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Abstract
The assessment of the fibrotic evolution of chronic 
hepatitis has always been a challenge for the clinical 

hepatologist. Over the past decade, various non-
invasive methods have been proposed to detect 
the presence of fibrosis, including the elastometric 
measure of stiffness, panels of clinical and biochemical 
parameters, and combinations of both methods. 
The aim of this review is to analyse the most recent 
data on non-invasive techniques for the evaluation 
of hepatic fibrosis with particular attention to cost-
effectiveness. We searched for relevant studies 
published in English using the PubMed database from 
2009 to the present. A large number of studies have 
suggested that elastography and serum markers 
are useful techniques for diagnosing severe fibrosis 
and cirrhosis and for excluding significant fibrosis in 
hepatitis C virus patients. In addition, hepatic stiffness 
may also help to prognosticate treatment response to 
antiviral therapy. It has also been shown that magnetic 
resonance elastography has a high accuracy for 
staging and differentiating liver fibrosis. Finally, studies 
have shown that non-invasive methods are becoming 
increasingly precise in either positively identifying or 
excluding liver fibrosis, thus reducing the need for liver 
biopsy. However, both serum markers and transient 
elastography still have “grey area” values of lower 
accuracy. In this case, liver biopsy is still required to 
properly assess liver fibrosis. Recently, the guidelines 
produced by the World Health Organization have 
suggested that the AST-to-platelet ratio index or FIB-4 
test could be utilised for the evaluation of liver fibrosis 
rather than other, more expensive non-invasive tests, 
such as elastography or FibroTest.
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Core tip: The results of several studies have shown that 
non-invasive methods are becoming increasingly precise 
in predicting non-significant and advanced liver fibrosis, 
thus reducing the need for liver biopsy in a relevant 



number of patients. However, when both serum 
markers and transient elastography values fall, liver 
biopsy may be still needed. Recently, the guidelines 
for the screening, care, and treatment of hepatitis C 
virus infected patients produced by the World Health 
Organization suggested that the AST-to-platelet ratio 
index or FIB-4 test could be used for the evaluation of 
liver fibrosis rather than other, more expensive non-
invasive tests in a resource-limited setting.
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INTRODUCTION
The evolution of chronic hepatitis C (CHC) into liver 
cirrhosis is correlated with an extensive accumulation 
of extracellular matrix, leading to the formation of large 
amounts of fibrotic tissue that is initially concentrated 
in periportal areas and in later stages completely 
surrounds the nodules of regenerating hepatocytes[1].

The progressive increase of the fibrotic matrix, 
in addition to its deleterious effects on hepatocyte 
function and solute exchange between hepatocytes 
and portal blood, contributes both to the vascular 
disturbances that favour the development of irreversible 
portal hypertension and to the microenvironmental 
changes that facilitate the occurrence of hepatocellular 
carcinoma.

In addition to its prognostic value in the evaluation 
of liver disease progression and decompensation, liver 
fibrosis is also a well-recognised negative prognostic 
factor of the viral response to interferon-based 
therapies[2].

Many studies have shown that treatment with 
both double therapy [pegylated interferon (PEG-IFN) 
and ribavirin] and triple therapies (PEG-IFN, ribavirin, 
and either telaprevir or bocepreprevir) are indeed 
significantly less effective in patients with severe 
fibrosis or cirrhosis[2-5].

For these reasons, clinical practice guidelines 
for the therapy of CHC recommend evaluating liver 
fibrosis to help in treatment decision making and the 
proper choice of treatment timing[6].

The demonstration that a sustained viral response 
is associated with fibrosis regression even in patients 
with severe fibrosis and cirrhosis[7,8] suggests that the 
evaluation of fibrosis after antiviral therapy could be of 
clinical interest for the management of these patients. 

Liver biopsy has long been considered the “gold 
standard” for the evaluation of hepatic fibrosis. 

The attempt to stage the fibrosis by liver biopsy 
has led to the proposal of different types of scoring 
systems[9-11]. The first of these was proposed by Knodell 

in 1981[9], which described 4 classes from 0 to 4. Each 
of the proposed scores[9-11] considered some aspects 
that could describe the fibrotic evolution, though 
not giving a quantitative assessment. Therefore, the 
attempt of researchers has been to obtain a better 
quantization. All proposed scores are burdened by 
possible sampling error, observer-dependent diagnostic 
variability and lack of standardization of staining 
utilized to highlight the fibrous connective tissue. For 
example the trichrome stain is performed to assess the 
extent of liver fibrosis; the Sirius red and aniline blue 
stains are used for selective staining of collagen when 
quantitative evaluation of fibrosis by morphometry 
is required, thus contributing to the variability of the 
diagnosis[12].

The ability to use immunohistochemical components 
to highlight specific components of fibrotic tissue, 
such as α-smooth muscle actin[13], may introduce 
additional variability. The proposal to get a better 
staging by a quantitative analysis of the surface 
occupied by collagen, probably will not overcome the 
issues relating to sampling, since liver biopsy involves 
only a very small part of the hepatic parenchyma 
(approximately 1/50000). However, in addition to its 
diagnostic variability[14], concerns have been raised 
regarding its invasiveness and potential for adverse 
events[15,16], stimulating research for alternative, non-
invasive diagnostic tools for the measurement of 
liver fibrotic tissue. In the last 40 years, since the 
pioneer study of Rohde et al[17], who established the 
first radioimmunoassay for the determination of the 
fragments of procollagen type Ⅲ in the body fluids of 
acute and chronic hepatitis patients, several studies 
have been published analysing various non-invasive 
techniques for the evaluation of hepatic fibrosis. In 
the last decade, transient elastography (TE) and 
magnetic resonance (MR) elastography have also been 
suggested as non-invasive techniques for the detection 
of liver fibrosis[18,19], raising wide interest because of 
their potential as a substitute for liver biopsy.

The aim of this review is to analyse the most recent 
data on non-invasive techniques for the evaluation 
of hepatic fibrosis before, during, and after antiviral 
therapy in hepatitis C virus (HCV) infected patients, 
with particular attention to cost-effectiveness.

INDIReCT maRkeRs Of lIveR fIbROsIs
“Indirect markers” are panels of clinical and biochemical 
parameters not directly related to extracellular matrix 
metabolism that have been tested for their ability to 
predict and differentiate various stages of liver fibrosis. 

Among them, the AST-to-platelet ratio index (APRI) 
test, Forns test, and FibroTest (FT) have demonstrated 
a satisfactory diagnostic accuracy for the detection of 
significant and/or advanced fibrosis and cirrhosis (Table 
1)[20-25].

Castera et al[26] compared the diagnostic effective-
ness to discriminate between significant fibrosis and 
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cirrhosis of two algorithms including either TE and FT 
(Castera) or APRI and FT (SAFE biopsy). The former 
algorithm used the combination of TE and FT (named 
the Castera algorithm) as the first-line evaluation of 
fibrosis. Using this algorithm, they used liver biopsy 
when the two methods were in disagreement in the 
diagnosis of fibrosis stage (when liver stiffness was ≥ 
7.1 but FT was ≤ 0.48 and when liver stiffness was 
≤ 7.1 but FT was ≥ 0.48). The second algorithm 
consisted of the sequential use of APRI, FT, and liver 
biopsy for the diagnosis of significant fibrosis (> F2 
by Metavir) when the cut-off value for FT is ≤ 0.48 
and in the diagnosis of the need for cirrhosis liver 
biopsy when the FT score ranged from 0.49 to 0.74. 
The study demonstrated that, for the detection of 
significant fibrosis, the number of saved biopsies was 
significantly higher using the Castera algorithm rather 
than the SAFE biopsy algorithm. In contrast, the 
accuracy of the SAFE biopsy algorithm was significantly 
higher than that of the Castera algorithm. The authors 
suggested, however, that the Castera algorithm may 
be less cost-effective because it required both TE and 
FT in all cases, whereas the SAFE biopsy, using APRI in 
all cases and FT in half of the patients, was much less 
expensive. For the diagnosis of cirrhosis, the number 
of saved liver biopsies did not differ between the 
Castera and SAFE biopsy algorithms, but the accuracy 
of Castera was significantly higher than that of the 
SAFE biopsy.

Bota et al[27] evaluated the performance of several 
non-invasive techniques for estimating hepatic fibrosis, 
including TE, APRI score, Lok score, Forns score, FIB-4 
score, fibrosis index, King score, and Bonacini score in 
comparison with the effectiveness of liver biopsy. On 

the basis of the results, a new algorithm was validated 
for fibrosis prediction (named the predicted liver 
fibrosis score) derived from TE and multiple serological 
tests. The predicted liver fibrosis score was more 
strongly correlated with fibrosis stage in predicting 
significant and severe fibrosis than individual tests 
when used alone, while their predictive values for 
cirrhosis were similar. Sirli et al[28] compared various 
non-invasive methods (platelet count, APRI score, 
Forns score, Lok score, FIB-4, TE) for the evaluation 
of hepatic fibrosis with biopsy taken as a reference 
method. In this study, the APRI score and Forns scores 
correctly identified most of the patients having or 
lacking significant fibrosis. TE was the best method 
for estimating cirrhosis, but all the evaluated tests had 
excellent predictive value.

Liu et al[29] assessed the cost-effectiveness of FT 
and liver biopsy used either alone or sequentially in six 
different strategies: FT only; FT with liver biopsy for 
ambiguous results; FT followed by biopsy to exclude or 
confirm significant fibrosis; biopsy only; and treatment 
without screening. The results of this study suggested 
that the early treatment of CHC was the best cost-
effective strategy and that it was superior to the other 
fibrosis screening strategies. However, when using the 
new triple therapy and when testing was required, FT 
only was cost-effective. Bousier et al[30] showed that 
the accuracy of the third-generation Fibrometer (the 
first-generation Fibrometer bringing together platelets, 
prothrombin index, aspartate aminotransferase, α2-
macroglobulin, hyaluronate, urea, and age[31], the 
second generation added sex, as gender interferes 
with fibrogenesis in CHC, and the third generation was 
obtained by replacing the hyaluronic acid with gamma-
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Table 1  Cut-off values of the first indirect markers of fibrosis in the diagnosis of significant fibrosis and cirrhosis1

Cut-off values of some indirect markers

Markers Algorithm Aetiology  ≥ Significant fibrosis Extensive fibrosis or cirrhosis

APRI HCV > 1.5 ≥ 2

Wai et al[20], 2003 AST (UI/L)/platelet count (109/L) × 100

FORNS INDEX HCV > 6.9

Forns et al[21], 2002 7.811-3.131 × ln (platelet count) + 0.781 × ln (GGT) + 3.467 × 
ln (age [years]) - 0.014 × ln (cholesterol)

FIBROTEST®

Imbert-Bismut et al[22], 2001
Formula combining α-2-macroglobulin, γGT, apolipoprotein 

A1, haptoglobin, total bilirubin, age and gender
HCV ≥ 0.6

LOK 
Lok et al[23], 2005

Log odds = -5.56-0.0089 × platelet count (× 103/mm3) + 1.26 
× AST/ALT ratio + 5.27 × INR

HCV ≥ 0.5

FIBROINDEX CLD ≥ 2.25

Koda et al[24], 2007 1.738−0.064 [platelet counts (104/mm3)] + 
0.005 × AST (UI/L) + 0.463 [gamma-globulin (g/dL)]

FIB-4 CLD > 3.25

Vallet-Pichard et al[25], 2007 Age (yr) × AST (UI/L)/[platelet count (109/L)] × [ALT 
(UI/L)]1/2 

1According to either METAVIR  or Ishak scoring system. CLD: Chronic liver disease; AST: Aspartate aminotransferase; GGT: Gamma 
glutamiltranspepsidasi; ALT: Alanine aminotransferase; INR: International normalized ratio.
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a combination of non-invasive tests may improve 
accuracy, particularly when they include TE and FT.

Direct markers of liver fibrosis
Several researches have analysed the diagnostic 
values of direct markers of hepatic fibrosis, i.e., the 
serum levels of molecules diffused into the systemic 
circulation, that are related to the metabolism of 
the extracellular matrix. Some of these molecules 
reflect matrix accumulation (fibrogenesis), whereas 
others are more related to its degradation (fibrolysis). 
Serum levels of different fibrotic markers have been 
studied: type Ⅳ collagen, hyaluronic acid, laminin, 
collagen VI, transforming growth factor beta 1 (TGF 
β1) and metalloproteinases or tissue inhibitors of 
metalloproteinases (TIMPs), YKL-40. Many signalling 
pathways are involved in myofibroblast activation, 
such as TGF β1. One activated, TGF β1 signals induce 
collagen production[37]. Quiescent hepatic stellate 
cells are induced by TGF β1 to transdifferentiate into 
myofibroblasts that secrete extracellular matrix. 
The major limitation of direct serum markers is that 
extracellular matrix serum levels are influenced not 
only by fibrogenesis but also by the production in other 
organs and by liver inflammation[38].

It has been suggested that an association of 
different serum markers may enhance sensitivity and 
specificity for the diagnosis of hepatic fibrosis stage. 
Among others, YKL-40 has been proposed as a non-
invasive serum marker of liver fibrosis. Serum levels of 
YKL-40, a growth factor for fibroblasts and endothelial 
cells[39], have been evaluated in CHC[38]. Saitou et al[40] 
determined the concentrations of type Ⅳ collagen, 
procollagen Ⅲ propeptide, hyaluronic acid, and YKL-40 
before and after interferon treatment. They found that 
YKL-40 was most useful for monitoring liver fibrosis 
and for discriminating advanced from mild hepatic 
fibrosis. It predicted severe fibrosis with an 80% 
positive predictive value[40]. Berres et al[41] analysed 
promoter polymorphisms of the CHI3L1 gene, 
encoding for the YKL-40 protein. In this study, CHC 
patients underwent percutaneous liver biopsy prior 
to antiviral therapy. They showed that a homozygous 
minor allele (classified as GG polymorphism) is 
protected from severe fibrosis and influences the 
serum levels of YKL-40. In a subsequent study, 
Fontana et al[42] determined YKL-40 polymorphisms in 
patients enrolled in the Hepatitis C Antiviral Long-term 
Treatment against Cirrhosis (HALT-C) Trial. The minor 
allele (classified as T polymorphism) in these HALT-C 
Trial patients was similar to that found in other patient 
populations by Berres et al[41], but, contrary to the data 
of Berres et al[41], Fontana et al[42] showed that YKL-40 
promoter polymorphisms were not associated with 
disease progression and the evolvement of advanced 
liver fibrosis.

The enhanced liver fibrosis (ELF) score test, 
derived from an algorithm combining three fibrosis 

glutamyl transferase, GGT[32]) was significantly higher 
than that of other non-invasive tests (Fibrometer 
second generation, FibroScan, and FT). A new fibrosis 
index (the fibro-stiffness index), consisting of liver 
stiffness measurement, platelet count, and prothrombin 
time, was validated in HCV patients who underwent 
liver biopsy. Its accuracy was compared with that 
of APRI, the Forns index, and FibroIndex, and with 
hepatic stiffness measured by FibroScan, and it was 
found superior to liver stiffness alone, APRI, the Forns 
index, and FibroIndex for F ≥ 2, F ≥ 3, and F = 4[33]. 

It is important to underline that almost all studies 
conducted so far have used biopsy as the gold 
standard for non-invasive methods. Most recently, 
Poynard et al[34] assessed the accuracy of FT, liver 
stiffness, and biopsy using methods without the 
reference method in 1289 HCV patients and 604 
healthy volunteers. In this study, four different tests 
(FT, liver stiffness measurement, ALT, and biopsy) 
were applied in all patients, and each test produced 
a dichotomous test result (e.g., the test was either 
positive or negative). None of these tests was error-
free. Moreover, the inclusion of a control group without 
any risk factor for chronic liver disease, consequently 
having a very low risk of advanced fibrosis, permitted 
assessment of the effectiveness of the fibrosis tests in 
screening programs. Statistical analysis was performed 
using the latent class model with random effects. This 
method permits testing of the accuracy of diagnostic 
tests when the results of a reference method are 
missing or not error-free (e.g., liver biopsy). This 
statistical model without a reference standard validated 
the accuracy of FT and FibroScan in the detection of 
severe fibrosis and cirrhosis in HCV patients. Crisan et 
al[35] determined the accuracy of TE and non-invasive 
biological tests such as APRI, HAPRI (an algorithm that 
combines hyaluronic acid and the prothrombin index), 
Forns, Lok, and Bonacini scores to prospectively 
evaluate the stage of hepatic fibrosis in chronic 
HCV treated vs non-treated patients. They found 
a significant decrease in liver stiffness in sustained 
virological responders (SVR) and in non-responders 
(NR) that gained biological response (patients who 
had normal ALT levels 24 wk after the end of antiviral 
therapy). 

In a recent prospective study, Poynard et al[36] 
estimated the impact of sustained virological response 
on the dynamics of fibrosis. In the study, in which 
933 patients with both repeated FT and TE were 
prospectively evaluated, the authors showed that 
SVR had significantly higher fibrosis regression 
rates compared with non-treated patients. However, 
10 years after virological cure, only 49% of SVR 
with severe fibrosis at baseline had a significant 
improvement, and the net reduction of cirrhosis 
prevalence was only 5%. Liver cancer occurred in 4.6% 
of SVR and in 5.6% of NR. 

In summary, these studies demonstrated that 
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markers (hyaluronic acid, amino-terminal propeptide 
of type Ⅲ collagen, and tissue inhibitor of matrix-meta-
loproteinase-1) and age, was analysed retrospectively 
in patients with chronic liver disease such as HCV, 
hepatitis B virus infection, and primary biliary cirrhosis 
who underwent liver biopsy, TE, and FT using histology 
as the reference method[43]. The results of this study 
showed that the three non-invasive methods were 
comparable in diagnostic accuracy for the detection 
of significant fibrosis and cirrhosis. Lichtinghagen et 
al[44] measured ELF scores in 400 healthy controls and 
79 CHC patients. Analysis of ELF scores in healthy 
subjects revealed that afternoon values were slightly 
higher than morning values, possibly as a result of 
food intake. All of the aforementioned serum markers 
were capable to distinguish between the absence 
of fibrosis and severe fibrosis/cirrhosis, but a so-
called “grey area” still existed in which liver biopsy 
was needed for correct staging. For this reason, 
Gangadharan et al[45] investigated additional candidate 
serum fibrosis markers and identified 20 molecules of 
potential interest. Plasma from healthy controls and 
patients with cirrhosis was compared by proteomics 
using two-dimensional gel electrophoresis. These 
molecules were characterised as fibrosis markers by 
Western blotting using plasma from patients across all 
Ishak fibrosis scores. The same plasma samples were 
blotted for the protein markers present in the FT, ELF, 
Hepascore, and Fibrospect, and they were compared 
to new fibrosis markers. This technique identified 
proteins whose levels were increased or decreased 
in hepatic cirrhosis. The serum levels of five of these 
molecules (lipid transfer inhibitor protein, complement 
C3d, corticosteroid-binding globulin, apolipoprotein 
J, and apolipoprotein L1) changed with the Ishak 
fibrosis stage more consistently compared to the 
other markers used, such as FT, ELF, Hepascore, and 
FibroSpect. 

Zarski et al[46] sought to establish the best 
algorithms in terms of accuracy for the diagnosis of 
significant fibrosis in HCV patients using Fibrometer, 
FT, Hepascore, APRI, ELFG, MP3, Forns, hyaluronic 
acid, collagen Ⅳ, and, when possible, FibroScan. 
In this study, the best screening strategies for the 
diagnosis of significant fibrosis were Fibrometer, FT, or 
Hepascore in combination with the ELFG score. The 
performance of the combination of FibroScan and ELFG 
was similar to those combining two blood tests. The 
number of avoided liver biopsies ranged from 50% to 
55%. In terms of cost-benefit analysis, they found that 
the lowest cost strategies included ELFG. FibroScan 
results were also cost-effective, but only when the use 
of FibroScan was intensive, enough to accommodate 
for its price of acquisition.

Martinez et al[47] validated ELF, FIB-4 index, APRI, 
and Forns scores in 340 patients who underwent the 
antiviral therapy with weekly PEG-IFN plus ribavirin 
for 24 or 48 wk, according to the HCV genotype. A 
significant decrease in all the components of the ELF 

score was observed in SVR, whereas HA and PⅢ
NP remained unchanged and the TIMP-1 increased 
in non-sustained responders. ELF scores persisted 
unchanged or increased in non-SVR. The Forns score, 
APRI, and FIB-4 index decreased significantly in SVR. 
This normalisation was mainly due to their respective 
components (particularly AST and ALT).

Fontana et al[48] examining 462 prior NR to PEG-
IFN and ribavirin enrolled in the randomised phase 
of the HALT-C trial, studied the association between 
a panel of serum markers such us hyaluronic acid, 
N-terminal peptide of procollagen type 3, TIMP-1, 
YKL-40, and histological stage of liver disease after two 
and four years of treatment. Values derived from an 
algorithm containing baseline total bilirubin, albumin, 
INR, and YKL-40 levels were strongly associated with 
the likelihood of clinical disease progression. All of 
these markers significantly decreased at week 72 
compared with pre-treatment baseline levels in SVR 
patients following 48 wk of full-dose PEG-IFN and 
ribavirin treatment[49]. Taken together, these studies 
suggest that direct markers of liver fibrosis are useful 
in predicting fibrogenesis.

UlTRasOUND-baseD TRaNsIeNT elas-
TOgRaphy
In the last decade, elastographic techniques have 
emerged as an important field of research com-
plementary to ultrasound. Elastography refers to a 
variety of techniques that are capable of characterising 
the response and mechanical properties of tissues 
using non-invasive methods. In previous studies 
(summarized in Ref.[13]), hepatic elastography has 
proven to be a valid method on one side for detecting 
severe fibrosis or cirrhosis and for excluding significant 
fibrosis. It has been suggested that it may be used to 
decide clinical priorities and reduce the number of liver 
biopsies (Table 2)[50-56].

Ferraioli et al[57] compared the results of liver 
stiffness obtained in 246 patients (79.3% HCV) with 
the results considered in a recent meta-analysis 
by Tsochatzis et al[58]. The cut-off of the single-
centre study by Ferraioli et al[57] was comparable 
to that obtained in the meta-analysis that included 
40 studies. In this meta-analysis, the cut-off values 
were 7.6 (range 5.1-10.1), 10.9 (8.0-15.4), and 15.3 
(11.9-26.5) kPa for F = 2, 3 and 4, respectively, in 
chronic HCV. It is important to define these because 
the cut-off values are often used improperly by 
matching a lower cut-off to severe fibrosis and 
thus justifying the use of triple therapy that would 
otherwise be inappropriate and without any advantage 
according to the cost/benefit ratio. Crisan et al[35] 
prospectively assessed treated vs untreated liver 
fibrosis for 24 wk after treatment in 224 HCV patients 
using biological scores (APRI, HAPRI, Forns, Bonacini, 
and Lok) and TE. Fibrosis decreased significantly in 
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sustained virological response patients. Isgro et al[59] 
showed that the histological measurement of collagene 
proportionate area by quantitative image analysis 
was better related to liver stiffness than the Ishak 
stage. A previous study[60] determined the relationship 
between computer-assisted digital image analysis, 
hepatic venous pressure gradient, and Ishak score. 
The quantity of collagen in the liver was expressed 
as the percentage area stained with specific collagen 
staining in histological liver sections. Previous studies 
(listed in Table 1) have suggested that stiffness values 
can be influenced by the degree of necroinflammation, 
particularly in the absence of severe fibrosis. In 
contrast, the presence of mild steatosis does not seem 
to affect stiffness values. Moreover, TE is characterised 
by high intra- and inter-observer repeatability. 
However, meals can affect the reliability of stiffness 
measurement and, subsequently, in the diagnosis 
of fibrosis stage in HCV infected patients[61,62]. Arena 
et al[62] suggested that a fasting period of 120 min 
is warranted before liver stiffness measurements. 
In this study, hepatic stiffness was measured in 125 
consecutive HCV infected patients in different stages of 
fibrotic evolution. Stiffness was measured at different 
time points after a standardised liquid meal. A peak in 
the increase of stiffness values was observed between 
15-45 min after the start of the meal, with a return to 
pre-meal baseline values within 120 min in all patients. 
The delta peak post-meal of stiffness progressively 

increased for increasing stages of fibrosis, and it was 
greatest in cirrhotic patients. However, the probability 
of identifying the METAVIR stage of fibrosis, the Child-
Pugh class, or the presence/absence of oesophageal 
varices with the increase in delta post-meal stiffness 
values was lower than that obtained with the basal 
values. Recently, some studies[63-68] have estimated 
the usefulness of TE for the evaluation of longitudinal 
changes in hepatic fibrosis in HCV infected patients 
undergoing antiviral treatment. The results of these 
researches showed that this method can also detect 
longitudinal variation in liver fibrosis. Moreover, Stasi 
et al[5] showed that hepatic stiffness, although not 
representative of hepatic fibrosis, may also have a 
negative predictive value. In this study[5], patients with 
stiffness values greater than 12 kPa had a significantly 
lower response to antiviral therapy, suggesting that 
the hepatic stiffness values could be considered 
together with other predictors of response when 
considering antiviral therapy[5,68,69], in whom antiviral 
therapy was contraindicated or not tolerated. Stasi et 
al[70] showed that, in patients with HCV-related mixed 
cryoglobulinemia syndrome undergoing rituximab 
therapy, a reduction in hepatic stiffness was associated 
with B-cell depletion, thus reinforcing the concept that 
stiffness values may be influenced by liver infiltrates 
and liver necro-inflammation.

Recently, other liver elasticity-based imaging 
methods have been introduced in clinical practice: 
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Table 2  Cut-off values of stiffness in relation to METAVIR score based on the prevalence of disease in studies conducted before 
2009

Cut off values of stiffness

Authors Aetiology ≥ F2 ≥ F3 ≥ F4 PPV/NPV (%)

Castera et al[50] HCV 7.1 95/48
  9.5 87/81

12.5 77/95
Ziol et al[51]

HCV 8.8 88/56
  9.6 71/93

14.6 78/97
Carrion et al[52]

HCV post-LT 8.5 79/92
12.5   50/100

Foucher et al[53]

CLD 7.2 90/52
12.5 90/80

17.6 91/92
Gomez-Dominguez et al[54]

CLD 4.0 88/50
11.0 78/76

16.0 80/98
Kim et al[55]

CLD 7.3 96/50
  8.8 78/95

15.0 33/97
Arena et al[56]

HCV 7.8 83/79
10.8 89/95

14.8 73/98

CLD: Chronic liver disease; post-LT: After liver transplantation; HCV: Hepatitis C virus; PPV: Positive predictive value; NPV: Negative predictive value.
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acoustic radiation force impulse imaging (ARFI) and 
2D-shear wave elastography (2D-SWE). pSWE/ARFI 
implies the mechanical excitation of tissue using 
short-duration acoustic pulses that propagate shear 
waves and produce localised, μ-scale displacements 
in tissue[71]. 2D-SWE is based on the association of 
a radiation force determined in tissues by focused 
ultrasonic beams and a sequence of ultrasound 
imaging able to capture in real time the transient 
propagation of resulting shear waves[72].

An international multicentre study[73] compared the 
reliability of ARFI elastography to liver biopsy and TE. 
The results of this study showed that TE performed 
better in predicting all stages of fibrosis (F ≥ 1) and 
cirrhosis, while the performance of ARFI and TE is 
similar for the detection of significant (F ≥ 2) and 
severe fibrosis (F ≥ 3).

The recent Clinical Practice Guidelines (CPGs)[74] 
developed by a panel of experts chosen by the 
European Association for the Study of the Liver and 
the Asociacion Latinoamericana para el Estudio del 
Higado Governing Boards, considered the pSWE/
ARFI or 2D-SWE alternative techniques, for the 
staging of fibrosis. Ferraioli et al[75] outlined that these 
techniques can be utilised to evaluate the severity of 
hepatic fibrosis in patients with chronic viral hepatitis, 
particularly with HCV. Nonetheless, the evidence that is 
available is still limited, and quality criteria for correct 
interpretation are not yet well defined.

Poynard et al[34] assessed the performance of a 
new test, the Elasto-FT® (EFT), that combines FT® and 
liver stiffness measurement because they are the most 
well-validated methods for the non-invasive evaluation 
of fibrosis in HCV patients. The performance of EFT for 
the detection of cirrhosis is higher than that of FT or 
FibroScan® alone, but no improvement in performance 
was observed for the diagnosis of advanced fibrosis.

magNeTIC ResONaNCe elasTOgRa-
phy
It is well established that “conventional” MR imaging is 
not accurate in the diagnosis of the pre-cirrhotic stages 
of liver fibrosis and early cirrhosis. In MR images, 
hepatic parenchyma appears to be normal. However, 
the use of contrast agents may improve the detection 
of fibrosis[76]. In particular, double contrast-enhanced 
MR imaging generates high image contrast between 
the low-signal-intensity fibrotic reticulations. The main 
disadvantage of this method is the high cost and the 
need to use two contrasts[76].

MR elastography is a new method that quantifies 
the liver stiffness with a sufficient reproducibility 
and high diagnostic accuracy for staging liver 
fibrosis[77,78]. Ichikawa et al[79] compared the ability 
of MR elastography and serum fibrosis markers 
to discriminate each stage of fibrosis. They found 
that the mean liver stiffness value increased as the 

liver fibrosis stage progressed. In comparison with 
TE, the advantage of MR elastography is that this 
technique visualises the whole liver and does not 
require a precise acoustic window. Its main limitations 
are high costs and the interference of potential 
confounding factors such us hepatic inflammation[80], 
hepatic vascular congestion, cholestasis, and portal 
hypertension[76]. Although steatosis itself might not 
affect stiffness measurements, fat deposition can 
cause inflammation, with a consequent increase in 
hepatic stiffness[80].

In addition, as it is for transhepatic elastometry, a 
meal can affect the accuracy of stiffness measurements. 

WheRe We aRe 
The results of several studies show that non-invasive 
methods are becoming increasingly precise in pre-
dicting non-significant and advanced liver fibrosis, 
reducing the need for liver biopsy in a relevant number 
of patients. However, when both serum markers 
and TE values fall, liver biopsy may be still needed. 
Recently, the guidelines on the management of HCV 
infected patients produced by the World Health 
Organization and addressed to healthcare providers in 
resource-limited settings (in low- and middle-income 
countries)[81] suggested that the APRI or FIB-4 tests 
could be utilised for the evaluation of liver fibrosis 
rather than other, more expensive non-invasive tests, 
such as elastography or FT. The FIB-4 index permitted 
the correct detection of severe fibrosis (METAVIR 
F3-F4), in particular an FIB-4 index higher than 3.25 is 
able to confirm the presence of fibrosis, with a positive 
predictive value of 82.1%, and an FIB-4 index lower 
than 1.45 had a negative predictive value of 94.7% 
to exclude severe fibrosis (F3-F4)[25]. The staging of 
fibrosis is very important in resource-limited settings. 
In this case, it may be utilised to prioritise antiviral 
therapy for patients with more advanced disease. In 
many high-income countries, all HCV infected patients, 
who do not have a contraindication for treatment, are 
considered eligible for therapy. Among the techniques 
developed to assess liver fibrosis stage, TE has been 
the most widely evaluated. The main limits for its use 
include the high cost of the equipment and the need 
for regular recalibration and trained operators. 

A public healthcare-based approach to ameliorate 
access to health care for HCV patients could result 
in improved medical care in many resource-limited 
settings.

RefeReNCes
1 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115: 

209-218 [PMID: 15690074 DOI: 10.1172/JCI200524282]
2 Cheng WS, Roberts SK, McCaughan G, Sievert W, Weltman M, 

Crawford D, Rawlinson W, Marks PS, Thommes J, Rizkalla B, 
Yoshihara M, Dore GJ. Low virological response and high relapse 
rates in hepatitis C genotype 1 patients with advanced fibrosis 

1717 January 28, 2016|Volume 22|Issue 4|WJG|www.wjgnet.com

Stasi C et al . Non-invasive assessment of liver fibrosis



despite adequate therapeutic dosing. J Hepatol 2010; 53: 616-623 
[PMID: 20619475 DOI: 10.1016/j.jhep.2010.04.024]

3 McHutchison JG, Lawitz EJ, Shiffman ML, Muir AJ, Galler 
GW, McCone J, Nyberg LM, Lee WM, Ghalib RH, Schiff ER, 
Galati JS, Bacon BR, Davis MN, Mukhopadhyay P, Koury K, 
Noviello S, Pedicone LD, Brass CA, Albrecht JK, Sulkowski MS. 
Peginterferon alfa-2b or alfa-2a with ribavirin for treatment of 
hepatitis C infection. N Engl J Med 2009; 361: 580-593 [PMID: 
19625712 DOI: 10.1056/NEJMoa0808010]

4 Bruno S, Crosignani A, Facciotto C, Rossi S, Roffi L, Redaelli A, 
de Franchis R, Almasio PL, Maisonneuve P. Sustained virologic 
response prevents the development of esophageal varices in 
compensated, Child-Pugh class A hepatitis C virus-induced 
cirrhosis. A 12-year prospective follow-up study. Hepatology 2010; 
51: 2069-2076 [PMID: 20196120 DOI: 10.1002/hep.23528]

5 Stasi C, Piluso A, Arena U, Salomoni E, Montalto P, Monti M, 
Boldrini B, Corti G, Marra F, Laffi G, Milani S, Zignego AL. 
Evaluation of the prognostic value of liver stiffness in patients with 
hepatitis C virus treated with triple or dual antiviral therapy: A 
prospective pilot study. World J Gastroenterol 2015; 21: 3013-3019 
[PMID: 25780300 DOI: 10.3748/wjg.v21.i10.3013]

6 European Association for the Study of the Liver. EASL Clinical 
Practice Guidelines: management of hepatitis C virus infection. 
J Hepatol 2011; 55: 245-264 [PMID: 21371579 DOI: 10.1016/
j.jhep.2011.02.023]

7 Toccaceli F, Laghi V, Capurso L, Koch M, Sereno S, Scuderi 
M. Long-term liver histology improvement in patients with 
chronic hepatitis C and sustained response to interferon. J Viral 
Hepat 2003; 10: 126-133 [PMID: 12614469 DOI: 10.1046/
j.1365-2893.2003.00403.x]

8 Casado JL, Quereda C, Moreno A, Pérez-Elías MJ, Martí-Belda 
P, Moreno S. Regression of liver fibrosis is progressive after 
sustained virological response to HCV therapy in patients with 
hepatitis C and HIV coinfection. J Viral Hepat 2013; 20: 829-837 
[PMID: 24304452 DOI: 10.1111/jvh.12108.]

9 Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz 
N, Kiernan TW, Wollman J. Formulation and application of a 
numerical scoring system for assessing histological activity in 
asymptomatic chronic active hepatitis. Hepatology 1981; 1: 
431-435 [PMID: 7308988]

10 Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, 
Denk H, Desmet V, Korb G, MacSween RN. Histological grading 
and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699 
[PMID: 7560864 DOI: 10.1016/0168-8278(95)80226-6]

11 Bedossa P, Poynard T. An algorithm for the grading of activity 
in chronic hepatitis C. The METAVIR Cooperative Study Group. 
Hepatology 1996; 24: 289-293 [PMID: 8690394 DOI: 10.1002/
hep.510240201]

12 Saxena R. Special Stains in Interpretation of Liver Biopsies.  
Available from: URL: http://www.dako.com/28829_2010_conn14_ 
special_stains_interpretation_liver_biopsies_saxena.pdf.

13 Ionescu AG, Streba LA, Vere CC, Ciurea ME, Streba CT, Ionescu 
M, Comănescu M, Irimia E, Rogoveanu O. Histopathological and 
immunohistochemical study of hepatic stellate cells in patients 
with viral C chronic liver disease. Rom J Morphol Embryol 2013; 
54: 983-991 [PMID: 24398994]

14 Cadranel JF, Rufat P, Degos F. Practices of liver biopsy in France: 
results of a prospective nationwide survey. For the Group of 
Epidemiology of the French Association for the Study of the Liver 
(AFEF). Hepatology 2000; 32: 477-481 [PMID: 10960438]

15 Piccinino F, Sagnelli E, Pasquale G, Giusti G. Complications 
following percutaneous liver biopsy. A multicentre retrospective 
study on 68,276 biopsies. J Hepatol 1986; 2: 165-173 [PMID: 
3958472]

16 Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG, 
Pyrsopoulos NT, Feng ZZ, Reddy KR, Schiff ER. Sampling error 
and intraobserver variation in liver biopsy in patients with chronic 
HCV infection. Am J Gastroenterol 2002; 97: 2614-2618 [PMID: 
12385448]

17 Rohde H, Vargas L, Hahn E, Kalbfleisch H, Bruguera M, Timpl 

R. Radioimmunoassay for type III procollagen peptide and its 
application to human liver disease. Eur J Clin Invest 1979; 9: 
451-459 [PMID: 119643]

18 Stasi C, Arena U, Vizzutti F, Zignego AL, Monti M, Laffi G, Corti 
G, Pinzani M. Transient elastography for the assessment of liver 
fibrosis in patients with chronic viral hepatitis: the missing tool? 
Dig Liver Dis 2009; 41: 863-866 [PMID: 19482565 DOI: 10.1016/
j.dld.2009.04.002]

19 Su LN, Guo SL, Li BX, Yang P. Diagnostic value of magnetic 
resonance elastography for detecting and staging of hepatic 
fibrosis: a meta-analysis. Clin Radiol 2014; 69: e545-e552 [PMID: 
25300557 DOI: 10.1016/j.crad.2014.09.001]

20 Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, 
Conjeevaram HS, Lok AS. A simple noninvasive index can predict 
both significant fibrosis and cirrhosis in patients with chronic 
hepatitis C. Hepatology 2003; 38: 518-526 [PMID: 12883497 DOI: 
10.1053/jhep.2003.50346]

21 Forns X, Ampurdanès S, Llovet JM, Aponte J, Quintó L, Martínez-
Bauer E, Bruguera M, Sánchez-Tapias JM, Rodés J. Identification 
of chronic hepatitis C patients without hepatic fibrosis by a 
simple predictive model. Hepatology 2002; 36: 986-992 [PMID: 
12297848 DOI: 10.1053/jhep.2002.36128]

22 Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou 
Y, Poynard T. Biochemical markers of liver fibrosis in patients 
with hepatitis C virus infection: a prospective study. Lancet 
2001; 357: 1069-1075 [PMID: 11297957 DOI: 10.1016/
S0140-6736(00)04258-6]

23 Lok AS, Ghany MG, Goodman ZD, Wright EC, Everson GT, 
Sterling RK, Everhart JE, Lindsay KL, Bonkovsky HL, Di 
Bisceglie AM, Lee WM, Morgan TR, Dienstag JL, Morishima C. 
Predicting cirrhosis in patients with hepatitis C based on standard 
laboratory tests: results of the HALT-C cohort. Hepatology 2005; 
42: 282-292 [PMID: 15986415 DOI: 10.1002/hep.20772]

24 Koda M, Matunaga Y, Kawakami M, Kishimoto Y, Suou T, 
Murawaki Y. FibroIndex, a practical index for predicting significant 
fibrosis in patients with chronic hepatitis C. Hepatology 2007; 45: 
297-306 [PMID: 17256741 DOI: 10.1002/hep.21520]

25 Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, 
Dhalluin-Venier V, Fontaine H, Pol S. FIB-4: an inexpensive and 
accurate marker of fibrosis in HCV infection. comparison with 
liver biopsy and fibrotest. Hepatology 2007; 46: 32-36 [PMID: 
17567829 DOI: 10.1002/hep.21669]

26 Castéra L, Sebastiani G, Le Bail B, de Lédinghen V, Couzigou P, 
Alberti A. Prospective comparison of two algorithms combining 
non-invasive methods for staging liver fibrosis in chronic hepatitis 
C. J Hepatol 2010; 52: 191-198 [PMID: 20006397 DOI: 10.1016/
j.jhep.2009.11.008]

27 Bota S, Sirli R, Sporea I, Focsa M, Popescu A, Danila M, Strain 
M, Sendroiu M, Deleanu A, Dan I. A new scoring system for 
prediction of fibrosis in chronic hepatitis C. Hepat Mon 2011; 11: 
548-555 [PMID: 22087193]

28 Sirli R, Sporea I, Bota S, Popescu A, Cornianu M. A comparative 
study of non-invasive methods for fibrosis assessment in chronic 
HCV infection. Hepat Mon 2010; 10: 88-94 [PMID: 22312379]

29 Liu S, Schwarzinger M, Carrat F, Goldhaber-Fiebert JD. Cost 
effectiveness of fibrosis assessment prior to treatment for chronic 
hepatitis C patients. PLoS One 2011; 6: e26783 [PMID: 22164204]

30 Boursier J, Bertrais S, Oberti F, Gallois Y, Fouchard-Hubert I, 
Rousselet MC, Zarski JP, Calès P. Comparison of accuracy of 
fibrosis degree classifications by liver biopsy and non-invasive 
tests in chronic hepatitis C. BMC Gastroenterol 2011; 11: 132 
[PMID: 22129438 DOI: 10.1186/1471-230X-11-132.]

31 Calès P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet 
MC, Konaté A, Gallois Y, Ternisien C, Chevailler A, Lunel F. A 
novel panel of blood markers to assess the degree of liver fibrosis. 
Hepatology 2005; 42: 1373-1381 [PMID: 16317693 DOI: 10.1002/
hep.20935]

32 Calès P, Boursier J, Bertrais S, Oberti F, Gallois Y, Fouchard-
Hubert I, Dib N, Zarski JP, Rousselet MC. Optimization and 
robustness of blood tests for liver fibrosis and cirrhosis. Clin 

1718 January 28, 2016|Volume 22|Issue 4|WJG|www.wjgnet.com

Stasi C et al . Non-invasive assessment of liver fibrosis



Biochem 2010; 43: 1315-1322 [PMID: 20713037 DOI: 10.1016/
j.clinbiochem.2010.08.010.]

33 Ichino N, Osakabe K, Nishikawa T, Sugiyama H, Kato M, 
Kitahara S, Hashimoto S, Kawabe N, Harata M, Nitta Y, Murao 
M, Nakano T, Arima Y, Shimazaki H, Suzuki K, Yoshioka K. A 
new index for non-invasive assessment of liver fibrosis. World 
J Gastroenterol 2010; 16: 4809-4816 [PMID: 20939109 DOI: 
10.3748/wjg.v16.i38.4809]

34 Poynard T, de Ledinghen V, Zarski JP, Stanciu C, Munteanu M, 
Vergniol J, France J, Trifan A, Lenaour G, Vaillant JC, Ratziu V, 
Charlotte F. Performances of Elasto-FibroTest(®), a combination 
between FibroTest(®) and liver stiffness measurements for 
assessing the stage of liver fibrosis in patients with chronic 
hepatitis C. Clin Res Hepatol Gastroenterol 2012; 36: 455-463 
[PMID: 22959098 DOI: 10.1016/j.clinre.2012.08.002]

35 Crisan D, Radu C, Grigorescu MD, Lupsor M, Feier D, Grigorescu 
M. Prospective non-invasive follow-up of liver fibrosis in patients 
with chronic hepatitis C. J Gastrointestin Liver Dis 2012; 21: 
375-382 [PMID: 23256120]

36 Poynard T, Moussalli J, Munteanu M, Thabut D, Lebray P, 
Rudler M, Ngo Y, Thibault V, Mkada H, Charlotte F, Bismut FI, 
Deckmyn O, Benhamou Y, Valantin MA, Ratziu V, Katlama C. 
Slow regression of liver fibrosis presumed by repeated biomarkers 
after virological cure in patients with chronic hepatitis C. J 
Hepatol 2013; 59: 675-683 [PMID: 23712051 DOI: 10.1016/
j.jhep.2013.05.015.]

37 Inagaki Y, Okazaki I. Emerging insights into Transforming growth 
factor beta Smad signal in hepatic fibrogenesis. Gut 2007; 56: 
284-292 [PMID: 17303605]

38 Liu T, Wang X, Karsdal MA, Leeming DJ, Genovese F. Molecular 
serum markers of liver fibrosis. Biomark Insights 2012; 7: 105-117 
[PMID: 22872786 DOI: 10.4137/BMI.S10009]

39 Erzin Y, Uzun H, Karatas A, Celik AF. Serum YKL-40 as a marker 
of disease activity and stricture formation in patients with Crohn’
s disease. J Gastroenterol Hepatol 2008; 23: e357-e362 [PMID: 
17725598 DOI: 10.1111/j.1440-1746.2007.05121.x]

40 Saitou Y, Shiraki K, Yamanaka Y, Yamaguchi Y, Kawakita T, 
Yamamoto N, Sugimoto K, Murata K, Nakano T. Noninvasive 
estimation of liver fibrosis and response to interferon therapy 
by a serum fibrogenesis marker, YKL-40, in patients with HCV-
associated liver disease. World J Gastroenterol 2005; 11: 476-481 
[PMID: 15641129 DOI: 10.3748/wjg.v11.i4.476]

41 Berres ML, Papen S, Pauels K, Schmitz P, Zaldivar MM, 
Hellerbrand C, Mueller T, Berg T, Weiskirchen R, Trautwein C, 
Wasmuth HE. A functional variation in CHI3L1 is associated 
with severity of liver fibrosis and YKL-40 serum levels in chronic 
hepatitis C infection. J Hepatol 2009; 50: 370-376 [PMID: 
19070929 DOI: 10.1016/j.jhep.2008.09.016]

42 Fontana RJ, Litman HJ, Dienstag JL, Bonkovsky HL, Su G, 
Sterling RK, Lok AS. YKL-40 genetic polymorphisms and the 
risk of liver disease progression in patients with advanced fibrosis 
due to chronic hepatitis C. Liver Int 2012; 32: 665-674 [PMID: 
22103814 DOI: 10.1111/j.1478-3231.2011.02686.x]

43 Friedrich-Rust M, Rosenberg W, Parkes J, Herrmann E, Zeuzem 
S, Sarrazin C. Comparison of ELF, FibroTest and FibroScan for the 
non-invasive assessment of liver fibrosis. BMC Gastroenterol 2010; 
10: 103 [PMID: 20828377 DOI: 10.1186/1471-230X-10-103]

44 Lichtinghagen R, Pietsch D, Bantel H, Manns MP, Brand K, Bahr 
MJ. The Enhanced Liver Fibrosis (ELF) score: normal values, 
influence factors and proposed cut-off values. J Hepatol 2013; 59: 
236-242 [PMID: 23523583 DOI: 10.1016/j.jhep.2013.03.016]

45 Gangadharan B, Bapat M, Rossa J, Antrobus R, Chittenden 
D, Kampa B, Barnes E, Klenerman P, Dwek RA, Zitzmann N. 
Discovery of novel biomarker candidates for liver fibrosis in 
hepatitis C patients: a preliminary study. PLoS One 2012; 7: 
e39603 [PMID: 22761838 DOI: 10.1371/journal.pone.0039603]

46 Zarski JP, Sturm N, Guechot J, Zafrani ES, Vaubourdolle M, 
Thoret S, Margier J, David-Tchouda S, Bosson JL. Contribution 
of the ELFG test in algorithms of non-invasive markers towards 
the diagnosis of significant fibrosis in chronic hepatitis C. PLoS 

One 2013; 8: e59088 [PMID: 23555619 DOI: 10.1371/journal.
pone.0059088.]

47 Martinez SM, Fernández-Varo G, González P, Sampson E, 
Bruguera M, Navasa M, Jiménez W, Sánchez-Tapias JM, Forns 
X. Assessment of liver fibrosis before and after antiviral therapy 
by different serum marker panels in patients with chronic hepatitis 
C. Aliment Pharmacol Ther 2011; 33: 138-148 [PMID: 21083589 
DOI: 10.1111/j.1365-2036.2010.04500.x]

48 Fontana RJ, Dienstag JL, Bonkovsky HL, Sterling RK, 
Naishadham D, Goodman ZD, Lok AS, Wright EC, Su GL. Serum 
fibrosis markers are associated with liver disease progression in 
non-responder patients with chronic hepatitis C. Gut 2010; 59: 
1401-1409 [PMID: 20675691 DOI: 10.1136/gut.2010.207423.]

49 Fontana RJ, Bonkovsky HL, Naishadham D, Dienstag JL, Sterling 
RK, Lok AS, Su GL. Serum fibrosis marker levels decrease after 
successful antiviral treatment in chronic hepatitis C patients with 
advanced fibrosis. Clin Gastroenterol Hepatol 2009; 7: 219-226 
[PMID: 19068241 DOI: 10.1016/j.cgh.2008.10.034]

50 Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, 
Haaser M, Darriet M, Couzigou P, De Lédinghen V. Prospective 
comparison of transient elastography, Fibrotest, APRI, and liver 
biopsy for the assessment of fibrosis in chronic hepatitis C. 
Gastroenterology 2005; 128: 343-350 [PMID: 15685546 DOI: 
10.1053/j.gastro.2004.11.018]

51 Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, 
Kazemi F, de Lédinghen V, Marcellin P, Dhumeaux D, Trinchet 
JC, Beaugrand M. Noninvasive assessment of liver fibrosis by 
measurement of stiffness in patients with chronic hepatitis C. 
Hepatology 2005; 41: 48-54 [PMID: 15690481 DOI: 10.1002/
hep.20506]

52 Carrión JA, Navasa M, Bosch J, Bruguera M, Gilabert R, Forns 
X. Transient elastography for diagnosis of advanced fibrosis and 
portal hypertension in patients with hepatitis C recurrence after 
liver transplantation. Liver Transpl 2006; 12: 1791-1798 [PMID: 
16823833 DOI: 10.1002/lt.20857]

53 Foucher J, Chanteloup E, Vergniol J, Castéra L, Le Bail B, 
Adhoute X, Bertet J, Couzigou P, de Lédinghen V. Diagnosis of 
cirrhosis by transient elastography (FibroScan): a prospective 
study. Gut 2006; 55: 403-408 [PMID: 16020491 DOI: 10.1136/
gut.2005.069153]

54 Gómez-Domínguez E, Mendoza J, Rubio S, Moreno-Monteagudo 
JA, García-Buey L, Moreno-Otero R. Transient elastography: a 
valid alternative to biopsy in patients with chronic liver disease. 
Aliment Pharmacol Ther 2006; 24: 513-518 [PMID: 16886917 
DOI: 10.1111/j.1365-2036.2006.02999.x]

55 Kim KM, Choi WB, Park SH, Yu E, Lee SG, Lim YS, Lee 
HC, Chung YH, Lee YS, Suh DJ. Diagnosis of hepatic steatosis 
and fibrosis by transient elastography in asymptomatic healthy 
individuals: a prospective study of living related potential liver 
donors. J Gastroenterol 2007; 42: 382-388 [PMID: 17530363]

56 Arena U, Vizzutti F, Abraldes JG, Corti G, Stasi C, Moscarella S, 
Milani S, Lorefice E, Petrarca A, Romanelli RG, Laffi G, Bosch 
J, Marra F, Pinzani M. Reliability of transient elastography for the 
diagnosis of advanced fibrosis in chronic hepatitis C. Gut 2008; 57: 
1288-1293 [PMID: 18448567 DOI: 10.1136/gut.2008.149708]

57 Ferraioli G, Tinelli C, Dal Bello B, Zicchetti M, Lissandrin R, 
Filice G, Filice C, Above E, Barbarini G, Brunetti E, Calderon W, 
Di Gregorio M, Gulminetti R, Lanzarini P, Ludovisi S, Maiocchi 
L, Malfitano A, Michelone G, Minoli L, Mondelli M, Novati S, 
Patruno SF, Perretti A, Poma G, Sacchi P, Zanaboni D, Zaramella 
M. Performance of liver stiffness measurements by transient 
elastography in chronic hepatitis. World J Gastroenterol 2013; 19: 
49-56 [PMID: 23326162 DOI: 10.3748/wjg.v19.i1.49]

58 Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E, 
Davidson BR, Burroughs AK. Elastography for the diagnosis 
of severity of fibrosis in chronic liver disease: a meta-analysis 
of diagnostic accuracy. J Hepatol 2011; 54: 650-659 [PMID: 
21146892 DOI: 10.1016/j.jhep.2010.07.033.]

59 Isgro G, Calvaruso V, Andreana L, Luong TV, Garcovich M, 
Manousou P, Alibrandi A, Maimone S, Marelli L, Davies N, Patch 

1719 January 28, 2016|Volume 22|Issue 4|WJG|www.wjgnet.com

Stasi C et al . Non-invasive assessment of liver fibrosis



D, Dhillon AP, Burroughs AK. The relationship between transient 
elastography and histological collagen proportionate area for 
assessing fibrosis in chronic viral hepatitis. J Gastroenterol 2013; 
48: 921-929 [PMID: 23124603 DOI: 10.1007/s00535-012-0694-9]

60 Calvaruso V, Burroughs AK, Standish R, Manousou P, Grillo F, 
Leandro G, Maimone S, Pleguezuelo M, Xirouchakis I, Guerrini 
GP, Patch D, Yu D, O’Beirne J, Dhillon AP. Computer-assisted 
image analysis of liver collagen: relationship to Ishak scoring and 
hepatic venous pressure gradient. Hepatology 2009; 49: 1236-1244 
[PMID: 19133646 DOI: 10.1002/hep.22745]

61 Mederacke I, Wursthorn K, Kirschner J, Rifai K, Manns MP, 
Wedemeyer H, Bahr MJ. Food intake increases liver stiffness 
in patients with chronic or resolved hepatitis C virus infection. 
Liver Int 2009; 29: 1500-1506 [PMID: 19732330 DOI: 10.1111/
j.1478-3231.2009.02100.x.]

62 Arena U, Lupsor Platon M, Stasi C, Moscarella S, Assarat A, 
Bedogni G, Piazzolla V, Badea R, Laffi G, Marra F, Mangia A, 
Pinzani M. Liver stiffness is influenced by a standardized meal in 
patients with chronic hepatitis C virus at different stages of fibrotic 
evolution. Hepatology 2013; 58: 65-72 [PMID: 23447459 DOI: 
10.1002/hep.26343.]

63 Ogawa E, Furusyo N, Toyoda K, Takeoka H, Maeda S, Hayashi J. 
The longitudinal quantitative assessment by transient elastography 
of chronic hepatitis C patients treated with pegylated interferon 
alpha-2b and ribavirin. Antiviral Res 2009; 83: 127-134 [PMID: 
19443053 DOI: 10.1016/j.antiviral.2009.04.002]

64 Arima Y, Kawabe N, Hashimoto S, Harata M, Nitta Y, Murao 
M, Nakano T, Shimazaki H, Kobayashi K, Ichino N, Osakabe K, 
Nishikawa T, Okumura A, Ishikawa T, Yoshioka K. Reduction of 
liver stiffness by interferon treatment in the patients with chronic 
hepatitis C. Hepatol Res 2010; 40: 383-392 [PMID: 20236358 
DOI: 10.1111/j.1872-034X.2009.00618.x]

65 Macías J, del Valle J, Rivero A, Mira JA, Camacho A, Merchante 
N, Pérez-Camacho I, Neukam K, Rivero-Juárez A, Mata R, Torre-
Cisneros J, Pineda JA. Changes in liver stiffness in patients with 
chronic hepatitis C with and without HIV co-infection treated with 
pegylated interferon plus ribavirin. J Antimicrob Chemother 2010; 
65: 2204-2211 [PMID: 20656678 DOI: 10.1093/jac/dkq272.]

66 Wang JH, Changchien CS, Hung CH, Tung WC, Kee KM, Chen 
CH, Hu TH, Lee CM, Lu SN. Liver stiffness decrease after effective 
antiviral therapy in patients with chronic hepatitis C: Longitudinal 
study using FibroScan. J Gastroenterol Hepatol 2010; 25: 964-969 
[PMID: 20546451 DOI: 10.1111/j.1440-1746.2009.06194.x]

67 Martinez SM, Foucher J, Combis JM, Métivier S, Brunetto 
M, Capron D, Bourlière M, Bronowicki JP, Dao T, Maynard-
Muet M, Lucidarme D, Merrouche W, Forns X, de Lédinghen V. 
Longitudinal liver stiffness assessment in patients with chronic 
hepatitis C undergoing antiviral therapy. PLoS One 2012; 7: 
e47715 [PMID: 23082200 DOI: 10.1371/journal.pone.0047715]

68 Stasi C, Arena U, Zignego AL, Corti G, Monti M, Triboli E, 
Pellegrini E, Renzo S, Leoncini L, Marra F, Laffi G, Milani S, 
Pinzani M. Longitudinal assessment of liver stiffness in patients 
undergoing antiviral treatment for hepatitis C. Dig Liver Dis 2013; 
45: 840-843 [PMID: 23660078 DOI: 10.1016/j.dld.2013.03.023.]

69 Andersen ES, Moessner BK, Christensen PB, Kjær M, Krarup 
H, Lillevang S, Weis N. Lower liver stiffness in patients with 
sustained virological response 4 years after treatment for chronic 
hepatitis C. Eur J Gastroenterol Hepatol 2011; 23: 41-44 [PMID: 
21079513 DOI: 10.1097/MEG.0b013e328341b891]

70 Stasi C, Triboli E, Arena U, Urraro T, Petrarca A, Gragnani L, 
Laffi G, Zignego AL. Assessment of liver stiffness in patients 

with HCV and mixed cryoglobulinemia undergoing rituximab 
treatment. J Transl Med 2014; 12: 21 [PMID: 24456582 DOI: 
10.1186/1479-5876-12-21]

71 Nightingale K, Soo MS, Nightingale R, Trahey G. Acoustic 
radiation force impulse imaging: in vivo demonstration of clinical 
feasibility. Ultrasound Med Biol 2002; 28: 227-235 [PMID: 
11937286 DOI: 10.1016/S0301-5629(01)00499-9]

72 Muller M, Gennisson JL, Deffieux T, Tanter M, Fink M. 
Quantitative viscoelasticity mapping of human liver using 
supersonic shear imaging: preliminary in vivo feasibility study. 
Ultrasound Med Biol 2009; 35: 219-229 [PMID: 19081665 DOI: 
10.1016/j.ultrasmedbio.2008.08.018]

73 Sporea I, Bota S, Peck-Radosavljevic M, Sirli R, Tanaka H, 
Iijima H, Badea R, Lupsor M, Fierbinteanu-Braticevici C, 
Petrisor A, Saito H, Ebinuma H, Friedrich-Rust M, Sarrazin 
C, Takahashi H, Ono N, Piscaglia F, Borghi A, D’Onofrio M, 
Gallotti A, Ferlitsch A, Popescu A, Danila M. Acoustic Radiation 
Force Impulse elastography for fibrosis evaluation in patients 
with chronic hepatitis C: an international multicenter study. Eur 
J Radiol 2012; 81: 4112-4118 [PMID: 23000186 DOI: 10.1016/
j.ejrad.2012.08.018.]

74 European Association for Study of Liver; Asociacion Latino-
americana para el Estudio del Higado. EASL-ALEH Clinical 
Practice Guidelines: Non-invasive tests for evaluation of liver 
disease severity and prognosis. J Hepatol 2015; 63: 237-264 
[PMID: 25911335 DOI: 10.1016/j.jhep.2015.04.006]

75 Ferraioli G, Filice C, Castera L, Choi BI, Sporea I, Wilson SR, 
Cosgrove D, Dietrich CF, Amy D, Bamber JC, Barr R, Chou YH, 
Ding H, Farrokh A, Friedrich-Rust M, Hall TJ, Nakashima K, 
Nightingale KR, Palmeri ML, Schafer F, Shiina T, Suzuki S, Kudo 
M. WFUMB guidelines and recommendations for clinical use of 
ultrasound elastography: Part 3: liver. Ultrasound Med Biol 2015; 
41: 1161-1179 [PMID: 25800942 DOI: 10.1016/j.ultrasmedbio.20
15.03.007]

76 Faria SC, Ganesan K, Mwangi I, Shiehmorteza M, Viamonte 
B, Mazhar S, Peterson M, Kono Y, Santillan C, Casola G, 
Sirlin CB. MR imaging of liver fibrosis: current state of the art. 
Radiographics 2009; 29: 1615-1635 [PMID: 19959511 DOI: 
10.1148/rg.296095512.]

77 Shire NJ, Yin M, Chen J, Railkar RA, Fox-Bosetti S, Johnson SM, 
Beals CR, Dardzinski BJ, Sanderson SO, Talwalkar JA, Ehman 
RL. Test-retest repeatability of MR elastography for noninvasive 
liver fibrosis assessment in hepatitis C. J Magn Reson Imaging 
2011; 34: 947-955 [PMID: 21751289 DOI: 10.1002/jmri.22716]

78 Motosugi U, Ichikawa T, Sano K, Sou H, Muhi A, Koshiishi 
T, Ehman RL, Araki T. Magnetic resonance elastography of the 
liver: preliminary results and estimation of inter-rater reliability. 
Jpn J Radiol 2010; 28: 623-627 [PMID: 20972864 DOI: 10.1007/
s11604-010-0478-1]

79 Ichikawa S, Motosugi U, Ichikawa T, Sano K, Morisaka H, 
Enomoto N, Matsuda M, Fujii H, Araki T. Magnetic resonance 
elastography for staging liver fibrosis in chronic hepatitis C. Magn 
Reson Med Sci 2012; 11: 291-297 [PMID: 23269016]

80 Chen J, Talwalkar JA, Yin M, Glaser KJ, Sanderson SO, Ehman 
RL. Early detection of nonalcoholic steatohepatitis in patients 
with nonalcoholic fatty liver disease by using MR elastography. 
Radiology 2011; 259: 749-756 [PMID: 21460032 DOI: 10.1148/
radiol.11101942.]

81 World Health Organization. Guidelines for the screening care 
and treatment of persons with hepatitis C infection. 2014. Available 
from: URL: http://apps.who.int/iris/bitstream/10665/111747/1/
9789241548755_eng.pdf?ua=1&ua=1

P- Reviewer: Gassler N, Lakatos PL    S- Editor: Gong ZM    
L- Editor: A    E- Editor: Zhang DN

1720 January 28, 2016|Volume 22|Issue 4|WJG|www.wjgnet.com

Stasi C et al . Non-invasive assessment of liver fibrosis



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9   7 7 1 0  07   9 3 2 0 45

0  4


