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Abstract
AIM: To predict treatment success using only simple 
clinical data from peg-interferon plus ribavirin therapy 
for chronic hepatitis C. 

METHODS: We analyzed the clinical data of 176 
patients with chronic hepatitis and hepatitis C virus 
genotype 1 who received 48 wk standard therapy, 
derived a predictive formula to assess a sustained 
virological response of the individual patient using a 
logistic regression model and confirmed the validity of 
this formula. The formula was constructed using data 
from the first 100 patients enrolled and validated using 
data from the remaining 76 patients. 

RESULTS: Sustained virological response was obtained 
in 83 (47.2%) of the patients and we derived formulae 
to predict sustained virological response at pretreatment 
and weeks 4, 12 and 24. The likelihood of sustained 
virological response could be predicted effectively by 

the formulae at weeks 4, 12 and 24 (the area under the 
curve of the receiver operating characteristic: 0.821, 
0.802, and 0.891, respectively), but not at baseline 
(0.570). The formula at week 48 was also constructed 
and validation by test data achieved good prediction 
with 0.871 of the area under the curve of the receiver 
operating characteristic. Prediction by this formula was 
always superior to that by viral kinetics. 

CONCLUSION: These results suggested that our 
formula combined with viral kinetics provides a clear 
direction of therapy for each patient and enables the 
best tailored treatment.
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INTRODUCTION
Persistent hepatitis C virus (HCV) infection is the major 
chronic liver disease in Japan, and pegylated interferon-α 
(PEG-IFN) plus ribavirin (RBV) therapy is the current 
mainstay of  treatment. The goal of  treatment is a sus-
tained virological response (SVR), which is defined as un-
detectable serum HCV RNA, according to a polymerase 
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chain reaction-based assay, 6 mo after the cessation of  
therapy[1]. Patients who achieve SVR gain the benefits of  
regression of  fibrosis, decreased incidence of  hepatocel-
lular carcinoma, and reduced morbidity and mortality. The 
genotype of  HCV affects treatment efficacy and HCV 
RNA levels (viral load) also may have an effect. Only a 
small percentage of  patients infected with HCV genotype 
1b and high viral load achieved SVR with conventional 
IFN therapy for 6 mo[2]. Patients infected with HCV 
genotype 1 should receive 48 wk of  PEG-IFN plus RBV, 
while 24 wk of  treatment is recommended for patients 
with HCV genotype 2[3,4]. When PEG-IFN plus RBV 
is administered in this manner, around 50% of  patients 
infected with HCV genotype 1 achieve SVR[5], which is a 
great improvement over the SVR associated with 24 wk 
conventional IFN-α therapy. 

The likelihood of  treatment success may also be pre-
dicted by viral kinetics on therapy as well as circulating 
core antigen and immune parameters[6,7]. In particular, 
recent studies have shown that SVR can be predicted 
by a rapid virological response (RVR), which is defined 
as an undetectable level of  HCV RNA at 4 wk of  treat-
ment[8], and an early virological response (EVR), which 
is defined as either an undetectable level of  HCV RNA 
or a drop in HCV RNA levels of  at least 2 log10IU/mL 
after 12 wk of  treatment[9]. 

Nevertheless, the current dosing regimens for PEG-
IFN plus RBV could potentially under-treat some pa-
tients[10] and additional measurements of  viral response are 
needed to facilitate individualization of  therapy. Among 
predictive factors already reported[11-15], many are not read-
ily available from daily clinical assessment, because they 
require genomic analyses and/or advanced experimental 
methods. There is increasing evidence to support extend-
ing the duration of  treatment beyond 48 wk for patients 
with an HCV genotype 1 infection who display a slow vi-
rological response, which is defined by HCV RNA levels 
> 50 IU/mL at week 12 but undetectable at week 24. Sev-
eral trials suggested that 72 wk of  treatment with PEG-
IFN plus RBV results in a better SVR rate than the same 
treatment for 48 wk[16-18]. However, it is difficult to accu-
rately determine whether the individual should have their 
therapy extended at week 48, because the predictive value 
of  a slow virological response may be insufficient alone. It 
would be very valuable to have a more accurate predictive 
marker of  SVR at week 48, derived from clinically avail-
able measurements.

In this study, to try to make better prediction of  
patients who would or would not respond to 48 wk of  
PEG-IFN plus RBV therapy, we analyzed the clinical 
data of  patients with chronic hepatitis C who received 
48 wk of  therapy, derived a predictive formula to assess 
the likelihood of  an SVR for each individual patient us-
ing a logistic regression model and confirmed the valid-
ity of  this formula. 

MATERIALS AND METHODS
The study was approved by the Ethics Committee of  the 

Keio University, School of  Medicine, and was performed 
in accordance with the internationally accepted ethical 
standards for human experimentation. The study was 
conducted by the Keio Association for the Study of  Liver 
Diseases (KASLD). All patients received explanations 
of  the purpose and protocol of  the study and written 
informed consent was obtained from each patient. 

Patients
One hundred and seventy-six patients with chronic 
hepatitis C infected with HCV genotype 1b were 
enrolled prospectively and received PEG-IFN plus RBV 
therapy from December 2004 to May 2007. All patients 
had HCV RNA levels ≥ 100 KIU/mL, measured by 
a quantitative polymerase chain reaction (PCR) assay 
(COBAS HCV Amplicor MONITORTM, sensitivity  
500 IU/mL; Roche Diagnostic Systems, Inc., Tokyo, 
Japan). Pregnant women and women of  childbearing 
potential , nursing mothers, male patients whose 
partner could have become pregnant, and those with 
anemia (hemoglobin concentration of  10 g/dL or less), 
leucopenia (1500 cells/μL or less), thrombocytopenia 
(80 000 cells/μL or less), severe dysfunction of  organs 
other than the liver (these exclusion criteria are included 
in the instruction of  the drug and provided by the 
manufacturer), infection with hepatitis B virus or human 
immunodeficiency virus, autoimmune hepatitis, primary 
biliary cirrhosis, and liver dysfunction caused by other 
etiologies were excluded. Some patients did not undergo 
a liver biopsy because not all of  the centers could 
perform biopsies. All patients were treated for 48 wk and 
were followed for 24 wk after cessation of  treatment. 
The formula was derived using data from the first 100 
patients enrolled as selection data and validated using 
data from the additional 76 patients as test data. In this 
way it was possible to analyze the predictive accuracy 
and validity of  the constructed formula. 

Treatment and data collection
PEG-IFN-α2b (Schering-Plough K.K., Osaka, Japan) was 
administered weekly in doses adjusted for body weight 
according to the manufacturer’s recommendations in 
Japan (45 kg or less, 60 μg; 46-60 kg, 80 μg; 61-75 kg,  
100 μg; 76-90 kg, 120 μg; 91 kg or more, 150 μg). 
Similarly, RBV (Schering-Plough K.K.) was given in daily 
doses adjusted to body weight according to manufacturer’s  
instructions (60 kg or less, 600 mg/d; 61-80 kg, 800 mg/d;  
81 kg or more, 1000 mg/d). Serum levels of  HCV RNA 
were quantified and, when the level was below 500 IU/mL,  
HCV RNA was measured with the COBAS HCV 
Amplification and Detection version 2.0, sensitivity 
50 IU/mL, Roche Diagnostic Systems). Blood cell 
counts and chemistry were analyzed at the beginning of  
treatment and every 4 wk thereafter. A questionnaire was 
used to review demographic data (gender, age, weight, 
height), previous treatment, histologic activity grade, and 
fibrosis stage, dose of  PEG-IFN, dose of  RBV, presence 
of  diabetes, HCV RNA levels, SVR, white blood cell 
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counts (WBC), neutrophil counts (NC), red cell counts 
(RBC), hemoglobin levels (Hb), platelet counts (PLT), 
serum aspartate aminotransferase levels (AST), and serum 
alanine aminotransferase levels (ALT). 

Statistical analysis
The Mann-Whitney U-test was used to analyze continuous 
variables. Chi-squared and Fisher’s exact tests were used 
for analysis of  categorical data. One of  our goals was to 
predict SVR using only simple clinical data, so a database 
was created containing the following basic information: 
for all patients, baseline age, sex, body weight (kg), height 
(cm), dose of  PEG-IFN (μg/kg), dose of  RBV (mg/kg), 
HCV RNA levels (KIU/mL), SVR (+/-), WBC (/μL), NC 
(/μL), RBC (/μL), Hb (g/dL), PLT (/μL), AST (IU/L),  
and ALT (IU/L). Statistical analyses were performed 
using the Statistical Package of  Services Solutions (SPSS; 
SPSS Inc., Chicago, IL, USA) software, version 11.0. 
First, factors that differed significantly between SVR and 
non-SVR groups were identified at every time point by 
univariate analyses. The independent discriminative value 
of  markers for predicting SVR was then assessed by 
logistic regression analysis. The third step was to construct 
a formula that combined independent factors. The best 
index for discrimination was the logistic regression 
function that combined the most discriminatory 
independent factors. The predictive formula was logically 
constructed by following basal formula: 

1/p = 1 + exp [-(β0 + β1X1 + β2X2 +......+ βrXr)]
Diagnostic values of  indices and isolated factors were 

assessed by sensitivity, specificity, positive and negative 
predictive values (PPV and NPV), and receiver operating 
characteristic (ROC) curves. 

RESULTS
Patient profile 
Of  the 176 patients, 101 (59.8%) were men and the 
median age was 56 years (18-77), which is greater than 
has been reported from Western countries. The median 
values of  body weight and BMI were 61 kg (41.2-90.5) 
and 22.8 (15.7-32.0), respectively, which are lower than 
has been reported from Western countries. These 
conditions are characteristic of  recent trends in Japanese 
patients; older and less obese patients. Ninety-four 
patients (66.2%) were treatment naïve and the median 
value of  HCV RNA was 2165 KIU/mL (130 to > 5000). 
The pretreatment median values were as follows; RBC 
464 cells/μL, Hb 14.4 g/dL, PLT 165 × 103 cells/μL, 
WBC 4775 cells/μL, NC 2549 cells/μL, AST 51 IU/L, 
and ALT 63 IU/L. 

Response rate and factors associated with svR
SVR was obtained in 83 (47.2%) patients and in 54 (54%) 
of  the first 100 patients (selection data) enrolled in this 
study (Table 1). Of  the 83, 43 were male; 60.6% of  the 
male patients achieved SVR and there was a statistically 
significant gender difference (P = 0.020). The median 

age was significantly lower in the SVR group. There was 
no difference in body weight and BMI between the SVR 
group and non-SVR group for the patients used for 
selection data. The pretreatment HCV RNA level did 
not differ significantly between the SVR and non-SVR 
groups, while pretreatment RBC, Hb, PLT and ALT lev-
els differed between the groups. The average cumulative 
dose of  RBV administered up to the time point indi-
cated was always much greater in the SVR group than in 
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Table 1  Basic demographic, virological, and clinical features 
of the 100 patients whose data were used as selection data

SVR non-SVR P value

Number (%) 54 (54.0) 46
Gender (%)
   Male 43 (60.6) 28 0.038
   Female 9 (34.6) 18
Age
   Median 53 57 0.0098
   Range 18-72 37-77
Weight (kg) 
   Median 65.1 60 0.138
   Range 42.5-90.5 43.9-86.0
BMI (kg/m2)
   Median 23.5 22.9 0.834
   Range 17.5-31.8 18.2-31.2
Previous + treatment 22 19 1.000
HCV RNA (KIU/mL)
   Median 1889 2263 0.554
   Range 140 to < 5000 150 to < 5000
RBC (× 10-4/mL)
   Median 469 452 0.0041
   Range 319-621 354-552
Hb (g/dL)
   Median 15.0 14.1 0.0059
   Range 10.9-17.7 11.3-17.2
PLT (× 10-3/mL)
   Median 172 159 0.039
   Range 84-292 62-270
WBC (/mL)
   Median 5000 4850 0.256
   Range 3270-8900 2300-9200
NC (/mL)
   Median 2550 2549 0.978
   Range 1066-4231 1184-5626
AST (IU/L)
   Median 54 50 0.898
   Range 22-156 24-241
ALT (IU/L)
   Median 76 55 0.027
   Range 36-311 15-278
PEG-IFN dose 
(48 wk) (µg/kg per day) 
   Median 1.43 1.32 0.0043
   Range 0.68-1.82 0.52-1.82
RBV dose (48 wk) 
(mg/kg per day)
   Median 10.83 8.39 0.0002
   Range 3.42-14.55 2.75-12.64

SVR: Sustained virological response; BMI: Body mass index; RBC: Red 
blood cell count; Hb: Hemoglobin; PLT: Platelet count; WBC: White blood 
count; NC: Neutrophil count; AST: Aspartate aminotransferase; ALT: 
Alanine aminotransferase; PEG-IFN dose (48 wk): Total dose of PEG-IFN 
at 48 wk (µg/kg per wk); RBV dose (48 wk): Total dose of RBV at 48 wk 
(mg/kg per day).
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the non-SVR group. The average cumulative dosage of  
PEG-IFN differed between the groups at week 48. 

Among the first 100 patients, serum HCV RNA de-
creased 1 log or more at week 4 in 67 (67.0%) and became 
undetectable in 31 (RVR, 31.0%). SVR was attained in 
25 of  the 31 RVR patients (80.6%). Likewise, a complete 
EVR was attained in 66 patients, among whom 46 (69.7%) 
finally achieved SVR. SVR was achieved in 52 of  76 pa-
tients (68.4%) whose serum HCV RNA had disappeared 
by week 24. SVR also was achieved in patients whose se-
rum HCV RNA had not disappeared until week 12. SVR 
was attained in 39.3%, 22.6% and 0% of  patients who 
failed to achieve RVR, complete EVR and HCV RNA 
negativity at week 24, respectively (Figure 1). From these 
data, PPV and NPV determined by viral kinetics at week 
4 were 80.6% and 60.7%, respectively. PPV at weeks 12 
and 24 were 68.7% and 68.4% respectively, and NPV were 
77.4% and 100%, respectively. 

Multivariate analysis for contributing factors to achieve 
SVR
Multivariate analysis was performed to determine the 
factors contributing to SVR. Analysis was made pretreat-
ment and at weeks 4, 12 and 24. Factors available from 
pretreatment until at the time point were all included, and 
those calculated as P < 0.1 by univariate analysis at each 
time point were analyzed using the logistic regression 
method. A statistical difference was found in gender, age, 
RBC, Hb, PLT and log (ALT 0 wk: ALT levels at week 0) 
at pretreatment by univariate analysis. The independent 
factor contributing to SVR was RBC (P = 0.024) at pre-
treatment. Among significant factors found by univari-
ate analysis at week 4, log (ALT 0 wk) (P = 0.015), RVR  
(4 wk) (P = 0.0049), and log (AST 4 wk) (P = 0.042) were 
independent factors by multivariate analysis. Similarly, 
log (ALT 0 wk) (P = 0.0076), EVR (P = 0.0083), WBC  
(4 wk) (P = 0.035), and average cumulative RBV dose (P 
= 0.045) were significant factors at week 12. Independent 

contributing factors at week 24 were log (ALT 0 wk) (P = 
0.0047), HCV RNA (-/+) (24 wk) (P = 0.005), WBC (4 
wk) (P = 0.044), log (AST 12 wk) (P = 0.044) and average 
cumulative RBV dose (12 wk) (P = 0.040) (Table 2). It was 
intriguing in addition to RVR and EVR that baseline ALT 
level (log) always affected SVR prediction from pretreat-
ment until week 24. 

Predictive formulae of svr by logistic regression analysis
According to the method of  logistic regression analysis, 
we derived four formulae to predict SVR of  patients 
receiving 48-wk PEG-IFN plus RBV treatment in our 
cohort from significant factors selected by multivariate 
analysis at pretreatment and week 4, week 12 and week 
24 as shown in Table 2. These formulae are as follows:

Pretreatment: 1/p = 1 + exp {-[-8.8065 - 0.0114 × 
RBC (× 104) 0 wk + 0.0812 × PLT (× 104) 0 wk + 1.2552 
× log (ALT 0 wk)]}

At week 4: 1/p = 1 + exp [-(-1.8839 - 0.00607 × Age 
+ 3.2992 × log (ALT 0 wk) + 1.8784 × RVR - 3.3364 × 
log (AST 4 wk)]

At week 12: 1/p = 1 + exp {-[-11.5278 + 3.672 × log 
(ALT 0 wk) + 1.1036 × RVR + 2.1211 × EVR + 0.000837 
× WBC 4 wk - 3.0134 × log (AST 12 wk) + 0.418 × 
RBV dose 12 wk]}

At week 24: 1/p = 1 + exp {-[-14.5754 + 4.2296 × 
log (ALT 0 wk) + 1.2028 × RVR + 3.4587 × HCV RNA 
24 wk + 0.0009 × WBC 4 wk - 3.3224 × log (AST 12 
wk) + 0.4741 × RBV dose 12 wk]}

HCV RNA (-): 1, (+): 0.
ROC curve analysis was conducted to evaluate the 

accuracy of  each prediction using both selection data 
and test data. The area under the curve of  the ROCs 
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Figure 1  Sustained virological response rates (%) of the patients during 
peg-interferon plus ribavirin therapy for chronic hepatitis C at week 4 (4 
wk), week 12 (12 wk) and week 24 (24 wk). HCV RNA (-) means patients 
whose serum HCV RNA became undetectable at the time point indicated. 
HCV RNA (+) means patients whose serum HCV RNA was not cleared at the 
indicated time point. 

Table 2  Logistic regression analysis of independent predictive 
factors for sustained virological response

Variables Odds ratio 95% CI P  value

At pretreatment
   RBC (× 104) (0 wk)   1.011 1.002-1.021 0.024
   PLT (× 103) (0 wk)   1.085 0.986-1.193 0.095
   log (ALT 0 wk)   3.509   0.727-16.934 0.118
At week 4
   Age   0.941 0.885-1.000 0.051
   log (ALT 0 wk) 27.090     1.891-388.001 0.015
   RVR +/-   6.543   1.766-24.243   0.0049
   log (AST 0 wk)   0.036 0.001-0.886 0.042
At week 12
   log (ALT 0 wk) 39.331     2.648-584.144   0.0076
   RVR +/-   3.015   0.694-13.100 0.141
   EVR +/-   8.340   1.728-40.265   0.0083
   WBC (4 wk)   1.001 1.000-1.002 0.035
   log (AST 12 wk)   0.049 0.002-1.037 0.053
   RBV dose (12 wk)   1.519 1.010-2.284 0.045
At week 24
   log (ALT 0 wk) 68.688        3.669 to < 999.999   0.0047
   RVR +/-   3.329   0.819-13.529 0.093
   EVR +/- 31.775     2.840-355.460   0.0050
   WBC (4 wk)   1.001 1.000-1.002 0.044
   log (AST 12 wk)   0.036 0.001-0.918 0.044
   RBV dose (12 wk)   1.607 1.021-2.528 0.040
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(AUCs) of  multiple logistic regression analyses using se-
lection data (n = 100) at pretreatment and at weeks 4, 12 
and 24 were 0.710, 0.828, 0.889, and 0.933, respectively. 
The predictive value at pretreatment was insufficient, but 
those after weeks 4, 12 and 24 were satisfactory.

The validity of  the predictive formulae was evaluated 
further using test data (n = 76). The AUCs of  logistic 
regression analyses using test data were 0.547, 0.818, 
0.843, and 0.853 at pretreatment and weeks 4, 12 and 24, 
respectively (Figure 2). Unlike prediction by viral kinet-
ics, our formula is always applicable to all patients and 
the final predictive value is fairly high according to the 
ROC analysis, as described above. The median calculated 
values for patients who ultimately attained SVR were 
0.545, 0.661, 0.589 and 0.656, at pretreatment and weeks 
4, 12 and 24, respectively, and these values were always 
significantly higher than those of  non-SVR cases (Table 
3). The statistical difference of  predictive values between 
SVR and non-SVR patients increased with the duration 
of  therapy. 

Prediction at week 48
It has been suggested that the prolongation of  treat-
ment is effective for patients who do not achieve HCV 
RNA negativity at week 12. There are also patients who 
achieve RVR and/or EVR but whose serum HCV RNA 
reappears after cessation of  the treatment. We evaluated 
whether we can select such patients for whom treat-
ment should be lengthened to 72 wk, using the same 
procedure as for on-treatment prediction of  SVR with 
48 wk of  treatment. The predictive formula at week 48 

was constructed from the data of  the 100 patients used 
for selection data. This formula included the parameter 
whether HCV RNA disappeared during therapy. When 
HCV RNA disappeared at week 4, 8, 12 and 24, each 
value, such as 4, 8, 12 and 24, was inserted into the for-
mula. For non-SVR cases, 100 was inserted into the for-
mula. The formula was determined as follows:

1/p = 1 + exp {-[-4.9107 - 0.0079 × Time of  HCV 
RNA negative (wk) + 0.1477 × PLT 0 wk + 3.4941 × 
log (ALT 0 wk) - 1.7018 × log (AST 12 wk)]}

The ROC curve obtained from the test data of  76 
patients is shown in Figure 3. The AUC derived from the 
test data (n = 76) by logistic regression analysis was 0.871, 
suggesting that patients who can stop treatment at week 
48 are predicted accurately by this formula. The median 
calculated value of  patients who attained SVR was 0.775 
(0.237-0.999) and that of  patients who did not achieve 
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Figure 2  Receiver operating characteristic (ROC) curves and the area under curve (AUC) of the predictive values made by the formulae during peg-
interferon plus ribavirin therapy for chronic hepatitis C at week 4, 8, 12 and 24. 

Table 3  The median predictive values for sustained virological 
response (SVR) rates calculated using our formulae at pre
treatment and weeks 4, 12 and 24

Median (range) Patients who 
attained SVR

Patients with non-
SVR

P value

Pretreatment 0.545 (0.286-0.926) 0.507 (0.108-0.945) 0.514
At week 4 0.661 (0.139-0.998) 0.251 (0.056-0.688) 0.000
At week 12 0.589 (0.079-0.994) 0.146 (0.001-0.952) 0.000
At week 24 0.656 (0.038-0.996) 0.026 (0.000-0.949) 0.000

The values were compared between patients who attained SVR and those 
who did not.
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SVR was 0.004 (0-0.966, P < 0.00001). PPVs and NPVs 
calculated by the formula with various cut-off  points are 
shown in Table 4. When we set the cut-off  point at 0.2, 
NPV was 100% and 28 patients were included in this 
category. 

There were 10 patients who relapsed after attaining 
complete EVR in 76 patients (4 cases achieved negativ-
ity of  HCV RNA at week 8 and others achieved at week 
12), and two of  them could be pointed out as non-SVR 
by our calculation if  the cut-off  point was set at 0.5 (the 
value of  one predicted person was 0.129 and another 
was 0.421). 

DISCUSSION
We propose here a method using formulae for the 
prediction of  SVR in patients with chronic hepatitis 
C treated for 48 wk with PEG-IFN plus RBV. The 
predictive potential was very high when judged by 
AUC analysis, which was more than 0.8 from week 4. 
In particular, the validity at week 24 was more than 
0.85 of  AUC. The simplest method of  prediction of  
SVR may be viral kinetics and a response-based on-
treatment prediction, such as RVR and EVR, which 
are the outcomes of  totally integrated viral and host 
factors. The PPV of  the formulae were better at weeks 
12 and 24 than the prediction with viral kinetics, and 
the NPV of  the formulae were better at weeks 4 and 
12. Evaluation of  the formulae using data from the 
test patients revealed a very high AUC value of  more 
than 0.85. These results suggest that formulae based 
on simple clinical data are superior to prediction by 
viral kinetics. These formulae, however, cannot be 
permanent, and may vary among different groups of  
patients, so should be re-evaluated or re-constructed, 
even for our series when the number of  patients has 
increased. The most important outcome of  this study is 
that we can predict SVR of  our patients accurately with 
48-wk PEG-IFN plus RBV therapy using only “simple” 
clinical data. Individual tailoring of  treatment duration 
may be an option in the future to reduce relapse rates 
in HCV type 1-infected patients. The concept that 

extension of  treatment duration can reduce relapse rates 
should be adopted only for a limited proportion of  type 
1-infected patients because the possibility of  SVR may 
be very low in those whose serum HCV RNA remains 
positive at week 24. The patients who will benefit most 
from prolongation of  therapy include those whose 
serum HCV RNA is positive at week 12 but negative at 
week 24, including even patients with RVR and EVR. 
The formulae we suggest might be helpful for such 
patients who are expected to achieve SVR but did not do 
so. For those individuals, our method based on logistic 
regression analysis will show a clear direction of  therapy 
in each case and enable the best tailored treatment. 
Further prospective studies should be performed to 
determine whether this approach really increases the 
SVR rate by selection of  patients and extension of  
treatment duration up to week 72.

RVR may be valuable for determining treatment du-
ration but is not sufficient for predicting the response to 
treatment[8]. When SVR is predicted by RVR, the con-
firmed SVR rate within whole patients may be low. In 
the study of  Yu et al[19], SVR was achieved in 42 of  100 
patients, and all the patients who attained RVR achieved 
SVR. However, SVR was also attained in patients who 
did not attain RVR, and another 30 SVR patients who 
were not included in the RVR group. If  100% of  pa-
tients with RVR attain SVR, the final prediction of  SVR 
at this point (week 4) is 53.2%. In the study of  Jensen 
et al[20], 95 of  374 (25.4%) genotype 1 patients attained 
RVR. The SVR rate of  these 95 patients was 82% com-
pared to 20.8% among the 374 treated subjects. The 
PPV of  EVR for SVR is estimated to be less robust, 
less than 70%, and the validity may decrease more when 
we predict SVR by RVR only. We could predict SVR 
patients with 57.9% if  the cut-off  point was set at 0.5, 
and with 64.7% if  that was set at 0.6 at week 4. The po-
tent SVR of  patients who did not achieve RVR could be 
predicted by our formula and the combination with viral 
kinetics may further improve predictive value. 

Ferenci et al[21] investigated response-guided treatment 
based on RVR and 78.8% of  HCV genotype 1 patients 
with RVR attained SVR. Around 20% of  patients with 
RVR failed to achieve SVR in their study. The SVR rate 
of  patients with a complete EVR is around 80% and that 
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Table 4  Positive and negative predictive values calculated by 
the formula constructed with data at week 48

Cut-off point PPV (%) NPV (%) P  value

0.2 65.9 100 < 0.00001
0.3 66.7      96.7 < 0.00001
0.4 66.7      86.1 < 0.00001
0.5 68.8      82.5       0.000013
0.6 71.4      79.5       0.000024
0.7 77.3      76.0       0.000048
0.8 80.0      70.2      0.00074

The calculated value was applied to the cut-off points and the numbers of 
patients with sustained virological response were evaluated.
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Figure 3  Receiver operating characteristic (ROC) curves of the predictive 
values calculated by the formula from data up to 48 wk of peg-interferon 
plus ribavirin therapy for chronic hepatitis C.
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of  patients without an EVR is around 15%. Therefore, 
there are several unfortunate patients with RVR and 
EVR but in whom serum HCV RNA reappears after the 
cessation of  treatment. On the other hand, it may be dif-
ficult to attain SVR for patients whose serum HCV RNA 
does not disappear until after week 24 (late responders), 
even if  they are treated for more than 48 wk with PEG-
IFN plus RBV. Recent studies suggested that the exten-
sion of  treatment to 72 wk would help to achieve SVR in 
such “unfortunate” patients, who should have responded 
well to the 48 wk therapy. It is not realistic that all pa-
tients who attain RVR and EVR should receive 72 wk 
therapy to ensure SVR. Our method of  deriving a for-
mula, predicting success or failure of  response to 48 wk  
treatment, may serve as a good compass to identify pa-
tients who require extended treatment to achieve SVR. 
Of  course, further prospective study is necessary and 
there has been no evidence that prolongation of  therapy 
really decreases relapse rate. However, using the formula 
of  week 48, we could predict patients who will benefit 
from an additional 24 wk of  treatment and achieve an 
SVR. In fact, we could recognise 2 of  10 EVR patients 
as non-SVR by our formula and they would be rescued 
if  they receive additional 24 wk therapy.

Perhaps the rule of  stopping the treatment of  pa-
tients with a decrease of  less than 2 log10 in HCV RNA 
level within the initial 12 wk of  therapy should be recon-
sidered because the high NPV of  this rule (98%-100%) 
could be confirmed only for the 48 wk treatment group 
and not for the 72 wk group. As seen in our series, Japa-
nese patients with chronic hepatitis C are older and have 
thinner physiques than those in Western countries. Be-
cause the time of  infection was approximately 60 years 
ago[22], and much earlier than elsewhere in the world, pa-
tients of  an older age require treatment with PEG-IFN 
plus RBV[23]. However, these patients easily become ane-
mic, probably because of  their older age combined with 
their physical characteristics[24], and the adherence to 
RBV, which may be critical for attaining SVR, is usually 
low. An RBV dosage of  1000-1200 mg/d is administered 
rarely in Japanese studies. The higher dose of  PEG-IFN 
and RBV in 48 wk therapy suggested by Fried et al[25], 
who studied patients with a mean age of  approximately 
47, is almost impossible in Japan. When older patients 
opt for PEG-IFN plus RBV therapy, it is a “one-chance-
treatment” and they always endure patiently the side 
effects of  therapy but rarely agree to re-treatment after 
the cessation of  therapy. Therefore, the on-treatment 
prediction of  SVR is very important for older patients 
and, if  the probability of  success is reasonable, they 
would choose prolongation of  the therapy. In this case, 
our formula is a very useful tool to decide whether the 
patient should receive additional therapy at week 48. 

Many factors affecting the SVR rate have been re-
ported, including viral- and host-related factors. Among 
the viral factors, amino acid substitutions in the interferon 
sensitivity determining region (ISDR) located in HCV 
nonstructural region 5A[11] and the core region (71st and 
90th codons)[12] are well established. We also reported 

amino acid substitutions in the RNA-dependent RNA 
polymerase (NS5B) region from our cohort study[26,27]. On 
the other hand, host factors, such as pretreatment intrahe-
patic CD8+ cell count[28], the T-helper type 1 and 2 (Th1/
Th2) ratio[13,29,30] and T-helper activity[31], have also been 
demonstrated. Other factors, such as metabolic and dia-
betic factors, have been implicated in the efficacy of  IFN 
therapy[32]. RBV plasma concentration at week 4[14] and a 
new index, named accordion index[33], have also been pro-
posed. These significant viral and host factors, except for 
the metabolic factors, are difficult to examine and daily 
clinical assessment is not practical. Shirakawa et al[15] pub-
lished an excellent report recently on the classification of  
patients according to their responsiveness to PEG-IFN 
plus RBV therapy. They predicted SVR successfully with 
pretreatment data, but the prediction included particular 
determinations, such as ISDR sequences and Th1/Th2 
ratios, which are not easily available in clinics and are un-
economical. In contrast to their report, the formulae pro-
posed in this study involve factors included among readily 
available data, and moreover, the validity was very high, 
especially at weeks 24 and 48. 

In conclusion, our predictive formula, which is easily 
constructed in every institution with simple clinical data, 
would offer better prediction of  SVR and non-SVR than 
the prediction by viral kinetics. Further study including 
extended protocol (72 wk treatment) and analysis with 
other measurement of  HCV RNA, such as real-time 
PCR, should be evaluated in the future.
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Background
The likelihood of treatment success of 48 wk peg-interferon (PEG-IFN) plus 
ribavirin (RBV) therapy for chronic hepatitis C may be predicted by viral kinetics 
on therapy. In particular, recent studies have shown that sustained virological 
response (SVR) can be predicted by a rapid virological response (RVR), and 

95 January 7, 2010|Volume 16|Issue 1|WJG|www.wjgnet.com

 COMMENTS

Saito H et al . On-treatment prediction of SVR by a new formula



an early virological response (EVR). Nevertheless, the current dosing regimens 
could potentially under-treat some patients and additional measurement of viral 
response is needed to facilitate individualization of therapy. Among predictive 
factors already reported, many are not readily available from daily clinical as-
sessment, because they require genomic analyses and/or advanced experi-
mental methods. 
Research frontiers
It is difficult to accurately determine whether the individual should have their 
therapy extended at week 48, because the predictive value of a slow virological 
response may be insufficient alone. It would be very valuable to have a more 
accurate predictive marker of SVR at week 48, derived from clinically available 
measurements. According to the method of logistic regression analysis, the au-
thors of this study derived formulae to predict SVR of patients receiving 48 wk 
PEG-IFN plus RBV treatment in their cohort from significant factors selected by 
multivariate analysis at pretreatment and weeks 4, week 12 and week 24.
Innovations and breakthroughs
The most important outcome of this study is that it is possible to predict SVR 
accurately with 48 wk PEG-IFN plus RBV therapy by formulae using only 
“simple” clinical data. 
Applications 
This study may enable the best tailored treatment especially for patients with 
a high expectation of sustained virological response with 48 wk peg-interferon 
and ribavirin therapy for chronic hepatitis C but whose responses relapse. Pro-
spective studies informed by this method will be of considerable value.
Terminology
RVR is defined as an undetectable level of HCV RNA at 4 wk of treatment, and 
EVR is defined as either an undetectable level of HCV RNA or a drop in HCV 
RNA levels of at least 2 log10IU/mL after 12 wk of treatment. Recent studies 
reported that these on-treatment viral kinetics are useful for prediction of SVR.
Peer review
Conclusively, establishing a new predictive formula to assess the likelihood of a 
SVR of the individual patient chronically infected with HCV is very important. 
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