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Abstract
Chronic hepatitis B and C together with alcoholic and 
non-alcoholic fatty liver diseases represent the major 
causes of progressive liver disease that can eventually 
evolve into cirrhosis and its end-stage complications, 
including decompensation, bleeding and liver cancer. 
Formation and accumulation of fibrosis in the liver 
is the common pathway that leads to an evolutive 
liver disease. Precise definition of liver fibrosis stage 
is essential for management of the patient in clinical 
practice since the presence of bridging fibrosis 
represents a strong indication for antiviral therapy for 
chronic viral hepatitis, while cirrhosis requires a specific 
follow-up including screening for esophageal varices 
and hepatocellular carcinoma. Liver biopsy has always 
represented the standard of reference for assessment 
of hepatic fibrosis but it has some limitations being 
invasive, costly and prone to sampling errors. Recently, 
blood markers and instrumental methods have been 
proposed for the non-invasive assessment of liver 
fibrosis. However, there are still some doubts as to their 
implementation in clinical practice and a real consensus 
on how and when to use them is not still available. This 
is due to an unsatisfactory accuracy for some of them, 
and to an incomplete validation for others. Some studies 
suggest that performance of non-invasive methods 
for liver fibrosis assessment may increase when they 
are combined. Combination algorithms of non-invasive 
methods for assessing liver fibrosis may represent 

a rational and reliable approach to implement non-
invasive assessment of liver fibrosis in clinical practice 
and to reduce rather than abolish liver biopsies.
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INTRODUCTION
Chronic liver diseases (CLDs) represent a major cause of  
morbidity and mortality worldwide. The major etiologies 
are chronic infection with hepatitis B (HBV) and C 
(HCV) viruses, and alcoholic and non-alcoholic fatty 
liver disease. Chronic hepatitis B and C are the leading 
causes of  cirrhosis and of  hepatocellular carcinoma 
(HCC) worldwide. Approximately 400 million people are 
chronically infected with HBV and 25%-40% of  them die 
of  cirrhosis and of  its end-stage complications[1]. HBV 
is the most important carcinogen after tobacco and the 
incidence of  HCC is 300 000 cases per year[2]. Chronic 
hepatitis C is a major health concern with around 200 
million individuals affected worldwide, with a greater 
prevalence in Western countries[3]. Natural history studies 
indicate that advanced fibrosis and cirrhosis develop in 
about 20%-40% of  patients with chronic viral hepatitis[4,5]. 
Alcoholic liver disease (ALD) is one of  the leading 
causes of  end-stage CLD. It is well established that only 
a minority of  heavy drinkers, estimated at between 10% 
and 30%, will ever develop advanced ALD and that the 
risk increases with cumulative alcohol intake[6,7]. Non-
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alcoholic fatty liver disease (NAFLD) has become the 
most common cause of  chronic liver disease and impaired 
liver function in industrialized countries, where 10%-23% 
of  the adult population is estimated to be affected[8,9]. The 
disease has a spectrum ranging from fatty liver alone to 
non-alcoholic steatohepatitis (NASH), and progressive 
steatofibrosis. Many cases of  cryptogenic cirrhosis 
may be end-stage forms of  NASH[10]. Hepatic steatosis 
is currently considered a manifestation of  metabolic 
syndrome[11,12], which is defined as an association of  at 
least 3 of  the following disturbances: insulin resistance, 
central obesity, arterial hypertension, and dyslipidemia, 
whether hypertriglyceridemia or low HDL-cholesterol 
levels. Only a percentage of  individuals with liver steatosis 
progress to more advanced stages of  the disease[8-10]. 
The pathogenesis of  NAFLD and the reasons why 
some patients with fatty liver develop NASH and have 
progressive liver disease are not entirely understood. The 
most widely supported theory implicates insulin resistance 
as the key mechanism in NAFLD, leading to hepatic 
steatosis, and perhaps also to NASH. Obesity, type 2 
diabetes, hyperlipidemia and other conditions associated 
with insulin resistance are generally present in patients with 
NAFLD[11,12]. A “two-hit” hypothesis has been proposed, 
involving the accumulation of  fat in the liver (“first hit”), 
together with a “second hit” that produces oxidative stress. 
Hepatic steatosis has been recognised as the first of  two 
hits in the pathogenesis of  NASH, since the presence of  
oxidizable fat within the liver is enough to trigger lipid 
peroxidation[13]. However, many patients with fatty liver 
do not progress to steatohepatitis. Potential second hits 
for the evolution towards NASH include all mechanisms 
contributing to the development of  inflammation and 
fibrosis. The presumed factors initiating second hits 
are oxidative stress and subsequent lipid peroxidation, 
proinflammatory cytokines (principally tumour necrosis 
factor alpha), and hormones derived from adipose tissue 
(adipocytokines)[12]. The progression of  liver disease in 
CLDs presents with a common histopathological pathway 
which is the formation and accumulation of  fibrosis 
leading to the development of  progressive distortion of  
the hepatic architecture that is the hallmark of  evolution 
to cirrhosis. Liver fibrosis is the result of  chronic injury 
and it appears to play a direct role in the pathogenesis of  
hepatocellular dysfunction and portal hypertension[14,15]. 
Development of  fibrosis is a progressive process starting 
from minimal fibrosis limited to the portal tracts, followed 
by more extensive fibrosis with septa expanding into the 
liver parenchyma, which can form bridges between two 
portal tracts or portal tracts and central veins, eventually 
ending in complete cirrhotic nodules. In patients with 
CLDs precise definition of  the hepatic fibrosis stage is of  
paramount importance to evaluate the prognosis and the 
follow-up of  the hepatic disease and to decide the need for 
antiviral therapy in HBV and HCV chronic infections. In 
CLDs liver biopsy has always been the gold standard for 
evaluating presence, type and stage of  liver fibrosis and to 
characterize necroinflammation. This procedure, however, 
presents some limitations since it is invasive, costly and 
difficult to standardize. Recently, there has been increasing 

interest in non-invasive assessment of  liver fibrosis by 
using surrogate markers measurable in the peripheral 
blood or by using instrumental devices, but some concerns 
about their large-scale clinical use have been raised, based 
on their performance and validation. This article aims to 
review the current status of  the literature regarding non-
invasive assessment of  liver fibrosis in CLDs, considering 
its limitations and advantages. Finally, decisional algorithms 
to be applied to the most validated and reliable methods in 
clinical practice are here proposed. 

HISTOLOGICAL SYSTEMS TO STAGE 
LIVER FIBROSIS
Several semiquantitative scoring systems have been 
proposed to stage fibrosis and to grade necroinflammation 
in the liver. The Ishak’s system is a revised version of  the 
older histological activity index[16,17]. It describes grading 
and staging as two separate items and liver fibrosis is 
classified as absent (0), mild (1-2), moderate (3-4) and 
severe/cirrhosis (5-6). This classification system is mainly 
applied to hepatitis B and C. The METAVIR scoring 
system for staging has been frequently used in recent 
times particularly for chronic hepatitis C (Table 1)[18]. 
Brunt classification of  fibrosis assessment is generally 
used for NASH and it includes five stages: stage 0, no 
fibrosis; stage 1, zone 3 perisinusoidal or pericellular 
fibrosis, focally or extensively present; stage 2, zone 
3 perisinusoidal or pericellular fibrosis with focal or 
extensive periportal fibrosis; stage 3, zone 3 perisinusoidal 
or pericellular fibrosis and portal fibrosis with focal or 
extensive bridging fibrosis; stage 4, cirrhosis[19]. All these 
scoring systems have some limits, being semiquantitative, 
not linear and prone to intra- and inter-observer variation 
and to sampling variability.

LIVER BIOPSY: IS IT A GOLD OR A 
SILVER STANDARD?
Liver biopsy has long been the gold standard for staging of  
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Table 1  METAVIR and Ishak staging systems for liver fibrosis

Description METAVIR (F) Ishak (S)

No fibrosis 0 0
Portal fibrosis without septa 1 1-2
Portal fibrosis with few septa 2 3
Septal fibrosis without cirrhosis 3 4
Cirrhosis 4 5-6

Portal fibrosis is a stellate enlargement of portal tracts without any 
bridging fibrosis on the biopsy sample. Few septa means at least one 
fibrous septum on the core biopsy. Theoretically, a fibrous septum is a 
bridge of connective tissue between two portal tracts, a portal tract and 
a centrolobular vein, or between two centrolobular veins. Septal fibrosis 
means that the liver biopsy is crossed by several septa; the transition 
between F2 and F3 by METAVIR or S3 and S4 by Ishak begins when there 
are more fibrous septa than portal tracts without septa on the biopsy. 
Cirrhosis means that liver tissue is mutilated by nodular fibrosis that 
delineates hepatocytes nodules.



liver fibrosis in CLDs. Liver biopsy has the advantage of  
obtaining direct information not only about fibrosis, but 
also about many useful parameters, such as inflammation, 
necrosis, steatosis, iron or copper deposits. Furthermore, 
it allows the identification of  suspected or unexpected 
cofactors and comorbidities. However, biopsy is associated 
with potential morbidity and mortality and has several 
limitations (Table 2). A single liver biopsy provides 
static data but with no information on fibrogenesis and 
fibrolysis that characterise the dynamic processes related to 
extracellular matrix (ECM) metabolism. Moreover, many 
recent studies clearly indicate that liver biopsy is prone 
to sampling errors and may underestimate the amount 
of  liver fibrosis. Cirrhosis could be missed on a single 
blind percutaneous liver biopsy in 10%-30% of  cases[20,21]. 
When three different liver samples were analyzed, the 
percentage of  correct diagnoses increased from 80% to 
100%[22]. In more recent times, Regev et al[23] have shown 
that samples obtained from the right and left lobes of  
the liver during laparoscopy give different fibrosis staging 
in one third of  cases, with a concordance rate of  more 
than 90% between two experienced pathologists. Other 
studies have analyzed agreement/disagreement among 
pathologists. Although the use of  more standardized 
scoring systems, such as those of  the Ishak’s, METAVIR’s 
and Brunt’s classifications, has improved the inter-observer 
and intra-observer variability, there are still several factors 
that may significantly influence the reliability of  a liver 
biopsy. The size of  the liver sample is very important, 
especially if  we consider that a hepatic sample of  15 mm 
length represents 1/50 000 of  the whole parenchyma. 
Colloredo et al[24] have carefully analyzed the impact of  
the sample size on a correct staging of  liver fibrosis in 
patients with hepatitis C. By reducing progressively the 
dimensions of  the same liver biopsy, they reported that 
the smaller was the sample analyzed, the milder was the 
diagnosis made by the pathologist in relation to the stage 
of  fibrosis. Other studies have reported that the type and 
the size of  needle used are also important. The Tru-Cut 
needle was found to be superior to the Menghini needle, 
particularly for the diagnosis of  more advanced fibrosis[25]. 
The use of  a thicker needle ameliorates the accuracy of  the 
diagnosis but also implies an increased risk of  bleeding and 
perforation for the patient. Interestingly, Rousselet et al[26]  
reported that the degree of  experience of  the pathologist, 
as indicated by longer duration of  practice or belonging to 
an academic setting, may have an outstanding impact on 
the diagnostic interpretation of  liver biopsy, even higher 

than that determined by the one related to sample size. 
Another shortcoming of  liver biopsy is its cost. A cost-
benefit analysis showed that in the US the cost of  a liver 
biopsy is 1032 USD and it could rise to 2745 USD when 
complications occur[27].

LIVER BIOPSY: CONSENSUS AMONG 
PATHOLOGISTS?
Pathologists have tried to define the features (including 
length and number of  complete portal tracts) of  an 
adequate liver biopsy sample able to reduce the risk of  
misclassification of  liver fibrosis (Table 3). Some authors 
would suggest that an adequate liver biopsy sample should 
contain more than 5 portal tracts and be at least 15 mm 
in length[28,29]. Other studies reported a higher threshold 
for optimized accuracy. Guido and Rugge have produced 
a critical review of  the literature concerning the use of  
liver biopsy in chronic viral hepatitis[30]. They suggest 
that liver biopsy is very often flawed by unacceptable 
methodological limits and that a biopsy sample of   
20 mm or more containing at least 11 complete portal 
tracts should be considered reliable for adequate grading 
and staging. Other authors have recommended even 
bigger samples, up to 25 mm in length[31]. Scheuer has 
recently concluded that “bigger is better”[32].

LIVER BIOPSY: CONSENSUS AMONG 
CLINICIANS?
The pathologist’s need for obtaining a liver sample of  
adequate size is in contrast with the patient’s need for a 
procedure causing limited pain and risks. Liver biopsy 
may in fact be a risky procedure for some patients, 
particularly for those with more advanced liver fibrosis. 
Indeed, one third of  patients experience pain at the time 
of  the procedure, and the proportion of  0.3%-0.6% of  
cases presents with serious adverse events like bleeding 
and even death in decompensated cirrhosis[33]. A French 
survey which interviewed 1177 general practitioners 
concluded that liver biopsy may be refused by up to 
59% of  patients with hepatitis C and that 22% of  the 
physicians share the same concern for the invasiveness 
of  the procedure[34]. On this topic, a survey assessing the 
consensus among Italian hepatologists on when and how 
to take a liver biopsy in chronic hepatitis C showed great 
divergence in the management of  the same subgroup of  
patients[35]. A nationwide survey about assessment of  liver 
fibrosis in hepatitis C among French hepatologist showed 
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Table 2  Pros and Cons of liver biopsy in staging of hepatic 
fibrosis

PROS CONS

Staging of liver fibrosis Invasiveness (pain, bleeding)
Grade of necroinflammation Cost (hospitalization)
Steatosis (common in hepatitis C) Sampling errors
Iron overload (common in hepatitis C) Possibly refused by patient, 

concern of physician
Comorbidities (autoimmunity 
stigmates)

Static data, no information on 
fibrogenesis
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Table 3  Features of an adequate liver biopsy sample

Length (mm) Portal tracts (n°) Ref.

15   5 [28,29]

20 11 [30]

25 NA [31]

Bigger is better NA [32]

NA: Not available.



that liver biopsy was still systematically performed by 
only 4% of  respondents. Guidelines for the clinical use 
of  non-invasive methods for assessment of  liver fibrosis 
were required by 95% of  the respondents[36]. 

THE IDEAL NON-INVASIVE METHOD FOR 
LIVER FIBROSIS
In view of  all the shortcomings regarding liver biopsy, in 
the last decade clinical investigators have been searching 
for non-invasive methods for accurate information about 
liver fibrogenesis activity and fibrosis stage in patients with 
CLDs. Fibrosis is a structural change in the liver that ac-
companies chronic injury; fibrogenesis refers to the pro-
duction of  ECM. Fibrogenesis increases in response to 
injury and is essential to tissue repair. The key step in the 
pathophysiology of  liver fibrogenesis is the balance be-
tween ECM deposition and removal. An excess of  ECM 
produced after injury stimulates fibrolysis which is medi-
ated by several specific matrix metalloproteinases (MMPs). 
The hepatic stellate cells (HSCs) are the major source of  
ECM[14]. Guidelines and Recommendations indicate that 
staging of  liver fibrosis is the most important parameter 
for the definition of  prognosis and for the subsequent 
management of  the patient with CLD[37,38]. Natural history 
studies indicate that, if  only an insignificant rate of  pa-
tients without fibrosis will develop cirrhosis in the follow-
ing 5 years, this percentage goes up to 20% for cases with 
portal fibrosis and to more than 40% for cases with septal 
fibrosis[39]. Moreover, the decision whether to start an an-
tiviral therapy in cases of  chronic viral hepatitis is highly 
influenced by the staging of  liver fibrosis, since treatments 
are usually long, costly and cause side effects. Identifica-
tion of  patients with cirrhosis is essential to start screening 
for end-stage liver complications, including esophageal 
varices (OV) and HCC. International guidelines have de-
fined two stages of  liver fibrosis that significantly modify 
the management of  the patients in clinical practice[37,38]: (1) 
Significant fibrosis, defined as a liver fibrosis stage (F) ≥ 2 
according to METAVIR for hepatitis C or (S) ≥ 2 accord-
ing to Ishak for hepatitis B. Significant fibrosis is a defini-
tive indication to start antiviral therapy in chronic hepa-
titis B and in chronic hepatitis C due to difficult-to-treat 
genotypes (HCV-1 and HCV-4). For patients infected with 
HCV genotype 2 or 3 histological definition is not neces-
sary except for those cases with relative contraindications, 
not motivated or elderly age. The recent Italian Guidelines 
on the management of  chronic hepatitis B have underlined 
the importance of  the stage of  liver fibrosis not only in 
deciding who to treat, but also in deciding the first choice 
treatment: interferon for mild-moderate fibrosis and 
nucleoside/nucleotide analogues for cirrhosis, especially 
if  decompensated[38]. (2) Hepatic cirrhosis, defined as liver 
fibrosis stage of  (F) 4 by METAVIR and of  (S) 6 by Ishak. 
Cirrhosis, even when fully compensated and still clinically 
occult, requires a different and more specific management 
than simple chronic hepatitis, including screening for OV 
with annual gastroscopy and for HCC with ultrasound and 
alpha-fetoprotein every 6 mo. 

The ideal marker test would be able to accurately 
stage disease and also be sensitive to changes in fibrosis 
induced by the natural course of  disease progression 
or by therapy (Table 4). Non-invasive methods for 
detecting liver fibrosis may be divided in two main 
groups: markers measured in peripheral blood, which 
could be single parameters or panels combining more 
parameters, and a technical device that measures the liver 
stiffness through transient elastography (fibroscan). 

SERUM NON-INVASIVE MARKERS OF 
LIVER FIBROSIS
Among the proposed markers in the literature, some are 
directly linked to the modifications in ECM turnover 
occurring during fibrogenesis, the so-called “direct 
markers”, while others reflect alterations in hepatic 
function but do not directly reflect ECM metabolism, the 
so-called “indirect markers”[14,15]. The direct markers of  
liver fibrosis include several glycoproteins (hyaluronan, 
laminin, human cartilage glycoprotein 39), the collagens 
family (procollagen Ⅲ, type Ⅳ collagen), the collagenases 
and their inhibitors and a number of  cytokines connected 
with the fibrogenetic process (TGF-β1, TNF-α). These 
markers have a pathophysiologic rationale since they 
may be an expression of  either deposition or removal of  
ECM, thus giving information on its metabolism. They 
may potentially be used not only to stage liver fibrosis, 
but also to assess the speed of  liver fibrogenesis with the 
most relevant prognostic value, and also to estimate and 
monitor the efficacy of  and the response to antifibrotic 
drugs. A limitation to the clinical use of  direct markers 
of  liver fibrosis is that they are not routinely available in 
all hospital settings. The indirect markers of  liver fibrosis 
are biochemical parameters that are measurable in the 
peripheral blood. They are an indirect expression of  
liver damage and have a statistical association with liver 
fibrosis stage. While direct markers of  liver fibrosis reflect 
the process of  fibrogenesis, indirect markers satisfy the 
request for a simple and easy-to-perform marker. Both 
direct and indirect markers for liver fibrosis may be single 
or a combination of  parameters (Tables 5 and 6). Most 
of  them have been proposed and validated in chronic 
hepatitis C. Table 7 describes the accuracy of  various 
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Table 4  Features of the ideal non-invasive method for liver 
fibrosis

Reliable (high diagnostic accuracy)

Widely available (simple, least expensive)
Providing information on both fibrosis stage and fibrogenesis activity
Validated by large-scale studies
Validated by independent studies (different authors from the 
proposing study)
Validated in various etiologies of CLDs (HCV, HBV, ALD, NAFLD)
Identifying clinically important fibrosis stages (significant fibrosis and 
cirrhosis)

CLDs: Chronic liver diseases; ALD: Alcoholic liver disease; NAFLD: Non-
alcoholic fatty liver disease.
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serum non-invasive markers for liver fibrosis as reported 
in the literature. The performance of  non-invasive 
markers is usually expressed as sensitivity, specificity, 
positive and negative predictive values (PPV, NPV), 
accuracy, and compared area under the receiving operating 
characteristic curve (AUROC). 

Hyaluronic acid has been extensively studied in hepa-
titis C while few studies are available in other etiologies. 
Overall, a rather good accuracy of  this marker in the dif-
ferent CLDs has been reported for detection of  signifi-
cant fibrosis, with an AUROC ranging from a minimum 
of  0.82 to a very good 0.92[40-46]. In a study conducted in 
326 patients, the AUROC was 0.86 and the specificity was 
95% for significant fibrosis while the AUROC was 0.92 
and the specificity was 89.4% for cirrhosis when a cut off  
level of  110 μg/L was used[45]. However, another cohort 
study with more than 400 cases has reported an AUROC 
of  only 0.73 for significant fibrosis[42]. In the same study, 
cirrhosis could be excluded with excellent NPV and sen-
sitivity (100%) and with excellent AUROC (0.97) using 
a cut off  level of  50 μg/L. Similar results were reported 
in another study of  486 patients in which hyaluronic acid 
levels < 60 μg/L excluded cirrhosis with 99% NPV[40]. In 
ALD the performance of  hyaluronic acid for significant 
fibrosis varied significantly[43,46] while the marker showed 
very good performance for cirrhosis, with an AUROC of  
0.93[46]. The results of  a study conducted in 79 patients 
with NAFLD were also encouraging, since hyaluronic acid 
had a 0.92 AUROC value for cirrhosis[44]. On the basis of  
its good accuracy, especially for exclusion of  cirrhosis, hy-
aluronic acid has also been used in panels combining other 
serum non-invasive markers for liver fibrosis. Recently it 
has been proposed in combination with AST-to-platelet 
ratio index (APRI) in hepatitis B. In this study, a combina-
tion of  APRI > 1.5 and of  hyaluronic acid > 300 ng/mL 
had 98.9% specificity and 93.7% PPV[47]. Laminin is an-
other component of  ECM that has been studied as a non-
invasive marker. Serum levels of  laminin have been used 
by several authors as a non-invasive parameter to assess 
liver fibrosis in ALD patients as well as in those presenting 
with viral hepatitis and hemochromatosis[48]. This determi-
nation, however, was progressively discontinued as it did 
not demonstrate superiority to those of  other components 
of  the ECM such as hyaluronic acid. It showed 77% accu-
racy for detection of  significant fibrosis in hepatitis C in a 
detailed study on 243 patients with CLD[49]. With regard to 
NAFLD, however, the use of  laminin serum levels could 
be further investigated since a single report, which inves-
tigated liver fibrosis in 30 overweight patients, showed a 
rather good accuracy (87%)[50]. Among the collagens, type 

Ⅳ collagen has been investigated as surrogate marker of  
liver fibrosis. Type Ⅳ collagen has been studied in hepatitis 
C and a good performance for significant fibrosis has been 
reported (AUC = 0.83)[51]. Murawaki et al[52] have compared 
the diagnostic performance of  type Ⅳ collagen with that 
of  hyaluronic acid in hepatitis C and reported the superi-
ority of  the latter marker. The role of  type Ⅳ collagen has 
also been investigated in 112 patients with NAFLD and its 
performance has been compared with hyaluronic acid[53]. 
The results showed a better diagnostic accuracy for type 
Ⅳ collagen (0.828 vs 0.797 AUROC, respectively). Metal-
loproteinases (MMPs) and their inhibitors (tissue inhibitors 
of  metalloproteinases, TIMPs) have also been proposed as 
surrogate markers of  liver fibrosis. Those reported to have 
some clinical impact include MMP-2 and TIMP-1[54]. Boek-
er et al[54] reported a very high performance of  MMP-2 
in detecting cirrhosis (0.97 AUROC). Unfortunately, it 
has been difficult to obtain good standardization of  the 
method for routine clinical use. Some authors proposed 
panels of  direct non-invasive markers with the aim of  in-
creasing the accuracy of  the single parameters. Fibrometer 
combines age, platelets, prothrombin index, AST, α-2-
macroglobulin, hyaluronan and urea. In a few studies, the 
AUROC for significant fibrosis has been reported as 0.89 
in hepatitis C, raising to an excellent 0.943 in patients with 
NAFLD[55,56]. Patel et al[57] proposed fibrospect which com-
bines hyaluronic acid, TIMP-1 and α-2-macroglobulin. It 
showed an AUC 0.832 for METAVIR stages F2-F4 fibro-
sis with PPV and NPV of  74.3% and 75.8%, respectively. 
Another model, named Hepascore, combines bilirubin, 
γGT, hyaluronan, α-2-macroglobulin, age, and sex, and 
showed in hepatitis C and ALD a quite good performance 
for diagnosis of  significant fibrosis, ranging from 0.78 to 
0.85, and excellent performance for cirrhosis, ranging from 
0.89 to 0.92[58,59]. Unfortunately, for both these combina-
tion panels large-scale, independent validation studies are 
lacking. The European Liver Fibrosis (ELF) study group 
proposed a panel of  markers combining age, hyaluronan, 
type Ⅲ collagen and TIMP-1. In a cohort study of  more 
than one thousand patients with a variety of  CLDs the 
panel detected moderate or advanced fibrosis (Scheuer 
stages 3, 4) with a 0.77 to 0.94 AUROC in hepatitis C and 
ALD, respectively[60]. The panel has also been recently 
validated in 196 patients with NAFLD, with 0.90 AUROC 
for detection of  severe fibrosis, that could increase to 
0.98 when the original panel was combined with simple 
markers[61]. Similar results in terms of  accuracy have been 
recently obtained in 112 consecutive pediatric patients with 
NAFLD[62].

AST-to-ALT ratio (AAR) was one of  the first non-
invasive markers proposed. It is easily available and with-
out any cost but it showed a highly variable performance 
in the studies conducted on HCV patients: sensitivity was 
between 31.5% and 81.3%, specificity was between 55.3% 
and 97% and accuracy ranged from 60%-83.6%[63,64]. 
Another concern about this test may be that it does not 
identify significant fibrosis but only cirrhosis. In a pro-
spective study, we have also validated AAR in 110 patients 
with chronic hepatitis B and we obtained 78.9% accuracy 
for the diagnosis of  cirrhosis[65]. AST-to-platelet ratio in-
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Table 5  Single serum non-invasive markers for liver fibrosis

Direct markers Indirect markers

Hyaluronic acid Platelet count
Laminin AST, ALT
Procollagen Ⅲ γGT
Type Ⅳ Collagen γ-globulins
Metalloproteinases Albumin
Inhibitors of metalloproteinases Prothrombin time
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dex (APRI) is a simple and cheap ratio between AST and 
platelets, easily available in the clinical practice. It classifies 
both significant fibrosis and cirrhosis but around 50% of  
the cases result as unclassified. APRI performance is vari-
able among the studies on hepatitis C: sensitivity ranges 
between 41% and 91%, specificity between 47% and 95% 
and accuracy between 60% and 82.7% for significant fi-
brosis; for cirrhosis, sensitivity ranges between 38.4% and 
65.8%, specificity between 86.7% and 93% and accuracy 
between 60% and 88.4%[15,66,67]. We have also validated 
APRI in hepatitis B, obtaining 76.1% accuracy for the di-
agnosis of  significant fibrosis and 79.2% for the diagnosis 
of  cirrhosis[65]. Most recently, APRI has been modified 
into Lok index by adding alanine aminotrasferase (ALT) 
and international normalized ratio (INR), with further 
improvement of  the diagnostic accuracy, particularly for 
cirrhosis[68].

Forns’ index is a simple panel resulting from the com-
bination of  age, γGT, cholesterol and platelets. It does 
not give any information about cirrhosis, but only about 

significant fibrosis. Around half  of  the cases cannot be 
classified. In hepatitis C, the accuracy reported in vari-
ous studies was variable (between 50% and 85%)[67,69]. We 
have also validated Forns’ index in hepatitis B, obtaining 
64.8% accuracy for the diagnosis of  significant fibrosis[65]. 
It has been suggested that Forns’ index might be less ac-
curate in patients with HCV genotype 3 which is associ-
ated with very low cholesterol levels[70]. However, this has 
not been confirmed by other data[67]. In a study performed 
on 3690 patients with chronic hepatitis C, a combination 
panel derived from platelets, AST, and γ-globulin named 
Fibroindex showed 0.83 AUROC in predicting significant 
fibrosis[71]. However, following validation studies it showed 
a lower performance[72]. Another combination of  simple 
markers named Fib-4 was recently proposed and it uses 
platelets, ALT, AST and age. It showed good performance 
for detection of  severe fibrosis (0.85 AUROC) and even 
better for the diagnosis of  cirrhosis (0.91 AUROC) in 
chronic hepatitis C[73]. The performance of  the panel was 
also evaluated in a cohort of  patients with chronic hepa-
titis B, with similar accuracy for diagnosis of  significant 
fibrosis (0.81 AUROC)[74]. The validity of  Fib-4 as a non-
invasive marker for liver fibrosis has also been investigated 
in patients with HCV/HIV coinfection and the reported 
accuracy was 0.79 for significant fibrosis and 0.80 for cir-
rhosis[75]. Fibrotest is a patented test that combines γGT, 
total bilirubin, haptoglobin, α-2-macroglobulin, apoli-
poprotein A1, age and gender[76]. To date, it is the most 
validated non-invasive method for liver fibrosis in various 
etiologies: HCV, HBV, ALD, NAFLD and HIV/HCV 
coinfected. Between 2001 and 2008 more than 60 scien-
tific studies have investigated fibrotest and 20 of  them 
are independent with respect to the group that have com-
mercialized the test. Overall, independent studies have in-
vestigated fibrotest in more than 3000 patients with CLD, 
mostly hepatitis C. The accuracy reported ranges from 
70%-85%[15,67,76]. Fibrotest has been applied to hepatitis B 
patients and the accuracy reported varies between 83.3% 
and 87.3% for significant fibrosis and between 86.1% and 
94.4% for the diagnosis of  cirrhosis[65,77]. In HIV/HCV 
coinfected patients AUROC was 0.85 for significant fibro-
sis and 0.87 for cirrhosis[78]. Fibrotest was also validated in 
ALD, with excellent results, especially for cirrhosis (0.84 
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Table 6  Combinations of serum parameters for non-invasive diagnosis of liver fibrosis

Marker Description Settings in which validation exists Ref.

AST/ALT AST to ALT ratio HCV, HBV [63-65,71,72]

APRI AST to platelets ratio index HCV, HBV, HIV/HCV [64-67,72,75-80]

Forns' index Age, BMI, γGT, cholesterol HCV, HBV, HIV/HCV [67,69,72,75]

Fibrotest Age, gender, α-2-macroglobulin, γGT, haptoglobin, apolipoprotein A1, total bilirubin HCV, HBV, ALD, NAFLD, HIV/HCV [65,67,72,76-80]

ELF Age, hyaluronic acid, type Ⅲ procollagen, TIMP1 HCV, ALD, NAFLD [60-62]

Hepascore Bilirubin, γGT, hyaluronic acid, α-2-macroglobulin, age, sex HCV [58,59]

Lok index AST, ALT, platelets, INR HCV [68]

Fibroindex AST, platelets, g-globulins HCV [71,72]

Fibrometer Age, AST, platelets, hyaluronan, INR, α-2-macroglobulin, urea HCV [55,56]

Fibrospect α-2-macroglobulin, hyaluronan, TIMP1 HCV [57]

Fib-4 Age, AST, ALT, platelets HCV, HBV, HIV/HCV [73-75]

APRI: AST-to platelet ratio index; ELF: European liver fibrosis study group.

Table 7  Performance of several serum non-invasive markers 
for liver fibrosis (single or combination) as expressed as 
AUROC

Serum marker Significant fibrosis Cirrhosis Ref.

Hyaluronic acid 0.73-0.92 0.85-0.97 [40-47]

Laminin 0.82 NA [48,49]

Type Ⅳ collagen 0.83 NA [51-53]

MMP-2 0.59 0.97 [54]

TIMP-1 0.71 0.90 [54]

ELF 0.77-0.94 NA [60-62]

AAR NA 0.51-0.83 [63-65,71,72]

Forns’ index 0.75-0.86 NA [67,68,70,72]

APRI 0.69-0.88 0.61-0.94 [15,64-67,72,76-80]

Fibrotest 0.74-0.87 0.71-0.87 [15,65,67,72,76-80]

Fibroindex 0.74-0.83 NA [71,72]

Fibrometer 0.89-0.96 NA [55,56]

Fibrospect 0.83 NA [57]

Fib-4 0.79-0.85 0.80-0.91 [73-75]

Hepascore 0.82-0.85 0.90-0.94 [58,59]

AUROC: Area under the receiving operating characteristic curve; MMP-2: 
Metalloproteinase 2; TIMP-1: Tissue inhibitor of metalloproteinases 1; ELF: 
European liver fibrosis study group; AAR: AST-to-ALT ratio; APRI: AST-
to-platelet ratio index.
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AUROC for significant fibrosis and 0.95 AUROC for cir-
rhosis)[79]. Fibrotest was also applied in 170 patients with 
NAFLD and the AUROC for significant fibrosis was 
0.86[80]. These results in HIV/HCV coinfected, ALD and 
NAFLD cases need, however, further confirmation from 
independent groups. Some conditions may alter the result 
of  fibrotest, including Gilbert syndrome and hemolysis. 
In these cases the clinician should be cautious in the in-
terpretation of  the result and the test should be repeated. 
Overall, among the various serum markers proposed in the 
literature, APRI and fibrotest are the most validated in all 
etiologies, and also validated in many independent studies. 

TRANSIENT ELASTOGRAPHY 
(FIBROSCAN)
Apart from serum markers, another method for non-
invasive assessment of  liver fibrosis is the measurement 
of  liver stiffness[81]. Transient elastography is measured 
through a device that is called fibroscan (Echosens, 
Paris) which is composed of  an ultrasound transducer 
probe mounted on the axis of  a vibrator. Vibrations of  
mild amplitude and low frequency are transmitted by the 
transducer, inducing an elastic shear wave that propagates 
through the underlying tissues. Pulse-echo ultrasound 
acquisition is used to follow the propagation of  the shear 
wave and to measure its velocity, which is directly related 
to tissue stiffness: the stiffer the tissue, the faster the shear 
wave propagates. Transient elastography measures liver 
stiffness in a volume that is approximately a cylinder 1 cm 
wide and 4 cm long, between 2.5 cm and 6.5 cm below 
the skin surface. This volume is at least 100 times bigger 
than a biopsy sample. Fibroscan examination is painless, 
rapid (less than 5 min) and easy to perform at the bedside 
or in the outpatient clinic. The examination is performed 
on a non-fasting patient lying flat on his/her back, 
with the right arm tucked behind the head. The probe 
transducer is placed on the skin, between the rib bones 
at the level of  the right lobe of  the liver where biopsy 
would be performed. The operator performs 10 valid 
acquisitions and then the software of  fibroscan calculates 
the median value. The software itself  determines whether 
each measurement is successful or not. Results are 
expressed in kilo-Pascals (kPa). Liver stiffness values range 
from 2.5-75 kPa. The results are immediately available 
and are operator-independent[82]. The exam can be done 
after a short learning curve (about 100 examinations). 
The validity of  a fibroscan result should be based on two 
important parameters: (1) the interquartile range (IQR), 
which reflects the variability of  the validated measures, 
and should not exceed 30% of  the median value; (2) the 
success rate, that is the percentage of  valid measurement, 
should be at least 60%. Despite the exam being relatively 
easy to perform, the clinical interpretation of  results 
should always be in the hands of  an expert clinician 
who should have at his disposal all clinical information 
regarding the patient. The result of  the fibroscan is given 
according to cut-off  values expressed in kPa: according 
to the various studies, presence of  significant fibrosis is 

defined by a cutoff  value of  7.1 to 8.7, and cirrhosis is 
diagnosed by a cutoff  value of  12.5 to 14.5[83,84]. In various 
studies, the accuracy of  fibroscan results were similar to 
that of  serum non-invasive markers for the diagnosis of  
significant fibrosis, sometimes with inadequate figures 
(< 80%). On the other hand, fibroscan showed excellent 
performance for the diagnosis of  cirrhosis (Table 8)[85]. 
Liver stiffness measurements can be difficult in obese 
patients or in those with narrow intercostal space and 
impossible in patients with ascites[81]. Failure rates range 
between 2.4% and 9.4% in the different studies[81-83,86]. 
Factors associated with inter- and intra-observator 
variability were BMI > 25, high grade hepatic steatosis 
and mild fibrosis (F0-F1 by METAVIR)[82]. A single report 
suggested that transaminase flares during chronic HBV 
infection may alter the result of  fibroscan because of  high 
flogosis and recruitment of  inflammatory cells into the 
liver parenchyma[87]. Interestingly, a report suggested that 
acute viral hepatitis increases liver stiffness measured by 
fibroscan, thus the authors recommend that the extent 
of  necroinflammatory activity needs to be carefully 
considered in future studies, particularly in patients 
with absent or low-stage liver fibrosis[90]. Non-invasive 
assessment of  liver fibrosis with fibroscan has also 
been applied to ALD with 0.91 AUROC for significant 
fibrosis and 0.92 for cirrhosis[91]. Table 9 summarizes the 
main limitations of  fibroscan. A recent meta-analysis 
concluded that for the diagnosis of  significant fibrosis, 
transient elastography cannot be used sufficiently in 
clinical practice. Inclusion of  transient elastography in 
an algorithm with a combination of  non-invasive serum 
markers may be considered[92]. Transient elastography 
can be used in clinical practice as an excellent tool for the 
confirmation of  cirrhosis when other clinical signs and 
examinations are non-decisive.

COMBINATION ALGORITHMS AND 
IMPLEMENTATION OF NON-INVASIVE 
METHODS FOR LIVER FIBROSIS IN 
CLINICAL PRACTICE
The accuracy of  most non-invasive methods for liver 
fibrosis showed variability among different studies and is 
still considered inadequate to substitute for liver biopsy 
and for implementation of  non-invasive markers for 
liver fibrosis in clinical practice[15,29,93]. Some preliminary 

www.wjgnet.com

Table 8  Accuracy of fibroscan for the diagnosis of significant 
fibrosis and cirrhosis

Ref. Etiology Accuracy for ≥ F2 Accuracy for F4
[81] HCV 88 99
[83] HCV 83 95
[84] HCV 79 95
[86] HCV 80 96
[87] HCV NA 95
[88] HBV 87 88
[89] HBV 90 94
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studies suggested that accuracy of  non-invasive methods 
may improve when they are combined in diagnostic 
algorithms. We have recently proposed an approach that 
combines APRI and fibrotest sequentially with the aim 
of  increasing the diagnostic accuracy[67]. This is a rational 
approach for the use of  non-invasive markers for liver 
fibrosis in clinical practice. Indeed, these markers are used 
when they present with adequate accuracy, while liver 
biopsy is used only in those patients in which non-invasive 
markers showed inadequate accuracy. This approach has 
been named SAFE (Sequential Algorithms for Fibrosis 
Evaluation) biopsy and its aim is to reduce the number 
of  liver biopsies that are necessary to correctly stage liver 
fibrosis and to minimize misclassified cases. Through 
stepwise modeling, two algorithms were developed 
with the aim of  correctly classifying the two stages of  
liver fibrosis that are clinically significant: (1) significant 
fibrosis, (2) cirrhosis. The modeling of  the algorithms 
was aimed at achieving > 90% accuracy and minimizing 
misclassified cases. In the model APRI has been used as 
first line test since it is cheap and simple, fibrotest has 
been used as second line test since it is costly and more 
complex. Liver biopsy has been used only as third line test 
in those cases in which the two non-invasive markers did 
not show adequate accuracy and/or in unclassified cases 
(only for APRI) (Figures 1 and 2). The modeling of  the 
stepwise algorithms was based on the predictive values 
of  the single markers. In the algorithm for significant 
fibrosis (Figure 1), 0.5 cut-off  of  APRI had low NPV to 
exclude significant fibrosis, while 1.5 cut-off  showed high 
PPV to diagnose significant fibrosis. Similarly, 0.49 cut-
off  of  fibrotest showed high PPV to diagnose significant 
fibrosis, whereas values less than 0.48 could not accurately 
exclude significant fibrosis. In the algorithm for cirrhosis 
(Figure 2), 1 cut-off  for APRI showed high NPV to 
exclude cirrhosis, while 2 cut-off  did not show sufficient 
PPV to diagnose cirrhosis. Similarly, 0.48 and 0.75 cut-offs 
of  fibrotest showed good NPV and PPV, respectively, for 
cirrhosis, while intermediate values could not give accurate 
diagnosis.

IMPLEMENTATION OF SAFE BIOPSY IN 
CLINICAL PRACTICE
In clinical practice, SAFE biopsy can provide the 
following responses: (1) Presence of  significant fibrosis, 
then indication to administer antiviral therapy; (2) 
Presence of  liver cirrhosis, then indication to specific 
follow-up with abdominal ultrasound, a-fetoprotein and 
gastroscopy; (3) absence of  cirrhosis; (4) liver biopsy 
needed to correctly stage hepatic fibrosis.

The main concept of  SAFE biopsy is that liver biopsy 

cannot be completely avoided but can be markedly re-
duced and limited to those cases in which serum markers 
for liver fibrosis do not show enough accuracy. Indeed, 
SAFE biopsy may avoid the diagnostic funnel represented 
by liver biopsy and it may stimulate general practitioners 
and patients to perform the initial screening for CLD. 
With this approach, liver biopsy and non-invasive markers 
for liver fibrosis are not antagonists, but they are agonists 
towards the common goal of  correctly classifying liver fi-
brosis. SAFE biopsy has been recently validated in a mul-
ticentre, international study on serum non-invasive mark-
ers for liver fibrosis. This study, named SAFE protocol 
protocol, has enrolled more than 2500 cases of  patients 
with CLD in whom APRI and fibrotest were available and 
liver histology was used as reference standard. The centers 
involved were from Italy, US, France and Romania. To 
date, this is the largest independent study on non-invasive 
methods for liver fibrosis. We have recently presented 
the results on 2035 cases with hepatitis C and they have 
confirmed high accuracy and high number of  saved liver 
biopsies[94] (Table 10). The results of  an interim analysis 
conducted on 210 HBV patients also showed high ac-
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Table 9  Limitations of fibroscan in clinical practice

Difficult to perform in obese patients (5% rate failure)
Inter-observer and intra-observer variability influenced by liver steatosis
Influence of ALT flares (HBV reactivation)
Lower performance for diagnosis of significant fibrosis

APRI

≤ 0.5 (low NPV) 0.5-1.5 (unclassified) > 1.5 (high PPV)

Fibrotest

≤ 0.48 (low NPV) > 0.49 (high PPV)

Liver biopsy needed Significant fibrosis present
No need for liver biopsy

Figure 1  The SAFE-biopsy algorithm for significant fibrosis (≥ F2 by 
METAVIR). The figure reports the cut-offs used for APRI and Fibrotest in the 
decisional tree.

APRI

≤ 1 (high NPV) 1-2 (unclassified) > 2 (low PPV)

       Fibrotest

0.49-0.74 (low NPV) ≥ 0.75 (high PPV)

≤ 0.48 (high NPV)

        Liver biopsy needed 

Cirrhosis absent
No need for liver biopsy

Cirrhosis present
No need for liver biopsy

Figure 2  The SAFE-biopsy algorithm for cirrhosis (F4 by METAVIR). The 
figure reports the cut-offs used for APRI and Fibrotest in the decisional tree.

Sebastiani G. Non-invasive assessment of liver fibrosis in clinical practice		                                          2197



curacy (> 90%) of  SAFE biopsy algorithms for both 
significant fibrosis and cirrhosis, with a percentage of  
saved liver biopsies ranging from 45%-82%. We have also 
compared in 1013 HCV cases the performance of  SAFE 
biopsy with another two algorithms combining non-in-
vasive markers for liver fibrosis that were then proposed: 
Fibropaca algorithm, based on concordance of  Forns’ 
index, APRI and fibrotest; Leroy algorithm, based on con-
cordance of  APRI and fibrotest[95-97] (Table 11). Fibropaca 
algorithm and SAFE biopsy showed a similar accuracy 
but the latter saved more liver biopsies and allowed us to 
perform a minor number of  non-invasive markers, with a 
consequent saving in terms of  costs. The main advantages 
of  SAFE biopsy include a larger first level screening of  
liver fibrosis, higher patient compliance and lower screen-
ing costs. In some specific settings, SAFE biopsy may 
show even more efficient results when compared with the 
diagnostic funnel represented by liver biopsy alone.

ALGORITHMS FOR IMPLEMENTATION IN 
CLINICAL PRACTICE
Castera et al[83] have recently proposed an algorithm 
which combines fibrotest and fibroscan with the aim 
of  increasing the accuracy of  the single non-invasive 
methods in hepatitis C. This algorithm results in an 
increased accuracy, especially for the diagnosis of  sig-
nificant fibrosis. A recent collaborative study was aimed 
at comparing the algorithm combining fibroscan and 
fibrotest (named Bordeaux algorithm) and SAFE biopsy 
in 302 patients with hepatitis C[98] (Table 12). The results 
showed that the Bordeaux algorithm saved more liver 
biopsies for diagnosis of  significant fibrosis, although 
both algorithms saved a similar number of  overall liver 
biopsies, and Bordeaux algorithm showed a higher 
overall accuracy for diagnosis of  cirrhosis. On the other 
hand, Bordeaux algorithm uses fibrotest and fibroscan 
in all patients, while SAFE biopsy uses fibrotest in a sub-
group of  patients that are not well classified by APRI, 
which has virtually no cost. The two algorithms could 
be used for large scale screening of  liver fibrosis and 
the choice of  the algorithm may be based on the local 
availability of  the non-invasive methods. Interestingly, 
the use of  either fibroscan or fibrotest has been recently 
recommended in France by the Haute Autorité de Santé 
for the first line assessment of  liver fibrosis in patients 
with hepatitis C without comorbidities[85]. Figure 3A and 

B show a rational proposal for the use of  non-invasive 
methods for liver fibrosis in clinical practice, based on 
the local availability of  the different methods and on 
their performances. A combination approach for clinical 
use has also been proposed by others[99]. Non-invasive 
methods for liver fibrosis and combination algorithms 
may be of  paramount importance for the monitoring of  
progression of  liver disease. Indeed, if  it is acceptable to 
perform a liver biopsy at time 0, it is inconceivable how-
ever to perform a liver biopsy every year to monitor liver 
fibrosis progression, while this is feasible with non-inva-
sive methods for liver fibrosis. According to local avail-
ability of  the methods and attainment of  non-invasive 
markers by the clinician, two different approaches may 
be used: (1) to fix the value with combined use of  biopsy 
and non-invasive markers at time 0 and then monitor-
ing with non-invasive markers; (2) to use non-invasive 
markers and then perform a liver biopsy when clinically 
necessary (Figure 4A and B).

MONITORING OF EFFICACY OF 

ANTIVIRAL THERAPIES
Apart from the diagnosis of  liver fibrosis stage, few re-
cent studies have focused on the possible use of  non-
invasive methods for liver fibrosis in the monitoring of  
antiviral therapies. Indeed, especially in hepatitis B, anti-
viral therapies may be long-term, such as treatments with 
nucleoside/nucleotide analogues, and the clinician may 
want to know not only the biochemical or virological re-
sponse, but also and more appropriately the histological 
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Table 10  Main features of SAFE biopsy[67,94] for significant 
fibrosis and cirrhosis in 2035 HCV cases

Significant fibrosis Cirrhosis

Sensitivity (%) 100    92.7
Specificity (%)   77    90.4
Accuracy (%)  90 93
AUROC       0.9        0.92
Saved biopsies (%)  47 82

SAFE: Sequential algorithms for fibrosis evaluation; AUROC: Area under 
the receiving operating characteristic curve.

Table 11  Comparison of the performance of SAFE 
biopsy[67,94], Fibropaca algorithm[96] and Leroy algorithm[97]. 
Results are expressed as percentages

SAFE biopsy for 
diagnosis of

Fibropaca algorithm 
for diagnosis of

Leroy algorithm 
for diagnosis of 

  ≥ F2    F4   ≥ F2       F4       ≥ F2

APRI needed 100 100 100 100 100
Forns needed     0     0 100     0     0
Fibrotest needed       41.7       57.6 100 100 100
Sensitivity 100       81.8      85.5      72.7      89.6
Specificity       78.2      92.4      89.9      96.7      97.8
Accuracy   90       91.2      87.6   94      93.5
Saved biopsies      43.8      79.1       51.7      76.2      29.2

≥ F2: Significant fibrosis; F4: Cirrhosis; APRI: AST-to-platelet ratio index.

Table 12  Comparison of the performance of Bordeaux 
algorithm[98] and SAFE biopsy[67,94]. Values are expressed as 
percentages

Bordeaux algorithm  SAFE biopsy

≥ F2 F4 ≥ F2 F4

APRI needed     0     0 100 100
Fibrotest needed 100 100      43.7      61.9
Fibroscan needed 100 100     0     0
Accuracy   91   93   94   87
Biopsies saved      71.9      78.8      48.3      74.8

2198      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol      May 14, 2009     Volume 15     Number 18



response. Initial reports have shown that both fibrotest 
and fibroscan values change significantly during and 
after antiviral therapy in both hepatitis C and B[100-102]. 
Indeed, a significant improvement in fibrotest and fi-
broscan value has been reported in patients who achieve 
sustained virological response (SVR) vs those without 
SVR, and in some cases this was also maintained for  
12 mo after therapy[101]. This may mean that there is a 
regression of  liver fibrosis with antiviral treatment but 
further prospective, large-scale studies are needed.

MONITORING OF LIVER DISEASE 
COMPLICATIONS
A very attractive application of  non-invasive methods 
for liver fibrosis may be the monitoring of  liver disease 
complications to predict clinical events in compensated 
cirrhosis. Preliminary results suggest that liver stiffness 
values in cirrhotic patients may increase as liver disease is 
more advanced. In a retrospective study of  711 patients 
with CLD (95 with histologically-proven cirrhosis), liver 
stiffness values significantly correlated not only with the 
Child-Pugh score but also with clinical parameters (past 
history of  bleeding varices or ascites, HCC), biochemical 
parameters (platelets, INR, factor V, albumin and 
bilirubin) and others (2-3 grade OV, splenomegaly on 
sonography, nodular surface, heterogeneous parenchyma) 
of  liver disease severity[86]. Cut-off  values of  27.5, 
37.5, 49.1, 53.7 and 62.7 kPa had > 90% NPV for the 
presence of  grade 2-3 OV, Child-Pugh scores B or C, 
past history of  ascites, HCC and esophageal bleeding, 

respectively. More recently, Vizzuti et al[103] reported a 
rather high sensitivity (90%) of  fibroscan for prediction 
of  OV with 17.6 kPa cut-off. Other preliminary studies 
have suggested that some non-invasive markers for liver 
fibrosis could predict the presence of  OV. Sanyal et al[104] 
reported high NPV for excluding grade 2-3 varices when 
platelets were > 150 000/mm3. Giannini et al[105] reported 
a good sensitivity (91.5%) with an overall accuracy of  
86% for diagnosis of  OV with a 909 cut-off  of  platelet 
count to spleen diameter ratio. A recent multicenter, 
international study was aimed at investigating in 510 
consecutive cirrhotic patients the role of  7 simple non-
invasive markers for liver fibrosis in predicting the 
presence of  OV of  any grade and of  grade 2-3 OV[106]. 
The markers analyzed were platelets, AAR, Lok index, 
APRI, Forns’ index, Fib-4, Fibroindex. Presence of  
grade 2-3 OV could be excluded with > 96% NPV by 
a specific cut-off  of  Lok index (1.5). None of  the tests 
were able to predict the presence of  grade 2-3 OV due 
to low PPV. A combination of  Lok index (cutoff  0.9) 
and Forns’ index (8.5) could predict the presence of  
OV of  any grade with 88% PPV, 83% accuracy and 0.82 
AUC. The conclusion was that, even if  simple non-
invasive markers for liver fibrosis cannot be a substitute 
for endoscopy for OV screening, they may be used 
to stratify cirrhotics by risk. In a recent prospective 
study of  298 patients with chronic hepatitis C, the 
performance of  fibroscan, fibrotest and simple serum 
markers for detection of  cirrhosis and its complications 
have been assessed[107]. The authors concluded that 
fibroscan is the most accurate method for diagnosis of  
cirrhosis but it cannot replace endoscopy for screening 
of  OV. These preliminary findings are promising but 
need to be confirmed in long-term prospective follow-
up studies. 

Several recent studies have reported a correlation 
between liver stiffness values and portal hypertension, 
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Fibroscan (HCV ! HBV ?)

If you have a fibroscan

            Cirrhosis 
(no confounding factors !)

           No cirrhosis
(no confounding factors !)

OK (I take it !) Add fibrotest (or APRI)

Concordant Discordant

OK (I take it !) Biopsy

SAFE biopsy (HCV ! HBV ?)

If you do not have a fibroscan

OK (I take it !) Biopsy

OthersSignificant fibrosis or cirrhosis (no confounding factors !)

Figure 3  Diagnostic algorithms for implementation of non-invasive 
methods for liver fibrosis in clinical practice based on the local availability 
of the most validated methods.

Biopsy

Time 0 stage

Combination of non invasive 
markers (fix the value)

      Monitor by

non-invasive markers

Combination of non invasive 
               markers

Time 0 fix the value

High Low

Biopsy or treatment

      Monitor by

non-invasive markers

    Biopsy or 
    treatment 
when increased

Figure 4  Perspectives for the use of non-invasive markers for long term 
monitoring of chronic liver diseases.
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assessed by measurement of  hepatic venous pressure 
gradient (HVPG) which is considered the gold standard for 
the diagnosis and staging of  portal hypertension[103,108-110].  
Carrion et al[108] reported a close direct correlation between 
liver stiffness values and HVPG in 124 HCV-infected 
liver transplant recipients. More recently, Vizzutti et al[103] 
reported similar results in 61 patients with HCV-related 
severe CLD (METAVIR F3-F4). Other authors have 
failed to find similar results[111].

THE FUTURE: GENETICS FOR THE 
IDENTIFICATION OF PATIENTS WITH 
CHRONIC LIVER DISEASES AT RISK OF 
PROGRESSION
The identification of  patients at high risk of  developing 
progressive l iver disease on the basis of  genetic 
profile may be extremely useful in the future. A recent 
collaborative study used seven genetic variants to identify 
patients with hepatitis C at risk for developing cirrhosis, 
based on the analysis of  paired liver biopsies. A cirrhosis 
risk score (CRS) was calculated on the basis of  seven 
single nucleotide polymorphisms and the patient’s  
gender[112]. In this case, increasing CRS was associated 
with fibrosis progression in HCV patients presenting with 
no liver fibrosis. CRS genetic signature could potentially 
be a useful prognostic indicator of  those patients with 
HCV infection most likely to develop fibrosis progression 
and/or cirrhosis.

HIGHLIGHTS
Staging of  liver fibrosis is essential in clinical practice for 
the management of  patients with CLDs. Nowadays liver 
biopsy can no longer be considered the exclusive tool 
for the diagnosis of  liver fibrosis since the available data 
support a rational use of  the most validated non-invasive 
methods for liver fibrosis and especially of  their com-
bination algorithms. This is particularly true for chronic 
hepatitis C, where an adequate validation of  some non-
invasive methods for liver fibrosis exists. Non-invasive 
methods for liver fibrosis, when combined, may reduce 
by 50%-80% the number of  liver biopsies needed for 
correctly classifying hepatic fibrosis. However, liver bi-
opsy cannot be completely avoided but should be used 
in those cases in which non-invasive methods show poor 
accuracy. In clinical practice, the choice of  the non-
invasive method and, especially, of  the combination al-
gorithms may depend on their performance and on local 
availability. Further studies, especially in chronic hepatitis 
B, ALD and NAFLD, are needed to better assess perfor-
mance of  non-invasive markers in these settings and to 
develop rational algorithms for implementing non-inva-
sive assessment of  liver fibrosis. Future studies should 
also focus on non-invasive monitoring of  antiviral treat-
ment efficacy and cirrhosis complications, and genetic 
studies for precocious identification of  patients who are 
at high risk of  developing end-stage liver diseases. 

REFERENCES
1	 Sorrell MF, Belongia EA, Costa J, Gareen IF, Grem JL, 

Inadomi JM, Kern ER, McHugh JA, Petersen GM, Rein 
MF, Strader DB, Trotter HT. National Institutes of Health 
Consensus Development Conference Statement: management 
of hepatitis B. Ann Intern Med 2009; 150: 104-110

2	 Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hepatitis B. 
Lancet 2003; 362: 2089-2094

3	 Global surveillance and control of hepatitis C. Report of a 
who consultation organized in collaboration with the viral 
hepatitis prevention board, antwerp, belgium. J Viral Hepat 
1999; 6: 35-47

4	 Alberti A, Chemello L, Benvegnu L. Natural history of 
hepatitis C. J Hepatol 1999; 31 Suppl 1: 17-24

5	 de Franchis R, Hadengue A, Lau G, Lavanchy D, Lok A, 
McIntyre N, Mele A, Paumgartner G, Pietrangelo A, Rodes 
J, Rosenberg W, Valla D. EASL International Consensus 
Conference on Hepatitis B. 13-14 September, 2002 Geneva, 
Switzerland. Consensus statement (long version). J Hepatol 
2003; 39 Suppl 1: S3-S25

6	 Bonkovsky HL, Lambrecht RW, Shan Y. Iron as a co-
morbid factor in nonhemochromatotic liver disease. Alcohol 
2003; 30: 137-144

7	 Day CP, Bassendine MF. Genetic predisposition to alcoholic 
liver disease. Gut 1992; 33: 1444-1447

8	 Clark JM, Diehl AM. Nonalcoholic fatty liver disease: an 
underrecognized cause of cryptogenic cirrhosis. JAMA 2003; 
289: 3000-3004

9	 Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, 
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum 
of clinical and pathological severity. Gastroenterology 1999; 
116: 1413-1419

10	 Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, 
Battle EH, Driscoll CJ. Cryptogenic cirrhosis: clinical 
characterization and risk factors for underlying disease. 
Hepatology 1999; 29: 664-669

11	 Bugianesi E, Manzini P, D’Antico S, Vanni E, Longo F, 
Leone N, Massarenti P, Piga A, Marchesini G, Rizzetto M. 
Relative contribution of iron burden, HFE mutations, and 
insulin resistance to fibrosis in nonalcoholic fatty liver. 
Hepatology 2004; 39: 179-187

12	 Duvnjak M, Lerotic I, Barsic N, Tomasic V, Virovic Jukic L, 
Velagic V. Pathogenesis and management issues for non-
alcoholic fatty liver disease. World J Gastroenterol 2007; 13: 
4539-4550

13	 Day CP, James OF. Steatohepatitis: a tale of two “hits”? 
Gastroenterology 1998; 114: 842-845

14	 Friedman SL. Liver fibrosis -- from bench to bedside. J 
Hepatol 2003; 38 Suppl 1: S38-S53

15	 Sebastiani G, Alberti A. Non invasive fibrosis biomarkers 
reduce but not substitute the need for liver biopsy. World J 
Gastroenterol 2006; 12: 3682-3694

16	 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

17	 I s h a k K G .  C h r o n i c h e p a t i t i s : m o r p h o l o g y a n d 
nomenclature. Mod Pathol 1994; 7: 690-713

18	 Intraobserver and interobserver variations in liver biopsy 
interpretation in patients with chronic hepatitis C. The 
French METAVIR Cooperative Study Group. Hepatology 
1994; 20: 15-20

19	 Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-
Tetri BA, Bacon BR. Nonalcoholic steatohepatitis: a proposal 
for grading and staging the histological lesions. Am J 
Gastroenterol 1999; 94: 2467-2474

20	 Maharaj B, Maharaj RJ, Leary WP, Cooppan RM, Naran 
AD, Pirie D, Pudifin DJ. Sampling variability and its 
influence on the diagnostic yield of percutaneous needle 
biopsy of the liver. Lancet 1986; 1: 523-525

www.wjgnet.com

2200      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol      May 14, 2009     Volume 15     Number 18



21	 Poniachik J, Bernstein DE, Reddy KR, Jeffers LJ, Coelho-
Little ME, Civantos F, Schiff ER. The role of laparoscopy 
in the diagnosis of cirrhosis. Gastrointest Endosc 1996; 43: 
568-571

22	 Abdi W, Millan JC, Mezey E. Sampling variability on 
percutaneous liver biopsy. Arch Intern Med 1979; 139: 667-669

23	 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

24	 Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of 
liver biopsy size on histological evaluation of chronic viral 
hepatitis: the smaller the sample, the milder the disease. J 
Hepatol 2003; 39: 239-244

25	 Colombo M, Del Ninno E, de Franchis R, De Fazio C, 
Festorazzi S, Ronchi G, Tommasini MA. Ultrasound-
assisted percutaneous liver biopsy: superiority of the Tru-
Cut over the Menghini needle for diagnosis of cirrhosis. 
Gastroenterology 1988; 95: 487-489

26	 Rousselet MC, Michalak S, Dupre F, Croue A, Bedossa P, 
Saint-Andre JP, Cales P. Sources of variability in histological 
scoring of chronic viral hepatitis. Hepatology 2005; 41: 
257-264

27	 Wong JB , Koff RS. Watchful waiting with periodic 
liver biopsy versus immediate empirical therapy for 
histologically mild chronic hepatitis C. A cost-effectiveness 
analysis. Ann Intern Med 2000; 133: 665-675

28	 Hubscher SG. Histological grading and staging in chronic 
hepatitis: clinical applications and problems. J Hepatol 1998; 
29: 1015-1022

29	 Afdhal NH, Nunes D. Evaluation of liver fibrosis: a concise 
review. Am J Gastroenterol 2004; 99: 1160-1174

30	 Guido M, Rugge M. Liver biopsy sampling in chronic viral 
hepatitis. Semin Liver Dis 2004; 24: 89-97

31	 Bedossa P, Dargere D, Paradis V. Sampling variability of 
liver fibrosis in chronic hepatitis C. Hepatology 2003; 38: 
1449-1457

32	 Scheuer PJ. Liver biopsy size matters in chronic hepatitis: 
bigger is better. Hepatology 2003; 38: 1356-1358

33	 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

34	 Bonny C, Rayssiguier R, Ughetto S, Aublet-Cuvelier B, 
Baranger J, Blanchet G, Delteil J, Hautefeuille P, Lapalus F, 
Montanier P, Bommelaer G, Abergel A. [Medical practices 
and expectations of general practitioners in relation 
to hepatitis C virus infection in the Auvergne region] 
Gastroenterol Clin Biol 2003; 27: 1021-1025

35	 Almasio PL, Niero M, Angioli D, Ascione A, Gullini S, 
Minoli G, Oprandi NC, Pinzello GB, Verme G, Andriulli 
A. Experts’ opinions on the role of liver biopsy in HCV 
infection: a Delphi survey by the Italian Association of 
Hospital Gastroenterologists (A.I.G.O.). J Hepatol 2005; 43: 
381-387

36	 Castera L, Denis J, Babany G, Roudot-Thoraval F. Evolving 
practices of non-invasive markers of liver fibrosis in patients 
with chronic hepatitis C in France: time for new guidelines? 
J Hepatol 2007; 46: 528-529; author reply 529-530

37	 National Institutes of Health Consensus Development 
Conference Statement: Management of hepatitis C: 
2002--June 10-12, 2002. Hepatology 2002; 36: S3-S20

38	 Carosi G, Rizzetto M. Treatment of chronic hepatitis B: 
recommendations from an Italian workshop. Dig Liver Dis 
2008; 40: 603-617

39	 Yano M, Kumada H, Kage M, Ikeda K, Shimamatsu K, 
Inoue O, Hashimoto E, Lefkowitch JH, Ludwig J, Okuda K. 
The long-term pathological evolution of chronic hepatitis C. 
Hepatology 1996; 23: 1334-1340

40	 McHutchison JG, Blatt LM, de Medina M, Craig JR, Conrad 
A, Schiff ER, Tong MJ. Measurement of serum hyaluronic 

acid in patients with chronic hepatitis C and its relationship 
to liver histology. Consensus Interferon Study Group. J 
Gastroenterol Hepatol 2000; 15: 945-951

41	 Murawaki Y, Ikuta Y, Okamoto K, Koda M, Kawasaki H. 
Diagnostic value of serum markers of connective tissue 
turnover for predicting histological staging and grading in 
patients with chronic hepatitis C. J Gastroenterol 2001; 36: 
399-406

42	 Halfon P, Bourliere M, Penaranda G, Deydier R, Renou C, 
Botta-Fridlund D, Tran A, Portal I, Allemand I, Rosenthal-
Allieri A, Ouzan D. Accuracy of hyaluronic acid level for 
predicting liver fibrosis stages in patients with hepatitis C 
virus. Comp Hepatol 2005; 4: 6

43	 Pares A, Deulofeu R, Gimenez A, Caballeria L, Bruguera 
M, Caballeria J, Ballesta AM, Rodes J. Serum hyaluronate 
reflects hepatic fibrogenesis in alcoholic liver disease and is 
useful as a marker of fibrosis. Hepatology 1996; 24: 1399-1403

44	 Suzuki A, Angulo P, Lymp J, Li D, Satomura S, Lindor 
K. Hyaluronic acid, an accurate serum marker for severe 
hepatic fibrosis in patients with non-alcoholic fatty liver 
disease. Liver Int 2005; 25: 779-786

45	 Guechot J , Laudat A, Loria A, Serfaty L, Poupon R, 
Giboudeau J. Diagnostic accuracy of hyaluronan and type III 
procollagen amino-terminal peptide serum assays as markers 
of liver fibrosis in chronic viral hepatitis C evaluated by ROC 
curve analysis. Clin Chem 1996; 42: 558-563

46	 Naveau S, Raynard B, Ratziu V, Abella A, Imbert-Bismut 
F, Messous D, Beuzen F, Capron F, Thabut D, Munteanu 
M, Chaput JC, Poynard T. Biomarkers for the prediction of 
liver fibrosis in patients with chronic alcoholic liver disease. 
Clin Gastroenterol Hepatol 2005; 3: 167-174

47	 Zhang YX, Wu WJ, Zhang YZ, Feng YL, Zhou XX, Pan Q. 
Noninvasive assessment of liver fibrosis with combined 
serum aminotransferase/platelet ratio index and hyaluronic 
acid in patients with chronic hepatitis B. World J Gastroenterol 
2008; 14: 7117-7121

48	 Rosa H, Parise ER. Is there a place for serum laminin 
determination in patients with liver disease and cancer? 
World J Gastroenterol 2008; 14: 3628-3632

49	 Oberti F, Valsesia E, Pilette C, Rousselet MC, Bedossa P, 
Aube C, Gallois Y, Rifflet H, Maiga MY, Penneau-Fontbonne 
D, Cales P. Noninvasive diagnosis of hepatic fibrosis or 
cirrhosis. Gastroenterology 1997; 113: 1609-1616

50	 Santos VN, Leite-Mor MM, Kondo M, Martins JR, Nader H, 
Lanzoni VP, Parise ER. Serum laminin, type IV collagen and 
hyaluronan as fibrosis markers in non-alcoholic fatty liver 
disease. Braz J Med Biol Res 2005; 38: 747-753

51	 Walsh KM, Fletcher A, MacSween RN, Morris AJ. Basement 
membrane peptides as markers of liver disease in chronic 
hepatitis C. J Hepatol 2000; 32: 325-330

52	 Murawaki Y, Koda M, Okamoto K, Mimura K, Kawasaki 
H. Diagnostic value of serum type IV collagen test in 
comparison with platelet count for predicting the fibrotic 
stage in patients with chronic hepatitis C. J Gastroenterol 
Hepatol 2001; 16: 777-781

53	 Sakugawa H, Nakayoshi T, Kobashigawa K, Yamashiro T, 
Maeshiro T, Miyagi S, Shiroma J, Toyama A, Nakayoshi T, 
Kinjo F, Saito A. Clinical usefulness of biochemical markers 
of liver fibrosis in patients with nonalcoholic fatty liver 
disease. World J Gastroenterol 2005; 11: 255-259

54	 Boeker KH, Haberkorn CI, Michels D, Flemming P, Manns 
MP, Lichtinghagen R. Diagnostic potential of circulating 
TIMP-1 and MMP-2 as markers of liver fibrosis in patients 
with chronic hepatitis C. Clin Chim Acta 2002; 316: 71-81

55	 Cales P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet 
MC, Konate 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

56	 Cales P, Laine F, Boursier J, Deugnier Y, Moal V, Oberti F, 
Hunault G, Rousselet MC, Hubert I, Laafi J, Ducluzeaux PH, 
Lunel F. Comparison of blood tests for liver fibrosis specific 
or not to NAFLD. J Hepatol 2009; 50: 165-173

www.wjgnet.com

Sebastiani G. Non-invasive assessment of liver fibrosis in clinical practice		                                          2201



57	 Patel K, Gordon SC, Jacobson I, Hezode C, Oh E, Smith 
KM, Pawlotsky JM, McHutchison JG. Evaluation of a panel 
of non-invasive serum markers to differentiate mild from 
moderate-to-advanced liver fibrosis in chronic hepatitis C 
patients. J Hepatol 2004; 41: 935-942

58	 Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J, 
Kench J, Farrell G, McCaughan GW, Jeffrey GP. Hepascore: 
an accurate validated predictor of liver fibrosis in chronic 
hepatitis C infection. Clin Chem 2005; 51: 1867-1873

59	 Naveau S, Gaude G, Asnacios A, Agostini H, Abella A, Barri-
Ova N, Dauvois B, Prevot S, Ngo Y, Munteanu M, Balian 
A, Njike-Nakseu M, Perlemuter G, Poynard T. Diagnostic 
and prognostic values of noninvasive biomarkers of fibrosis 
in patients with alcoholic liver disease. Hepatology 2009; 49: 
97-105

60	 Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, 
Schuppan D, Hubscher S, Roskams T, Pinzani M, Arthur 
MJ. Serum markers detect the presence of liver fibrosis: a 
cohort study. Gastroenterology 2004; 127: 1704-1713

61	 Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross 
R, Harris S, Kaye P, Burt AD, Ryder SD, Aithal GP, Day 
CP, Rosenberg WM. Noninvasive markers of fibrosis in 
nonalcoholic fatty liver disease: Validating the European 
Liver Fibrosis Panel and exploring simple markers. Hepatology 
2008; 47: 455-460

62	 Nobili V, Parkes J, Bottazzo G, Marcellini M, Cross R, 
Newman D, Vizzutti F, Pinzani M, Rosenberg WM. 
Performance of ELF serum markers in predicting fibrosis 
stage in pediatric non-alcoholic fatty liver disease. 
Gastroenterology 2009; 136: 160-167

63	 Giannini E, Risso D, Botta F, Chiarbonello B, Fasoli A, 
Malfatti F, Romagnoli P, Testa E, Ceppa P, Testa R. Validity 
and clinical utility of the aspartate aminotransferase-alanine 
aminotransferase ratio in assessing disease severity and 
prognosis in patients with hepatitis C virus-related chronic 
liver disease. Arch Intern Med 2003; 163: 218-224

64	 Lackner C, Struber G, Liegl B, Leibl S, Ofner P, Bankuti 
C, Bauer B, Stauber RE. Comparison and validation of 
simple noninvasive tests for prediction of fibrosis in chronic 
hepatitis C. Hepatology 2005; 41: 1376-1382

65	 Sebastiani G, Vario A, Guido M, Alberti A. Sequential 
algorithms combining non-invasive markers and biopsy for 
the assessment of liver fibrosis in chronic hepatitis B. World 
J Gastroenterol 2007; 13: 525-531

66	 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

67	 Sebastiani G, Vario A, Guido M, Noventa F, Plebani 
M, Pistis R, Ferrari A, Alberti A. Stepwise combination 
algorithms of non-invasive markers to diagnose significant 
fibrosis in chronic hepatitis C. J Hepatol 2006; 44: 686-693

68	 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

69	 Forns X, Ampurdanes S, Llovet JM, Aponte J, Quinto L, 
Martinez-Bauer E, Bruguera M, Sanchez-Tapias JM, Rodes J. 
Identification of chronic hepatitis C patients without hepatic 
fibrosis by a simple predictive model. Hepatology 2002; 36: 
986-992

70	 Thabut D, Simon M, Myers RP, Messous D, Thibault V, 
Imbert-Bismut F, Poynard T. Noninvasive prediction of 
fibrosis in patients with chronic hepatitis C. Hepatology 2003; 
37: 1220-1221; author reply 1221

71	 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

72	 Sebastiani G, Vario A, Guido M, Alberti A. Performance of 

noninvasive markers for liver fibrosis is reduced in chronic 
hepatitis C with normal transaminases. J Viral Hepat 2008; 
15: 212-218

73	 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 f ibrosis in HCV infect ion. 
comparison with liver biopsy and fibrotest. Hepatology 2007; 
46: 32-36

74	 Mallet V, Dhalluin-Venier V, Roussin C, Bourliere M, 
Pettinelli ME, Giry C, Vallet-Pichard A, Fontaine H, Pol S. 
The accuracy of the FIB-4 index for the diagnosis of mild 
fibrosis in chronic hepatitis B. Aliment Pharmacol Ther 2009; 
29: 409-415

75	 Loko MA, Castera L, Dabis F, Le Bail B, Winnock M, 
Coureau G, Bioulac-Sage P, de Ledinghen V, Neau D. 
Validation and comparison of simple noninvasive indexes 
for predicting liver fibrosis in HIV-HCV-coinfected patients: 
ANRS CO3 Aquitaine cohort. Am J Gastroenterol 2008; 103: 
1973-1980

76	 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

77	 Myers RP, Tainturier MH, Ratziu V, Piton A, Thibault V, 
Imbert-Bismut F, Messous D, Charlotte F, Di Martino V, 
Benhamou Y, Poynard T. Prediction of liver histological 
lesions with biochemical markers in patients with chronic 
hepatitis B. J Hepatol 2003; 39: 222-230

78	 Myers RP, Benhamou Y, Imbert-Bismut F, Thibault V, 
Bochet M, Charlotte F, Ratziu V, Bricaire F, Katlama C, 
Poynard T. Serum biochemical markers accurately predict 
liver fibrosis in HIV and hepatitis C virus co-infected 
patients. AIDS 2003; 17: 721-725

79	 Naveau S, Raynard B, Ratziu V, Abella A, Imbert-Bismut 
F, Messous D, Beuzen F, Capron F, Thabut D, Munteanu 
M, Chaput JC, Poynard T. Biomarkers for the prediction of 
liver fibrosis in patients with chronic alcoholic liver disease. 
Clin Gastroenterol Hepatol 2005; 3: 167-174

80	 Ratziu V, Massard J, Charlotte F, Messous D, Imbert-Bismut 
F, Bonyhay L, Tahiri M, Munteanu M, Thabut D, Cadranel 
JF, Le Bail B, de Ledinghen V, Poynard T. Diagnostic value 
of biochemical markers (FibroTest-FibroSURE) for the 
prediction of liver fibrosis in patients with non-alcoholic 
fatty liver disease. BMC Gastroenterol 2006; 6: 6

81	 Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, 
Mal F, Christidis C, Ziol M, Poulet B, Kazemi F, Beaugrand 
M, Palau R. Transient elastography: a new noninvasive 
method for assessment of hepatic fibrosis. Ultrasound Med 
Biol 2003; 29: 1705-1713

82	 Fraquelli M, Rigamonti C, Casazza G, Conte D, Donato 
MF, Ronchi G, Colombo M. Reproducibility of transient 
elastography in the evaluation of liver fibrosis in patients 
with chronic liver disease. Gut 2007; 56: 968-973

83	 Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup 
E, Haaser M, Darriet M, Couzigou P, De Ledinghen 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

84	 Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal 
F, Kazemi F, de Ledinghen 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

85	 Castera L, Forns X, Alberti A. Non-invasive evaluation of 
liver fibrosis using transient elastography. J Hepatol 2008; 48: 
835-847

86	 Foucher J, Chanteloup E, Vergniol J, Castera L, Le Bail 
B, Adhoute X, Bertet J, Couzigou P, de Ledinghen V. 
Diagnosis of cirrhosis by transient elastography (FibroScan): 
a prospective study. Gut 2006; 55: 403-408

87	 Ganne-Carrie N, Ziol M, de Ledinghen V, Douvin C, 
Marcellin P, Castera L, Dhumeaux D, Trinchet JC, Beaugrand 

www.wjgnet.com

2202      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol      May 14, 2009     Volume 15     Number 18



M. Accuracy of liver stiffness measurement for the diagnosis 
of cirrhosis in patients with chronic liver diseases. Hepatology 
2006; 44: 1511-1517

88	 Coco B , Oliveri F, Maina AM, Ciccorossi P, Sacco R, 
Colombatto P, Bonino F, Brunetto MR. Transient elastography: 
a new surrogate marker of liver fibrosis influenced by major 
changes of transaminases. J Viral Hepat 2007; 14: 360-369

89	 Oliveri F, Coco B, Ciccorossi P, Colombatto P, Romagnoli 
V, Cherubini B, Bonino F, Brunetto MR. Liver stiffness in 
the hepatitis B virus carrier: a non-invasive marker of liver 
disease influenced by the pattern of transaminases. World J 
Gastroenterol 2008; 14: 6154-6162

90	 Arena U, Vizzutti F, Corti G, Ambu S, Stasi C, Bresci S, 
Moscarella S, Boddi V, Petrarca A, Laffi G, Marra F, Pinzani 
M. Acute viral hepatitis increases liver stiffness values 
measured by transient elastography. Hepatology 2008; 47: 
380-384

91	 Nguyen-Khac E, Chatelain D, Tramier B, Decrombecque 
C, Robert B, Joly JP, Brevet M, Grignon P, Lion S, Le Page 
L, Dupas JL. Assessment of asymptomatic liver fibrosis in 
alcoholic patients using fibroscan: prospective comparison 
with seven non-invasive laboratory tests. Aliment Pharmacol 
Ther 2008; 28: 1188-1198

92	 Friedrich-Rust M, Ong MF, Martens S, Sarrazin C, Bojunga 
J, Zeuzem S, Herrmann E. Performance of transient 
elastography for the staging of liver fibrosis: a meta-
analysis. Gastroenterology 2008; 134: 960-974

93	 Alberti A, Clumeck N, Collins S, Gerlich W, Lundgren J, 
Palu G, Reiss P, Thiebaut R, Weiland O, Yazdanpanah Y, 
Zeuzem S. Short statement of the first European Consensus 
Conference on the treatment of chronic hepatitis B and C in 
HIV co-infected patients. J Hepatol 2005; 42: 615-624

94	 Sebastiani G, Halfon P, Castera L, Pol S, Thomas DL, 
Mangia A, Marco VD, Pirisi M, Voiculescu M, Guido 
M, Bourliere M, Noventa F, Alberti A. SAFE biopsy: A 
validated method for large-scale staging of liver fibrosis in 
chronic hepatitis C. Hepatology 2009; Epub ahead of print

95	 Sebastiani G, Halfon P, Castera L, Mangia A, Di Marco 
V, Pirisi M, Voiculescu M, Bourliere M, Alberti A. Large-
scale multicenter comparison of three algorithms combining 
serum non-invasive markers for liver fibrosis in chronic 
hepatitis C. J Hepatol 2008; 48 (Suppl 2): S282

96	 Bourliere M, Penaranda G, Renou C, Botta-Fridlund D, 
Tran A, Portal I, Lecomte L, Castellani P, Rosenthal-Allieri 
MA, Gerolami R, Ouzan D, Deydier R, Degott C, Halfon 
P. Validation and comparison of indexes for fibrosis and 
cirrhosis prediction in chronic hepatitis C patients: proposal 
for a pragmatic approach classification without liver 
biopsies. J Viral Hepat 2006; 13: 659-670

97	 Leroy V, Hilleret MN, Sturm N, Trocme C, Renversez JC, 
Faure P, Morel F, Zarski JP. Prospective comparison of six 
non-invasive scores for the diagnosis of liver fibrosis in 
chronic hepatitis C. J Hepatol 2007; 46: 775-782

98	 Castera L , Sebastiani G, Le Bail B, de Ledinghen V, 
Couzigou P, Alberti A. Prospective comparison of two 
algorithms combining non-invasive methods for liver 
fibrosis in chronic hepatitis C. Hepatology 2007; 46 (Suppl 1): 
A186

99	 Pinzani M, Vizzutti F, Arena U, Marra F. Technology Insight: 
noninvasive assessment of liver fibrosis by biochemical 
scores and elastography. Nat Clin Pract Gastroenterol Hepatol 
2008; 5: 95-106

100	 d’Arondel C, Munteanu M, Moussalli J, Thibault V, Naveau 
S, Simon A, Messous D, Morra R, Blot C, Poynard T. A 
prospective assessment of an ‘a la carte’ regimen of PEG-

interferon alpha2b and ribavirin combination in patients 
with chronic hepatitis C using biochemical markers. J Viral 
Hepat 2006; 13: 182-189

101	 Hezode C, Mallat A, Castera L, Rosa I, Roulot D, Leroy 
V, Bouvier-Alias M, Pawlotsky J, Roudot-Thoraval F. 
Prospective evaluation of liver stiffness dynamics during 
and after peginterferon alpha-ribavirin treatment in patients 
with chronic hepatitis C. Hepatology 2008; 48 (Suppl 1): 
A1215

102	 Lim S, Cheong J, Cho S. Changes in liver stiffness during 
entecavir therapy in patients with chronic hepatitis B. 
Hepatology 2008; 48 (Suppl 1): A938 

103	 Vizzutti F, Arena U, Romanelli RG, Rega L, Foschi M, 
Colagrande S, Petrarca A, Moscarella S, Belli G, Zignego AL, 
Marra F, Laffi G, Pinzani M. Liver stiffness measurement 
predicts severe portal hypertension in patients with HCV-
related cirrhosis. Hepatology 2007; 45: 1290-1297

104	 Sanyal AJ, Fontana RJ, Di Bisceglie AM, Everhart JE, 
Doherty MC, Everson GT, Donovan JA, Malet PF, Mehta 
S, Sheikh MY, Reid AE, Ghany MG, Gretch DR, Halt-C 
Trial Group. The prevalence and risk factors associated 
with esophageal varices in subjects with hepatitis C and 
advanced fibrosis. Gastrointest Endosc 2006; 64: 855-864

105	 Giannini EG, Zaman A, Kreil A, Floreani A, Dulbecco P, 
Testa E, Sohaey R, Verhey P, Peck-Radosavljevic M, Mansi 
C, Savarino V, Testa R. Platelet count/spleen diameter 
ratio for the noninvasive diagnosis of esophageal varices: 
results of a multicenter, prospective, validation study. Am J 
Gastroenterol 2006; 101: 2511-2519

106	 Sebastiani G, Alberti A, Castera L, Halfon P, Bourliere M, 
Angeli P, Mazza E, Maggioro A, Tempesta D. Prediction 
of oesophageal varices (OV) in hepatic cirrhosis by simple 
non invasive markers: results of a multicenter, International 
study. Hepatology 2008; 48 (Suppl 1): A713

107	 Castera L, Le Bail B, Roudot-Thoraval F, Bernard PH, 
Foucher J, Merrouche W, Couzigou P, de Ledinghen V. 
Early detection in routine clinical practice of cirrhosis and 
oesophageal varices in chronic hepatitis C: comparison of 
transient elastography (FibroScan) with standard laboratory 
tests and non-invasive scores. J Hepatol 2009; 50: 59-68

108	 Carrion 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

109	 Bureau C, Metivier S, Peron JM, Robic MA, Rouquet O, 
Dupuis E, Vinel T. Prospective assessment of liver stiffness 
for the non-invasive prediction of portal hypertension. J 
Hepatol 2007; 46 (Suppl 1): S34

110	 Lemoine M, Katsahian S, Nahon P, Ganne-Carrie N, Kazemi 
F, Grando V. Liver stiffness measurement is correlated 
with hepatic venous pressure gradient in patients with 
uncomplicated alcoholic and/or HCV related cirrhosis. 
Hepatology 2006; 44 (Suppl 1): A204

111	 Rudler M, Massard J, Varaut A, Lebray P, Poynard T, 
Thabut D, Cluzel P, Auguste M. Transient Elastography 
(Fibroscan) and Hepatic Venous Pressure Gradient 
Measurement in Patients with Cirrhosis and Gastrointestinal 
Haemorrhage related to Portal Hypertension. Hepatology 
2008; 48 (Suppl 1): A36

112	 Bradford Y, Gerotto M, Marcolongo M, Dal Pero F, Lagier 
R, Rowland C, Sebastiani G, Alberti A. A cirrhosis risk 
score identifies those chronic hepatitis C infected patients 
presenting with no liver fibrosis that are at high risk for 
fibrosis progression. Hepatology 2007: 46 (Suppl 1): A459

S- Editor  Li LF    L- Editor  Logan S    E- Editor  Ma WH

www.wjgnet.com

Sebastiani G. Non-invasive assessment of liver fibrosis in clinical practice		                                          2203


