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Abstract
Background: Non-invasive methods for the assessment 

of liver fibrosis are accurate in staging chronic liver diseases 
before treatment. Aim: To prospectively assess liver fibrosis 
in chronic hepatitis C (CHC) in patients treated vs untreated, 
using non-invasive methods. Method: 224 patients with CHC 
were included in the study: 179 received antiviral treatment 
for 48 weeks, and 45 patients received no antiviral therapy. 
All patients underwent liver biopsy at baseline and were 
also evaluated by simple biological scores (APRI, HAPRI, 
Forns, Bonacini, Lok) and transient elastography (TE). The 
progression of fibrosis was non-invasively assessed over a 
period of 72 weeks. Results: Fibrosis decreased significantly 
in patients who gained sustained virological response (SVR). 
A significant decrease of fibrosis was also observed in all 
treated patients, irrespective of SVR when using APRI, 
HAPRI and Bonacini scores (p=0.001, 0.009 and 0.02). 
Untreated patients yielded constant values of fibrosis or a 
slight increase in follow-up. Patients with Lok score and 
stiffness predictive for cirrhosis had a decreasing trend of 
fibrosis (p=0.03 for Lok and 0.05 for TE), but persisting 
in the cirrhosis domain. Of the non responders, those who 
gained biological response demonstrated improvement 
of fibrosis assessed by APRI and TE. Conclusion: The 
prospective follow-up of liver fibrosis assessed by simple 
biological scores and TE in patients with CHC revealed a 
downstaging of fibrosis in treated patients and especially in 
those who gained SVR. 
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Background
The assessment of liver fibrosis in chronic hepatitis C 

(CHC) is useful to determine the prognosis of the disease, 
to establish the optimal timing for therapy, screening 
and surveillance strategies and to predict the response to 
treatment. The natural history of liver fibrosis in CHC implies 
a progression towards severe fibrosis and cirrhosis with its 
subsequent complications. Antiviral therapy is able to stop 
the progression of liver fibrosis and to improve the stage of 
fibrosis in high-responder patients. This positive effect was 
reported also in responder-relapsers and in non-responders 
[1, 2].

For an accurate staging of liver fibrosis, liver biopsy (LB) 
remains “the best but not the gold standard”[3]. Its advantages 
in confirming the etiology and in assessing other potential 
structural alterations (i.e. hepatic steatosis, hepatocellular 
iron overload and necroinflammatory activity) make it the 
best available approach. However, it is an invasive, possibly 
painful method, associated with a certain risk of bleeding [4]. 
Furthermore, LB is costly and susceptible to sampling error 
[5] and interpathologist interpretation variation [6]. 

These limitations have led to the search for alternative, 
non-invasive tests to assess fibrosis. One possible non-
invasive approach is based on indexes derived from serum 
markers of fibrosis, such as AST-to-platelet ratio index (APRI) 
[7], HAPRI [8], Forns’ [9], Lok [10], Bonacini scores [11], 
which correlate quite well with the results of LB [12]. 

A second approach is based on imaging techniques. 
Transient elastography (TE) is the most widely used: 
ultrasound and vibratory waves provide information on 
liver stiffness (LS), which reflects the extent of liver fibrosis 
[13-18]. 

The majority of tests were validated and recommended 
in previously untreated HCV-infected patients with no other 
comorbidities, for the initial evaluation of liver fibrosis. We 
are aware of few studies on the dynamic and prospective 
assessment of liver fibrosis in the follow-up of patients either 
treated with antiviral therapy or untreated. To date, Fibrotest-
Fibrosure® has proven to be accurate in the longitudinal 
evaluation of liver fibrosis [12, 19, 20].
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The best method for assessing changes in the liver 
fibrosis stage is iterative LB, considered as standard at 
the moment. This option is not always well-accepted 
by patients. Moreover, in CHC patients with sustained 
virological response (SVR), repeated LB usually provides 
no additional information than the non-invasive methods. 
Thus, it is considered that LB is not the only scientifically 
accepted method for the follow-up of fibrosis in patients 
with chronic liver disease. At present, various non-invasive 
methods showed their advantages for the evaluation of liver 
fibrosis. Their use in the clinical practice is widely supported 
as reproducible, adaptable, quick and easy to use [21]. 

The aim of this prospective study was to evaluate changes 
in liver fibrosis stage in a group of HCV-infected patients, 
treated vs. untreated, using non-invasive biological tests 
and TE.

Patients and method

After having been approved by the local Ethical 
Committee of the Regional Institute of Gastroenterology and 
Hepatology, 224 consecutive patients previously diagnosed 
with CHC genotype 1 were enrolled in a prospective study, 
between 2008 and 2010. Inclusion criteria were: the presence 
of specific antibodies for at least 6 months and a positive 
HCV-RNA. All patients underwent LB at baseline. Liver 
fibrosis was assessed longitudinally in follow-up using 
noninvasive methods. Other etiologies of chronic liver 
diseases: HBV infection, autoimmune liver disease, Wilson’s 
disease, hemochromatosis, α1-antitrypsin deficiency, HIV 
infection, a history of hepatotoxic or steatosis-inducing drug 
use or of alcohol intake above 20 g/day for women and 30 
g/day for men were excluded. All patients were antiviral 
treatment naïve. The patients were prospectively followed 
for 24 weeks after completion of treatment. Serum samples 
and liver specimens collected from each patient were stored 
at -70°C. A complete, comprehensive and clearly informed 
consent was provided to and signed by all patients, prior to 
being included in the study. The study was performed in full 
accordance with the Declaration of Human Rights (Helsinki, 
1975) and with its further revisions.

Most patients included in the study received standard 
antiviral treatment (SOC): Peg-Interferon and Ribavirin. The 
group of untreated patients included mainly patients without 
fibrosis or with mild fibrosis (stages F0 at LB or F0-F1 at 
TE) for whom the restrictions enforced by the National 
Health Insurance System in Romania recommend active 
surveillance, and patients with severe fibrosis and cirrhosis 
who refused antiviral therapy. 

Sustained virologic response was defined as serum 
HCV-RNA undetectable 24 weeks after the end of treatment. 

Nonresponders (NR) and response relapsers (RR) were 
included in the same group. The biological response (BR) 
among non-SVR patients was also evaluated. Patients who 
had normal ALT levels 24 weeks after the end of treatment 
were defined as BRs. 

Laboratory investigations
All patients underwent hematological, biochemical 

and virological investigations as well as an abdominal 
ultrasonography on the day of their participation in the 
study, the latter in order to exclude biliary obstruction and/or 
presence of liver focal lesions.

The blood sample was obtained after overnight fasting 
for routine investigations; aminotransferases - AST, ALT, 
fasting plasma glucose, platelet count, gamma glutamyl 
transpeptidase, total and conjugated bilirubin, total and 
HDL cholesterol, urea, prothrombin time (Konelab 30 I 
– Thermo Electron Corp Finland). Hyaluronic acid (HA) was 
evaluated with ELISA method (Corgenix Inc. EIA; Biogenic 
SA, Mauguio, France). Serum HCV-RNA was measured 
using PCR (Cobas TaqMan 48, Roche). All biochemical 
tests and their scores were assessed blindly with respect to 
the LB results. 

APRI [7], HAPRI [8], Forns’index [9], Lok score [10] 
and Bonacini [11] were calculated at baseline and at 24 weeks 
after the end of treatment, using the following formulas:

- APRI = [{AST (IU/l)/ AST_ULN (IU/l)}×100]/ platelet 
count (109/l) 

- HAPRI= (hyaluronic acid/prothrombin index) × 100
- Forns’ score = 7.811 - 3.131 x ln [platelet count (109/

L)]+ 0.781 x ln[GGT(IU/L)] + 3.467 x ln [age (years)] 
– 0.014 [cholesterol (mg/dL)] 

- Lok score= [exp (log odds)]/ [1 + exp (log odds)] where 
log odds = -5.56 - 0.0089 × number of platelets (10³/mm³) 
+ 1.26 × (AST/ALT) + 5.27 × INR. Lok score greater than 
0.5 was considered predictive for cirrhosis.

- Bonacini score: different points are attributed (and then 
added together) according to AST/ALT, INR values and 
platelet count (Table I).

Two types of biological scores were deliberately chosen 
depending on the presence or absence of aminotransferases 
– as an expression of inflammation - in order to evaluate the 
influence of inflammation over fibrosis changes in treated 
patients.

Liver stiffness measurement
The TE (Fibroscan ©, Echosens, Paris, France) [22] 

was performed on the right liver lobe by a well trained and 
experienced operator (M.L.), one or two days before LB. We 
excluded from the study patients who had ascites, morbid 
obesity, acute hepatitis, significant extrahepatic cholestasis, 
features that usually influence significanly the measurements 

table I. Bonacini score

Parameter 0 Points 1 Points 2 Points 3 Points 4 Points 5 Points 6 Points

INR < 1.1 1.1-1.4 > 1.4

ALT/AST > 1.7 1.7-1.2 1.19-0.6 < 0.6

Platelets x10³/mm³ > 340 340-280 279-220 219-160 159-100 99-40 < 40
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or make the examination impossible. Using these exclusion 
criteria, all the elastographic measurements were feasible. 
TE was considered valid if 10 measurements were obtained 
with a success rate of >60% and an interquartile range <30% 
of the median. Patients with invalid scores were excluded 
from analysis. Values higher than 11.8 kPa were considered 
predictive for cirrhosis [23].

Pathological study
Liver biopsy obtained under ultrasonographic guidance 

and stained with haematoxylin–eosin and Masson’s trichrome 
were blindly assessed according to the METAVIR scoring 
system [24] by the same expert pathologist. According to the 
METAVIR system, fibrosis was staged on a scale from F0 to 
F4, as follows: F0: no fibrosis; F1: portal fibrosis, without 
septa; F2: few septa; F3: many septa without cirrhosis and 
F4: cirrhosis, respectively. F0 and F1 were considered as 
mild fibrosis, F2-F4 as significant and F3-F4 as advanced 
fibrosis.

statistical analysis
Comparison between groups was performed using 

the Student’s t-test for continuous variables with normal 
distribution and the χ2 test for categorical variables. Values 
are presented as means ± SD. The continuous variables 
with non-normal distribution were expressed as median 
and 95% CI for median and the differences were analyzed 
with the Mann-Whitney test. Since LB was performed 
only at baseline, but fibrosis was longitudinally assessed 

using non-invasive methods, correlations and concordance 
between non-invasive methods and fibrosis stages at baseline 
were established. We studied the correlation of noninvasive 
methods with LB using Spearman’s rank correlation. In order 
to test the concordance between noninvasive and invasive 
methods, we calculated the kappa coefficient of inter-rater 
agreement. Characteristics differentiating mild fibrosis 
(F0-1 vs F2-4), moderate-severe fibrosis (F0-2 vs F3-4) 
and cirrhosis (F0-3 vs F4) at baseline were determined for 
biological scores and TE. Performance of these assays for 
different fibrosis stages was determined as the area under 
the receiver operating characteristic curve (AUROC). The 
cut-off values were chosen so that the sum of sensitivity 
and specificity was maximum. Comparisons of continuous 
repeated measures were performed with paired t-test for 
variables with normal distribuiton and with Wilcoxon signed 
rank test for variables with non-normal distribution. P values 
< 0.05 were considered statistically significant. We used 
for the statistical analysis the MedCalc® 9.3.9.0. software 
and SPSS software version 15.0 (SPSS Inc. Chicago, IL, 
USA).

Results
A total of 224 patients were enrolled: 179 of them were 

treated and 45 did not receive antiviral treatment (i.e. SOC). 
The main characteristics of the cohort at inclusion are shown 
in Table II. 

table II. Comparison between treated and untreated patients

Characteristics Untreated patients 
(n=45) 

Treated patients 
(n=179)

p

Age† 53.44± 10.48 50.09±10.24 0.03

Gender (n, %) *

Females 27 (60%) 123 (68.71%) 0.35

Males 18 (40%) 56 (31.28%)

BMI (kg/m2) † 26.53± 3.44 26.76±4.82 0.76

Fasting glucose (mg/dl) ‡ 95.00 (89.72-99.90) 100.50 (98.00-102.48) 0.11

AST (IU/L) ‡ 44.50 (38.65-53.69) 53.5 (48.27-60.00) 0.14

ALT (IU/L) ‡ 60.5 (50.67-74.00) 76.00 (69.96-90.03) 0.04

Platelets (x103) † 205.17±45.06 195.78±74.33 0.40

Viral load (IU/mlx106) ‡ 0.6 (0.46-1.01) 1.25 (1.05-1.49) 0.03

Fibrosis stage (n, %)*

F0 10 (22.22) 4 (2.23)

F1 11 (24.44) 48 (26.81)

F2 16 (35.55) 52 (29.05) 0.003

F3 4 (8.88) 37 (20.67)

F4 4 (8.88) 38 (21.22)

Stiffness (kPa) ‡ 6.30 (5.40-7.01) 8.20 (6.03-9.43) 0.02

HAPRI‡ 10.95 (4.72-34.94) 28.88 (10.35-39.95) 0.04

APRI‡ 0.48 (0.40-0.61) 0.71 (0.62-0.84) 0.02

Forns’score† 7.51±1.17 8.49±1.68 0.03

Bonacini† 5.16±1.11 5.64±1.31 0.04

*number (percent), † mean ± standard deviation, ‡median (95%CI)
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The prevalence of female patients was slightly higher, 
and the mean age was lower in the treated subgroup.

There were no differences between the metabolic 
features of subjects in the two study groups, but the 
level of aminotranferases was significantly higher in the 
treated group. All stages of fibrosis were found in the two 
subgroups.

Simple, non-invasive scores were calculated in both 
treated and untreated patients, respectively. Treated patients 
had higher stages of fibrosis, assessed both with non-invasive 
methods (serum biomarkers and TE) and LB (Table II). 

The non-invasive methods used to assess the stages of 
liver fibrosis proved to have high values of AUROCs. For 
the discrimination of significant and advanced fibrosis, TE 
and Forns’score had the best predictive value. For cirrhosis 
prediction, HAPRI, TE and Forns’score had the highest 
diagnostic accuracy (Table III). There were no significant 
differences between the AUROCs of each score in the 
discrimination of the consecutive fibrosis stages. 

table III. The diagnostic value of different non-invasive methods for 
the discrimination of significant fibrosis, severe fibrosis and cirrhosis

Variable AUROC 
F01vs F24

AUROC 
F02 vs F34

AUROC
F03vs F4

APRI 0.765 0.784 0.860

Forns’score 0.815 0.815 0.877

Lok score 0.623 0.654 0.730

Bonacini 0.730 0.730 0.837

HAPRI 0.787 0.831 0.887

TE 0.843 0.860 0.884

TE = transient elastography

table IV. Correlation and concordance between  noninvasive methods and LB in the assessment of fibrosis

Concordance with liver biopsy APRI HAPRI Forns Bonacini Stiffness

r* 0.689 0.744 0.796 0.621 0.715

p† <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

K (F01 vs F24) ‡ 0.676 0.683 0.678 0.652 0.644

K (F02 vs F34) ‡ 0.624 0.653 0.628 0.602 0.643

K (F03 vs F4) ‡ 0.708 0.786 0.742 0.683 0.762

*Spearman’s coefficient of rank correlation; †Significance level of rank correlation; ‡Kappa coefficient (inter-
rater agreement) expressing the concordance between noninvasive methods and liver biopsy

The noninvasive methods also had a good coefficient 
of correlation and concordance with the staging of fibrosis 
as expressed by LB. The biological scores and TE were 
significantly correlated with LB (Spearman correlation 
coefficient more that 0.6) and the kappa coefficient of 
concordance between noninvasive and invasive methods 
for the assessment of fibrosis, ranged between 0.6 and 0.8 
reflecting a good level of concordance (Table IV).

We also evaluated the correlation between the biological 
scores and TE at baseline. Stiffness assessed through TE had 
a positive and significant correlation with biological scores 
(p<0.001 for all associations) with the highest correlation 
coefficient (r) for the TE - HAPRI pair (r=0.72), followed 
by TE – Forns pair (r=0.62).

The treated group was divided according to the 
virologic response: all patients having a positive viral 
load at 24 weeks in the follow-up were defined as NRs. 
In our study group, 99 (55.3%) patients achieved SVR. 
This subgroup had significantly lower AST levels (p=0.01) 
than the NR subgroup, but comparable ALT, BMI, fasting 
plasma glucose and viral load at baseline. Stages of fibrosis 
assessed non-invasively were significantly different in the 
two subgroups. APRI, Forns’score, Bonacini, HAPRI and 
LS had significantly higher values at baseline in the NRs 
group (Table V). The changes in fibrosis stage assessed 
through non-invasive methods in a longitudinal follow-up 
are shown in Table VI. 

All patients were evaluated at 24 weeks after EOT. APRI, 
HAPRI and Bonacini scores showed a significant decrease 
in the treated group, irrespective of the viral response, 
while in the untreated patients, the values increased. Forns’ 
score followed a rather similar behavior without reaching 
statistical significance regarding the NR subgroup of the 
treated patients (Table VI).

The median baseline stiffness values were 7 kPa, 10 
kPa, and 6.3 kPa for SVR, in NRs and untreated patients, 
respectively. In the follow-up, at 24 weeks from EOT, LS 
significantly decreased in treated patients who had achieved 
SVR, while in NRs and untreated patients, values remained 
stable. 

The percentage of treated SVR patients who had an 
improvement of fibrosis expressed by noninvasive methods, 
was found as follows: 80.4% for APRI, 93.1% for HAPRI, 
72.3% for Forns, 84.9% for Bonacini and 68.2% for 
stiffness.

In cirrhotic patients interesting data emerged regarding 
fibrosis response to the treatment: TE and Lok score 
significantly decreased in the treated group and significantly 
increased in the untreated group (cut-off values 11.8 kPa for 
TE and 0.5 for Lok score, respectively). Nevertheless, despite 
the improvements due to the therapy, the level of fibrosis 
maintained severe (Table VII).

As the changes in aminotransferases might influence the 
biological scores as well as the LS, the longitudinal changes 
of fibrosis were assessed in patients classified according to 
biological response (BR) in non-SVR patients. 

In our cohort, there were no significant differences in 
median ALT values (87.00 vs 70.00 IU/L; p = 0.06) between 
SVR and NR patients at baseline; meanwhile, significant 
differences in median AST values (58.50 vs. 47.50 IU/L; 
p=0.01) were found in the same groups. We analyzed in a 
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longitudinal follow-up the values of non-invasive markers 
in non-SVR patients depending on their BR. APRI and LS 
showed a significant decrease in patients who gained BR, 
while Bonacini, Forns and HAPRI did not vary with the 
BR (Table VIII). 

In addition, further differences between the subgroup 

of non-SVR non-BR patients and the untreated subgroup 
were investigated. In this subgroup of treated patients, the 
fibrosis stage slightly decreased according to biological 
scores (APRI, HAPRI, Forns, Bonacini) and LS, while the 
untreated subgroup showed a slight increase of biological 
scores and a constant (slightly decreasing) level of LS. 

table V. Baseline comparison between the group of SVR patients and those who were 
NR or RR

Characteristics Nonresponders (n=80) SVR (n=99) p

Age† 49.31± 9.61 50.71±10.72 0.03

Gender (n, %)*

Female 52 (65.00%) 70 (70.70%) 0.43

Male 28 (35.00%) 29 (29.29%)

BMI (kg/m2) † 27.29± 5.10 26.37±4.58 0.76

Fasting glucose (mg/dl) ‡ 102.00 (98.12-105.00) 100.00 (96.00-103.00) 0.36

AST (IU/L) ‡ 58.50 (51.56-66.29) 47.50 (37.45-59.54) 0.01

ALT (IU/L) ‡ 87.00 (72.31-105.69) 70.00 (53.57-86.42) 0.06

Platelets (x103) † 180.25±73.84 207.10±73.04 0.40

Viral load (IU/ml x106) ‡ 1.28 (1.06-1.78) 1.09 (0.62-1.52) 0.12

Stiffness (kPa) ‡ 10.00 (8.56-12.53) 7.00 (6-8.57) 0.005

HAPRI‡ 37.68 (17.15-60.40) 11.49 (6.85-32.94) 0.039

APRI‡ 0.85 (0.72-1.29) 0.58 (0.38-0.75) 0.001

Forns† 8.90±1.40 8.20±1.40 0.03

Bonacini† 6.16±1.37 5.39±1.03 0.01

*number (percent), †mean ± standard deviation, ‡median (95%CI), SVR = sustained 
virologic response

table VI. Changes in LS and biomarkers depending on treatment and SVR

Characteristics Start Follow-up p

Stiffness*

SVR 7 (6.00-8.57) 5.5 (5.00-6.80) 0.001

NR 10.00 (8.56-12.53) 10.10 (7.00-14.26) 0.76

Untreated 6.30 (5.40-7.01) 6.1 (5.22-7.47) 0.45

HAPRI*

SVR 11.49 (6.79-33.02) 6.97 (4.72-13.06) 0.06

NR 37.68 (11.84-55.60) 18.55 (7.15-27.96) 0.009

Untreated 10.95 (4.72-34.94) 12.97 (8.42-44.36) 0.003

APRI*

SVR 0.58 (0.43-0.82) 0.30 (0.27-0.38) 0.001

NR 0.85 (0.71-1.30) 0.51 (0.39-0.75) 0.001

Untreated 0.48 (0.40-0.61) 0.50 (0.33-0.56) 0.75

Forns’score†

SVR 8.20±1.39 7.75±1.46 0.03

NR 8.90±1.40 8.68±1.65 0.23

Untreated 7.51±1.17 8.17±1.65 0.03

Bonacini†

SVR 5.39±1.03 4.06±1.59 0.01

NR 6.16±1.37 5.60±1.29 0.02

Untreated 5.16±1.11 5.75±1.13 0.15

* values expressed as median (95%CI); † values expressed as mean±standard 
deviation; SVR = sustained virologic response; NR = nonresponders;
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Discussion
Our study provides a prospective follow-up of liver 

fibrosis, using non-invasive methods. Of the biological 
scores, APRI, HAPRI and Bonacini had lower values at 72 
weeks of follow-up in treated patients, irrespective of SVR. 
On the other hand, stiffness significantly decreased only in 

patients who achieved SVR, compared to NRs and untreated 
patients. Similar to our study, some authors reported the 
improvement of LS only in the SVR group [25]. Other 
studies reported an improvement of stiffness values in all 
treated patients, irrespective of SVR [26, 27]. Wang et al [28] 
demonstrated that LS decreased in 63% of SVR and 47% 
of non-SVR patients, which may express the regression of 
fibrosis in all treated patients. 

A study with a similar approach, evaluating simple 
non-invasive serological scores (APRI, Forns, FIB-4) and 
complex serum panels, showed that after the exclusion 
of indeterminate scores, the simple indices declined as 
compared to baseline, in patients having reached SVR vs 
NR patients (for APRI and Forns index, but not for FIB-
4) [29]. The comparison of the complex biological panels 
(FibroSPECT II and FibroSURE) in follow-up showed 
significant declines from baseline in patients with SVR 
compared with NRs. In agreement with LB, this study also 
indicated that the scores for both biomarker panels were 
significantly lower at baseline in patients who subsequently 
achieved SVR than in NRs [29]. This observation could 
lead to the conclusion that NRs would have a higher matrix 
protein turnover and a higher degree of necroinflammation. 
These results are similar to those in our study, as the treated 
patients who subsequently gained SVR had lower index 
scores, lower LS and lower stages of fibrosis revealed by 
LB at baseline.

The biological scores seem to be influenced by the 
inflammatory activity, since they are usually based on 
aminotranferase levels, possibly reflecting changes in 
necroinflammatory activity in the liver. It is difficult to 
specify whether the decrease in biomarker scores in treated 
patients should be attributed to the decrease of fibrosis alone 
or the necroinflammatory activity is also involved. 

In this respect, we decided to use two serological scores 
that did not include the aminotransferases (Forns and HAPRI) 
for the assessment and follow-up of fibrosis in CHC. Beside 
the fact that HAPRI does not contain aminotransferases, it is 
based on a serum marker (HA) that reflects directly the stage 
of fibrosis. The values of HAPRI decreased significantly 
in treated patients with or without SVR, suggesting the 
decrease of fibrosis without the influence of inflammation. In 
fact, all noninvasive methods showed a decrease of fibrosis 
stage in SVR, while APRI and Bonacini, the scores that 
include aminotransferases, decreased in all treated patients 
irrespective of SVR. Fibrosis regression involvement in 
the improvement of biological scores was supported by the 
significant decrease of HAPRI which is independent of the 
aminotransferases variation.

The influence of inflammation on the LS assessment is 
also controversial. Some of the studies suggested that LS 
increased with increasing histological necroinflammatory 
scores and during biochemical flares of hepatitis and cirrhosis 
[30-33]. Other studies reported that inflammatory activity did 
not influence LS, but the post-treatment situation is unclear 
[13, 25]. Our data showed that LS decreased significantly 
in the SVR subgroup. 

table VII. Changes in liver fibrosis in the cirrhotic group

Variable for cirrhosis Start Follow-up p

Lok

Treated 0.66 
(0.55-0.76)

0.64 
(0.31-0.82)

0.03

Without antiviral 
treatment

0.64 
(0.51-0.81)

0.69 
(0.49-0.86)

0.04

Stiffness

Treated 14.1 
(12.00-16.04)

13.00 
(10.10-15.14)

0.05

Without antiviral 
treatment

12.35 
(10.30-14.40)

13.95 
(11.00-16.90)

0.03

table VIII. Changes in LS and biomarkers in NR patients depending 
on BR

Characteristics Baseline Follow-up p

Fibroscan*

BR 11.80 
(8.48-21.03)

9.90 
(6.48-14.18)

0.03

Non-BR 12.45 
(5.43-16.24)

12.65
 (6.00-17.98)

0.97

Untreated 6.30 
(5.40-7.07)

6.1 
(5.22-7.47)

0.45

HAPRI*

BR 30.91 
(9.05-48.84)

27.72 
(8.72-44.32)

0.31

Non-BR 40.62 
(11.11-58.43)

27.27
 (16.40-52.60)

0.08 

Untreated 10.95
(4.72-34.94)

12.97 
(7.42-44.36)

0.003

APRI*

BR 0.72 
(0.61-0.96)

0.30 
(0.24-0.37)

0.008

Non-BR 1.3
 (0.75-1.66)

0.8
 (0.66-1.55)

0.22

Untreated 0.48 
(0.40-0.61)

0.50 
(0.33-0.56)

0.75

Forns’score†

BR 8.82±1.29 8.49±1.77 0.45

Non-BR 9.15±1.53 8.85±1.61 0.36

Untreated 7.51±1.30 8.17±1.65 0.03

Bonacini†

BR 5.70±1.15 5.10±1.10 0.16

Non-BR 6.46±1.45 5.93±1.33 0.08

Untreated 5.16±1.11 5.75±1.13 0.15

* values expressed as median (95%CI); † values expressed as 
mean±standard deviation; BR=biological responders; Non-BR= non-
biological responders
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In order to further study the influence of aminotransferases 
on the noninvasive assessment of fibrosis, we chose a BR 
group from the NRs. LS and APRI significantly decreased in 
BRs, while Forns, Bonacini and HAPRI decreased without 
significant difference. Of these scores, Forns and HAPRI 
were independent of aminotransferases variation. 

Most of the studies reported a significant difference 
between BR and non-BRs in the mean rate of change of 
LS values with a significant difference between non-BR 
and non-treated patients at week 48 after the EOT. Coco 
et al [32] reported that patients with biochemical response 
had lower LS values than those with identical fibrosis stage 
but elevated ALT. Ogawa et al reported that liver elasticity 
improved with IFN treatment in SVR patients, and that in 
the BR group, TE values were correlated with the grade of 
activity in the liver [33]. 

Regarding the patients with advanced fibrosis, the concept 
of reversibility has already been mentioned [25, 34]. Hezode 
et al confirmed it even in those with cirrhosis at baseline [25]. 
Similar results were obtained in our study group, where the 
prospective follow-up of patients classified as cirrhotic by 
TE and Lok score showed a significant decrease, but the 
values still remained in the cirrhosis domain. In this context, 
the observation that cirrhotic patients, even treated, may still 
have a risk of developing complications, is not surprising 
[35-37].

Our study has several strengths. We studied prospectively 
the progression or regression of fibrosis in a cohort of 
well characterized patients with CHC treated or untreated, 
making use of two unrelated methods: serological and 
physical. Although we used mainly simple serological 
scores, we also included a score which combined direct and 
indirect markers (HAPRI) in order to minimize the impact 
of the aminotransferase levels. The comparison between 
the methods depending on aminotransferases and those 
not influenced by inflammation did not show significant 
differences, minimizing the influence of inflammation over 
fibrosis changes. The variation of scores based on fibrosis 
changes in treated patients is supported by the results of 
previous studies that had attributed the improvement of 
fibrosis to IFN itself [2, 35, 38]. A study that compared 
combined therapy (Peg-IFN alpha and RBV) with Peg-IFN 
alpha alone revealed no significant differences between 
these treatment regimens as far as the antifibrotic effect was 
concerned [2]. 

At the same time, we are aware of the study limitations, 
the most important being the use of indirect markers instead 
of patented direct markers, but the former are easy to use and 
with a lower cost. A closer assessment of liver fibrosis would 
have allowed us to obtain more details regarding fibrosis at 
the EOT, and a longer duration of observation would have 
been more appropriate for the longterm assessment of liver 
fibrosis.

Conclusion
Both TE and serum biomarkers scores seem to be accurate 

for the assessment of fibrosis at baseline and in follow-up 

in treated or untreated patients with CHC, acting almost 
similarly, with some small discordances. Liver fibrosis 
evaluated through non-invasive methods decreased in treated 
patients, especially in the SVR group. Inflammation reflected 
by aminotransferases does not seem to influence the fibrosis 
improvement significantly. The subgroup of cirrhotic patients 
may benefit from noninvasive follow-up of liver fibrosis 
with TE and biological scores used for the prediction of 
cirrhosis. Whether the improvement of fibrosis occurs in 
all treated patients or only in the SVR group is still a matter 
of discussion. Further studies including a combined use of 
these scores with TE or the use of complex serum panels 
containing direct biomarkers are required to enhance the 
diagnostic reliability of these methods.
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