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SUMMARY. The optimal duration of treatment with pegylated

interferon (PEG-IFN) plus ribavirin (RBV) in patients with
hepatitis C virus (HCV) genotype 6 is unknown. This study
was aimed at determining treatment response on the basis of
rapid virological response (RVR) of HCV genotype 6 in
comparison with genotypes 1 and 3. Sixty-six treatment
naı̈ve patients were treated with PEG-IFN-a2a (180 lg/
week) plus weight-based RBV (1000–1200 mg/day).
Patients with genotype 1 n = 16) and genotype 3 (n = 16)
were treated for a fixed duration of 48 and 24 weeks,
respectively. Patients with genotype 6 (n = 34) who
achieved RVR were treated for 24 weeks (response-guided
therapy) and the remaining patients were treated for
48 weeks (standard therapy). The mean baseline HCV RNA
levels were not statistically different between groups
(6.4 ± 0.8, 6.0 ± 1.0 and 6.5 ± 0.8 Log10 IU/mL for
genotypes 1, 3 and 6, respectively). Patients with genotypes

INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide public
health problem, with an estimated 170 million people
infected with the virus [1]. HCV has been classified into
six major genotypes and numerous subtypes, which display unique patterns of geographic distribution [2,3]. HCV
genotypes 1–3 are distributed globally and account for the
majority of HCV infections worldwide. HCV genotype 4 is
predominantly found in the Middle East and North Africa,
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1, 3 and 6 achieved RVR in 43.8%, 87.5% and 73.5% of
cases, respectively. One patient with genotype 1 and 3 with
genotype 6 were considered nonresponders and discontinued
therapy. Sustained virological response (SVR) was achieved
in 62.5%, 81.3% and 76.5% of patients with genotypes 1, 3
and 6, respectively. The SVR rate in patients with genotype 6
who underwent response-guided therapy was 88%. This
pilot study suggested that the SVR rate of HCV genotype 6
was at an intermediate level between those of genotypes 3
and 1. Treatment with PEG-IFN plus RBV for 24 weeks may
be sufficient for patients with genotype 6 who achieve RVR.
Prospective randomized trials are required to evaluate this
response-guided strategy in a larger number of patients with
genotype 6.
Keywords: hepatitis C, genotype 6, treatment duration,
virological response, RVR.

while genotype 5 is limited to South Africa. HCV genotype
6 is distributed primarily in south China and South-East
Asia and displays pronounced genetic diversity [4]. In
Thailand, approximately 2% of the general population have been chronically infected with HCV and the
common genotypes are genotypes 3, 1 and 6, respectively
[5,6].
The current standard therapy for patients with chronic
HCV infection is a combination of pegylated interferon (PEGIFN) and ribavirin (RBV) for 48 weeks for those with genotypes 1 and 4 and 24 weeks for those with genotypes 2 and
3 [7]. Prior limited studies have suggested that the response
rate of HCV genotype 6 may be at an intermediate level
between those of genotypes 3 and 1 [8–11]. However, the
optimal treatment duration (24 vs 48 weeks) for genotype 6
is currently unknown. Previous retrospective studies showed
that 48 weeks of combination therapy might be the optimal
duration of treatment for genotype 6 [8,12]. However,
recent prospective data demonstrated that a 24-week course
of PEG-IFN plus RBV was sufficient for patients with
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genotype 6 and might not be statistically inferior to a 48week duration of therapy [13].
Virological response kinetics during therapy have
emerged as important prognostic factors of treatment
outcome in patients with chronic HCV infection [7,14].
Absence of an early virological response (EVR) at week 12
during therapy is the best negative predictor for nonresponse to treatment. In contrast, rapid virological response
(RVR; defined as undetectable HCV RNA at week 4) is
regarded as the most important predictor for sustained
virological response (SVR; defined as undetectable HCV RNA
at week 24 after the end of therapy) and has emerged as an
important milestone to guide the appropriate duration of
therapy. In patients with genotype 1, an individualized
approach to therapy designed according to early viral
kinetics has been adopted to optimize therapeutic outcome
in patients. Recent clinical trials have used RVR to identify
those patients with low baseline viral load that may benefit
from a shortened treatment duration of 24 weeks [15–17].
Taken together, these data suggest the feasibility of a
response-guided therapy for patients with HCV genotype 6
based on the early viral kinetics. In this study, we conducted
a pilot trial to individualize the duration of treatment (24 vs
48 weeks) in patients with HCV genotype 6 on the basis of
RVR and compared SVR rates to those of patients with
genotypes 1 and 3.

PATIENTS AND METHODS
Patients
Male and female patients aged 18–70 years with HCV
genotypes 1, 3 and 6 infection who had not received
antiviral therapy were eligible for enrolment and had to
fulfil the following entry criteria: HCV RNA level more than
10 000 IU/mL; increased serum alanine aminotransferase
(ALT) levels at screening and liver biopsy performed within
12 months preceding study enrolment confirming chronic
hepatitis. Exclusion criteria were as follows: decompensated
liver disease; hepatitis B virus (HBV) or human immunodeficiency virus (HIV) co-infection; other causes of liver
disease; active injection drug use or alcohol dependence
(self-reported intake, ‡40 g/day in women and ‡60 g/day
in men); pregnancy or breast-feeding; serum creatinine
level ‡1.5 mg/dL; haemoglobin concentration, <11 g/dL in
women or <12 g/dL in men; neutrophil count,
<1500 cells/mm3; platelet count, <80 000 platelets/mm3;
a major psychiatric illness; seizure disorder; serious
co-morbid conditions and evidence of malignant neoplastic
diseases.

Study design
This pilot prospective study was conducted in a single tertiary
hospital (King Chulalongkorn Memorial Hospital) in Bangkok,

Thailand from May 2009 to April 2011. The protocol of the
study had been approved by the Institutional Review Board,
and all participants had provided written informed consent.
The study followed the Helsinki Declaration and Good Clinical
Practice guidelines. To compare the response rate of HCV
genotype 6 with those of genotypes 1 and 3, patients infected
with genotypes 1, 3 and 6 were enrolled on a 1:1:2 basis. All
patients received PEG-IFN-a2a (Pegasys; Roche Pharmaceuticals, Bangkok, Thailand) 180 lg/week plus weight-based
RBV (Copegus; Roche Pharmaceuticals) according to the following body weights: £75 kg, 1000 mg/day; and >75 kg,
1200 mg/day. Regarding treatment duration, patients infected with HCV genotype 1 (group 1) and HCV genotype 3
(group 3) were treated for a fixed duration of 48 and 24 weeks,
respectively. Patients infected with HCV genotype 6 (group 6)
who achieved RVR were assigned to treatment for 24 weeks
[response-guided therapy (RGT)-group 6] and the remaining
patients were treated for 48 weeks [standard therapy (ST)group 6].
Patients with undetectable HCV RNA at week 12 were
defined as having a complete early virological response
(cEVR), whereas those with a minimum 2-log10 decrease
from the baseline in HCV RNA at week 12 were defined as
having a partial early virological response (pEVR). Patients
with no or minimal change in HCV RNA levels (<2-log10
decrease from the baseline at week 12) were defined as
nonresponders and therapy was discontinued. All patients
who completed the treatment were followed up for
an additional 24 weeks after the end of therapy to assess
SVR.

Laboratory tests
HCV genotype was determined by nucleotide sequencing of
the core and NS5B regions followed by phylogenetic analysis
as described previously [5]. The levels of serum HCV RNA
were assessed at baseline; at weeks 4, 12, 24, end-of-treatment and at 24 weeks of follow-up by real-time quantitative
reverse transcription-polymerase chain reaction (RT-PCR)
(COBAS TaqMan HCV assay; Roche Diagnostics, Basel,
Switzerland), in accordance with the manufacturerÕs
instructions.

Assessment of efficacy
The primary efficacy end point was to achieve SVR, defined as
undetectable HCV RNA 24 weeks after the end-of-treatment.
Treatment failures were defined as follows: breakthrough
(reappearance of HCV RNA during antiviral treatment period), relapse (reappearance of HCV RNA during follow-up
period in patients with an end-of-treatment virological
response), and nonresponse (a decrease in the HCV RNA level
<2 log10 after 12 weeks of treatment or detectable viral load
at week 24), or discontinuation (treatment withdrawal for
any reason). Secondary end points were to study the variables
 2011 Blackwell Publishing Ltd
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associated with SVR and to investigate the efficacy of week 4
virological response to predict treatment outcome.

Assessment of safety
Safety was assessed through the monitoring of adverse
events and laboratory tests at weeks 2, 4, 6 and 8 then
monthly thereafter during treatment and at weeks 12
and 24 after therapy discontinuation. Any life-threatening
adverse event prompted treatment withdrawal. Stepwise
reduction of RBV dosage of 200 mg/day and reductions of
PEG-IFN-a2a dose to 135 and 90 lg/week were permitted
to manage adverse events or laboratory abnormalities.
Hematopoietic growth factors for the management of significant haematological toxicity were not used in this study.

Statistical analysis
The rates of SVR in each group of patients were calculated
on an intention-to-treat basis. The Mann–WhitneyÕs U test
or StudentÕs test were used to compare continuous variables,
and the v2 test or FisherÕs exact test were used to compare
categorical variables. Univariate and multivariate logistic
regression analysis was used to assess odd ratios relating
pretreatment variables and viral kinetics associated with
SVR. P < 0.05 for a two-tailed test was considered statistically significant. All statistical analyses were performed
using the SPSS software for Windows version 17.0 (SPSS,
Chicago, IL, USA).

RESULTS
Patient characteristics
A total of 66 patients were included in this pilot study. There
were 16 patients in group 1, 16 patients in group 3 and 34
patients in group 6. Table 1 summarizes demographic and
baseline characteristics of the patients by HCV genotypes.
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There were no significant differences in the baseline characteristics between each group in terms of gender distribution, mean age, body mass index (BMI), previous blood
transfusion, ALT level, HCV RNA level and the degree of
liver fibrosis assessed by histology. However, patients in
group 6 had a significantly higher proportion of previous
history of intravenous drug use compared with the other
groups.

Virological response and treatment outcome
Of group 1, 14 (87.5%) patients completed the 48-week
treatment and follow-up. One patient in this group was lost
to follow up by week 24 during therapy. One patient showed
minimal changes in HCV RNA levels at week 12 and therapy
was discontinued because of nonresponse. Of group 3, all
patients completed the 24-week treatment and follow-up. Of
group 6, 25 (73.5%) patients who achieved RVR were
assigned to treatment for 24 weeks (RGT-group 6) and the
remaining 9 (26.5%) patients were assigned to treatment for
48 weeks (ST-group 6). All patients in RGT-group 6 completed the 24-week treatment and follow-up. Of ST-group 6,
three patients were nonresponders and therapy was discontinued and the remaining 6 (66.7%) patients completed
the 48-week treatment and follow-up (Fig. 1).
Figure 2 compares the virological response to the combined therapy within each group. RVR were achieved in 14
of 16 (87.5%) patients in group 3 and 25 of 34 (73.5%)
patients in group 6, which was not of statistical significance
(P = 0.277), but statistically more significant than that in
group 1 (7 of 16 patients; 43.8%) (P = 0.016 and
P = 0.045, respectively). The rates of cEVR were comparable
between group 3 (15 of 16, 93.8%) and group 6 (30 of 34,
88.2%) (P = 0.551) and were higher than in group 1 (12 of
16 patients, 75%), although there was no significant difference (P = 0.174 and P = 0.243, respectively). The overall
rate of SVR in group 3 (13 of 16 patients, 81.3%) was
similar to that of group 6 (26 of 34 patients; 76.5%)

Table 1 Demographic and clinical baseline characteristics of the patients according to hepatitis C virus genotypes
Baseline characteristics

Genotype 1 (n = 16)

Genotype 3 (n = 16)

Genotype 6 (n = 34)

P

Age (yr)
Sex (male)
Body mass index (BMI) (kg/m2)
Previous blood transfusion
Previous intravenous drug users
ALT (U/L)
Log10 HCV RNA (IU/ml)
Liver fibrosis score
Score 0–2
Score 3–4

46.4 ±
56.3%
23.4 ±
50.0%
15.4%
82.7 ±
6.4 ±

42.8 ±
81.3%
21.3 ±
53.8%
23.1%
82.6 ±
6.0 ±

41.2 ±
67.6%
23.7 ±
33.3%
40.7%
62.6 ±
6.5 ±

NS
NS
NS
NS
0.041
NS
NS
NS

69.2%
30.8%

12.5
13.1

57.5
0.8

8.2
5.7

51.9
0.8

66.7%
33.3%

ALT, alanine aminotransferase; Data described as means ± SD or proportions (%).
 2011 Blackwell Publishing Ltd

71.4%
28.6%

8.4
3.7

54.5
0.8
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Fig. 1 Flow diagram of the patients enrolled in the study. RVR, rapid virological response (undetectable hepatitis C virus RNA
at week 4).

Fig. 2 Rates of virological response according to hepatitis C
virus genotypes by intention-to-treat analysis. RVR, rapid
virological response; cEVR, complete early virological
response; SVR, sustained virological response; NS, no
statistical significance.

(P = 0.704) and was higher than in group 1 (10 of 16
patients; 62.5%), although there was no significant difference (P = 0.245 and P = 0.309, respectively).
Among patients who attained RVR, SVR was achieved in
9 of 10 (90%) patients in group 1, 13 of 14 (92.9%) patients
in group 3 and 22 of 25 (88%) patients in RGT-group 6. The
relapse rates among rapid responders in groups 1, 3 and
RGT-group 6 were 10%, 7.1% and 12%, respectively. There
was no statistical difference in terms of SVR and relapse rates
among these groups (Fig. 3).
Among patients in RGT-group 6, the rates of cEVR and
SVR were 100% and 88%, respectively. In this group, 10 of
10 (100%) patients with pretreatment viral loa-

Fig. 3 Rates of sustained virological response (SVR) and
relapse in patients achieving rapid virological response
(RVR) according to hepatitis C virus genotypes.
d < 800 000 IU/mL and 12 of 15 (80%) patients with pretreatment viral load ‡ 800 000 IU/mL achieved SVR. For
those in ST-group 6, the rates of cEVR and SVR were 55.5%
and 44.4%, respectively, which were significantly lower
than those in RGT-group 6 (P = 0.035 and P = 0.025,
respectively) (Fig. 4). Patients in RGT-group 6 and ST-group
6 who achieved cEVR were likely to achieve SVR (88%, and
80%, respectively) Patients who did not achieve cEVR did
not achieve SVR.

Predictors of SVR
To identify factors associated with SVR, baseline characteristics of patients and early viral kinetics during therapy were
analysed by univariate and multivariate logistic regression
 2011 Blackwell Publishing Ltd
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Fig. 4 Rates of virological response in groups 6A and 6B.
RVR, rapid virological response; cEVR, complete early
virological response; SVR, sustained virological response.

analyses. Potential predictors of SVR included sex, age, BMI,
ALT level, liver fibrosis score, HCV genotype, HCV RNA level
and achievement of RVR. A low HCV RNA level < 800 000 IU/mL (or <log10 5.9 IU/mL) and achievement
of RVR were factors predictive of SVR in univariate analysis.
These factors were also independent predictors of SVR in
multivariate analysis (Table 2).

Treatment adherence and safety assessment
Treatment adherence (defined as completion of at least
75–80% of intended dosage of PEG-IFN-a2a and at least
75–80% of intended dosage of RBV for at least 75–80%
intended duration) was achieved in 81.3%, 75% and 82.5%
of patients in group 1, 3 and 6, respectively (P = 0.825). A
dose reduction of PEG-IFN-a2a was required in 12.5%, 18.8%
and 14.7% of patients in group 1, 3 and 6, respectively
(P = 0.881). A dose reduction of RBV was required in 25%,
31.3% and 26.5% of patients in group 1, 3 and 6, respectively
(P = 0.914). None of the patients in this study discontinued
the therapy because of serious adverse side effects.

DISCUSSION
Currently, the treatment outcome of patients with genotype
6 has not been adequately studied because of the limited
number of cases in western countries. However, the optimal
treatment duration of HCV genotype 6 is a particularly
important consideration in south China and many southeast Asian countries in which this genotype is prevalent
[18,19]. Most prior studies of HCV genotype 6 included
 2011 Blackwell Publishing Ltd
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patients treated for 48–52 weeks [12,20,21]. Recently, a
small study of Asian American patients comparing
a 48-week to a shortened 24-week regimen showed that a
significantly higher SVR rate was achieved in those treated
by the 48-week course (75% vs 49%) [22]. However, the
limitation of the study was its retrospective design and the
results were not analysed with regard to an intentionto-treat method. A retrospective study conducted in China
showed that the rate of SVR in 22 patients with genotype 6
treated for 24 weeks was comparable with that of genotypes
2/3 (82% and 83%, respectively) [10]. In that study, the
positive predictive values of RVR and EVR for HCV genotype
6 were comparable with those for genotypes 2/3 (87% vs
91% and 86% vs 87%, respectively). More recently, a randomized controlled trial of 60 patients with genotype 6
demonstrated that there was no significant difference in SVR
rates in patients treated with 48-week and 24-week regimens (79% and 70%, respectively) [13]. In that study, RVR
was a significant predictor of SVR in the 48-week group and
tending towards significance in the 24-week group,
although a sizeable number of patients did not have RVR
measurement performed. These data indicate that 24 weeks
of PEG-IFN plus RBV could effectively treat a subset of
patients with genotype 6. However, the feasibility of a
response-guided therapy by individualizing the duration of
treatment according to viral kinetics in patients with genotype 6 has never been investigated.
To our knowledge, the present report is the first study
directly examining the optimal duration of therapy based on
RVR in patients with genotype 6. In this study, more than
70% of patients with genotype 6 achieved RVR and received
an abbreviated 24-week regimen. Among these patients, the
rate of relapse was approximately 10%, and nearly 90% of
them eradicated the virus. These data are consistent with
observations regarding treatment of HCV genotypes 1, 2, 3
and 4 [23],which suggest that monitoring RVR might be
useful to guide treatment duration for patients with genotype 6. In particular, therapy might be shortened to
24 weeks in patients with genotype 6 achieving RVR,
whereas a 48-week course was appropriate for those who
cleared the virus after week 4. Thus, the integration of RVR
into treatment decisions might identify patients with genotype 6 for whom an abbreviated course of therapy has proven to be satisfactory. The abbreviated regimen could offer
advantages by reducing unnecessary medication exposure,
which may make the treatment of HCV genotype 6 more
affordable and maximize the cost effectiveness of therapy.
Several prospective trials of PEG-IFN and RBV have
examined the use of RVR to select patients with HCV
genotype 1 and non-1 genotypes for abbreviated therapy
[15,24–26]. These studies have shown that a subset of
patients with genotypes 2/3 and genotypes 1/4 who achieve
RVR may be able to shorten therapy to 12–16 weeks, and
24 weeks, respectively, if certain pretreatment conditions
are fulfilled. In recent meta-analyses of randomized
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Table 2 Univariate and multivariate logistic regression analysis of pretreatment characteristics and on-treatment viral kinetics
parameters to predict sustained virological response (SVR) in patients with genotype 6

Factors
Age (year)
<45
‡45
Sex
Male
Female
BMI (kg/m2)
<25
‡25
ALT (U/L)
<80
‡80
Liver fibrosis score
Score 0–2
Score 3–4
Log HCV RNA (IU/mL)
<5.9
‡5.9
RVR
RVR
Non-RVR

Univariate analysis

Multivariate analysis

P

Odd ratio (95% CI)

N

SVR (%)

P

22
12

68.2
91.7

0.21

–

23
11

65.6
90.9

0.227

–

25
9

80.0
66.7

0.649

–

26
8

80.8
62.5

0.355

–

26
8

76.9
62.5

0.444

–

12
22

100
63.6

0.030

2.40 (0.30–4.50)

0.029

25
9

88.0
44.4

0.017

4.51 (1.22–8.79)

0.013

ALT, alanine aminotransferase; BMI, body mass index; RVR, rapid virological response; cEVR, complete early virological
response; CI, confidence interval.
Factors with a P value <0.05 by univariate analysis were entered in multivariate logistic regression analysis.

controlled trials, it has been demonstrated that abbreviated
therapies do not significantly compromise the likelihood of
SVR among rapid responders with most favourable characteristics for SVR, including genotype 1 or 2 with low viral
load and genotype 3 with a weight-adjusted RBV regimen
[27]. On multivariate analysis, the independent factors
associated with SVR among patients with genotype 6 in this
study were RVR and low pretreatment viral load. In fact, all
rapid responders with low pretreatment viral load eventually
eradicated HCV infection after completing 24 weeks of
therapy, whereas the relapse rate was relatively high (20%)
in rapid responders with high pretreatment viral load. These
data suggested that abbreviated therapy for HCV genotype 6
might be particularly effective for rapid responders who had
low pretreatment viral load. However, owing to the small
sample sizes analysed, the ability to draw conclusions was
rather limited, and further studies would be required before
an abbreviated course could be generally recommended.
In this study, we found that the rate of RVR in patients
with genotype 6 was slightly lower than that of genotype 3
(74% and 88%, respectively), but was significantly higher
than that of genotype 1 (44%). These results might reflect a
predictive indicator of the subsequent SVR rate of patients

with genotype 6, which was at an intermediate level
between those of genotypes 3 and 1, as demonstrated in
previous reports [8–11]. It should be mentioned that patients
with genotype 2 have higher SVR rates than patients with
genotype 3 [28]. Thus, it is speculated that patients with
genotype 2 should have a higher probability of achieving
SVR than patients with genotype 6. Also of interest was the
observation that, although the proportion of patients
achieving RVR varied by genotype, the probability of
achieving SVR was consistently high (88–93%) across all
genotypes among patients who achieved RVR. This result is
consistent with previous data that patients who achieve RVR
have the highest rates of SVR (80–90%), regardless of HCV
genotype [23].
Although PEG-IFN represents the backbone of treatment,
combination with RBV has been shown to directly influence
the outcome of therapy in that it prevents relapse. Current
guidelines recommend a weight-adjusted dose of RBV in
combination with PEG-IFN for treating patients with genotype 1, while a flat, low dose of RBV (800 mg/day) is
recommended for treating patients with genotype 3 [7].
However, a weight-adjusted dose of RBV might be useful to
enhance the response rate in patients with genotype 3 who
 2011 Blackwell Publishing Ltd
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do not achieve RVR and in those with RVR undergoing
abbreviated therapy [29,30]. Currently, the optimal dose of
RBV for the treatment of patients with genotype 6 is
unknown. In previous studies, daily weight-based or fixed
doses of RBV had been used, rendering comparisons rather
complicated. Nonetheless, a recent prospective trial has
adopted a weight-based dosage of RBV for abbreviated
treatment (24 weeks), which might result in achieving SVR
equivalent to that obtained with longer treatment duration
(48 weeks) [13]. In our study, all patients, regardless of HCV
genotypes, received a weight-adjusted dose of RBV (1000–
1200 mg/day). Taken together, these data might reflect the
need of a weight-based dosage of RBV in patients with
genotype 6 undergoing abbreviated therapy.
Regarding risk factors for HCV acquisition, our data
showed that patients with genotype 6 had a significantly
higher proportion of previous history of intravenous drug
users compared with patients infected with other genotypes.
This discrepancy might be due to the small sample size of the
study because barely statistical significance was observed. In
this respect, a recent larger study of Southeast Asian
Americans did not find significant differences in terms of risk
factors among patients with HCV genotypes 1, 2/3 and 6
[31]. In contrast, another study conducted in Hong Kong
showed that patients with genotype 1 were mainly infected
through blood transfusion, while a statistically larger proportion of patients with genotype 6 were infected through
intravenous drug injection [11].
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In conclusion, the results of this pilot study suggest that
the overall response rate of HCV genotype 6 is slightly lower
than that of genotype 3 but higher than that of genotype 1.
Although the small sample size that might limit conclusions
on utility of both RVR and EVR, our data suggest that a
response-guided therapy based on viral kinetics may be
useful to optimize treatment in patients with HCV genotype
6. In particular, shortened treatment duration of 24 weeks
could be sufficient in patients with low pretreatment viral
load who achieve RVR. Further prospective randomized trials are required to evaluate this response-guided strategy in
a larger number of patients with genotype 6.
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