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The hepatitis C virus (HCV) is a major public health problem and 

a leading cause of chronic liver disease. An estimated 180 million 
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people are infected worldwide.1 The treatment for chronic hepa-

titis C (CHC) has evolved from the use of interferon alfa mono-

therapy to a combination of weekly polyethylene glycole interferon 

(Peg-IFN) plus weight-based ribavirin (RBV), as standard of care.2,3 

Independent of viral genotype, it has been suggested that Asians 

are more likely than Caucasians to achieve a sustained virologic 

response (SVR) to the treatment of CHC with either interferon or 

pegylated interferon alpha in combination with RBV.4,5 In accor-

dance with these observations, Korean patients with CHC have 

a high likelihood of responding to combination antiviral therapy 

with interferon and RBV.6,7 When patients were treated with Peg-

IFN α-2b (1.5 μg/kg/week) plus RBV (1,000-1,200 mg/day for 48 

weeks), SVR was achieved in 60-70% of patients with genotype 1.8 

In Korea, the mean body weight of patients is relatively lower 

than in western countries. In low-weight patients, higher doses 

of RBV may result in several complications and, consequently, 

the patient’s compliance may go worse or dose reduction may 

be required frequently. If the RBV dose is lowered the virologic 

response may drop, but it was reported that when Peg-IFN was 

administered sufficiently the virologic response did not drop even 

if the RBV dose was somewhat lower than the standard.9 Consid-

ering lower body weight in Korean patients, it is possible that RBV 

may be initially over-dosed using current weight-based Korean 

guidelines. Thus, this study purposed to analyze RBV dose admin-

istered according to weight and to examine the frequency of com-

plications, virologic response, dose reduction rate, etc. in patients 

administered with RBV at a high dose per kg.

PATIENTS AND METHODS

Patients

We retrospectively reviewed the medical records of patients 

with genotype 1 CHC, who were treated with the combination 

therapy of Peg-IFN α-2b (subcutaneous injection of 1.5 μg per kg 

body weight per week) and RBV based on body weight (1,000 

mg for patients weighing <75 kg or 1,200 mg for patients weigh-

ing ≥75 kg), from October 2004 to February 2010, at Soon Chun 

Hyang University, Bucheon Hospital and Cheonan Hospital. The 

inclusion criteria for this study included men and women aged 

over 18 years, with serologically proven and treatment-naive CHC. 

In addition, the patients were required to have had detectable 

HCV RNA and compensated liver disease. Patients with liver cir-

rhosis and other forms of liver disease or other severe underlying 

diseases, i.e. cardiovascular disease and neoplasm, such as he-

patocellular carcinoma, were excluded from our study. The initial 

RBV dose was defined as the cumulative RBV dose taken during 

the first 4 weeks converted to dosage per body weight per day. 

Based on their initial RBV dose, all patients were divided into two 

groups: Group A (≥15 mg/kg/day) and Group B (<15 mg/kg/day). 

Medical records of the study patients were reviewed to obtain 

baseline demographic features and clinical course after treatment 

with combination therapy. The primary objective of our study was 

to compare SVR, early virologic response (EVR) and dose reduc-

tion rates between the two groups following Peg-IFN α-2b plus 

RBV administered over 48 weeks.

Virological determinations and definitions of 
response

HCV-RNA was determined in each participating center using 

commercially available polymerase chain reaction assays (Amplicor 

HCV or Amplicor HCV Monitor, Roche Diagnostics, Basel, Switzer-

land). Only patients with baseline and 12- or 24-week HCV-RNA 

determinations were included in the statistical analyses. The EVR 

was defined as ≥2 log reduction or complete absence of serum 

HCV RNA at week 12 of therapy compared with the baseline level. 

The SVR was defined as undetectable HCV-RNA (<50 IU per mL) 

24 weeks after discontinuation of therapy.

Dose modification

Per protocol, the RBV dose had to be reduced by 200 mg daily 

in patients who experienced a decrease in hemoglobin level 

of more than 2 g/dL during treatment, and by 400 mg daily if 

hemoglobin levels decreased to less than 10 g/dL. RBV was dis-

continued if a patient without significant cardiovascular disease 

experienced a decrease in hemoglobin to a level below 8.5 g/

dL or if a patient with stable cardiovascular disease maintained a 

hemoglobin value <12 g/dL, despite of being on a reduced dose 

of 600 mg for 4 weeks. Hematopoietic growth factors, such as 

erythropoietin, have been shown to improve the quality of life, but 

not SVR rates. In this study, we reduced the RBV dose instead of 

treatment with erythropoietin for patients with anemia. Further 

dose reduction for other adverse events was based on the severity 

of the side-effects, including myalgia and flu-like symptoms. How-

ever, the use of erythropoietin was not allowed. We decreased 

Peg-IFN α-2b dose for patients who developed neutropenia. Given 

that the dose of Peg-IFN α-2b is more vital in achieving SVR than 
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the RBV dose, we only included in this study patients who had 

been treated for 48 weeks or more, to reduce the impact of the 

Peg-IFN α-2b dose.

Statistical analysis

Data were analyzed with SPSS software for Windows ver-

sion 16.0 (Chicago, IL). Continuous variables are expressed as 

mean±standard deviation and categorical variables as absolute 

and relative frequencies. Mean differences were tested with the 

Student t-test and the Chi-square test for dichotomous and cate-

gorical variables. The result of analysis was considered statistically 

significant for a P-value <0.05.

RESULTS

Patient population

A total of 49 patients (27 males and 22 females), who were 

treated for 48 weeks or more, were enrolled in this study. Based 

on the initial RBV dose, these patients were divided into two 

groups: Group A (≥15 mg/kg/day, n=23) and Group B (<15 mg/

kg/day, n=26). Table 1 shows the baseline characteristics of the 

two groups. The mean body weight (57.2 vs. 70.5 kg, P=0.001), 

the mean body mass index (21.8 vs. 25.1 kg/m2, P=0.001) and the 

percentage of males (30.4 vs. 76.9%, P=0.020) in Group B was 

significantly higher than in Group A. The initial RBV dose (17.2 vs. 

12.7 mg/kg/day, P=0.001) of patients in Group A was significantly 

higher than that in Group B. No significant difference was found 

in the mean age, alanine aminotransferase (ALT) and serum HCV 

RNA titers between the two groups. The mean duration (49.6 vs. 

48.5 weeks, P=0.416) and dose reduction rate (30.4 vs. 23.1%, 

P=0.560) of PEG-IFN α-2b treatment showed no significant dif-

ference between the two groups. Among the patients who were 

treated with dose-reduced PEG-IFN α-2b treatment, one patient 

of Group A and two patients of Group B were treated with 40% 

dose reduced PEG-IFN α-2b and the others were treated with 

20% dose reduced PEG-IFN α-2b.

Initial ribavirin dose associated with body 
weight

We also analyzed the relationship between the body weight of 

patients and the initial RBV dose. Most of the patients enrolled in 

Table 1. Baseline clinical characteristics of the investigated patients

Characteristic Group A (RBV dose ≥15 mg/kg/day)
(N=23)

Group B (RBV dose <15 mg/kg/day)
(N=26)

P-value

Mean age 	 42.26	±14.26 	 45.85	±9.27 0.297*

Sex – no. (%)

     Male 	 7	 (30.4) 	 20	 (76.9)	
0.020†

     Female 	 16	 (69.6) 	 6	 (23.1)

Body weight (kg) 	 57.16	±6.26 	 70.47	±10.84 0.000*

BMI (kg/m2) 	 21.84	±1.70 	 25.05	±2.91 0.000*

ALT, IU/L 	 81.48	±100.78 	 138.08	±201.52 0.229*

HCV RNA, ×105 	 39.67	±54.30 	 52.21	±61.63 0.456*

Initial RBV dose (mg/kg/day) 	 17.22	±1.6 	 12.72	±1.76 0.000*

*Mann-Whitney test; †Fisher’s exact test.
ALT, alanine aminotransferase; BMI, body mass index; HCV RNA, hepatitis C virus RNA; RBV, ribavirin.  

Figure 1. Initial ribavirin dose relative to body weight.
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our study (81.6%) weighed less than 70 kg, and half of these pa-

tients weighed 60 kg or less. The initial RBV dose (15.69 vs. 11.02 

mg/kg/day, P=0.001) of patients whose body weight was under 

75 kg was significantly higher than in patients whose body weight 

was over 75 kg. A total of 23 patients were treated with an initial 

RBV dose of 15 mg/kg/day or more. Figure 1 show that the RBV 

dose per kg is generally lower with increasing weight. 

Virologic response rates according to ribavirin dose

Suppression of HCV RNA continued to be effective in both pa-

tient groups. Thus, EVR (92.0 vs. 83.3%, P=0.634), SVR (82.6 vs. 

73.1%, P=0.506) and recurrence rates (4.3 vs. 3.8%, P=1.000) 

were not significantly different between Group A and Group B 

(Table 2). 

Frequency of adverse events and dose modifi-
cation

Adverse events were reported by 79.6% (39/49) of patients (Table 

3). Adverse events included flu-like symptoms, anemia, neutrope-

nia, nausea, itching sensation, rash, thyroid dysfunction, depres-

sion, insomnia and thrombocytopenia. Flu-like symptoms were the 

most frequently reported adverse events (46.9%) and anemia was 

the most frequent reason for dose modification because of an ad-

verse event (38.8%). Significant anemia (i.e. hemoglobin levels de-

creased to less than 10 g/dL) occurred more frequently in the Group 

A, but occurrence of other adverse events was similar between the 

two treatment groups (60.9 vs. 26.9%, P=0.022). 

Dose reduction rates according to ribavirin dose

The reasons for RBV dose reduction were identified for all pa-

tients who completed treatment. Among the patients who com-

pleted 48 weeks of treatment, 20 patients (14 patients in Group 

A and 6 patients in Group B) had RBV dose reductions for safety 

reasons, including both adverse events (flu-like symptoms) and 

laboratory abnormalities (neutropenia and anemia). The RBV dose 

reduction rate was significantly higher for Group A than for Group 

B (60.9 vs. 23.1%) (P=0.01). 

Table 2. Clinical outcomes after treatment with combination therapy

Group A (n=23) Group B (n=26) P-value*

EVR rate 21 (91.3) 22 (84.6) 0.634

SVR rate 19 (82.6) 19 (73.1) 0.506

Recurrence rate 1 (4.3) 1 (3.8) 1.000

Dose reduction rate 14 (60.9)   6 (23.1) 0.010

Values are presented as no. (%).
*Fisher’s exact test.
EVR, early virologic response; SVR, sustained virologic response. 

Table 3. Frequencies of adverse events and dose modifications

Adverse events
 Group A Group B

P-value*

n (%) Dose modification, n (%) n (%) Dose modification, n (%)

Flu-like symptoms 14 (28.6)   4 (8.2)   9 (18.4) 3 (6.1) 0.352

Anemia 14 (28.6) 13 (26.5)   7 (14.3) 6 (12.2) 0.022

Neutropenia   5 (10.2)   3 (6.1) 11 (22.4) 3 (6.1) 1.000

Nausea   4 (8.2)   0 (0.0)   6 (12.2) 0 (0.0) 0.731

Itching sensation   2 (4.1)   0 (0.0)   6 (12.2) 0 (0.0) 0.254

Rash   2 (4.1)   1 (2.0)   4 (8.2) 0 (0.0) 0.671

Thyroid dysfunction   2 (4.1)   0 (0.0)   4 (8.2) 0 (0.0) 1.000

Depression   2 (4.1)   0 (0.0)   2 (4.1) 0 (0.0) 0.215

Insomnia   2 (4.1)   0 (0.0)   2 (4.1) 0 (0.0) 0.215

Thrombocytopenia   2 (4.1)   0 (0.0)   1 (2.0) 0 (0.0) 0.469
*Fisher’s exact test.
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DISCUSSION

In Korea, a high endemic area for hepatitis B virus infection, 

about five to nine hundred thousand people are chronically infect-

ed with HCV, and at least 10-17% of these people get the hepato-

cellular carcinoma.10,11 HCV genotypes 1b and 2a are the two most 

common types, present in almost equal proportions in Korea.12,13 

The current recommended therapy for CHC is the combination of 

Peg-IFN alfa and RBV. Although there are some guidelines, there 

continues to be debate regarding the optimal RBV dose. 

In this report we present a detailed analysis of the impact of 

RBV dose reductions on SVR rates in patients naive to treatment, 

infected with HCV genotype 1 and treated with Peg-IFN α-2b and 

RBV combination therapy. The European Association for the Study 

of the Liver (EASL) clinical practice guidelines recommended that 

Peg-IFN α-2b should be used at a weight-based dose of 1.5 μg/

kg per week and patients infected with HCV genotype 1 should 

receive the weight-based dose of RBV of 15 mg/kg body weight 

per day. The choice of this regimen was based upon the results 

of three pivotal, randomized, clinical trials that demonstrated the 

superiority of this combination treatment over standard IFN alfa 

and RBV combination therapy.14-16 Although RBV had only a mod-

est transient effect on HCV clearance in the absence of IFN,17 it 

greatly enhanced SVR rates when given in combination with IFN 

alpha.18–20 In patients treated with Peg-IFN, RBV significantly ac-

celerated the second/third phase of HCV clearance and treatment 

with Peg-IFN combined with RVB enhanced the rates of both 

EVR and SVR relative to that of Peg-IFN alone.21,22 The synergy 

between RBV and Peg-IFN can double the SVR rate obtained 

with Peg-IFN monotherapy. RBV acts by sustaining the virological 

response to Peg-IFN alpha.23 However, RBV treatment causes sev-

eral side effects, including anemia, myalgia, flu-like symptoms and 

laboratory abnormalities. Among the side effects associated with 

RBV, anemia poses the most challenging side effect to manage 

and the degree of anemia has been correlated to plasma RBV lev-

els. Anemia was also more frequent and serious in high-dose RBV 

treated patients.24 As a result, it is important to determine the op-

timal RBV dose that will maintain appropriate SVR, while decreas-

ing its side effects. In some cases, significant anemia may lead to 

dose reduction and treatment discontinuation, thereby resulting 

in suboptimal outcomes. The relationship between hemoglobin 

decline and improved treatment response was noted from previ-

ous studies.25,26 In patients with HCV genotype 1 infection who 

developed anemia or who experienced a decline in hemoglobin 

>3.0 g/dL, even if they did not become anemic, these studies have 

shown that the odds of achieving SVR were approximately two-

fold increased, compared to patients who did not develop similar 

hematological changes. This relationship was identified with or 

without the inclusion of patients who received erythropoietin.27 

Hematopoietic growth factors, such as erythropoietin, have been 

used to maintain effective hemoglobin concentrations during an-

tiviral therapy. These growth factors have been shown to improve 

the quality of life, but not SVR rates. 

In the Korean Association for the Study of the Liver (KASL) 

guidelines, weight-based RBV (1,000 mg for patients weighing 

<75 kg or 1,200 mg for patients weighing ≥75 kg) combined with 

Peg-IFN α-2b therapy was recommended for patients with geno-

type 1 CHC. A previous Korean report showed combination ther-

apy efficacy comparable to that of studies in Western countries. 

Dosage modification was performed in 39% (29/75) of patients 

without producing a significant reduction in SVR.28 

It has been known that the mean body weight of patients in 

Korea is relatively lower than in the western countries. Based on 

the current Korean guidelines, it is possible that the recommended 

dose of RBV may be too high in low-weight patients, resulting in 

more frequent dose reduction due to adverse events. The aim of 

this study was therefore to evaluate the possibility of an over-dose 

RBV treatment when we treat the patients according to the current 

Korean guidelines and to evaluate whether relatively high-dose 

RBV (≥15 mg/kg/day) causes RBV dose reduction more frequently. 

In our study, we referred to the EASL guideline,29 because the RBV 

dose of most patients does not exceed 15 mg/kg/day according 

to this guideline. We defined a high-dose RBV group (Group A) as 

a group of patients prescribed an initial RBV dose of 15 mg/kg/

day or more. According to the KASL guideline, we treated patients 

with Peg-IFN α-2b (1.5 μg/kg per week s.c.) and RBV based on 

body weight (1,000 mg for patients weighing <75 kg or 1,200 mg 

for patients weighing ≥75 kg). In this analysis, we focused primar-

ily on the RBV dose reduction rate because more than half of the 

patients (60.9%) who received more than 15 mg/kg/day of RBV as 

their initial dose experienced RBV dose reductions. 

In order to minimize the effect of Peg-IFN, we included only one 

kind of Peg-IFN, which is Peg-IFN α-2b, and limited the cases to 

those administered for over 48 weeks. A randomized trial deter-

mined that the optimal duration of treatment should be based on 

the viral genotype and established that patients with genotype 1 

should be treated for 48 weeks with Peg-IFN alfa plus standard 

weight-based RBV.16 For patients infected with HCV genotype 1, 

a higher dosage of RBV (i.e. 1,000 to 1,200 mg/day) and a treat-

ment duration of at least 48 weeks were necessary to achieve 
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an SVR rate of approximately 50%.16 Thus, patients infected 

with HCV genotype 1 are considered more difficult to treat, and 

intensive treatment regimens have been therefore suggested to 

maximize the virologic response.24 For most therapeutic regimens, 

treatment success is highly correlated with drug exposure. This re-

lationship, however, is less well understood for patients with HCV 

infection. There is some evidence that dose reductions could nega-

tively affect SVR rate in patients with genotype 1 HCV infection.30 

In contrast, another study has shown that reductions in RBV dose 

after week 20, or Peg-IFN alfa-2a dose reductions throughout 48 

weeks of treatment, had no effect on SVR rates.31 

Dose reductions were less common in patients who received 

less than 15 mg/kg/day of RBV as their initial dose (23.1%). Ac-

cording to our findings, high-dose RBV (>15 mg/kg/day) appeared 

not to increase the virologic response, but rather prompted dose 

reduction more frequently (60.9%, 14/23). SVR was not signifi-

cantly different between the two groups, but the dose reduction 

rate for anemia was significantly higher in the group administered 

at a dose of over 15 mg/kg/day. Most of the enrolled patients in 

our study (81.6%) weighed less than 70 kg, and half of these pa-

tients weighed 60 kg or less. Figure 1 show that relatively higher 

RBV doses (≥15 mg/kg/day) were administered frequently to the 

patients who had a lower body weight. According to the EASL 

guideline, most patients have to receive initial RBV doses as 15 

mg/kg/day. Compared to this, the Korean guideline suggests over 

15 mg/kg/day for low-weight patients and this has the risk of un-

necessarily excessive administration of RBV. Accordingly, while the 

current Korean guideline suggests 1,200 mg for patients over 75 

kg and 1,000 mg for those under 75 kg, it is considered necessary 

to add a new standard of RBV administration that applies less 

than 1,000 mg to low-weight patients who satisfy specific condi-

tions or to establish a new guideline similar to the EASL guideline 

for the administration of RBV per kg suitable to Koreans.

There were some limitations in this study. First, this study was a 

retrospective study and examined only a small number of patients. 

Second, although we included patients who received Peg-IFN 

α-2b over 48 weeks in this study, we may have overlooked the im-

pact of the total dose of Peg-IFN α-2b during therapy. Third, there 

was no evidence to support that treatment withdrawal or serious 

side effects frequently occurred in high-dose RBV treated patients 

(Group A) compared to low-dose RBV treated patients (Group B). 

Fourth, RBV bioavailability displays wide inter-individual variability 

and its plasma concentrations correlate poorly with the daily RBV 

dose. After adjustment for body weight, therapeutic drug monitor-

ing of RBV has been considered a feasible option for improving 

RBV dose titrations.32,33 Because we did not use this monitoring 

option, we could not estimate the administered RBV dose accu-

rately. Fifth, since other studies had offered conflicting results that 

administered total RBV dose during treatment associated with the 

SVR, this cannot be concluded from one-sided view. Finally, be-

cause mean body weight of woman is relatively lower compared 

to man, more women were included to the Group A and this fact 

could influence to this study results, especially SVR. 

An important part of this study was to assess the RBV dose ef-

fect on the response to combination treatment with Peg-IFN alfa-

2b. Based on our findings, we suggest that a lower dose of RBV 

than that proposed by the Korean standard guideline may be suf-

ficiently effective and may decrease the need for dose reductions 

during treatment. However, because lowering the RBV dose can 

potentially decrease the SVR, further studies are needed to deter-

mine the optimal initial RBV dose required to maintain a virologi-

cal response in genotype 1 chronic hepatitis C in Korean patients.
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