authorities recommend SOF/VEL 

plus RBV for 12 weeks for this special clinical setting because the 

phase 3 randomized trial have demonstrated the SVR12 rate in 

participants receiving SOF/VEL plus RBV for 12 weeks was superi-

or to those receiving SOF/VEL also for 12 or 24 weeks by reducing 

the risk of viral relapse.14,26-30 To our knowledge, only one small-

scale study from China reported 12 patients with Child-Pugh B 

and Child-Pugh C HCV-related cirrhosis receiving SOF/VEL plus 

RBV and all achieved SVR12.
16 Our study, which included 107 pa-

tients with Child-Pugh B and Child-Pugh C HCV-related cirrhosis 

receiving SOF/VEL plus RBV for 12 weeks, revealed that the SVR12 

rates in EP, modified EP, and PP were 89.7%, 94.1%, and 100%, 

respectively. The SVR12 rates of our patients with Child-Pugh B 

and Child-Pugh C cirrhosis receiving SOF/VEL plus RBV for 12 

weeks in EP analysis were 91.3% and 80%, respectively, which 

were also comparable to the SVR12 rates of 94% and 70% by in-

tention-to-treat analysis in phase 3 global trials.14,15 Among pa-

tients who completed 12 weeks of SOF/VEL plus RBV, the SVR12 

rates in Child-Pugh B and Child-Pugh C cirrhosis were 96.6% and 

80.0%, respectively. In the PP analysis, the SVR12 rate in our pa-

tients receiving SOF/VEL plus RBV for 12 weeks was 100.0% irre-

spective of the grade of cirrhosis, which was also similar to the re-

ported SVR12 rates to be 96.5% and 100.0% in Child-Pugh B and 

Child-Pugh C cirrhosis after excluding non-virologic failures in 

phase 3 trials.14,15 Furthermore, the SVR12 rates in our real-world 

data were comparable regardless of age, sex, prior treatment his-

tory, prior HCC history, grade of hepatic decompensation, history 

of variceal hemorrhage, ascites, hepatic encephalopathy, renal re-

serve, HCV viral load, or HCV GT, which implied the excellent ef-

fectiveness of SOF/VEL plus RBV in various subgroups.

Regarding drug adherence, 97.1% of patients who completed 

12 weeks of treatment consumed >95% of the dispended SOF/

VEL pills. In contrast, only 32.3% of patients who completed 12 

weeks of treatment consumed ≥80% of the dispended RBV pills. 

The excellent SOF/VEL adherence in our patients can be attributed 

to the easy dosing, low pill burden, and high tolerance for SOF/

VEL. Although most patients needed RBV dose reduction because 

of on-treatment anemia or RBV-related AEs, it did not adversely 

affect SOF/VEL adherence. Because no patients experienced viro-

logic failures, RBV dose reduction did not significantly reduce the 

SVR12 rate under high SOF/VEL adherence.14 Four patients who 

had favorable on-treatment viral responses after completing SOF/

VEL plus RBV for 12 weeks died of hepatic encephalopathy and 

infections after stopping treatment. Because the risks of liver-re-

lated and non-liver-related deaths remain high in patients with 

Child-Pugh B and Child-Pugh C HCV-related cirrhosis, physicians 

should consider liver transplantation for these vulnerable patients 

if liver grafts are available.31,32

While 91.6% of our patients were reported to have at least one 

AE, only one patient (0.9%) discontinued treatment because of 

treatment-emergent AE. Moreover, all serious AEs and deaths 

were considered unrelated to the use of SOF/VEL or RBV. The pro-

portions of patients with common AEs in our study were similar to 

those reported in clinical trials.14,15 With regard to laboratory ab-

normalities, 31.8% and 30% of our patients had ≥ grade 2 anemia  

and grade 3 total bilirubin elevation, which were mainly attributed 

to RBV-induced hemolysis and unconjugated hyperbilirubinemia. 

The risks of HCC occurrence and recurrence in our patients were 

3.6% and 4.2% respectively during a 24-week study period, 

which were comparable to the reported incidences from the co-

hort and meta-analysis studies.2,33,34 The risk of variceal hemor-

rhage was 3.7% in our patients during a 24-week study period, 

which was comparable to the reported incidence of 12% per 

year.35 Although patients with CKD stage 1 had a more significant 

eGFR decline than those with CKD stage 2 or 3, the differences in 

eGFR decline between groups were slight and no renal events 

were reported in our study. This finding was similar to the eGFR 

changes in HCV patients with compensated liver disease receiving 

SOF-based DAAs, implying that the renal safety of SOF/VEL re-

mained satisfactory even in patients with Child-Pugh B and Child-

Pugh C cirrhosis.36-38 Taken together, the safety profiles in our 

study confirmed the excellent tolerance of SOF/VEL plus RBV in 

Child-Pugh B and Child-Pugh C HCV-related cirrhosis.

Among patients achieving SVR12, 84.4% and 64.6% had im-

proved Child-Pugh and MELD scores, and the proportions of pa-

tients with ascites and hepatic encephalopathy were significantly 

reduced, indicating that successful viral eradication may improve 

the health-related outcomes by halting virus-related liver dam-

age.7,8 The beneficial effect of DAA-induced SVR12 was evident by 

a significant decrease of patients in the USA on liver transplant 

waiting list in the era of DAA.39 Of particular note, 31.3% of our 

patients achieving SVR12 had an improved MELD score of ≥3, 

which was in accordance with the HCV-TARGET cohort showing 

that 24% of patients with advanced/decompensated cirrhosis had 

an improved MELD score of ≥3 during short-term post-SVR fol-

low-up.9 Furthermore, our patients with a baseline MELD score 

≥15 were associated with such MELD score improvement.9,14 How-
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ever, the short-term MELD “purgatory” may not necessarily con-

firm long-term MELD score improvement, and ongoing surveil-

lance is still required to ensure patient survival.9 On the contrary, 

patients who had worsening MELD score or who had a MELD 

score ≥18 despite achieving SVR12 should be referred for liver 

transplantation based on the anticipated high risk of death.31 

In addition to its excellent effectiveness and safety, SOF/VEL 

plus RBV for 12 weeks has also been shown to be cost-effective 

and can improve patient-reported outcomes in patients with 

Child-Pugh B and Child-Pugh C HCV-related cirrhosis.40,41 These 

beneficial effects provide robust evidence for timely therapeutic 

intervention in this difficult-to-treat population.

Our study had several limitations. First, the number of patients 

in our study was relatively small. Therefore, our study may have 

reporting biases because most patients had Child-Pugh B cirrhosis 

and had HCV GT 1b and GT2 infection, who were considered eas-

ier to treat compared to those with Child-Pugh C cirrhosis or 

those with HCV GT 1a or GT 3 infection. Furthermore, this study 

recruited patients at referral centers, and the effectiveness and 

safety of SOF/VEL plus RBV for patients receiving treatment at re-

gional hospitals or clinics need confirmation. Second, we did not 

include patients with CKD stage 4 or 5 because we have demon-

strated that the SVR12 rates of SOF/VEL with low-dose RBV were 

95% and 100% in the EP and PP analyses.42 Third, this retrospec-

tive study lacked standardized report forms for AEs and were 

therefore prone to reporting biases. Fourth, we did not assess the 

long-term evolution of Child-Pugh score, MELD score, eGFR, or 

other clinical events beyond the SVR12.

In summary, our real-world study shows that SOF/VEL plus RBV 

for 12 weeks is efficacious and well-tolerated in patients with 

Child-Pugh B and Child-Pugh C HCV-related cirrhosis. Most pa-

tients have improved Child-Pugh and MELD scores following 

SVR12. However, close monitoring of patients achieving SVR12 is 

needed to ensure long-term survival.
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