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Description

FIELD OF INVENTION

[0001] The present invention relates to a method for improving reliability of non-invasive diagnostic tests. More spe-
cifically, the present invention relates to a method for analyzing reliability of an Initial Index obtained by implementing a
non-invasive test for assessing the presence and/or the severity of a disease, and for improving diagnosis accuracy of
said test.
[0002] The method of the invention may apply for improving reliability of any non-invasive method for assessing the
present diagnosis and/or the severity of a disease, and especially applies for liver diseases.

BACKGROUND OF INVENTION

[0003] Diagnostic of liver diseases may be performed through analysis of liver fibrosis. Liver fibrosis refers to the
accumulation in the liver of fibrous scar tissue in response to injury of the hepatocytes due to various etiologies, such
as for example infection with a virus (such as hepatitis viruses HCV and HBV), heavy alcohol consumption, toxins or
drugs. The evolution of the fibrosis lesion may lead to cirrhosis, a condition in which the ability of the liver to function is
impaired. Treatments of liver fibrosis exist, which can slow or halt fibrosis progression, and even reverse existing liver
damages. On the contrary, cirrhosis is usually thought to be non-reversible.
[0004] Liver biopsy is the historical means implemented for diagnosing liver diseases in patients. Various classifications,
based on liver biopsies, are used to grade fibrosis and cirrhosis, such as, for example, Metavir and Ishak (where cirrhosis
is graded). For example, using Metavir scoring classification for fibrosis, five classes (named Metavir F stages) are
distinguished: F0 (no fibrosis, no scarring), F1 (portal fibrosis, minimal scarring), F2 (few septa, scarring has occurred
and extends outside the areas in the liver that contains blood vessels), F3 (many septa, bridging fibrosis is spreading
and connecting to other areas that contain fibrosis) and finally F4 (cirrhosis or advanced scarring of the liver). In this
patent application, any citation of F0, F1, F2, F3 and F4 is made with reference to the Metavir stages.
[0005] However, since liver biopsy is invasive and expensive, non-invasive diagnosis of liver fibrosis has gained
considerable attention over the last 10 years as an alternative to liver biopsy. The first generation of simple blood fibrosis
tests combined common indirect blood markers into a simple ratio, like APRI (Wai et al., Hepatology 2003) or FIB-4
(Valley-Pichard et al, Hepatology 2007). The second generation of calculated tests combined indirect and/or direct
fibrosis markers by logistic regression, leading to a score, like Fibrotest™ (Imbert-Bismut et al., Lancet 2001), ELF score
(Rosenberg et al., Gastroenterology 2004), FibroMeter™ (Cales et al., Hepatology 2005), Fibrospect™ (Patel et al., J
Hepatol 2004), and Hepascore (Adams et al., Clin Chem 2005). For example, WO2005/116901 describes a non-invasive
method for assessing the presence of a liver disease and its severity, by measuring levels of specific variables, including
biological variables and clinical variables, and combining said variables into mathematical functions to provide a score,
often called "fibrosis score".
[0006] However, these non-invasive diagnostic tests are not 100% accurate. Indeed, false-positive or false-negative
results may occur, leading to patient misclassifications. Errors may primarily be attributed to the reference (liver biopsy)
or to the construction of the test (as observed on academic data). Moreover, other sources of errors may arise from the
measurement of markers or of physical data underlying the test, from the practitioner, or from the patient himself.
[0007] There is thus a need for a method for limiting the occurrence of patient misclassifications, and improving
accuracy of non-invasive tests. An example of unefficacy of the prior art assumption for reliability of Fibroscan based
on the AUROC is shown in Example 6: AUROCs of LSE in unreliable biopsies were not significantly different than in
reliable biopsies.
[0008] WO2010/013235 describes a method for diagnosing a liver disease comprising computing a reliable score
including data derived from a standard breath test and other parameters, such as, for example, physiological noise.
Determining the physiological noise may include the use of an expert decision system. However, the method of
WO2010/013235 is specific for a diagnostic test comprising performing a standard breath test, and cannot be adapted
to other non-invasive diagnostic methods.
[0009] WO 01/86304 A2 relates to a method for diagnosing liver fibrosis through the use of a mathematical algorithm
to apply to measurements of biomarkers. In particular, it describes the use of discriminant function analysis to identify
which are the discriminating markers to select in order to design a non-invasive fibrosis test.
[0010] BMC INFECTIOUS DISEASES, vol. 10, 251, 24th August 2010, pages 1-8, XP021074532, ISSN 1471-2334
describes the use of a three-layer artificial neural network, developed with a Bayesian learning algorithm, in order to
design a non-invasive model for predicting the risk for liver fibrosis in patients suffering from chronic hepatitis B.
[0011] In LIVER INTERNATIONAL, vol. 28, no. 10, 20th May 2008, pages 1352-1362, XP055046946, ISSN 1478-3223,
the Inventors published an article entitled "Evaluating and increasing the reliable diagnosis rate of blood tests for liver
fibrosis in chronic hepatitis C". It is herein emphasized that reliability is a word that has different meanings in biostatistics.



EP 2 872 031 B1

3

5

10

15

20

25

30

35

40

45

50

55

In this prior art document, the terms "reliable" or "reliability" was used to define reliable diagnostic intervals (RDI). RDI
deals with a more precise diagnosis in terms of fibrosis stages. Thus, instead of a broad diagnosis of F2/F3/F4 stages
(the patient is diagnosed as having a fibrosis, which is significant (F2) or advanced (F3) or cirrhotic (F4), one can obtain
a RDI with F3/F4 diagnosis (the patient is diagnosed as having an advanced (F3) or cirrhotic (F4) fibrosis); in this prior
art document, reliability refers to diagnostic precision.
[0012] In the present invention, reliability is not related to RDI. This invention is a method and an expert system for
improving the reliability of a test, and cannot be used for defining a RDI.
[0013] It is emphasized that in this invention, contrary to the prior art document, no RDI is defined; the reliability classes
depict the patients groups with different accuracy levels defined by independent predictors of accuracy. For example,
in patients with renal insufficiency a diagnostic test has a significantly lower accuracy than the same test in patients with
normal renal function.
[0014] Also, it is emphasized that the dispersion index described in this invention is a new index of the value dispersion
of a result, especially a score, comparable to standard deviation.
[0015] There is thus a need for a method for improving the reliability of diagnostic tests.

DEFINITIONS

[0016] In the present invention, the following terms have the following meanings:

- "Liver disease" refers to an acute liver impairment, a chronic liver disease, a hepatitis viral infection especially an
infection caused by hepatitis B, C or D virus, an hepatoxicity, a liver cancer, a steatosis, a non-alcoholic fatty liver
disease (NAFLD), a non-alcoholic steatohepatitis (NASH), an autoimmune disease, a metabolic liver disease or a
disease with secondary involvement of the liver. According to an embodiment, hepatoxicity is alcohol induced
hepatoxicity and/or drug-induced hepatoxicity (i.e. any hepatoxicity induced by a xenobiotic compound like alcohol
or drug).
According to an embodiment, autoimmune disease is selected from the group consisting of autoimmune hepatitis
(AIH), primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC).
According to another embodiment, metabolic liver disease is selected from the group consisting of NAFLD, hemo-
chromatosis, Wilson’s disease and alpha 1 antitrypsin deficiency.

- "Subject" refers to an animal. In one embodiment, the animal is a mammal, such as, for example, a rat or a pet,
such as, for example, a cat or a dog. According to a preferred embodiment, the animal is a human.
According to an embodiment, the animal, including a human, is at risk of suffering or is suffering from a liver disease
as hereinabove defined.

- "Non-invasive diagnostic test" refers to a test for diagnosing, or for assessing the presence and/or severity of a
disease may give a data, an index, or a score. Such test may use measurement of biomarkers, clinical markers,
physical data (such as those obtained by the Fibroscan, for example), or scores. In one embodiment, a data may
be a biomarker, a clinical marker, a physical data, an index or a score.

[0017] Examples of biomarkers include, but are not limited to, glycemia, total cholesterol, HDL cholesterol (HDL), LDL
cholesterol (LDL), AST (aspartate aminotransferase), ALT (alanine aminotransferase), AST/ALT, AST.ALT, ferritin, plate-
lets (PLT), AST/PLT, prothrombin time (PT) or prothrombin index (PI), hyaluronic acid (HA or hyaluronate), haemoglobin,
triglycerides, alpha-2 macroglobulin (A2M), gamma-glutamyl transpeptidase (GGT), urea, bilirubin, apolipoprotein A1
(ApoA1), type III procollagen N-terminal propeptide (P3NP), gamma-globulins (GBL), sodium (Na), albumin (ALB), ferritin
(Fer), Glucose (Glu), alkaline phosphatases (ALP), YKL-40 (human cartilage glycoprotein 39), tissue inhibitor of matrix
metalloproteinase 1 (TIMP-1), TGF, cytokeratin 18 and matrix metalloproteinase 2 (MMP-2) to 9 (MMP-9), ratios and
mathematical combinations thereof.
[0018] Examples of clinical markers include, but are not limited to, weight, body mass index, age, sex, hip perimeter,
abdominal perimeter or height and the ratio thereof, such as for example hip perimeter/abdominal perimeter.
[0019] Examples of physical methods for assessing liver disease include, but are not limited to, medical imaging data
and clinical measurements, such as, for example, measurement of spleen, especially spleen length. According to an
embodiment, the physical method is selected from the group comprising ultrasonography, especially Doppler-ultrasonog-
raphy and elastometry ultrasonography and velocimetry ultrasonography (preferred tests using said data are Fibroscan™,
ARFI, VTE, supersonic imaging), MRI (Magnetic Resonance Imaging), and MNR (Magnetic Nuclear Resonance) as
used in spectroscopy, especially MNR elastometry or velocimetry. Preferably, the data are Liver Stiffness Evaluation
(LSE) data or spleen stiffness evaluation. According to a preferred embodiment of the invention, the data from physical
methods are issued from a Fibroscan™. According to a preferred embodiment of the invention, measures or data issued
from Fibroscan™ are one of the index involved in the method of the invention.
[0020] Examples of tests include, but are not limited to ELF, FibroSpect™, APRI, FIB-4, Hepascore, Fibrotest™,
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FibroMeter™, CirrhoMeter™, CombiMeter™, InflaMeter™.

- ELF is a blood test based on hyaluronic acid, P3P, TIMP-1 and age.

- FibroSpect™ is a blood test based on hyaluronic acid, TIMP-1 and A2M.

- APRI is a blood test based on platelet and AST.

- FIB-4 is a blood test based on platelet, ASAT, ALT and age.

- HEPASCORE is a blood test based on hyaluronic acid, bilirubin, alpha2-macroglobulin, GGT, age and sex.

- FIBROTEST™ is a blood test based on alpha2-macroglobulin, haptoglobin, apolipoprotein A1, total bilirubin, GGT,
age and sex.

- FIBROMETER™ and CIRRHOMETER™ together form to a family of blood tests, the content of which depends on
the cause of chronic liver disease and the diagnostic target, and this blood test family is called FM family and detailed
in Example 1.

- COMBIMETER™ is a family of tests based on the mathematical combination of variables of the FM family (as
detailed in Example 1) or of the result of a test of the FM family with FIBROSCAN™ result. In one embodiment, said
mathematical combination is a binary logistic regression.

[0021] In one embodiment, the CombiMeter is a score based on the mathematical combination of physical data from
liver or spleen elastometry such as dispersion index from Fibroscan™ such as IQR or IQR/median or median, preferably
of Fibroscan™ median with at least 3, preferably at least 4, 5, 6, 7 or more and more preferably of 7 or 8 or 9 biomarkers
and/or clinical data selected from the list comprising glycemia, total cholesterol, HDL cholesterol (HDL), LDL cholesterol
(LDL), AST (aspartate aminotransferase), ALT (alanine aminotransferase), AST/ALT, AST.ALT, ferritin, platelets (PLT),
AST/PLT, prothrombin time (PT) or prothrombin index (PI), hyaluronic acid (HA or hyaluronate), haemoglobin, triglyc-
erides, alpha-2 macroglobulin (A2M), gamma-glutamyl transpeptidase (GGT), urea, bilirubin, apolipoprotein A1 (ApoA1),
type III procollagen N-terminal propeptide (P3NP), gamma-globulins (GBL), sodium (Na), albumin (ALB), ferritin (Fer),
Glucose (Glu), alkaline phosphatases (ALP), YKL-40 (human cartilage glycoprotein 39), tissue inhibitor of matrix met-
alloproteinase 1 (TIMP-1), TGF, cytokeratin 18 and matrix metalloproteinase 2 (MMP-2) to 9 (MMP-9), diabetes, weight,
body mass index, age, sex, hip perimeter, abdominal perimeter or height and the ratio thereof ratios and mathematical
combinations thereof.
[0022] In one embodiment, the CombiMeter is a score based on the mathematical combination of Fibroscan™ median
with at least 3, preferably at least 4, 5, 6, 7 or more and more preferably of 7 or 8 or 9 biomarkers and/or clinical data
selected from the list comprising alpha-2-macroglobulin (A2M), hyaluronic acid (HA), prothrombin index (PI), platelets
(PLT), AST, Urea, GGT, Bilirubin (Bili), ALT, Ferritin, Glucose, age, sex and weight.
[0023] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with platelets, PI, AST, HA, A2M, sex and age. In a preferred embodiment CombiMeter™ is a score based on
the mathematical combination of Fibroscan™ median (liver stiffness) with a FibroMeter using the markers checked below:
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[0024] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with platelets, PI, AST, HA, A2M, urea, ALT, sex and age.
[0025] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with platelets, PI, AST, HA, A2M, urea, sex and age.
[0026] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with platelets, PI, AST, HA, A2M, ALT, sex and age.
[0027] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with PI, AST, A2M, diabetes and age.
[0028] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with PI, AST / ALT, A2M, platelets, and diabetes.
[0029] In one embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with PI, HA, and A2M. In another embodiment, CombiMeter™ results in a score based on the mathematical
combination of Fibroscan™ median with a score of CirrhoMeter™, preferably a score of CirrhoMeter2G.
[0030] In another embodiment, CombiMeter™ results in a score based on the mathematical combination of Fibroscan™
median with a score of FibroMeter™, preferably a score of FibroMeter2G.

- INFLAMETER™ is a companion test reflecting necro-inflammatory activity including ALT, A2M, PI, and platelets.
According to a preferred embodiment of the invention, at least one test of the FM family is involved in the method
of the invention.

- "Index" refers to any digit value obtained by a test for diagnosing, or for assessing the presence and/or severity of
a disease, involving the mathematical combination of at least two data, preferably of at least two biomarkers, clinical
markers and/or data resulting from physical method. In one embodiment of the invention, the mathematical combi-
nation is a linear combination of several markers (x,y,...) like a + bx + cy (a, b, c... being the coefficients), preferably
a binary logistic regression or a multiple linear regression. In one embodiment, an index is a digit value, preferably
an unbound digit value. In one embodiment, a score is a bound digit value. In an embodiment, a score results from
the transformation of an unbound index to a bound value by a mathematical function such as, for example, a logit
function. Preferably, the score ranges from 0 to 1. In one embodiment, the data mathematically combined in an
index, preferably in a score, are independent, i.e. give each an information that is different and not linked to the
information given by the others. As known by one skilled in the art, implementing ELF, FibroSpect™, Hepascore,
Fibrotest™, FibroMeter™, InflaMeter™, CirrhoMeter™, and CombiMeter™ results in a score with bound values
whereas APRI and FIB-4 result in an index. According to the present invention, an index or a score may be the
measurement of at least one biomarker, at least one clinical marker, at least one data resulting from a physical
method for assessing liver disease and/or any mathematical combination thereof.

- "Explained Data" corresponds to a data, an index or a score that has been obtained by implementing a non-invasive
method for determining a disease. The Explained Data may be considered as a raw data. When the Explained Data
is a score or an index, it is referred to as "Initial Index".

- "Explanatory Data" corresponds to a data, an index or a score which is a reference data, index or score, used to
assess reliability of an Explained Data. An Explanatory data may be the level of a data in a population of reference.
An Explanatory Data may be an intrinsic or extrinsic data such as for example the expected data in the reference
population or a reliability predictor.

- "Final Index or Final Data": corresponds to the index or data resulting from the processing of the Initial Index or
Explained Data respectively by the method of the invention. In one embodiment, the Final Index or Final Data refers
to the last value of the diagnostic test result provided by the expert system to the practitioner. In one embodiment,
if the expert system considers the Initial Index or the Explained Data as reliable, the Final Index or the Final Data
is equal to the Initial Index or to the Explained data, respectively. In another embodiment, if the expert system
considers the Initial Index or the Explained Data as unreliable, the Final Index or the Final Data is different from the
Initial Index or from the Explained Data respectively (unless the difference is considered as non-significant). The
Final Index or the Final Data may be considered as a processed data.

- "Intrinsic Data": refers to data mathematically combined in a given test.

- "Extrinsic Data": refers to a data which is not used in a given test for calculating the corresponding index.

- "Accuracy": refers to the proportion of correctly classified patients by a diagnostic test.
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- "Analyzing the reliability of a test": means analyzing the reliability of a diagnostic test, wherein the reliability is
the probability of a diagnostic test result to be accurate for an individual subject or a subgroup of subjects. Therefore,
according to the invention, the reliability of the test is measured for an individual subject or for a subgroup of subjects,
whereas the accuracy is measured for the whole population. In this patent application, not reliable, non-reliable and
unreliable have the same meaning, i.e. indicate the probability of a diagnostic test result to be considered as non-
accurate (accuracy < 50%). In one embodiment of the invention, analyzing the reliability of a test corresponds to
assessing the probability of error of diagnosis related to said test, i.e. checking the probability that the data resulting
from said test may be erroneous. The more reliable a test is, the smaller the probability of error of classification is.
Accordingly, the reliability may also correspond to the accuracy of the diagnosis in a patient subset, wherein the
diagnostic accuracy refers to the percentage of patients with a correct diagnosis in the whole population.

- "Checking the confidence of a data" means identifying abnormal data, inconsistent data and/or non-homogeneous
data. In this patent application, not confident and non-confident have the same meaning when applied to a data,
and refer to an abnormal, inconsistent or non-homogeneous data.

- "Event alert": corresponds to an alert issued if a non-confident data or a non-reliable test is identified. An event
alert triggers a response. In one embodiment, an event alert may also trigger the sending of an alert message or
signal to the practitioner or to an expert physician.

- "Expert System" refers to a computer system. In one embodiment, an expert system includes expert rules and
automated analysis.

DETAILED DESCRIPTION

[0031] The present invention thus relates to a method for improving the reliability of a non-invasive diagnostic test of
the presence and/or the severity of a liver disease, said method comprising:

a. collecting a diagnostic index, called Initial Index, involving the mathematical combination of at least two data,
wherein the Initial Index is selected from blood tests comprising ELF, FibroSpect, APRI, FIB-4, Hepascore, Fibrotest,
tests from the FibroMeter family, and tests derived from the FibroMeter Family where urea was deleted from the
markers;
b. analyzing the reliability of each of the data combined to collect the Initial Index by identifying if at least one data
of the Initial Index collected in step a) is an abnormal data, an inconsistent data, or a non-homogeneous data, or is
responsible for a greater decrease in the Dispersion Index than that observed with other data:

i. with comparison of each data to the expected data in a reference population, or
ii. in view of intrinsic or extrinsic reliability predictor(s), or
iii. by calculating the Dispersion Index of the Initial Index collected in step a), a high Dispersion Index meaning
homogeneous data of the Initial Index, and performing a series of calculations of Dispersion Index of the Initial
Index comprising n data where 1 to (n-2) data of the Initial Index are deleted, resulting in ranking the data
lowering the most the Dispersion Index;

c. if a data is an abnormal, inconsistent or a non-homogeneous data, or a data lowering a Dispersion Index, generating
an Event Alert;
d. if an Event Alert is generated, calculating new indexes, where the abnormal, inconsistent and/or non-homogeneous
data, or a data responsible for the lowest Dispersion Index, is suppressed thereby obtaining an Alternative Index,
or where the abnormal, inconsistent and/or non-homogeneous data is substituted by its mean value thereby obtaining
an Estimated Index or, if at least two data are abnormal, inconsistent or non-homogeneous, the most discordant is
suppressed and the other(s) is/are substituted by its/their mean value thereby obtaining a Mixed Index;
e. replacing the Initial Index comprising an abnormal, inconsistent and/or a non-homogeneous data or a data affecting
the Dispersion Index, with an Alternative Index, an Estimated Index, or a Mixed Index.

[0032] A preferred embodiment of the invention relates to the method as described hereinabove, wherein:

- in step a) an Initial Index is collected, said Initial Index being a test from the FibroMeter family, or a test derived from
the FibroMeter Family where urea was deleted from the markers;

- in step b) the Dispersion Index of the Initial Index collected in step a) is calculated, thereby identifying which is the
data of the Initial Index collected in step a) most decreasing the Dispersion Index, by performing a series of calculations
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of Dispersion Index of the Initial Index comprising n data where 1 to (n-2) data of the Initial Index are deleted;
- in step e) the Initial Index comprising a data lowering the most the Dispersion Index is replaced with an Alternative

Index where the data lowering the Dispersion Index is deleted.

[0033] In one preferred embodiment of the method as described hereinabove, step c) is performed after having cal-
culated if the Dispersion Index of the Initial Index corresponds to the ones of its intermediates deciles, preferably of the
2nd to 9th deciles, of the population of reference.
[0034] In one preferred embodiment of the method of the invention, when a data is an abnormal data, the Event Alert
is an Abnormal Data Alert; when a data is an inconsistent data, the Event Alert is an Inconsistent Data Alert; when a
data is a non-homogeneous data, the Event Alert is a Non-Homogeneous Data Alert.
[0035] In one preferred embodiment of the method of the invention, the Event Alerts issued in step c) are preliminary
analyzed, prior to step d), and wherein said treatment comprises:

- the suppression of one or more Event Alert(s) when the data having triggered the Event Alert is found reliable, and/or
- when several Event Alerts are issued, the prioritization of said Event Alerts to identify a main Event Alert according

to its impact on Initial Index.

[0036] In one preferred embodiment of the method of the invention, reliability predictors are selected from the group
comprising urea, ALT, AST, CirrhoMeter2G score, FibroMeter2G score, Fibroscan classes, FibroMeter classes, Cir-
rhoMeter classes, Fibroscan median, IQR, IQR/M, platelets, A2M, ratio urea/ Fibroscan and Dispersion Index of the
Initial Index.
[0037] In one preferred embodiment of the method of the invention, in step b) the reliability of each data is analyzed
by identifying if at least one data of the Initial Index collected in step a) is an abnormal data, an inconsistent data, or a
non-homogeneous data, or is responsible for a greater decrease in the Dispersion Index than that observed with other
data with comparison of each data to the expected data in a reference population, or in view of intrinsic or extrinsic
reliability predictor(s).
[0038] In one preferred embodiment, the method of the invention comprises in step e) replacing the Initial Index with
the most reliable index selected from the group consisting of an Alternative Index, an Estimated Index, or a Mixed Index.
[0039] The present invention also relates to an expert system implementing the method of the invention as described
hereinabove.
[0040] The present invention further relates to a software implementing the method of the invention as described
hereinabove.
[0041] In one embodiment of the invention, step c., i.e. providing the information whether or not the Explained Data
is reliable, and if not reliable, providing a reliable Final Index includes:

a. generating an Event Alert whenever a data is non-confident and/or whenever an Explained Data is non-reliable
according to its Explanatory Data or to reliability predictors; and when an Event Alert is issued, performing a pre-
liminary analysis of the Event Alert,
b. triggering a response to the presence or the absence of event alert, which may be:

i. the release the Explained Data as Final Data if no Event Alert occurred or remained after pretreatment or
ii. the calculation and release of a Final Data more reliable than the Explained Data, together with a comment.

[0042] In one embodiment, the method of the invention includes:

- identifying if a data is an abnormal data, and issuing an Event Alert which is an Abnormal Data Alert, and/or
- identifying if a data is an inconsistent data and issuing an Event Alert which is an Inconsistent Data Alert, and/or
- identifying if a data is a non-homogeneous data and issuing an Event Alert which is a Non-Homogeneous Data Alert.

[0043] In one embodiment, the issued Event Alerts are treated, and the treatment comprises:

- the suppression of one or more Event Alert(s), and/or
- when several Event Alerts are issued, the prioritization of said Event Alerts to identify a main Event Alert.

[0044] In one embodiment of the invention, triggering the response comprises calculating new indexes, preferably
new scores after Even Alert(s) are issued and pre-treated.
[0045] In one embodiment, collecting an Explained Data means collecting a diagnostic index, called Initial Index,
preferably a score, more preferably a score selected from blood tests comprising ELF, FibroSpect™, APRI, FIB-4,
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Hepascore, Fibrotest™, or a score from the FibroMeter family, such as for example FibroMeter™ and CirrhoMeter™ or
CombiMeter™; or a test derived from the FibroMeter Family, where urea was deleted from the markers; or another
diagnostic test; said index involving the mathematical combination of at least two data, preferably of at least two biomar-
kers, clinical markers and/or data resulting from physical method; said index being referred to as Initial Index.
[0046] In one embodiment where the Explained Data is an Initial Index when one Event Alert is issued, at least one
of the following new indexes is calculated:

- an Alternative index, preferably an Alternative score, wherein the data having issued the Event Alert is suppressed,
and/or

- an Estimated index, preferably an Estimated score, wherein the data having issued the Event Alert is substituted
by its central value, such as, for example, by its mean value.

[0047] In another embodiment where the Explained Data is an Initial Index, when at least two Event Alerts are issued,
at least one of the following indexes, preferably scores, is calculated:

- a Mixed index, preferably a Mixed score, wherein the data having issued the Main Event Alert is suppressed and
the data having issued the Secondary Event Alert(s) is/are substituted their central value, such as, for example, by
their mean values, and/or

- an Estimated index, preferably an Estimated score, wherein all the data having issued the Event Alerts are substituted
by their central value, such as, for example, by their mean values.

[0048] In one embodiment of the invention where the Explained Data is an Initial Index, triggering a response to said
Event Alert(s) further comprises identifying the most reliable index, preferably score, among the initial index and the new
indexes.
[0049] In one embodiment of the invention, Explanatory data is at least one reliability predictor. According to the
invention, reliability predictors are selected from the group of data, called variables, included in or derived from non-
invasive tests, as stated below, preferably FibroMeter™, InflaMeter™ and Fibroscan™, and more preferably urea, ALT,
AST, score of CirrhoMeter2G, score of FibroMeter2G, Fibroscan™ classes, FibroMeter™ classes, CirrhoMeter™ classes,
Fibroscan™ median, IQR, IQR/M, platelets, A2M, ratio urea/ Fibroscan™ and Dispersion Index of the Initial Index.
[0050] In one embodiment, the Explained Data is an index or score ("Initial Index"), the Dispersion Index of the Initial
Index is calculated and the reliability of each data included in the Initial Index is evaluated by its impact on a Dispersion
Index. Evaluating the impact of a data on a Dispersion Index means performing a series of calculations of Dispersion
Index of the Initial Index comprising n data where 1 to (n-2) data of the Initial Index are deleted, resulting in identifying
and ranking the data lowering the most the Dispersion Index; the lowest Dispersion Index in the series indicates which
data is to be deleted. The method of the invention includes thus this evaluation, and once the data are identified, the
calculation of Alternative Indexes where the data lowering the Dispersion Index are deleted (triggered response).
[0051] In one embodiment, the method of the invention, for providing a reliable non-invasive diagnostic test of the
presence and/or the severity of a disease, comprises:

a. collecting a diagnostic index, called Initial Index, preferably a score, more preferably a score selected from blood
tests comprising ELF, FibroSpect™, APRI, FIB-4, Hepascore, Fibrotest™, or a score from the FibroMeter family,
such as for example FibroMeter™ and CirrhoMeter™ or CombiMeter™; or a test derived from the FibroMeter Family,
where urea was deleted from the markers; or another diagnostic test; said index involving the mathematical com-
bination of at least two data, preferably of at least two biomarkers, clinical markers and/or data resulting from physical
method; said index being referred to as Initial Index,
b. analyzing the reliability of each data by identifying if at least one data of index collected in step a) is an abnormal
data, an inconsistent data; and/or a non-homogeneous data, or is the most decreasing the Dispersion Index than
that observed with other data:

i. with comparison of each data to the expected data in the reference population, or
ii. with prediction of the index of step a) to intrinsic or extrinsic reliability predictor(s), or
iii. by calculating the Dispersion Index of the Initial Index and then performing a series of calculations of Dispersion
Index of the Alternatives Indexes corresponding to the Initial Index comprising n data where 1 to (n-2) data are
deleted, resulting in identifying and ranking the data lowering the most the Dispersion Index,
iv. by positioning the Index in a reliability class of the reliability classification based on the data obtained in a
reference population,

c. if a data is an abnormal, inconsistent and/or a non-homogeneous data, or a data lowering a Dispersion Index,
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generating an Event Alert,
d. if an Event Alert is generated, if not already done, calculating new indexes, preferably new scores, said new
indexes being:

i. the same index as the Initial Index, but where the abnormal, inconsistent and/or a non-homogeneous data is
suppressed (Alternative Index) or substituted by its central value, preferably its mean value (Estimated Index)
or, if at least two data are abnormal, inconsistent or non-homogeneous, the most discordant is suppressed and
the other(s) is/are substituted by its/their central value, preferably its/their mean value (Mixed Index), or
ii. the index corresponding to Alternative Index where the data responsible for the lowest Dispersion Index is
deleted,

e. replacing the Initial Index comprising an abnormal, inconsistent and/or a non-homogeneous data or a data de-
creasing the Dispersion Index, with an Alternative Index, an Estimated Index, or a Mixed Index.

[0052] In an embodiment, the method of the invention comprises:

- collecting an index from the FibroMeter family, such as for example FibroMeter™ and CirrhoMeter™ or CombiMe-
ter™; or a test derived from the FibroMeter Family, where urea was deleted from the markers; this index being
referred to as Initial Index,

- calculating the Dispersion Index of the Initial Index collected in step a); identifying which is the data affecting the
Dispersion Index, by performing a series of calculations of Dispersion Index of the Initial Index comprising n data
where 1 to (n-2) data of the Initial Index are deleted,

- replacing the Initial Index comprising an Alternative index, where the data lowering the DI is/are deleted.

[0053] In an embodiment step c) is performed after having calculated if the Dispersion Index of the Initial Index
corresponds to the ones of its of its intermediates deciles, preferably deciles 2-9, 2-8, 2-7, 3-9, 3-8, 3-7, 4-9, 4-8, 4-7,
of the population of reference (deciles - 10%- according to patient quantiles of Dispersion Index of the Initial Index).
[0054] In one embodiment of the invention, the test result is a score or an index, and the reliability of the test is analyzed
in view of intrinsic data of said score or index. In a second embodiment of the invention, the test result is a score or an
index and the reliability of the test is analyzed in view of extrinsic data (with or without intrinsic data).

[First Embodiment - ES2G]

[0055] In one embodiment, the present invention relates to a method for improving reliability of non-invasive diagnostic
tests comprising:

a1. - collecting the measurement of at least two data selected from at least one biomarker, at least one clinical
marker, at least one data resulting from a physical method for assessing the disease and/or at least one score or
index, and

a2. - calculating an Initial Index (explained data) with the measurements or index or score collected in step (a),
preferably by means of a test from the FibroMeter™ family, and

b1. - checking the confidence of each data used in the test, and/or

b2. - analyzing reliability of Initial index, for example in view of intrinsic data and/or in view of a reliability predictor,

c1. - generating an event alert whenever a data is non-confident and/or whenever the Initial Index is non-reliable,

d1. - triggering a response to said event alert, including providing a Final Index.

Collecting data (step a) and calculating initial Index (step b)

[0056] In one embodiment, the method begins will collecting from a subject the measurement of at least two data
selected from at least one biomarker, at least one clinical marker, at least one data resulting from a physical method for
assessing the disease and/or a score or an index.
[0057] In this embodiment, advantageously, preferably at least 3 data, more preferably at least 4 data, and even more
preferably at least 5 data are measured. In one embodiment of the invention, 2 data, preferably 3, 4, 5, 6, or 7 data or
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more are collected.
[0058] The at least two data are mathematically combined to obtain an index, preferably a score, more preferably a
score selected from ELF, FibroSpect™, APRI, FIB-4, Hepascore, Fibrotest™, or a test from the FibroMeter family, such
as for example FibroMeter™ and CirrhoMeter™ or CombiMeter™.
[0059] As this index is calculated before checking the confidence of each data, it is herein referred as Initial Index.
[0060] In this embodiment, the reliability of the test may be analyzed in view of intrinsic data of the index.

Identifying abnormal data, inconsistent data and/or non-homogeneous data.

Abnormal data

[0061] As used herein, the term abnormal preceding the term data ("abnormal data") refers to a digit value which
does not enter within the range of the usual digit values of this data measured in a reference population; an abnormal
data generally results from a measurement error or from an erroneous recording.
[0062] In one embodiment, an abnormal data is smaller, preferable twice smaller, more preferably three times smaller
and even more preferably 5 or 10 times smaller than the smallest expected data as measured in the reference population.
[0063] In another embodiment, an abnormal data is higher, preferably twice higher, more preferably three times higher,
and even more preferably 5 or 10 times higher than the highest expected data as measured in the reference population.
[0064] In one embodiment, the reference population is a population of at least 500 subjects, preferably at least 1000
subjects. In one embodiment, the reference population comprises healthy subjects. In another embodiment, the reference
population comprises non-healthy subjects, wherein said non-healthy subjects preferably have a liver disease. In another
embodiment, the reference population comprises both healthy and non-healthy subjects.
[0065] Example 3 shows an example of data considered to be abnormal for some biomarkers and clinical data.

Inconsistent data

[0066] As used herein, an "inconsistent data" is used with reference to an index, and is a data which is outside of
the range of consistency for said data, measured as follows:

- arbitrarily fixing values for all data mathematically combined within said index, said arbitrarily fixing values being
such that the result of the index is a high or a low value for this index. As an example, if the index is a score ranging
from 0 to 1, the values of each data involved in the score are arbitrarily fixed to lead to a score ranging from 0.6 to
0.9, preferably of 0.7 or 0.8 (high value), or to lead to a score ranging from 0.1 to 0.4, preferably of 0.2 or 0.3 (low value),

- arbitrarily varying the value of one of the data, whereas the others are constant; and determining the influence of
said variation on the index,

- fixing two "thresholds of influence" for said data, i.e. a high and a low threshold, corresponding to a value of the
data considered as misleading, i.e. impacting the index in terms of reliability, i.e. putting the index at risk of giving
a false positive or a false negative result.

[0067] According to the invention, a range of consistency of a data is index-dependent. For example, the range of
consistency measured for the biomarker TIMP-1 within an ELF score may be different from the range of consistency of
TIMP-1 within a FibroSpect™ score.
[0068] In one embodiment, the index is a score and the thresholds of influence are values of the data leading to a
variation of the score of more than 60.05, 60.1, 60.2, 60.3 or 60.35.
[0069] In diagnostic methods, when a score is measured, a score of 0 is usually indicative of the absence of the
disease (or 0% probability or lack of diagnostic target), whereas a score of 1 represents the more severe form of the
disease (or 100% probability or presence of diagnostic target).
[0070] Therefore, in one embodiment, a data leading to a decrease or to an increase of the score of more than 0.05,
0.1, 0.2, 0.3 or 0.35 when the other data used for this score calculation are arbitrarily fixed to lead to a low value, such
as, for example, 0.2, or a high value, such as, for example, 0.8, may lead to false-negative or false-positive.
[0071] A false positive inconsistency is a data value resulting in a clinically significant positive (increase) deviation
from the test result provided by the other data. For example, in an index including 8 markers, with a score result at 0.6
provided by 7 markers, the 8th marker will be the cause of a positive result if its input leads to a score result ≥0.75.
[0072] A false negative inconsistency is a data value resulting in a clinically significant negative (decrease) deviation
from the test result provided by the other data. For example, in an index including 8 markers, with a score result at 0.6
provided by 7 markers, the 8th marker will be the cause of a negative result if its input provides a score result ≤0.45.
[0073] In both cases, the calculation of significant deviation for a marker / data is provided by simulations. Simulations
are performed with different settings:
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- Two score values: at a low (0.1 to 0.3) and a high (0.6 to 0.8) score value,
- Two degrees of significance for deviation: low and high significance, e.g. from 0.15 to < 0.30 and ≥0.30, respectively,

for a score from 0 to 1.

[0074] In one embodiment, the false-negative inconsistency range may be divided in several ranges, wherein the
degree of the inconsistency increases. In one embodiment, the false negative inconsistency range may be divided in
two ranges:

- a green zone, corresponding to values of the data leading to a negative (decrease) score deviation ranging from
0.15 to ≤ 0.30, when the values of other data used for score calculation are arbitrarily (preferably mimicking a clinically
plausible setting) fixed to lead to a low score, such as, for example, a score of 0.3 and a high score, such as, for
example, a score of 0.7, and

- a blue zone, corresponding to values of the data leading to a negative (decrease) score deviation ≥0.3, when the
values of other data used for score calculation are arbitrarily fixed to lead to a low score, such as, for example, a
score of 0.3 and a high score, such as, for example, a score of 0.7.

[0075] In one embodiment of the invention, a data of the green zone will be considered as less inconsistent than a
data of the blue zone.
[0076] In one embodiment, the false-positive inconsistency range may be divided in several ranges, wherein the
degree of the inconsistency increases. In one embodiment, the false positive inconsistency range may be divided in two
ranges:

- a yellow zone, corresponding to values of the data leading to a positive (increase) score deviation ranging from 0.15
to ≤0.30, when the values of other data used for score calculation are arbitrarily fixed to lead to a low score, such
as, for example, a score of 0.3 and a high score, such as, for example, a score of 0.7, and

- a red zone, corresponding to values of the data leading to a positive (increase) score deviation ≥0.3, when the
values of other data used for score calculation are arbitrarily fixed to lead to a low score, such as, for example, a
score of 0.3 and a high score, such as, for example, a score of 0.7.

[0077] In one embodiment of the invention, a data of the yellow zone will be considered as less inconsistent than a
data of the red zone.
[0078] Example 3 shows an example of consistency ranges, false-positive inconsistency ranges and false-negative
inconsistency ranges for some biomarkers and clinical data for FibroMeter™.

Non-homogeneous data

[0079] As used herein, a "non-homogeneous data" is a data which is non-homogeneous i.e. not concordant or not
consistent with the other data measured in a test to calculate an index or a score.
[0080] In one embodiment, a data is considered non-homogeneous with others when the removal of said data leads
to a 10% variation of the actual index (or score), more preferably of to a 20% variation, preferably to a 30% variation of
the index (or score). If not, the data is considered homogeneous.
[0081] In another embodiment, a data is considered as non-homogeneous, when it is below the threshold of the
dispersion index of said test, which is known or calculated by the skilled artisan. A data is considered as homogeneous,
when it is above the threshold of the dispersion index of said test.

Dispersion index

[0082] In one embodiment of the invention, the reliability of a test is checked by measuring the dispersion index (DI),
of the data or tests used in the method (the measurement of biomarker(s), clinical marker(s), data resulting from a
physical method for assessing the disease and/or any mathematical combination thereof).
[0083] The dispersion index is an index depicting the dispersion of said data, which, in an embodiment, are mathe-
matically combined to obtain an index, for example the Initial Index. In one embodiment, when the index comprises the
combination of n data, alternative diagnostic indexes using a mathematical combination of n-1 of these n data are
measured to determine the dispersion index. A dispersion index of 1 (100%) corresponds to a perfect homogeneity of
the data, and a dispersion index of 0 corresponds to total dispersion of data.
[0084] An index value is considered as unreliable when a dispersion threshold is reached. The dispersion threshold
of DI is calculated thanks to the plot of DI against the absolute difference δ1 between initial and final index as defined
above (as shown in the Example 2 and in Figure 1).
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[0085] For example, with FibroMeter20 the reliability threshold of DI is 0.81.
[0086] This invention thus shows that:

- if the DI is over the dispersion threshold, (i.e. when data are homogeneous), the Initial Index is poorly impacted,
which means that the Initial Index is reliable,

- if the DI is under the dispersion threshold, the Initial index is not reliable and Alternative or Estimated Indexes are
required.

[0087] In one embodiment, said dispersion index may be measured as follows:

X is a sample of n xi values of the index, wherein the values of the xi range from a to b; therefore 

wherein s(X) is the empirical standard deviation of X and wherein sm(a, b) is the maximal empirical standard deviation
on [a, b] for a sample comprising n values if n is odd, or n+1 values if n is even.
[0088] In one embodiment, when the dispersion index is used, the method of the invention comprises the following steps:

(a) the dispersion index is calculated as hereinabove described, by using all the n data mathematically combined
in the index,
(b) threshold of the dispersion index is determined, behind which the rate of diagnostic test accuracy is significantly
decreased,
(c) when this dispersion threshold is reached, the n alternative indexes (indexes corresponding to the mathematical
combination of n-1 data as hereinabove described) are compared,
(d) the alternative index responsible for the largest change in dispersion index is determined, i.e. that with the most
dispersed value compared to the Initial Index (or to the previous index for step f), and the data is excluded,
(e) a new dispersion index is calculated without the excluded data of step (d),
(f) if the dispersion threshold is still reached, steps (b) to (e) are repeated until the dispersion index threshold is not
reached or until the number of remaining data is less than 4.

[0089] In one embodiment, for an index resulting from the combination of n data, the maximum number of excluded
data is of less than or equal to n/3, preferably of less than or equal to n/4.
[0090] The initial or alternative index leading to a dispersion index that does not reach the dispersion threshold is
considered as the Final Index.
[0091] Said Final index may thus be finally used for assessing the presence and/or the severity of a liver disease in
the subject. In one embodiment, said assessment includes the classification of the subject in a class of a fibrosis stage
classification, i.e. a class of a classification wherein each class is associated with a fibrosis stage, such as, for example,
one or more Metavir F stage(s).
[0092] In one embodiment, the method of the invention comprises releasing a comment on reliability, including one of:

- indicating the number of Event Alerts,
- indicating the data having issued an Event Alert or the main Event Alert,
- indicating which one of the data is/are excluded,
- indicating the Final Index.

Event Alert

Types of Event Alert

[0093] According to an embodiment of the invention, an event alert is issued if a non-confident data is identified.
[0094] In one embodiment, said event alert may correspond to the identification of an abnormal data (Abnormal Data
Alert), of an inconsistent data (Inconsistent Data Alert) and/or of a non-homogeneous data (Non-Homogeneous Data
Alert).
[0095] In one embodiment, a data may generate both an Inconsistent Data Alert and a Non-Homogeneous Data Alert.
[0096] In one embodiment, according to the inconsistency ranges hereinabove described, an Inconsistency Data Alert
may be:
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- a False-Positive Inconsistency Data Alert (if the data belongs to the false-positive inconsistency range), or
- a False-Negative Inconsistency Data Alert (if the data belongs to the false-negative inconsistency range).

[0097] In one embodiment, a False-Positive Inconsistency Data Alert may be:

- a Red Alert (if the data belongs to the red false-positive inconsistency zone), or
- a Yellow Alert (if the data belongs to the yellow false-positive inconsistency zone).

[0098] In one embodiment, a False-Negative Inconsistency Data Alert may be:

- a Blue Alert (if the data belongs to the red false-negative inconsistency zone), or
- a Green Alert (if the data belongs to the yellow false-negative inconsistency zone).

Preliminary analysis of Event Alerts

[0099] In one embodiment, a preliminary analysis of Event Alerts may be carried out before triggering a response to
said event alert.
[0100] In one embodiment, said preliminary analysis may correspond to the suppression of an Event Alert (i.e. the
data having issued the Event Alert is finally considered as reliable) or to the prioritization of said alerts, thereby defining
a "main Event Alert" and "secondary Event Alert(s)".

Suppression of Event Alerts

[0101] In one embodiment, each data is considered separately: when one data generates an Inconsistent Data Alert
but no Non-Homogeneous Data Alert, i.e. when the data is inconsistent but homogeneous with the other data mathe-
matically combined within the index, the Inconsistent Data Alert is subsequently suppressed (i.e. do not lead to a score
change). This embodiment is repeated for each data of the index.
[0102] In another embodiment of the invention, several data are considered simultaneously: when at least two, pref-
erably at least three, more preferably at least four Data Inconsistency Alerts of the same type, i.e. 2 or 3 or 4 or more
False-Positive or False Negative Inconsistency Data Alerts are simultaneously triggered, said Inconsistent Data Alerts
may be subsequently suppressed (i.e. do not lead to a score change). In one embodiment of the invention, when at
least two, preferably at least three, more preferably at least four Negative Inconsistency Data Alerts are simultaneously
triggered, said Inconsistent Data Alerts are not suppressed.
[0103] One skilled in the art, in view of the above, is capable of drafting further rules for pretreating data (such as, for
example, suppressing a single Event Alert when a specific biomarker or clinical data (such as, for example, age, sex or
ASAT) is involved; never suppressing False-Negative Inconsistency Data Alerts, and the like). Examples of such Rules
when a FibroMeter™ is carried out are shown in Example 4.

Prioritization:

[0104] In one embodiment, if several Event Alerts are issued, a preliminary analysis comprising the prioritization of
said alerts may be carried out, thereby defining a "main Event Alert" and "secondary Event Alert(s)".
[0105] Examples of Rules of preliminary analysis when several Inconsistent Data Alerts are issued are shown below:

- a False-Positive Inconsistency Data Alert may be considered as more important (i.e. "main") than a False-Positive
Inconsistency Data Alert (which therefore will be "secondary"),

- a Blue Alert may be more important than a Green Alert,
- a Red Alert may be more important than a Yellow Alert,
- if two similar Event Alerts are issued, such as, for example, two Blue Alerts, the main Alert may be the one issued

by the data being the furthest from its central value like mean or with the greatest impact on score value,
- etc...

[0106] Other examples of preliminary analysis rules of Event Alerts when FibroMeter™ is carried out are shown in
Example 4.

New indexes - Treatment of data

[0107] In one embodiment of the invention, new indexes, preferably new scores, are calculated after Event Alerts are
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issued and pre-treated, if some Event Alerts subsist after said preliminary analysis.
[0108] In one embodiment, a single Event Alert is issued, and at least one of the following indexes, preferably scores,
is calculated:

- an Alternative index, preferably an Alternative score, wherein the data having issued the Event Alert is suppressed,
and/or

- an Estimated index, preferably an Estimated score, wherein the data having issued the Event Alert is substituted
by its central value, such as, for example, by its mean value.

[0109] In one embodiment, at least two Event Alerts are issued, and at least one of the following indexes, preferably
scores, is calculated:

- a Mixed index, preferably a Mixed score, wherein the data having issued the Main Event Alert is suppressed and
the data having issued the Secondary Event Alert(s) is/are substituted by their central values like mean, and/or

- an Estimated index, preferably an Estimated score, wherein all the data having issued the Event Alerts are substituted
by their central values, such as, for example, by their mean values.

[0110] In one embodiment of the invention, the mean value of a data corresponds to the mean value (preferably
arithmetic mean) for said data measured in a reference population.

Triggered response

[0111] In one embodiment of the invention, the response may be the release of the Initial Index as Final Index if no
event alert remains after pretreatment or the calculation of new indexes, preferably new scores and the release of a
Final Index different from the Initial Index (Alternative Index or Estimated Index), preferably together with a comment.

Selection of the most reliable index

[0112] In one embodiment, a single Event Alert is issued and the selection of the most appropriate index is carried
out by comparing the value of the Initial index (II) with the value(s) of the Alternative index (AI) and/or of the Estimated
index (EI).
[0113] In one embodiment, if |II - AI| is superior to δ2, the AI is considered as the most reliable index, wherein δ2 is
the clinically significant difference. In one embodiment, δ2 ranges from 0.05 to 0.3, preferably from 0.1 to 0.2, more
preferably is about 0.15.
[0114] In one embodiment, if |II - AI| is inferior or equal to δ2, wherein δ2 is as hereinabove described, 6 situations are
distinguished:

- if II < Ct ≤ AI, AI is considered as the most reliable index; wherein Ct stands for Critical threshold, and corresponds
to the cirrhosis threshold for the index, i.e. the digit value of said index leading to the classification of the subject in
the cirrhosis or F4 Metavir stage,

- if AI ≤ Ct < II, AI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if Ct ≤ II ≤ AI, AI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if Ct ≤ AI ≤ II, AI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if AI ≤ II ≤ Ct, II is considered as the most reliable index; wherein Ct is as hereinabove described, and
- if II ≤ AI ≤ Ct, II is considered as the most reliable index; wherein Ct is as hereinabove described.

[0115] In one embodiment of the invention, the test is a FibroMeter1G, and Ct is of about 0.88.
[0116] In one embodiment, a least two Event Alerts are issued and the selection of the most appropriate index is
carried out by comparing the value of the Initial index (II) with the value(s) of the Mixed index (MI) and/or of the Estimated
index (EI).
[0117] In one embodiment, if |II - MI| is superior to δ2, the MI is considered as the most reliable index, wherein δ2 is
the clinically significant difference. In one embodiment, ranges from 0.05 to 0.3, preferably from 0.1 to 0.2, more preferably
is about 0.15.
[0118] In one embodiment, if |II - MI| is inferior or equal to δ2, wherein δ2 is as hereinabove described, 6 situations are
distinguished:

- if II < Ct ≤ MI, MI is considered as the most reliable index; wherein Ct stands for Critical threshold, and corresponds
to the cirrhosis threshold for the index, i.e. the digit value of said index leading to the classification of the subject in
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the cirrhosis or F4 Metavir stage,
- if MI ≤ Ct < II, MI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if Ct ≤ II ≤ MI, MI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if Ct ≤ MI ≤ II, MI is considered as the most reliable index; wherein Ct is as hereinabove described,
- if MI ≤ II ≤ Ct, II is considered as the most reliable index; wherein Ct is as hereinabove described, and
- if II ≤ MI ≤ Ct, II is considered as the most reliable index; wherein Ct is as hereinabove described.

[0119] In one embodiment of the invention, the test is a FibroMeter1G, and Ct is of about 0.88.
[0120] In one embodiment of the invention, the selected index is called the Final index. Said index may thus be finally
used for assessing the presence and/or the severity of a liver disease in the subject. In one embodiment, said assessment
includes the classification of the subject in a class of a fibrosis stage classification, i.e. a class of a classification wherein
each class is associated with a fibrosis stage, such as, for example, one or more Metavir F stage(s).
[0121] In one embodiment, the method of the invention comprises releasing a comment. In one embodiment, said
comment comprises indicating the number of Event Alerts, and the data having issued an Event Alert or the main Event
Alert. In one embodiment, said comment comprises indicating which one of the indexes has been considered as the
most reliable one. In one embodiment, said comment comprises a warning message, wherein the more alerts there are,
the more the result must be considered carefully.

[Second embodiment - ES3G]

[0122] The present invention relates to a method comprising:

a’1 - collecting at least one, preferably at least two indexes or scores or physical data resulting from non-invasive
tests implemented in a subject,
b’1 - analyzing the reliability of each index or score,
c’1 -generating an event alert if a test is non-reliable,
d’1 - triggering a response to said event alert.

Data

[0123] In this embodiment, in step a’1, preferably at least 2, 3, 4, 5 index or scores or physical data or more are
measured. In one embodiment of the invention, said indexes or scores or physical data are preferably indexes, more
preferably scores and/or physical data.
[0124] In one embodiment, the method of the invention comprises at least one score resulting from a test from the
FibroMeter family and at least one physical data resulting from Fibroscan™. According to a specific embodiment, the
collected result from FibroMeter™ (score), and Fibroscan™ (physical data) were obtained from the same subject within
six months, preferably within two months.

Analyzing reliability

[0125] In one embodiment, analyzing the reliability of a test means considering one data (score or physical data, in
our embodiment) as the Explained Data while the other ones are Explanatory Data.
[0126] In this embodiment, the reliability of the test is analyzed in view of intrinsic and/or extrinsic data of the index.

Reliability predictors

[0127] In an embodiment, the term score means score provided by logit function included in binary logistic regression
where logit function: 1 / 1-eR with R = c + ax + by...These scores provide independent reliability predictors. Consequently,
they determine reliability classes with qualitative reliability descriptors from unreliable to very reliable diagnostic test
result. Most results are based on the following diagnostic target: correctly diagnosed by detailed fibrosis classification
unless otherwise stated (such as, for example, binary target and/or presence or absence).

Reliability predictors without segmentation (for the whole population)

[0128] Examples of reliability predictors are: the Dispersion Index of the score, AST, ALT, a score combining Dispersion
Index and AST.
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Reliability predictors with segmentation (for subset of patients)

[0129] For specific subsets of patients, examples of reliability predictors of a test (such as for example FIBROSCAN™,
FIBROMETER™, CIRRHOMETER™, COMBIMETER™) are: the FIBROSCAN™ median); FIBROSCAN™ classifica-
tions, IQR/M, IQR, FIBROMETER™ classification, CIRRHOMETER™ classification, urea, ALT, AST, score of
CirrhoMeter2G, score of FibroMeter2G; in a reliability predictors may be defined a threshold for negative predictive values;
and another threshold for positive predictive values
[0130] In one embodiment, the reliability analysis comprises two steps:

- the first step corresponds to the calculation of ranked probabilities determining reliability classes. For example, when
a majority of subject results in a subject subgroup are misclassified, the result is considered as unreliable. In one
embodiment, when the probability or frequency of accurate results is ≥ 90%, the results is said to be very reliable.

- The second step includes the determination of predictive factors of reliability classes. This is mandatory to identify
the reliability classes. This step is the main difference between accuracy and reliability. For example, a diagnostic
test having a diagnostic accuracy of 90% means that correct classification is obtained in 90% of patients by the test.
The test is inaccurate or quite (100%) unreliable in 10% of the patients of the whole population. The reliability
evaluation may determine that in a subject subgroup (for example 2% of patients), the accuracy rate might be 30%
(i.e. higher than the inaccuracy rate in the whole population), that is an unreliable result. This unreliable result is
diagnosed by one or some significant reliability predictors such as high body weight and/or a discordant marker
compared to other markers (e.g. the first one is highly abnormal whereas all other markers are normal or weakly
abnormal).

[0131] In one embodiment, a test is considered sufficiently reliable for diagnosis when its accuracy is of more than
50%, preferably more than 60, 70, 75, 80, 85, 90 or 95%. Accordingly, the probability of error of diagnosis considered
as higher than tolerated for diagnosis is of 50%, 40%, 30%, 20%, 15%, 10% or 5%. In other words, a test is considered
sufficiently reliable when the percentage of misdiagnosed subjects is less than 50%, preferably less than 40, 30, 20, 15,
10 or 5%.
[0132] According to an embodiment, the method of the invention comprises:

a. collecting a diagnostic index, called Initial Index, preferably a score, more preferably a score selected from blood
tests comprising ELF, FibroSpect™, APRI, FIB-4, Hepascore, Fibrotest™, or a score from the FibroMeter family,
such as for example FibroMeter™ and CirrhoMeter™ or CombiMeter™; or a test derived from the FibroMeter Family,
where urea was deleted from the markers; or another diagnostic test; said index involving the mathematical com-
bination of at least two data, preferably of at least two biomarkers, clinical markers and/or data resulting from physical
method; said index being referred to as Initial Index,
b. analyzing the reliability of each data by positioning the Index in a reliability class of the reliability classification
based on the data obtained in a reference population;

[0133] According to this embodiment, the reliability of the Explained Data is determined by positioning said data in a
reliability class of a reliability classification. In one embodiment, said reliability classification gives, for each set of data
(i.e. for each combination of explained data and explanatory data), the reliability of the explained data. In one embodiment,
said reliability classification was established based on the data obtained in a reference population. In an embodiment,
the reliability of an Initial Index is determined by positioning said Index in a reliability class of a reliability classification
including a two-entry table of Explained Data and Explanatory Data (predictors), established on the basis of a population
of reference, wherein the reading of the position of the Index in the table gives the reliability of the Index with consideration
to the Explanatory Data. In one embodiment, the different tests which are performed are preferably independent predictors
of well classified patients. In one embodiment, the independent predictors of well classified patients by the explained
data have been determined by multivariate analysis, such as, for example, by binary logistic regression.
[0134] In one embodiment, the reliability of a test is determined based on comparison of the patient result (explained
data) with reliability classes, wherein reliability classes are part of a classification based on the reliability level of the test
results (explained data) determined in a reference database.
[0135] In one embodiment, in this reference database, the independent predictors of well classified patients have been
determined by multivariate analysis (e.g. binary logistic regression or RLB) wherein the dependent variable is the well
classified patients by the diagnostic test and the independent variables are all the composite variables included in the
test (intrinsic data) and available variables provided by demographic data and composite variables included in other
available tests (extrinsic data). The RLB provides a score including several variables or a segmented classification. Both
result in reliability classification:
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- The score is plotted against the rate of well classified patients and classes are determined by threshold chosen by
the expert on this graph (see Examples in figure 3).

- The segmented classification is determined by the segmentation of variables according to relationship between
independent variables. The threshold can be determined by a graph plotting both variables or by classical indices
like Youden index. This classification is preferably obtained when there is a significant interaction between two
independent variables.

- A mixed model including reliability classes determined by RLB and reliability classes provided by single variable(s)
(such as, for example, inconsistent variables as defined hereinabove) can occur.

[0136] Finally, the patient result (explained data) is compared with these reliability classes and the ensuing reliability
level is fixed for this patient with this test.
[0137] In one embodiment, the explained data is a diagnostic test result or an index, preferably a score, and the
predictors tested to define if they are independent predictors are:

- the data mathematically combined to calculate the index (intrinsic data), and
- explanatory data as hereinabove described (extrinsic data), and/or
- extrinsic data available with the diagnostic test.

[0138] An example of an intrinsic variable of a test is the dispersion index (DI), as herein above described.
[0139] Examples of reliability predictors include, but are not limited to variables included in or derived from non-invasive
tests, as stated below, preferably FibroMeter, InflaMeter and Fibroscan, and more preferably urea, ALT, AST, Dispersion
Index, score of CirrhoMeter2G, score of FibroMeter2G, Fibroscan™ classes, FibroMeter™ classes, CirrhoMeter™ classes,
Fibroscan™ median, IQR, IQR/M, platelets, A2M and t=ratio urea/ Fibroscan.
[0140] Examples of reliability predictors for FibroMeter20 and for CombiMeter™ are shown in Example 6.

Event Alert

[0141] In one embodiment, an Event Alert is issued when the explained data is non-reliable.

Triggered response

[0142] In one embodiment, if an Event Alert is issued on the explained data, the explanatory data are considered,
each in turn, as the explained data, and their reliability is checked as hereinabove described.
[0143] In one exemplary embodiment, a FibroMeter™ and a Fibroscan™ are carried out with FibroMeter™ result
considered as the explained data in a first step. If an Event Alert is issued on FibroMeter™, Fibroscan™ result will be
considered in a second step as the explained data, with FibroMeter™ result as explanatory data, and the reliability of
Fibroscan™ will be checked.
[0144] In one embodiment of the invention, if only one test is reliable, its result is considered as the Final Data. In
another embodiment of the invention, if several tests are reliable, the most reliable one is considered as given the Final
Data. In another embodiment of the invention, if several tests are reliable, their combination is considered as given the
Final Data. For example, in one embodiment, if Fibroscan™ and FibroMeter™ or CirrhoMeter™ are reliable, the corre-
sponding CombiMeter™ is considered as given the Final Data.
[0145] In one embodiment, the Final Data may thus be finally used for assessing the presence and/or the severity of
a liver disease in the subject. In one embodiment, said assessment includes the classification of the subject in a class
of a fibrosis stage classification, i.e. a class of a classification wherein each class is associated with a fibrosis stage,
such as, for example, one or more Metavir F stage(s).
[0146] In one embodiment, the method of the invention comprises releasing a comment. In one embodiment, said
comment comprises indicating which one of the data has been considered as the most reliable one. In one embodiment,
said comment comprises a warning message, wherein the more there are data which have been considered as non-
reliable, the more the result must be considered carefully.
[0147] An example of a method of the invention comprising carrying out a FibroMeter™ and a Fibroscan™ is shown
in Example 5, and the establishment of a reliability classification is shown in Example 7.
[0148] In one embodiment, the method of the invention provides an improvement in diagnostic precision through
predictive values. In one embodiment, thresholds of 100% predictive values for the main diagnostic target are fixed with
several diagnostic tests previously obtained in a reference database. In one embodiment, if the patient result is equal
or superior to the threshold corresponding to the 100% positive predictive value, the diagnostic target is affirmed. In
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another embodiment, if the patient result is equal or superior to the threshold corresponding to the 100% negative
predictive value, the diagnostic target is excluded.
[0149] The present invention also relates to an expert system implementing the method of the invention.
[0150] The present invention also relates to a software for implementing the method of the invention.
[0151] In one embodiment, the expert system is a software, wherein:

a. the software is fed with input data (levels of biomarkers, physical data, clinical data, scores, etc.),
b. the software implements for an individual subject, on the basis of input data (levels of biomarkers, physical data,
clinical data, scores etc...), various tests using various strategies,
b. the software checks confidence of input data of each test,
c. the software analyzes the reliability of each test performed in step a,
d. the software outputs a final test corresponding to the most reliable test for this individual, and optionally a comment
on the reliability of the final test.

[0152] In another embodiment, the expert system is a software, wherein:

a. the software is fed with input test (physical data, scores etc), called Explained Data,
b. the software analyses the reliability of the Explained Data using Explanatory Data,
d. the software outputs a final test corresponding to the most reliable test for this individual, optionally together with
a comment on the reliability of the final test.

BRIEF DESCRIPTION OF DRAWINGS

[0153]

Figure 1 is a graph showing that the dispersion index of initial FibroMeter™ is well correlated (oblique dashed line)
with the difference between initial (no ES -expert system-) and final (yes ES) FibroMeter™ modified according to
the method of the invention. The horizontal lines denote the means. Population of 825 patients with chronic hepatitis C.

Figure 2 is a graph showing that the dispersion index is significantly different between values of FibroMeters not
modified (No) or modified (Yes) (in 9.2% of cases on right box) by the method of the invention. Box plots: median,
interquartiles and extremes. Population of 825 patients with chronic hepatitis C.

Figure 3 is a combination of graphs showing the percentage of correctly classified patients using FibroMeter2G

(FM2G) according to the reliability score for FibroMeter2G in Fibroscan™ classes < 3 (A) or > 2 (B).

Figure 4 is a combination of graphs showing the relevance of reliability classes. (4A) shows the relationship between
FibroMeter score (continuous lines) and accuracy (dashed lines) on Y axis as a function of 10 reliability classes for
FibroMeter on X axis. Reliability classes on X axis are ranked according to increasing FibroMeter score. (4B) shows
the accuracy of FibroMeter score as a function of 10 reliability classes for FibroMeter. In the figure, the 5 first classes
are those of FS classes < 3 (p < 0.001) and the 5 last are those of FS classes ≥ 3 (p < 0.001).

Figure 5 is a graph showing the rate of well-classified patients by the liver stiffness evaluation (LSE) classification
derived from Castera et al. cut-offs, as a function of the 3 classes of the classification and IQR/M, showing that
IQR/M is a good predictor of reliability.

Figure 6 is a combination of graphs showing the rate of well-classified patients by LSE for the diagnosis of (A)
significant fibrosis (diagnostic cut-off: 7.1 kPa), or (B) cirrhosis (diagnostic cut-off: 12.5 kPa) as a function of LSE
median and IQR/M.

EXAMPLES

[0154] The present invention is further illustrated by the following examples.

Example 1: Composition of FM family
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[0156] In an embodiment, the Explained Data is test derived from the FibroMeter Family, where urea was deleted
from the markers

References
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1. Calès P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet MC, Konate A, Gallois Y, et al. A novel panel of
blood markers to assess the degree of liver fibrosis. Hepatology 2005;42:1373-1381.
2. Leroy V, Hilleret MN, Sturm N, Trocme C, Renversez JC, Faure P, Morel F, et al. Prospective comparison of six
non-invasive scores for the diagnosis of liver fibrosis in chronic hepatitis C. J Hepatol 2007; 46: 775-782.
3. Boursier J, Bacq Y, Halfon P, Leroy V, de Ledinghen V, de Muret A, Bourlière M, et al. Improved diagnostic
accuracy of blood tests for severe fibrosis and cirrhosis in chronic hepatitis C. Eur J Gastroenterol Hepatol
2009;21:28-38.
4. Calès P, Boursier J, Bertrais S, Oberti F, Gallois Y, Hubert IF, Dib N, Zarski JP, Rousselet MC; multicentric groups
(SNIFF 14 & 17, ANRS HC EP 23 Fibrostar). Optimization and robustness of blood tests for liver fibrosis and cirrhosis.
Clin Biochem. 2010;43;1315-1322.
5. Calès P, Lainé F, Boursier J, Deugnier Y, Moal V, Oberti F, Hunault G, et al. Comparison of blood tests for liver
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Example 2: Dispersion index of FibroMeter modified by the method of the invention

[0158] Figure 1 and Figure 2 show that the method of the invention leads to an improvement in the determination of
the reliability of FibroMeter™, as denoted by the analysis of the dispersion index of FibroMeter™ before (i.e. Initial score)
and after (i.e. Final score) the method of the invention is carried out. Patients behind the dispersion thresholds (Y axis)
have a decreased reliability. Note that in this population of 825 patients most patient symbols are superimposed in the
left superior corner.
[0159] Figure 1 shows that when the dispersion index (DI) is high, the Expert System of the invention does not give
an Alternative or Estimated Index, and Final Index is Initial Index. In other words, the DI is a good predictor of reliability
of a non-invasive method for assessing presence and/or severity of a liver disease. Fig.1 shows the efficacy of the
method of the invention.

Example 3: Abnormal data, consistency and inconsistency ranges for FibroMeter™ (Table 1)
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Example 4: Examples of preliminary analysis rules of Event Alerts issued wherein a FibroMeter™ is carried out

[0161] Here are presented some preliminary analysis rules of the Inconsistent Data Event Alerts issued when a
FibroMeter™ is carried out. In this example, 4 types of Inconsistent Data Alerts are issued: Red, Yellow, Green and
Blue, according to the Table of Example 1.

Suppression of Event Alerts

[0162]

- if AST is the only one Red Alert and if there is no Yellow Alert, the Red Alert is suppressed.

- if there are one Red Alert and one Yellow Alert, both may be suppressed, except when one of these Event Alerts
was issued by the data AGE. In this situation, only the Event Alert issued by AGE is suppressed.

- if there is more than one Red or two Yellow Alerts, these alerts are suppressed.

- if an Event Alert is issued by the data AGE, said Event Alert is suppressed.

Prioritization of Event Alerts

[0163] If several Inconsistent Data Alerts subsist after suppression of Event Alerts as hereinabove described, the
prioritization of said Event Alerts (i.e. the selection of the main alert) is carried out as follows (Table 2 - all situations are
not represented):

[0164] If several Event Alerts of the same type (such as, for example, two Red Alerts or two Green Alerts) are issued,
the main one will be the one issued by the data being the furthest from its mean value.

Example 5: Examples of reliability classifications

[0165] In the tables below, the "reliability" corresponds to the percentage of correctly classified patients in a given
class. The "% of patients" corresponds to the percentage of patients of the reference population classified in this given
class. Any reference to a "F" class is made with reference to estimated Metavir F stages. The reference population
comprises about 600 patients.

Reliability of Fibroscan (Table 3)

[0166] The explained data is the classification based on Fibroscan, whereas the explanatory data are score from
CirrhoMeter2G (CM2G), score from FibroMeter2G (FM2G), AST, and ALT.

Table 2

Number of Event Alerts
Type and number of Event Alert

Main Alert
Red Yellow Blue Green

2

1 1 Red

1 1 Blue

1 1 Red

1 1 Red

3

1 1 1 Red

1 1 1 Red

1 1 1 Red

4 1 1 1 1 Red
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[0167] In conclusion, as shown in Table 3, more than 92% patients classified as ≤ F2 after carrying out a Fibroscan,
and having a score of CirrhoMeter2G inferior or equal to 0.13 and ASAT quantification superior or equal to 26 IU/L are
well-classified. This situation concerns about 60% of patients.
[0168] On the contrary, about 80% of patients classified in ≥ F3 after a Fibroscan and having a FibroMeter2G score
inferior to 0.40 are misdiagnosed. Accordingly, Fibroscan is not a reliable test for these patients, which represent about
2 % of the patients.

Reliability of FibroMeter20 (Table 4)

[0169] The explained data is the classification based on FibroMeter2G (FM2G classes), whereas the explanatory data
are classification from Fibroscan (FS classes), score from FibroMeter2G (FM2G), ratio urea/score resulting from a Fibro-
scan (urea/FS), IQR (Inter Quartile Range from Fibroscan) and platelets.

[0170] In conclusion, as shown in Table 4, more than 91% patients classified as ≤ F2 after carrying out a FibroMeter2G,
and classified as F<2 after a Fibroscan with an IQR inferior or equal to 1.0 are well-classified. FibroMeter2G is thus a
reliable test for these patients, representing about 23% of the population. The same conclusion may be made for patients
classified as ≥ F3 after carrying out a FibroMeter2G, and having a ratio urea/FS inferior to 1.015.
[0171] On the contrary, about 78% of patients classified in ≥ F3 after a FibroMeter2G and having a FibroMeter2G score
inferior to 0.43 are misdiagnosed. Accordingly, FibroMeter2G is not a reliable test for these patients, which represent
about 2.5 % of the population.

Table 3

Explained Data (Fibroscan classification)
Explanatory data

Reliability % of patients
CM2G FM2G AST ALT

≤ F2

<0.13
<26 81 5.9

≥26 92.1 60.1

>0.13
<70 87.5 3.6

≥70 68.6 5.2

≥ F3

<0.40 20 2.2

0.40≤FM2G<0.71 69.2 3.9

≥0.71 95.3 19.1

Table 4

Explained Data (FM2G classes)
Explanatory Data

Reliability % of patients
FS classes IQR Platelets FM2G urea/FS

≤ F2

<2

≤1.0 91,7 23.4

> 1.0 84,8 9.9

76,9 3.9

2 >285 95 18.0

>2
≤0,43 23,5 2.5

72 3.7

≥ F3
<1,015 92,1 34.3

≥1,015 78,6 4.2
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Example 6: Examples of reliability predictors

Reliability predictors for FibroMeter20 (Table 5)

[0172] Examples of reliability predictors for FibroMeter20 are shown in the Table 5 below. Population of 597 patients
with chronic hepatitis C. FS: Fibroscan, FM: FibroMeter.

[0173] The method of the invention for determining the reliability of FibroMeter20 for a patient includes, in this example,
two steps:

1/ apply variables threshold (for AST or ALT) that determine 100% misclassified patients; and

2/ then apply the multivariate score in the other patients.

[0174] Figure 3 and Figure 4 show the relevance of reliability classes.
[0175] For patients classified in Fibroscan (FS) fibrosis classes < 3, the efficacy of predictive score including 3 predictors
(score #1) is shown in Figure 3A where the score distinguishes 4 reliability classes (reliability scores) on X axis (p<0.001
by ANOVA).
[0176] For patients classified in FS classes > 2, the efficacy of predictive score including 3 predictors (score #2) is
shown in Figure 3B where the score distinguishes 4 reliability classes (reliability scores) on X axis (p<0.001 by ANOVA).
[0177] In Figure 4, the 5 first classes are those of FS classes < 3 (p < 0.001) and the 5 last are those of FS classes
≥ 3 (p < 0.001). Figure 4A shows the relationship between FibroMeter score (continuous lines) and accuracy (dashed
lines) on Y axis as a function of 10 reliability classes for FibroMeter on X axis. Reliability classes on X axis are ranked
according to increasing FibroMeter score. Figure 4B shows the accuracy of FibroMeter score as a function of 10 reliability
classes for FibroMeter

Reliability predictors for CombiMeter™ (Table 6)

[0178] Examples of reliability predictors for CombiMeter™ are shown in Table 6 below. They include Fibroscan classes,
Fibroscan median, Urea, score of FibroMeter2G (FM2G), CirrhoMeter2G classes (CM2G classes) and AST.

Table 5

Segmentation Reliability predictors Notes

All patients FS classes, ALT, IQR/M Significant interaction between FS classes and ALT justifying the 
next step:

1. FS classes < 3 FM classes, FS classes, 
AST, IQR

Significant interaction with AST justifying the next step:

AST>185 100% misclassified patients

AST<185 FM classes, FS classes, 
IQR

These 3 data are included in a Score #1

2. FS classes ≥ 3

FM classes, ALT, A2M These 3 data are included in a Score #2

ALT >430 100% misclassified patients

Table 6

Reliability predictors Reliability classes Accuracy

1st rank 2nd rank

Fibroscan classes

≤2 Fibroscan median

≥  10.5 1a Suboptimal reliability

<10.5 1b Very reliable
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Example 7: Classification of LSE accuracy

PATIENTS AND METHODS

Patients

[0179] Two populations with liver biopsy and LSE were included in the present study. LSE stands for Liver stiffness
evaluation (LSE) and corresponds to all the measurements recorded during an examination with the Fibroscan device.
The first population was composed of patients with chronic liver disease recruited in 3 French centers between 2004
and 2009 (Angers: n=383; Bordeaux: n=309; and Grenoble: n=142). Patients included in the Angers and Bordeaux
centers had various causes of chronic liver diseases whereas those from Grenoble had CHC. The second population
was that of the multicenter ANRS/HC/EP23 Fibrostar study promoted by the French National Agency for Research in
AIDS and Hepatitis (Zarski et al, J Hepatol 2012; 56:55-62). The patients included in both populations were identified
and ultimately grouped as a single observation for statistical analyses. All patients gave their written informed consent.
The study protocol conformed to the ethical guidelines of the current Declaration of Helsinki and received approval from
the local ethics committees.

Histological assessment

[0180] Liver fibrosis was evaluated according to Metavir fibrosis (FM) staging. Significant fibrosis was defined as
Metavir FM≥2, severe fibrosis as Metavir FM≥3, and cirrhosis as Metavir FM4. In the first population, histological evaluations
were performed in each center by blinded senior pathologists specialized in hepatology. In the Fibrostar study, histological
lesions were centrally evaluated by two senior experts with a consensus reading in cases of discordance. Fibrosis staging
was considered as reliable when liver specimen length was ≥15 mm and/or portal tract number ≥8.

Liver stiffness evaluation

[0181] Examination conditions - LSE by Fibroscan (Echosens, Paris, France) was performed with the M probe
(wherein M probe is a standard probe while they are specific probes for obese patients or children) and by an experienced
observer (>50 examinations before the study), blinded for patient data. A time interval of ≤3 months between liver biopsy
and LSE was considered acceptable for the purposes of the study. Examination conditions were those recommended
by the manufacturer, with the objective of obtaining at least 10 valid measurements. A LSE measurement corresponds
to a single measurement of liver stiffness, i.e., after pushing the button of the Fibroscan probe. Measurement validity
was determined by an internal process defined by the Fibroscan manufacturer. Validity is evaluated for each LSE
measurement: the liver stiffness is displayed on the screen when the measurement is considered as "valid", and not
displayed if it is considered as "invalid". Results were expressed as the median and the IQR (kilopascals) of all valid
measurements: LSE median (kPa) corresponds to the median of all the valid measurements performed during LSE; and

(continued)

Reliability predictors Reliability classes Accuracy

1st rank 2nd rank

Fibroscan classes

= 3 Urea

>8 2a Unreliable

≤  8 2b Suboptimal reliability

= 3.5 FM2G

<0.3 3a Fairly reliable

≥0.3 3b Very reliable

= 4 CM2G classes ≤2 4a Unreliable

AST > 400 4b Unreliable

Others 4c Reliable
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LSE interquartile range (IQR) (kPa) corresponds to the interval around the LSE median containing 50% of the valid
measurements between the 25th and 75th percentiles.
[0182] According to the usual definition, LSE was considered as reliable when it included ≥10 valid measurements
with a success rate ≥60% and IQR/M ≤0.30, wherein the success rate (%) is calculated as the ratio of the number of
valid measurements over the total number of measurements performed during LSE.
[0183] Interpretation of LSE result - LSE median was interpreted according to the diagnostic cut-offs published in
previous studies. As chronic hepatitis C (CHC) was the main cause of liver disease in our study population (68%), we
tested the cut-offs published by Castera et al. (Castera et al, Gastroenterology, 2005;128:343-50): ≥7.1 kPa for FM≥2
and ≥12.5 kPa for FM4, those by Ziol et al. (Hepatology 2005;41:48-54): ≥8.8 kPa for FM≥2 and ≥14.6 kPa for FM4, and
those specifically calculated for CHC in the meta-analysis of Stebbing et al (Journal of Clinical Gastroenterology 2010;
44:214-9): ≥8.5 kPa for FM≥2 and ≥16.2 kPa for FM4. As there were various causes of chronic liver disease in our study
population, we also tested the cut-off published in the meta-analysis of Friedrich-Rust et al. (Gastroenterology 2008;
134:960-74): ≥7.7 kPa for FM≥2 and ≥13.1 kPa for FM4. By using the diagnostic cut-offs, LSE median was categorized
into estimated FFS stages according to the most probable Metavir F stage(s). This approach provided the following LSE
classification: LSE result <cut-off for FM≥2: FFS0/1; ≥cut-off for FM≥2 and <cut-off for FM4: FFS2/3; ≥cut-off for FM4: FFS4.

Statistical analysis

[0184] Because distribution was skewed for most quantitative variables, they were expressed as median with 1st and
3rd quartiles into brackets. Diagnostic accuracy was mainly expressed as AUROC (for binary diagnoses of significant
fibrosis, severe fibrosis, or cirrhosis) or the rate of well-classified patients by the LSE classification. AUROCs were
compared according to Delong et al. for paired groups (Biometrics 1988;44:837-45), and Hanley et al. for unpaired
groups (Radiology 1982;143:29-36).
[0185] To identify the factors influencing LSE accuracy, we determined the variables independently associated with
the following diagnostic target: significant fibrosis, severe fibrosis, or cirrhosis by stepwise forward binary logistic regres-
sion. Indeed, by definition, each variable selected by a multivariate analysis is an independent predictor of the diagnostic
target studied. In other words, when selected with LSE median, an independent predictor influences the outcome (di-
agnostic target) for each fixed level of liver stiffness. Consequently, the multivariate analyses allowed for the identification
of the predictor influencing LSE accuracy regarding fibrosis staging. In the present study, the dependent variable -LSE
median- was tested with the following independent variables: age, sex, body mass index, cause of chronic liver disease
(CHC versus other), ≥10 LSE valid measurements, LSE success rate, IQR/M (wherein IQR/M corresponds to the ratio
LSE IQR / LSE median), and biopsy length as a putative confounding variable. Statistical analyses were performed
using SPSS version 18.0 software (IBM, Armonk, NY, USA) and SAS 9.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

[0186] The main characteristics of the 1165 patients included in the study are presented in Table 7. The cause of
chronic liver disease was CHC in 68.5% of patients, hepatitis B mono-infection: 5.7%, alcohol: 12.4%, non-alcoholic
fatty liver disease: 3.3%, and other: 10.1%. Overweight status (body mass index ≥25.0 kg/m2) was present in 44.0% of
patients. Liver biopsies were considered as reliable in 92.0% of the cases. The prevalence for significant fibrosis, severe
fibrosis, and cirrhosis was respectively 63.3%, 38.9%, and 21.0%.

Table 7

Cause of liver disease

All CHC Other Pa

Patients (n) 1165 798 367 -
Age (years) 51.1 (43.9-60.5) 50.1 (43.9-59.7) 54.2 (43.9-63.3) 0.084
Male (%) 65.2 62.9 70.0 0.018
Body mass index (kg/m2) 24.5 (22.2-27.6) 24.2 (22.1-26.7) 25.1 (22.5-29.4) <10-3

Body mass index ≥25 kg/m2 (%) 44.0 40.1 50.9 10-3

Metavir FM stage (%): <10-3

- 0 5.6 3.5 10.3
- 1 31.0 37.1 17.6



EP 2 872 031 B1

28

5

10

15

20

25

30

35

40

45

50

55

LSE accuracy

[0187] The AUROCs (6SD) of LSE for the diagnosis of significant fibrosis, severe fibrosis, and cirrhosis were respec-
tively 0.82260.012, 0.87260.010, and 0.91060.011 (Table 8).

[0188] AUROCs of LSE in unreliable biopsies were not significantly different than in reliable biopsies (details not
shown). The rates of well-classified patients according to the various diagnostic cut-offs tested are presented in Table 9.

(continued)

Cause of liver disease

All CHC Other Pa

- 2 24.5 27.4 17.9
- 3 17.9 17.5 18.7

- 4 21.0 14.5 35.5
Biopsy length (mm) 25 (18-30) 24 (18-30) 25 (17-32) 0.093
Reliable biopsy (%) 92.0 93.8 88.0 10-3

LSE median (kPa) 8.1 (5.8-14.0) 7.8 (5.6-11.1) 11.0 (6.6-25.1) <10-3

Valid measurements (n) 10 (10-10) 10 (10-10) 10 (10-10) 0.227
≥10 LSE valid measurements (%) 92.8 93.3 91.6 0.291

LSE success rate (%) 100 (83-100) 100 (83-100) 91 (77-100) 10-3

LSE success rate ≥60% (%) 89.8 91.9 85.1 <10-3

IQR/M 0.17 (0.12-0.25) 0.17 (0.12-0.24) 0.18 (0.11-0.25) 0.211
IQR/M ≤0.30 (%) 85.5 86.1 84.3 0.416
Reliable LSE (%)b 75.7 77.6 71.6 0.027

CHC: chronic hepatitis C mono-infection, IQR/M: LSE interquartile range/LSE median; a Between CHC and other
causes of liver disease; b According to the usual definition for LSE reliability (≥10 valid measurements and ≥60%
success rate and IQR/M ≤0.30)

Table 8

Cause of Liver disease Diagnostic target Liver stiffness evaluation

All Reliable a Unreliable pb

All FM≥2 0.822 6 0.012 0.835 6 0.014 0.794 6 0.026 0.165
FM≥3 0.872 6 0.010 0.881 6 0.012 0.856 6 0.023 0.344
FM4 0.910 6 0.011 0.913 6 0.012 0.906 6 0.022 0.780

CHC FM≥2 0.787 6 0.016 0.805 6 0.018 0.733 6 0.037 0.080
FM≥3 0.843 6 0.015 0.856 6 0.016 0.811 6 0.035 0.242

FM4 0.897 6 0.016 0.900 6 0.018 0.918 6 0.038 0.669

Other FM≥2 0.883 6 0.019c 0.888 6 0.024d 0.889 6 0.032c 0.980

FM≥3 0.905 6 0.016 d 0.913 6 0.018e 0.888 6 0.034 0.516
FM4 0.908 6 0.016 0.920 6 0.018 0.862 6 0.037 0.159

CHC: chronic hepatitis C mono-infection; a According to the usual definition for LSE reliability (LSE with ≥10 valid
measurements and ≥60% success rate and LSE interquartile range/LSE median ≤0.30); b Between reliable and
unreliable LSE; cp≤10-3 vs CHC patients; dp≤0,010 vs CHC patients; ep≤0,05 vs CHC patient
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[0189] Cut-offs published by Castera et al. provided the highest accuracy for significant fibrosis and LSE classification,
and were thus used for further statistical analysis.

Usual definition for LSE reliability

[0190] 92.8% of LSE included at least 10 valid measurements, 89.8% achieved a ≥60% success rate, and 85.5% had
an IQR/M ≤0.30 (Table 7). None of these conditions led to a significant increase in LSE AUROC.
[0191] 75.7% of LSE fulfilled these 3 criteria; they were consequently considered as reliable according to the usual
definition for LSE reliability. A single LSE measurement may be erroneous because of various conditions (probe position
or inclination, respiratory movement, etc.). The reliability criteria of LSE thus correspond to the conditions required before
considering LSE median as the "real" liver stiffness. In this setting, liver stiffness evaluation is usually considered as
reliable when it fulfills all the following criteria: ≥10 valid measurements, ≥60% success rate, and IQR/median ratio
(IQR/M) ≤0.30.
[0192] AUROCs for significant fibrosis, severe fibrosis, or cirrhosis were not significantly different between reliable
and unreliable LSE (Table 8). By using Castera et al. cut-offs (≥7.1 kPa for FM≥2 and ≥12.5 kPa for FM4), LSE accuracy
was not significantly different between reliable and unreliable LSE for the diagnosis of significant fibrosis (respectively:
75.5% vs 72.1%, p=0.255) or cirrhosis (85.8% vs 81.5%, p=0.082). Similarly, the rate of well-classified patients by the
LSE classification (FFS0/1, FFS2/3, FFS4) derived from Castera cut-offs was not significantly different between reliable
and unreliable LSE (respectively: 63.5% vs 57.2%, p=0.064).

Independent predictors of fibrosis staging

[0193] Independent predictors of significant fibrosis, severe fibrosis, or cirrhosis are detailed in Table 10.

Table 9

Diagnostic target Diagnostic cut-off Cause of liver disease

Reference Cut-off All CHC Other Pa

FM≥2 Castera et al ≥7.1 74.8b 71.2b 82.7 <10-3

Ziol et al ≥8.8 70.1 66.0 79.1 <10-3

Stebbing et al ≥8.5 70.9 66.4 80.7c <10-3

Friedrich-Rust et al ≥7.7 73.2d 69.3d 81.8 <10-3

FM4 Castera et al ≥12.5 84.8d 86.2d 81.8 0.059
Ziol et al ≥14.6 86.1 87.9 82.1 0.008
Stebbing et al ≥16.2 86.8 88.8 82.4 0.003
Friedrich-Rust et al ≥13.1 85.3e 86.8e 82.1 0.038

LSE Castera et alf - 62.0 c 59.7 c 67.0 0.018
classification Ziol et alg - 58.8 56.2 64.5 0.008

Stebbing et alh - 59.8 57.1 65.6 0.006
Friedrich-Rust et ali - 61.2 c 58.6 67.0 0.007

CHC: chronic hepatitis C mono-infection; aBetween CHC and other; bp<0.05 vs other; cp<0.05 vs Ziol; d p≤0.05 vs
Ziol or Stebbing; ep≤0.05 vs Stebbing; fLSE classification is derived from the cut-off for significant fibrosis and the
cut-off for cirrhosis as follow: <7.1 kPa: FFS0/1, ≥7.1 kPa and <12.5 kPa: FFS2/3, ≥12.5 kPa: FFS4; gLSE classification:
<8.8 kPa: FFS0/1, ≥8.8 kPa and <14.6 kPa: FFS2/3, ≥14.6 kPa: FFS4; hLSE classification: <8.5 kPa: FFS0/1, ≥8.5
kPa and <16.2 kPa: FFS2/3, ≥16.2 kPa: FFS4; iLSE classification: <7.7 kPa: FFS0/1, ≥7.7 kPa and <13.1 kPa: FFS2/3,
≥13.1 kPa: FFS4

Table 10

Diagnostic target Step Variable p Odds ratio (95%CI)

FM≥2 1st LSE median <10-3 1.323 (1.262-1.387)
2nd Age <10-3 1.023 (1.011-1.035)
3rd IQR/M 0.002 0.197 (0.072-0.543)
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[0194] Briefly, in addition to LSE median, IQR/M was the only LSE characteristic independently associated with the
three diagnostic targets of fibrosis, with no significant influence of the number of LSE valid measurements, LSE success
rate, or the cause of liver disease. There was no colinearity between LSE median and IQR/M (Spearman coefficient
correlation=0.047, p=0.109). Independent predictors were the same when variables were introduced as dichotomous
results (IQR/M ≤0.30, LSE success rate ≥60%, reliable vs unreliable biopsy) in the multivariate analyses (detailed data
not shown).

Classification of LSE accuracy

[0195] We develop here a classification using the preceding independent predictors of accuracy.
[0196] IQR/M - LSE accuracy decreased when IQR/M increased and three subgroups of LSE were identified: IQR/M
≤0.10 (16.6% of patients); 0.10< IQR/M ≤0.30 (69.0%); IQR/M >0.30 (14.5%). LSE with IQR/M ≤0.10 had significantly
higher accuracy than LSE with IQR/M >0.10 (Table 11).

[0197] LSE with 0.10< IQR/M ≤0.30 had higher accuracy than LSE with IQR/M >0.30, but the difference did not reach
statistical significance.
[0198] LSE median - By using 7.1 kPa as a diagnostic cut-off (Castera et al; Friedrich-Rust et al), the rate of well-
classified patients for significant fibrosis was very good in LSE medians ≥7.1 kPa, but only fair in LSE medians <7.1
kPa: 81.5% vs 64.5%, respectively (p<10-3). By using 12.5 kPa as a diagnostic cut-off (Castera et al; Friedrich-Rust et
al), the rate of well-classified patients for cirrhosis was excellent in LSE medians <12.5 kPa, but only fair in LSE medians
≥12.5 kPa: 94.3% vs 60.4%, respectively (p<10-3). LSE thus demonstrated excellent negative predictive value for cirrhosis
and very good positive predictive value for significant fibrosis. Conversely, it had insufficient positive predictive value for
cirrhosis and insufficient negative predictive value for significant fibrosis. Finally, the rate of well-classified patients by
the LSE classification derived from Castera et al. cut-offs was not significantly different among its 3 classes, FFS0/1:

(continued)

Diagnostic target Step Variable p Odds ratio (95%CI)

FM≥3 1st LSE median <10-3 1.278 (1.234-1.324)
2nd IQR/M 10-3 0.121 (0.034-0.433)
3rd Age 0.007 1.017 (1.005-1.030)

FM4 1st LSE median <10-3 1.201 (1.168-1.234)
2nd Biopsy length 0.002 0.965 (0.944-0.987)
3rd IQR/M 0.005 0.070 (0.011-0.442)

Table 11

AUROC Diagnostic accuracy (%)a

Diagnostic target: FM≥2 FM≥3 FM4 FM≥2 FM4 LSE classification

IQR/M

≤0.1
0.886 6 0.937 6 0.970 6

77.1 90.4 69.1
0.024 0.018 0.011

0.1< and ≤0.3
0.822 6 0.868 6 0.895 6

75.6 84.7 62.6
0.015 0.013 0.015

>0.3
0.785 6 0.842 6 0.898 6

69.1 80.6 53.9
0.035 0.032 0.031

Comparison (p):
Linear trendb - - - 0.091 0.009 0.003

≤0.1 vs 0.1< and ≤0.3 0.024 0.002 <10-3 0.661 0.043 0.092
≤0.1 vs >0.3 0.017 0.010 0.029 0.088 0.008 0.003
0. 1 < and ≤0.3 vs >0.3 0.331 0.451 0.931 0.081 0.196 0.039

aRate of well-classified patients using 7.1 kPa as the LSE cut-off for the diagnosis of significant fibrosis (FM≥2), 12.5
kPa for the diagnosis of cirrhosis (FM4), or LSE classification (FFS0/1, FFS2/3, FFS4) derived from the 2 previous
diagnostic cut-offs (Castera et al); b p for linear trend across the 3 subgroups of IQR/M
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64.5%, FFS2/3: 60.4%, and FFS4: 60.4% (p=0.379).
[0199] IQR/M and LSE median - In patients with LSE median <7.1 kPa, the diagnostic accuracy of the LSE classification
derived from Castera et al. cut-offs was not significantly different among the three IQR/M subgroups (p=0.458; Figure
5). Conversely, in patients with LSE median ≥7.1 kPa, the diagnostic accuracy of the LSE classification was significantly
lower in LSE with IQR/M >0.30 compared to LSE with IQR/M ≤0.30 (43.8% vs 64.1%, p<10-3; Figure 5). The rates of
well-classified patients for the binary diagnoses of significant fibrosis or cirrhosis as a function of IQR/M and LSE median
are detailed in Figure 6. Briefly, in patients with LSE median ≥7.1 kPa, LSE with IQR/M >0.30 had lower accuracy for
significant fibrosis than LSE with IQR/M ≤0.30 (67.6% vs 84.3%, p<10-3). In patients with LSE median ≥12.5 kPa, LSE
with IQR/M >0.30 had lower accuracy for cirrhosis than LSE with IQR/M ≤0.30 (45.1% vs 64.0%, p=0.011).

Proposal for new reliability criteria in LSE

[0200] The previous findings led us to develop new criteria for the interpretation of LSE results (Table 12).

[0201] LSE accuracy in the subgroup of LSE with IQR/M ≤0.10 was higher than in the whole population (Table 13).

[0202] LSE in this subgroup were thus considered as "very reliable". LSE with 0.10< IQR/M ≤0.30 or with IQR/M >0.30
and LSE median <7.1 kPa provided accuracy similar to that of the whole population and were thus considered as

Table 12

LSE median Rate of patients (%)

<7.1 7.1 ≤  - <12.5 ≥12.5

LSE diagnosis a: FFS0/1 FFS2/3 FFS4

IQR/M ≤0.10 Very reliable LSE 16.6

0.10< and ≤0.30 Reliable LSE 74.3b

>0.30 Poorly reliable LSE 9.1

aLSE diagnosis after categorization of LSE median into estimated Metavir F stages (FFS) according to the diagnostic
cut-offs of Castera et al.: 7.1 kPa for significant fibrosis and 12.5 kPa for cirrhosis (Castera et al); bIncluding the
subgroup with IQR/M >0.30 and LSE median <7.1

Table 13

AUROC Diagnostic accuracy (%)a

Diagnostic target: FM≥2 FM≥3 FM4 FM≥2 FM4 LSE classification

LSE: Allb 0.822 6 
0.012

0.872 6 
0.010

0.910 6 
0.011

74.9 85.0 62.4

Very reliable 0.886 6 
0.024

0.937 6 
0.018

0.970 6 
0.011

77.1 90.4 69.1

Reliable 0.823 6 
0.014

0.876 6 
0.012

0.904 6 
0.014

75.3 85.8 63.2

Poorly 
reliable

0.773 6 
0.045

0.745 6 
0.049

0.819 6 
0.052

67.6 69.5 43.8

Comparison (p):
Linear trendc - - - 0.107 <10-3 <10-3

Very reliable vs reliable 0.023 0.005 <10-3 0.603 0.090 0.125
Very reliable vs poorly 
reliable

0.027 <10-3 0.004 0.076 <10-3 <10-3

Reliable vs poorly reliable 0.289 0.009 0.115 0.088 <10-3 <10-3

aRate of well-classified patients using 7.1 kPa as the LSE cut-off for the diagnosis of significant fibrosis (FM≥2), 12.5
kPa for the diagnosis of cirrhosis (FM4), or LSE classification (FFS0/1, FFS2/3, FFS4) derived from the 2 previous
diagnostic cut-offs (Castera et al); bThis result, already presented in table 2, is provided here for comparison with
subgroups; cp for linear trend across the 3 subgroups of LSE
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"reliable". Finally, LSE with IQR/M >0.30 and LSE median ≥7.1 kPa provided accuracy lower than that of the whole
population and were thus considered as "poorly reliable". Thresholds were determined as a function of literature data
and/or classical statistical techniques for cut-off determination. LSE accuracy in the subgroup of LSE with IQR/M ≤0.10
was higher than in the whole population. LSE in this subgroup were thus considered as "very reliable". LSE with 0.10<
IQR/M ≤0.30 or with IQR/M >0.30 and LSE median <7.1 kPa provided accuracy similar to that of the whole population
and were thus considered as "reliable". Finally, LSE with IQR/M >0.30 and LSE median ≥7.1 kPa provided accuracy
lower than that of the whole population and were thus considered as "poorly reliable"."
[0203] According to these new criteria, 16.6% of LSE were considered as "very reliable", 74.3% as "reliable", and
9.1% as "poorly reliable". Importantly, LSE AUROCs and diagnostic accuracies were significantly different among these
3 subgroups (Table 13). Finally, the rate of poorly reliable LSE according to the new criteria was significantly lower than
that of unreliable LSE according to the usual definition (9.1% vs 24.3%, p<10-3).

Sensitivity analysis

[0204] We evaluated our new criteria for LSE reliability as a function of several potential influencing characteristics:
cause of liver disease (CHC vs. others), diagnostic indexes (AUROC, binary diagnosis of significant fibrosis or cirrhosis,
LSE classification), and diagnostic cut-offs published by Ziol et al., Stebbing et al., and Friedrich-Rust et al. Briefly,
whatever the potential influencing factor, a decrease in LSE reliability, according to our new criteria, was associated
with a decrease in LSE accuracy. BMI (<25 vs ≥25 kg/m2) did not influence LSE accuracy in any of the 3 new categories
of LSE reliability. Because of the few numbers of patients with hepatitis B, alcohol abuse, or NAFLD, it was not possible
to perform a sensitivity analysis for these causes of chronic liver disease.

Claims

1. A method for improving the reliability of a non-invasive diagnostic test of the presence and/or the severity of a liver
disease, said method comprising:

a. collecting a diagnostic index, called Initial Index, involving the mathematical combination of at least two data,
wherein the Initial Index is selected from blood tests comprising ELF, FibroSpect, APRI, FIB-4, Hepascore,
Fibrotest, tests from the FibroMeter family, and tests derived from the FibroMeter Family where urea was deleted
from the markers;
b. analyzing the reliability of each of the data combined to collect the Initial Index by identifying if at least one
data of the Initial Index collected in step a) is an abnormal data, an inconsistent data, or a non-homogeneous
data, or is responsible for a greater decrease in the Dispersion Index than that observed with other data:

i. with comparison of each data to the expected data in a reference population, or
ii. in view of intrinsic or extrinsic reliability predictor(s), or
iii. by calculating the Dispersion Index of the Initial Index collected in step a), a high Dispersion Index
meaning homogeneous data of the Initial Index, and performing a series of calculations of Dispersion Index
of the Initial Index comprising n data where 1 to (n-2) data of the Initial Index are deleted, resulting in ranking
the data lowering the most the Dispersion Index;

c. if a data is an abnormal, inconsistent or a non-homogeneous data, or a data lowering a Dispersion Index,
generating an Event Alert;
d. if an Event Alert is generated, calculating new indexes, where the abnormal, inconsistent and/or non-homo-
geneous data, or a data responsible for the lowest Dispersion Index, is suppressed thereby obtaining an Alter-
native Index, or where the abnormal, inconsistent and/or non-homogeneous data is substituted by its mean
value thereby obtaining an Estimated Index or, if at least two data are abnormal, inconsistent or non-homoge-
neous, the most discordant is suppressed and the other(s) is/are substituted by its/their mean value thereby
obtaining a Mixed Index;
e. replacing the Initial Index comprising an abnormal, inconsistent and/or a non-homogeneous data or a data
affecting the Dispersion Index, with an Alternative Index, an Estimated Index, or a Mixed Index.

2. The method according to claim 1, wherein:

- in step a) an Initial Index is collected, said Initial Index being a test from the FibroMeter family, or a test derived
from the FibroMeter Family where urea was deleted from the markers;
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- in step b) the Dispersion Index of the Initial Index collected in step a) is calculated, thereby identifying which
is the data of the Initial Index collected in step a) most decreasing the Dispersion Index, by performing a series
of calculations of Dispersion Index of the Initial Index comprising n data where 1 to (n-2) data of the Initial Index
are deleted;
- in step e) the Initial Index comprising a data lowering the most the Dispersion Index is replaced with an
Alternative Index where the data lowering the Dispersion Index is deleted.

3. The method according to claim 2, wherein step c) is performed after having calculated if the Dispersion Index of the
Initial Index corresponds to the ones of its intermediates deciles, preferably of the 2nd to 9th deciles, of the population
of reference.

4. The method according to any one of claims 1 to 3, wherein when a data is an abnormal data, the Event Alert is an
Abnormal Data Alert; when a data is an inconsistent data, the Event Alert is an Inconsistent Data Alert; when a data
is a non-homogeneous data, the Event Alert is a Non-Homogeneous Data Alert.

5. The method according to any one of claims 1 to 4, wherein the Event Alerts issued in step c) are preliminary analyzed,
prior to step d), and wherein said treatment comprises:

- the suppression of one or more Event Alert(s) when the data having triggered the Event Alert is found reliable,
and/or
- when several Event Alerts are issued, the prioritization of said Event Alerts to identify a main Event Alert
according to its impact on Initial Index.

6. The method according to claim 1, wherein reliability predictors are selected from the group comprising urea, ALT,
AST, CirrhoMeter2G score, FibroMeter2G score, Fibroscan classes, FibroMeter classes, CirrhoMeter classes, Fibro-
scan median, IQR, IQR/M, platelets, A2M, ratio urea/ Fibroscan and Dispersion Index of the Initial Index.

7. The method according to claim 1, wherein in step b) the reliability of each data is analyzed by identifying if at least
one data of the Initial Index collected in step a) is an abnormal data, an inconsistent data, or a non-homogeneous
data, or is responsible for a greater decrease in the Dispersion Index than that observed with other data with
comparison of each data to the expected data in a reference population, or in view of intrinsic or extrinsic reliability
predictor(s).

8. A method according to any one of claims 1 to 7, comprising in step e) replacing the Initial Index with the most reliable
index selected from the group consisting of an Alternative Index, an Estimated Index, or a Mixed Index.

9. An expert system implementing the method according to any one of claims 1 to 8.

10. A software implementing the method according to any one of claims 1 to 8.

Patentansprüche

1. Verfahren zur Verbesserung der Zuverlässigkeit eines nicht invasiven Diagnosetests des Vorhandenseins und/oder
der Schwere einer Lebererkrankung, wobei das Verfahren Folgendes umfasst:

a. Sammeln eines Diagnoseindexes, bezeichnet als Initialindex, der die mathematische Kombination von min-
destens zwei Daten einschließt, wobei der Initialindex ausgewählt ist aus Bluttests, umfassend ELF, FibroSpect,
APRI, FIB-4, Hepascore, Fibrotest, Tests aus der FibroMeter-Familie und Tests, abgeleitet aus der FibroMeter-
Familie, wobei Harnstoff aus den Markern deletiert wurde;
b. Analysieren der Zuverlässigkeit jedes der Daten, kombiniert, um den Initialindex zu sammeln durch Identifi-
zieren, ob mindestens ein Datum des Initialindexes, gesammelt in Schritt a), ein anormales Datum, ein wider-
sprüchliches Datum oder ein nicht homogenes Datum ist, oder für eine größere Abnahme des Dispersionsin-
dexes als diejenige, die bei anderen Daten beobachtet wird, verantwortlich ist:

i. durch Vergleich jedes Datum mit dem erwarteten Datum in einer Referenzpopulation, oder
ii. angesichts der intrinsischen oder extrinsischen Zuverlässigkeits-Vorhersagefunktion(en), oder
iii. durch Berechnen des Dispersionsindexes des Initialindexes, gesammelt in Schritt a), wobei ein hoher
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Dispersionsindex homogene Daten des Initialindexes bedeutet und Durchführung einer Reihe von Berech-
nungen des Dispersionsindexes des Initialindexes, umfassend n Daten, wobei 1 bis (n-2) Daten des Initi-
alindexes deletiert werden, was zur Klassifizierung der Daten führt, die den Dispersionsindex am meisten
senken;

c. wenn ein Datum ein abnormales, widersprüchliches oder nicht homogenes Datum oder ein Datum ist, das
einen Dispersionsindex senkt, Generieren eines Ereignisalarms;
d. wenn ein Ereignisalarm generiert wird, Berechnen von neuen Indices, wobei das anormale, widersprüchliche
und/oder nicht homogene Datum oder ein Datum, das für den niedrigsten Dispersionsindex verantwortlich ist,
unterdrückt wird, wodurch ein alternativer Index erhalten wird, oder wobei das anormale, widersprüchliche
und/oder nicht homogene Datum durch seinen Mittelwert ausgetauscht wird, wodurch ein geschätzter Index
erhalten wird, oder, wenn mindestens zwei Daten anormal, widersprüchlich oder nicht homogen sind, das am
meisten Abweichende unterdrückt wird und das andere Datum/die anderen Daten durch seinen/ihren Mittelwert
ausgetauscht wird/werden, wodurch ein gemischter Index erhalten wird;
e. Ersetzen des Initialindexes, umfassend ein anormales, widersprüchliches und/oder nicht homogenes Datum
oder ein Datum, das den Dispersionsindex betrifft, durch einen alternativen Index, einen geschätzten Index
oder einen gemischten Index.

2. Verfahren nach Anspruch 1, wobei:

- in Schritt a) ein Initialindex gesammelt wird, wobei der Initialindex ein Test aus der FibroMeter-Familie ist,
oder ein Test, abgeleitet aus der FibroMeter-Familie, wobei Harnstoff aus den Markern deletiert wurde;
- in Schritt b) der Dispersionsindex des Initialindexes, gesammelt in Schritt a) berechnet wird, wodurch identifiziert
wird, welches das Datum des Initialindexes, gesammelt in Schritt a), ist, das den Dispersionsindex am meisten
senkt, durch die Durchführung einer Reihe von Berechnungen des Dispersionsindexes des Initialindexes, um-
fassend n Daten, wobei 1 bis (n-2) Daten des Initialindexes deletiert werden;
- in Schritt e) der Initialindex, umfassend ein Datum, das den Dispersionsindex am meisten senkt, durch einen
alternativen Index ersetzt wird, wobei das Datum, das den Dispersionsindex senkt, deletiert wird.

3. Verfahren nach Anspruch 2, wobei Schritt c) durchgeführt wird, nachdem berechnet wurde, ob der Dispersionsindex
des Initialindexes einem seiner Zwischen-Zehntelwerte, vorzugsweise dem 2. bis 9. Zehntelwert, der Referenzpo-
pulation entspricht.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei, wenn ein Datum ein anormales Datum ist, der Ereignisalarm
ein anormaler Datenalarm ist; wenn ein Datum ein widersprüchliches Datum ist, der Ereignisalarm ein widersprüch-
licher Datenalarm ist; wenn ein Datum ein nicht homogenes Datum ist, der Ereignisalarm ein nicht homogener
Datenalarm ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Ereignisalarme, ausgegeben in Schritt c), zuvor analysiert
werden, vor Schritt d), und wobei die Behandlung Folgendes umfasst:

- das Unterdrücken von einem oder von mehreren Ereignisalarm(en), wenn die Daten, die den Ereignisalarm
ausgelöst haben, als zuverlässig erachtet wurde, und/oder;
- wenn mehrere Ereignisalarme ausgegeben werden, die Priorisierung der Ereignisalarme, um einen Haupter-
eignisalarm gemäß seiner Auswirkung auf den Initialindex zu identifizieren.

6. Verfahren nach Anspruch 1, wobei Zuverlässigkeits-Vorhersagefunktionen ausgewählt sind aus der Gruppe, um-
fassend Harnstoff, ALT, AST, CirrhoMeter2G-Bewertung, FibroMeter2G-Bewertung, Fibroscan-Klassen, FibroMeter-
Klassen, CirrhoMeter-Klassen, Fibroscan-Mittelwert, IQR, IQR/M, Plättchen, A2M, Verhältnis Harnstoff/Fibroscan
und Dispersionsindex des Initialindexes.

7. Verfahren nach Anspruch 1, wobei in Schritt b) die Zuverlässigkeit jedes Datums analysiert wird durch Identifizieren,
ob mindestens ein Datum des Initialindexes, gesammelt in Schritt a), ein anormales Datum, ein widersprüchliches
Datum oder ein nicht homogenes Datum ist, oder für eine größere Abnahme des Dispersionsindexes als derjenigen
verantwortlich ist, die mit anderen Daten beobachtet wird, durch Vergleich jedes Datums mit dem erwarteten Datum
in einer Referenzpopulation oder angesichts von intrinsischen oder extrinsischen Zuverlässigkeits- Vorhersage-
funktionen
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8. Verfahren nach einem der Ansprüche 1 bis 7, umfassend in Schritt e) Ersetzen des Initialindexes mit dem zuver-
lässigsten Index, ausgewählt aus der Gruppe, bestehend aus einem alternativen Index, einem geschätzten Index
oder einem gemischten Index.

9. Expertensystem, das das Verfahren nach einem der Ansprüche 1 bis 8 implementiert.

10. Software, die das Verfahren nach einem der Ansprüche 1 bis 8 implementiert.

Revendications

1. Un procédé pour améliorer la fiabilité d’un test diagnostic non-invasif de la présence et/ou de la sévérité d’une
maladie du foie, ledit procédé comprenant :

a. collecter un indice de diagnostic, appelé Indice Initial, impliquant la combinaison mathématique d’au moins
deux données, dans lequel l’Indice Initial est sélectionné parmi les tests sanguins comprenant ELF, FibroSpect,
APRI, FIB-4, Hepascore, Fibrotest, les tests de la famille du FibroMètre, et les tests dérivés de la famille du
FibroMètre où l’urée a été supprimée des marqueurs ;
b. analyser la fiabilité de chacune des données combinées pour collecter l’Indice Initial en identifiant si au moins
une donnée de l’Indice Initial collecté à l’étape a) est une donnée anormale, une donnée inconsistante, ou une
donnée non-homogène, ou est responsable d’une plus grande diminution de l’Indice de Dispersion que celle
observée avec les autres données :

i. par comparaison de chaque donnée avec la donnée attendue dans une population de référence ; ou
ii. au vu de prédicteur(s) intrinsèque(s) ou extrinsèque(s) de fiabilité ; ou
iii. en calculant l’Indice de Dispersion de l’Indice Initial collecté à l’étape a), un Indice de Dispersion élevé
signifiant que les données de l’Indice Initial sont homogènes, et en effectuant une série de calculs d’Indice
de Dispersion de l’Indice Initial comprenant n données où 1 à (n-2) données de l’Indice Initial sont suppri-
mées, résultant en un classement des données abaissant le plus l’Indice de Dispersion ;

c. si une donnée est une donnée anormale, inconsistante ou non-homogène, ou une donnée abaissant l’Indice
de Dispersion, générer une Alerte d’Évènement ;
d. si une Alerte d’Évènement est générée, calculer de nouveaux indices, dans lesquels la donnée anormale,
inconsistante et/ou non-homogène, ou une donnée responsable de l’Indice de Dispersion le plus bas, est
supprimée obtenant ainsi un Indice Alternatif, ou dans lesquels la donnée anormale, inconsistante et/ou non-
homogène est substituée par sa valeur moyenne obtenant ainsi un Indice Estimé ou, si au moins deux données
sont anormales, inconsistantes ou non-homogènes, la plus discordante est supprimée et la/les autre(s) est/sont
substituée(s) par sa/leur valeur moyenne obtenant ainsi un Indice Mixte ;
e. remplacer l’Indice Initial comprenant une donnée anormale, inconsistante et/ou non homogène ou une donnée
affectant l’Indice de Dispersion, par un Indice Alternatif, un Indice Estimé, ou un Indice Mixte.

2. Le procédé selon la revendication 1, dans lequel :

- à l’étape a) un Indice Initial est collecté, ledit Indice Initial étant un test de la famille du FibroMètre, ou un test
dérivé de la famille du FibroMètre où l’urée a été supprimée des marqueurs ;
- à l’étape b) un Indice de Dispersion de l’Indice Initial collecté à l’étape a) est calculé, identifiant ainsi quelle
est la donnée de l’Indice Initial collecté à l’étape a) diminuant le plus l’Indice de Dispersion, en effectuant une
série de calculs de l’Indice de Dispersion de l’Indice Initial comprenant n données où 1 à (n-2) données de
l’Indice Initial sont supprimées ;
- à l’étape e) l’Indice Initial comprenant une donnée diminuant le plus l’Indice de Dispersion est remplacé par
un Indice Alternatif où la donnée diminuant le plus l’Indice de Dispersion est supprimée.

3. Le procédé selon la revendication 2, dans lequel l’étape c) est réalisée après avoir calculé si l’Indice de Dispersion
de l’Indice Initial correspond à ceux de ses déciles intermédiaires, de préférence du 2ème aux 9ème déciles, de la
population de référence.

4. Le procédé selon à l’une quelconque des revendications 1 à 3, dans lequel lorsqu’une donnée est une donnée
anormale, l’Alerte d’Évènement est une Alerte de Donnée Anormale ; quand une donnée est une donnée inconsis-
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tante, l’Alerte d’Évènement est une Alerte de Donnée Inconsistante ; quand une donnée est une donnée non-
homogène, l’Alerte d’Évènement est une Alerte de Donnée Non-Homogène.

5. Le procédé selon l’une quelconque des revendications 1 à 4, dans lequel les Alertes d’Évènements générées à
l’étape c) sont analysées au préalable, avant l’étape d), et dans lequel ledit traitement comprend :

- la suppression d’une ou plusieurs Alerte(s) d’Évènement(s) quand la donnée qui a déclenché l’Alerte d’Évè-
nement est trouvée fiable ; et/ou
- quand plusieurs Alertes d’Évènements sont générées, la priorisation de ces Alertes d’Évènement pour identifier
une Alerte d’Évènement principale selon son impact sur l’Indice Initial.

6. Le procédé selon la revendication 1, dans lequel les prédicteurs de fiabilité sont sélectionnés dans le groupe com-
prenant l’urée, l’ALT, l’AST, le score CirrhoMètre2G, le score FibroMètre2G, les classes Fibroscan, les classes
FibroMètre, les classes CirrhoMètre, la médiane Fibroscan, l’IQR, l’IQR/M, les plaquettes, l’A2M, le ratio urée/
Fibroscan et l’Indice de Dispersion de l’Indice Initial.

7. Le procédé selon la revendication 1, dans lequel à l’étape b) la fiabilité de chaque donnée est analysée en identifiant
si au moins une donnée de l’Indice Initial collecté à l’étape a) est une donnée anormale, une donnée inconsistante,
ou une donnée non-homogène, ou est responsable d’une plus grande diminution de l’Indice de Dispersion que celle
observée avec d’autres données par comparaison de chaque donnée avec la donnée attendue dans une population
de référence, ou au vu de prédicteur(s) intrinsèque(s) ou extrinsèque(s) de fiabilité.

8. Le procédé selon l’une quelconque des revendications 1 à 7, comprenant à l’étape e) le remplacement de l’Indice
Initial avec l’indice le plus fiable sélectionné dans le groupe consistant en un Indice Alternatif, un Indice Estimé, ou
un Indice Mixte.

9. Un système expert mettant en oeuvre le procédé selon l’une quelconque des revendications 1 à 8.

10. Un logiciel mettant en oeuvre le procédé selon l’une quelconque des revendications 1 à 8.
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