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Background/Aims: Peginterferon plus ribavirin remains 
a standard therapy for patients with chronic hepatitis C 
(CHC) in Korea. We investigated the efficacy and long-term 
outcome of peginterferon and ribavirin therapy in Korean 
patients with CHC, particularly in relation to the stage of liver 
fibrosis. Methods: The incidence of sustained virological re-
sponse (SVR), hepatic decompensation, hepatocellular carci-
noma, and liver-related death was analyzed in 304 patients 
with CHC; the patients were followed up for a median of 54 
months. Results: Among patients with HCV genotype 1, the 
SVR rate was 36.7% (18/49) and 67% (69/103) for patients 
with and without cirrhosis, respectively (p<0.001). For pa-
tients with non-1 HCV genotypes, the SVR rates were 86.0% 
(37/43) in cirrhotic patients and 86.2% (94/109) in noncir-
rhotic patients. SVR significantly reduced the risk of liver-
related death, hepatic decompensation, and hepatocellular 
carcinoma, which had hazard ratios of 0.27, 0.16, and 0.22, 
respectively (all p<0.05). However, despite the SVR rate, 
patients with advanced fibrosis were still at risk of develop-
ing liver-related complications. Conclusions: A relatively high 
SVR rate was achieved by peginterferon plus ribavirin therapy 
in Korean patients with CHC, which improved their long-term 
outcomes. However, all CHC patients with advanced hepatic 
fibrosis should receive close follow-up observations, even 
after successful antiviral treatment. (Gut Liver 2016;10:808-
817)

Key Words: Hepatitis C virus clinical trials; Hepatitis C virus 
treatment; Hepatitis C, clinical; Viral hepatitis

INTRODUCTION

More than 170 million people are estimated to be infected 

with hepatitis C virus (HCV) worldwide, and its prevalence in 
Korea is approximately 1.29% in people 40 years of age and 
older.1,2 Most cases of HCV infection progress to chronic hepa-
titis C (CHC), which leads to cirrhosis in 15% to 56% of patients 
with CHC. Once cirrhosis develops in these patients, hepatocel-
lular carcinoma and death occur, with incidence rates of 1.4% 
to 4.9% and 2% to 4% per year, respectively.3 Globally, one-
fourth of cirrhosis or hepatocellular carcinoma cases are related 
to HCV infections.4

Previous studies have demonstrated that sustained virologi-
cal response (SVR) with interferon-based antiviral treatment 
could improve the prognosis of patients with CHC by reducing 
hepatic decompensation, hepatocellular carcinoma, and liver-
related death.5-7 However, SVR rates in patients with advanced 
fibrosis or cirrhosis have been unsatisfactory, with the result 
being 33% to 51% for patients with HCV genotypes 1/4 and 
57% to 61% for patients with HCV genotypes 2/3.8 Fortunately, 
however, several combination trials of new oral and direct-
acting antiviral agents have reported SVR rates exceeding 90% 
even in patients with advanced fibrosis who failed to respond 
to interferon-based treatments, regardless of HCV genotypes.9,10 
However, effective emerging therapies remain out of reach for 
most patients in the near future due to their high costs, leaving 
peginterferon plus ribavirin as a standard therapy for CHC in 
Korea for the time being.

Although some Korean studies have reported relatively higher 
SVR rates in patients with HCV genotype 1 and non-1 genotypes 
compared to Western studies,11,12 the reasons for these improved 
responses have not been clearly delineated, and the response 
rate in cirrhotic patients remains uncertain. Some Western stud-
ies demonstrated that successful antiviral treatment in patients 
with CHC halted progression of hepatic fibrosis, but the risk of 
hepatocellular carcinoma remained even after achieving SVR.8,13 
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However, this evidence is insufficient to establish concrete sur-
veillance strategies against liver cancer for patients with CHC 
who achieve SVR with antiviral treatment, since there are few 
reports regarding long-term posttreatment outcomes in patients 
with CHC according to liver fibrosis stage before treatment.

Therefore, we have extensively analyzed retrospective clini-
cal practice data regarding treatment response to standard pe-
ginterferon and ribavirin combination therapy and long-term 
posttreatment outcomes in relation to hepatic fibrosis stage in 
Korean patients with histologically confirmed chronic hepatitis 
or clinically evident cirrhosis due to HCV infection.

MATERIALS AND METHODS

1. Patients

A total of 376 patients with CHC received peginterferon and 
ribavirin combination therapy at Korea University Anam Hos-
pitals from February 2003 to February 2014. After excluding 25 
patients who were still under treatment at analysis, 17 without 
pretreatment serum HCV RNA data, and 30 patients lost to 
follow-up before SVR assessment, 304 patients were included in 
the final analysis. Eight patients had a past history of curatively 
treated hepatocellular carcinoma. This study conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki and was 
approved by the institutional review board for human investi-
gations of Korea University Anam Hospital (ED15233-09-2015). 
Informed written consent was waived because of the retrospec-
tive nature of this study.

2. Diagnostic methods

HCV genotyping, HCV RNA quantification, and analysis of 
IL28B genotypes (rs12979860) were performed using the tech-
niques described in Supplementary Table 1. The histological 
progression of hepatic fibrosis in liver biopsy specimens was 
divided into five stages using the Batts-Ludwig system: F0 (no 
fibrosis), F1 (portal fibrosis), F2 (periportal fibrosis), F3 (septal fi-
brosis), and F4 (cirrhosis).14 Cirrhosis was evident in 62 patients 
based on imaging and clinical findings. Hepatocellular carcino-
ma was diagnosed by pathology or based on clinical diagnostic 
criteria from the European Association for the Study of the Liver 
(EASL).15 Clinically relevant portal hypertension (CRPH) was 
defined by the presence of esophagogastric varices or throm-
bocytopenia (<105/mm3) with splenomegaly. Decompensated 
cirrhosis was defined by the presence of ascites, variceal bleed-
ing, hepatic encephalopathy, and Child-Pugh score ≥7. Well-
compensated cirrhosis was defined as the state of compensated 
cirrhosis corresponding to Child-Pugh score 5. 

3. Treatment

We administered 180 µg peginterferon α-2a (Pegasys; Roche 
Pharma AG, Reinach, Switzerland) weekly regardless of body 
weight or 1.5 µg/kg peginterferon α-2b (Pegintron; Merck & 

Co., Kenilworth, NJ, USA) weekly, in combination with 1,000 or 
1,200 mg/day ribavirin (body weight ≤75 kg or >75 kg, respec-
tively) for 48 weeks to patients with HCV genotype 1, and 800 
mg/day ribavirin regardless of body weight for 24 weeks to pa-
tients with non-1 HCV genotypes. Peginterferon α-2a was used 
in 43.1% (131/304) and peginterferon α-2b in 57% (173/304) 
of patients. The type of peginterferon to be used was just deter-
mined by the judgement of attending physician. 

4. Outcomes

Virological responses were defined by EASL guidelines for 
CHC.16 All virological responses were determined by intention-
to-treat analysis. All patients were evaluated for other virologi-
cal responses except rapid virological response (RVR). Long-
term outcomes were evaluated by the occurrence of hepatic 
decompensation (defined by ascites, variceal hemorrhage, 
hepatic encephalopathy, or Child-Pugh score >6), hepatocellular 
carcinoma, all-cause death, and liver-related death. 

5. Statistical methods

Student t-test was used to compare the mean of continu-
ous variables. Chi-square and Fisher exact tests were applied 
to compare the frequencies of categorical variables. Univariate 
and multivariate logistic regression analyses were used to iden-
tify factors associated with SVR. Univariate and multivariate 
Cox regression analyses were performed to identify factors as-
sociated with long-term outcomes. In both analyses, variables 
with p<0.1 in univariate analysis were included in the stepwise 
multivariate analysis. Cumulative incidence rates and curves for 
each event were plotted using the Kaplan-Meier method and 
compared using the log-rank test. All statistical analyses were 
performed using SPSS version 20.0 (SPSS Inc., Chicago, IL, 
USA) and p-values <0.05 were considered statistically signifi-
cant in all analyses.

RESULTS

1. Baseline characteristics

A total of 304 patients were followed up for 4 to 118 months 
(median, 54 months); their baseline characteristics accord-
ing to HCV genotype and cirrhosis are summarized in Table 1. 
There were 152 patients each with HCV 1 (six genotype 1a, 141 
genotype 1b, and five unclassified) and non-1 genotypes (149 
genotype 2 and three genotype 3). Liver cirrhosis was found in 
92 patients, of whom 49 and 43 belonged to HCV genotypes 1 
and non-1, respectively; 52 (57%) had clinically relevant portal 
hypertension; 18 (20%) and one (1%) had Child-Pugh score of 
6 and 7, respectively; four (4%) showed signs of decompensated 
cirrhosis, and there were no genotype differences associated 
with these characteristics. 

The incidence of the IL28B (rs12979860) CC genotype was 
88% as a whole, and did not vary according to HCV genotypes 
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Table 1. Baseline Characteristics, Patient Adherence, and Virological Response to Treatment according to the Genotype of HCV and Presence of 
Liver Cirrhosis

Variable

Genotype 1 (n=152) Genotype non-1 (n=152) p-value

Non-LC (I)  
(n=103)

LC (II)  
(n=49)

Non-LC (III)  
(n=109)

LC (IV)  
(n=43)

I vs II III vs IV I vs III II vs IV

Age, yr 56.5±11.3 64.7±10.1 56.3±12.4 61.8±10.6 <0.001* 0.011* 0.888* 0.187*

Male sex 57 (55) 23 (47) 45 (41) 27 (63) 0.332† 0.017† 0.041† 0.128†

IL28B, CC genotype 46/52 (89) 21/25 (84) 39/46 (85) 14/14 (100) 0.720‡ 0.184‡ 0.592* 0.277‡

Body mass index, kg/m2 24.6±3.5 23.6±3.2 23.9±3.1 24.4±2.4 0.098* 0.380* 0.161* 0.180*

Hemoglobin, g/dL 14.2±1.5 13.2±1.5 13.7±1.4 13.6±1.3 <0.001* 0.716* 0.010* 0.162*

Platelet, ×103/mm3 189.7±51.5 109.8±44.8 190.6±53.4 108.2±38.8 <0.001* <0.001* 0.900* 0.861*

AST, IU/L 61.5±42.0 74.4±33.5 59.5±67.1 68.1±22.5 0.062* 0.149* 0.802* 0.889*

ALT, IU/L 80.2±64.5 60.6±34.9 77.8±98.0 75.1±56.6 0.049* 0.864* 0.838* 0.139*

Albumin, g/dL 4.2±0.4 3.9±0.5 4.2±0.4 3.9±0.4 <0.001* <0.001* 0.786* 0.934*

Bilirubin, mg/dL 0.72±0.3 0.88±0.4 0.61±0.3 0.86±0.4 0.009* <0.001* 0.006* 0.763*

PT INR 1.02±0.1 1.10±0.1 1.02±0.1 1.13±0.1 <0.001* <0.001* 0.987* 0.079*

CRPH 0 30 (61) 0 22 (51) <0.001‡ <0.001‡ NA 0.331†

Decompensation 0 1 (2) 0 3 (7) NA NA NA 0.336‡

Ascites 0 1 (2) 0 3 (7) NA NA NA 0.336‡

Child-Pugh score 5/6/7 100/3/0 (97/3/0) 38/11/0 (78/24/0) 106/3/0 (97/3/0) 35/7/1 (81/16/2) <0.001‡ 0.003‡ 1.000‡ 0.443‡

HCV RNA log IU/mL 6.13±1.0 5.77±1.0 5.28±1.2 4.90±1.0 0.038* 0.073* <0.001* <0.001*

HCV genotype Ia/Ib 4/95 2/46

HCV genotype II/III 106/3 43/0

Type of peginterferon prescribed 0.519† 0.918† <0.001† <0.001†

    α-2a 66 (64) 34 (69) 22 (20) 9 (21)

    α-2b 37 (36) 15 (31) 87 (80) 34 (79)

Adherence to treatment 

    Treated for

    <12 wk 16 (16) 8 (16) 4 (4) 4 (9) 0.900† 0.161‡ 0.004‡ 0.368‡

    ≤75% of full duration 31 (30) 19 (39) 5 (5) 6 (14) 0.287† 0.045† <0.001† 0.008†

    >75% of full duration

        ≤75% of full dosage 15 (15) 11 (22) 24 (22) 18 (42) 0.228† 0.014† 0.161† 0.046†

        >75% of full dosage 57 (55) 19 (39) 80 (73) 19 (44) 0.056† <0.001† 0.006† 0.599†

    Premature cessation 34 (33) 21 (43) 8 (7) 7 (16) 0.238† 0.096† <0.001† 0.006†

        Intolerance to drug 17 (50) 11 (52) 5 (63) 5 (72) 0.777‡ 0.377‡ <0.001‡ 0.064‡

        Loss to follow-up 5 (15) 2 (10) 2 (25) 1 (14)

        Economic problem 8 (23) 5 (24) 1 (12) 1 (14)

        No response 4 (12) 3 (14)

Treatment response

    RVR 42/82 (51) 15/43 (35) 83/92 (90) 30/36 (83) 0.082† 0.138† <0.001† <0.001†

    EVR 82/103 (80) 37/49 (76) 102/109 (94) 41/43 (97) 0.566† 1.000‡ 0.003† 0.009‡

    cEVR 77/103 (75) 35/49 (71) 100/109 (92) 38/43 (88) 0.663† 0.540‡ <0.001† 0.070‡

    ETR 81/103 (79) 36/49 (74) 103/109 (95) 41/43 (95) 0.479† 1.000‡ <0.001† 0.005‡

    SVR 69/103 (67) 18/49 (37) 94/109 (86) 37/43 (86) <0.001† 1.000† <0.001† <0.001†

Date are presented as mean±SD or number (%). CRPH means the presence of esophagogastric varices or thrombocytopenia (<105/mm3) with sple-
nomegaly. Decompensation means the presence of ascites or variceal bleeding and/or Child-Pugh score ≥7. IL28B CC genotype means interleukin-
28B rs12979860 CC genotype.
HCV, hepatitis C virus; LC, liver cirrhosis; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT INR, prothrombin time international 
normalized ratio; CRPH, clinically relevant portal hypertension; RVR; rapid virological response; EVR, early virological response; cEVR, complete 
EVR; ETR, end of treatment response; SVR, sustained virological response.
*Student t-test; †Chi-square test; ‡Fisher exact test.
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or the presence of cirrhosis. Baseline serum HCV RNA level was 
significantly higher in patients with HCV genotype 1 than that 
in those with non-1 genotypes (all p<0.001) among both cir-
rhotic and noncirrhotic patients; among patients with identical 
HCV genotypes, those with cirrhosis showed significantly lower 
or a tendency towards lower serum HCV RNA levels at base-
line than those without cirrhosis (p=0.038 for genotype 1 and 
p=0.073 for genotype non-1). 

Peginterferon α-2a was more often administered to patients 
with HCV genotype 1 (66%) and peginterferon α-2b in patients 

with non-1 genotypes (80%) (both p<0.001), but no preference 
was observed between patients with and without cirrhosis (Table 1).

2. Adherence to treatment 

Treatment was prematurely discontinued in 43% (34/103) 
and 33% (21/49) of HCV genotype 1 patients with and without 
cirrhosis, respectively, compared to 16% (7/43) and 7% (8/109) 
of among patients with identical HCV genotypes, those with cir-
rhosis showed significantly lower or a tendency towards non-1 
genotype patients with and without cirrhosis. Drug discontinu-
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Fig. 1. Sustained virological response (SVR) rates according to the genotype of hepatitis C virus (HCV), stage of hepatic fibrosis, presence of por-
tal hypertension, genotype of IL-28B, and type of peginterferon. (A) For patients with HCV genotype 1, the SVR rate was significantly lower in 
patients with cirrhosis than in patients with bridging or less advanced fibrosis. (B) The presence of clinically relevant portal hypertension (CRPH) 
was not significantly associated with the SVR rate in patients with cirrhosis. (C) For patients with HCV genotype 1, the SVR rate was significantly 
higher in patients with the CC genotype of interleukin-28B (IL-28B) rs12979860 than in those with the TC/TT genotype. (D) In noncirrhotic pa-
tients with the HCV genotype 1, peginterferon α-2a resulted in a significantly higher SVR rate than peginterferon α-2b. However, the SVR rates 
in patients with non-HCV genotype 1 did not differ according to the stage of hepatic fibrosis, presence of portal hypertension, genotype of IL-28B, 
or type of peginterferon. 
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ation occurred more frequently in patients with HCV genotype 
1 than patients with non-1 genotypes among patients with 
and without cirrhosis (all p<0.01). The proportion of patients 
who received drugs of more than 75% of scheduled dosage was 
lower in patients with cirrhosis than those without cirrhosis for 
both HCV genotype 1 (38% vs 55%, p=0.056) and non-1 (44% 
vs 73%, p<0.001). The most common cause of discontinuation 
was severe adverse drug effects (54%, 38/70) (Table 1, Supple-
mentary Table 2).

3. Virological response

Achievement of virological response to standard peginter-
feron and ribavirin combination therapy is shown in Table 1. 
Among patients with HCV genotype 1, SVR was achieved in 
36.7% (18/49) and 67% (69/103) of patients with and without 
cirrhosis (p<0.001), respectively. In comparison, among patients 
with non-1 HCV genotypes, SVR rates were 86.0% (37/43) in 
cirrhotic patients and 86.2% (94/109) in noncirrhotic patients. 
The SVR achievement rate did not differ significantly between 
the F0-2 and F3 groups containing patients with HCV genotype 
1; similarly, the rate did not differ significantly among the F0-
2, F3, and F4 (cirrhosis) groups consisting of patients with HCV 
non-1 genotypes (Fig. 1A). In addition, among patients with 
cirrhosis, the SVR rate did not differ significantly between those 
with and without portal hypertension, regardless of HCV geno-
type (Fig. 1B).

4. Factors associated with SVR

Multivariate logistic regressions analyses confirmed that well-
known baseline factors were independently associated with 
SVR, including serum HCV RNA levels and other variables such 

as the presence of cirrhosis in patients with HCV genotype 1 and 
age in patients with HCV non-1 genotypes (Table 2). Along with 
these baseline predictors, SVR was independently and positively 
correlated with RVR achievement and treatment adherence, 
including actual drug dosage in patients with HCV genotype 
1 and actual duration of drug exposure in patients with non-1 
genotypes (Table 2). In fact, the SVR rate in genotype 1 patients 
with and without cirrhosis who received >75% of the planned 
dosage reached 58% and 88%, respectively, which further in-
creased to 83.3% and 93% with the additional presence of RVR. 
Among patients with non-1 genotypes, SVR rates exceeded 90% 
in both cirrhosis and noncirrhosis patients with drug exposures 
for >75% of expected duration, and reached 97.6% in those un-
der 65 years of age with serum HCV RNA levels ≤5 log10 IU/mL 
(Supplementary Tables 3 and 4).

Furthermore, among patients with HCV genotype 1, the IL-
28B CC genotype was associated with significantly higher SVR 
rates after adjusting for baseline predictors (p=0.019 vs TC/TT 
genotypes) (Fig. 1C), while peginterferon α-2b was linked with 
a significantly lower SVR rate (p=0.007 vs peginterferon α-2a) 
(Table 2, Fig. 1D).

5. All-cause and liver-related deaths 

Among the 304 patients, there were 19 deaths during the 
follow-up period (median, 54 months) after treatment initia-
tion, including 12 liver-related deaths. Detailed causes of death 
were as follows: hepatocellular carcinoma in five patients, liver 
failure in four, spontaneous bacterial peritonitis in one, variceal 
bleed in one, cholangiocarcinoma in one, pneumonia in two, 
chronic kidney disease in one, myocardial infarction in one, 
pancreatic cancer in one, lung cancer in one, suicide in one.

Table 2. Multivariate Analysis for Factors Associated with SVR according to the HCV Genotype 

Variable
HCV genotype 1 HCV genotype non-1

OR (95% CI) p-value OR (95% CI) p-value

Pretreatment variable

    Age, yr (>65 vs ≤65) 0.48 (0.23–1.03) 0.059 0.15 (0.05–0.43) <0.001

    Liver cirrhosis (yes vs no) 0.34 (0.16–0.73) 0.006

    HCV RNA, log IU/mL (>5 vs ≤5) 0.16 (0.04–0.63) 0.009

    HCV RNA, log IU/mL (>7 vs ≤7) 0.24 (0.08–0.72) 0.011

    Total bilirubin, mg/dL (>1 vs ≤1) 0.45 (0.23–1.03) 0.059 0.19 (0.05–0.64) 0.008

Type of peginterferon* (α-2b vs α-2a) 0.35 (0.16–0.75) 0.007

Interleukin-28B genotype* rs12979860 (CC vs TC/TT) 6.6 (1.4–32.1) 0.019

Adherence and virological response to treatment*

    Treatment dose, % of target dose (>75% vs ≤75%) 14.6 (4.5–47.3) <0.001

    Treatment duration, % of planned duration (>75% vs ≤75%) 33.2 (2.2–510.1) 0.012

    RVR (yes vs no) 8.0 (2.7–23.5) <0.001 12.0 (1.9–77.0) 0.009

The p-values were obtained by multivariate logistic regression analysis. 
SVR, sustained virological response; HCV, hepatitis C virus; OR, odds ratio; CI, confidence interval; Treatment dose, peg-IFN and ribavirin admin-
istration dose; Treatment duration, peg-IFN and ribavirin administration duration; RVR, rapid virological response. 
*Adjusted with pretreatment variables.



 Jung CH, et al: Treatment Response and Outcomes for CHC  813

When expressed as events per 104 person-years, incidence 
rates of death were remarkably higher in patients with cir-
rhosis (F4) than that in those without (353 vs 48 for all-cause 
death, 277 vs 10 for liver-related death, both p<0.001 using 
Cox regression analysis) (Table 3). Additionally, the rates of all-
cause death and liver-related death were significantly lower in 
patients with SVR than that in those without (all-cause death: 
87 vs 257; hazard ratio [HR], 0.34; 95% confidence interval [CI], 
0.14 to 0.83; p=0.018; liver-related death: 48 vs 180 per 104 
person-years; HR, 0.27; 95% CI, 0.09 to 0.86; p=0.026). When 
we considered the degree of hepatic fibrosis, the impact of SVR 
on mortality was only obvious in a subgroup of patients with 
advanced fibrosis (F3+F4) who maintained well-compensated 

liver functions (Child-Pugh score, 5) at baseline (p=0.006 and 
0.016 for all-cause and liver-related death, respectively) (Table 3). 
Multivariate Cox regression analysis demonstrated an interac-
tion between SVR and well-compensated cirrhosis for all-cause 
(p=0.063) and liver-related deaths (p=0.04), suggesting that a 
substantial reduction in liver-related death due to SVR would 
be expected only in patients with well-compensated cirrhosis 
at baseline (Table 4). In fact, the difference in cumulative inci-
dence rates of liver-related death between the SVR and non-
SVR groups was statistically significant only in patients with 
well-compensated cirrhosis (p=0.034 by log-rank test), and not 
in cirrhotic groups including patients with Child-Pugh scores >5 
(Fig. 2A and B, Supplementary Table 5).

Table 3. Clinical Outcomes according to the Hepatic Fibrosis Stage and Treatment Response

No. of  
patients,
SVR/NR

PY of  
follow-up,
SVR/NR

No. of  
events,
SVR/NR

Incidence
/104 PY,
SVR/NR

 SVR/NR F4/F0-3

HR (95% CI) p-value HR (95% CI) p-value

Overall death 

    F0-2 122/37 593/174 2/1 34/57 0.58 (0.05–6.40) 0.657

    F3 41/12 216/51 0/2 0/392 NA

    F4 55/37 232/165 7/7 302/424 0.80 (0.28–2.31) 0.682 7.6 (2.7–21.0)  <0.001

    cF4 46/27 195/115 2/6 103/522 0.24 (0.05–1.21) 0.083

    F3+cF4 87/39 411/166 2/8 49/482 0.11 (0.02–0.52) 0.006

    Total 218/86 1040/389 9/10 87/257 0.34 (0.14–0.83) 0.018

Liver-related death 

    F0-2 122/37 593/174 0/0 0/0 NA

    F3 41/12 216/51 0/1 0/392 NA

    F4 55/37 232/165 5/6 216/364 0.64 (0.19–2.11) 0.460 29.7 (3.8–230) <0.001

    cF4 46/27 195/115 1/5 51/435 0.13 (0.02–1.17) 0.068

    F3+cF4 87/39 411/166 1/6 24/361 0.07 (0.01–0.61) 0.016

    Total 218/86 1040/389 5/7 48/180 0.27 (0.09–0.86) 0.026

Hepatic decompensation

    F0-2 122/37 590/174 0/0 0/0 NA

    F3 41/12 216/51 0/2 0/392 NA

    F4 51/37 213/143 8/16 376/1119 0.34 (0.14–0.79) 0.012 35.3 (8.3–150) <0.001

    F3+F4 92/49 429/194 8/18 187/928 0.20 (0.09–0.46) <0.001

    Total 214/86 1019/367 8/18 79/491 0.16 (0.07–0.36) <0.001

Hepatocellular carcinoma

    F0-2 121/37 590/174 0/0 0/0 NA

    F3 41/12 210/49 2/2 95/408 0.13 (0.01–1.40) 0.093

    F4 50/35 199/139 6/11 302/791 0.38 (0.14–1.03) 0.057 13.9 (4.7–41.4) <0.001

    F3+F4 91/47 409/189 8/13 196/688 0.28 (0.12-0.68) 0.057

    Total 212/84 998/361 8/13 80/360 0.22 (0.09-0.54) 0.001

The p-values and hazard ratios were obtained by a univariate Cox regression analysis. The progression of hepatic fibrosis was divided into five 
stages, F0, F1, F2, F3, and F4, according to Batts-Ludwig classification; F4 and cF4 refer to cirrhosis and well-compensated cirrhosis (compensated 
cirrhosis corresponding to Child-Pugh score 5), respectively. Hepatic decompensation was defined as the development of ascites, hepatic encepha-
lopathy, or variceal bleeding.
SVR, sustained virological response; NR, no sustained virological response; PY, person-years; HR, hazard ratio; CI, confidence interval; NA, not 
available.



814  Gut and Liver, Vol. 10, No. 5, September 2016

Table 4. Multivariate Analysis for Risk Factors Associated with Mortality, Hepatic Decompensation Development, and Hepatocellular Carcinoma

Variable HR 95% CI p-value

Overall death Liver cirrhosis (yes vs no) 6.4  2.0–20.5 0.002
SVR (yes vs no) * Well compensated cirrhosis (yes vs no) 0.23 0.05–1.08 0.063

Liver-related death Liver cirrhosis (yes vs no) 39.2  4.9–311.7 <0.001
Bilirubin, mg/dL 4.9 1.3–18.8 0.022
SVR (yes vs no) * Well compensated cirrhosis (yes vs no) 0.12 0.02–0.90 0.040

Hepatic decompensation SVR (yes vs no) 0.24 0.10–0.60 0.002
Liver cirrhosis (yes vs no) 12.7  2.7–59.0 0.001
Albumin, g/dL 0.35  0.15–0.83 0.018
Bilirubin, mg/dL 3.2  1.2–9.0 0.025

Hepatocellular carcinoma SVR (yes vs no) 0.37  0.15–0.91 0.032
Liver cirrhosis (yes vs no) 10.9  3.6–33.1 <0.001

The p-values and hazard ratios were obtained by a multivariate Cox regression analysis, which included variables at p<0.10 in the univariate 
model. Hepatic decompensation was defined as the development of ascites, hepatic encephalopathy, or variceal bleeding. Well-compensated cir-
rhosis refers to the state of compensated cirrhosis corresponding to a Child-Pugh score of 5. 
HR, hazard ratio; CI, confidence interval; SVR, sustained virological response.
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1. F0-2

2. F3
3. F4 with SVR

4. F4 without SVR

Log-rank test
p=0.122 (1 vs 2), p=0.069 (2 vs 3), p=0.457 (3 vs 4)
p<0.05 (1 vs 3, 1 vs 4, 2 vs 4)

1. F0-2

2. F33. Well compensated LC with SVR

4. Well compensated LC without SVR

Log rank test
p=0.118 (1 vs 2), p=0.854 (2 vs 3), p=0.034 (3 vs 4)

-

1. F0-21. F0-2

2. F3

3. F4 with SVR

4. F4 without SVR

Log rank test
p=0.027 (1 vs 2), p=0.020 (2 vs 3), p=0.008 (3 vs 4)

- Log rank test
p<0.001 (1 vs 2), p=0.178 (2 vs 3), p=0.048 (3 vs 4)

-

4. F4 without SVR

3. F4 with SVR

2. F3

1. F0-21. F0-2

Fig. 2. Kaplan-Meier curves showing the occurrence of clinical events according to the hepatic fibrosis stage and sustained virological response 
(SVR). (A) The cumulative incidence rates of liver-related deaths tended to differ between the F3 group and F4 group with SVR (p=0.069) but 
did not differ significantly between the F4 groups with and without SVR. (B) The cumulative incidence rates of liver-related deaths did not differ 
between the F3 group and the well-compensated F4 group with SVR but did differ significantly between the well-compensated F4 groups with 
and without SVR. (C) Among patients without hepatic decompensation at baseline, the cumulative incidence rates of hepatic decompensation 
consistently increased with progression of fibrosis and lack of SVR (p=0.027 between the F0–2 and F3 groups, p=0.020 between the F3 group and 
the F4 group with SVR, p=0.008 between the F4 groups with and without SVR). (D) The cumulative incidence rates of hepatocellular carcinoma 
significantly increased with fibrosis progression and lack of SVR (p<0.001 between the F0–2 and F3 groups, p=0.048 between the F4 groups with 
and without SVR by log-rank test).
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6. Development of hepatic decompensation

Among the 300 patients without hepatic decompensation 
at baseline, 26 developed hepatic decompensation during the 
follow-up period. The incidence rate was significantly higher in 
patients with cirrhosis than in those without (674 vs 19 per 104 
person-years, p<0.001), but was significantly lower in patients 
who attained SVR compared to those who did not (79 vs 491 
per 104 person-years; HR, 0.16; 95% CI, 0.07 to 0.36; p<0.001) 
(Table 3). The effect of SVR on hepatic decompensation in rela-
tion to hepatic fibrosis stage was only significant in patients 
with cirrhosis (F4) (p<0.012) and advanced fibrosis (F3+F4) 
(p<0.001) (Table 3). Multivariate analysis showed independent 
relationships between the occurrence of hepatic decompensation 
and achievement of SVR (p=0.002) or the presence of cirrhosis 
(p=0.001) (Table 4). The cumulative incidence rates of hepatic 
decompensation consistently increased with progression of 
fibrosis and with lack of SVR, as shown in Fig. 2C and Supple-
mentary Table 5 (p=0.027 between F0-2 and F3 groups, p=0.020 
between F3 group vs F4 group with SVR, and p=0.008 between 
F4 groups with and without SVR).

7. Development of hepatocellular carcinoma

Among the 296 patients without past history of hepato-
cellular carcinoma at baseline, 21 developed hepatocellular 
carcinoma during the follow-up period. The incidence rate of 
hepatocellular carcinoma was remarkably higher in cirrhotic 
patients than that in noncirrhotic patients (503 vs 39 per 104 
person-years, p<0.001), and significantly lower in patients who 
attained SVR compared to those who did not (80 and 360 per 104 
person-years; HR, 0.22; 95% CI, 0.09 to 0.54; p<0.001) (Table 3). 
This SVR effect against hepatocellular carcinogenesis was only 
evident (p=0.005) in patients with advanced fibrosis (F3+F4) 
compared to other stages of hepatic fibrosis (Table 3). Multivari-
ate analysis corroborated the independent impact of cirrhosis 
(p<0.001) and SVR (p=0.032) on hepatocellular carcinogenesis 
(Table 4). Reflecting these findings, the cumulative incidence 
rates of hepatocellular carcinoma increased significantly with 
the progression of fibrosis and lack of SVR, as shown in Fig. 
2D and Supplementary Table 5 (p<0.001 between F0-2 and F3 
groups, p=0.048 between F4 groups with and without SVR by 
log-rank test).

DISCUSSION

In the present study, standard peginterferon and ribavirin 
combination therapy resulted in fairly high SVR rates in CHC 
patients with cirrhosis, including 36.7% among those with HCV 
genotype 1 and 86.0% for non-1 genotypes. These results were 
better than those reported in Western studies (13% to 33% for 
genotype 1/4 and 31% to 57% for genotype 2/3)8,17-19 and in 
small Korean studies (21% to 24% for genotype 1 and 33% to 

53% in non-1 genotypes).20,21 In addition, SVR rates in the cur-
rent study reached 67% among patients without cirrhosis with 
HCV genotype 1 and 86% in those with non-1 genotypes, also 
better results compared to large-scale Western studies (57% to 
60% for genotype 1 and 76% for non-1 genotype groups),8,22 
but similar to other Korean data (74% for HCV genotype 1 and 
83% in genotype non-1).11

The improved treatment responses in Korean patients with 
CHC could be partly attributed to a higher frequency of the 
specific IL28B genotype (rs12979860 CC type and rs8099917 TT 
type) in Koreans, which is closely linked to favorable responses 
to interferon treatment among patients with HCV genotype 1. 
The frequency of IL28B rs12979860 CC genotype in the present 
study was 88%, markedly higher than the 39% prevalence in 
European Americans, 16% in African Americans, and 35% in 
Hispanic Americans reported in a previous study.23 Indeed, in 
the present study, SVR achievement among patients with HCV 
genotype 1 was significantly higher in those with IL28B CC 
genotype than in those with non-CC genotypes (Fig. 1C).

Another factor accounting for better SVR rates in the pres-
ent study, especially in patients with cirrhosis, might be higher 
treatment adherence. Previous studies on patients with cirrhosis 
showed that the rate of premature drug cessation was as high 
as 67% and 33% in patients with and without HCV genotype 1, 
respectively.19 In comparison, the premature withdrawal rate in 
this study was 43% among cirrhotic patients with HCV geno-
type 1 and only 16% among those with non-1 HCV genotypes. 
This higher adherence to treatment in our cirrhotic patients, 
especially in those with non-1 HCV genotype, must have con-
tributed to a higher SVR rate despite the presence of cirrhosis. 
Concordant with a previous study,24 treatment response in 
patients with HCV genotype 1 improved with drug exposures 
>75% of the total target dose in the present study, with the SVR 
rate reaching 58% even in cirrhotic patients; it further increased 
to 83.3% in the presence of RVR. Therefore, a combination 
therapy of peginterferon and ribavirin might be cost-effective 
in some subgroups. Unfortunately, however, the proportion of 
patients who received >75% of the total target dose was only 
38% in cirrhotic patients with HCV genotype 1, as compared to 
55% in noncirrhosis patients with the same genotype (p=0.056), 
probably resulting in a far lower SVR rate in cirrhotic patients 
(37% vs 67%). 

Furthermore, a relatively lower level of viremia observed in 
non-1 HCV genotype cirrhotic patients in the present study, as 
compared to those reported in previous studies (4.90 vs 6.04 to 
6.11 log HCV RNA IU/mL),20,21 probably had a positive influence 
on SVR rate, for viral load is a well-known predictive factor of 
SVR as confirmed in the present study.

Some of our study results are also noteworthy in view of 
factors affecting the effect of peginterferon and ribavirin on 
CHC. First, there has been controversy about the therapeutic ef-
fects of different peginterferon types.25-27 In the present study, 



816  Gut and Liver, Vol. 10, No. 5, September 2016

peginterferon α-2a exhibited a significantly higher SVR rate in 
patients with HCV genotype 1, particularly those without cir-
rhosis, compared to peginterferon α-2b. Secondly, some studies 
reported very low SVR rates of 13% to 14% in compensated 
cirrhosis patients with HCV genotype 1 and portal hyperten-
sion.17,18 However, in the present study, the SVR rate in these 
patients was as high as 40%, and did not differ significantly 
from the SVR rate in those without portal hypertension. This 
might be owing to their relatively high adherence to treatment, 
not inferior to that in patients without portal hypertension as 
shown in Supplementary Table 3. Thirdly, Bruno et al. demon-
strated a decrease in SVR rate with progression of hepatic fibro-
sis in patients without cirrhosis.8 In the present study, however, 
no significant difference in the SVR rate was observed between 
those with and without bridging fibrosis (F3 vs F0-2), irrespec-
tive of HCV genotypes. Yet, the results of present study on the 
therapeutic efficacy according to the type of peginterferon and 
patients’ characteristics should be interpreted with caution as 
our study has unavoidable limitations arising from its nature of 
retrospective study design. 

Sporadic reports have demonstrated that SVR achievement 
reduces the occurrence of liver-related death, hepatic decom-
pensation, and hepatocellular carcinoma in patients with CHC.5,6 
A recent meta-analysis reported that SVR achievement reduced 
liver-related death (0.23-fold), risk of hepatic decompensation 
(0.21-fold), and risk of hepatocellular carcinoma (0.21-fold) in 
patients with CHC in all stages of fibrosis.7 A large-scale obser-
vational study conducted in the United States reported that SVR 
achievement reduced all-cause mortality 0.51- to 0.70-fold.28 
In the present study, we also confirmed that SVR achievement 
reduced the risk of overall death 0.34-fold; liver-related death 
0.27-fold; risk of hepatic decompensation 0.16-fold; and risk of 
hepatocellular carcinoma 0.22-fold in patients with CHC in all 
stages of fibrosis.

However, it should be noted that pretreatment fibrosis stages 
in the present study greatly affected patient prognosis after 
successful treatment. Hepatic decompensation or liver-related 
death did not occur during the follow-up period in patients 
without cirrhosis who achieved SVR. In contrast, the risk of 
hepatic decompensation, while reduced, still existed in patients 
with cirrhosis even after achieving SVR. Particularly, the risk of 
liver-related death was reduced only in patients with cirrhosis 
with Child-Pugh scores of 5. This suggests that SVR needs to be 
achieved before liver function deteriorates beyond a Child-Pugh 
score of 5 in order to improve the prognosis of patients with 
HCV-related cirrhosis. In addition, it is noteworthy that hepato-
cellular carcinoma did not occur in patients without advanced 
fibrosis (F0-2) once they achieved a SVR, but did develop at a 
high rate in patients with advanced fibrosis (F3+F4) even after 
they achieved a SVR. This indicates that, irrespective of SVR 
achievement, patients with advanced hepatic fibrosis due to 
CHC should undergo continued surveillance for hepatocellular 

carcinoma.
In summary, we were able to achieve a high SVR rate in Ko-

rean patients with CHC, including those with cirrhosis, using a 
standard peginterferon and ribavirin combination therapy, and 
showed that SVR achievement could reduce the incidence of 
liver-related death, hepatic decompensation, and hepatocellular 
carcinoma. However, the risk of liver-related complications still 
exists in patients with advanced fibrosis even after achieving 
SVR. Therefore, all patients with HCV-related advanced hepatic 
fibrosis should receive close follow-up irrespective of successful 
antiviral treatment.
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