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ABSTRACT
Background: the efficacy of combination therapy with pegin-

terferon plus ribavirin to eradicate viral infection in patients with
chronic hepatitis C (CHC) is well established; moreover, it is able
to arrest or even reverse liver fibrosis.

Aims: to analyze the measurements of hepatic stiffness as an
index of liver fibrosis using transient elastography (TE) in patients
who underwent a sustained virological response (SVR) during
long-term follow-up; comparing the changes in the severity of fi-
brosis with non-responders patients.

Material and methods: after hepatic fibrosis was studied in
three patients with CHC who underwent a SVR during long-term
follow up, a prospective study was initiated in 24 patients with
CHC who received combination therapy to compare the evolution
of fibrosis in those with SVR and those who were non-responders.
The genotype of hepatitis C virus (HCV) and the degree of
viremia were determined. METAVIR scoring system was used for
liver fibrosis. Hepatic stiffness was measured by TE.

Results: of the initial three patients pre-treatment liver biop-
sies revealed active disease and fibrosis (stage 3) in two and mild
fibrosis (stage 1) in one. After several years of follow up serum
AST/ALT levels were normal and HCV RNA was undetectable in
each case; in contrast to the baseline histological assessments of
fibrosis, values for hepatic stiffness (3.4-6.9 KPa) were compatible
with an absence of any appreciable hepatic fibrosis. In the
prospective study, 8 patients underwent a SVR and 16 were non-
responders. TE indicated that the severity of hepatic fibrosis in the
SVR group improved in 7 (88%) patients, whereas in the non-re-
sponder it improved in only 4 (25%) (p < 0.05). The difference
between development of severe fibrosis (F ≥ 3) in responders and
non-responders was not significant (p = 0.23), possibly due to the
small sample size.

Conclusions: regression of hepatic fibrosis appears to be
common in patients with CHC who undergo a SVR. TE is a sim-
ple non-invasive technique that enables multiple assessments of

the severity of hepatic fibrosis to be made efficiently during long-
term follow-up of patients with CHC who receive combination an-
tiviral therapy.

Key words: Chronic hepatitis C. Hepatitis C virus. Fibrosis.
Transient elastography. FibroScan. Peginterferon. Ribavirin.

INTRODUCTION

The clinical problem

The potential of interferon alpha (IFNα) to normalize
serum aminotransferase levels, eliminate serum hepatitis
C virus (HCV) RNA, and reduce hepatic necroinflamma-
tion in patients with chronic hepatitis C (CHC) is widely
acknowledged. In addition, several reports have suggest-
ed that IFNα-based therapy in patients with CHC can re-
tard, arrest or even reverse hepatic fibrosis. Histology of
needle biopsies of the liver is regarded as the gold stan-
dard approach for assessing the stage of hepatic fibrosis
(1). However, the role of liver biopsies in this context
may be questioned because of potential sampling error,
morbidity, possible mortality, cost, and the reluctance of
many patients to consent to repeat biopsies (2). Recently,
several reports have drawn attention to the emerging pos-
sibility of reliably evaluating hepatic fibrosis non-inva-
sively (2,3). Serum markers may indicate the presence or
absence of hepatic fibrosis in up to 35% of patients with
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CHC, but they do not permit a reliable determination of
the stage of fibrosis (3).

Development of more effective non-invasive methods to
evaluate hepatic fibrosis may allow regression or progres-
sion of fibrosis to be monitored without the requirement of
repeat liver biopsies. Transient elastography (TE, Fi-
broScan®, Echosens, Paris, France) is a new, non-invasive
method for measuring the severity of hepatic stiffness. It
enables cirrhosis to be predicted more reliably than is possi-
ble from measurements of most serum markers (4). Indeed,
TE appears to yield promising results when used to assess
hepatic fibrosis (4-7). It seems likely that this technique will
have considerable clinical usefulness when applied to mon-
itor hepatic fibrosis during long-term follow-up of patients
with CHC and other chronic liver diseases.

Application of TE to monitor hepatic fibrosis in pa-
tients with CHC undergoing antiviral treatment can be
justified by the following considerations:

—Combination antiviral therapy for CHC may induce
serum biochemical and virological remissions and re-
gression of histological indices of hepatic damage (sever-
ity of necroinflammation and stage of fibrosis) (8).

—Histology of needle biopsies of the liver is the gold
standard approach for assessments of morphological in-
dices of hepatic damage in CHC. However, the place of liv-
er biopsy in monitoring long-term effects of treatment on
this disease is controversial. In this context, several studies
have demonstrated its limitations and risks (9-15). More-
over, many patients may not give consent to repeat liver
biopsies being undertaken. It has been estimated that 59%
of patients and 26% of physicians do consent to liver biop-
sy when this procedure is recommended (9). A needle biop-
sy of the liver represents about 1/50,000 of total hepatic
parenchyma. Because of the heterogeneity of hepatic fibro-
sis, the distribution of fibrous tissue in a needle biopsy may
not be representative and, hence, the technique is subject to
sampling error (10,11). Moreover, it has been demonstrated
that liver biopsies from both hepatic lobes may differ by as
much as 25 to 33% with respect to stages of fibrosis (11).
Other variables that may influence the accuracy of data ob-
tained from liver biopsies include the sample size, the type
of needle used, and the experience of the pathologist who
evaluates the histology (12-15).

—Non-invasive tests have been proposed for the serial
evaluation of changes in the degree of hepatic fibrosis in
HCV-infected patients. Several serological tests, for ex-
ample Fibrotest-Fibrosure®, have been shown to have
some potential in the evaluation of hepatic fibrosis (16-
18). However, more promising than serological tests in
this context is the application to the liver of the novel
non-invasive technique of TE. This technique generates
numerical values that reflect physical variables, which in-
clude the degree of stiffness of the liver, a variable large-
ly attributable to the degree of hepatic fibrosis. The re-
sults of applying this approach to patients with liver
disease do not correlate with extra-hepatic markers of
disease, such as serum aminotransferase levels or serum

concentration of HCV-RNA, which may exhibit changes
that are independent of alterations in hepatic histological
indices of disease (5). Several studies have demonstrated
the reliability of applying TE in HCV-infected patients to
evaluate hepatic fibrosis, particularly advanced stages of
fibrosis and cirrhosis (4-7,19-30) (Table I). Nowadays, a
new technique consisting in endoscopic ultrasound
(EUS) elastography is being analyzed to establish its util-
ity as a marker of fibrosis (31).

The crux of the matter

In every day’s clinical practice a common doubt of
CHC patients concerns the health status of their livers.
The current indication for most doctors is a repeated liver
biopsy in order to verify changes in fibrosis severity. This
option, at least in Spain and probably in several European
countries, is frequently rejected by the patients. More-
over, in CHC patients with long-term SVR, repeated liver
biopsies commonly add no data of value to those evaluat-
ed by non-invasive methods. A clear example is repre-
sented by the three initial patients of the present study:
two were asymptomatic and rejected a second biopsy be-
cause biochemistry and TE analysis were normal; the
third patient was in similar conditions but its obsessive
personality determined the practice of a second biopsy
what, as expected, was absolutely normal.

The clinical question may be raised in the routine clin-
ical practice: is nowadays the liver biopsy the only
method scientifically acceptable to monitor fibrosis in
patients with chronic liver disease? Different non-inva-
sive methods are very promising for the evaluation of liv-
er fibrosis. With advantages as such as reproducibility,
rapidity, adaptability and simplicity, their use in every
day’s clinical practice is widely supported (32). Measure-
ments of hepatic stiffness by TE facilitate more precise
and frequent assessments of the status of hepatic fibrosis
in the long-term evaluation of the effects of treatments in
HCV-infected patients. TE appears to be an alternative
method of assessing the severity of hepatic fibrosis that is
more practical than repeat liver biopsies.

The objectives

The aims of this study were threefold:
1. In three adult patients with CHC treated with com-

bination antiviral therapy that underwent a sustained vi-
rological response (SVR) during long-term follow-up, to
compare the results of measurements of hepatic stiffness
obtained by applying TE with histology-derived values
for the severity of hepatic fibrosis obtained pre-treatment,
and, in one case, post-treatment.

2. To conduct a prospective study to evaluate adult pa-
tients with histologically-proven CHC who had received
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antiviral treatment; in patients who undergo a SVR and
non-virological responders, to compare measurements of
hepatic stiffness obtained by TE to the severity of fibrosis
in pre-treatment liver biopsies.

3. To assess whether TE can facilitate clarification of
the natural history of hepatic fibrosis in patients with
CHC, with particular reference to the evolution of hepatic
fibrosis in relation to the response to combination antivi-
ral therapy.

PATIENTS, MATERIALS AND METHODS

Design of studies

Preliminary

Initially, three patients who received combination
antiviral therapy for 6 months were studied. Two of the
patients received pegylated-IFN (PEG-IFN) plus rib-
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Table I. Diagnostic accuracy of different non-invasive tests and transient elastography (FibroScan®)

Non-invasive test Variables Disease Fibrosis stage/sa AUROC

Indirect markers Forns’ test (18) Age, plt, γGT, cholesterol HCV > 1750 = Ishak ≤ 2 0.74
≤ 1750 = Ishak > 2

FPI (19) AST, cholesterol, past HCV < 0.2 = F0-F1 0.77-0.84
alcohol intake, HOMA, ≥ 0.8 = F2-F4
age

APRI (20) AST, plt HCV > 1.5 = Ishak 3-6 0.80-0.88
≤ 0.5 = Ishak 0-2

FibroTest/FibroSure (14) Haptoglobin, α2-MC, HCV, HBV 0.00-0.21 = F0 0.83-0.87
apo-A1, γGT, bilirubin, 0.22-0.27 = F0-F1
γ-globulin 0.28-0.31 = F1

0.32-0.48 = F1-F2
0.49-0.58 = F2
0.59-0.72 = F3

0.73-0.74 = F3-F4

Fibroindex (21) Plt, AST, γGT HCV ≤ 1.25 = F0-F1 0.82-0.83
≥ 2.25 = F2-F3

FIB-4 (22) Plt, AST, ALT, age HCV/HIV < 1.45 = Ishak < 4-6 0.76
> 3.25 = Ishak ≥ 4-6

ALT/AST ratio (23) AST/ALT HCV ≥ 1 = Scheuer 4 0.85

Direct markers MP3 (24) PIIINP, MMP-1 HCV < 0.30 = F0-F2 0.82-0.88
> 0.40 = F3-F4
< 0.30 = F0-F1
> 0.40 = F2-F4

ELF (25) PIIINP, HA, TIMP-1 CLD > 0.102 = Scheuer 3-4 0.80
< 0.102 = Scheuer 0-2

Combined SHASTA (26) HA, AST, albumin HCV/HIV > 0.8 = Ishak ≥ 3 0.87
< 0.3 = Ishak ≤ 2

Fibrometer (27) plt, PI, AST, HA, α2-MC, Viral CLD 0.88-0.89
gender, age

Hepascore (28) HA, α2-MC, γGT, age, gender HCV ≥ 0.5 = F2-F4 0.82-0.85
< 0.5 = F0-F1

FibroScan® Ziol et al. (5) HCV F ≥ 2 0.79
HCV/HBV F ≥ 3 0.91
HCV/HIV F = 4 0.97

HCV/alcohol

Castera et al. (4) HCV F ≥ 2 0.83
F ≥ 3 0.90
F = 4 0.95

Foucher et al. (17) CLD F ≥ 2 0.80
F ≥ 3 0.90
F = 4 0.95

aFibrosis stages refer to the METAVIR system (F0-F4) unless otherwise indicated. Abbreviations: ALT: alanine aminotransferase; apo-A1: apolipoprotein A1; APRI: AST-plate-
let ratio index; AST: aspartate aminotransferase; AUROC: area under the receiver operator curve; CLD: chronic liver disease; ELF: European liver fibrosis; FPI: fibrosis probabi-
lity index; γGT: γ-glutamyltransferase; HA: hyaluronic acid; HOMA: homeostatic model assessment; INR: international normalized ratio; α2-MC: α2-macroglobulin; MMP:
matrix metalloproteinases; PIIINP: N-terminal propeptide of type III procollagen; PI: prothrombin index; plt: platelet count; TIMP: tissue inhibitors of metalloproteinases.



avirin, and the third IFNα plus ribavirin. Each had un-
dergone a pre-treatment liver biopsy. In one of them a
second liver biopsy was obtained after a SVR had oc-
curred. The four biopsies were interpreted by a single
pathologist who applied the METAVIR scoring system.
Blood tests, pre-treatment and regularly throughout fol-
low up were performed, included serum biochemical
liver tests and platelet counts.

Prospective

Based on our preliminary findings in the three pa-
tients (vide supra), a prospective study in adult patients
with documented CHC and at least 18 years of age was
initiated. The diagnosis of HCV infection was suspect-
ed when a serological test for anti-HCV antibodies was
positive. It was confirmed by detection of HCV-RNA
in serum. In addition the HCV genotype was deter-
mined. Selected patients included those that had been
treated with antiviral regimens (IFN monotherapy,
combination therapy with IFN plus ribavirin, or PEG-
IFN plus ribavirin) for 48 weeks. All patients under-
went a pre-treatment liver biopsy. The occurrence of a
SVR was determined by measuring HCV-RNA 24
weeks after treatment. Patients with co-infection with
other viruses, or another concomitant liver disease
(such as alcoholic or autoimmune) and those that had
received more than one treatment regiment for CHC
were excluded. Pregnant patients and those with ascites
were also excluded.

HCV-related determinations

HCV RNA was measured and HCV genotypes were
determined using quantitative PCR analysis (Cobas Am-
plicor® HCV test, v 2.0, Roche diagnostics, NJ, USA).

Measurements if liver stiffness

To evaluate hepatic fibrosis over the long-term the
non-invasive method of TE (Fibroscan®, Echosens,
Paris, France) was applied. TE is entirely non-invasive.
Measurements were obtained from the right lobe of the
liver through intercostal spaces, as patients lie in the dor-
sal decubitus position with the right arm in maximal ab-
duction. At least ten validated measurements were ob-
tained from each patient. The elasticity value generated
for each patient was expressed as the median of the mea-
surements made. Results were expressed in kilopascals
(KPa) and reflect the elastic modulus of the liver. In-
terquartile range and success rate were also obtained. The
technique was applied by the same gastroenterologist
who was blinded with respect to clinical, laboratory and
histological data.

Hepatic histopathology

The liver biopsies were evaluated independently by
the same pathologist (Dr. A. García Sánchez, Pathology
Service, Hospital Universitario de La Princesa, Madrid).
The METAVIR scoring system was applied. Fibrosis was
staged from 0 to 4 as follows: F0: no fibrosis; F1: portal
fibrosis without septa; F2: portal fibrosis and a few septa
extending into lobules; F3: numerous septa extending to
adjacent portal tracts or terminal hepatic venules; and F4:
cirrhosis.

In interpreting values for stiffness cut-off values
based on those reported by Castera et al. were used: F ≥ 2:
7.1 KPa; F ≥ 3: 9.5 KPa; and F = 4: 12.5 KPa (4).

Statistical analysis

To compare TE data on the severity of hepatic fibrosis
in different patient groups the Chi-square test was ap-
plied. To assess the development of advanced fibrosis
(F ≥ 3) over time in each patient group Kaplan-Meier sur-
vival curves were generated and the Log-Rank test was
used for comparisons between groups. Statistical analy-
ses were undertaken using the SPSS 15.0 program.

RESULTS

Preliminary study

Patient 1

A 50 year-old Caucasian male patient, who had a body
mass index of 24.6 kg/m2, had received blood transfu-
sions at the age of 16 years, when he had undergone
surgery for coarctation of the aorta. At presentation in
1998, he was asymptomatic, but serum aminotransferase
levels were mildly elevated and his serum was positive
for anti-HCV antibodies. The serum HCV RNA concen-
tration was 7.6 x 105 IU/mL and the HCV genotype was
1b. An ultrasound-guided liver biopsy confirmed the
presence of chronic hepatitis: the grade of inflammatory
activity was 3 and the stage of fibrosis 3. Combination
therapy comprising IFNα-2b, 3 million 3 tiw, and oral
ribavirin, 1.2 g/daily, was administered for 48 weeks. By
week 12 of therapy both serum biochemical and virologi-
cal responses had occurred (ALT 19 IU/L and HCV-RNA
undetectable). By week 48 of therapy and after 24 weeks
of subsequent follow up, the assay for serum HCV-RNA
remained negative and serum aminotransferase levels
continued to be normal (Fig. 1A). Thus, this patient un-
derwent a SVR. Adverse events were mild and did not
necessitate any reduction of the dosage of medication;
they included irritability and a slight decrease in platelet
counts during early and late phases of the course of treat-
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ment (Fig. 1B). After more than 6 years of post-treatment
follow-up, the patient remained asymptomatic, the SVR
persisted, and the serum ALT level and platelet count
were normal (Fig. 1). He did not consent to a repeat liver
biopsy, but agreed to undergo TE, which yielded a medi-
an value for hepatic stiffness of 6.7 KPa.

Patient 2

A 57-years Caucasian female developed chronic infec-
tion with HCV associated to a blood transfusion in 1996.
Serum aminotransferase levels were elevated and anti-
HCV antibodies were positive. Serum HCV-RNA was
4.1 x 105 IU/mL and the HCV genotype was 1b. A liver
biopsy confirmed the presence of chronic hepatitis: the
grade of inflammatory activity was 2 and the stage of fi-
brosis was 3. In 1998, IFNα-2b monotherapy was admin-
istered for 12 weeks, but treatment was stopped because
of a lack of an early virological response (EVR), serum
HCV RNA level 2.8 x 105 IU/mL. She remained asymp-
tomatic, but serum aminotransferase levels continued to
be mildly elevated. In November 2002 a combination

therapy with PEG-IFNα-2a plus ribavirin and continued
for 36 weeks. By the twelfth week an EVR had occurred,
serum aminotransferase levels were normal and HCV-
RNA was not detectable in serum at weeks 12 and 24.
She subsequently developed hypothyroidism, which re-
sponded well to replacement therapy, and progressive
anaemia and thrombocytopenia. Antiviral therapy was
discontinued in September 2003 (week 40) because of se-
vere anaemia. During the next two weeks her haemoglo-
bin and platelet count returned to normal (Fig. 2A). A
SVR persisted during and after 24 weeks of follow-up
(Fig. 2B). She did not consent to a repeat liver biopsy, but
in March 2007 agreed to undergo TE, which yielded a
median value for hepatic stiffness of 6.9 KPa.

Patient 3

A 34-year old Caucasian woman, with a body mass in-
dex of 21 kg/m2, was found to have moderately elevated
serum aminotransferase levels (ALAT 64 IU/L), and a

430 J. MENDOZA ET AL. REV ESP ENFERM DIG (Madrid)

300

250

200

150

100

50

0

Treatment

Date

w
w w w w w w w

w
w w w

w

Follow-up

Platelets

PLATELETS EVOLUTION

x1
00

0/
m

m
3

M
ar

-9
9

A
pr

-9
9

M
ay

-9
9

Ju
n-

99

A
ug

-9
9

Ja
n-

00

M
ar

-0
0

Se
p-

00

A
pr

-0
1

A
pr

-0
2

A
pr

-0
3

Ju
l-0

6
B

Fig. 1. A. Serum aminotransferase levels during combination therapy
and long-term follow-up in case 1. B. Platelet counts during combina-
tion therapy and long-term follow-up in case 1.

Fig. 2. A. Serum aminotransferase levels during combination antiviral
therapy and long-term follow-up in case 2. B. Platelets counts during
combination antiviral therapy and long-term follow-up in case 2.
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serum HCV-RNA concentration of 5.7 x 105 IU/mL. The
HCV genotype was 3a. An initial liver biopsy revealed
mild chronic hepatitis: the grade of inflammatory activity
was 2 and the stage of fibrosis was 1-2. Combination thera-
py with PEG-IFNα-2a (180 µg/week) and ribavirin (800
mg/day) was initiated. By week 4 of treatment the serum
ALT level was normal (13 IU/L) and HCV-RNA was unde-
tectable in serum. After 10 weeks of therapy, she developed
a fever and productive cough, and a diagnosis of pulmonary
tuberculosis was established, in November 2001 antiviral
treatment was discontinued, and tuberculostatic therapy
was started and continued for 36 weeks. During this period
serum ALT levels were consistently normal and the HCV-
RNA remained negative (at weeks 12, 24 and 48). During
subsequent follow up of almost 7 years the assay for serum
HCV-RNA continued to be negative (Fig. 3). A post-treat-
ment liver biopsy was obtained 4 years after antiviral thera-
py had been withdrawn: it revealed no inflammatory activi-
ty (grade 0) and no fibrosis (stage 0). TE at this time
yielded a value of 3.4 KPa, which is entirely consistent with
an absence of fibrosis (data partially presented in a letter to
the Editor, Hepatology 2009).

Prospective study

Up to the time of writing 24 patients with histological-
ly documented CHC have been included in the prospec-
tive study (Table II). All of these patients had received
different regimens of antiviral therapy and had undergone
long term follow-up. In these patients the mean time from
pre-treatment liver biopsy to the first measurement of liv-
er stiffness by TE was of 73.3 ± 38 months (mean ± SD).
Non-responders to antiviral therapy comprised 67% of
the cohort; these patients had attended hospital periodi-
cally for clinical and laboratory monitoring of their
chronic liver disease. In contrast, those who underwent a
SVR after combination therapy (33%) were considered to
have cleared the HCV and, consequently, to have no need
for frequent monitoring of their condition.

In this series the evolution of fibrosis was assessed
from hepatic TE measurements. After antiviral therapy,
in 7 (88%) patients in the SVR subgroup, TE measure-
ments indicated that hepatic fibrosis had improved,
whereas in only 4 (25%) patients in the subgroup of non-
responders did TE measurements indicate an improve-
ment in hepatic fibrosis (p < 0.05). In addition, there was
a tendency for greater progression to advanced fibrosis
(F ≥ 3) to occur in non-responders than in those who un-
derwent a SVR (Fig. 4) (Log-rank test, p = 0.23).

DISCUSSION

Strategies and evidence

The main issues in evaluating a patient with CHC are
to determine the activity of hepatic necroinflammation,
the degree of liver fibrosis, and the potential reversibility
of the hepatic lesions (33). Liver biopsy remains the gold
standard investigation for evaluation of hepatic fibrosis,
but inherent in its application are several limitations.
These include the possibility of sampling error (due to
the small size of the tissue specimen obtained and the
patchy distribution of many hepatic lesions), the effect of
inter-observer variability on interpretation, the morbidity
and small mortality associated with the procedure, and
the necessity for hospitalization to undertake the proce-
dure (12,34). Furthermore, many patients are reluctant to
give consent to liver biopsy, especially repeat biopsies. In
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Fig. 3. Serum alanine aminotransferase levels (ALT) during long term
follow-up in case 3.

Table II. Basal characteristics

Mean ± SD/ N (%)

Age 47.74 ± 7.5 years
Sex

Male 18 (75%)
BMI 27.6 ± 3.4 kg/cm2

SVR 8 (33,3%)
Non-responders 18 (66,7%)
Treatment

IFN 9 (37.5%)
IFN + ribavirin 8 (33.3%)
PEG-IFN + ribavirin 7 (29.2%)

Pre-treatment fibrosis stage (METAVIR)
F0 1 (4.2%)
F1 4 (16.7%)
F2 11 (45.8%)
F3 6 (25%)
F4 2 (8.3%)

Stiffness 10.74 ± 7.7
IQR 1.9 ± 2.2
Success rate 76.79 ± 24%
Post-treatment fibrosis stage (METAVIR)

F01 12 (50%)
F2 2 (8.3%)
F3 1 (4.2%)
F4 9 (37.5%)

BMI: body mass index; SVR: sustained virological response; IFN: interferon; PEG-
IFN: pegylated-interferon; IQR: interquartile range. SD: standard deviation.



clinical practice, it is often not possible to obtain a second
liver biopsy. Except when a repeat liver biopsy is re-
quired by the protocol of a therapeutic trial, a repeat liver
biopsy should only be recommended if: a) there is doubt
concerning the degree of hepatic fibrosis and particularly
whether the hepatic lesion has progressed to cirrhosis;
and b) its interpretation would have practical implica-
tions for clinical management (34). Long-term follow-up
studies of patients with CHC have shown that a SVR is
usually associated with an improvement in hepatic histol-
ogy. In addition, when long-term IFN-based therapy has
been associated with a marked decrease in serum HCV
RNA levels, progression of the hepatic histological lesion
may not occur (35).

The development of non-invasive markers of hepatic fi-
brosis may circumvent the need for one or more repeat liver
biopsies to monitor the severity of hepatic fibrosis in pa-
tients with chronic liver disease, and, may allow the re-
sponses of such patients to therapy to be assessed more ac-
curately (4,36). TE is a novel non-invasive technique that
measures the augmentation of the velocity of both ultra-
sound and low frequency elastic waves in the liver mediat-
ed by fibrous tissue; the values generated are an index of
hepatic stiffness or the severity of fibrosis. Results of apply-
ing the technique are highly reproducible (coefficient of
variation 3%). The magnitude of hepatic stiffness has been
shown to correlate significantly with the stage of hepatic fi-
brosis (4-7). Optimal cut-off values for significant fibrosis
in patients with CHC (stage of fibrosis ≥ 2) have been re-
ported to range from 7.1 to 8.7 KPa (4-7). This range is
consistent with our data (37).

In the preliminary study, during follow up after treat-
ment our three patients had values for hepatic stiffness
that were consistent with no significant hepatic fibro-

sis. Thus, these patients would appear to have under-
gone a degree of hepatic histological improvement that
has been associated with a SVR. From our findings a
progression rate of hepatic fibrosis (PRHF) can be cal-
culated:

PRHF = (fibrosis stage post-treatment – fibrosis stage
pre-treatment)/interval between pre-treatment biopsy

and TE in years

The PRHF was -0.33, -0.22, and -0.25 METAVIR units
per year in patients 1, 2 and 3, respectively. These values,
which incorporate TE data, reflect the process of regression
of hepatic fibrosis that occurred. Our results are consistent
with rates of progression/regression of hepatic fibrosis in
previous reports (8). It is interesting to note that, in two of
our cases, treatment, which was associated with rapid
serum biochemical and virological responses, had been giv-
en for a shorter period than that considered to be conven-
tional. Nevertheless, both of these patients underwent a
SVR and regression of hepatic fibrosis. Similar outcomes
also occurred in the third case, in which an exact correlation
between biopsy and TE existed. Treatment regimens of
short duration may be efficacious in eradicating the HCV.
Further trials of therapy in patients with CHC, which in-
clude customized regimens based on virological data
(genotype and HCV-RNA concentration), demographic
findings, severity of liver disease and analysis of individual
genomic-markers, would appear to be warranted. In such
trials TE measurements may be useful for evaluating the
severity of hepatic fibrosis during follow up.

In the prospective study our results, although initial at
the present phase, are consistent with findings in the pre-
liminary study. Specifically, improvements in the stage of
hepatic fibrosis that occurred in patients who underwent
a SVR were greater than those in non-responders. How-
ever, the sample size was small (24 patients) and the
greater evolution of advanced hepatic fibrosis in non-re-
sponders than in responders did not reach statistical sig-
nificance. In the absence of a second liver biopsy during
treatment, TE provides an effective non-invasive method
for assessing the severity of hepatic fibrosis. This tech-
nique appears to be most reliable in detecting advanced
stages of hepatic fibrosis (F3-4) (4-7).

Thus, the inference which non-invasive methods of as-
sessing the severity of hepatic fibrosis may provide valuable
data in trials of therapy for patients with CHC merits further
evaluation. Most non-invasive tests of the severity of hepat-
ic fibrosis that appear to have some efficacy in HCV-infect-
ed patients are serological (Table I). In this context, the
rapid, non-invasive technique of TE appears not only to be
efficacious, but also to enable frequent monitoring of hepat-
ic fibrosis. TE facilitates diagnostic and therapeutic deci-
sions without the need to undertake repeat liver biopsies. A
combination of serum markers and TE may increase the ac-
curacy of non-invasive assessments of the severity of hepat-
ic fibrosis, and, hence, may circumvent further the indica-
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tions for repeat liver biopsies in monitoring therapeutic out-
comes in patients with CHC (4,33). Furthermore, the results
of TE are not affected by external factors, such as changes
in serum biochemistry and HCV-RNA concentration. TE is
well tolerated and accepted by patients. Its characteristics
suggest that it will become an increasingly useful investiga-
tion in clinical practice, particularly in therapeutic trials, and
especially when patients are reluctant to give consent for
one or more repeat liver biopsies. Application of TE may
facilitate further clarification of the natural history of chron-
ic liver diseases and enhance determinations of the efficacy
of antiviral and/or anti-fibrogenic.

Areas of uncertainty

TE is a novel technique. So far experience with its ap-
plication is limited. The technique is contraindicated in
subjects less than 18 years of age, unless new probes that
enable the technique to be adapted for use in young peo-
ple become available. Application of the technique is
limited in pregnant or obese patients and patients with as-
cites or narrow intercostals spaces. However, the tech-
nique is associated with no adverse events (38). Endo-
scopic ultrasound (EUS) elastography of the liver could
be a good technique in some groups of patients were
standard TE can not obtain liver fibrosis assessment (31).

The best results of applying TE have been obtained in
patients with advanced stages of hepatic fibrosis. Currently,
there are insufficient data to enable the reliability of assess-
ments of mild hepatic fibrosis in HCV-infected patients us-
ing TE to be determined accurately (4-7,19,37).

Recent studies have demonstrated that the use of TE to
evaluate severe necroinflammation in patients with acute
hepatitis or acute on chronic liver disease, associated with a
severe flare (peak of elevation) of serum aminotransferase
levels, is limited. The degree of hepatic stiffness increases
at times when peak increases of serum aminotransferase
levels occur, and it decreases when there is a progressive
decrease in hepatic necroinflammation; in these cases stiff-
ness data may exceed the cut-off values for severe fibrosis
(F3) or cirrhosis (F4) (39-42).

Values for hepatic stiffness vary with the etiology of
liver disease; indeed, the distribution of fibrous tissue
within the liver may influence the results of TE (39). Po-
tential topics for study include patients with HCV infec-
tion and normal serum aminotransferase levels (43,44),
alcoholic patients (45), patients with immune-mediated
cholestatic liver disease (46,47), and potential candidates
for liver transplantation (48).

CONCLUSIONS AND RECOMMENDATIONS

At present, there are no generally accepted guidelines
for the use of TE in the evaluation of HCV-infected pa-
tients. Casterá et al. proposed applying TE and serum
markers of fibrosis, such as FibroTest/FibroSure®, in the

initial evaluation of HCV-infected patients, and reserving
liver biopsy for only selected cases, notably those in
which there is a lack of agreement between the interpre-
tation of TE and serum markers (4). In addition, Pinzani
et al. proposed an algorithm for the use of non-invasive
tests of hepatic fibrosis in the management of chronic liv-
er diseases (49). As there are no accepted guidelines for
the use of TE in the follow-up of HCV-infected patients,
we propose using the results of our experience to modify
the algorithm of Pinzani et al. to enhance the manage-
ment of HCV-infected patients.

Our findings enable previous concepts of how TE may
be used to study the natural history of CHC and evaluate
the effects of therapies on the disease process to be ex-
tended. Currently data from applications of TE to assess
hepatic fibrosis have demonstrated: a) a close relation-
ship between a SVR and a reduction in hepatic fibrosis;
b) an association between a long-term SVR (> 6 years)
and eradication of HCV and cure of CHC; and c) the ef-
fectiveness of repeated evaluations of hepatic fibrosis by
HE in assessing the outcome of combination antiviral
therapy in patients with CHC during long-term follow up.
We believe that larger clinical trials in patients with CHC,
that would involve serial applications of TE to assess he-
patic fibrosis, are warranted to enable more definitive
conclusions on the efficacy of specific therapies to be
made.
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