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Abstract

Alcoholic liver disease (ALD) consists of a broad spectrum of disorders, ranging from simple steatosis to alcoholic steatohepatitis and cirrhosis. Fatty liver develops in more than 90% of heavy drinkers, however only 30%-35% of them develop more advanced forms of ALD. Therefore, even if the current “gold standard” for the assessment of the stage of alcohol-related liver injury is histology, liver biopsy is not reasonable in all patients who present with ALD. Currently, although several non-invasive fibrosis markers have been suggested as alternatives to liver biopsy in patients with ALD, none has been sufficiently validated. As described in other liver disease, the diagnostic accuracy of such tests in ALD is acceptable for the diagnosis of significant fibrosis or cirrhosis but not for lesser fibrosis stages. Existing data suggest that the use of non-invasive tests could be tailored to first tier screening of patients at risk, in order to diagnose early patients with progressive liver disease and offer targeted interventions for the prevention of decompensation. We review these tests and critically appraise the existing evidence. 
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Core tip: Although there has been an explosive development and validation of non-invasive fibrosis tests particularly in viral hepatitis, data on patients with alcoholic liver disease are still scarce. We review these tests and critically appraise the existing literature. Evidence suggests that such tests could be tailored to first tier screening of patients at risk, in order to diagnose early patients with progressive liver disease and offer targeted interventions for the prevention of decompensation.
INTRODUCTION

Chronic liver disease is one of the main causes of morbidity and mortality worldwide, as its most relevant complications, namely cirrhosis and liver cancer, account for approximately 2% and 1.4% of all deaths, respectively[1,2]. Excessive alcohol consumption is a major risk factor for chronic liver disease in industrialized countries, and is the predominant cause of liver disease in 48% cases of cirrhosis in the United States[3].

Alcoholic liver disease (ALD) is defined by anam​nestic history of daily alcohol intake of at least 30 g and 20 g for men and women respectively, associated with evidence of liver injury[1].

ALD consists of a broad spectrum of disorders, ranging from simple fatty liver to more severe forms, namely alcoholic steatohepatitis (ASH) and cirrhosis, leading to life-threatening complications such as hepatocellular carcinoma (HCC) and liver failure. Fatty liver develops in more than 90% of heavy drinkers, however only 30%-35% of them develop more advanced forms of ALD. This suggests the role of other contributing factors, such as female sex, obesity, drinking patterns, dietary factors, cigarette smoking and non-sex-linked genetic factors. In particular, genetic factors such as the polymorphism of the patatin-like phospholipase domain-containing protein 3 are currently the focus of further research[3]. 

Early detection of cirrhosis is important in patients with ALD, as abstinence can prevent the advent of complications and improve prognosis[4,5]. In a cohort of 466 patients with ALD cirrhosis, 1-year mortality was 17% in the absence of baseline complications, progressively increasing to 20%, 29% and 64% in the presence of variceal bleeding, ascites, and encephalopathy, respectively[6]. Abstinence improves survival in patients with established ALD; in a study including 283 patients with ALD cirrhosis and a 5-year follow-up, a significant difference in survival between abstainers and drinkers was demonstrated, with corresponding rates of 63% and 45% respectively[7]. These data were confirmed by Verrill et al[8] in a 7-year follow-up of 100 patients with alcoholic cirrhosis.

The current “gold standard” for the assessment of alcohol-related liver injury is histology, obtained through liver biopsy. The histological examination provides information about liver architecture, presence and extent of steatosis, necroinflammation and fibrosis. Nevertheless, it is an invasive procedure with some limitations. Firstly, it is subject to sampling errors and intra and inter-observer interpretation variability, mainly due to the small portion of liver examined. Secondly, it is associated with patient discomfort and a small but significant risk of severe complications, such as hemobilia or bleeding[9].

Therefore, although liver biopsy remains essential in selected cases, there has been a growing interest in non-invasive methods for the assessment of liver fibrosis. 

LIVER FIBROSIS AND STAGING ASSESSMENT

The fibrogenic process is a maladaptive wound-healing response to a generic liver injury characterized by excessive production and accumulation of collagen and other extracellular matrix proteins by activated hepatic stellate cells and portal fibroblasts[3,10]. When an imbalance between extracellular matrix production and degradation occurs, fibrosis progresses[11].

In ALD, fibrosis begins in the perivenular regions and extends to portal tracts, leading to the formation of central-portal or portal-portal bridging fibrosis. If the alcoholic injury persists, fibrosis and hepatocyte regeneration result in nodule formation and finally in cirrhosis[10].

Histological examination estimates fibrosis by using a semi-quantitative “staging” scoring system that takes into account both fibrosis and architectural changes[12,13]. Currently different histological semi-quantitative scoring system are available, such as the Ishak and METAVIR scores for viral hepatitis or the Brunt and Kleiner score for non-alcoholic fatty liver disease. These classification systems use numerical categorical labels to describe histological features such as steatosis or necroinflammation. One of their major limitations is the assignment of fixed numerical scores to continuous histological variables, so that the numbers provide more a descriptive feature rather than an actual measurement. Nevertheless, there is no direct correlation of these scoring labels with the amount of fibrosis[12]. This limitation is reflected in the development and evaluation of non-invasive fibrosis markers, where the continuous value provided by the non-invasive fibrosis test is used for the diagnosis of the semi-quantitative stage that describes both architecture and distribution of fibrosis, and thus probably results in a higher number of misclassifications (Table 1). 

Recently, a quantitative method of measuring fibrous tissue, through digital image analysis of the proportion of collagen in liver tissue, namely collagen proportionate area (CPA), has been developed[12-14]. CPA is a direct measure of the amount of fibrosis in the liver and could be better used for the validation of non-invasive fibrosis markers but also for the evaluation of future anti-fibrotic treatment.

NON-INVASIVE FIBROSIS TESTS

A diversified set of both serum and imaging potential markers has been developed for the non-invasive assessment of liver fibrosis. Serum biomarkers are classed as indirect (class Ⅱ) or direct (class Ⅰ). The development of advanced imaging technique has led to the availability of additional tools to stage liver fibrosis. The advantages of these new methods are the widespread availability, the non-invasiveness and the high reproducibility. Therefore, when validated as sufficiently accurate, they represent a perfect tool for risk stratification, staging fibrosis and long-term follow-up of patients.

serum biomarkers

Class Ⅱ serum biomarkers or indirect fibrosis tests: Class Ⅱ biomarkers consist of routinely performed serological tests, which evaluate common altered liver parameters, such as transaminases, platelet count or albumin. They are not surrogate markers of matrix turnover or the fibrogenic process in the liver, but rather reflect hepatic function or inflammation. They are usually combined into score systems or panels where other demographic features are included, such as presence of diabetes or age, in order to better classify fibrosis stages[15-17]. These panels have a high and a low cut-off for the diagnosis of a specific fibrosis stage, in order to minimize the number of false positive and false negative respectively. Therefore, a number of patients fall in the “indeterminate zone” between the two thresholds, so that additional investigations to classify such patients are required. 

Class Ⅰ serum biomarkers or direct fibrosis tests: Class Ⅰ biomarkers reflect the products derived from the turnover of the extracellular matrix during the fibrogenic process. During this process, there is a consistent increase in the serum levels of fibrogenic cytokines (e.g., tumour-growth factor ), extracellular matrix components [e.g., hyaluronic acid (HA)], degradation products (e.g., procollagen Ⅳ C peptide), and enzymes involved in these processes (e.g., tissue inhibitor of metalloproteinases TIMP-1)[15]. Such biochemical tests are currently performed in designated laboratories and are usually part of complex panels.
IMAGING TECHNIQUES

Ultrasound, CT and MRI can only detect the pre​sence of hepatic steatosis or signs of cirrhosis and portal hypertension, with little contribution to the identification of patients with less advanced stages of fibrosis. Therefore, in recent years new imaging techniques have been developed in order to overcome this limit and emerging data are accumulating, particularly in viral hepatitis. The architectural changes in the liver driven by inflammation and deposition of fibrotic tissue lead to alterations in the microstructure reflected by an increase in the liver stiffness. This can be measured by using elastography principles, which are based on the propagation of a mechanical share wave through the liver parenchyma; the propagation velocity reflects the liver stiffness. Moreover, MRI technique also adapted to assess hepatic fibrosis by modifying phase-contrast imaging sequence to detect the shear waves within the liver. 

Transient elastography (TE) or FibroScan® (Echosens; Paris, France) was the first imaging modality used to detect liver fibrosis. It is an ultrasound-based technique that uses an ultrasonic transducer probe (5 MHz), which emits low-frequency vibrations into the liver, creating a propagating shear wave. The latter is detected by a pulse-echo acquisition, which then calculates its velocity. The results are expressed in Kilopascals (kPa) and the final value is the mean of ten valid measurements. In order to ensure a reliable determination of liver stiffness, an interquartile range for measurements within 30% and ratio of success rate of measurements > 60% are required[18]. Liver stiffness is measured in a volume of approximately 1 cm wide and 4 cm long, corresponding to nearly 1/500 of the whole liver volume, thereby representing a sample 100 times greater than the one obtained from a liver biopsy.

The results range from 2.5 to 75 kPa, however a validation of exact stiffness cut-offs for specific fibrosis stages is still lacking[19]. Liver stiffness cut-offs for the diagnosis of extensive fibrosis or cirrhosis could be different according to the cause of the underlying liver disease, possibly because liver stiffness mainly reflects the amount of liver fibrosis without taking into consideration its distribution within the liver, which the fibrosis staging systems are based on[20]. 

Fibroscan® has important limitations that need to be taken into account. Firstly, it is technically difficult in patients with visceral obesity, elevated BMI or narrow rib interspaces. Secondly, stiffness values are artificially increased in the presence of congestive heart failure, acute hepatitis, infiltrative liver disease like amyloidosis or if the measurement is performed post-prandially. In a 5-year prospective study by Castéra et al[21], which included 13369 patients, the probability of failure and/or unreliable results of Fibroscan® was 18%; this failure was independently associated with obesity, in particular increased waist circumference, and limited operator experience (< 500 examinations performed). The rate of unreliable results is not taken into account when the accuracy of TE is reported in studies, thereby resulting in an overestimation of its performance. A new XL probe for obese patients results in different stiffness cut-offs than the M probe and is still under​going validation.

Acoustic radio force impulse (ARFI) evaluates the elastic properties of a hepatic region of interest while performing a real-time B-mode conventional hepatic ultrasonography, so that large blood vessels or ribs could be avoided. The elastography system is directly integrated on a standard ultrasonography device (Acuson 2000/3000 Virtual TouchTM Tissue Quantification, Siemens Healthcare, Erlangen, Germany) and short acoustic high-intensity impulses with a fixed frequency of 2.67 MHz are sent into the tissue inducing a tissue displacement and the propagation of shear waves away from the region of excitation. The propagation velocity of these shear waves is expressed in m/s and correlates to the tissue stiffness. The tissue displacements are inversely proportional to the stiffness of the tissue, so that a stiffer region of tissue exhibits smaller displacements than a more compliant region[22]. A high correlation between ARFI elastography and Fibroscan® in staging of liver fibrosis has been demonstrated[23]. ARFI performance seems not to be affected by the presence of hepatic steatosis, whereas the influence of the inflammatory activity in the liver has been confirmed[24].

Supersonic Shear Imaging (SSI), also named ShearWave™ elastography, is a new technique based on the measurement of the velocity of a local shear wave through soft tissues. It uses an ultrasound transducer (Aixplorer, Supersonic Imagine, Aix-en-Provence, France), which emits a series of pulse waves at increasing depths, using a very wide frequency band ranging from 60 to 600 Hz. By generating a real-time colour mapping of the elasticity of the tissue explored coupled with a B-mode image, SSI provides a quantitative imaging of the tissue elasticity. The final value is the average the measurement obtained by selecting the region of interest by using both B-mode and SWE images[25,26]. Unlike Fibroscan, there are no established quality criteria for measurements using ARFI or SSI.

Magnetic resonance elastography (MRE) combines images produced by a traditional magnetic resonance (MR) system with a modiﬁed phase contrast technique able to depict the propagation of acoustic shear waves generated by a pneumatic driver. Elasticity values are expressed in KPa and are obtained as mean values measured in a region of interest within the liver[27]. This technique is still undergoing validation and is not used in routine clinical practice.

NON-INVASIVE ASSESSEMENT OF LIVER FIBROSIS IN ALD

Even if data are accumulating on the use of non-invasive tests for the assessment of liver fibrosis in ALD, nevertheless a small number of studies is currently available on such patients compared to other causes of liver disease. Therefore, although non-invasive fibrosis tests have greatly reduced the need for liver biopsy, particularly in patients with HCV, the evidence is still scant in ALD (Table 2).

Serum markers

Aspartate aminotransferase (AST)/alanine amino​transferase (ALT) ratio includes AST and ALT. Values > 1, and especially > 2, are highly suggestive of an alcoholic aetiology of liver disease or the presence of cirrhosis[28,29]. 

The first serum panel used and validated for the detection of cirrhosis among drinkers is the PGA index, which consists of prothrombin index (PT), gamma glutamyl transferase (GGT) and Apolipoprotein A1[30]. Subsequently 2 macroglobulin has been added to form the PGAA index. PGAA was tested in a cohort of 525 alcoholic patients with different histological stages of fibrosis and performed better than PGA in detecting significant fibrosis or cirrhosis (correct classification in 70% of PGAA and 65% of PGA, P < 0.001). The derived PGAA cut-offs for excluding or diagnosing cirrhosis were ≤ 3 and ≥ 9 respectively. Moreover, in a sub-analysis of asymptomatic patients (n = 316), a PGAA cut-off of 7 had a sensitivity of 89% and specificity of 79% for the diagnosis of cirrhosis, suggesting a potentially important role in detecting early cirrhosis among drinkers[31].

APRI (AST-To-platelet ratio index) includes AST and platelet count as variables. It is calculated as (AST/upper limit of normal range)/platelet count (109/L) X 100. Wai et al[32] developed this index in a cohort of 270 HCV mono-infected patients and showed than an APRI cut-off of < 1.0 excluded cirrhosis with a negative predictive value of 98%, whereas a score > 2 was predictive of cirrhosis with a positive predictive value of 93%. On the other hand, cut-offs of < 0.5 and > 1.5 excluded and confirmed the presence of significant fibrosis (METAVIR F2), respectively. Conversely, poorer results have been found in patients with ALD, probably due to the direct effect of alcohol on platelet count and AST[33]. In a cohort of 507 patients with ALD, APRI values of > 1.5 had sensitivity and specificity of 13.2% and 77.6% respectively for the detection of significant fibrosis, and 16.9% and 86.4% respectively for the diagnosis of cirrhosis at a cut-off of 2, thus suggesting a limited utility in clinical practice[33]. The relatively poor diagnostic performance of APRI was confirmed in a comparative study of TE and non-invasive serum tests in a cohort of 103 alcoholic patients. APRI yielded the lowest AUROC at 0.56, while FibroTest and PGAA had AUROCs of 0.84 and 0.83 respectively[34].

The Forns index is based on four routine clinical variables: age, platelet count, cholesterol levels and GGT. It has been developed to predict advanced fibrosis in a cohort of 476 chronic C hepatitis patients[35]. Both APRI and Forns scores showed low performance in detecting both advanced fibrosis and cirrhosis in a cohort of 214 patients with ALD, with AUROCs of 0.38 and 0.59 for the former and 0.67 and 0.38 for the latter, respectively[36]. Similarly, in a cohort of 49 patients with ALD, TE was significantly better for diagnosing advanced fibrosis than APRI and Forns, with corresponding AUROCS of 0.766, 0.611 and 0.648[37].

The performance of single direct serum markers has also been studied in patients with ALD. Of them, more data is available on HA. In a systematic review by Parkes et al[38], there were 15 identified studies on HA in ALD, of which only 7 reported cut-offs for the identification of severe fibrosis or cirrhosis. Nevertheless, the number of participants was small (range n = 70-247) and varying cut-offs for the diagnosis of cirrhosis were provided (60-300 g/l). Sensitivity and specificity ranged from 87%-100% and 60%-89%, while only 4 studies provided AUROC values (median 0.79, range 0.69-0.93). Overall, HA was better at excluding severe fibrosis/cirrhosis rather than confirming it, and better in the detection of cirrhosis compared to milder degrees of fibrosis. In particular, in the study of Plevris et al[39] including 70 alcoholic patients, a threshold of HA > 100 g/l had a 89% specificity and 87% sensitivity for diagnosing cirrhosis, with the specificity increasing to 96% for cut-offs of > 300 g/l, thus reliably ruling out cirrhosis despite the small number on patients considered. Conversely, Tran et al[40] considered a lower threshold of HA (60 g/l) in 146 heavy drinkers and showed a sensitivity of 100% and a specificity of 86% for the detection of cirrhosis. These data suggest that HA could be used as a screening test in patients who abuse alcohol in order to exclude advanced liver disease, provided that a standardized cut-off is adequately validated. Conversely, Lieber[41] evaluated the performance of TIMP1, P3NT and HA among other markers, in a cohort of 247 pre-cirrhotic alcoholic patients. The study reported poor accuracy of all these markers in the prediction of advanced fibrosis, with corresponding AUROCs of 0.68, 0.67 and 0.69. Plasma YKL-40 was tested in 146 heavy drinkers and its levels increased in parallel with the severity of fibrosis and inflammation. Considering a threshold of 330 mcg/l, YKL-40 had a sensitivity of 50.8% and a specificity of 88.5 for the detection of advanced fibrosis[42]. Therefore, direct serum markers in isolation are inadequate for the diagnosis of pre-cirrhotic fibrosis stages.

A non-commercial panel of indirect and direct non-invasive markers was recently developed to stratify the risk of advanced liver disease and liver-related complications in a cohort of 1038 patients with ALD in primary care. The panel consisted of HA, P3NP and platelet count, and classified patients as high risk (red group), intermediate-risk (amber group) and low-risk (green group). After a mean follow-up of 46 mo, no patients in the green group decompensated or died, compared to 3.3% and 14% of deaths in the amber and red group respectively. The AUROC of this panel was 0.78 and 0.81 for diagnosing any degree or significant fibrosis respectively. Since the red and amber groups had a significant reduction in survival compared to the green one, the panel could be used as a screening test in primary care to guide further secondary care referrals[43].

FibroTest® consists of total bilirubin, haptoglobin, GGT, 2 macroglobulin and Apolipoprotein A1. Imber-Bismut firstly tested its accuracy in 339 HCV-infected patients and reported an AUROC of 0.837 for the detection of significant fibrosis. In a cohort of 221 patients with ALD, FibroTest® values were significantly different among distinct stages of liver fibrosis (except between F0 and F1). In contrast, HA values only differed between advanced stages of fibrosis and F0-F2. Moreover, for ≥ F2, the AUROCs of FibroTest® and HA were 0.84 and 0.79 respectively, while for the diagnosis of cirrhosis the corresponding AUROC were comparable at 0.95 and 0.93 respectively[44].

HepaScore® combines age, gender, bilirubin, GGT, HA, and gamma2-macroglobulin into a score with values ranging from 0 to 1. In a cohort of 512 HCV patients, HepaScore® had acceptable diagnostic accuracy both for significant fibrosis (AUROC = 0.81) and cirrhosis (AUROC = 0.88)[29,45]. 
The FibroMeter® derives from the combination of several serum markers, such as platelet count, prothrombin index, transaminases, GGT, α2 macro​globulin, HA, blood urea, ferritin, age and sex. It comprises six different tests, one for traditional histological staging and one for fibrosis quantification for each of ALD, NAFLD and viral hepatitis, showing the highest performance in chronic C hepatitis[46]. In a cohort of 478 patients, of which 95 had ALD, Fibrometer® showed a better AUROC (0.96) in diagnosing F2-F4 fibrosis stage in ALD, compared to Forns index, APRI and FibroTest®[47].

In a study by the group that developed FibroTest®, its diagnostic accuracy was compared to that of FibroMeter® and Hepascore® in 218 patients with ALD. Significant correlations between fibrosis stages and each serum panel were found with no significant differences in their AUROC for the diagnosis of advanced fibrosis and cirrhosis, with corresponding values of 0.83 and 0.92-0.94. Nevertheless, in the multivariate analysis, FibroTest® was the only factor independently associated with both advanced fibrosis and cirrhosis, whereas Fibrometer® was independently associated only with cirrhosis. Interestingly, the combination of these indexes did not improve the diagnostic performance of FibroTest®. Moreover, all three scores were predictors of 5 and 10 year overall survival and non liver-related deaths equally well correlated with histological semi-quantitative staging. Once again, at multivariate analysis only Fibrotest® remained an independent prognostic factor of liver-related mortality[36]. 

ELF™ score was developed by Rosenberg et al[48] in 1021 patients with chronic liver disease of mixed aetiologies, showing a high accuracy for the detection of significant fibrosis. Importantly, it performed well in either hepatitis C, NAFLD or ALD; although only 64 patients had ALD in the initial cohort, the sensitivity and specificity for diagnosing significant fibrosis were 93% and 100% respectively. These promising results need further validation in a larger cohort of patients with ALD.

All proprietary serum panels will require independent validation in ALD by groups not involved in their development.

Imaging techniques: Data on transient elastography (TE) are limited in patients with ALD compared to other aetiologies of liver disease. Mueller has shown that the presence of steatohepatitis an/or ongoing alcohol abuse can result in falsely elevated stiffness measurements and suggested that TE should not be performed in patients with AST > 100 IU/L who are actively drinking[49,50]. 
Similar to other aetiologies of liver disease, there are no validated cut-offs for the diagnosis of specific histological stages in patients with ALD. Nguyen-Khac[34] studied 103 patients with ALD and showed that stiffness cut-off values of 7.8 and 11 kPa were predictive of ≥ F2 and ≥ F3 respectively, with corresponding sensitivity 80% and 86.7% and specificity 90.5% and 80.5%, whereas a cut-off of > 19.5 kPa was suggestive of cirrhosis. Similar results were reported in a study of 711 patients with chronic liver disease, of whom 89 (12.5%) had ALD, where a cut-off value of 17.6 kPa had a sensitivity of 77% and a specificity of 97% for the detection of cirrhosis[51]. In another cohort of 147 alcoholic patients, the AUROC for patients with advanced fibrosis and with cirrhosis were 0.94 and 0.87 respectively. Cut-off values of 12.9 kPa and 22.6 kPa were optimal for the diagnosis of ≥ F3 and F4 respectively[52].

A Cochrane meta-analysis retrieved only 7 studies on patients with ALD with a total of 834 patients[50]. Although stiffness cut-offs varied among studies and were not defined a priori, the most commonly used cut-offs for the detection of advanced fibrosis and cirrhosis were 9.5 kPa and 12.5 kPa respectively. At these values, TE had a sensitivity of 92% and 95%, and specificity of 70% and 71% for the diagnosis of F3 and F4 respectively. Only one study reported on F1, therefore the performance and cut-off values of TE in mild disease are yet to be established. The wide range of cut-off values for diagnosing specific fibrosis stages significantly affected the specificity of TE. Therefore, the diagnostic accuracy of TE is lower in ALD than in other causes of liver disease, particularly HCV[53]. As previously suggested[50], TE was better in ruling out rather than confirming advanced fibrosis and cirrhosis, with negative likelihood ratios of 0.11 and 0.07 respectively. Before TE can be used in clinical practice, cut-off values need to be sufficiently validated both in patients who continue to abuse alcohol and abstainers.

In order to improve the performance of TE, its combination with FIB4 has been tested in a cohort of 418 patients, showing an improvement in the accuracy in detecting advanced liver fibrosis compared to the performance of each test alone. Indeed, the new score had a sensitivity of 92% and a specificity of 78% compared to 87% and 76% of TE alone[54]. No further data on the combination of non-invasive tests are specifically available in ALD.

ARFI has also been studied in patients with ALD. In a cohort of 99 alcoholic patients, ARFI was significantly better than APRI, with AUROC of 0.875 and 0.893 for diagnosing ≥ S3 and S4 stages of the Scheuer scoring system. The optimum cut-off values for ARFI were 1.40 m/s for S3 and 1.65 m/s for S4. Interestingly, cut-off values decreased in the presence of normal transaminases, suggesting an influence of liver inflam​mation on ARFI values similar to TE[55].

A recent study by Cassinotto et al[26] compared the performance of Fibroscan®, ARFI and SSI in 349 patients with mixed aetiology of liver disease using histology as the gold standard. It demonstrated a superior accuracy of SSI for diagnosing significant fibrosis (≥ F2) compared to ARFI and for diagnosing severe fibrosis (≥ F3) compared to Fibroscan®. Although there were patients with ALD included, no separate analysis was performed according to the aetiology of liver disease. Nevertheless, the comparative accuracy of the technique is not expected to differ according to the underlying aetiology of liver disease.

Bensamoun et al[56] compared the diagnostic accuracy of MRE and Fibrometer® in 90 patients with ALD, using TE as the gold standard for fibrosis assessment. The analysis revealed that MRE per​formed well in the diagnosis of ≥ F1, ≥ F3 and F4, with corresponding AUROCs of 0.94, 0.98 and 0.99; conversely, Fibrometer® could only accurately detect cirrhosis (F4) with an AUROC of 0.95, with lower values for ≥ F1, ≥ F2 and ≥ F3 respectively (0.63, 0.69 and 0.83). As TE has a high number of false positive reading in patients with ALD, it is difficult to interpret the results of this study as liver biopsy was not performed. 

CONCLUSION

Currently, although several non-invasive fibrosis markers have been suggested as alternatives to liver biopsy in patients with ALD, none has been sufficiently validated. In contrast to other aetiologies of liver disease, most notably HCV, data are scarce and derive from small cohorts of patients. Indeed, two separate cost-effectiveness analyses of non-invasive fibrosis tests in ALD concluded that such tests cannot be currently recommended for the investigation and management of such patients[57,58]. This was based on both the lack of specific treatment for ALD other than abstinence and the limited data on the diagnostic accuracy of non-invasive fibrosis tests. As described in other liver diseases, the diagnostic accuracy of non-invasive tests in ALD is acceptable for the diagnosis of significant fibrosis or cirrhosis but not for lesser fibrosis stages.

Simple panels that rely on AST, such as APRI and AST/ALT ratio, are of reduced utility in ALD due to the higher AST values in such patients that do not necessarily correlate with severe fibrosis. Proprietary panels such as Fibrotest, Fibrometer and ELF score need further validation. HA has been used either alone or in non-proprietary panels[43], however the cut-offs used for the diagnosis of advanced fibrosis and/or cirrhosis vary across studies and therefore cannot be applied in everyday clinical practice.

The most widely evaluated non-invasive test is Fibroscan, however its specificity is suboptimal and can only be used for ruling out the presence of ≥ F3 or cirrhosis. Therefore, its use as a community-screening tool in patients who abuse alcohol should be further explored. Indeed, the use of non-invasive tests could be tailored to first tier screening of patients at risk, in order to diagnose early patients with progressive liver disease and offer targeted interventions for the prevention of decompensation.

In conclusion, even though evidence supporting the reliability and utility of non-invasive assessment of liver fibrosis in ALD is accumulating, sufficient validation of these tests is still lacking, whereas their accuracy for the detection of earlier stages of fibrosis needs to be improved. 

REFERENCES

1
Rehm J, Samokhvalov AV, Shield KD. Global burden of alcoholic liver diseases. J Hepatol 2013; 59: 160-168 [PMID: 23511777 DOI: 10.1016/j.jhep.2013.03.007]

2
Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet 2014; 383: 1749-1761 [PMID: 24480518 DOI: 10.1016/S0140-6736(14)60121-5]

3
Gao B, Bataller R. Alcoholic liver disease: pathogenesis and new therapeutic targets. Gastroenterology 2011; 141: 1572-1585 [PMID: 21920463 DOI: 10.1053/j.gastro.2011.09.002]

4
Tsochatzis EA, Bosch J, Burroughs AK. New therapeutic paradigm for patients with cirrhosis. Hepatology 2012; 56: 1983-1992 [PMID: 22729954 DOI: 10.1002/hep.25915]

5
Tsochatzis EA, Bosch J, Burroughs AK. Prolonging survival in patients with cirrhosis: old drugs with new indications. Gastroenterology 2010; 139: 1813-1815.e1 [PMID: 21034779 DOI: 10.1053/j.gastro.2010.10.031]

6
Jepsen P, Ott P, Andersen PK, Sørensen HT, Vilstrup H. Clinical course of alcoholic liver cirrhosis: a Danish population-based cohort study. Hepatology 2010; 51: 1675-1682 [PMID: 20186844 DOI: 10.1002/hep.23500]

7
Powell WJ, Klatskin G. Duration of survival in patients with Laennec’s cirrhosis. Influence of alcohol withdrawal, and possible effects of recent changes in general management of the disease. Am J Med 1968; 44: 406-420 [PMID: 5641303]

8
Verrill C, Markham H, Templeton A, Carr NJ, Sheron N. Alcohol-related cirrhosis--early abstinence is a key factor in prognosis, even in the most severe cases. Addiction 2009; 104: 768-774 [PMID: 19344445 DOI: 10.1111/j.1360-0443.2009.02521.x]

9
Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med 2001; 344: 495-500 [PMID: 11172192 DOI: 10.1056/NEJM200102153440706]

10
Sakhuja P. Pathology of alcoholic liver disease, can it be differentiated from nonalcoholic steatohepatitis? World J Gastroenterol 2014; 20: 16474-16479 [PMID: 25469015 DOI: 10.3748/wjg.v20.i44.16474]

11
Bataller R, Brenner DA. Hepatic stellate cells as a target for the treatment of liver fibrosis. Semin Liver Dis 2001; 21: 437-451 [PMID: 11586471 DOI: 10.1055/s-2001-17558]

12
Germani G, Burroughs AK, Dhillon AP. The relationship between liver disease stage and liver fibrosis: a tangled web. Histopathology 2010; 57: 773-784 [PMID: 20812954 DOI: 10.1111/j.1365-2559.2010.03609.x]

13
Tsochatzis E, Bruno S, Isgro G, Hall A, Theocharidou E, Manousou P, Dhillon AP, Burroughs AK, Luong TV. Collagen proportionate area is superior to other histological methods for sub-classifying cirrhosis and determining prognosis. J Hepatol 2014; 60: 948-954 [PMID: 24412606 DOI: 10.1016/j.jhep.2013.12.023]

14
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]

15
Chrostek L, Panasiuk A. Liver fibrosis markers in alcoholic liver disease. World J Gastroenterol 2014; 20: 8018-8023 [PMID: 25009372 DOI: 10.3748/wjg.v20.i25.8018]

16
Martínez SM, Crespo G, Navasa M, Forns X. Noninvasive assessment of liver fibrosis. Hepatology 2011; 53: 325-335 [PMID: 21254180 DOI: 10.1002/hep.24013]

17
Nguyen D, Talwalkar JA. Noninvasive assessment of liver fibrosis. Hepatology 2011; 53: 2107-2110 [PMID: 21547935 DOI: 10.1002/hep.24401]

18
Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using transient elastography. J Hepatol 2008; 48: 835-847 [PMID: 18334275 DOI: 10.1016/j.jhep.2008.02.008]

19
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]

20
Ganne-Carrié N, Ziol M, de Ledinghen V, Douvin C, Marcellin P, Castera L, Dhumeaux D, Trinchet JC, Beaugrand M. Accuracy of liver stiffness measurement for the diagnosis of cirrhosis in patients with chronic liver diseases. Hepatology 2006; 44: 1511-1517 [PMID: 17133503 DOI: 10.1002/hep.21420]

21
Castéra L, Foucher J, Bernard PH, Carvalho F, Allaix D, Merrouche W, Couzigou P, de Lédinghen V. Pitfalls of liver stiffness measurement: a 5-year prospective study of 13,369 examinations. Hepatology 2010; 51: 828-835 [PMID: 20063276 DOI: 10.1002/hep.23425]

22
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]

23
Ebinuma H, Saito H, Komuta M, Ojiro K, Wakabayashi K, Usui S, Chu PS, Umeda R, Ishibashi Y, Takayama T, Kikuchi M, Nakamoto N, Yamagishi Y, Kanai T, Ohkuma K, Sakamoto M, Hibi T. Evaluation of liver fibrosis by transient elastography using acoustic radiation force impulse: comparison with Fibroscan(®). J Gastroenterol 2011; 46: 1238-1248 [PMID: 21779759 DOI: 10.1007/s00535]

24
Rifai K, Cornberg J, Mederacke I, Bahr MJ, Wedemeyer H, Malinski P, Bantel H, Boozari B, Potthoff A, Manns MP, Gebel M. Clinical feasibility of liver elastography by acoustic radiation force impulse imaging (ARFI). Dig Liver Dis 2011; 43: 491-497 [PMID: 21439919 DOI: 10.1016/j.dld.2011.02.011]

25
Bercoff J, Tanter M, Fink M. Supersonic shear imaging: a new technique for soft tissue elasticity mapping. IEEE Trans Ultrason Ferroelectr Freq Control 2004; 51: 396-409 [PMID: 15139541]

26
Cassinotto C, Lapuyade B, Mouries A, Hiriart JB, Vergniol J, Gaye D, Castain C, Le Bail B, Chermak F, Foucher J, Laurent F, Montaudon M, De Ledinghen V. Non-invasive assessment of liver fibrosis with impulse elastography: comparison of Supersonic Shear Imaging with ARFI and FibroScan®. J Hepatol 2014; 61: 550-557 [PMID: 24815876 DOI: 10.1016/j.jhep.2014.04.044]

27
Talwalkar JA, Yin M, Fidler JL, Sanderson SO, Kamath PS, Ehman RL. Magnetic resonance imaging of hepatic fibrosis: emerging clinical applications. Hepatology 2008; 47: 332-342 [PMID: 18161879 DOI: 10.1002/hep.21972]

28
Sorbi D, Boynton J, Lindor KD. The ratio of aspartate aminotransferase to alanine aminotransferase: potential value in differentiating nonalcoholic steatohepatitis from alcoholic liver disease. Am J Gastroenterol 1999; 94: 1018-1022 [PMID: 10201476 DOI: 10.1111/j.1572-0241.1999.01006.x]

29
Baranova A, Lal P, Birerdinc A, Younossi ZM. Non-invasive markers for hepatic fibrosis. BMC Gastroenterol 2011; 11: 91 [PMID: 21849046 DOI: 10.1186/1471-230X-11-91]

30
Poynard T, Aubert A, Bedossa P, Abella A, Naveau S, Paraf F, Chaput JC. A simple biological index for detection of alcoholic liver disease in drinkers. Gastroenterology 1991; 100: 1397-1402 [PMID: 1672859]

31
Naveau S, Poynard T, Benattar C, Bedossa P, Chaput JC. Alpha-2-macroglobulin and hepatic fibrosis. Diagnostic interest. Dig Dis Sci 1994; 39: 2426-2432 [PMID: 7525168]

32
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]

33
Lieber CS, Weiss DG, Morgan TR, Paronetto F. Aspartate aminotransferase to platelet ratio index in patients with alcoholic liver fibrosis. Am J Gastroenterol 2006; 101: 1500-1508 [PMID: 16863553 DOI: 10.1111/j.1572-0241.2006.00610.x]

34
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 [PMID: 18705692 DOI: 10.1111/j.1365-2036.2008.03831.x]

35
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]

36
Naveau S, Gaudé G, Asnacios A, Agostini H, Abella A, Barri-Ova N, Dauvois B, Prévot S, Ngo Y, Munteanu M, Balian A, Njiké-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 [PMID: 19053048 DOI: 10.1002/hep.22576]

37
Janssens F, de Suray N, Piessevaux H, Horsmans Y, de Timary P, Stärkel P. Can transient elastography replace liver histology for determination of advanced fibrosis in alcoholic patients: a real-life study. J Clin Gastroenterol 2010; 44: 575-582 [PMID: 20104185 DOI: 10.1097/MCG.0b013e3181cb4216]

38
Parkes J, Guha IN, Harris S, Rosenberg WM, Roderick PJ. Systematic review of the diagnostic performance of serum markers of liver fibrosis in alcoholic liver disease. Comp Hepatol 2012; 11: 5 [PMID: 23273224 DOI: 10.1186/1476-5926-11-5]

39
Plevris JN, Haydon GH, Simpson KJ, Dawkes R, Ludlum CA, Harrison DJ, Hayes PC. Serum hyaluronan--a non-invasive test for diagnosing liver cirrhosis. Eur J Gastroenterol Hepatol 2000; 12: 1121-1127 [PMID: 11057458]

40
Tran A, Hastier P, Barjoan EM, Demuth N, Pradier C, Saint-Paul MC, Guzman-Granier E, Chevallier P, Tran C, Longo F, Schneider S, Piche T, Hebuterne X, Benzaken S, Rampal P. Non invasive prediction of severe fibrosis in patients with alcoholic liver disease. Gastroenterol Clin Biol 2000; 24: 626-630 [PMID: 10962384]

41
Lieber CS, Weiss DG, Paronetto F. Value of fibrosis markers for staging liver fibrosis in patients with precirrhotic alcoholic liver disease. Alcohol Clin Exp Res 2008; 32: 1031-1039 [PMID: 18422837 DOI: 10.1111/j.1530-0277.2008.00664.x]

42
Tran A, Benzaken S, Saint-Paul MC, Guzman-Granier E, Hastier P, Pradier C, Barjoan EM, Demuth N, Longo F, Rampal P. Chondrex (YKL-40), a potential new serum fibrosis marker in patients with alcoholic liver disease. Eur J Gastroenterol Hepatol 2000; 12: 989-993 [PMID: 11007134]

43
Sheron N, Moore M, Ansett S, Parsons C, Bateman A. Developing a ‘traffic light’ test with potential for rational early diagnosis of liver fibrosis and cirrhosis in the community. Br J Gen Pract 2012; 62: e616-e624 [PMID: 22947582 DOI: 10.3399/bjgp12X654588]

44
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 [PMID: 15704051]

45
Guéchot J, Lasnier E, Sturm N, Paris A, Zarski JP. Automation of the Hepascore and validation as a biochemical index of liver fibrosis in patients with chronic hepatitis C from the ANRS HC EP 23 Fibrostar cohort. Clin Chim Acta 2010; 411: 86-91 [PMID: 19850017 DOI: 10.1016/j.cca.2009.10.011]

46
Calès P, Boursier J, Oberti F, Hubert I, Gallois Y, Rousselet MC, Dib N, Moal V, Macchi L, Chevailler A, Michalak S, Hunault G, Chaigneau J, Sawadogo A, Lunel F. FibroMeters: a family of blood tests for liver fibrosis. Gastroenterol Clin Biol 2008; 32: 40-51 [PMID: 18973845 DOI: 10.1016/S0399-8320(08)73992-7]

47
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]

48
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 [PMID: 15578508]

49
Mueller S, Millonig G, Sarovska L, Friedrich S, Reimann FM, Pritsch M, Eisele S, Stickel F, Longerich T, Schirmacher P, Seitz HK. Increased liver stiffness in alcoholic liver disease: differentiating fibrosis from steatohepatitis. World J Gastroenterol 2010; 16: 966-972 [PMID: 20180235]

50
Pavlov CS, Casazza G, Nikolova D, Tsochatzis E, Burroughs AK, Ivashkin VT, Gluud C. Transient elastography for diagnosis of stages of hepatic fibrosis and cirrhosis in people with alcoholic liver disease. Cochrane Database Syst Rev 2015; 1: CD010542 [PMID: 25612182 DOI: 10.1002/14651858.CD010542.pub2]

51
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]

52
Nahon P, Kettaneh A, Tengher-Barna I, Ziol M, de Lédinghen V, Douvin C, Marcellin P, Ganne-Carrié N, Trinchet JC, Beaugrand M. Assessment of liver fibrosis using transient elastography in patients with alcoholic liver disease. J Hepatol 2008; 49: 1062-1068 [PMID: 18930329 DOI: 10.1016/j.jhep.2008.08.011]

53
Tsochatzis EA, Crossan C, Longworth L, Gurusamy K, Rodriguez-Peralvarez M, Mantzoukis K, O’Brien J, Thalassinos E, Papastergiou V, Noel-Storr A, Davidson B, Burroughs AK. Cost-effectiveness of noninvasive liver fibrosis tests for treatment decisions in patients with chronic hepatitis C. Hepatology 2014; 60: 832-843 [PMID: 25043847 DOI: 10.1002/hep.27296]

54
Lannerstedt H, Konopski Z, Sandvik L, Haaland T, Løberg EM, Haukeland JW. Combining transient elastography with FIB4 enhances sensitivity in detecting advanced fibrosis of the liver. Scand J Gastroenterol 2013; 48: 93-100 [PMID: 23205894 DOI: 10.3109/00365521.2012.746389]

55
Zhang D, Li P, Chen M, Liu L, Liu Y, Zhao Y, Wang R. Non-invasive assessment of liver fibrosis in patients with alcoholic liver disease using acoustic radiation force impulse elastography. Abdom Imaging 2015; 40: 723-729 [PMID: 24811766 DOI: 10.1007/s00261-014-0154-5]

56
Bensamoun SF, Leclerc GE, Debernard L, Cheng X, Robert L, Charleux F, Rhein C, Latrive JP. Cutoff values for alcoholic liver fibrosis using magnetic resonance elastography technique. Alcohol Clin Exp Res 2013; 37: 811-817 [PMID: 23216352 DOI: 10.1111/acer.12025]

57
Crossan C, Tsochatzis EA, Longworth L, Gurusamy K, Davidson B, Rodríguez-Perálvarez M, Mantzoukis K, O’Brien J, Thalassinos E, Papastergiou V, Burroughs A. Cost-effectiveness of non-invasive methods for assessment and monitoring of liver fibrosis and cirrhosis in patients with chronic liver disease: systematic review and economic evaluation. Health Technol Assess 2015; 19: 1-409, v-vi [PMID: 25633908 DOI: 10.3310/hta19090]

58
Stevenson M, Lloyd-Jones M, Morgan MY, Wong R. Non-invasive diagnostic assessment tools for the detection of liver fibrosis in patients with suspected alcohol-related liver disease: a systematic review and economic evaluation. Health Technol Assess 2012; 16: 1-174 [PMID: 22333291 DOI: 10.3310/hta16040]

Footnotes

Conflict-of-interest statement: Nothing to disclose.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Peer-review started: April 23, 2015

First decision: June 2, 2015

Article in press: August 30, 2015
P- Reviewer: Stanciu C, Tahiri M    S- Editor: Ma YJ    L- Editor: A    E- Editor: Ma S



Table 1  Non-invasive serum tests for the assessment of liver fibrosis and corresponding stages of alcoholic liver disease diagnosed


Test


�
Variables


�
ALD stage assessed


�
�
AST:ALT ratio


�
ALT, AST 


�
≥ F1, F4


�
�
HA 


�
HA 


�
F4


�
�
PGA


�
PT, GGT, apolipoprotein-A1


�
F4


�
�
PGAA


�
PT, GGT, apolipoprotein-A1, 


2-macroglobulin�
�
�
FibroTest®


�
Haptoglobin, 2-macroglobulin, apolipoprotein-A1, bilirubin, GGT


�
≥ F3, F4


�
�
FibrometerA®


�
Age, weight, glucose, AST, ALT, PLT count, ferritin


�
≥ F3, F4


�
�
FIB-4


�
Age, AST, ALT, platelet count


�
≥ F3


�
�
Hepascore®


�
Age, sex, bilirubin, GGT, 2-macroglobulin, HA


�
≥ F3, F4


�
�
APRI 


�
AST, platelet count


�
≥ F2, F4


�
�
ELF test™


�
HA, PIIINP, TIMP-1


�
≥ F3, F4


�
�
Forns index


�
Age, platelet count, total cholesterol, GGT


�
≥ F3, F4


�
�
ALD: Alcoholic liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT: Prothrombin time; GGT: -glutamyl transpeptidase; PLT: Platelets; PIIINP: Terminal peptide of procollagen Ⅲ; TIMP-1: Tissue inhibitor of metalloproteinase 1; HA: Hyaluronic acid.





Table 2  Non-invasive serum tests to diagnose fibrosis in patients with alcoholic liver disease and corresponding diagnostic indexes


Test


�
Cut-offs


�
F3


�
F4


�
�
�
�
Sensitivity


�
Specificity


�
AUROC


�
Sensitivity


�
Specificity


�
AUROC


�
�
PGA


�
< 2


�
NA


�
NA


�
  0.84


�
    0%


�
   83%


�
NA


�
�
�
> 9


�
NA


�
NA


�
NA


�
  86%


�
 100%


�
  0.89


�
�
PGAA


�
< 3


�
NA


�
NA


�
  0.86


�
NA


�
NA


�
NA


�
�
�
> 12


�
NA


�
NA


�
NA


�
NA


�
NA


�
  0.83


�
�
Hyaluronic acid, L


�
> 55


�
83.0%


�
  69%


�
NA


�
NA


�
NA


�
NA


�
�
�
> 60


�
NA


�
NA


�
NA


�
100%


�
60%-86%2


�
NA


�
�
�
> 100


�
NA


�
NA


�
NA


�
  89%


�
   87%


�
NA


�
�
�
> 250


�
NA


�
NA


�
NA


�
100%


�
   69%


�
  0.78


�
�
APRI


�
< 0.5


�
NA


�
NA


�
NA


�
NA


�
NA


�
NA


�
�
�
> 1.5


�
13.2%


�
77.6%


�
0.43-0.72


�
NA


�
NA


�
NA


�
�
�
< 1


�
NA


�
NA


�
NA


�
NA


�
NA


�
NA


�
�
�
> 2


�
  9.4%


�
96.6%


�
NA


�
16.9%


�
86.4%


�
0.56-0.792


�
�
FIB-4


�
< 1.45


�
NA


�
NA


�
0.7


�
NA


�
NA


�
0.8


�
�
�
> 3.25


�
NA


�
NA


�
0.7


�
NA


�
NA


�
0.8


�
�
FibroTest®


�
< 0.3 (0.3-1.581)


�
84.0%


�
  66%


�
  0.79


�
100%


�
   50%


�
  0.84


�
�
�
> 0.7 (0.7-1.01)


�
55.0%


�
  93%


�
  0.83


�
  91%


�
   87%


�
  0.94


�
�
FibroMeter®


�
NA


�
91.8%


�
92.3%


�
0.82-0.882


�
91.8%


�
92.3%


�
0.85-0.942


�
�
ELF test™


�
< 0.431


�
93.3%


�
100%


�
  0.94


�
93.3%


�
 100%


�
  0.94


�
�
�
> 9.5


�
74.4%


�
92.4%


�
NA


�
74.4%


�
92.4%


�
NA


�
�
Hepascore®


�
NA


�
NA


�
NA


�
0.76-0.832


�
NA


�
NA


�
0.76-0.922


�
�
Forns


�
NA


�
NA


�
NA


�
  0.38


�
NA


�
NA


�
  0.38


�
�
1A single cut-off has not been validated; 2A single value has not been proposed. NA: Not available; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AUROC: Area under receiver operator characteristic curve; GGT: -glutamyl transpeptidase; PLT: Platelets; PT: Prothrombin time; PIIINP: Terminal peptide of procollagen Ⅲ; TIMP-1: Tissue inhibitor of metalloproteinase 1; APRI: Aspartate aminotransferase to platelets ratio; ELF: Enhanced liver fibrosis.








3

