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Pegylated �-interferon plus ribavirin is the current
therapy for chronic hepatitis C virus (HCV) infection.
Serum HCV-RNA concentration before treatment has
been identified as an independent predictive factor of
response. We have compared the percentage of HCV-
infected hepatocytes with the concentration of serum
HCV-RNA in baseline samples as predictors of re-
sponse. We included 97 patients with chronic HCV
infection (genotype 1), treated with pegylated-inter-
feron-�2b plus ribavirin. Of these 97, 38 (39%) were
sustained responders and 59 (61%) were not. Statisti-
cal differences between responders and nonre-
sponders were found regarding the percentage of in-
fected hepatocytes (6.83 � 4.50% versus 13.44 �
10.05%; P � 0.00003) but not in serum HCV-RNA con-
centration [1.71 � 2.70 (�106 IU/L) versus 1.32 � 1.86
(�106 IU/L); P � 0.40694]. Other factors associated
with response were age, �-glutamyl transpeptidase
level, and absence of previous therapy. Logistic re-
gression demonstrated that percentage of infected
hepatocytes (odds ratio, 1.160; 95% confidence inter-
val, 1.065–1.264) and previous therapy (odds ratio,
0.294; 95% confidence interval, 0.109–0.795) were
significant predictive factors for response. Therefore,
the percentage of infected hepatocytes in liver biopsy
before treatment is a better predictive factor of sus-
tained response to 48 weeks of therapy with pegy-
lated �-interferon plus ribavirin than serum HCV-RNA
concentration in baseline serum sample. (J Mol Di-
agn 2005, 7:535–543)

Hepatitis C virus (HCV) infection is a major health prob-
lem as it is estimated that 170 million people around the
world are chronically infected by this virus.1 Pegylated
�-interferon (PEG-IFN) plus ribavirin (a purine nucleoside
analog) is the current therapy for the treatment of patients
with chronic HCV infection. However, the sustained re-
sponse rate (loss of serum HCV-RNA and normalization

of alanine amino transferase (ALT) levels for more than 6
months after the end of the therapy) to these treatments is
around 40% for HCV genotype 1-infected patients.2–5

Because these therapies have important side effects
and high cost, it is important to identify which patients
have the best chance to respond before the therapy. In
this regard, several virological and clinical factors have
been identified as associated with the likelihood of re-
sponse. Among these factors, absence of fibrosis in the
liver biopsy, viral genotype, and serum HCV-RNA con-
centration have been shown to be independent factors
associated with a sustained response to the therapy.6–8

Regarding serum viremia levels, the threshold for a fa-
vorable response to 24 weeks of therapy has been es-
tablished at 800,000 IU/ml.9 However, measurement of
serum HCV-RNA concentration may not be accurate
enough because it depends on several factors such as
storage conditions of serum samples, efficiency of HCV-
RNA extraction procedures or presence of inhibitors of
thermo-stable polymerase chain reaction (PCR) enzymes
in serum samples.10,11

In situ hybridization is a technique that allows the lo-
calization of a target nucleic acid within individual cells in
a tissue section12 with a sensitivity of 10–20 copies of a
given RNA per cell.13 Because it has been estimated that
the number of HCV genomes per infected cell ranges
from 7 to 64 molecules,14 in situ hybridization is a tech-
nique sensitive enough to detect HCV-infected hepato-
cytes in liver biopsies. In fact, using this technique, we
have detected HCV-infected hepatocytes in liver biop-
sies from all chronic hepatitis C patients with detectable
HCV-RNA in serum analyzed so far,15,16 and we have
found that the serum HCV-RNA concentration is related
with the percentage of HCV-infected hepatocytes deter-
mined by in situ hybridization.17 However, there are no
studies comparing serum HCV viremia and the percent-
age of HCV-infected hepatocytes as predictors of re-
sponse to 48 weeks of therapy. Thus, in the present
study, we have compared the percentage of HCV-in-
fected hepatocytes, determined by in situ hybridization in
the pretreatment liver biopsy, with the HCV-RNA concen-
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tration in serum samples obtained the same day as the
liver biopsy, as predictors of response to 48 weeks of
therapy with pegylated �-IFN plus ribavirin.

Materials and Methods

In the present study, individual data from 97 patients (62
males and 37 females) with chronic HCV infection (ab-
normal ALT values and anti-HCV and serum HCV-RNA
positive for at least 6 months) were analyzed. All patients
were infected by the HCV genotype 1 as determined with
a reverse hybridization assay (INNO LIPA HCV-II; Inno-
genetics, Gent, Belgium) and were hepatitis B surface
antigen negative, and none of them had antibodies
against human immunodeficiency virus 1 and 2. Patients
were treated with pegylated-IFN-�2b (Peg-Intron; Scher-
ing Corporation, Kenilworth, NJ) at doses of 1.5 �g/kg
body weight once weekly plus ribavirin (Rebetol; Scher-
ing Corporation) at doses of 1000 to 1200 mg/day for 12
months.

Forty-nine of the 97 patients (50.5%) were nonre-
sponders to previous antiviral therapies (44 were treated
with 3 MU/thrice weekly (tiw) IFN-� for 6 to 12 months and
5 with 3 MU/tiw IFN-� plus 1000 to 1200 mg ribavirin for
6 to 12 months), but none of them was under antiviral or
immunosuppressive therapy for at least 12 months before
entry in the present study. The study was performed
following the guidelines of the 1975 Declaration of Hel-
sinki, and a written informed consent was obtained from
each patient.

Virological response was determined with the Amplicor
HCV Monitor 2.0 test (Roche Diagnostics System, Basel,
Switzerland) as described below and confirmed by an
in-house reverse transcriptase (RT)-PCR with primers de-
rived from the 5� noncoding region of the viral genome,
with a sensitivity of 10 IU/ml.18 Patients were defined as
sustained responders when they presented normal ALT
values and did not have detectable serum HCV-RNA for
at least 6 months after the end of the therapy. The re-
maining patients were considered as nonresponders.

A baseline liver biopsy was obtained from each patient
in the 1-month period before the therapy. Liver biopsies
were immersed in 4% paraformaldehyde-phosphate-
buffered saline in less than 30 seconds after they were
obtained and fixed overnight in this buffer. The next day,
tissue samples were dehydrated through successive
baths of ethanol and embedded in paraffin, and the
paraffin blocks were stored at 4°C until the histological
diagnosis and in situ hybridization were performed. He-
patic necroinflammation and fibrosis were assessed ac-
cording to the METAVIR score system.19,20 After histo-
logical diagnosis, the remaining tissue was used for in situ
hybridization.

Serum HCV-RNA Quantitation

HCV-RNA concentration in the baseline serum sample
taken the same day as the liver biopsy was measured
with the Amplicor HCV Monitor 2.0 test (Roche Diagnos-
tics System). Serum samples were aliquoted and stored

at �80°C until used. When the viral RNA concentration of
a given sample was above the upper dynamic range of
quantitation of the assay (500,000 IU/ml), the serum sam-
ple was retested diluted (1/10 and 1/100) to obtain an
accurate quantitation.

In Situ Hybridization

Genomic HCV-RNA was detected with a complementary
RNA probe labeled with digoxigenin 11-UTP obtained by
in vitro transcription of the pC5�NCR, which contains the
complete 5�NC region of the HCV genome. Hybridization
conditions for the in situ detection of the HCV-RNA were
as described previously.15–17 Specificity of the in situ
hybridization was assessed by: 1) digestions of the sec-
tions with RNase A (0.2 mg/ml) or DNase I (20 U/ml) for 2
hours at 37°C before hybridization; 2) hybridization with
an unrelated RNA probe (a 360 base fragment of the
chloramphenicol acetyl transferase gene); and 3) omis-
sion of the probe in the hybridization mixture. To further
demonstrate the specificity of the HCV-RNA detection by
in situ hybridization, liver biopsies from 10 patients with
chronic hepatitis B virus infection, 10 patients with alco-
holic hepatitis, and 5 patients with chronic autoimmune
hepatitis (all of them without HCV markers) were hybrid-
ized with the same probe and under the same conditions
used for the detection of the HCV-RNA. The percentage
of infected cells was determined by visual inspection of at
least 20 microscopic fields, counting at least 2000 cells
from each liver section. To test the reproducibility of our in
situ hybridization technique, the percentage of infected
hepatocytes was determined in serial sections of two liver
biopsies (from which enough material was available) hy-
bridized in different runs (four sections from each biopsy
in three different runs carried out on three different days).

Statistical Analysis

All statistical tests described below were carried out with
SPSS package release 9.0 (SPSS, Chicago, IL). All tests
performed were two-sided, and statistical significance
was established at P � 0.05.

Reproducibility Analysis

In each biopsy, the mean percentage of the infected
hepatocytes observed in each run and its 95% confi-
dence interval (CI) were estimated and compared by a
one-way analysis of variance, once the equality between
the variances of the variables was checked with the
Levene’s test.

Univariate Analysis

Several parameters were compared between re-
sponder and nonresponder patients. Continuous vari-
ables included in the analysis were as follows: serum
HCV-RNA concentration (IU/ml); percentage of infected
hepatocytes; age; body mass index; ALT level (IU/L);
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aspartate amino transferase level (IU/ml); �-glutamyl
transpeptidase (GGTP) level (IU/L); ferritin level (ng/ml);
iron level (�g/dl); necroinflammatory activity; and fibrosis
score. The categorical variables analyzed were as fol-
lows: gender (0, male; 1, female); and previous antiviral
therapy (0, yes; 1, no). After exploring the continuous
variables for normality using the Kolmogorov-Smirnov
test, the mean was compared with the Student’s t-test in
those with normal distribution. In these variables, equality
between the variances of the variables was checked with
the Levene’s test. In the continuous variables without
normal distribution, the median between responder and
nonresponder patients was compared using the non-
parametric Mann-Whitney U test. The variables with nor-
mal distribution were expressed as the mean � SD, and
those without normal distribution were expressed as the
median (range). Categorical variables were compared
between responders and nonresponders using the �2 or
Fisher’s exact tests. The same univariate analysis was
also performed in the subgroup of previously treated
and untreated patients, comparing responders and
nonresponders.

Logistic Regression Analysis

Binary logistic regression analysis was performed to
explore the influence of the above described variables on
the response. Dependent variable was defined as “Re-
sponse” (0, responder patient; 1, nonresponder patient).
First, a global model with all of the variables included in
the univariate analysis was considered. Nonsignificant
variables were excluded from the model one by one.
Overall significance was assessed by the log of likelihood
ratio with the �2 test, and goodness-of-fit was studied by
the Hosmer-Lemeshow test. Statistical significance of the
coefficients in the regression equation was contrasted
with the Wald test. Odds ratios (OR) and their respective
95% CI were also estimated.

To study the ability of the definitive model in the dis-
crimination between responder and nonresponder pa-
tients, receiver operating characteristic (ROC) curve was
constructed using the predicted probability values esti-
mated with this model as the test variable and “Re-
sponse � 1” as the value of the state variable. A ROC
curve is a graphic representation of the trade-off between
the false-negative and false-positive rates for every pos-
sible cutoff. The accuracy of the model depends on how
well it separates the group of patients being tested into
responders and nonresponders. Accuracy is measured
by the area under the ROC curve (AUC), being an area of
1, a perfect model. The cutoff probability value to dis-
criminate between responder and nonresponder patients
was estimated by examining the coordinates of the ROC
curve. This cutoff probability value was established at the
maximum specificity and sensitivity. Finally, specificity,
sensitivity, false-positive and false-negative rates, posi-
tive and negative predictive values, and overall accuracy
or diagnostic efficiency of the model were also estimated,
according to the coordinates of the ROC curve.

Results

Of the 97 patients analyzed in this study, 38 (39%) were
sustained responders, whereas the remaining 59 (61%)
patients were nonresponders.

Specificity of the in Situ Hybridization Technique

Positive hybridization signals were observed in the liver
biopsies from the 97 patients with chronic hepatitis C
analyzed in this study, whereas no signals were detected
in the liver samples from the 10 patients with chronic
hepatitis B, the 10 patients with alcoholic hepatitis, or the
5 patients with autoimmune chronic hepatitis. Further-
more, when the liver biopsies from the patients with
chronic hepatitis C were digested with RNase before the
hybridization, no signals were observed, whereas no
changes in the hybridization pattern were seen when the
liver biopsies were predigested with DNase. Finally, no
hybridization signals were observed when the liver biop-
sies were hybridized with an unrelated probe or when the
specific probe was omitted in the hybridization mixture.
All of these results demonstrated the specificity and the
accuracy of the detection of HCV-RNA in liver biopsies by
the in situ hybridization technique.

Reproducibility of the in Situ Hybridization
Technique

To demonstrate the reproducibility of the in situ hybrid-
ization for the detection of HCV-RNA, serial sections of
two liver biopsies from two different patients were tested
in the same run and in different runs. As shown in Table
1, in the two liver biopsies analyzed, no statistical differ-
ences in the mean percentage of infected hepatocytes in
the sections analyzed in three different runs were found,
which indicates that the technique is highly reproducible.

Table 1. Reproducibility of the in Situ Hybridization
Technique

Infected hepatocytes (%)

Biopsy A Biopsy B

Run 1
Section 1 4.9 6.0
Section 2 4.4 5.5
Section 3 5.4 5.0
Section 4 4.0 6.2
Mean (95% CI) 4.7 (3.7–5.6) 5.7 (4.8–6.5)

Run 2
Section 1 4.2 5.4
Section 2 5.0 5.2
Section 3 3.9 5.9
Section 4 5.2 6.5
Mean (95% CI) 4.6 (3.6–5.6) 5.8 (4.8–6.7)

Run 3
Section 1 4.9 6.1
Section 2 5.3 4.9
Section 3 4.1 6.5
Section 4 4.8 7.1
Mean (95% CI) 4.8 (4.0–5.6) 6.2 (4.7–7.6)
P value 0.88909 0.60837
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Univariate Analysis
Regarding HCV-RNA concentration in the basal serum
sample, there were no statistical differences between
sustained responder (1.71 � 106� 2.70 � 106 IU/ml) and
nonresponder patients (1.32 � 106� 1.86 � 106 IU/ml)
(Figure 1). In contrast, sustained responders had a sig-
nificantly lower percentage of HCV-infected hepatocytes
in the pretreatment liver biopsy than the nonresponder
patients (6.83 � 4.50% versus 13.44 � 10.05%; P �
0.00003) (Figure 1). Other baseline characteristics signif-
icantly associated with a sustained response were age
(responder patients were younger), GGTP levels (re-
sponder patients had lower levels of this enzyme), and
absence of a previous antiviral treatment. The remaining
variables analyzed were not significantly associated with
a sustained response to the therapy (Table 2).

When previously untreated patients were analyzed
alone, there were statistical differences between re-
sponder and nonresponder patients in the percentage of
infected hepatocytes in the basal liver biopsy (6.28 �
4.29% versus 17.74 � 11.39%; P � 0.00007) and in the
GGTP levels [30 IU/L (range, 11–239 IU/L) versus 43 IU/L
(range, 9–326 IU/L); P � 0.01856], whereas no differ-
ences were found in the remaining variables, including
the baseline serum HCV-RNA concentration (Table 3).
The same analysis was performed in previously treated
patients, and no significant differences in the variables
(including the percentage of hepatocytes) were found
(Table 4).

When a viremia level of 800,000 IU/ml and 7% of
infected hepatocytes (the mean of infected hepatocytes
in responder patients) were chosen as the threshold for

Figure 1. Box-plot representations of the percentage of infected hepatocytes and the serum HCV-RNA levels in responder and nonresponder patients. Each box
is drawn from the lower quartile (Q1) to the upper quartile (Q3) and the horizontal lines across the boxes indicate the median. The whiskers are drawn from
the Q3 to the maximum and from the Q1 to the minimum. Outliers are represented by empty dots.

Table 2. Results of Univariate Analysis Performed in All of the Patients

Variable Responders (n � 38) Nonresponders (n � 59) P Value

Age (years)* 43.92 � 11.01 48.92 � 8.94 0.01611
Gender

Male 28/38 (73.7%) 34/59 (57.6%) } 0.10795
Female 10/38 (26.3%) 25/59 (42.4%)

Body mass index* 24.11 � 2.73 25.57 � 3.45 0.07827
Infected hepatocytes (%)* 6.83 � 4.50 13.44 � 10.05 0.00003
Serum HCV-RNA [(IU/ml) � 106]* 1.71 � 2.70 1.32 � 1.86 0.40694
ALT (IU/L)* 114.66 � 107.37 105.31 � 58.61 0.48027
AST (IU/L)* 70.29 � 70.98 72.97 � 37.76 0.80948
GGTP (IU/L)† 30 (11–239) 43 (9–326) 0.01856
Ferritin (ng/ml)† 216 (41–1250) 132 (6–1122) 0.34071
Iron (�g/dl)* 128.27 � 57.45 133.18 � 56.98 0.72552
Necroinflammatory activity† 4 (1–6) 4 (1–7) 0.60170
Fibrosis score† 2 (0–4) 2 (0–4) 0.53835
Previous treatment

Yes 14/38 (36.8%) 35/59 (59.3%) } 0.03065
No 24/38 (63.2%) 24/59 (40.7%)

Statistically significant P values are highlighted in boldface.
AST, aspartate aminotransferase.
*Expressed as the mean � SD.
†Expressed as the median (range).

538 Rodrı́guez-Iñigo et al
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sustained response, it was found that 54 patients had a
basal serum HCV-RNA concentration lower than 800,000
IU/ml, and 21 (38.9%) of them were sustained respond-
ers (Table 5). In contrast, 40 patients had 7% or fewer
infected hepatocytes, and 21 (52.5%) of them were sus-
tained responders. On the other hand, of the 43 patients
with viremia levels higher than 800,000 IU/ml, 17 (39.5%)
were sustained responders; whereas 57 patients had
more than 7% infected hepatocytes in the basal liver
biopsy, and 17 (29.8%) of them were responders
(Table 5).

Multivariate Analysis

Logistic Regression Analysis

A global binary logistic analysis model was con-
structed to study the effect of all of the variables analyzed
in the univariate analysis on the “Response” as depen-
dent variable (0, responder patients; 1, nonresponder
patients). Table 6 shows the best fitted model obtained
after the exclusion of the nonsignificant variables (one by

one). Log of likelihood ratio contrasted by the �2 test
demonstrated that the model was highly significant [�2 �
31.212; degrees of freedom (df) � 4; P � 0.0000028].
The Hosmer-Lemeshow test, which evaluates the differ-
ences between the probabilities predicted by the model
and those observed, showed that the goodness-of-fit of
the model was acceptable (�2 � 10.605; df � 8; P �
0.225).

As shown in Table 6, only the percentage of infected
hepatocytes and previous antiviral therapy were statisti-
cally significant (P � 0.001 and P � 0.016, respectively),
whereas age and GGTP levels were not (P � 0.111 and
P � 0.101, respectively). Thus, the percentage of in-
fected hepatocytes and the previous antiviral therapy
could be considered as significant prognostic factors for
response, adjusting for age and GGTP levels. In this
sense, the OR estimated for the percentage of infected
hepatocytes was 1.160 (95% CI, 1.065–1.264) (Table 6),
indicating that the probability of being nonresponder is
higher in the patients with a high percentage of infected
hepatocytes. On the other hand, the OR for the previous

Table 3. Results of Univariate Analysis Performed in Previously Untreated Patients

Variable Responders (n � 24) Nonresponders (n � 24) P value

Age (years)* 43.67 � 12.22 46.42 � 9.72 0.39270
Gender

Male 16/24 (66.7%) 11/24 (45.8%) } 0.14573
Female 8/24 (33.7%) 13/24 (54.2%)

Body mass index* 24.10 � 2.82 25.78 � 3.90 0.10149
Infected hepatocytes(%)* 6.28 � 4.29 17.74 � 11.39 0.00007
Serum HCV-RNA [(IU/ml) � 106]* 1.46 � 1.82 1.86 � 1.74 0.24816
ALT(IU/L)* 110.17 � 84.19 117.29 � 69.87 0.50932
AST(IU/L)* 64.71 � 41.72 84.92 � 47.25 0.12312
GGTP(IU/L)† 32 (11–239) 54 (13–263) 0.01332
Ferritin(ng/ml)† 236 (41–1250) 128 (6–884) 0.57109
Iron(�g/dl)† 134 (38–214) 116 (42–250) 1.00000
Necroinflammatory activity* 4.08 � 1.35 3.96 � 1.27 0.74226
Fibrosis score* 1.71 � 1.33 1.67 � 1.17 0.90884

Statistically significant P values are highlighted in boldface.
AST, aspartate aminotransferase.
*Expressed as the mean � SD.
†Expressed as the median (range).

Table 4. Results of Univariate Analysis Performed in Previously Treated Patients

Variable Responders (n � 14) Nonresponders (n � 35) P value

Age (years)* 44.36 � 8.98 50.63 � 8.07 0.02134
Gender

Male 12/14 (85.7%) 23/35 (65.7%) } 0.29361
Female 2/14 (14.3%) 12/35 (34.3%)

Body mass index* 24.13 � 2.30 25.19 � 2.59 0.63773
Infected hepatocytes(%)* 7.79 � 4.84 10.49 � 7.91 0.40603
Serum HCV-RNA [(IU/ml) � 106]* 2.12 � 3.83 0.96 � 1.86 0.73154
ALT(IU/L)* 122.36 � 142.36 97.06 � 48.85 0.45837
AST(IU/L)* 79.86 � 105.38 64.78 � 27.43 0.14698
GGTP(IU/L)† 28.5 (15–175) 38 (9–326) 0.28791
Ferritin(ng/ml)† 197 (83–451) 160 (33–1122) 0.36006
Iron(�g/dl)* 117.43 � 67.24 136.03 � 62.52 0.50088
Necroinflammatory activity† 3 (1–5) 4 (1–7) 0.08681
Fibrosis score† 1 (0–3) 2 (0–4) 0.32197

Statistically significant P values are highlighted in boldface.
AST, aspartate aminotransferase.
*Expressed as the mean � SD.
†Expressed as the median (range).
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antiviral treatment was 0.294 (95% CI, 0.109–0.795) (Ta-
ble 4), which indicates that patients with previous antiviral
therapy have a higher probability of being a nonre-
sponder than those without a previous treatment.

According to the estimated parameters of the model,
the probability of no response for a given patient could be
predicted by substituting the value of the factors into the
following equation:

P (RES � 1) �

e(�2.791�0.149 � PER � 0.043 � AGE � 1.225 � PREVTRE � 0.008 � GGTP)

1 � e(�2.791�0.149�PER�0.043�AGE�1.225�PREVTRE�0.008�GGTP)

where P (RES � 1) is the probability of no response; PER
is the percentage of infected hepatocytes; PREVTRE in-
dicates whether the patient had received previous anti-
viral therapy or not (0, yes; 1:, no); AGE is the age of the
patient expressed in years; and GGTP is the GGTP level.

ROC Curve

The probability values estimated with the equation de-
scribed above were used to construct a ROC curve tak-
ing no response as the state variable (Figure 2). AUC was
0.819 (95% CI, 0.733–0.906). The contrast of null hypoth-
esis of the true AUC � 0.5 rendered a P value �
0.0000001, leading to rejection of the null hypothesis. The
ROC curve demonstrated that the regression model was
able to discriminate between responder and nonre-
sponder patients with a relatively high accuracy.

Coordinates of the ROC curve were examined to look
for the threshold probability value giving the maximum
specificity and sensitivity. The threshold was found at a
probability value of 0.46, so patients with a predicted
probability value of 0.46 or more were considered as
nonresponders by the model. Table 7 shows the number
of patients correctly and incorrectly classified by the
model, taking a predicted probability value of 0.46 as a

cutoff. Taking the data depicted on Table 7 into account,
the model had 65.8% specificity and 91.5% sensitivity for
detecting nonresponder patients. False-positive and
false-negative rates were 34.2 and 8.5%, respectively.
Predictive positive value was 80.6%, and predictive neg-
ative value 83.3%. Finally, the overall accuracy or diag-
nostic efficiency of the model was 81.4% in the identifi-
cation of nonresponder patients.

Discussion

Between 40% and 60% of the patients treated with PEG-
IFN plus ribavirin achieve a sustained response with nor-
malization of ALT levels and disappearance of HCV-RNA
from serum.2–5 The viremia threshold for a favorable re-
sponse at 24 weeks of therapy has been established at
800,000 IU/ml.12 However, when therapy is prolonged to
48 weeks, this viremia level does not predict the re-
sponse, because prolongation of therapy increases the
response rates in patients with high viral load.21 Thus,
although the threshold of 800,000 IU/ml may be useful to
tailor the therapy duration, it is not a predictive factor of
sustained response when patients have to be treated for
48 weeks.

In this report, we have evaluated the basal character-
istics of 97 patients with chronic hepatitis C infected with
the HCV genotype 1 treated for 48 weeks with standard
doses of pegylated IFN plus ribavirin, 38 (39%) of whom
were sustained responders. The univariate analysis of
these characteristics showed that the variables associ-
ated with a sustained response were younger age, low
GGTP levels, absence of a previous antiviral treatment,
and a low percentage of infected hepatocytes in the
basal liver biopsy. When the subgroup of previously un-
treated patients were analyzed separately, the only sta-
tistical differences found between responder and nonre-
sponder patients were the percentage of infected

Table 5. Percentage of Responder and Nonresponder Patients, according to the HCV-RNA Concentration or the Percentage of
Infected Hepatocytes

Responders Nonresponders P value

HCV-RNA concentration
�800,000 IU/ml (n � 54) 21/54 (38.9%) 33/54 (61.1%) } 0.94837
�800,000 IU/ml (n � 43) 17/43 (39.5%) 26/43 (60.5%)

Infected hepatocytes (%)
�7% (n � 40) 21/40 (52.5%) 19/40 (47.5%) } 0.02431
�7% (n � 57) 17/57 (29.8%) 40/57 (70.2%)

TABLE 6. Results of Logistic Regression Analysis

Variable Coefficient (B) P value Odds ratio 95% CI of odds ratio

Percentage of infected hepatocytes 0.149 0.001 1.160 1.065–1.264
Age 0.043 0.111 1.044 0.990–1.100
Previous treatment* �1.225 0.016 0.294 0.109–0.795
GGTP level 0.008 0.101 1.008 0.999–1.017
Constant �2.791 0.048

Dependent variable analyzed was �Response� and was defined as 0, responders and 1, nonresponders.
* Categorical variable (0, yes; 1, no).
CI, confidence interval; GGTP, gamma glutamyl transpeptidase.
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hepatocytes and the GGTP levels. In previously treated
patients, the percentage of infected hepatocytes was
also lower in responder than in nonresponder patients,
although the difference did not reach statistical signifi-
cance probably due to the small number of patients
included in this study.

In the present study, there were no differences in the
HCV-RNA concentration in the baseline serum sample
between sustained responders and nonresponder pa-
tients, indicating that serum viral load is not a predictive
factor of response to 48 weeks of therapy with PEG-IFN
plus ribavirin. It may be argued that the inclusion of
patients who were previously treated could influence the
results obtained regarding serum HCV-RNA concentra-
tion. However, this is not the case, because in previously
untreated patients, there were no differences in the basal
serum HCV-RNA concentration between responder and
nonresponder patients. In addition, only 21 of the 54
(38.8%) patients with a HCV-RNA concentration lower
than 800,000 IU/ml were sustained responders. In con-
trast, using 7% of infected hepatocytes (the mean per-
centage of infected cells in sustained responders) as the
threshold for a sustained response, it was found that 21 of
40 patients (52.5%) with 7% or fewer infected hepato-
cytes in the pretreatment liver biopsy were sustained
responders. Furthermore, 43 patients had a level of vire-

mia more than 800,000 IU/ml, and 17 (39.5%) of them
were sustained responders. On the contrary, 57 cases
had more than 7% of infected hepatocytes, and 17
(29.8%) of them were sustained responders. Considering
all of these data as a whole, it is suggested that serum
HCV-RNA concentration in the pretreatment serum sam-
ple may not be accurate enough to predict which patients
will or will not respond to the pegylated interferon plus
ribavirin therapy. The reason why the percentage of in-
fected hepatocytes is predictive of response while the
viremia levels are not predictive even though there is a
relationship between the percentage of HCV-infected
hepatocytes and the serum HCV-RNA concentration is
not clear. It may be speculated that this discrepancy is
due to underestimation of viremia in serum samples with
a high HCV-RNA concentration due to a plateau effect.
However, this explanation is unlikely because serum
samples with viremia levels above the dynamic range of
quantitation of the test used in this study (500,000 IU/ml)
were retested diluted 1/10 and 1/100 to obtain an accu-
rate HCV-RNA quantitation. Another explanation is that
the relationship between the percentage of infected
hepatocytes and serum HCV-RNA concentration may not
be linear because viremia may depend not only on the
release of viral particles from infected cells (and thus on
the percentage of HCV-containing hepatocytes) but also
on the rate of virion clearance from circulation and on the
contribution of HCV replication in extrahepatic sites.
However, this hypothesis should be demonstrated in fu-
ture research. On the other hand, our findings agree with
those reported by Gervais et al22 who had also found that
the intrahepatic HCV-RNA content in the basal liver bi-
opsy, measured by a competitive RT-PCR assay, was
statistically lower in responder than in nonresponder pa-
tients to the IFN therapy, while no differences were found
in the basal serum HCV-RNA concentration, although the
threshold of intrahepatic HCV-RNA concentration for a
favorable response was not established. However, it
should be stated that quantitation of HCV-RNA in liver
samples by RT-PCR may not be accurate not only be-
cause of the above-mentioned problems inherent to the
technique, including the efficiency of HCV-RNA extrac-
tion but also because of the presence of blood contam-
inating the liver biopsy. Furthermore, if the liver sample is
not frozen immediately after it is obtained and if it is not
stored properly in liquid nitrogen, the intrahepatic HCV-
RNA content may be underestimated because of the
degradation of the viral RNA, as has been reported.23

Degradation of viral RNA may be also a problem in the in
situ hybridization technique. However, this problem is
avoided if the liver sample is placed in paraformalde-

Figure 2. ROC curve constructed with the probability values predicted with
the logistic regression model, using no response as the state variable. AUC �
0.819; 95% confidence interval of AUC, 0.733–0.906.

TABLE 7. Number of Patients Correctly and Incorrectly Classified by the Logistic Regression Model

Observed (n � 97)

Predicted

Percentage of patients classified correctlyResponders (n � 30) Nonresponders (n � 67)

Responders (n � 38) 25 13 65.8
Nonresponders (n � 59) 5 54 91.5

Overall percentage of correctly classified patients 81.4

Patients with a predicted probability value �0.46 were considered as nonresponders.
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hyde-phosphate-buffered saline in less than 3 minutes,24

because this fixative not only preserves the tissue quality
but also retains RNA within the tissue and allows good
recognition of the target RNA by the probes.25,26 Further-
more, this fixation inactivates RNases, and thus tissue
slides may be stored at 4°C until use, without RNA deg-
radation. Under these conditions, the results obtained in
the reproducibility assays show that our in situ hybridiza-
tion technique is highly reproducible without the potential
problems of the RT-PCR.

On the other hand, it may be argued that assessing the
percentage of infected hepatocytes in a liver biopsy may
be inaccurate due to a nonuniform distribution of infected
cells in the liver. However, this fact does not seem to be
the case because it has been demonstrated that HCV-
RNA levels are similar in both the left and the right hepatic
lobes using quantitative RT-PCR.27–29 Furthermore, in situ
hybridization studies performed by different groups have
shown that HCV-infected hepatocytes are randomly dis-
tributed along the liver biopsies.30–32 Thus, as a whole,
all of these data suggest that determination of the per-
centage of infected hepatocytes at one site is represen-
tative of this percentage at other sites.

In the multivariate analysis, the percentage of infected
hepatocytes (OR, 1.160; 95% CI, 1.065–1.264) and the
previous antiviral therapy (OR, 0.294; 95% CI, 0.1109–
0.795) were the only significant variables associated with
the response. Therefore, the percentage of infected
hepatocytes and the previous antiviral treatment can be
considered as prognostic factors for a sustained re-
sponse adjusting for age and GGTP.

The probability of being a nonresponder for a given
patient can be calculated using the equation derived
from the multivariable analysis (see Results). The ROC
curve constructed using the probability values estimated
with the above-mentioned equation demonstrated that
the regression model was able to discriminate between
responders and nonresponders with accuracy (AUC �
0.819; 95% CI, 0.733–0.906; P value of the contrast null
hypothesis � 0.0000001). The threshold P value that
provides the highest specificity and sensitivity was 0.46.
This probability has a positive predictive value of 80.6%
and a negative predictive value of 83.3%, being the
overall accuracy of the model 81.4%. That means that
81.4% of the patients will be accurately identified as
sustained responders or nonresponders when the pro-
posed equation is used.

Finally, it may be argued that a disadvantage of mea-
suring the percentage of infected hepatocytes is that
patients must undergo an invasive procedure such as a
liver biopsy, whereas measurement of serum HCV-RNA
concentration can be done noninvasively and repeatedly
to monitor the response to the antiviral therapy. However,
in this regard, two aspects must be considered. First,
determination of the percentage of HCV-containing hepa-
tocytes is useful in identifying patients who have the best
chance to respond to the antiviral treatment but not to
control this response during therapy. Second, although
liver biopsy is an invasive procedure, expert consensus
has recommended the performance of liver biopsy be-
fore initiation of antiviral therapy31–35, and in clinical prac-

tice, most patients undergo a liver biopsy before treat-
ment. In conclusion, in the present study, we have
demonstrated that in patients infected with HCV geno-
type 1, the determination of the percentage of infected
hepatocytes in the pretreatment liver biopsy is a predic-
tive factor of sustained response to 48 weeks of therapy
with pegylated interferon plus ribavirin.
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13. Höfler H, Childers H, Montminy MR, Lecham RM, Goodmann RH,
Wolfe HJ: In situ hybridization methods for the detection of soma-
tostain mRNA in tissue sections using antisense RNA probes. Histo-
chem J 1986, 18:597–604

14. Chang M, Williams O, Mittler J, Quintanilla A, Carithers RL Jr, Perkins
J, Corey L, Gretch DR: Dynamics of hepatitis C virus replication in
human liver. Am J Pathol 2003, 163:433–444

15. Rodriguez-Inigo E, Bartolome J, de Lucas S, Manzarbeitia F, Pardo
M, Arocena C, Gosalvez J, Oliva H, Carreno V: Histological damage

542 Rodrı́guez-Iñigo et al
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