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Rapid Virological Response Represents the Highest Prediction Factor 
of Response to Antiviral Treatment in HCV-Related Chronic Hepatitis: a 
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Background: Standard [i.e. pegylated interferon (Peg-IFN) + ribavirin] treatment of hepatitis C virus (HCV)-related chronic hepatitis is 
associated with a sustained virological response (SVR) in 50 - 90% of patients. A rapid virological response (RVR) (i.e. negative HCV-RNA after 
4 weeks of treatment) predicts SVR in almost 90% of patients.
Objectives: The main aim of this study was to assess the strength of RVR, as a predictive factor of antiviral treatment response.
Patients and Methods: Using univariate and multivariate analysis, we retrospectively evaluated biochemical, metabolic, genetic and 
viral variables that might affect both RVR and SVR to Peg-IFN plus ribavirin, in 315 consecutive outpatients affected by HCV-related chronic 
hepatitis.
Results: At univariate analysis, staging, body mass index, RVR, genotype and viral load were significantly related to SVR (P < 0.001). At 
multivariate analysis, RVR and genotype remained significant (P < 0.00001). The RVR had a predictive value of 83%. At univariate and 
multivariate analyses, diabetes (P = 0.003), genotype 2 (P = 0.000) and HCV-RNA values (P = 0.016) were independent predictors of RVR, 
even though at multivariate analyses, only genotype 2 was significantly related to RVR. When we stratified patients, according to genotype, 
no laboratory or clinical factors were predictive of RVR in genotype 1 patients at either univariate or multivariate analysis. In genotype 2 
patients, staging (P = 0.029) and diabetes (P = 0.001) were the only significant predictors of RVR at univariate analyses, whereas no factor 
was independently related to RVR, at multivariate analysis.
Conclusions: The RVR is the strongest factor of SVR and infection with HCV genotype 2 is significantly associated with RVR. Neither 
biochemical and/or metabolic factors seem to exert influence on RVR.
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1. Background
Antiviral therapy for hepatitis C virus (HCV)-related 

chronic hepatitis results in a post-treatment sustained 
viral response (SVR) in 50 - 90% of patients (1). Virus gen-
otype was reported to be the most important predictor 
of SVR (2). In particular, genotype 1 patients are consid-
ered to be 'difficult-to-treat', whereas genotype 2 patients 
are considered to be 'easy-to-treat' (2). Other genotype-
related factors/cofactors, potentially predictive of SVR, 
are levels of viremia, virus interference on the genetic 
background of the host (3), and the host features (genetic 
background and metabolic interference) (4).

Based on viral kinetics, a decisional algorithm, which 
identified the 'stopping rules' of therapy, was developed 
for the follow-up of patients under treatment (5). Pa-
tients with an early virological response (EVR) i.e. after 
12 weeks of treatment, have a high probability of an SVR 

and are advised to continue treatment, whereas those 
who fail to respond after 12 weeks of treatment are asked 
to discontinue treatment (6). Rapid virological response 
(RVR), which corresponds to undetectable HCV-RNA after 
4 weeks of treatment (7), has been shown to be a robust 
positive predictor of SVR, and patients infected with HCV 
genotype 2 or 3, who achieve RVR, are potential candi-
dates for a short (i.e. 6 months) course of therapy (8, 9). 
While the lack of RVR does not necessarily result in a stop-
ping rule, achieving RVR may serve to motivate patients 
and has implications, as to the duration of treatment in 
individual cases. The RVR has a significantly higher pre-
dictive value than EVR, and a series of studies, several of 
which are still ongoing, evaluated whether therapy could 
be optimized by adjusting the decisional therapeutic al-
gorithm, based on the RVR (10).
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2. Objectives
This retrospective study, conducted in a series of con-

secutive patients undergoing antiviral therapy with 
pegylated interferon (Peg-IFN)-α2a or -α2b and ribavi-
rin, for HCV-related chronic hepatitis, was designed 
to evaluate the strength of RVR, as a predictor of SVR, 
compared to other well-recognized factors/cofactors of 
response to antiviral therapy, as the primary end-point. 
A secondary end-point of this study was to also analyze 
the possible biochemical, metabolic and/or virological 
interferences on RVR.

3. Patients and Methods
We retrospectively studied 315 consecutive outpatients af-

fected by HCV-related chronic hepatitis from January 2009 
to September 2011, recruited from three tertiary centers of 
the Second University of Naples, who were undergoing 
antiviral therapy with Peg-IFN-α and ribavirin, according 
to NIH guidelines (11) Epidemiological and clinical charac-
teristics are reported in Table 1. Inclusion criteria were: 1) 
elevated alanine transaminase (ALT) levels during the last 
6 months; 2) HCV antibodies, and 3) no history of alcohol 
abuse. Exclusion criteria were: 1) overt infection with other 
hepatitis viruses (i.e. HBsAg+); 3) alcohol abuse (> 20 mg/
day in women and > 30 mg/day in men, in the 5 years be-
fore enrollment) evaluated according to Reid et al. (12); 4) 
history of active drug abuse; and 5) HIV-positive test.

Table 1.  Epidemiological and Clinical Data of Patients a,b

Variables Values

Number of patients 315

Gender

Male 167

Female 148

Age, y 52.7 ± 11.7

Staging 2.9 ± 1.5

Steatosis 106

ALT 68.9 ± 67.8

BMI 26.16 ± 3.5

Metabolic syndrome 63 (20)

Diabetes 54 (17.1)

Genotype 1b 217 (68.8)

Genotype 2 77 (24.4)

RVR 136 (43.2)

EVR 89 (28.2)

SVR 183 (58.1)

PegIFN a2a 169 (53.6)

PegIFN a2b 146 (46.4)
a  Abbreviations: ALT, alanine transaminase; BMI, body mass index; 
EVR, early virologic response; PegIFN, pegylated interferon; RVR, rapid 
virologic response; SVR, sustained virologic response.
b  Data are reported as Mean ± SD or No. (%).

3.1. Patient Evaluation
Virological, epidemiological, biochemical and ultra-

sound data were recorded upon admission to the centers. 
Body mass index (BMI) was calculated at the time of liver 
biopsy. When possible, the apparent disease duration was 
determined by considering exposure to major risk fac-
tors, as infection onset. Diabetes mellitus was identified 
according to the American Diabetes Association criteria, 
namely fasting glucose > 126 mg/dL, on two separate oc-
casions, or a positive oral glucose tolerance test, on two 
separate occasions (13). Total cholesterol, triglycerides, 
gamma-glutamyl transferase (GGT), ALT and ferritin were 
measured after a 12-hour fast. Metabolic syndrome was 
diagnosed according to National Cholesterol Education 
Program-Adult Treatment Panel III criteria (14). Markers 
of HBV infection were tested by a commercially available 
enzyme-linked immunosorbent assay (Abbott Labora-
tories, Chicago, IL, USA). The study was approved by the 
Ethics Committee of the Second University of Naples and 
patients gave their informed consent.

3.2. Liver Biopsy and Histology
Hepatic percutaneous biopsy was performed with a Su-

recut 17G needle, via the intercostal route, and was echo-
assisted. Liver specimens were used for histological ex-
amination if they were at least 1.5 cm long and contained 
more than five portal spaces. Specimens were fixed in for-
malin, embedded in paraffin, and stained with hematox-
ylin-eosin. Biopsies were evaluated with the Ishak score 
(15), and biopsies with steatosis were also scored, accord-
ing to Brunt’s criteria (16).

3.3. RNA Preparation and Hepatitis C Virus RNA De-
termination

All RNA preparation and HCV RNA determination steps 
were carried out under RNase-free conditions. We used 
the polymerase chain reaction (PCR) procedure to deter-
mine HCV RNA. Sera were rapidly (within 30 minutes of 
blood drawing) frozen at -20°C. The RNA was extracted ac-
cording to Chomczynski and Sacchi (17), and c-DNA was 
derived. We identified HCV RNA using a nested PCR, with 
primers that expanded the highly conserved 5’ non-cod-
ing genomic region. Carry-over PCR contamination was 
avoided by applying the measures suggested by Kwok 
and Higuchi (18).

3.4. HCV Genotyping
To classify HCV genotypes, we hybridized serum PCR 

products to type- and subtype-specific probes 1a, 1b, 2a, 
2b and 3a. The probes had to fulfill two criteria: no more 
than two mismatches, compared with the correspond-
ing published sequences of the same subtype, and they 
had to differ by three or more mismatches, compared 
with published sequences of other types and subtypes. 
The only exception is probe 2b, which had only two mis-



Federico A et al.

3Hepat Mon. 2015;15(6):e18640

matches, compared with the corresponding sequence 
of type 3a (19).

3.5. Statistical Analysis
When appropriate, clinical and laboratory data were 

compared with the Student’s t test or the Mann-Whitney 
test. We used multivariate analysis (logistic regression 
model) to calculate associations among dependent and 
independent variables. We used SPSS, ver. 11.5.2.1 for Win-
dows (SPSS Inc., Chicago, IL, USA) to analyze the data. Only 
P values < 0.05 were considered significant.

4. Results
Independent predictive factors of SVR were identified 

using univariate analysis in all patients (Table 2). Mul-

tivariate analysis was carried out in patients divided 
according to genotype (Table 3). Univariate analysis 
showed that staging (P = 0.001), BMI (P = 0.037), diabe-
tes (P = 0.000), genotype (P = 0.000), RVR (P = 0.000), 
and viral load (P = 0.013) were significantly associated 
to SVR (Table 2), whereas at multivariate analysis, only 
genotype (P = 0.007) and RVR (P = 0.000) were signifi-
cantly associated to SVR (Table 3). As shown in Table 3, 
in genotype-1-infected patients, staging (P = 0.018), ALT 
(P = 0.046), metabolic syndrome (P = 0.041), diabetes 
(P = 0.009), RVR (P = 0.000) and EVR (P = 0.000) were 
significantly associated to SVR, at univariate analysis, 
while only RVR and EVR (P = 0.000) were independently 
associated to SVR, at multivariate analysis. In genotype 
2 patients, only RVR was related to SVR, at both univari-
ate and multivariate analyses.

Table 2.  Univariate Analysis vs. Sustained Virologic Response in all Patients and in Genotype 1b and 2 a

Variables All Patients Genotype 1b Genotype 2

OR (95%CI) P OR (95%CI) P OR (95%CI) P

Age 0.742 (0.45‒1.20) 0.227 0.978 (0.955‒1.003) 0.081 0.989 (0.947‒1.033) 0.626

Sex 0.821 (0.523‒1.28) 0.42 0.889 (0.521‒1.516) 0.666 0.466 (0.149‒1.462) 0.184

Staging 2.49 (1.44‒4.3) 0.001 1.652 (1.077‒2.533) 0.027 0.761 (0.499‒1.159) 0.203

BMI 1.8 (1.036‒3.136) 0.037 0.950 (0.871‒1.037) 0.253 0.932 (0.766‒1.133) 0.479

ALT 1.001 (0.098‒1.003 0.6 0.995 (0.99‒1) 0.046 0.966 (0.989‒1.003) 0.39

HOMA 1.065 (0.9‒1.25) 0.44 1.143 (0.931‒1.404) 0.201 0.901 (0.632‒1.286) 0.567

MS 1.540 80.868‒2.73) 0.141 1.763 (1‒3.106) 0.041 2.380 (0.490‒11.560) 0.27

Diabetes 2.996 (1.607‒5.585) 0.000 2.159 (1.166‒3.995) 0.009 0.393 (0.102‒1.518) 0.165

Steatosis 0.636 (0.397‒1.019) 0.060 0.603 (0.343‒1.061) 0.078 0.926 (0.290‒2.954) 0.897

Genotype 1.575 (1.364‒1.819) 0.000 ‒ ‒ ‒ ‒

RVR 14.87 (8.073‒27.407) 0.000 11.649(5.678‒23.896) 0.000 11.367 (3.174‒40.710) 0.000

EVR 1.628 (0.975‒2.718) 0.07 2.582 (1.432‒4.657) 0.001 0.738 (0.210‒2.595) 0.635

Peg-IFN α2a 1.870 (1.663‒1.766) 0.013 1.174 (0.917‒1.503) 0.171 1.056 (0.244‒4.567) 0.947

Peg-IFN α2b 1.058 (0.638‒1.754) 0.828 0.765 (0.420‒1.391) 0.379 0.252 (0.031‒2.062) 0.169
a  Abbreviations: ALT, alanine transaminase; BMI, body mass index; EVR, early virologic response; HOMA, homeostasis model assessment; MS, metabolic 
syndrome; Peg-IFN, pegylated interferon; RVR, rapid virologic response.

Table 3.  Multivariate Analysis vs. Sustained Virologic Response in all Patients and in Genotype 1b and 2 a

Variables All Patients Genotype 1b Genotype 2

OR (95%CI) P OR (95%CI) P OR (95%CI) P

Staging 0.832 (0.639‒1.084) 0.173 0.953 (0.721‒1.259) 0.733 1.133 (0.545‒2.356) 0.738

BMI 0.663 (0.273‒1.605) 0.362 ‒ ‒ ‒ ‒

ALT ‒ ‒ 0.998 (0.991‒1.005) 0.635 1.013 (0.987‒1.040) 0.318

MS ‒ ‒ 1.234 (0.260‒5.866) 0.792 1.930 (0.114‒32.616) 0.648

Diabetes 0.481 (0.161‒1.443) 0.192 0.490 (0.082‒2.915) 0.433 0.670 (0.033‒13.812) 0.670

Genotype 0.222 (0.075‒0.660) 0.007 ‒ ‒ ‒ ‒

RVR 11.057 (4.326‒28.265) 0.000 78.734 (15.346‒403.944) 0.000 61.159 (3.876‒964.911) 0.003

EVR ‒ ‒ 25.789 (5.347‒124.377) 0.000 11.678 (0.973‒140.172) 0.053
a  Abbreviations: ALT, alanine transaminase; BMI, body mass index; EVR, early virologic response; MS, metabolic syndrome; RVR, rapid virologic 
response.
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Table 4.  Univariate Analysis vs. Rapid Virological Response in all Patients and in Genotype 1b and 2 a

Variables All Patients Genotype 1b Genotype 2

OR (95%CI) P OR (95%CI) P OR (95%CI) P

Age 0.981 (0.962‒1) 0.054 0.976 (0.952‒1.002) 0.066 0.998 (0.962‒1.035) 0.918

Sex 0.895 (0.570‒1.406) 0.629 1.021 (0.575‒1.814) 0.943 1.288 (0.894‒1.851) 0.203

Staging 0.686 (0.389‒1.210) 0.192 0.995 (0.815‒1.214) 0.958 0.651 (0.443‒0.9579 0.029

BMI 0.978 (0.906‒1.056) 0.572 0.998 (0.910‒1.095) 0.968 0.977 (0.820‒1.165) 0.796

ALT 0.999 (0.996‒1.003) 0.750 1 (0.995‒1.004) 0.827 1 (0.993‒1.007) 0.979

HOMA 1.012 (0.872‒1.176) 0.872 1.120 (0.917‒1.367) 0.266 0.874 (0.651‒1.173) 0.369

MS 1.552 80.969‒2.488) 0.061 1.483 (0.769‒2.763) 0.197 1.540 (0.663‒3.575) 0.320

Diabetes 2.293 (1.290‒4.075) 0.003 1.321 (0.704‒2.479) 0.375 6.187 (1.788‒21.406) 0.001

Steatosis 1.241 (0.91‒1.711) 0.182 0.151 (0.713‒1.549) 0.801 1.667 (0.907‒3.064) 0.110

Genotype 1.671 (1.4‒1.996) 0.000 ‒ ‒ ‒ ‒

Peg-IFN α2a/α2b 1.294 (0.781‒2.142) 0.317 1.010 (0.758‒1.346) 0.945 1.130 (0.919‒1.390) 0.305
a  Abbreviation: ALT, alanine transaminase; BMI, body mass index; HOMA, homeostasis model assessment; MS, metabolic syndrome; Peg-IFN, pegylated 
interferon.

Table 5.  Multivariate Analysis vs. Rapid Virological Response in all Patients and in Genotype 1b and 2 a

Variables All Patients Genotype 1 Genotype 2

OR P OR P OR P

Age 0.987 (0.964‒1.001) 0.294 0.950 (0.914‒0.988) 0.011 1.040 (0.981‒1.103) 574‒4.963) 0.186

Staging 1.272 (0.968‒1.671) 0.085 0.594 (0.328‒1.074) 0.085

MS 0.862 (0.390‒1.906) 0.713

Diabetes 0.469 (0.192‒1.143) 0.096 0.550 (0.208‒1.458) 0.230 0.149 (0.018‒1.253) 0.080

Genotype 0.208 (0.114‒0.383) 0.000 ‒ ‒ ‒ ‒
a  Abbreviations: MS, metabolic syndrome.

 Tables 4 and 5 show the results of univariate and 
multivariate analyses of factors predictive of RVR in 
all patients and in patients divided according to geno-
type, respectively. Diabetes (P = 0.003), genotype 2 (P = 
0.000) and HCV-RNA (P = 0.016) were significantly relat-
ed to RVR at univariate analysis, whereas at multivari-
ate analysis, only genotype 2 (P = 0.000) was an inde-
pendent predictor of RVR, in all patients. On the other 
hand, no laboratory or clinical factors were predictive 
of RVR in genotype 1b patients, at either univariate or 
multivariate analysis. In genotype 2 patients, staging (P 
= 0.029) and diabetes (P = 0.001) were the only signifi-
cant predictors of RVR, at univariate analyses, whereas 
no factor was independently related to RVR, at multi-
variate analysis.

Finally, we evaluated the predictive positive value of EVR 
and RVR in all patients and in patients according to virus 
genotype. The predictive positive value (PPV) of SVR was 
significantly higher in RVR patients, in both genotype 
groups. In particular, the PPVs of RVR and EVR for SVR were 
88% and 65%, in all patients, respectively. Moreover, PPVs of 
RVR and EVR for SVR in genotype 1b patients were 82% and 

62%, respectively and, in genotype 1 patients, 93% and 80%, 
respectively.

5. Discussion
In recent years, various attempts have been made to 

maximize the therapeutic response to antiviral therapy 
with Peg-IFN and ribavirin in patients with HCV-related 
chronic hepatitis. Besides dosing adjustments and pa-
tient adherence to interferon and ribavirin, tailoring 
the treatment regimen to the individuality of patients 
could greatly improve the response to therapy, avoid-
ing relapse and minimizing adverse events. A recent 
study, in which therapy was optimized according to the 
patient's baseline characteristics and response to ther-
apy, revealed that RVR is a predictor of SVR, and that du-
ration of treatment could be modulated in relation to 
this parameter (20).

Factors associated with SVR are either pretreatment or 
fixed factors (genotype, HCV-RNA levels, histology, race, 
steatosis, adherence to therapy, etc.) or dynamic factors 
(RVR and EVR). A SVR probably depends on multiple fac-



Federico A et al.

5Hepat Mon. 2015;15(6):e18640

tors, and hence, can differ among individuals (21, 22). This 
large multicenter retrospective, consecutive study evalu-
ated the predictive value of RVR for SVR, in both difficult-
to-treat and easy-to-treat patients. We also assessed the 
predictive role of a number of parameters, as to RVR. It is 
noteworthy that our data were obtained in clinical prac-
tice and in patients undergoing antiviral therapy with 
Peg-IFNα and ribavirin, according to NIH guidelines (11), 
treated with the standard of care for patients with HCV-
related chronic hepatitis.

We found that RVR was the strongest predictor of SVR 
in all of our patients infected with hepatitis C virus, al-
though there were substantial differences between the 
two genotypes. In fact, we found that RVR was the only 
independent factor associated with SVR in overall (i.e. 
easy-to-treat and difficult-to-treat) patients, whereas in 
difficult-to-treat patients, both RVR and EVR were inde-
pendently related to SVR. This result suggests that pa-
tients who obtain RVR are likely to have an SVR, irrespec-
tive of sex, age, fibrosis and comorbidity. Furthermore, in 
patients with genotype 1, EVR was related to SVR also, and 
this finding has implications for treatment duration. It 
is well known that exposure to IFN and ribavirin, when 
HCV-RNA is negative, increases the possibility of main-
taining the response and of obtaining an SVR. Therefore, 
an extension of treatment may be beneficial in patients 
who achieve an EVR (23, 24).

We also found that the patients’ metabolic status may 
affect the likelihood of achieving an RVR. In fact, diabetes 
was independently related to RVR in all patients, and in 
patients with genotype 2, in particular. Therefore, all gen-
otype 2 patients without comorbidity achieved an RVR. 
On the other hand, in patients with genotype 1, no vari-
able was directly related to RVR at univariate and multi-
variate analyses. We hypothesize that genotype 1, per se, 
influences the metabolic status of patients (25). In con-
clusion, our study suggests that the occurrence of RVR 
provides information about treatment outcome in HCV-
infected patients. In particular, RVR is confirmed to be 
the strongest predictor of SVR. Nowadays, triple therapy 
with protease inhibitors (26) and results from interferon-
free trials (27) represent a real option, as a rescue therapy, 
for those patients who fail to clear the virus after 4 weeks 
of treatment with Peg-IFNα and ribavirin.
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