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LIVER DISEASE-RELATED METHODS AND SYSTEMS

~ This application claims priority to United States Patent Application Serial No.
10/868,437, filed June 15, 2004.

FIELD OF THE INVENTION

The invention provides diagnostic methods, kits, and systems, and related computer-
readable media, which use multiple blood marker values, including serum and plasma marker

values, to aid in the diagnosis of the status or progress of a liver disease in a patient.

The invention also provides methods and systems, and related computer-readable
media, that use blood marker values, including serum and plasma marker values: (1) to screen
for active ingredients useful in the treatment of a liver disease; (2) to aid in the selection of
treatment regimens for patients who are predisposed to, or who suffer from, liver disease; and
(3) to aid in the design of clinical programs useful in monitoring the status or progress of liver

disease in one or more patients.

BACKGROUND OF THE INVENTION

Progressive fibrotic diseases of the liver are a major cause of death throughout the
world. The pathogenic process of fibrosis in the liver is critically dependent on proliferation
and activation of hepatic stellate cells (also called lipocytes, or fat-storing or Ito cells) and
other liver extracellular matrix-producing cells (i.e. portal myofibroblasts and fibroblasts),
which synthesize and secrete excess extracellular matrix proteins (1). This process is common
to liver disease of all etiologies. Chronic viral hepatitis B and C, alcoholic liver disease, non-
alcoholic fatty liver disease and autoimmune and genetic liver diseases all entail the common

final pathway of progressive liver fibrosis and the eventual development of cirrhosis.

Hepatic fibrosis is a reversible accumulation of extracellular matrix in response to
chronic injury in which nodules have not yet developed, whereas cirrhosis implies a clinically
important stage in this process that is usually but not always irreversible, in which thick bands

of matrix fully encircle the parenchyma, forming nodules. Cirrhosis is associated with
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increased risks of liver failure, liver cancer and death. Consequently, to be effective, any liver
disease therapy must be directed towards patients with reversible disease (fibrosis), which

requires early identification and monitoring of those at risk (2).

Diagnosis of liver fibrosis is usually made by the histological analysis of liver
biopsies. A single biopsy can be highiy informative in determining diagnosis, prognosis and
appropriate management (1A; 2A). The role of surrogate markers in the detection of liver
fibrosis is not yet established. Accordingly liver biopsy is currently regarded as the

“reference -standard” index of liver fibrosis.

Obtaining biopsies however is costly (3A) and is associated with pain (4A),
hemorthage, or death (5A; 6A). Processing of biopsies is time consuming and labor intensive.
For all these reasons frequent repetition of liver biopsies is deemed unacceptable to patients
and doctors alike, althongh monitoring the evolution of disease or response to treatment may

require repeated biopsies.

Due to the small size of a needle biopsy and the diffuse nature of many liver diseases,
biopsies may not yield results that are truly representative of a patient’s disease status (7A).
The histological analysis of biopsies requires experience and skill, but remains subjective and

prone to both intra- and inter-observer variation (8A; 9A).

There is a considerable clinical need to identify surrogate markers of liver fibrosis.
Such markers could be used to estimate the extent of fibrosis in place of a biopsy or,
alternatively, they could be used in conjunction with a single liver biopsy to follow-up
progression or regression of fibrosis and response to changes in life-style, or anti-fibrotic,
antiviral, or other therapies. Ideally, such markers would be based on accurate and |
reproducible tests tPat could be automated and performed repeatedly with little disruption to

patients.

Serum assays for products of matrix synthesis or degradation, and the enzymes
involved in these processes, have been investigated as surrogate markers of liver fibrosis in a
number of studies (10A-19A). Generally, the diagnostic performance of these markers has

been disappointing, although some of individual assays have shown promise in detecting
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cirrhosis (20A; 21A), in alcoholic liver disease (Hyaluronic Acid) (22A), or milder fibrosis in
non-alcoholic fatty liver disease (NAFLD) (YKL-40) (23A). Other markers have been
reported to reflect changes in liver histology attributable to antiviral therapy (11A; 24A; 25A).

Biopsy and the serum markers compare different things: serum parameters
characterize dynamic processes in the liver, while the biopsy characterizes the fibrotic
manifestation at a fixed time-point. There may be a highly active fibrotic process in the liver,
although fibrotic tissue has not yet been developed. In contrast, there may be large clusters of

fibrotic tissue in the liver but the fibrotic activity stopped or discontinued temporarily.

An alternative approach is to combine a number of serum markers to generate an
algorithm capable of evaluating fibrosis over a range of severity. In chronic Hepatitis C
(CHC)(18A; 26A), and chronic hepatitis B, five parameters have been identified that could
detect significant fibrosis with a positive predictive value (PPV) of 80%. However, these
approaches failed to determine the severity of fibrosis in approximately 50% of patients and
subsequent independent validation has questioned the utility of these markers (Rossi, et al.,
Clinical Chemistry. 49(3):450-4, 2003 Mar.).

Previous studies have suggested that serum levels of extracellular matrix proteins (or
their cleavage fragments) may be used to assess the severity and progression of liver fibrosis
(Unites States Patent No. 5,316,914, and EP 0 283 779). Different serum markers have been
investigated and correlations with liver biopsies and severity of liver diseases have been found
(6). Some of the makers that have been used for the assessment of liver fibrosis are PIIINP,
Laminin, Hyaluronan, Collagen IV, TIMP-1, Tenascin, MMP-2 and Fibronectin. These
markers have been measured and their capability to assess liver fibrosis has been shown.
Nevertheless, neither the diagnostic accuracy nor the specificity of diagnostic markers is

adequate to predict fibrosis scores with sufficient clinical utility.

Combinations of markers have been used in an effort to increase the diagnostic value
of the simple biological index PGA (which includes Prothrombin time (PT), serum gamma-
glutamy] transpeptidase (GGT), apolipoprotein Al (Apo Al)), and the index PGAA (which
adds alpha-2-macroglobulin (A;M) to the PGA index) have been described for the diagnosis
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of alcoholic liver disease in drinkers (7, 8). Although the PGA and PGAA indices have been
combined with single serum markers (9, 10), such serum markers have not yet provided a

reliable means of assessing liver diseases.

More recently, op-macroglobulin, o,-globulin (or haptoglobin), y-globulin,
apolipoprotein-A1, y-glutamyl-trans-peptidase, and total bilirubin have been combined to
assess the status of liver fibrosis (11). The marker algorithm derived showed a strong
diagnostic performance at the very end of the fibrosis spectrum - either for the identification
or for the exclusion of severe or relatively mild fibrosis. The algorithm did not provide a

diagnostic tool useful for identifying patients with moderate degrees of fibrosis.

Pilette , et al., J.Hepatol., Vol. 28, No. 3, 1998, pages 439-446 (Chemical Abstracts,
Vol. 130, No.7, February 15, 1999 (Columbus, Ohio, U.S.; abstract no. 78389)) (“Pilette”)
disclosed the correlation of the diagnostic markers hyaluronate, N-terminal peptide of
procollagen 11, laminin, and other serum markers by a mathematical algorithm for purposes
of histopathological evaluation of liver fibrosis. Pilette determined the best morphometric
method for the evaluation of hepatic fibrosis but did not combine markers algorithmically to
obtain a diagnostic systems or methods that were superior to those which only used

hyaluronic acid.

Guechot, et al., Clinical Chemistry, Vol. 42, No. 4 (April 1996) pp. 558-563 (XP002 1
49459 Winston; U.S.)X“ Guechot”), provided a comparative assessment of the performance of
hyaluronic acid and PIIINP as serum markers to assess liver disease. However, Guechot
made no attempt to combine the results from hyaluronic acid and PIIINP in order to obtain a
seram marker-based assessment of liver fibrosis that would be superior to the use of any of

the two markers alope.

Accordingly, the need exists for accurate, reproducible, and computer-implementable
methods, systems, kits, and media that employ two or more liver disease-related blood
markers, e.g., plasma or serum markers, to aid in the determination of the status or progress of

a liver disease in a patient. Such methods, systems, kits, and media would enable health care
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providers to ascertain the status or progress of a patient’s liver disease at two or more time
points without subjecting the patient to risky biopsies.

Further, such methods, systems, kits, and media would prove useful in designing or
monitoring liver-disease related clinical trials, and in screening for agents useful in the

treatment of liver disease.

SUMMARY OF THE INVENTION

The invention provides diagnostic methods, kits, and systems, and related computer-
readable media, which use multiple blood marker values, including serum and plasma marker

values, to aid in the diagnosis of the status or progress of a liver disease in a patient.

The invention also provides methods and systems, and related computer-readable
media, that use blood marker values, including serum and plasma marker values: (1) to screen
for active ingredients useful in the treatment of a liver disease; (2) to aid in the selection of
treatment regimens for patients who are predisposed to, or who suffer from, liver disease; and
(3) to aid in the design of clinical programs useful in monitoring the status or progress of liver

disease in one or more patients.

The invention facilitates point of care or remote diagnoses of liver diseases and assists
health care providers in monitoring the status or progress of liver disease at two or more time
points. Significantly, the invention provides health care decision makers with an alternative

to potentially inaccurate and risky liver biopsies.

The invention employs computer-implementable algorithmic methods which utilize
two or more liver disease-related marker values. The predictive value of the invention has
been validated in clinical studies which monitored the status or progress of liver disease.
These clinical trials validated the invention on a cross-sectional basis, in which analyses were
conducted at discrete time points, and longitudinally, in which analyses were conducted at

two or more time points.

Accordingly, the invention can be used to:
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(a) measure the dynamic processes of extracellular matrix synthesis (fibrogenesis) and

extracellular matrix degradation (fibrolysis); and

(b) obtain results that reflect the degree of fibrosis and the dynamic changes occurring in liver

tissue through prediction of a liver fibrosis histological score.

The invention is especially useful in aiding in the diagnosis and treatment of patients
for whom a liver biopsy would be very risky. Such patients may suffer from coagulopathy,
may be averse to undergoing a biopsy, or may not have access to expert histopathology. In
addition, the invention can be used by health care decision makers to assess liver fibrosis
associated with chronic liver diseases such as hereditary haemochromatosis, primary biliary
cirrhosis, and primary sclerosing cholangitis. Further, the invention is especially useful in
cases where fibrosis may be unevenly distributed and sampling error poses a significant

problem.

In one embodiment, the invention provides a method comprising aiding in the
diagnosis of the status or progress of a liver disease in a patient by determining at one or more
time points a predictor value for each time point, wherein a comparison at one or more time
points of the predictor value and a comparative data set is used by a health care decision
maker to ascertain the status or progress of patient liver disease, and wherein patient predictor
values are calculated by inputting data for two or more blood markers, e.g., two or more
plasma or serum markers, and optionally one or more supplementary markers, into a linear or
nonlinear function algorithm derived by correlating reference liver histopathological and

blood markers, e.g., plasma or serum marker data.

A “comparative data set” can comprise any data reflecting any qualitative or
quantitative indicia of histopathological conditions. In one embodiment, the comparative data
set can comprise one or more numerical values, or range of numerical values, associated with
histopathological conditions. For example, a comparative data set may comprise various
integer sets, e.g., the integers O through 5, wherein different groupings of those six integers
correlate to different liver disease states, e.g., 0-1 may correlate to a mild disease state, 2-3

correlate to a moderate disease state, and 4-5 may correlate to a severe disease state.
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Therefore, a comparative data set may correlate to an established liver biopsy scoring system,
e.g., the Scheuer scoring system (0-4) and the modified Histological Activity (“HAI”) fibrosis
score (Ishak score)(0-6).

In a preferred embodiment, blood markers are serum markers that are selected from at
least two or more of the following: N-terminal procollagen III propeptide (PIIINP), Collagen
IV, Coliagen VI, Tenascin, Laminin, Hyaluronan, MMP-2, TIMP-1, MMP-9/TIMP-1
complex, alanin-aminotransferase (ALT), aspartat-aminotransferase (AST). Supplementary

markers include, but are not limited to, patient weight, sex, age, and transaminase level.

In another embodiment of the invention, the linear or nonlinear function algorithm is
derived by correlating reference liver histopathological and blood marker, e.g., plasma and
serum marker, data using either discriminant function analysis or nonparametric regression
analysis. Reference liver histopathological and blood marker data e.g., plasma and serum
marker data, can include data indicative of fibrogenesis or fibrolysis, elevated liver disease

serum markers, or other liver disease clinical symptoms.

In one embodiment, reference liver histopathological and blood marker data, e.g.,
plasma and serum marker data, is based upon data relating to one or more subjects other than
the diagnosed patient. In another embodiment, reference liver histopathological and blood
marker data, e.g., plasma and seram marker data, is based upon data previously obtained from
the diagnosed patient, and is optionally also based on data obtained from one or more other

subjects.

In one embodiment, a linear or nonlinear function algorithm is derived by correlating
reference liver histopathological and blood marker data e.g., plasma and serum marker data,
by:

(a) compiling a data set comprising blood marker data e.g., plasma or serum marker data, and
histopathological data for a first group of subjects;
(b) deriving a linear or nonlinear function algorithm from the compiled data set through

application of an analytical methodology;
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(c) calculating validation biopsy score values for a second group of subjects by inputting data
comprising blood marker data, e.g., plasma or serum marker data, values for the second group
of subjects into the algorithm derived in step (b) and;

(d) comparing validation biopsy score values calculated in step (c) with liver
histopathological scores for the second group of subjects; and

(e) if the validation biopsy scores determined in step (c) do not correlate within a clinically-
acceptable tolerance level with liver histopathological scores for the second group of subjects,
performing the following operations (i)-(iii) until such tolerance is satisfied: (i) modifying the
algorithm on a basis or bases comprising (1) revising the data set for the first group of
subjects, and (2) revising or changing the analytical methodology (ii) calculating validation
biopsy score values for the second group of subjects by inputting data comprising blood
marker data, e.g., plasma or serum marker data values, for the second group of subjects into
the modified algorithm (iii) assessing whether validation biopsy score values calculated using
the modified algorithm correlate with liver histopathological scores for the second group of
subjects within the clinically-acceptable tolerance level.

The analytical methodology may include statistical techniques including discriminant
function analysis and nonparametric regression analysis, as well as techniques such as
classification trees or neural networks.

In another embodiment, the invention provides a data structure stored in a computer-
readable medium that may be read by a microprocessor and that comprises at least one code
that uniquely identifies a linear or nonlinear function algorithm derived in a manner described

herein.
In another embodiment, the invention provides a diagnostic kit comprising:

(a) adata structure stored in a computer-readable medium that may be read by a
microprocessor and that comprises at least one code that uniquely identifies a linear or

nonlinear function algorithm derived in a manner described herein; and
(b) one or more immunoassays that detect and determine patient serum marker values.

In another embodiment, the invention provides computer-implementable methods and

systems for determining whether a composition is useful in the treatment of a liver disease
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comiprising evaluating data useful in diagnosing the status or progress of a liver disease in a

patient treated with the composition, wherein:

(a) the diagnosis is made by a health care provider by determining algorithmically at one or

more time points a predictor value for each time point;

(b) a comparison at one or more time points of the predictor value and a comparative data set

is used by a health care provider to ascertain the status or progress of patient liver disease; and

(c) patient predictor values are calculated by inputting data for two or more blood markers,
e.g., plasma or serum markers, into a linear or nonlinear function algorithm derived by
correlating reference liver histopathological and blood marker data, e.g., plasma or serum

marker data.

The aforementioned methods, systems, and kits of the invention can also be used by
health care providers: (1) to determine treatment regimens for patients that are predisposed to,
or suffer from, liver disease; and (2) to design clinical programs useful in monitoring the

status or progress of liver disease in one or more patients.

These and other aspects of the invention are described further in the detailed

description of the invention.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 illustrates a flow chart depicting the recruitment and participation of subjects in
the ELF study referenced in the Detailed Description of the Invention.

FIGURE 2: Figure 2a depicts a graph of cumulative p scores against discriminant scores and
reflects the cumulative distribution of Scheuer stage scores ascertained by methods of the
invention. Figure 2b depicts a graph of cumulative p scores against discriminant scores and
reflects the cumulative distribution of Ishak Stage scores ascertained by methods of the

invention.

FIGURE 3: Figure 3a illustrates Receiver Operator Characteristic Curve-Scheuer Modified

Scoring System Validation Data determined in accordance with the invention. Figure 3b
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illustrates Receiver Operator Characteristic Curve-Ishak Modified Scoring System Validation

Data determined in accordance with the invention. \

FIGURE 4: Figure 4 illustrates a Box and Whisker Plot for a Validation Data Set (Gv)
showing Scheuer Fibrosis Score versus Discriminant Scores determined in accordance with

the invention.

FIGURE 5 depicts the nucleotide sequence for human TIMP1 mRNA (SEQ ID NO: 1).

FIGURE 6 depicts the nucleotide sequence for human MMP2 mRNA (SEQ ID NO: 2).

FIGURE 7 depicts the nucleotide sequence for human MMP9 mRNA (SEQ ID NO: 3).
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the following terms have the following respective meanings.

“Antibody” means any antibody, including polyclonal or monoclonal antibodies or
any fragment thereof, that binds to patient diagnostic seranm marker epitopes. Monoclonal
and/or polyclonal antibodies may be used in methods and systems of the invention.
“Antibody” or other similar term as used herein includes a whole immunoglobulin that is
either monoclonal or polyclonal, as well as immunoreactive fragments that specifically biﬁd
to the marker, including Fab, Fab*, F(ab"), and F(v). The term "Antibody" also includes
binding-proteins, especially hyaluronic acid binding protein (HABP). Preferred serum marker
antibodies are described hereinafter.

The human fluid samples used in the assays of the invention can be any samples that
contain patient diagnostic markers, e.g. blood, serum, plasma, urine, sputum or broncho
alveolar lavage (BAL) or any other body fluid. Typically a serum or plasma sample is
employed.

Antibodies used in the invention can be prepared by techniques generally known in the
art, and are typically generated to a sample of the markers - either as an isolated, naturally
occurring protein, as a recombinantly expressed protein, or a synthetic peptide representing an
antigenic portion of the natural protein. The second antibody is conjugated to a detector

group, e.g. alkaline phosphatase, horseradish peroxidase, a fluorescent dye or any other

-10-
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labeling moiety generally useful to detect biomolecules in diagnostic assays. Conjugates are
prepared by techniques generally known in the art.

“Immunoassays” determine the presence of a patient diagnostic serum marker in a
biological sample by reacting the sample with an antibody that binds to the serum marker, the
reaction being carried out for a time and under conditions allowing the formation of an
immunocomplex between the antibodies and the serum markers. The quantitative
determination of such an immunocomplex is then performed.

In one version, the antibody used is an antibody generated by administering to a

‘mammal (e.g., a rabbit, goat, mouse, pig, etc.) an immunogen that is a serum marker, an
immunogenic fragment of a serum marker, or an anti-serum marker-binding idiotypic
antibody. Other useful immunoassays feature the use of serum marker-binding antibodies
generally (regardless of whether they are raised to one of the immunogens described above).
A sandwich immunoassay format may be employed which uses a second antibody that also
binds to a serum marker, one of the two antibodies being immobilized and the other being
labeled.

Preferred immunoassays detect an immobilized complex between a serum marker and
a serum marker-binding antibody using a second antibody that is labeled and binds to the first
antibody. Alternatively, the first version features a sandwich format in which the second
antibody also binds a serum marker. In the sandwich immunoassay procedures, a serum
marker -binding antibody can be a capture antibody attached to an insoluble material and the
second a serum marker -binding antibody can be a labeling antibody. The above-described
sandwich immunoassay procedures can be used with the antibodies described hereinafter.

The assays used in the invention can be used to determine a blood marker, €.g., a
plasma or serum marker in samples including urine, plasma, serum, peritoneal fluid or
lymphatic fluid. Immunoassay kits for detecting a serum marker can also be used in the
invention, and comprise a serum marker -binding antibody and the means for determining
binding of the antibody to a serum marker in a biological sample. In preferred embodiments,
the kit includes one of the second antibodies or the competing antigens described above.

A “comparative data set” has been defined previously herein.

“Reference liver histopathological and blood marker data” and “histopathological

data” includes but is not limited to serum or plasma data indicative of fibrogenesis or

-11-
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fibrolysis, interface hepatitis, necrosis, inflammation, necroinflammation, elevated liver
disease serum markers, or other liver disease clinical symptoms. Thus, reference liver
histopathological and serum marker data includes, but is not limited to, data reflecting
application of one or more of liver biopsy tests which use the Scheuer Score (0-4) and HAI
Score (Ishak Score) (0-6). Other reference liver histopathological and serum marker data can
rela{g to the Modified Ishak Score (HAI) A - Interface Hepatitis (0-4),

the Modified Ishak Score (HAI) B - Confluent Necrosis (0-6), the Modified Ishak Score
(HAI) C - Spotty Necrosis (0—4), and the Modified Ishak Score (HAI) D - Portal
Inflammation (0—4).

These and other applicable scoring systems are well-known to those of ordinary skill
in the art. See, e.g., Scheuer, et al., “Liver Biopsy Interpretation” (W. B. Saunders 2000);
Scheuer, J. Hepatok. 1991;:13:372-374; Ishak, et al., J. Hepatol. 1995;22:696-699. Because
of differences which exist with respect to the pattern of fibrosis in diseases such as alcoholic
liver disease, scoring systems may need to be modified for purposes of assigning scores in
non-viral liver disease cases.

“Reference liver histopathological and blood marker data” includes data reflecting
values determined from all such modified scores and scoring systems.

Reference liver histopathological and blood marker, e.g., plasma and serum marker
data also includes, but is not limited to, data reflecting elevated serum levels of transaminases
such as alanine-aminotransferase (ALT) and aspartate-aminotransferase (AST), and
qualitative or quantitative evaluations of symptoms such as jaundice.

“Validation biopsy scores” are values determined by inputting liver histopathological
and serum marker data values into an algorithm.

“Discriminant function analysis” is a technique used to determine which variables
discriminate between two or more naturally occurring mutually exclusive groups. The basic
idea underlying discriminant function analysis is to determine whether groups differ with
regard to a set of predictor variables which may or may not be independent of each other, and
then to use those variables to predict group membership (e.g., of new cases).

Discriminant function analysis starts with an outcome variable that is categorical (two
or more mutually exclusive levels). The model assumes that these levels can be discriminated

by a set of predictor variables which, like ANOVA (analysis of variance), can be continuous

-12-
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or categorical (but are preferably continuous) and, like ANOVA assumes that the underlying
discriminant functions are linear. Discriminant analysis does not “partition variation”. It does
look for canonical correlations among the set of predictor variables and uses these correlates
to build eigenfunctions that explain percentages of the total variation of all predictor variables
over all levels of the outcome variable.

The output of the analysis is a set of linear discriminant functions (eigenfunctions) that
use combinations of the predictor variables to generate a “discriminant score” regardless of
the level of the outcome variable. The percentage of total variation is presented for each
function. In addition, for each eigenfunction, a set of Fisher Discriminant Functions are
developed that produce a discriminant score based on combinations of the predictor variables
within each level of the outcome variable.

Usually, several variables are included in a study in order to see which one(s)
contribute to the discrimination between groups. In that case, a matrix of total variances and
co-variances is generated. Similarly, a matrix of pooled within-group variances and co-
variances may be generated. A comparison of those two matrices via multivariate F tests is
made in order to determine whether or not there are any significant differences (with regard to
all variables) between groups. This procedure is identical to multivariate analysis of variance
or MANOVA. As in MANOVA, one could first perform the multivariate test, and, if
statistically significant, proceed to see which of the variables have significantly different

means across the groups.

For a set of observations containing one or more quantitative variables and a
classification variable defining groups of observations, the discrimination procedure develops
a discriminant criterion to classify each observation into one of the groups. In order to get an
idea of how well a discriminant criterion "performs", it is necessary t\o classify (a priori)
different cases, that is, cases that were not used to estimate the discriminant criterion. Only
the classification of new cases enables an assessment of the predictive validity of the
discriminant criterion.

In order to validate the derived criterion, the classification can be applied to other data
sets. The data set used to derive the discriminant criterion is called the training or calibration
data set or patient training cohort. The data set used to validate the performance of the

discriminant criteria is called the validation data set or validation cohort.
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The discriminant criterion (function(s) or algorithm), determines a measure of
generalized squared distance. These distances are based on the pooled co-variance matrix.
Either Mahalanobis or Euclidean distance can be used to determine proximity. These
distances can be used to identify groupings of the outcome levels and so determine a possible
reduction of levels for the variable.

A “pooled co-variance matrix” is a numerical matrix formed by adding together the
components of the covariance matrix for each subpopulation in an analysis.

A “predictor” is any variable that may be applied to a function to generate a dependent
or response variable or a “predictor value”. In one embodiment of the instant invention, a
predictor value may be a discriminant score determined through discriminant function
analysis of two or more patient blood markers (e.g., plasma or serum markers). For example,
a linear model specifies the (linear) relationship between a dependent (or response) variable ¥,

and a set of predictor variables, the X's, so that

Y = bo + b1X1 + b X+ ...+ bi Xy

In this equation by is the regression coefficient for the intercept and the b; values are the

regression coefficients (for variables 1 through k) computed from the data.

“Classification trees” are used to predict membership of cases or objects in the classes
of a categorical dependent variable from their measurements on one or more predictor
variables. Classification tree analysis is one of the main techniques used in so-called Data
Mining. The goal of classification trees is to predict or explain responses on a categorical
dependent variable, and as such, the available techniques have much in common with the
techniques used in the more traditional methods of Discriminant Analysis, Cluster Analysis,

Nonparametric Statistics, and Nonlinear Estimation.

The flexibility of classification trees makes them a very attractive analysis option, but
this is not to say that their use is recommended to the exclusion of more traditional methods.
Indeed, when the typically more stringent theoretical and distributional assumptions of more
traditional methods are met, the traditional methods may be preferable. But as an exploratory
technique, or as a technique of last resort when traditional methods fail, classification trees

are, in the opinion of many researchers, unsurpassed. Classification trees are widely used in
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applied fields as diverse as medicine (diagnosis), computer science (data structures), botany
(classification), and psychology (decision theory). Classification trees readily lend themselves
to being displayed graphically, helping to make them easier to interpret than they would be if

only a strict numerical interpretation were possible.

“Neural Networks” are analytic techniques modeled after the (hypothesized) processes
of learning in the cognitive system and the neurological functions of the brain and capable of
predicting new observations (on specific variables) from other observations (on the same or
other variables) after executing a process of so-called learning from existing data. Neural
Networks is one of the Data Mining techniques. The first step is to design a specific network
architecture (that includes a specific number of "layers" each consisting of a certain number
of "neurons"). The size and structure of the network needs to match the nature (e.g., the
formal complexity) of the investigated phenomenon. Because the latter is obviously not
known very well at this early stage, this task is not easy and often involves multiple "trials and

errors."

The neural network is then subjected to the process of "training." In that phase,
computer memory acts as neurons that apply an iterative process to the number of inputs
(variables) to adjust the weights of the network in order to optimally predict the sample data
on which the "training" is performed. After the phase of learning from an existing data set, the

new network is ready and it can then be used to generate predictions.

In one embodiment of the invention, neural networks can comprise memories of one

or more personal or mainframe computers or computerized point of care device.

"Computer" refers to a combination of a particular computer hardware system and a
particular software operating system. A computer or computerized system of the invention
can comprise handheld calculator. Examples of useful hardware systems include those with
any type of suitable data processor. The term "computer” also includes, but is not limited to,
personal computers (PC) baving an operating system such as DOS, Windows®, OS/2 ® or
Linux®; Macintosh ® computers; computers having JAVA®-OS as the operating system; and
graphical workstations such as the computers of Sun Microsystems® and Silicon Graphics ®,

and other computers having some version of the UNIX operating system such as AIX® or
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SOLARIS® of Sun Microsystems®; embedded computers executing a control scheduler as a
thin version of an operating system, a handheld device; any other device featuring known and
available operating system; as well as any type of device which has a data processor of some

type with an associated memory.

While the invention will be described in the general context of computer-executable
instructions of a computer program that runs on a personal computer, those skilled in the art
will recognize that the invention also may be implemented in combination with other program
modules. Generally, program modules include routines, programs, components, and data
structures that perform particular tasks or implement particular abstract data types. Moreover,
those skilled in the art will appreciate that the invention may be practiced with other computer
system configurations, including hand-held devices, multi-processor systems, microprocessor-
based or programmable consumer electronics, minicomputers, mainframe computers, and the
like. The invention may also be practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked through a communications
network. In a distributed computing environment, program modules may be located in both
local and remote memory storage devices.

A purely illustrative system for implementing the invention includes a conventional
personal computer, including a processing unit, a system memory, and a system bus that
couples various system components including the system memory to the processing unit. The
system bus may be any of several types of bus structure including a memory bus or memory
controller, a peripheral bus, and a local bus using any of a variety of conventional bus
architectures such as PCI, VESA, Microchannel, ISA and EISA, to name a few. The system
memory includes a read only memory (ROM) and random access memory (RAM). A basic
input/output system (BIOS), containing the basic routines that helps to transfer information

between elements within the personal computer, such as during start-up, is stored in ROM.

The personal computer further includes a hard disk drive, a magnetic disk drive, e.g.,
to read from or write to a removable disk, and an optical disk drive, e.g., for reading a CD-
ROM disk or to read from or write to other optical media. The hard disk drive, magnetic disk
drive, and optical disk drive are connected to the system bus by a hard disk drive interface, a

magnetic disk drive interface, and an optical drive interface, respectively. The drives and their
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associated computer—readable media provide nonvolatile storage of data, data structure,
computer-executable instructions, etc. for the personal computer. Although the description of
computer-readable media above refers to a hard disk, a removable magnetic disk and a CD, it
should be appreciated by those skilled in the art that other types of media which are readable
by computer, such as magnetic cassettes, flash memory card, digital video disks, Bernoulli
cartridges, and the like, may also be used in the exemplary operating environment.

A number of program modules may be stored in the drive's RAM, including an
operating system, one or more application programs, other program modules, and program
data. A user may enter commands and information into the personal computer through a
keyboard and a pointing device, such as a mouse. Other input devices may include a
microphone, joystick, game pad, satellite dish, scanner, or the like. These and other input
devices are often connected to the processing unit through a serial port interface that is
coupled to the system bus, but may be connected by other interfaces, such as a parallel port,
game port or a universal serial bus (USB). A monitor or other type of display device is also
connected to the system bus via an interface, such as a video adapter. In addition to the
monitor, personal computers typically include other peripheral output devices (not shown),
such as speakers and printers.

The personal computer may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computer. The remote
computer may be a server, a router, a peer device or other common network node, and
typically includes many or all of the elements described relative to the personal computer.
Logical connections include a local area network (LAN) and a wide area network (WAN).
Such networking environments are commonplace in offices, enterprise-wide computer
networks (such as hospital computers), intranets and the Internet.

When used in a LAN networking environment, the personal computer can be
connected to the local network through a network interface or adapter. When used in a WAN
networking environment, the personal computer typically includes a modem or other means
for establishing communications over the wide area network, such as the Internet. The
modem, which may be internal or external, is connected to the system bus via the serial port
interface. In a networked environment, program modules depicted relative to the personal

computer, or portions thereof, may be stored in the remote memory storage device. It will be
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appreciated that the network connections shown are exemplary and other means of
establishing a communications link between the computers may be used.

One purely illustrative implementation platform of the present invention is a system
implemented on an IBM compatible personal computer having at least eight megabytes of
main memory and a gigabyte hard disk drive, with Microsoft Windows as the user interface
and any variety of data base management software including Paradox. The application
software implementing predictive functions can be written in any variety of languages,
including but not limited to C++, and is stored on computer readable media as defined
hereinafter. A user enters commands and information reflecting patient diagnostic markers

into the personal computer through a keyboard and a pointing device, such as a mouse.

In a preferred embodiment, the invention provides a data structure stored in a
computer-readable medium, to be read by a microprocessor comprising at least one code that
uniquely identifies predictor functions and values derived as described hereinafter. Examples
of preferred computer usable media include: nonvolatile, hard-coded type mediums such as
read only memories (ROMs) or erasable, electrically programmable read only memories
(EEPROMS), recordable type mediums such as floppy disks, hard disk drives and CD-ROMs,

and transmission type media such as digital and analog communication links.

A “data structure” can include a collection of related data elements, together with a set
of operations which reflect the relationships among the elements. A data structure can be
considered to reflect the organization of data and its storage allocation within a device such as

a computer.

Thus, a data structure may comprise an organization of information, usually in
memory, for better algorithm efficiency, such as queue, stack, linked list, heap, dictionary,
and tree, or conceptual unity, such as the name and address of a person. It may include
redundant information, such as length of the list or number of nodes in a subtree. A data
structure may be an external data structure, which is efficient even when accessing most of
the data is very slow, such as on a disk. A data structure can be a passive data structure which
is only changed by external threads or processes, in contrast to an active data structure. An
active or functional data structure has an associated thread or process that performs internal

operations to give the external behavior of another, usually more general, data structure. A
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data structure also can be a persistent data structure that preserves its old versions, that is,
previous versions may be queried in addition to the latest version. A data structure can be a
recursive data structure that is partially composed of smaller or simpler instances of the same
data structure. A data structure can also be an abstract data type, i.e., set of data values and
associated operations that are precisely specified independent of any particular

implementation.

These examples of data structures, as with all exemplified embodiments herein, are

illustrative only and are in no way limiting.

A diagnostic system of the invention may comprise a handheld device useful in point
of care applications or may be a system that operates remotely from the point of patient care.
Tn either case the system can include companion software programmed in any useful language
to implement diagnostié methods of the invention in accordance with algorithms or other

analytical techniques described herein.

“Point of care testing” refers to real time diagnostic testing that can be done in a rapid
time frame so that the resulting test is performed faster than comparable tests that do not
employ this system. Point of care testing can be performed rapidly and on site, such as in a
doctor's office, at a bedside, in a stat laboratory, emergency room or other such locales,
particularly where rapid and accurate results are required. The patient can be present, but such
presence is not required. Point of care includes, but is not limited to: emergency rooms,
operating rooms, hospital laboratories and other clinical laboratories, doctor's offices, in the

field, or in any situation in which a rapid and accurate result is desired.

The term "patient” refers to an animal, preferably a mammal, and most preferably a

human.

A “health care provider” or “health care decision maker” comprises any individual
authorized to diagnose or treat a patient, or to assist in the diagnosis or treatment of a patient.
In the context of identifying useful new drugs to treat liver disease, a health care provider can
be an individual who is not authorized to diagnose or treat a patient, or to assist in the

diagnosis or treatment of a patient.
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“Blood marker”, “Blood markers”, and “Blood markers, e.g., plasma and serum
markers” include, but are not limited to, the serum markers N-terminal procollagen IIT
propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-2,
TIMP-1, and MMP-9/TIMP-1 complex. “Blood markers, e.g., plasma and serum markers”
are referred to interchangeably as “liver disease serum marker gene polypeptides™. '
“Supplementary markers” include but are not limited to patient weight, sex , age, and patient
serum levels of transaminases such as alanin-aminotransferase (ALT) and aspartat-

aminotransferase (AST).

“Liver disease” includes any disease associated with liver fibrogenesis or fibrolysis.
Such diseases include but are not limited to cirrhosis, alcoholic liver disease, hepatic steatosis,
steatohepatitis, nonalcoholic liver disease including nonalcoholic steatohepatitis, liver
infections caused by viral infections such as hepatitis B and hepatitis C infections, responses
to other pathogens such as schistosomiasis, hereditary haemochromatosis, primary biliary
cirrhosis and primary sclerosing cholangitis, reactions to drugs such as methotrexate and

congenital disorders such as biliary atresia.

“Validation cohort marker score values” means a numerical score derived from the
linear combination of the discriminant weights obtained from the training cohort and marker

values for each patient in the validation cohort

“Patient diagnostic marker cut-off values” means the value of a marker of combination
of markers at which a predetermined sensitivity or specificity is achieved. “Receiver
Operator Characteristic Curve-Scheuer Modified Scoring System Validation Data”: the
Receiver Operator Characteristic curve generated using the data generated in the validation
cohort based on a bifurcated Scheurer Scoring system. “Receiver Operator Characteristic
Curve-Ishak Modified Scoring System Validation Data”: the Receiver Operator Characteristic
curve generated using the data generated in the validation cohort based on a bifurcated Ishak
Scoring system. “Negative Predictive Power” (“NPV”): The probability of not having a
disease given that a marker value (or set of marker values) is not elevated above a defined

cutoff.
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“Positive Predictive Value” (“PPV”): means the probability of having a disease given

that a maker value (or set of marker values) is elevated above a defined cutoff

“Receiver Operator Characteristic Curve” (“ROC”): is graphical representation of the
functional relationship between the distribution of a marker’s sensitivity and 1-specificity

values in a cohort of diseased persons and in a cohort of non-diseased persons.

“Area Under the Curve” (“AUC”) is a number which represents the area under a
Receiver Operator Characteristic curve. The closer this number is to one, the more the marker

values discriminate between diseased and non-diseased cohorts

“McNemar Chi-square Test” (“The McNemar > test“) is a statistical test used to
determine if two correlated proportions (proportions that share a common numerator but

different denominators) are significantly different from each other.

A “nonparametric regression analysis” is a set of statistical techniques that allows the
fitting of a line for bivariate data that make little or no assumptions concerning the
distribution of each variable or the error in estimation of each variable. Examples are: Theil

estimators of location, Passing-Bablok regression, and Deming regression.

“Cut-off values” are numerical value of a marker (or set of markers) that defines a

specified sensitivity or specificity.

The current reference standard to assess fibrosis in the liver is the liver biopsy. In a
biopsy, tissue samples randomly taken out of the liver are cut into slices which are examined

by an expert using a microscope.

There are numerous problems associated with liver biopsies, including the following
sources of uncertainty: distribution of fibrosis in the liver (where there is clustered fibrosis,
the needle might have hit regions of the liver not affected by fibrosis), failed sample
preparation (e.g. not enough tissue material), and pathologist subjectivity. Furthermore, the
fibrotic state of the liver is usually described using scores and there are many different, and
possibly incompatible, scoring systems (e.g. Scheuer Score, Ishak Scores, etc.). For example,

two independent pathologists may have to score the same biopsy samples for the same patient
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at two different time-points using two different scoring systems. In this case, the number of
assessments where the two pathologists came to identical results ranged from only 36% to

46%.

The term "equivalent", with respect to a nucleotide sequence, is understood to include
nucleotide sequences encoding functionally equivalent polypeptides. Equivalent nucleotide
sequences will include sequences that differ by one or more nucleotide substitutions, additions
or deletions, such as allelic variants and therefore include sequences that differ due to the
degeneracy of the genetic code. “Equivalent” also is used to refer to amino acid sequences
that are functionally equivalent to the amino acid sequence of a mammalian homolog of a
blood (e.g., sera) marker protein, but which have differenf amino acid sequences, e.g., at least
one, but fewer than 30, 20, 10, 7, 5, or 3 differences, e.g., substitutions, additions, or

deletions.

As used herein, the terms "liver disease serum marker gene” refers to a nucleic acid
which: (1) encodes liver disease blood (e.g., serum) marker proteins, including liver disease
serum marker proteins identified herein; and (2) which are associated with an open reading
frame, including both exon and (optionally) intron sequences. A "liver disease serum marker
gene” can comprise exon sequences, though it may optionally include intron sequences which
are derived from, for example, a related or unrelated chromosomal gene. The term "intron"
refers to a DNA sequence present in a given gene which is not translated into protein and is
generally found between exons. A gene can further include regulatory sequences, e.g., a
promoter, enhancer and so forth. "Liver disease serum marker gene” includes but is not
limited to nucleotide sequences which are complementary, equivalent, or homologous to SEQ

ID NOS: 1-3 herein.

"Homology", “homologs of”, “homologous”, or "identity" or "similarity" refers to
sequence similarity between two polypeptides or between two nucleic acid molecules, with
identity being a more strict comparison. Homology and identity can each be determined by
comparing a position in each sequence which may be aligned for purposes of comparison.
When a position in the compared sequence is occupied by the same base or amino acid, then

the molecules are identical at that position. A degree of homology or similarity or identity
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between nucleic acid sequences is a function of the number of identical or matching

nucleotides at positions shared by the nucleic acid sequences.

The term "percent identical" refers to sequence identity between two amino acid
sequences or between two nucleotide sequences. Identity can each be determined by
comparing a position in each sequence which may be aligned for purposes of comparison.
When an equivalent position in the compared sequences is occupied by the same base or
amino acid, then the molecules are identical at that position; when the equivalent site
occupied by the same or a similar amino acid residue (e.g., similar in steric and/or electronic
nature), then the molecules can be referred to as homologous (similar) at that position.
Expression as a percentage of homology, similarity, or identity refers to a function of the
number of identical or similar amino acids at positions shared by the compared sequences.
Various alignment algorithms and/or programs may be used, including FASTA, BLAST, or
ENTREZ. FASTA and BLAST are available as a part of the GCG sequence analysis package
(University of Wisconsin, Madison, Wis.), and can be used with, e.g., default settings.
ENTREZ is available through the National Center for Biotechnology Information, National
Library of Medicine, National Institutes of Health, Bethesda, Md. In one embodiment, the
percent identity of two sequences can be determined by the GCG program with a gap weight
of 1, e.g., each amino acid gap is weighted as if it were a single amino acid or nucleotide
mismatch between the two sequences. Other techniques for determining sequence identity are

well-known and described in the art.

Preferred nucleic acids used in the instant invention have a sequence at least 70%, and
more preferably 80% identical and more preferably 90% and even more preferably at least
95% identical to, or complementary to, a nucleic acid sequence of a mammalian homolog of a
liver disease serum marker gene. Particularly preferred nucleic acids used in the instant
invention have a sequence at least 70%, and more preferably 80% identical and more
preferably 90% and even more preferably at least 95% identical to, or complementary to, a
nucleic acid sequence of a mammalian homolog of a liver disease blood (e.g., serum) marker

gene.
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Immunoassays.

Serum immunoassays were selected to detect and measure levels of
N-terminal procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin,
Laminin, Hyaluronan, MMP-2, TIMP-1 and MMP-9/TIMP-1 complex. Other diagnostic
markers collected during anamnesis included weight, sex and age, and levels of transaminases

like alanin-aminotransferase (ALT and aspartat-aminotransferase (AST).

Levels of (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-
2, TIMP-1 and MMP-9/TIMP-1 were measured by making use of sandwich immunoassays. In
one embodiment, running the immunoassays of the invention comprised a reaction of two
antibodies with human fluid samples, wherein the capture antibody specifically binds to one
epitope of the marker. The second antibody of different epitope specificity is used to detect
this complex. Preferably, the antibodies are monoclonal antibodies, although also polyclonal
antibodies can be employed. Both antibodies used in the assays specifically bind to the
analyte protein.

)
Concentration of patient diagnostic markers obtained from human fluids were

measured and methods and systems were derived to assess the degree of fibrosis.

Sources or methods for making antibodies which can be used in the detection of the

various serum markers are summarized as follows.

Representative Anti-Marker Antibodies Used in the Serum Assays

Assay Reagents Clone Antibody Supplier/Reference

Collagen IV R1 IV-4H12 Fuji/ Accession No. FERM
BP-2847 (see U.S. Patent No.
5,316,914)

Collagen IV R2 T59106R Biodesign Int’1 Corp./
Biodesign Catalog #:
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A33125H

PIIINP R1 P3P296/3/27 Hoechst/Accession No.
ECCAC 87042308

PIIINP R2 35J23 Bayer (ATCC  Accession
No._ )

Representative Antigen Sources

Collagen VI Rockland Immunochemicals
Inc. (Gilbertsville, PA)(catalog
no. 009-001-108)

Tenascin Chemicon Int’1 Inc.

(Temecula, CA)(catalog no.

CC065)
Laminin Sigma (Catalog No. L6274)
Hyaluronic Acid (HA) Bovine nasal cartilage/

Tengblad,  Biochemica et .
Biophysica Acta, 1979, 578,
281-289.

Representative Nucleotide Sequences

human TIMP1 mRNA SEQID NO: 1
human MMP2 mRNA SEQ ID NO: 2
human MMP9 mRNA SEQID NO: 3
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Antibody pairs used to detect serum markers of liver fibrosis.

The HA assay used a specific HA binding protein (HABP) isolated from bovine nasal
cartilage in accordance with the reference cited in the table above since no antibodies have
been produced against HA. HA has a highly repetitive structure and the HA specific core
protein can be used in a sandwich assay format. For capturing FITC-conjugated core protein
and for detection, biotinylated core protein in combination with monoclonal anti-Biotin

labelled with alkaline phosphatase was used.

The assay for collagen IV used a monoclonal antibody from Fuji (IV-
4H12)(Accession No. FERM BP-2847) paired with a polyclonal antibody from Biodesign
(T59106R)(Biodesign Catalog No.: T59106R). All assays were heterogeneous immunoassays

employing a magnetic particle separation technique.

The assay for PIIINP used a Bayer monoclonal antibody deposited under the Budapest
Treaty on May 24, 2004 with the American Type Culture Collection, 10801 University ‘
Boulevard, Manassas, VA 20110-2209 (ATCC PTA-___) paired with a monoclonal antibody
from Hoechst (Accession No. ECCAC 87042308).

Antibodies for the detection of Collagen VI, Laminin, and Tenascin can be made by
obtaining antigens corresponding to these sera markers from the sources listed in the table
‘above and using such antigens as sera markers in accordance with the Hybridoma

Development Protocol described in detail below.

Antibodies for the detection of TIMP-1, MMP-2, and MMP-9 can be made by: (1)
producing antigens for these markers by expressing DNA sequences complementary to the
marker mRNA sequences listed in the table above in accordance with the Expression of
Polynucleotides protocol described in detail below; and (2) using such antigens as sera

markers in accordance with the Hybridoma Development Protocol described in detail below.

Citations in the Hybridoma Development Protocol and the Expression of

Polynucleotides Protocol are listed separately in the citation sections presented hereinafter.
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Expression of Polynucleotides:

Figure 5 depicts the nucleotide sequence for human TIMP1 mRNA (SEQ ID NO: 1).
Figure 6 depicts the nucleotide sequence for human MMP2 mRNA (SEQ ID NO: 2).
Figure 7 depicts the nucleotide sequence for human MMP9 mRNA (SEQ ID NO: 3).

To express these and other liver disease serum marker genes, the genes can be inserted
into an expression vector which contains the necessary elements for the transcription and
translation of the inserted coding sequence. Methods which are well known to those skilled in
the art can be used to construct expression vectors containing sequences encoding liver
fibrosis serum marker polypeptides and appropriate transcriptional and translational control
elements. These methods include in vitro recombinant DNA techniques, synthetic techniques,
and in vivo genetic recombination. Such techniques are described, for example, in Sambrook
et al., (3) and in Ausubel et al., (4).

A variety of expression vector/host systems can be utilized to contain and express
sequences encoding a liver disease serum marker polypeptide. These include, but are not
limited to, microorganisms, such as bacteria transformed with recombinant bacteriophage,
plasmid, or cosmid DNA expression vectors; yeast transformed with yeast expression vectors,
insect cell systems infected with virus expression vectors (e.g., baculovirus), plant cell
systems transformed with virus expression vectors (e.g., cauliflower mosaic virus, CaMV;
tobacco mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or pBR322

plasmids), or animal cell systems.

The control elements or regulatory sequences are those regions of the vector
enhancers, promoters, 5' and 3' untranslated regions which interact with host cellular proteins
to carry out transcription and translation. Such elements can vary in their strength and
specificity. Deﬁending on the vector system and host utilized, any number of suitable
transcription and translation elements, including constitutive and inducible promoters, can be
used. For example, when cloning in bacterial systems, inducible promoters such as the hybrid

lacZ promoter of the BLUESCRIPT phagemid (Stratagene, LaJolla, Calif.) or pSPORT1

-27 -



WO 2006/009702 PCT/US2005/021002

plasmid (Life Technologies) and the like can be used. The baculovirus polyhedrin promoter
can be used in insect cells. Promoters or enhancers derived from the genomes of plant cells
(e.g., heat shock, RUBISCO, and storage protein genes) or from plant viruses (e.g., viral
promoters or leader sequences) can be cloned into the vector. In mammalian cell systems,
promoters from mammalian genes or from mammalian viruses are preferable. If it is
necessary to generate a cell line that contains multiple copies of a nucleotide sequence
encoding a “Liver fibrosis gene* polypeptide, vectors based on SV40 or EBV can be used

with an appropriate selectable marker.

Bacterial and Yeast Expression Systems:
In bacterial systems, a number of expression vectors can be selected depending upon the use

intended for the liver disease serum marker polypeptide. For example, when a large quantity
of the liver disease serum marker polypeptide is needed for the induction of antibodies,
vectors which direct high level expression of fusion proteins that are readily‘ purified can be
used. Such vectors include, but are not limited to, multifunctional E. coli cloning and
expression vectors such as BLUESCRIPT (Stratagene). In a BLUESCRIPT vector, a
sequence encoding the liver disease serum marker polypeptide can be ligated into the vector
in frame with sequences for the amino terminal Met and the subsequent 7 residues of 3-
galactosidase so that a hybrid protein is produced. pIN vectors [Van Heeke & Schuster, (17)]
or pGEX vectors (Promega, Madison, Wis.) also can be used to express foreign polypeptides
as fusion proteins with glutathione S-transferase (GST). In general, such fusion proteins are
soiuble and can easily be purified from lysed cells by adsorption to glutathione agarose beads
followed by elution in the presence of free glutathione. Proteins made in such systems can be
designed to include heparin, thrombin, or factor Xa protease cleavage sites so that the cloned

polypeptide of interest can be released from the GST moiety at will.
In the yeast Saccharomyces cerevisiae, a number of vectors containing constitutive or
inducible promoters such as alpha factor, alcohol oxidase, and PGH can be used. For reviews,

see Ausubel et al., (4) and Grant et al., (18).

Plant and Insect Expression Systems:
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If plant expression vectors are used, the expression of sequences encoding liver
disease serum marker polypeptides can be driven by any of a number of promoters. For
example, viral promoters such as the 35S and 19S promoters of CaMV can be used alone or in
combination with the omega leader sequence from TMV [Takamatsu, (19)]. Alternatively,
plant promoters such as the small subunit of RUBISCO or heat shock promoters can be used
[Coruzzi et al., (19); Broglie et al., (21); Winter et al., (22)]. These constructs can be
introduced into plant cells by direct DNA transformation or by pathogen;mediated
transfection. Such techniques are described in a number of generally available reviews (e.g.,

Hobbs or Murray, in MCGRAW HILL YEARBOOK OF SCIENCE AND TECHNOLOGY, (23)].

An insect system also can be used to express a liver disease serum marker polypeptide.
For example, in one such system Autographa californica nuclear polyhedrosis virus (AcNPV)
is used as a vector to express foreign genes in Spodoptera frugiperda cells or in Trichoplusia
larvae. Sequences encoding liver disease serum marker polypeptides can be cloned into a
nonessential region of the virus, such as the polyhedrin gene, and placed under control of the
polyhedrin promoter. Successful insertion of liver disease serum marker polypeptide will
render the polyhedrin gene inactive and produce recombinant virus lacking coat protein. The
recombinant viruses can then be used to infect S. frugiperda cells or Trichoplusia larvae in

which liver disease serum marker polypeptides can be expressed [Engelhard et al., (24)].

Mammalian Expression Systems:
A number of viral-based expression systems can be used to express liver disease

serum marker polypeptides in mammalian host cells. For example, if an adenovirus is used as
an expression vector, sequences encoding liver disease serum marker polypeptides can be
ligated into an adenovirus transcription/translation complex comprising the late promoter and
tripartite leader sequence. Insertion in a nonessential E1 or E3 region of the viral genome can
be used to obtain a viable virus which is capable of expressing a liver fibrosis serum marker
polypeptides in infected host cells [Logan & Shenk, (25)]. If desired, transcription enhancers,
such as the Rous sarcoma virus (RSV) enhancer, can be used to increase expression in

mammalian host cells.
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Human artificial chromosomes (HACs) also can be used to deliver larger fragments of
DNA than can be contained and expressed in a plasmid. HACs of 6M to 10M are constructed
and delivered to cells via conventional delivery methods (e.g., liposomes, polycationic amino

polymers, or vesicles).

Specific initiation signals also can be used to achieve more efficient translation of
sequences encoding liver disease serum marker polypeptides. Such signals include the ATG
initiation codon and adjacent sequences. In cases where sequences encoding a liver disease
serum marker polypeptide, its initiation codon, and upstream sequences are inserted into the
appropriate expression vector, no additional transcriptional or translational control signals
may be needed. However, in cases where only coding sequence, oOr 2 fragment thereof, is
inserted, exogenous translational control signals (including the ATG initiation codon) should
be provided. The initiation codon should be in the correct reading frame to ensure translation
of the entire insert. Exogenous translational elements and initiation codons can be of various
origins, both natural and synthetic. The efficiency of expression can be enhanced by the
inclusion of enhancers which are appropriate for the particular cell system which is used

[Scharf et al., (26)].
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Host Cells:

A host cell strain can be chosen for its ability to modulate the expression of the
inserted sequences or to process the expressed liver fibrosis serum marker polypeptide in the
desired fashion. Such modifications of the polypeptide include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and acylation.
Posttranslational processing which cleaves a "prepro” form of the polypeptide also can be
used to facilitate correct insertion, folding and/or function. Different host cells which have
specific cellular machinery and characteristic mechanisms for Post-translational activities
(e.g., CHO, HeLa, MDCK, HEK293, and WI38), are available from the American Type
Culture Collection '(ATCC; 10801 University Boulevard, Manassas, VA 20110-2209) and can

be chosen to ensure the correct modification and processing of the foreign protein.

Stable expression is preferred for long-term, high-yield production of recombinant
proteins. For example, cell lines which stably express liver disease serum marker polypeptides
can be transformed using expression vectors which can contain viral origins of replication
and/or endogenous expression elements and a selectable marker gene on the same or on a
separate vector. Following the introduction of the vector, cells can be allowed to grow for 12
days in an enriched medium before they are switched to a selective medium. The purpose of
the selectable marker is to confer resistance to selection, and its presence allows growth and
recovery of cells which successfully express the introduced liver fibrosis serum marker
polypeptide gene sequences. Resistant clones of stably transformed cells can be proliferated
using tissue culture techniques appropriate to the cell type. See, for example, R.I. Freshney,
@mn.

Any number of selection systems can be used to recover transformed cell lines. These
include, but are not limited to, the herpes simplex virus thymidine kinase (Wigler et al., (28)]
and adenine phosphoribosyltransferase [Lowy et al., (29)] genes which can be employed in tk”
or aprt” cells, respectively. Also, antimetabolite, antibiotic, or herbicide resistance can be
used as the basis for selection. For example, dhfr confers resistance to methotrexate [Wigler
et al., (30)], npt confers resistance to the aminoglycosides, neomycin and G418 [Colbere-

Garapin et al., (31)], and als and pat confer resistance to chlorsulfuron and phosphinotricin

-31-



WO 2006/009702 PCT/US2005/021002

acetyltransferase, respectively. Additional selectable genes have been described. For
example, trpB allows cells to utilize indole in place of tryptophan, or hisD, which allows cells
to utilize histinol in place of histidine [Hartman & Mulligan, (32)]. Visible markers such as
anthocyanins, 8-glucuronidase and its substrate GUS, and luciferase and its substrate
luciferin, can be used to identify transformants and to quantify the amount of transient or

stable protein expression attributable to a specific vector system [Rhodes et al., (33)].

Detecting Expression and gene product:

Although the presence of marker gene expression suggests that the liver disease serum
marker polypeptide gene is also present, its presence and expression may need to be
confirmed. For example, if a sequence encoding a liver disease serum marker polypeptide is
inserted within a marker gene sequence, transformed cells containing sequences which encode
a liver disease serum marker polypeptide can be identified by the absence of marker gene
function. Alternatively, a marker gene can be placed in tandem with a sequence encoding a
liver fibrosis serum marker polypeptide under the control of a single promoter. Expression of
the marker gene in response to induction or selection usually indicates expression of the liver

fibrosis serum marker polypeptide.

Alternatively, host cells which contain a liver disease serum marker polypeptides and
which express a liver fibrosis serum marker polypeptide can be identified by a variety of
procedures known to those of skill in the art. These procedures include, but are not limited to,
DNA-DNA or DNA-RNA hybridization and protein bioassay or immunoassay techniques
which include membrane, solution, or chip-based technologies for the detection and/or
quantification of nucleic acid or protein. For example, the presence of a polynucleotide
sequence encoding a liver disease serum marker polypeptide can be detected by DNA-DNA
or DNA-RNA hybridization or amplification using probes or fragments or fragments of
polynucleotides encoding a liver disease serum marker polypeptide. Nucleic acid
amplification-based assays involve the use of oligonucleotides selected from sequences
encoding a liver fibrosis serum marker polypeptide to detect transformants which contain a

liver fibrosis serum marker polypeptide.
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A variety of protocols for detecting and measuring the expression of a liver fibrosis
serum marker polypeptide, using either polyclonal or monoclonal antibodies specific for the
polypeptide, are known in the art. Examples include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), and fluorescence activated cell sorting (FACS). A two-
site, monoclonal-based immunoassay using monoclonal antibodies reactive to two non-
interfering epitopes on a liver disease serum marker polypeptide can be used, or a competitive
binding assay can be employed. These and other assays are described in Hampton et al., (34)
and Maddox et al., (35).

A wide variety of labels and conjugation techniques are known by those skilled in the
art and can be used in various nucleic acid and amino acid assays. Means for producing
labeled hybridization or PCR probes for detecting sequences related to polynucleotides
encoding liver fibrosis serum marker polypeptides include oligo labeling, nick translation,
end-labeling, or PCR amplification using a labeled nucleotide. Alternatively, sequences
encoding a liver disease serum marker polypeptide can be cloned into a vector for the
production of an mRNA probe. Such vectors are known in the art, are commercially available,
and can be used to synthesise RNA probes in vitro by addition of labelled nucleotides and an
appropriate RNA polymerase such as T7, T3, or SP6. These procedures can be conducted
using a variety of commercially available kits (Amersham Pharmacia Biotech, Promega, and
US Biochemical). Suitable reporter molecules or labels which can be used for ease of
detection include radionuclides, enzymes, and fluorescent, chemiluminescent, or chromogenic

agents, as well as substrates, cofactors, inhibitors, magnetic particles, and the like.

Expression and Purification of Polypeptides:
Host cells transformed with nucleotide sequences encoding a liver disease serum

marker polypeptide can be cultured under conditions suitable for the expression and recovery
of the protein from cell culture. The polypeptide produced by a transformed cell can be
secreted or stored intracellular depending on the sequence and/or the vector used. As will be
understood by those of skill in the art, expression vectors containing polynucleotides which
encode liver fibrosis serum marker polypeptides can be designed to contain signal sequences

which direct secretion of soluble liver fibrosis serum marker polypeptides through a
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prokaryotic or eukaryotic cell membrane or which direct the membrane insertion of

membrane-bound liver fibrosis serum marker polypeptides.

As discussed above, other constructions can be used to join a sequence encoding a
liver disease serum marker polypeptides to a nucleotide sequence encoding a polypeptide
domain which will facilitate purification of soluble proteins. Such purification facilitating
domains include, but are not limited to, metal chelating peptides such as histidine-tryptophan
modules that allow purification on immobilized metals, protein A domains that allow
purification on immobilized immunoglobulin, and the domain utilized in the FLAGS
extension/affinity purification system (Immunex Corp., Seattle, Wash.). Inclusion of
cleavable linker sequences such as those specific for Factor Xa or enterokinase (Invitrogen,
San Diego, CA) between the purification domain and the liver disease serum marker
polypeptide also can be used to facilitate purification. One such expression vector provides
for expression of a fusion protein containing a liver disease serum marker polypeptide and 6
histidine residues preceding a thioredoxin or an enterokinase cleavage site. The histidine
residues facilitate purification by IMAC (immobilized metal ion affinity chromatography, as
described in Porath et al., (36), while the enterokinase cleavage site provides a means for
purifying the ,,Liver fibrosis gene* polypeptide from the fusion protein. Vectors which

contain fusion proteins are disclosed in Kroll et al., (37).
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Chemical Synthesis:

Sequences encoding a liver disease serum marker polypeptide can be synthesized, in
whole or in part, using chemical methods well known in the art (see Caruthers et al., (38) and
Horn et al., (39). Alternatively, a liver disease serum marker polypeptide itself can be
produced using chemical methods to synthesize its amino acid sequence, such as by direct
peptide synthesis using solid-phase techniques [Merrifield, (40) and Roberge et al., (41)].
Protein synthesis can be performed using manual techniques or by automation. Automated
synthesis can be achieved, for example, using Applied Biosystems 431A Peptide Synthesizer
(Perkin Elmer). Optionally, fragments of liver fibrosis serum marker polypeptides can be
separately synthesized and combined using chemical methods to produce a full-length

molecule.

The newly synthesized peptide can be substantially purified by preparative high
performance liquid chromatography [Creighton, (42)]. The composition of a synthetic liver
disease serum marker polypeptide can be confirmed by amino acid analysis or sequencing
(e.g., the Edman degradation procedure; see Creighton, (42). Additionally, any portion of the
amino acid sequence of the liver disease serum marker polypeptide can be altered during
direct synthesis and/or combined using chemical methods with sequences from other proteins

to produce a variant polypeptide or a fusion protein.

Hvbridoma Development Protocol

Phase I: Immunization.

BALB/c mice and Swiss Webster mice (five pet group) are immunized
intraperitoneally with one of the above-identified liver disease sera markers (different doses)
emulsified with complete Freund’s adjuvant (CFA) followed by three boosts (at two weeks
interval) with immunogen emulsified with incomplete Freund’s adjuvant. Mice are bled one
week after each boost and sera titrated against the immunogen in ELISA. The mouse with the

highest titer is selected for fusion.

Phase IT: Cell Fusion and hybridoma selection.
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The mouse selected for fusion is boosted with the same dose of antigen used in
previous immunizations. The boost is given four days prior to splenectomy and cell fusion.

The antigen preparation is given intraperitoneally without adjuvant.
\

On the day of fusion the mouse is sacrificed and the spleen is removed aseptically.
The spleen is minced using forceps and strained through a sieve. The cells are washed twice

using Iscove’s modified Eagle’s media (IMDM) and are counted using a hemacytometer.

The mouse myeloma cell line P3x63Ag8.653 is removed from static, log-phase

culture, washed with IMDM and counted using a hemacytometer.

Myeloma and spleen cells are mixed in a 1:5 ratio and centrifuged. The supernatant is
discarded. The cell pellet is gently resuspended by tapping the bottom of the tube. One
milliliter of a 50% solution of PEG (MW 1450) is added drop by drop over a period of 30
seconds. The pellet is mixed gently for 30 seconds using a pipette. The resulting cell
suspension is allowed to stand undisturbed for another 30 seconds. Five milliliters of IMDM
is added over a period of 90 seconds followed by another 5 ml immediately. The resulting
cell suspension is left undisturbed for 5 minutes. The cell suspension is spun and the pellet
resuspended in HAT medium (IMDM containing 10% FBS, 2 mM L-glutamine, 0.6% 2-
mercaptoethanol (0.04% solution), hypoxanthine, aminopterin, thymidine, and 10% Origen
growth factor). The cells are resuspended to SES cells per milliliter. Cells are plated into 96-

well plates. Two hundred microliters or 2ES cells are added to each well.

Plates are incubated at 37°C in a 7% CO, atmosphere with 100% humidity. Seven
days after fusion, the media is removed and replaced with IMDM containing 10% FBS, 2 mM
L-glutamine, 0.6% 2-mercaptoethanol stock (0.04%), hypoxanthine and thymidine.
Typically, growing colonies of hybridomas are seen microscopically about seven days after
the fusion. These colonies can be seen with the naked eye approximately 10-14 days after

fusion.

Ten to fourteen days after fusion, the supernatant is taken from wells with growing
hybridoma colonies. The volume of supernatant is approximately 150-200 microliters and

contains 10-100 micrograms of antibody per milliliter. This supernatant is tested for specific
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antibody using the same assay(s) used to screen the sera. Positive hybridoma colonies are
moved from the 96-well plate to a 24-well plate. Three to five days later, the supernatant
from 24-well plate is tested to confirm the presence of specific antibody. The volume of
supernatant from one well of a 24-well plate is approximately 2 mL and contains 10-100
micrograms/mL of antibody. Cells from positive wells are expanded in T-25 and T-75 flasks.
Cells are frozen from T-75 flasks.  Cells from positive wells are also cloned by limiting
dilution. Hybridoma cells are plated onto 96-well plates at a density of 0.25 cells per well or
one cell in every fourth well. Growing colonies are tested 10-14 days later using the same

assay(s) used to initially select the hybridomas. Positive clones are expanded and frozen.

Phase III: Production.

Hybridoma cells expanded to T-162 flasks followed by transferring these to roller
bottles for production of cell supernatant. The cells are grown in roller bottles for about two
weeks until the cells are less than 10% viable. The culture supernatant is harvested from these

roller bottles for purification.

Brief description of Immunoassays.

All antibodies are heterogenous ELISA-type assays formatted for the Bayer Immuno 1
system. The system employs fluorescein-labeled capture antibodies (denoted R1) and alkaline
phosphatase labled tag antibodies (denoted R2). The antibody conjugates are dissolved in a
physiological buffer at a concentration between 2 and 50 mg/L. The immunoreactive reagents
are incubated with a fixed amount of patient sample containing the antigen to be assayed. The
patient sample is always pipetted first into a reaction cuvette followed by R1 thirty seconds
later. R2 is normally added 30 seconds to 20 minutes after the R1 addition. The mixture is
incubated for a maximum of 20 minutes although other embodiments of the immunoassays
might require longer of shorter incubation times. Subsequently, immunomagnetic particles are
added to the mixture. The particles consist of iron oxide containing polyacrylamide beads
with anti-fluorescein antibodies conjugated to the particle surface. The particles are

commercially available from Bayer HealthCare Diagnostics.
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Upon incubation of the immunomagnetic particles with the sandwich immuno
complex formed from the antigen and the R1 and R2 conjugates, the sandwich immuno
complex is captured through the fluorescein label of the R1 antibody by the anti-fluorescein
antibodies on the immuno magnetic particles. The super-complex formed is precipitated by an
external magnetic field. All unbound material, especially R2 alkaline phosphatate conjugate is
removed by washing. The washed complex is then resuspended in p-nitrophenolphosphate
solution. The rate of color formation is proportional to the amount of phosphatase left in the
cuvette which is proportional to the amount of antigen. Quantification is achieved by
recording a six-point calibration curve and a calibration curve, constructed by a cubic

regression or a Rodbard fit.
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(a) Assay Performance.

The performance of each of the assays was determined in isolation. The sensitivity and
specificity, inter and intra-assay variation, interferences, linearity and parallelism were
determined for each immunoassay. All assays were shown to meet high clinical chemistry
standards. The ranges of results obtained for healthy subjects of both sexes and a range of
ages from 18 to 75 years were determined to establish “normal” values. The assays were

applied to subjects with a range of pathological disorders.

(b) Statistical Background.
An observational study of liver fibrosis in 1,021 subjects (“European Liver Fibrosis”

or “ELF” Study) was undertaken and resultant data were analyzed. Liver fibrosis scoring
systems employed were

- the Scheuer Score (0-4),

- the Modified Ishak Score (HAI) A - Interface Hepatitis (0—4),

- the Modified Ishak Score (HAI) B - Confluent Necrosis (0-6),

- the Modified Ishak Score (HAI) C - Spotty Necrosis (0—4),

- the Modified Ishak Score (HAI) D - Portal Inflammation (0—4),

- the Modified HAI Score (Ishak Score) (0-6).

A stepwise discriminant analysis was applied; the following functions of serum parameters

are shown in Table 1 to have had a major impact on the corresponding scoring type.

Table 1
Scoring Type Surrogate Parameters
Scheurer Score: |In(TIMP-1) In(Collagen VI / Hyaluronan) In(Hyaluronan /
Laminin)
Modified Ishak Score A | In(TIMP-1) In(Collagen VI / Hyaluronan) In(Collagen VI/
- Interface Hepatitis: Tenascin)
Modified Ishak Score B | In(Hyaluronan) In(Collagen VI/
- Confluent Necrosis: MMP-2)
Modified Ishak Score C | In (Hyaluronan) In(MMP-9/TIMP-1 / complex
- Spotty Necrosis: Tenascin)
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Scoring Type Surrogate Parameters
Modified Ishak Score D | In(Laminin) In(Collagen VI/
- Portal Inflammation: TIMP-1)
Modified Ishak | In(TIMP-1) In(Collagen VI / Hyaluronan) In (Hyaluronan /
Score — Stage: Laminin)

A corresponding discriminant analysis yielded the linear discriminating functions
which were used for calculation and prediction of biopsy score. The algorithms derived can be
applied to every known scoring system (e.g. Scheuer Score, Ishak Score, Metavir Score,
Ludwig Score, HAI Score). For example, the algorithms can be used to predict the biopsy
score of a patient (e.g. score 0, 1, 2, 3, ...) or to predict a group of scores (category) a patient

belongs to (e.g. mild fibrosis; score O to 1).

Discriminating functions used included combinations of markers from the list of N-
terminal procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin,
Hyaluronan, MMP-2, TIMP-1 and MMP-9/TIMP-1complex as | well as age, sex and
transaminase levels, most notably ALT (alanine amino transferase), AST (aspartate amino
transferase) and GLDH (glutamate dehydrogenase), of the patient together with numerical
factors, namely multiplicators and summands or combinations thereof, with these numerical

factors having values between -1000 and +1000 nanograms/ml (ng/ml).

Values provided herein are, unless otherwise indicated, in units of
nanograms/milliliter (ng/mil). Those of skill in the art can readily convert such values to any

other useful units and modify the values used in the algorithms disclosed herein accordingly.

Predicting the biopsy scores identified using different scoring systems required
development of different algorithms employing a different combination of the markers
PIIINP, Collagen IV, Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-2, TIMP-1 and
MMP-9/TIMP-1 complex with age, sex and transaminase values combined with different

numerical factors.
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Discriminant functions are either set up as an array of as many different functions as
there are histopathological scores to compare with (see algorithms 1, 2, 3, 4, 5, 6, 1b, 2b, 3b,
4b, 5b, 6b), or as one single discriminant function, often also called logistic regression (see
algorithms 4a, 5a, 6a, 4c, 5c¢, 6¢, 7, 7a, 8, 8a 9, 10, 11, 12). While discriminant functions
intrinsically yield a computed biomarker derived liver score, logistic regressions need one or
multiple cut-off values, depending on their use as a tool to assess binary outcomes or as a tool
to compute a marker score. In order to yield a marker score the discriminant function requires
as many different cutoff values as there are disease grades reduced by one.

In order to compute a histopathology score, the results of the individual serum markers
or other parameters have to be put in each of the equations to calculate the discriminant
scores. In case of models employing a set of several discriminant functions, each function
represents a different score. The function yielding the highest numerical discriminant score
upon computation with the values put in, will result in its associated disease score as the
biomarker derived calculated liver disease score.

(c) Algorithms for Scheuer Score.

The following algorithms 1 to 6 and 4a to 6a were calculated by correlating biopsies
assessed by the Scheuer scoring system and serum marker concentrations of a group of
patients with liver diseases. All algorithms were derived using marker results and pathology
scores from one group of patients (marker finding cohort) and then used to predict biopsy
scores (the calculated scores) in a separate group of patients (the validation cohort). The
calculated scores were compared with scores determined by a single pathologist (case B),
with a consensus score of three pathologists (case C) and with the range covered by all
pathologists (case A). Kappa values were computed to assess the power of the algorithm. In
order to be able to use the criteria normally used to assess the power of new diagnostics
methods (sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and the area under the curve in a receiver operator characteristics analysis (ROC
AUC), the liver disease scores derived from the histological analysis and the calculated scores
derived from the serum marker algorithm were dichtomized calling a score 0 to 1 a negative
reading and a score 2 to 4 a positive reading (Scheuer Score). Accordingly the concordance of
both methods in terms of true positives, true negatives, false negatives and false positives

could be assessed yielding the sensitivity, specificity, NPV, PPV and ROC AUC of each of
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the algorithm. See Algorithms 4a, 5a, 6a . In all instances the biopsy results were used as the

gold standard to assess each different algorithm.
Abbreviations used in Algorithms:

Abbreviation Marker

Col IV or COL_IV: Collagen type IV

Col VIor COL_VIL: Collagen type VI

Hya or HYA or HA: Hyaluronic Acid

TIMP-1 or TIMPI:. Tissue Inhibitor of Melloproteinases type 1

Lam or LAM: Laminin

PITINP: Aminoterminal Propeptide of Procollagen type III
MMP2: Matrix Metalloproteinases type 2

MMP9 or MMP9/TIMP1:  Matrix Metalloproteinases type 9 (MMP9); and MMP9
complexed
with TIMP-1 (MMP9/TIMP1).
Ten or TEN: Tenascin
CRATIO: "The analytical value [ng/mL] of Collagen type IV divided by
the analytical value of Collagen type VI

Algorithm 1: (employing Col VI with Hyaluronic Acid, Laminin and TIMP-1)

[0 : -108.861+0.283*LOG(COL_VI/HYAL)-1.050*LOG(HYAL/LAM)+35.372*LOG(TIMP1)

(11 :  -114.231+0.195*LOG(COL_VI/HYAL)-0.654*LOG(HYAL/LAM)+36.158*LOG(TIMP1)
[21 :  -120.649-0.998*LOG(COL_VI/HYAL)-2.102*LOG(HY AL/LAM)+36.925*LOG(TIMP1)
(31 : -123.672-1.281*LOG(COL_VI/HYAL)-1.344*LOG(HY AL/LAM)+37.163*LOG(TIMP1)
[41 : -133.207-2.186*LOG(COL_VIHYAL)-1.602*LOG(HYAL/LAM)+38.188*LOG(TIMP1)

Algorithm 2: (employing Col VI with Hyaluronic Acid, Laminin, TIMP-1)
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[0
(1
2
31
(41

-75.18797+23.04542*LOG(TIMP1)-0.583641*LOG(COL_VI/HY AL)-0.140956*LOG(HYAL/LAM)
-76.1526+23.15895*LOG(TIMP1)-0.963402*LOG(COL_VI/HYAL)-0.009472+*LOG(HYAL/LAM)

-78.62662+23.32161*LOG(TIMP1)-1.227332*LOG(COL_VI/HY AL)-0.067969*LOG(HY AL/LAM)
-83.09285+23.64493*LOG(TIMP1)-2.181493*LOG(COL_VI/HYAL)-0.300241*LOGHYAL/LAM)

-93.89732+24.86246*LOG(TIMP1)-2.841299*L.OG(COL_VI/HY AL)-0.136885*LOG(HY AL/LAM)

Algorithm 3: (employing Col VI with Hyaluronic Acid, Col IV and PIIINP)

[0l

]

[2]

31

(41

i

-95.39661+17.66025*LOG(HY AL)-0.820836*LOG(COL_IV)+0.245778*LOG(COL,_VI/PIIINP)-
17.79663*LOG(COL_VI/TIMP1)-14.96754*LOG(HY AL/MMP2)-0.279356*LOG(LAM/MMPIT)

-95.84457+17.62365*LOG(HYAL)-0.667854*LOG(COL_IV)+0.155707*LOG(COL_VI/PIIINP)-
18.0407*LOG(COL_VI/TIMP1)-14.42688*LOGHYAL/MMP2)-0.554323*LOG(LAM/MMPIT)

-99,13575+17.76656*LOG(HY AL)-0.97873 1*LOG(COL_IV)-0.12995*LOG(COL_VI/PIINP)-
18.69948*L OG(COL_VI/TIMP1)-14.49353*LOG(HY AL/MMP2)-0.647247*LOG(LAM/MMPIT)

-104.4554+18.38886*LOG(HY AL)-0.202832*LOG(COL_IV)-0.157058*L.OG(COL_VI/PIIINP)-
18.70409*LOG(COL._VI/TIMP1)-14.49716*LOG(HY AL/MMP2)-0.340197*LOG(LAM/MMPIT)

-119.8887+20.14719*LOG(HYAL)+0.959792*LOG(COL._IV)-0.80876"1.OG(COL_VI/PIIINP)-
18.69873*LOG(COL_VUTIMP1)-15.57103*LOG(HY AL/MMP2)-0.229757*LOG(LAM/MMPIT)
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Algorithm 4 (employing Col VI with Hyaluronic Acid, Laminin and TIMP-1)

[0] -84.8884+1.314094*LOG(COL_VI/HYAL)+2.163728 *LOG(HYAL/LAM)+26.86543*LOG(TIMP1)
(11  -87.1291+1.152303 *LOG(COL_VI/HYAL)+2.507536*LOG(HYAL/LAM)+27.13607*LOG(TIMP1)
[2]  -89.7304+0.766894*LOG(COL_VI/HYAL)+2.361471 *LOG(HYAL/LAM)+27.43159*LOG(TIMP1)
[3] -94.3078-0.074816*LOG(COL_VI/HYAL)+2.251909*LOG(HYAL/LAM)+27.81493*LOG(TIMP1)

[4] -104.774-1.087963*LOG(COL_VI/HYAL)+2.110437*LOG(HYAL/LAM)+28.88894*LOG(TIMP1)

Algorithm 4a (binary Algorithm employing Col VI with Hyaluronic Acid, Laminin and TIMP-
1Y)

Logit -8.33001-1.104523*LOG(COL_VI/HYAL)-0.12752 1 *LOG(HYAL/LAM)+0.841806*LOG(TIMP1)
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Algorithm 5 (employing Col VI with Hyaluronic Acid, Col IV, PIIINP, MMP2)

(0]

(1]

(21

(3]

[4]

-510.728+22.96526*(LOG(HYAL))-66.83994*(LOG(COL,_IV))-
114.5438*(LOG(COL_VI/LOG(HYAL))-
8.772354*(LOG(PIIINP))+29.61084*(LOG(COL_IV)Y/LOG(HYAL))+155.1575*(LO
G(MMP2))+523.6594*(LOG(COL_IV)/LOG(MMP2))-
184.6677*(LOG(HY ALYLOG(MMP2))

-507.105+21.13922*(LOG(HYAL))-64.02849*(LOG(COL_IV))-
116.0789*(LOG(COL_VI)/LOG(HYAL))-
8.710835*(LOG(PIIINP))+28.83564*(LOG(COL_IVY/LOG(HYAL))+154.0848*(LO
G(MMP2))+513.7398*(LOG(COL_IV)/LOG(MMP2))-
174.771#(LOG(HYAL)/LOG(MMP2))

-517.258+21.9922*(LOG(HYAL))-67.10076*(LOG(COL,_IV))-
122.2884*(LOG(COL_VI)/LOG(HYAL))-
7.559512*(LOG(PIIINP))+30.00615*(LOG(COL,_IVYLOG(HY AL))+156.4279*(LO
G(MMP2))+527.1177*LOG(COL_IV)/LOG(MMP2))-
182.0914*(LOG(HYAL)/LOG(MMP2))

-521.186+17.72648*(LOG(HYAL))-61.20226*(LOG(COL_IV))-
120.3493*(LOG(COL_VI)/LOG(HYAL))-
7.928957*(LOG(PIIINP))+30.4852*(LOG(COL_IV)/LOG(HYAL))+155.6176*(LOG
(MMP2))+493.4266+*(LOG(COL,_IV)/LOG(MMP?2))-
146.0582*(LOG(HYAL)/LOG(MMP2))

-562.9+30.0182*(LOG(HYAL))-71.36396*(LOG(COL,_IV))-
124.3929*(LOG(COL_VIY/LOG(HYAL))-
7.39815*(LOG(PIIINP))+31.28702*(LOG(COL_IV)/LOG(HYAL))+160.534*(LOG(
MMP2))+566.915%(LOG(COL_IV)/LOG(MMP2))-
223.449*(LOG(HYAL)/LOG(MMP2))
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Algorithm 5a (binary Algorithm employing Col VI with Hyaluronic Acid, Col IV, PIIINP,
MMP2)

Logit -19.3878+2.217337*(LOG(HYAL))-2.493531*(LOG(COL,_TV))-
6.686058*(LOG(COL_VI/LOG(HYAL))+1.04518*(LOG(PIINP))+1.356867*(LOG(COL._IVYLOG(HY
AL))+2.546269*(LOG(MMP2))+16.17252*(LOG(COL,_IV)/LOG(MMP2))-
11.51533*(LOG(HYALYLOG(MMP2))

Algorithm 6 (employing Hyaluronic Acid with Col IV, PIIINP, TIMP-1)

[0] -139.611-0.550172*(LOG(HYAL))+31.12324*(LOG(COL_IV))-
17.36457*(LOG(PIIINP))+24.38884*(LOG(TIMP1)

[1] -142.886-0.287819*(LOG(HYAL))+31.77958*(LOG(COL_IV))-
17.39204*(LOG(PIIINP))+24.28051*(LOG(TIMP1))

[2] -141.391-0.36426*(LOG(HYAL))+30.81993*(LOG(COL_IV))-
16.4064*(LOG(PIIINP))+24.5837*(LOG(TIMP1))

3] -148.365+0.453879*(LOG(HY AL))+31.74657*([LOG(COL_IV))-
16.61532*(LOG(PIIINP))-+24.50483*(LOG(TIMP1))

[4] -164.746+1.023888*(LOG(HYAL))+33.94289*(LOG(COL_IV))-
16.35512%(LOG(PIIINP))+24.66699+(LOG(TIMP1))

Algorithm 6a (binary outcome employing Hyaluronic Acid with Col IV, PITIINP, TIMP-1)

Logit -19.3878+2.217337*(LOG(HYAL))-2.493531%(LOG(COL_IV))-
6.686058*(LOG(COL_VI)/LOG(HYAL))+1.04518*(LOG(PIIINP))+1.356867* (LOG(COL_IV)/LOGHY
AL))+2.546269*(LOG(MMP2))+16.17252*(LOG(COL_IV)/LOG(MMP2))-
11.51533*(LOG(HYAL)/LOG(MMP2))
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Table 2 below shows the diagnostic performance of algorithms 1, 2 and 3. Column C
reports the results of the comparisons between a consensus score of three pathologists and the
marker based results for a given algorithm; column A reports the resulis of the comparisons
between a range of scores reported by three different pathologists and the marker based
results; column B reports the results of the comparisons between a score reported by a studies
central pathologists (single pathologist) and the marker based results. Hit rate is the
percentage of scores reported to be identical by the marker based algorithm and the
pathologist's Scheurer score; The Kappa value reports agreements between the groups of
results, I._Kappa and U_Kappa gives the lower and upper limit of confidence for the Kappa
value (95% CI), NPV is the negative predictive value for a dichotomized scoring system, PPV
is the positive predictive value for a dichotomized system.

| Table 3 shows the diagnostic performance of algorithm 4, 5 and 6. Column C reports
the results of the comparisons between a consensus score of three pathologists and the marker
based results for a given algorithm; column A reports the results of the comparisons between
a range of scores reported by three different pathologists and the marker based results; column
B reports the results of the comparisons between a score reported by a studies central
pathologists (single pathologist) and the marker based results; Hit rate is the percentage of
scores reported to be identical by the marker based algorithm and the pathologist's Scheurer
score; The Kappa value reports agreements between the groups of results, L_Kappa and
U_Kappa gives the lower and upper limit of confidence for the Kappa value (95% CI), NPV
is the negative predictive value for a dichotomized scoring system, PPV is the positive

predictive value for a dichotomized system.
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Table 2
Algorithim 1 Algorithm 2 Algorithm 3
C A B C A B c A B
Hit-Rate (¢9) [0] 333 389 350 17.1 400 137 200 414 16.8
Hit-Rate (%) [1] 36.8 427 360 807 816 758 746 77.2 71.7
Hit-Rate (%) [2] 258 424 190 00 368 0.0 0.0 342 5.1
Hit-Rate (%) [3] 26.1 348 222 64 170 52 128 213 93
Hit-Rate (%) [4] 63.0 63.0 559 625 625 529 438 438 47.1
Hit-Rate (%)All 359 429 338 422 542 367 395 51.2 367

N 468 468 793 301 301 626 301 301 626
Kappa 0.175 0.268 0.151 . 0.199 . 0.124 0310 0.121

L _Kappa 0.11¢ 0211 o0.10¢9 . 0.134 . 0.05¢ 0.235 0.077
U _Kappa 0231 0325 0.192 . 0.265 . 0.191 0385 0.165
P(Kappa=0) <00001 <0.0001 =00001 . «<0.0001 . =<0.0001 <0000! =<D.0001

NPV (%) [0-1] 61.6 638 628 91.8 924 855 880 891 816
PPV (%) [2-4] 66.1 751 663 316 462 354 350 487 39.0
Hit-Rate (%) All 63.5 684 642 684 744 658 67.4 734 649

Kappa 0.268 0.372 0280 0.261 0417 0.226 0.252 0404 0.219

L _Kappa 0,182 0.291 0214 0.160 0.315 0.152 0.146 0.299 0.142
U_Kappa 0.354 0454 0346 0.363 0520 0.300 0.358 0.508 0.295
P(Kappa=0) <0.0001 <00001 <0000 <0.0000 <00001 =<00001 <00001 <00001 <0.0001
Sensitivity 0.539 0.584 0540 0712 0794 0.613 0651 0.740 0578
Specificity 0729 0791 0739 0679 0.730 0.671 0681 0.7322 0.674

Table 3
C C C B B B A A A

Algd4  Alg.5 Alg.6 Algd Alg5 Alg6 Alg4 Alg5 Algé

Hit-Rate (%) Al 32.8 36.1 34.4 35.8 35.5 34.3 43.1 45.8 44.1

Hit-Rate (%) [0] 53.6 43.5 47.8 52.3 43.2 45.8 62.2 50.7 56.7

Hit-Rate (%) [1] 18.6 354 33.6 24.9 30.6 27.8 279 43.4 42.1

Hit-Rate (%) [2] 15.8 13.2 15.8 18.2 20.8 20.8 294 35.9 35.7

Hit-Rate (%) [3] 27.7 38.3 255 31.9 36.3 29.7 37.8 50.0 34.1

Hit-Rate (%) [4] 65.6 46.9 43.8 57.4 48.5 50.0 714 50.0 48.6

N 299 299 299 600 600 600 299 299 299
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Table 3 (cont.)

C C cC B B B A A A

Alg4  Alg.5 Alg.6 Alg.4 Alg.5 Alg.6 Alg.4 Algs Alg 6

Kappa 0.146 0.176 0.154 0.174  0.176 0.164 0.274 0.302 0.280

L_Kappa 0.079 0.107 0.086 0.125 0.127 0.116 0.204 0.230 0.209
U_Kappa 0.213 0.246 0.223 0.223 0.225 0.212 0.344 0.374 0.351

P(Kappa=0) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Binary Outcome: ~ Alg4b  Alg5b  Alg6b  Algdb  Alg5b  Algéb Algdb  Alg5b  Alg6b
PPV (%) [2-4] 57.1 55.8 55.7 61.5 57.1 55.8 59.4 57.8 58.6
NPV (%) [0-1] 753 | 77.0 75.5 773 78.8 774 78.9 80.3 774
Hit-Rate (%) All 67.2 66.6 66.2 70.5 67.8 66.5 70.2 69.2 68.6
Kappa 0.328 0.329 0.315 0.391 0.358 0.331 0.389 0.382 0.363
L_Kappa 0.221 0224  0.208 0.317 0.285 0.258 0.284 0.280 0.258
U_Kappa 0.436 0.434 0.422 0.466 0.431 0.405 0.493 0.485 0.468

P(Kappa=0) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Sensitivity  65.0 70.1 66.7 66.9 73.3 71.6 69.3 73.9 69.5

Specificity 68.7 64.3 65.9 72.8 64.3 63.2 70.8 66.3 68.0

N(AUC) 299 299 299 600 600 600 299 299 299

AUCROC) 0.748 0.756 0.768 0.765 0.765 0.771 0.839 0.846 0.860
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@ Algorithms for Ishak Score.
The following algorithms 1b, 2b, 3b, 4b, 5b, 6b, 4c, Sc and 6¢c were calculated by

correlating biopsies assessed by the Ishak scoring system and serum marker concentrations of
a group of patients with liver diseases:

All algorithms were derived using marker results and pathology scores from one group
of patients (marker finding cohort) and then used to predict biopsy scores (the calculated
scores) in a separate group of patients (the validation cohort). The calculated scores were
compared with scores determined by a single pathologist (case B), with a consensus score of 3
pathologists (case C) and with the range covered by all pathologists (case A). Kappa values
were computed to assess the power of the algorithm.

In order to be able to use the criteria normally used to assess the power of new
diagnostics methods (sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and the area under the curve in a receiver operator characteristics
analysis, the liver disease scores derived from the histological analysis and the calculated
scores derived from the serum marker algorithm were dichotomized calling a score0to2 a
negative reading and a score 3 to 6 a positive reading (Ishak Score). Accordingly the
concordance of both methods in terms of true positives, true negatives, false negatives and
false positives could be assessed yielding the sensitivity, specificity, NPV, PPV and ROC
AUC of each of the algorithm. See Algorithms 4a, Sa, 6a. In all instances the biopsy results

were used as the gold standard to assess each different algorithm.
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Algorithm 1b: (employing Col VI with Hyaluronic Acid, Laminin and TIMP-1)

[0]
(1]
(2]
3]
[4]
[5]
[6]

-107.752-0.347*LOG(COL_VI/HY AL)-1.493 *LOG(HYAL/LAM)+34.879*LOG(TIMP1)
-112.550-0.301*LOG(COL_VI/HYAL)-1.086*LOG(HY AL/LAM)+35.61 7*LOG(TIMP1)
-114.626-0.760*LOG(COL_VI/HYAL)-1.270¥*LOG(HY AL/LAM)+35.8 19*LOG(TIMP1)
-121.339-2.065 *LOG(COL_VI/HYAL)-2.910*LOG(HY AL/LAM)+36.593*LOG(TIMP1)
-119.289-1.009*LOG(COL._VI/HYAL)-1.271*LOG(HY AL/LAM)+36.449*LOG(TIMP1)
-125.551-2.966*LOG(COL_VI/HYAL)-2.536*LOG(HY AL/LAM)+36.797 *LOG(TIMP1)

-133.055-3.256*LOG(COL_VI/HY AL)-2.329*LOG(HY AL/LAM)+37.695*LOG(TIMP1)

Algorithm 2b: (employing Col VI with Hyaluronic Acid, Laminin and TIMP-1)

[0]
(1]
[2]
B3]
[41
(5]
(6]

-75.94035+23.20826*LOG(TIMP1)-0.911827*LOG(COL_VI/HY AL)-0.295297*LOG(HY. AL/LAM)
~76.0885+23.14058*LOG(TIMP1)-1.221511*LOG(COL_VI/HY AL)-0. 155608*LOG(HYAL/LAM)
-80.17664+23.6506*LOG(TIMP1)-1.41651*LOG(COL_VI/HYAL)-0.210415*LOG(HY AL/LAM)
-79.12945+23.42277*LOG(TIMP1)-1.582733*LOG(COL_VI/HYAL)-0.175959 *LOG(HYAL/LAM)
-83.24617+23.7777*LOG(TIMP1)-2.174834*LOG(COL_VI/HYAL)-0.311583 *LOG(HYAL/LAM)
-89.60186+24.2615*LOG(TIMP1)-3.237993*LOG(COL_VI/HYAL)-0.9 14309*LOG(HYAL/LAM)

-95.5774+25.11333*LOG(TIMP1)-3.293235*LOG(COL_VI/HY. AL)-0.347014*LOG(HYAL/LAM)
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Algorithm 3b: (employing Col VI with Hyaluronic Acid, Col IV and PIIINP)

-100.6452+17.18813*LOG(HYAL)+15.20461*LOG(COL_IV/HYAL)+0.515498*L.OG(COL_VI/PIIINP)

0]
: +3.309452*LOG(LAM)-15.47806*LOG(COL_IV/MMP2)-17.50773*LOG(COL_VI/TIMP1)

-98.87092+17.18161*LOG(HY AL)+14.7876*LOG(COL_IV/HY AL)+0.53007 1*LOG(COL_VI/PIIINP)

1
t +3.067209*LOG(LAM)-14.74001*LOG(COL_IV/MMP2)-17.62455*LOG(COL_VI/TIMP1)

-104.8869+17.78543*LOG(HYAL)+15.25944*LOG(COL_IV/HY AL)+0.352181 *LOG(COL_VI/PIIINP)

2]
[ +3.175207*LOG(LAM)-15.56044*LOG(COL_IV/MMP2)-17.97986*LOG(COL_VI/TIMP1)

-102.8131+17.3228 1*LOG(HY AL)+14.69307+*LOG(COL_IV/HYAL)+0.176959*LOG(COL_VI/PIIINP)

3
B3l +2.822227*LOG(LAM)-15.15272*LOG(COL_IV/MMP2)-18.37351*LOG(COL_VI/TIMP1)

-109.2574+18.44309*LOG(HY AL)+15.53464*LOG(COL_IV/HYAL)-0.152374*LOG(COL_VI/PIIINP)

[4
] +2.957847*LOG(LAM)-15.02773*LOG(COL_IV/MMP2)-18.59138*LOG(COL_VI/TIMP1)

-116.8556+19.00778*LOG(HYAL)+15.47539*LOG(COL_IV/HY AL)+0.436656*LOG(COL_VI/PIIINP)

5
Bl +3.995456*LOG(LAM)-15.54302*LOG(COL_IV/MMP2)-18.53013*LOG(COL_VI/TIMP1)

~127.2084421.66093*LOG(HYAL)+17.77795*LOG(COL_IV/HYAL)-0.631902*LOG(COL_VI/PIIINP)

6
f6] +3.589129*LOG(LAM)-16.1393*LOG(COL_IV/MMP2)-18.40445+*LOG(COL_VI/TIMP1)

Algorithm 4b (employing Col VI with Hyaluronic Acid, Laminin and TIMP-1)

[0] -
85.3739+0.961665*LOG(COL_VIVHYAL)+1.975774*LOG(HY AL/LAM)+26.93966*LOG(
TIMP1)
[1] -
86.2963+0.913679*LOG(COL_VI/HYAL)+2.357299*LOG(HYAL/LAM)+27.03427*LOG(
TIMP1)
[2] -
89.8724+0.593663*LOG(COL_VI/HYAL)+2.211646*LOG(HYAL/LAM)+27.50832*LOG(
TIMP1)
¥
{31 -
90.0047+0.396858*LOG(COL_VIHYAL)+2.230884*LOG(HYAL/LAM)+27.45883*LOG(
TIMP1)
[4] -94.3636-

0.0239*LOG(COL_VI/HYAL)+2.264267*LOG(HY AL/LAM)+27.9556 7*LOG(TIMP1)
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(5]

[6]

-98.1958-

1.374361*LOG(COL_VI/HY AL)+1.418031*LOG(HY AL/LAM)+28.09921 *LOG(TIMP1)

-106.131-

1.60933*LOG(COL_VI/HY AL)+1.83107*LOGHYAL/LAM)+29.03373*LOG(TIMP1)

Algorithm 4c (binary outcome employing Col VI with Hyaluronic Acid, L.aminin and TIMP-1)

Logit

-8.5031-1.124282*LOG(COL_VI/HYAL)-0.111367*LOG(HY AL/LAM)-+0.853129*LOG(TIMP1)

Algorithm 5b (employing Col VI with Hyaluronic Acid, Col IV, PIIINP, MMP2)

[0]

(1]

[2]

[3]]

(4]

-509.93+21.03464*(LOG(HY AL))-65.28201*(LOG(COL_IV))-
115.3817*(LOG(COL_VIYLOG(HYAL))-
7.87158 1*(LOG(PIIINP))-+30.02069*(LOG(COL_IV)/LOG(HYAL))+154.8779*(LOG(MM
P2))+510.2511*(LOG(COL_IV)/LOG(MMP2))-169.4857*(LOG(HY AL)/LOG(MMP2))

-503.533+19.84081*(LOG(HYAL))-62.38579*(LOG(COL_IV))-
116.4901*%LOG(COL_VI)/LOG(HYAL))-
8.121259*(LOG(PIINP))+29.14816*(LOG(COL_IV)Y/LOG(HYAL))+153.1154*(LOG(MM
P2))+502.5139*(LOG(COL_IV)/LOG(MMP2))-163.8827*(LOG(HY AL)YLOG(MMP2))

-510.288+18.37673*(LOG(HYAL))-62.65484*(LOG(COL_IV))-
117.3728*(LOG(COL_VI)/LOG(HYAL))-
7.333193%(LOG(PIIINP))+29.35728*(LOG(COL_IV)Y/LOG(HYAL))+154.7774*(LOG(MM
P2))+497.5602*(LOG(COL_IV)/LOG(MMP2))-153.9391*(LOG(HY AL)Y/LOG(MMP2))

-516.935+20.14755*(LOG(HYAL))-65.87736*(LOG(COL_IV))-
123.3229*(LOG(COL_VI)/LOG(HYAL))-
6.496054*(LOG(PIIINP))+30.54844*(LOG(COL_IV)/LOG(HYAL))+156.3209*(LOG(MM
P2))+514.0645*(LOG(COL_IV)/LOG(MMP2))-166.8154*(LOG(HY AL)/LOG(MMP2))

-522.377+14.67237*LOG(HYAL))-59.18186*(LOG(COL_IV))-
122.7296+%(LOG(COL_VI/LOG(HYAL))-
6.823173*(LOG(PIIINP))+30.7857*(LOG(COL_IV)/LOG(HYAL))+155.904*(LOG(MMP2
))+478.6378*(LOG(COL_IV)/LOG(MMP2))-127.6343*(LOG(HYAL)/LOG(MMP2))
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Algorithm 5b (cont.)

(5] -526.233+18.20806*(LOG(HYAL))-61.05469*(LOG(COL_IV))-
120.2586*(LOG(COL_VI/LOG(HYAL))-
7.691697*(LOG(PIIINP))+31.24435*(LOG(COL_IV)/LOG(HYAL))+155.7383*(LOG(MM
P2))+489.0154*(LOG(COL_IV)/LOG(MMP2))-140.9856*(LOG(HY ALYLOG(MMP2))

[6] -563.804+28.52903*(LOG(HYAL))-70.11008*(LOG(COL_IV))-
125.5272*(LOG(COL_VI)/LOG(HYAL))-
6.321247*(LOG(PIIINP))+31.79617*(LOG(COL_IVYLOG(HY AL))+160.3625*(LOG(MM
P2))+555.8114*(LOG(COL_IV)/LOG(MMP2))-210.7424*(LOG(HY AL)/LOG(MMP2))

Algorithm 5c (binary outcome employing Col VI with Hyaluronic Acid, Col IV, PIIINP,
MMP2)

Logit -20.871742.11973*(LOG(HYAL))-2.531717*(LOG(COL_IV))-
7.252597#(LOG(COL_VI)/LOG(HYAL))+1.083647*(LOG(PIIINP))+1.493234*(LOG(COL_IV)/LOG(HY
AL))+2.794571*LOG(MMP2))+16.07724*(LOG(COL_IVY/LOG(MMP2))-
10.7448*(LOG(HY ALYLOG(MMP2))

Algorithm 6b (employing Hyaluronic Acid with Col IV, PIIINP, TIMP-1)

[0] -140.369-0.35106*(LOG(HY AL))+31.3799*(LOG(COL_IV))-
17.39524*(LOG(PIIINP))+-24.34635*(LOG(TIMP1))

(1] -143.724-0.15137*(LOG(HYAL))+32.39861*(LOG(COL_IV))-
17.67661*(LOG(PIIINP))+24.06137*(LOG(TIMP1))

[2] -143.915+0.002613*(LOG(HYAL))+31.49065*(LOG(COL_IV))-
17.03323*(LOG(PIINP))+24.55546*(LOG(TIMP1))
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[3] -141.045-0.097252*(LOG(HY AL))+30.88321*(LOG(COL_IV))-
16.27152*%(LOG(PIIINP))+24.43888 *(LOG(TIMP1))

[4] ~148.921+0.314333*(LOG(HY AL))+32.14539*(LOG(COL_IV))-
16.54838*(LOG(PIINP))+24.51316*(LOG(TIMP1))

Algorithm 6(b)(cont.)
[5] -154.316+1.19843*(LOG(HY AL))+32.1963*(LOG(COL_IV))-
17.33983*(LOG(PIINP))+24.91516*(LOG(TIMP1))
[6] -166.646+1.258962*(LOG(HY AL))+34.30716%(LOG(COL_IV))-

16.25685*(LOG(PIIINP))+24.63731*(LOG(TIMP1))

Algorithm 6c (binary outcome employing Hyaluronic Acid with Col IV, PIIINP, TIMP-1)

Logit -7.86615+0.590389*(LOG(HY AL))+0.329412*

(LOG(COL,_IV))+0.981143*(LOG(PIIINP))+0.314869*(LOG(TIMP1))

Table 4 below shows the diagnostic performance of algorithm 1a, 2a and 3a. Column
C reports the results of the comparisons between a consensus score of three pathologists and
the marker based results for a given algorithm; column A reports the results of the
comparisons between a range of scores reported by three different pathologists and the marker
based results; column B reports the results of the comparisons between a score reported by a
studies central pathologists (single pathologist) and the marker based results. Hit rate is the
percentage of scores reported to be identical by the marker based algorithm and the
pathologist's Scheurer score.
The Kappa values report agreements between the groups of results. L_Kappa and U_Kappa
give the lower and upper limit of confidence for the Kappa value (95% CI); NPV is the
negative predictive value for a dichotomized scoring system and PPV is the positive

predictive value for a dichotomized system.
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 lable4d
‘Algorithm 1a Algorithm 2a Algorithm 3a
C A B C A B Cc A B
Hit-Rate (%) [0] 287 315 295 457 586 410 457 571 398
Hit-Rate (%) [1] 250 340 292 508 607 508 219 410 377
Hit-Rate (%) [2] 107 240 97 0.0 224 11 1.7 155 1.1
Hit-Rate (%) [3] 230 279 202 00 3.1 0.0 94 125 6.9
Hit-Rate (%) [4] 222 318 256 00 00 0.0 0.0 7.7 33
Hit-Rate (%) [3] 320 440 244 45 182 26 0.0 182 26
Hit-Rate (%) [6] 574 574 511 719 719 609 438 438 522
Hit-Rate 0)All 27,1 34¢ 273 289 395 281 223 326 252
N 468 468 T7M 301 301 627 301 301 627
Kappa 0138 0228 0136 . . . 0031 0093 0041
L_Kappa 0090 0177 0100 . . . -0.02 0.03% 0.006
U Kappa 218 0272 0173 . . . 0084 0.147 0076
P(Kappa=0) <0001 <00001 <00001 . . . 0223 0003 0DIS2
NPV (%) [0-2] 57.2 594 591 899 910 839 778 804 75.1
FPV (%) [3-6] 719 195 M2 402 509 415 473 554 481
Hit-Rate (%e)All &30 €723 650 714 761 676 664 711 648
Kappa G274 0362 0312 0330 0450 0271 0259 0366 0238
L_Kappa Q191 0283 0249 0223 0346 0.195 0147 0257 0160
U _Kappa 0356 0441 0374 0437 0554 0347 0371 0475 0316
PKappa=0) <0001 <00001 <0000l <00001 <0000 <0000l <0000 <0000 <0000l
Sensitivity 0524 0561 0537 0703 0770 0617 0558 0626 0.547
Specificity 0757 0816 0781 0717 0758 0.697 0714 0752 0699

Table 5 below shows the diagnostic performance of algorithm 4b, 5b and 6b.
Column C reports the results of the comparisons between a consensus score of three
pathologists and the marker based results for a given algorithm; column A reports the

results of the comparisons between a range of scores reported by three different

pathologists and the marker based results; column B reports the results of the comparisons

between a score reported by a studies central pathologists (single pathologist) and the
marker based results; Hit rate is the percentage of scores reported to be identical by the
marker based algorithm and the pathologist's Scheurer score; The Kappa value reports
agreements between the groups of results, L_Kappa and U_Kappa gives the lower and
upper limit of confidence for the Kappa value (95% CI), NPV is the negative predictive
value for a dichotomized scoring system, PPV is the positive predictive value for a
dichotomized system. In all tables "binary outcome" means that groups of marker scores

are formed denoting a group of low marker scores as "negative" and a group of high
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markers scores as "positive". Using this approach a binary or dichotomized outcome can
be defined allowing for a statistical analysis in terms of sensitivity, specificity, NPV, PPV
and ROC AUC.

Table 5

C C C B B B A A A

Alg. Alg. Alg6b Alg. Alg. Alg. Alg. Alg5b Algéb
4  5b 4b  5b 6b 4b

Hit-Rate (%) Al 27.4 284 281 288 266 285 381 391 398

Hit-Rate (%) [0] 449 348 435 439 290 419 548 409 507
Hit-Rate (%) [1] 21.7 417 400 312 328 304 377 529 535
Hit-Rate (%)[2] 34 121 69 67 122 89 93 214 143
Hit-Rate (%) [3] 125 125 94 57 171 157 219 313 314
Hit-Rate (%) [4] 269 154 115 273 145 109 360 360 28.0
Hit-Rate (%) [5] 182 455 409 128 359 333 263 550 476

Hit-Rate (%) [6] 65.6 344 344 537 433 448 714 375 387

N 299 299 299 601 601 601 299 299 299

Kappﬁ 0.129 0.098 0.147 0.137 0.133 0.148 0.253 0.182 0.281
L_Kappa 0.070 0.043 0.089 0.095 0.092 0.106 0.189 0.124 0.217
U_Kappa 0.188 0.152 0.205 0.180 0.174 0.189 0.318 0.241 0.345

P(Kappa=0) < < < < < < < < <
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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{

C C B B B A A A

C

Table S (cont.)
Alg. Alg. Algéb Alg. Alg. Alg. Alg. Alg.5b Alg6b
4b 5b 4b 5b 6b 4b

Binary Outcome: ~ Alg. Alg. Alg6c Algde AlgSc Alg6e Alg. Alg. Alg.
dc Se 4c 5¢ 6c

PPV (%) [3-6] 548 560 547 607 564 551 556 574 568

NPV (%)[0-2] 749 79.1 775 766 784 785 760 823 794

Hit-Rate (%) Al 66.6 682 669 702 677 667 676 706 689

Kappa 0.301 0.355 0326 0376 0.350 0.336 0.321 0.402 0.367
L_Kappa 0.192 0251 0220 0301 0276 0263 0212 0.300 0.262

U_Kappa 0.411 0.460 0432 0452 0423 0409 0430 0.504 0.471

P(Kappa=0) < < < < < < < < <
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Sensitivity 60.7 705 679 63.6 710 723 622 743 705

Specificity 70.1 668 663 743 657 632 707 684 679

NAUC) 209 299 299 601 601 601 299 299 299

AUC(ROC) 0.756 0.764 0.775 0.769 0.769 0.775 0.840 0.846 0.862
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(e) Receiver Operating Characteristic (ROC) Curves for Scheuer Score.

Grouping the patients into categories no/mild fibrosis (score 0-1) and
moderate/severe fibrosis (score 2-4) for the Scheuer score and calculating algorithms for

the dichotomous outcome gave the following results:

Algorithm 7:
LOGIT =

7.11957755-0.67952658
LOG(TIMP1)+1.01832374*LOG(COL_VI/HYAL)+0.09461778*LOG(HYAL/LAM)

Algorithm 8:

LOGIT =

8.69084 19-0.76944684*LOG(HYAL)-0.47836706*LOG(COL_IV)+O.43870798*LOG(COL_VI/PIIINP)
+0.74453459*LOG(COL_VI/TIMP1)+0.05 605262*LOG(HYAL/MMP2)-
0.01871531*LOG(LAM/MMP9T)

The algorithms were used to calculate receiver operating characteristic curves for the
categories no/mild fibrosis (score 0-1) and moderate/severe fibrosis (score 2-4) for the
Scheuer score. The calculated scores were compared with scores determined by a single
pathologist (case B), with a consensus score of 3 pathologists (case C) and with the range
covered by all pathologists (case A). Area under curve (AUC) values have been
calculated.

Table 6 shows the diagnostic performance of algorithm 7 and 8. Column C reports
the results of the comparisons between a consensus score of three pathologists and the
marker based results for a given algorithm; column A reports the results of the
comparisons between a range of scores reported by three different pathologists and the
marker based results; column B reports the results of the comparisons between a score
reported by a studies central pathologists (single pathologist) and the marker based results;
The table summarized a "binary outcome" means that groups of marker scores are formed

denoting the group of score 0 and 1 as "negative" and a group of scores 2 to 4 as "positive"
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@éheurer). AUC denotes the Area under the Curve in a receiver operator characteristics

analysis. N is the number of subjects investigated.

Table 6

Algorithm 7 Algorithm 8

C A B C A B
AUC 0.759 0.899 0.759 0.746 0.871 0.756
N 205 295 569 201 291 562

(f) Receiver Operating Characteristic (ROC) Curves for Ishak Score.

Grouping the patients into categories no/mild fibrosis (score 0-2) and
moderate/severe fibrosis (score 3-6) for the Ishak score and calculating algorithms for the

dichotomous outcome gave the following results:

Algorithm 7a:
LOGIT =
7.22920269-0.6803358 1 *LOG(TIMP1)+1.04300795*LOG(COL_VI/HYAL)+0.08483109*LOG(HYAL/LAM)

Algorithm 8a:
LOGIT =
8.92321331-1.28340678*LOG(HYAL)-0.54350583*LOG(COL_IV/HY AL)+

0.47836792*LOG(COL_VI/PIIINP)+0.02076678“LOG(LAM)+0.07719237*LOG(COL_IV/MMP2)+
0.76194671*LOG(COL_VI/TIMP1)

The algorithms were used to calculate receiver operating characteristic curves for the
categories no/mild fibrosis (score 0-2) and moderate/severe fibrosis (score 3-6) for the
Ishak score. The calculated scores were compared with scores determined by a single

pathologist (case B), with a consensus score of 3 pathologists (case C) and with the range
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covered by all pathologists (case A). Area under curve (AUC) values have been calculated
as shown in Table 7.

Table 7 shows the diagnostic performance of algorithm 7a and 8a. Column C
reports the results of the comparisons between a consensus score of three pathologists and
the marker based results for a given algorithm; column A reports the results of the
comparisons between a range of scores reported by three different pathologists and the
marker based results; column B reports the results of the comparisons between a score
reported by a studies central pathologists (single pathologist) and the marker based results;
The table summarized a "binary outcome" means that groups of marker scores are formed
denoting the group of score 0 and 2 as "negative" and a group of scores 3 to 6 as "positive"
(Ishak). AUC denotes the Area under the Curve in a receiver operator characteristics

analysis. N is the number of subjects investigated.

Table 7

Algorithm 7a Algorithm 8a

C A B C A B
AUC 0.763 0.887 0.763 0.751 0.861 0.757
N 205 295 570 292 292 564(g)

Grouped Scores and Multiple Markers.
The liver fibrosis serum markers PIIINP, Collagen IV, Collagen VI, Tenascin,

Laminin, Hyaluronan, MMP-2, TIMP-1 and MMP-9/TIMP-1 complex together with age,
sex and transaminase values are also useful to stratify patients into groups of none/mild
fibrosis, moderate fibrosis and severe fibrosis by grouping the Ishak Scores into the three
following groups: Group 1 Ishak Score 0 and 1; Group 2: Ishak Score 2, 3 and 4 and
Group 3: Ishak Score 5 and 6. Although the concentrations of the individual markers like
Hyaluronic Acid, PIIINP, MMP2, Collagen IV and TIMP-1 correlate with the severity of
liver fibrosis, combinations of markers yield a clearly superior diagnostic performance.
This aspect of the study shows the correlatioﬁ of single markers with the severity of liver
fibrosis as assessed by grouped scores while algorithms 9, 10, and 11 exemplify the
improvements that can be achieved by combining more than one marker into an algorithm.
Hyaluronic Acid.

Hyaluronic Acid has historically shown the best association with stages of liver fibrosis.

The discriminant function for Hyaluronic Acid (in Natural log units) was developed on the
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training cohort also used for the development of all other algorithms. The discriminant

score (Dpy) is given by

Dy, =-3.97+1.016Ln(HA)

Examination of the discriminant scores compared to the biopsy readings suggests that the

Ishak scores be grouped as follows:

Ishak Score Disease State

0-1 None or Mild Fibrosis

2-4 Moderate Fibrosis

5-6 Severe Fibrosis

Modifying the Ishak system in the manner above produced the following training set

discriminant function
D, =-3.70+0.992Ln(HA)

Processing the Hyaluronic Acid marker results from the validation set used for the
validation of all markers indicates a clear and distinct separation of the three groups based
on this marker alone. Cutoff values were picked to achieve 85% sensitivity to detect
severe and moderate fibrosis. The specificity to separate these groups from the none/mild
fibrosis group was the computed. Table 7a below shows the cutoffs with the respective

specificities.

Table 7a

-62 -



WO 2006/009702

Cutoffs at 85% Sensitivity

PCT/US2005/021002

With Specificity compared to None or Mild Fibrosis

Hyaluronic Acid
Disease State Cutoff | Specificity
Severe Fibrosis -0.135 43.1%
Moderate Fibrosis | -1.23 22.9%

Amijonoterminal Propeptide of Procollagen Type 3 (PITINP)

The discriminant function for this marker determined in the training cohort was

determined as

Dy =—2.657+1.646* Ln( PIIINP)

Computing the discriminant scores derived from the PIIINP concentration in the validation

group show that there is a clear separation between the groups. The specificity of the

marker PIIINP to separate between non/mild and moderate respectively severe disease at

the 85% sensitivity level is depicted in Table 7b below.

Table 7b

Cutoffs at 85% Sensitivity

With Specificity compared to None or Mild Fibrosis

PIINP
Disease State Cutoff | Specificity
Severe Fibrosis | -0.135 65.3%
Moderate Fibrosis | -0.855 30.5%
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Matrixmetaloproteinases type 2 (MMP2)

The discriminant function for this assay, again determined in the training cohort is
Dy yipo ==15.0+2.354 Ln(MMP?2)

Computing the discriminant scores derived from the MMP2 concentration in the validation
group show that there is a clear separation between the groups. The specificity of the
marker MMP?2 to separate between non/mild and moderate respectively severe disease at

the 85% sensitivity level is depicted in Table 7c below.

]
Table 7c
Cutoffs at 85% Sensitivity
With Specificity compared to None/Mild Fibrosis
MMP2

Disease State Cutoff | Specificity

Severe Fibrosis -0.276 43.3%

Moderate Fibrosis | -0.664 12.7%

Collagen IV
The discriminant function for Type IV collagen, again as assessed in the training cohort is

D

0

4 ==11.341+2.273Ln(CollagenlV)

Computing the discriminant scores derived from the Collagen IV concentration in the

validation group show that there is a clear separation between the groups. The specificity
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of the marker collagen IV to separate between non/mild and moderate respectively severe

disease at the 85% sensitivity level is depicted in Table 7d below.

Table 7d

Cutoffs at 85% Sensitivity

With Specificity compared to None or Mild Fibrosis

Collagen IV
Disease State Cutoff | Specificity
Severe Fibrosis | -0.421 52.6%
Moderate Fibrosis | -0.887 22.6%

Tissue Inhibitor of Metalloproteinases Type I (TIMP-1)

The only other single marker that significantly discriminated the grouped Ishak categories

was TIMP-1. The discriminant function is

Dyt =—13.289+2.036 * Ln(TIMP —1)

Computing the discriminant scores derived from the Collagen IV concentration in the

validation group show that there is a clear separation between the groups. The specificity

of the marker TIMP-1 to separate between non/mild and moderate respectively severe

disease at the 85% sensitivity level is depicted in Table 7e below.
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Table 7e
Cutoffs at 85% Sensitivity
With Specificity compared to None or Mild Fibrosis

TIMP-1

Disease State Cutoff | Specificity

Severe Fibrosis -0.673 34.1%

Moderate Fibrosis | -1.014 21.1%

(h) Multiple Markers.
This aspect of the study shows the improvement that can be achieved by

combining more than one serum marker into a diagnostic algorithm.
Algorithm 9 contains PIINP and Collagen IV. The discriminant function derived
from the marker finding cohort is:

D, =—7.522+1.21Ln(CollagenlV)+0.947 Ln( PIIINP)

Computing the discriminant scores derived from the Algorithm 9 in the validation group
show that there is a clear separation between the groups. The specificity of the achieved
with algorithm 9 to separate between non/mild and moderate respectively severe disease at

the 85% sensitivity level is depicted in Table 7f below.

Table 7f
Cutoffs at 85% Sensitivity
With Specificity compared to None or Mild Fibrosis
Algorithm 9

Disease State Cutoff | Specificity
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R e 4

ngere Fibrosis -0.074 71.9%

Moderate Fibrosis | -0.862 24.8%

Although the figures show a remarkable specificity increase at the 85% sensitivity level a
comparison of the specificities for Algorithm 9 and PIIINP alone for severe disease, a
McNemar test for correlated proportions indicates that the increase is not significant at the
0.05 level. It should be noted that the exact p of 0.07 is tending toward significance. It is
significant at the 0.1 level though showing that Algorithm 9 outperforms all single marker
derived Ishak scores. There is no significant increase in the specificity compared to the

moderate disease group.

Algorithm 10

Hyaluronic Acid was added to Algorithm 9 with the marker finding cohort yielding
the following discriminant function: (Algorithm 10).

Dy =—6.704+0.749 Ln(CollagenlV ') +-0.607 Lu(HyaluronicAcid) + 0.436 Ln( PIIINP)

{/

Computing the discriminant scores derived from the Algorithm 10 in the validation group
show that there is a clear separation between the groups. The specificity of the achieved
with algorithm 10 to separate between non/mild and moderate respectively severe disease

at the 85% sensitivity level is depicted in Table 7g below.

Table 7
Cutoffs at 85% Sensitivity

With Specificity compared to None or Mild Fibrosis

Algorithm 10
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P —

Disease State Cutoff | Specificity

Severe Fibrosis -0.080 79.3%

Moderate Fibrosis | -0.919 31.4%

The McNemar % is highly significant indicating that the specificity of Algorithm 10 is far
superior to PIIINP alone or any other single marker. Also Algorithm 10 is superior over
Algorithm 9 at the 0.05 significance level.

Algorithm 11 (PIIINP, Collagen IV, Hyaluronic Acid and MMP2)

Computing the discriminant scores derived from the Algorithm 11 in the validation

group show that there is a clear separation between the groups. The specificity achieved
with algorithm 11 to separate between non/mild and moderate respectively severe disease
at the 85% sensitivity level is depicted in Table 7h below.
Table 7h
Cutoffs at 85% Sensitivity
With Specificity compared to None or Mild Fibrosis
Algorithm 11

Disease State Cutoff | Specificity

Severe Fibrosis -0.229 80.6%

Moderate Fibrosis | -0.662 32.5%

Although algorithm 11 shows a specificity improvement at the 85% sensitivity level
compared to the results of each single marker, the improvement of Algorithm 11 over
Algorithm 10 has not reached significance in the sample size investigated: McNemar
x’=2.18, p=0.14. As for all other improvements of the performance that has not reached

sensitivity it is highly likely that it will once larger patient cohorts will be investigated.
2. Longitudinal Monitoring of the Progression of Liver Disease.
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Eighty-five patients were monitored over two years with a liver biopsy taken in the
beginning and at the end of the study. Serum was drawn from all patients and at one to
eight different time points during the study.

The marker derived calculated pathology score was computed from the following

logistic regression:

D =-10.06+0.814Ln(CRATIO)+0.640Ln(HYALURON) )
(Algorithm 12)
+0.639Ln(MMP2)+0.431Ln(P3NP)
In algorithm 12, CRATIO means the ratio of serum values of collagen VI and
collagen IV.
The following Table 8 summarizes how the discriminant scores (Algorithm 12)
from patients from the assay validation cohort are clustering around their corresponding
histopathology scores:

Table 8

Ishak
S n | Mean SD SE | 95% CI of Mean | Median | 95% CI of Median
core

0 155 | -0.770 | 0.823 | 0.066 | -0.900 | -0.639 | -0.890 | -1.040 -0.730

1 125 | -0.612 [ 0.795 | 0.071 | -0.753 | -0471 | -0.620 | -0.820 -0.480

2 90 |-0.203 | 1.041 | 0.109 | -0.421 | 0.016 | -0.325 | -0.500 -0.090

3 70 1-0.001 | 1.102 | 0.132 | -0.264 | 0.261 | -0.220 | -0.400 0.280

4 55 1 0291 | 1.126 | 0.152 | -0.013 | 0.596 | 0.170 -0.190 0.550

5 39 | 0.907 | 1.176 | 0.188 | 0.526 | 1.288 | 0.690 0.260 1.290

6 67 | 1.538 | 1.396 | 0.171 | 1.197 | 1.878 | 1.520 1.310 1.890

Cutoff values to allow making a call for individual scores were established by taking the
average of the corresponding discriminant scores to be separated. Using the calculated
liver disease scores a non parametric regression was computed to obtain a slope (severity

of disease vs. time; Theil estimator of the regression coefficient). 95% confidence
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intervals were computed for each slope with a confidence variable v defined for each

slope. v has the folloWing values:

v=

contain zero

Accordingly w was defined as:

-1 (improvement) if the Ishak score decreased by at least 2 levels

W=

0 if the 95% CI for the slope contains zero

0 (no change) if the Ishak score was *+1

1 (positive) if the slope>0 and the 95% CI does not contain zero

1 (progression) if the Ishak score increased by at least 2 levels

-1 (negative) if the slope is negative and the 95% CI does not does not

With these two definitions a three by three concordance table for the results of the 85

patients was set up yielding the following results shown in Table 9.

Table 9
Change in Pathology (w)
Slope (v) -1 0 1 Total
-1 1 11 0 12
0 6 41 7 54
1 1 13 5 19
Total 8 65 12 85

Table 9 shows that for the 12 patients that had a disease progression (assessed by

pathology) no patient had a declining discriminant score. Also, for those patients who had

improvement in their disease only one had a positive slope. Overall, the concordance is
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significant at the 0.1 level pfo(riﬁg the aﬂliﬁy of the serum marker based algorithms to

monitor the progression and regression of liver disease longitudinally.

Further analyses of the Multicenter (“ELF”) Study.

The data collected in the ELF study were reanalyzed using an alternative approach
to the statistical analyses of the data.

The performance of embodiments of the invention in the ELF study was compared
to two extensively accepted histological staging systems. It is recognized that histological
staging is based upon flawed assumptions. First, all staging systems require the pathologist
to assign categorical values to biopsies in order to differentiate stages that represent a
range of fibrosis from "none" to "cirrhosis." This range of pathology would be more
accurately represented by a continuous variable score. Secondly, both the Scheuer and
Ishak histological staging systems assume linearity of progression between stages, but it is
widely recognized that a stage of 4 is not necessarily twice as bad as a stage of 2(30A;
31A)

To address this second assumption, an embodiment of the invention was used to
determine the distribution of algorithm scores across a ran ge of fibrosis in order to
determine how the scores vary with histological disease severity. Previous surrogate
marker studies have arbitrarily bifurcated histological stages into two groups taken to
represent “no or mild fibrosis” and “moderate or severe fibrosis”, based upon the opinions
of experts and the assumption that progression through the histological stages is linear.
These bifurcated stages were then used to compare the performance of histology to serum

marker scores.

In the present analysis, no assumption was made about the grouping of liver
histological stages and their correlation with marker scores. The marker data were plotted,
revealing two natural groupings with a clear division that correlated with bifurcation of the
histology stages at a point between Scheuer stages 2 and 3, and Ishak stages 3 and 4. The
data indicate that these changes in stage represent biologically significant step points in

disease progression.

Specifically, the relationship between levels of nine serum fibrosis markers and
liver fibrosis was assessed by histological examination of liver biopsies from 1,021
subjects obtained as part of the investigation of chronic liver disease at 13 centers in the
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previously described ELF study. The recruitment of patients in the study is shown in
Figure 1.

In the ELF Study, subjects were considered eligible if they were due to undergo
liver biopsy for the investigation of chronic liver disease, defined as abnormal biochemical
liver function tests persisting for more than 6 months. Additional inclusion criteria were
the ability to provide informed consent, age over 18 years and less than 75 years. Patients
were excluded from the study if their age fell outside this range ; if they had any disorder
associated with extra-hepatic fibrosis including rheumatic, renal or lung disease; if they
had cardiovascular disease or cancer; advanced cirrhosis with evidence of decompensation
(Child-Pugh class C) ; consumption of regular aspirin; or had hepatocellular carcinoma or
drug-induced liver disease.

Of the 1,021 subjects recruited the numbers in each diagnostic category were:
Chronic Hepatitis C 496; Alcoholic liver disease 64; Primay Biliary Cirrhosis or Primary
Sclerosing Cholangitis 53; Fatty liver 61; Hepatitis B 61; Recurrent disease Post Liver
Transplant 48; Autoimmune Hepatitis 45; Haemochromatosis 32; Cryptogenic cirrhosis
19; Hepatitis B&C 4; Other (including granulomatous disease of unknown aetiology and
normal 138. Men represented 63% of the sample; the average age was 44.1 years, standard
deviation =12.8 years, range=19-25 years. There were no significant differences between
the subjects in GA, GT, GV or morphometry groups.

Serum samples in addition to routine blood tests, were obtained at the time of liver
biopsy and processed immediately. Nine different immunoassays were developed to run
on the Bayer IMMUNO 1™ system. The heterogenous ELISA-type assays formatted for
the Bayer Immuno 1 system described previously herein were used. The full panel of
molecular targets was selected as surrogate markers of matrix synthesis or degradation,
based upon knowledge of the basic mechanisms involved in liver fibrosis. The antibody
pairs used in the assays, and their sources, were the same as the antibody pairs and sources
described previously in connection with the discussion herein of the use of discriminant
function analysis to determine variables that discriminate between the different liver

fibrosis scores. No serum marker scores were deemed indeterminate.

All biopsies were analyzed locally and by one central pathologist (A). Clinical
details or biochemical samples were incomplete for 45 subjects and 55 of the remaining
976 biopsies were considered to be inadequate for full histological analysis due to

inadequate length (< 12mm) or too few portal tracts. Biopsies, serum samples and clinical
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details were available for 921 subjects who were included in the final analysis constituting

group Ga.

Three expert liver pathologists participated in the study. The Central Pathologist
(A) assessed 921 biopsies using the Scheuer (27) and Ishak (28) staging systems. For
conditions other than chronic viral or immune hepatitis modifications of the criteria
statements were made to reflect the distribution of fibrosis (e.g. in alcoholic and non-
alcoholic steatohepatitis, perivenular and pericellular fibrosis replaced portal and
periportal fibrosis). This group was denoted as G and it was from this group of samples
that the test and validation sets were derived, Pathologist A and B used a separate
“coaching” set of slides, reflecting the range of chronic liver diseases represented in the
study to initially harmonize their scoring prior to assessing the study biopsies. Pﬁthologist
C used the same descriptors for the Ishak and Scheuer systems as A and B but staged
biopsies without having undergone “coaching”. Pathologist A re-staged all 921 biopsies
including a "consensus set" of 620 designated Gc that were also staged independently by
pathologists B and C. Individual fibrosis stages (Scheuer 0-4 and Ishak 0-6) were

recorded.

In this way four series of sets of staging were generated. Those of the central
pathologist are designated Ra; and Ry, those pathologist B, Rg, and pathologist C, Re.
Comparison of these stagings allows investigation of intra-observer variation (Ra; versus
Ra), inter-observer variation between “coached” pathologists reflecting the research
setting (Ra; versus Rp) and inter-observer variation between expert hepato-pathologists
working independently but using shared scoring systems (Ra; versus Re, and Rg versus
Rc). These latter comparisons accurately reflect the situation that pertains in clinical

practice.

(a) Analytical Techniques.

In order to derive algorithms combining serum markers a group of 400 cases (Gr)
was selected at random from the group of 921 patients with biopsies. Algorithms were
developed by including a marker if its addition to the algorithm increased the overall
generalized distance between groups. Clinical chemistry and haematology test results were
also examined in this way. An optimal algorithm was selected and the performance of this

algorithm was then validated in the remaining set of 521 biopsies from G4 designated as
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the validation group (Gv) using the staging assigned by pathologist A. Analysis of the
performance characteristics of this algorithm in relation to its ability to distinguish
between histological fibrosis staging was used to identify the break point that distinguishes
between cases with lower histological fibrosis staging from those with higher staging, thus
creating binary outcomes that may reflect the true biological progression of liver fibrosis.
This approach avoided assumptions about the linearity of fibrosis progression. The
reproducibility of the performance of the algorithm was evaluated by determining its

performance against biopsy staging assigned by pathologists B and C.

Morphometric image analysis was conducted using a Kontron image analyser and
an interactive programme allowing field editing to measure the area of fibrosis as a
percentage of total liver tissue detected after staining 836 suitable biopsies with Pico Sirius
Red/Fast Green. The percentage of the entire section stained positive for fibrous tissue was
determined in each case and a mean value generated (20A).

Applied statistical methods included analysis of variance (AN OVA), discriminant
analysis, and logistic regression for binary grouped biopsy stage. Kappa statistics were
calculated to determine agreement between pathologists. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and prevalence for the binary
outcomes were assesses using ROC analysis. All analyses were performed using the

SPSS® software package (SPSS, Inc., Chicago, IL, USA).
(b) Results.

In all cases agreement between pathologists for the Scheuer staging exceeded that
for the Ishak staging. The level of agreement between the two sets of staging assigned by
pathologist A (Ra; and Raz) was high, (kappa>0.9 for Scheuer and 0.76 for Ishak).

The primary aim of the study was to investigate the ability of serum markers to
identify significant histological fibrosis. The mean, median and standard error of the mean
(SEM) for each marker in Gt and Gy were determined. A multivariate ANOVA indicated
that there were no between group differences for all markers taken together (Hotelling’s
T=0.01, F=1.14, df1=9, df2=911, p=0.33). An examination of the associated individual t-
tests revealed no significant differences between the groups on any individual marker.
Chi-square analysis indicated that there are no differences in the etiologic breakdown for

each group. (Likelihood Ratio Chi-square= 6.34, df=6, p=0.38) (data not shown).
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Algorithms combining the serum m.._2rs were evaluated for each scoring system

for their ability to discriminate between the biopsy stages in the Gt group.

Similar performance characteristics were found with algorithms that incorporate
hyaluronic acid, collagen IV, collagen VI, laminin, amino terminal peptide of procollagen
I (PIIINP), tissue inhibitor of metaloproteinase 1 (TIMP-1) and matrix metalloproteinase
2 (MMP-2) in varying combinations. The addition of other serum markers, the results of
clinical chemistry tests including liver function tests, or haematological indices including

platelet count and prothrombin time did not improve the performance of the algorithms.

We present the results for the algorithm that resulted in the maximum separation of
the biopsy groups over the full range of stages (Scheuer stages 0-4, Ishak stages 0-6). The
results from all similar combinations indicated that the biopsy stages within each scale
could be bifurcated. Figure 2a demonstrates the cumulative distribution for the 3 marker
“best fit” model for the Scheuer staging system. Figure 2b demonstrates the cumulative
distribution for the model in the Ishak system. The model contained values for hyaluronic
acid, amino terminal peptide of procollagen III (PIIINP), tissue inhibitor of

metaloproteinase 1 (TIMP-1) and age. The formulae for these algorithms were as follows.

The formulae for the algorithms used in these analyses are as follows:

Scheuer:

1
1+€*
Z =-0.132In(age) +0.97n(HyaluronicAcid) +0.772In(PIINP) +0.477 n(TIMPI) —8.821

Score =

Ishak:

With:
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Z =-0.196- In(age) +0.959 - In(HyaluronicAcid) +0.761- In(PHINP) +0.539 - In(TIMP1) —8.92

Examination of the distributions indicated a natural division at the Ishak stage of 3
or at a Scheuer stage of 2. This was substantiated by examination of the generalized
distances between stages on each system (data not shown) generating two categories of
“No/Mild” and “Moderate/Severe” fibrosis corresponding to Scheuer 0-2 , Ishak 0-3 and
Scheuer 3-4, Ishak 4-6 respectively (see Figure 4) . Logistic regression was used to fit the
bifurcated staging for each system to the model presented above. Logistic scores were
obtained for patients in the test (Gr)and validation (Gy)groups. Table 10(a) demonstrates
the AUC for each bifurcated system in both groups. Both systems yield identical results
in term of AUC. For the Gy cohort the AUC are 0.804; SE=0.023; p<0.0001;
95%CI=0.758 to 0.851 for Scheuer and 0.804; SE=0.023; p<0.0001; 95%CI=0.758 to
0.850 for Ishak.

Referring to Figure 1, the middle horizontal line is the median, the notched region
denotes the estimated 95% CI on the median. The end lines are the 25™ and 75 percentile.
The dashed lines indicate the “acceptable range” for data. Crosses and circles indicate
potential “outliers.” The data plotted shows the distribution of discriminant scores for

biopsies of Scheuer stage 0-2 and 3-4.

Performance of the algorithm in specific chronic liver diseases was evaluated. The
AUC for the three most common liver disorders in the cohort are also shown in Tables
10(a) and (b) for both the Scheuer and Ishak stage systems. The data represent the
performance of the algorithm in detecting bifurcated outcomes (0,1,2:3,4 for Scheuer and
0,1,2,3:4,5,6 for Ishak) for the 400 Test (GT) and 521 Validation (GV) samples from the
whole cohort of patients with diverse chronic liver diseases; and for patients with hepatitis
C, Non-alcoholic fatty liver disease and alcoholic liver disease. Area Under the Curve for
Receiver Operator Characteristic curves, standard errors (SE), associated p values and

95% confidence intervals for the AUC are presented.

Table 10(a)

Area Under the Curve of Receiver Operator Characteristic curves
By Group and System
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Group | System | Area SE p 95% CI of Area

Gr Scheuer**( 0.863 | 0.0212 | <0.0001 0.822 to 0.905

Gy Scheuer**| 0.804 | 0.0235 | <0.0001 0.758 to 0.851

Gr Ishak* |0.860| 0.0211 | <0.0001 0.818 to 0.901

' Gy Ishak* [0.804| 0.0234 | <0.0001 0.758 to 0.850

Table 10 (b)

[Performance in Subgroups
Group System  |Area [SE P 05% CI of Area

epatitis C Gy Scheuer** [0.773(0.0386 [<0.0001 0.697 to 0.848
Hepatitis C Gy Ishak* 0.84210.0391 (<0.0001 0.765 to 0.919
INAFLD Gy Scheuer** [0.870{0.1040 [0.0002 0.666 to 1.000
INAFLD Gy - [lshak* 0.931/0.0373 [<0.0001 0.858 to 1.000
Alcohol Gy Scheuer®* [0.944(0.0555 [<0.0001 0.836 to 1.000
Alcohol Gy [shak* 0.92310.0671 <0.0001 0.792 to 1.000

*Bifurcated (0,1,2,3):(4,5,6)

)

++ Bifurcated (0,1,2):(3,4)

Using the Scheuer staging system, for Hepatitis C AUC=0.773; SE=0.0386;
p<0.0001; 0.697 to 0.848; for NAFLD AUC=0.870; SE=0.104; p<0.0002; 95%CI=0.666
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to 1.000; for Alcoholic liver disease (ALD) AUC=0.944; SE=0.0555; p<0.0001;
95%C1=0.836 to 1.000.

Tables 11a and 11b demonstrate specific coordinates for the validation (Gvy) curves

at different score thresholds for both the Ishak (11a) Scheuer (11b) systems.
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Table 11(a)
Specific Coordinates of the ROC Curve in Gy
Ishak Scoring System - Algorithm:Pathologist A
Positive | Negative
Score | Sensitivity | Specificity | Predictive | Predictive
Power Power
0.066 95% 25% 31% 93%
0.102 90% 41% 35% 92%
0.130 85% 52% 39% 91%
0.178 80% 66% 46% 90%
0.241 69% 80% 56% 88%
0.285 63% 85% 60% 86%
0.364 53% 90% 66% 84%
0.468 44% 95% 76% 83%
0.820 19% 99% 90% T7%
Performance of algorithm relative to Pathologists B and C
0.102%| 87.9% 42.8% 37.2% 90.2%
0.102°] 89.3% 42.2% 34.2% 92.2%
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Table 11(b)
Specific Coordinates of the ROC Curve in Gy
Scheuer Scoring System - Algorithm:Pathologist A
Positive | Negative
Score Senéitivity Specificity | Predictive | Predictive
Power Power
0.063 95% 24% 31% 93%
0.102 90% 41% 35% 92%
0.130 85% 53% 40% 91%
0.179 80% 67% 46% 90%
0.238 69% 80% 55% 88%
0.273 64% 85% 60% 87%
0.358 54% 90% 65% 84%
0.457 47% 95% 75% 83%
0.507 44% 96% 80% 83%
0.826 19% 99% 90% T7%
Performance of algorithm relative to Pathologists B and C
0.102°| 86.7% 51.2% 40.7% 90.9%
0.102%| 86.5% 49.5% 36.2% 91.7%
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The specific coordinates for the ROC curve for the Gy cohort are shown in the
table. Sensitivity, specificity, positive predictive value and negative predictive value have
been calculated for a range of algorithm threshold scores. In addition performance
characteristics are presented for the algorithm compared to the staging assigned by
pathologists B and C using an algorithm threshold score of 0.102, the score that gave a
sensitivity of 90% in detection of significant fibrosis in the series staged by pathologist A.

Data are presented for comparison with the Ishak staging (12a) and Scheuer staging (12b).

In addition to sensitivity and specificity, positive and negative predictive values are
shown. The sensitivity for the detection of Scheuer Stage 3 or 4 fibrosis is 90% at a
threshold algorithm score of 0.102 yielding a NPV=92%. Specificity is 99% at a threshold
score of 0.82 yielding a PPV=90%. The corresponding values for Ishak Stages 4-6 are
90% and 92% at a threshold of 0.102.

The performance of the algorithm was evaluated by comparison with the biopsy
stages assigned by the other two pathologists using a threshold score of 0.102. The
sensitivity for the detection of Scheuer stage 3 or 4 fibrosis is 86.7% for B and 86.5% for
C at a threshold algorithm score of 0.102 yielding NPV=90.9% and 91.7% respectively.
Using a threshold algorithm score of 0.102 the corresponding values for Ishak stages 4-6
for B are sensitivity=87.9%; NPV=90.2% and for C sensitivity=89.3%; NPV=92.2%.

Results for the performance of the algorithm in the three most prevalent chronic
liver diseases represented in the Gy cohort staged by Pathologist A, chronic hepatitis C
(CHC), Non-alcoholic fatty liver disease (NAFLD) and alcoholic liver disease (ALD) are
shown in Tables 12a and 12b. These tables present the ROC coordinates, sensitivity,
specificity and negative and positive predictive values for algorithm score thresholds

yielding results exceeding 90%.
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Table 12a

Sensitivity and Specificity in Gy_Patients

Scheuer Staging

Disease | Score | Sensitivity | Specificity | PPV NPV
0.063 95% 29% 277% | 94.9%
0.067 90% 31% 27.5% | 92.3%
0.090 85% 43% 29.9% | 91.1%
0.126 80% 58% 352% | 91.0%

O

;g 0.190 63% 80% 47.9% | 88.5%

E 0.219 52% 85% 50.0% | 86.2%
0.268 47% 90% 57.8% | 85.6%
0.426 38% 95% 70.0% | 84.3%
0.564 30% 99% 89.5% | 83.3%

NAFLD| 0.375 89% 96% 80% 98%
0.462 78% 98% 87% 96%

ALD | 0.087 100.0% 16.7% 75.0% | 100.0%
0.431 93.3% 100.0% 100.0% | 85.7%
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Table 12b
Ishak Staging
Disease Score Sensitivity | Specificity | PPV NPV
0.065 100% 28% 19.2% | 100.0%
0.067 95% 29% 18.5% | 96.8%
0.076 91% 33% 19.0% | 95.9%
0.130 86% 56% 25.2% | 96.0%
&) 0.177 80% 2% 32.9% | .95.6%
£
08;4 0.196 77% 80% 40.0% | 95.5%
am
0.230 69% 85% 44.6% | 94.2%
0.286 61% 90% 51.2% | 93.1%
0.418 50% 95% 62.1% | 91.7%
0.710 36% 99% 84.6% | 89.3%
NAFLD 0.381 100% 88% 40% 100%
0.462 75% 90% 37% 98%
0.855 25% 98% 49% 94%
ALD 0.092 100.0% 12.5% 83.8% | 100.0%
0.447 92.3% 87.5% 97.1% | 71.5%
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0.621 84.6% 100.0% |100.0% | 59.0%

The specific coordinates for the ROC curve for the GV cohort are shown in the
table. Sensitivity, specificity, positive predictive value and negative predictive value have
been calculated for a range of algorithm scores. Data are presented for comparison with
the Scheuer staging (12a) and Ishak staging (12b). In each case the table (a) refers to
Scheuer staging and (b) to Ishak staging. At a threshold value of 0.065, for Ishak fibrosis
stage 4-6, the Sensitivity=100%,Negative Predictive Value=100%.

For NAFLD comparison to the Scheuer system, for fibrosis stage 3 or 4, using an
algorithm score threshold value of 0.375 the sensitivity=89%,specificity=96%, PPV=80%
and NPV=98%. In alcoholic liver disease, for detecting Scheuer fibrosis stage 3 or 4,
using a threshold score of 0.087 the sensitivity=100% and NPV=100%, while a threshold
of 0.431 yields a sensitivity=93.3%, specificity=100%, PPV=100% and NPV=85.7%.

By convention clinicians and pathologists differentiate three categories of liver
fibrosis as “mild”, “moderate” and “severe” fibrosis corresponding to Scheuer stages 0,1;
2,3 and 4. The transition from mild to moderate fibrosis is frequently recognized as a
significant step in disease progression, reflecting a milestone that has significance for
prognosis and influencing decisions on patient management. Accordingly the data were
analyzed using bifurcation between Scheuer stages 0,1 and 2,3,4 rather than the
bifurcation based on the distribution of algorithm discriminant scores between stages 0,1,2
and 3.4.

The results reveal a comparable level of performance. Results yielding 90%
sensitivity for the detection of moderate/severe fibrosis are shown in Table 13 below for
bifurcation between Scheuer stages 0,1:2,3,4 (A) and 0,1,2:3,4 (B). The data were also
analyzed for the ability to detect stage 4 fibrosis (cirrhosis) with 90% sensitivity (C).
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Table 13
Scheuer Score | AUC SE P 95% Clof Area | DST |Sensitivity| Specificity
A=0,1v234 | 0782 |0.0213| <0.0001 | 0.740t00.823 | -0.864 | 90.3% 29.6%
B=0,1,2v34 | 0.804 |0.0236| <0.0001 | 0.7571t00.850 | -0.671 90.5% 37.5%
C=0,1,23v4 | 0.887 [0.0256| <0.0001 | 0.837100.937 | 0.025 90.7% 69.2%

The data in Table 13 represent the performance of the algorithm in detecting bifurcated
outcomes (A=0,1: 2-4 B=0,1,2:3,4 and C=0,1,2,3 : 4 for the Scheuer system) for the 400
Test (Gr) and 521 Validation (Gy) samples from the whole cohort of patients with diverse
chronic liver diseases. The results presented include area under the curve (AUC) of
receiver operator characteristic curves, associated standard errors and p values with 95 %
confidence intervals. The sensitivity and specificity for the detection of fibrosis are
presented for specific Discriminant Score Threshold values (DST). “A” represents the
bifurcation conventionally used to differentiate mild from moderate and severe liver
fibrosis. “B” is the bifurcation suggested representing the differentiation between mild and
moderate fibrosis derived from analysis of the distribution of scores in the cohort. “C”

represents the differentiation between severe fibrosis/cirrhosis and mild/moderate fibrosis.
(d) Conclusions.

Analyses of the ELF study verified that embodiments of the invention which
combine serum markers of liver fibrosis can be used to identify significant liver fibrosis in
patients with a range of chronic liver diseases with a sensitivity of 90%. The invention
provided a similar level of sensitivity when compared to the scoring of three different
pathologists, illustrarting that it can be employed with similar accuracy in different

settings.
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Embodiments of the invention have been validated by assessing levels of
agreement between expert pathologists, agreement with image analysis, the performance
of individual markers of fibrosis, and the performance of the invention in diagnosing a
range of chronic liver diseases, including the three of the most common conditions

encountered in our clinical practice.

The cohort of patients tested included patients suffering from a wide range of
chronic liver diseases. The performance of embodiments of the invention in evaluating this
cohort indicates that it can be used to identify patients with significant degrees of fibrosis
in a wide range of liver disorders. The change in sensitivity and specificity with changes in
the threshold score of the algorithm reveals that the invention can be used with a high
degree of accuracy to detect either the presence or absence of significant liver fibrosis

depending on the test threshold employed.

Furthermore, the instant results indicate that the invention is useful in monitoring
therapeutic interventions directed at preventing fibrosis in patients with progressive
chronic liver diseases. Recognition that liver fibrosis is a reversible process has lead to
considerable interest in the development of anti-fibrotic therapies. The evaluation of anti-
fibrotic drugs will depend upon the use of diagnostic tests that will allow investigators to
determine their efficacy. Repeated and frequent use of liver biopsies is neither ethical nor
practical; biopsies are also subject to sampling error and variability in interpretation. The
invention provides a more practical and acceptable alternative to evaluate changes in
histological stage as outéome measures used in the evaluation of new anti-fibrotic

therapies.

In addition, we have shown that embodiments of the invention are useful in
monitoring disease progression or response to alterations in life-style, such as reduction in
alcohol intake, hepatitis C or alcoholic liver disease, and weight loss in NAFLD and
hepatitis C.

The aforementioned results show that embodiments of the invention performed
particularly well in diagnosis of the status and progress of hepatitis C, NAFLD and
alcoholic liver disease, the three most common conditions encountered in clinical
hepatology practice. In each of these conditions, by selecting an appropriate test threshold,
a PPV or NPV exceeding 90% can be attained, indicating that the invention will be of
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considerable use in clinical practice to either confirm or refute the presence of significant

fibrosis in patients with these disorders.

Recent studies in hepatitis C have reported similar levels of performance for
indices combining readily available biochemistry and haematology tests. Forns, et al.,
Hepatology 2002;36:986-992; Wai, et al., Hepatology 38, 518-526. 2003. These studies
made assumptions about the point at which fibrosis became significant and employed
bivariate logistic regression to derive algorithms, rather than deriving the step-point in

fibrosis from analysis of the data in the test sets.

In diagnosing the status or progression of hepatitis C, the invention could be used
to determine the potential benefit and timing of anti-viral therapy. Our analyses indicate
that in patients with non-alcoholic fatty liver disease, the invention could be used to
differentiate the minority of patients at risk of significant fibrosis from the majority who

have relatively benign steatosis without significant fibrosis(32A).

In patients with alcoholic liver disease, our results show that embodiments of the

invention performed at the highest level, attaining sensitivities and specificity of 100%.

These data indicate that embodiments of the invention could be used both to
identify those patients at risk of signiﬁcant fibrosis and to identify the majority of patients

with alcoholic liver disease that have little hepatic fibrosis.
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What is claimed is:

1. A method comprising aiding in the diagnosis of the status or progress of a liver
disease in a patient by determining at one or more time points a predictor value for each
time point, wherein a comparison at one or more time points of the predictor value and a
comparative data set is used to ascertain the status or progress of patient liver disease, and
wherein patient predictor values are calculated by inputting data reflecting values of two
or more blood markers, and optionally one or more supplementary markers, into a linear
or nonlinear function algorithm derived by correlating reference liver histopathological

and blood marker data.

2. A method of claim 1, wherein the comparative data set comprises one or more
numerical values, or range of numerical values associated with a liver disease, and the

blood markers are serum markers.

3. A method of claim 3, wherein the comparative data set comprises values
corresponding to values determined by one or more of the following tests: Scheuer Score
(0—4), the Modified Ishak Score (HAI) A - Interface Hepatitis (0—4), the Modified Ishak
Score (HAI) B - Confluent Necrosis (0-6), the Modified Ishak Score (HAI) C - Spotty
Necrosis (0-4), the Modified Ishak Score (HAI) D - Portal Inflammation (0-4), and the
Modified HAI Score (Ishak Score) (0-6).

4, A method of claim1, wherein the blood markers are serum markers which are
selected from at least two or more of the following: N-terminal procollagen III propeptide
(PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-2, TIMP-1,
MMP—9/TIMP-1 c'omplex, alanin-aminotransferase (ALT), aspartat-aminotransferase
(AST).

5. A method of claim 4, wherein predictor values are calculated by inputting data
reflecting values of two or more blood markers and optionally one or more supplementary
markers selected from the group consisting of patient weight, sex, age, and serum

transaminase levels.
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6. A method of claim 1, wherein the linear or nonlinear function algorithm is derived
by correlating reference liver histopathological and blood marker data using either

discriminant function analysis or nonparametric regression analysis.

7. A method of claim 6, wherein reference liver histopathological and blood marker
data includes data indicative of fibrogenesis or fibrolysis, elevated serum marker levels

indicative of liver disease, or other liver disease clinical symptoms.

8. A method of claim 7, wherein reference liver histopathological and blood marker

data is based upon data determined for one or more subjects other than the patient.

9. A method of claim 7, wherein reference liver histopathological and blood marker

data is based upon data relating to the patient.

10. A method of claim 9, wherein reference liver histopathological and blood marker
data is based upon data relating to the patient and one or more subjects other than the

patient.

11. A method of claim 1, wherein the linear or nonlinear function algorithm is derived
by:

(a) compiling a data set comprising blood marker and histopathological data for a first

group of subjects;

(b) deriving a linear or nonlinear function algorithm from the compiled data set through
application of at least one analytical methodology selected from the group consisting of
discriminant function analysis, nonparametric regression analysis, classification trees, and

neural networks;

(c) calculating validation biopsy score values for a second group of subjects by inputting
data comprising blood marker values for the second group of subjects into the algorithm
derived in step (b);

(d) comparing validation biopsy score values calculated in step (c) with liver
histopathological scores for the second group of subjects; and

(e) if the validation biopsy scores determined in step (c) do not correlate within a
clinically-acceptable tolerance level with liver histopathological scores for the second

group of subjects, performing the following operations (i)-(iii) until such tolerance is

- 96 -



WO 2006/009702 PCT/US2005/021002

satisfied: (i) modifying the algorithm on a Ba;ié or bases comprising (1) revising the data
set for the first group of subjects, and (2) revising or changing the analytical methodology
(ii) calculating validation biopsy score values for the second group of subjects by inputting
data comprising blood marker values for the second group of subjects into the modified
algorithm (iii) assessing whether validation biopsy score values calculated using the
modified algorithm correlate with liver histopathological scores for the second group of

subjects within the clinically-acceptable tolerance level.

12. A method of claim 11, wherein the algorithm is derived through application of
discriminant function analysis or neural networks and the blood marker values are serum’

marker values.

13. A method of claim 1, wherein patient predictor values are determined at two or

more time points.

14. A method of claim 13, wherein patient predictor values determined at two or more

time points are compared to ascertain the status or progress of a liver disease in the patient.

15. A method of claim 13, wherein patient predictor values are discriminant scores,
more than one discriminant score is determined at each time point, and the highest

discriminant score is selected as the predictor value at each time point.

16. A method of claim 5, wherein transaminase levels include levels of alanin-

aminotransferase (ALT) and aspartat-aminotransferase (AST).

17. A method of claim 12, wherein a linear or nonlinear function algorithm is derived
using a neural network.

18. A computer readable medium having stored thereon a data structure comprising

a data field containing data representing a linear or nonlinear function algorithm defined
by concentration values for two or more of the following serum markers: N-terminal
procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin,
Hyaluronan, MMP-2, TIMP-1, MMP-9/TIMP-1 complex, alanin-aminotransferase (ALT),
aspartat-aminotransferase (AST).

19. A computer readable medium of claim 18, wherein the linear or nonlinear function
algorithm is derived by:
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(a) compiling a data set comprising blood marker and histopathological data for a first

group of subjects;

(b) deriving a linear or nonlinear function algorithm from the compiled data set through
application of at least one analytical methodoiogy selected from the group consisting of
discriminant function analysis, nonparametric regression analysis, classification trees, and

neural networks;

i

(c) calculating validation biopsy score values for a second group of subjects by inputting
data comprising blood marker values for the second group of subjects into the algorithm
derived in step (b);

(d) comparing validation biopsy score values calculated in step (c) with liver
histopathological scores for the second group of subjects; and

(e) if the validation biopsy scores determined in step (c) do not correlate within a
clinically-acceptable tolerance level with liver histopathological scores for the second
group of subjects, performing the following operations (i)(iii) until such tolerance is
satisfied: (i) modifying the algorithm on a basis or bases comprising (1) revising the data
set for the first group of subjects, and (2) revising or changing the analytical methodology
(ii) calculating validation biopsy score values for the second group of subjects by inputting
data comprising blood marker values for the second group of subjects into the modified
algorithm (iii) assessing whether validation biopsy score values calculated using the
modified algorithm correlate with liver histopathological scores for the second group of
subjects within the clinically-acceptable tolerance level.

20. A data structure stored in a computer-readable medium that may be read by a
microprocessor and that comprises at least one code that uniquely identifies a linear or
nonlinear function algorithm defined by concentration values for two or more of the
following serum markers: N-terminal procollagen III propeptide (PITINP), Collagen IV,
Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-2, TIMP-1, MMP-9/TIMP-1

complex, alanin-aminotransferase (ALT), aspartat-aminotransferase (AST).

21. A data structure stored in a computer-readable medium that may be read by a
microprocessor and that comprises at least one code that uniquely identifies predictor

functions and values derived from predictor functions in accordance with claim 1.
22. A diagnostic kit comprising:
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(a) a data structure stored in a computer-readable medium that may be read by a
microprocessor and that comprises at least one code that uniquely identifies predictor |

functions and values derived from predictor functions in accordance with claim 1; and

(b) one or more immunoassays that detect and determine values for patient diagnostic
markers comprising patient levels of at least two or more of the following: N-terminal
procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin,
Hyaluronan, MMP-2, TIMP-1, and MMP-9/TIMP-1 complex.

23. A diagnostic kit of claim 22, wherein the computer-readable medium is a ROM, an’
EEPROM, a floppy disk, a hard disk drive, a CD-ROM, or a digital or analog

communication link.

24. A diagnostic kit of claim 22 comprising instructions that identify predictor

functions and values derived from predictor functions in accordance with claim 1.
25. A diagnostic kit comprising:

(2) instructions that uniquely identify predictor functions and values derived from

predictor functions in accordance with claim 1; and

(b) one or more immunoassays that detect and determine values for patient diagnostic
markers comprising patient levels of at least two or more of the following: N-terminal
procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin,
Hyaluronan, MMP-2, TIMP-1, and MMP-9/TIMP-1 complex.

26. A diagnostic system comprising:

(a) adata structure stored in a computer-readable medium that may be read by a
microprocessor and that comprises at least one code that uniquely identifies predictor

functions and values derived from predictor functions in accordance with claim 1; and

(b) one or more immunoassays that detect and determine values for patient diagnostic
markers comprising patient levels of at least two or more of the following: N-terminal
procollagen III propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin,
Hyaluronan, MMP-2, TIMP-1, and MMP-9/TIMP-1 complex.

27. A system of claim 26, wherein the system is a point of care or remote system.
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28. A system of claim 26, wherein the system further comprises means for inputting
patient levels of at least two or more of the following: N-terminal procollagen III
propeptide (PIIINP), Collagen IV, Collagen VI, Tenascin, Laminin, Hyaluronan, MMP-2,
TIMP-1, and MMP-9/TIMP-1 complex.

29. A system of claim 26, wherein the system comprises a processor, a memory, an

input, and a display.
30. A system of claim 26, wherein the processor is a microprocessor.

31. A method comprising aiding in the diagnosis of the status or progress of a liver
disease in a patient by evaluating two or more patient predictors determined at one or more

time points by a method of claim 1.

32. A method of claim 31, wherein the method comprises aiding in the selection of a

course of treatment for the patient based on the patient predictor values.

33. A method of claim 31, wherein the method comprises aiding in the categorization

of the patient into one or more disease categories based on the patient predictor values.

34. A method comprising evaluating a compound for use in the treatment of a liver
disease comprising administering the compound to a patient suffering from a liver disease
and thereafter evaluating patient predictor values determined in accordance with the

method of claim 1.
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Figure 2a
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Figure 2b
Cumulative Distribution by Ishak Grade
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Figure 3a
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Figure 3b
Receiver Operator Characteristic Curve
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ref[NM_003254.1| Homo sapiens tissue inhibitor of metalloproteinase 1 (erythroid

potentiating activity, collagenase inhibitor) (TIMP1), mRNA

AGGGGCCTTAGCGTGCCGCATCGCCGAGATCCAGCGCCCAGAGAGACACCAG
AGAACCCACCATGGCCCCCTTTGAGCCCCTGGCTTCTGGCATCCTGTTGTTGC
TGTGGCTGATAGCCCCCAGCAGGGCCTGCACCTGTGTCCCACCCCACCCACA
GACGGCCTTCTGCAATTCCGACCTCGTCATCAGGGCCAAGTTCGTGGGGACAC
CAGAAGTCAACCAGACCACCTTATACCAGCGTTATGAGATCAAGATGACCAA
GATGTATAAAGGGTTCCAAGCCTTAGGGGATGCCGCTGACATCCGGTTCGTCT
ACACCCCCGCCATGGAGAGTGTCTGCGGATACTTCCACAGGTCCCACAACCG
CAGCGAGGAGTTTCTCATTGCTGGAAAACTGCAGGATGGACTCTTGCACATC
ACTACCTGCAGTTTCGTGGCTCCCTGGAACAGCCTGAGCTTAGCTCAGCGCCG
GGGCTTCACCAAGACCTACACTGTTGGCTGTGAGGAATGCACAGTGTTTCCCT
GTTTATCCATCCCCTGCAAACTGCAGAGTGGCACTCATTGCTTGTGGACGGAC
CAGCTCCTCCAAGGCTCTGAAAAGGGCTTCCAGTCCCGTCACCTTGCCTGCCT
GCCTCGGGAGCCAGGGCTGTGCACCTGGCAGTCCCTGCGGTCCCAGATAGCC
TGAATCCTGCCCGGAGTGGAACTGAAGCCTGCACAGTGTCCACCCTGTTCCCA
CTCCCATCTTTCTTCCGGACAATGAAATAAAGAG TTACCACCCAGC
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ref[NM_004530.1| Homo sapiens matrix metalloproteinase 2 (gelatinase A, 72kDa
gelatinase, 72kDa type IV collagenase) (MMP2), mRNA

TGTTTCCGCTGCATCCAGACTTCCTCAGGCGGTGGCTGGAGGCTGCGCATCTG
GGGCTTTAAACATACAAAGGGATTGCCAGGACCTGCGGCGGCGGCGGCGGCG
GCGGGGGCTGGGGCGCGGGGGCCGGACCATGAGCCGCTGAGCCGGGCAAAC
CCCAGGCCACCGAGCCAGCGGACCCTCGGAGCGCAGCCCTGCGCCGCGGACC
AGGCTCCAACCAGGCGGCGAGGCGGCCACACGCACCGAGCCAGCGACCCCC
GGGCGACGCGCGGGGCCAGGGAGCGCTACGATGGAGGCGCTAATGGCCCGG
GGCGCGCTCACGGGTCCCCTGAGGGCGCTCTGTCTCCTGGGCTGCCTGCTGAG
CCACGCCGCCGCCGCGCCGTCGCCCATCATCAAGTTCCCCGGCGATGTCGCCC
CCAAAACGGACAAAGAGTTGGCAGTGCAATACCTGAACACCTTCTATGGCTG
CCCCAAGGAGAGCTGCAACCTGTTTGTGCTGAAGGACACACTAAAGAAGATG
CAGAAGTTCTTTGGACTGCCCCAGACAGGTGATCTTGACCAGAATACCATCG
AGACCATGCGGAAGCCACGCTGCGGCAACCCAGATGTGGCCAACTACAACTT
CTTCCCTCGCAAGCCCAAGTGGGACAAGAACCAGATCACATACAGGATCATT
GGCTACACACCTGATCTGGACCCAGAGACAGTGGATGATGCCTTTGCTCGTGC
CTTCCAAGTCTGGAGCGATGTGACCCCACTGCGGTTTTCTCGAATCCATGATG
GAGAGGCAGACATCATGATCAACTTTGGCCGCTGGGAGCATGGCGATGGATA
CCCCTTTGACGGTAAGGACGGACTCCTGGCTCATGCCTTCGCCCCAGGCACTG
GTGTTGGGGGAGACTCCCATTTTGATGACGATGAGCTATGGACCTTGGGAGA
AGGCCAAGTGGTCCGTGTGAAGTATGGCAACGCCGATGGGGAGTACTGCAAG
TTCCCCTTCTTGTTCAATGGCAAGGAGTACAACAGCTGCACTGATACTGGCCG
CAGCGATGGCTTCCTCTGGTGCTCCACCACCTACAACTTTGAGAAGGATGGCA
AGTACGGCTTCTGTCCCCATGAAGCCCTGTTCACCATGGGCGGCAACGCTGAA
GGACAGCCCTGCAAGTTTCCATTCCGCTTCCAGGGCACATCCTATGACAGCTG
CACCACTGAGGGCCGCACGGATGGCTACCGCTGGTGCGGCACCACTGAGGAC
TACGACCGCGACAAGAAGTATGGCTTCTGCCCTGAGACCGCCATGTCCACTGT
TGGTGGGAACTCAGAAGGTGCCCCCTGTGTCTTCCCCTTCACTTTCCTGGGCA
ACAAATATGAGAGCTGCACCAGCGCCGGCCGCAGTGACGGAAAGATGTGGTG
TGCGACCACAGCCAACTACGATGACGACCGCAAGTGGGGCTTCTGCCCTGAC
CAAGGGTACAGCCTGTTCCTCGTGGCAGCCCACGAGTTTGGCCACGCCATGG
GGCTGGAGCACTCCCAAGACCCTGGGGCCCTGATGGCACCCATTTACACCTA
CACCAAGAACTTCCGTCTGTCCCAGGATGACATCAAGGGCATTCAGGAGCTC
TATGGGGCCTCTCCTGACATTGACCTTGGCACCGGCCCCACCCCCACACTGGG
CCCTGTCACTCCTGAGATCTGCAAACAGGACATTGTATTTGATGGCATCGCTC
AGATCCGTGGTGAGATCTTCTTCTTCAAGGACCGGTTCATTT
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FIGURE 6 (Page 2 of 2)(SEQ ID NO: 2)(cont.)

ref[NM_004530.1| Homo sapiens matrix metalloproteinase 2 (gelatinase A, 72kDa
gelatinase, 72kDa type IV collagenase) (MMP2), mRNA (cont.)

GGCGGACTGTGACGCCACGTGACAAGCCCATGGGGCCCCTGCTGGTGGCCAC
ATTCTGGCCTGAGCTCCCGGAAAAGATTGATGCGGTATACGAGGCCCCACAG
GAGGAGAAGGCTGTGTTCTTTGCAGGGAATGAATACTGGATCTACTCAGCCA
GCACCCTGGAGCGAGGGTACCCCAAGCCACTGACCAGCCTGGGACTGCCCCC -
TGATGTCCAGCGAGTGGATGCCGCCTTTAACTGGAGCAAAAACAAGAAGACA
TACATCTTTGCTGGAGACAAATTCTGGAGATACAATGAGGTGAAGAAGAAAA
TGGATCCTGGCTTTCCCAAGCTCATCGCAGATGCCTGGAATGCCATCCCCGAT
AACCTGGATGCCGTCGTGGACCTGCAGGGCGGCGGTCACAGCTACTTCTTCA
AGGGTGCCTATTACCTGAAGCTGGAGAACCAAAGTCTGAAGAGCGTGAAGTT
TGGAAGCATCAAATCCGACTGGCTAGGCTGCTGAGCTGGCCCTGGCTCCCAC
AGGCCCTTCCTCTCCACTGCCTTCGATACACCGGGCCTGGAGAACTAGAGAA
GGACCCGGAGGGGCCTGGCAGCCGTGCCTTCAGCTCTACAGCTAATCAGCAT
TCTCACTCCTACCTGGTAATTTAAGATTCCAGAGAGTGGCTCCTCCCGGTGCC
CAAGAATAGATGCTGACTGTACTCCTCCCAGGCGCCCCTTCCCCCTCCAATCC
CACCAACCCTCAGAGCCACCCCTAAAGAGATCCTTTGATATTTITCAACGCAGC
CCTGCTTTGGGCTGCCCTGGTGCTGCCACACTTCAGGCTCTTCTCCTTTCACAA
CCTTCTGTGGCTCACAGAACCCTTGGAGCCAATGGAGACTGTCTCAAGAGGG
CACTGGTGGCCCGACAGCCTGGCACAGGGCAGTGGGACAGGGCATGGCCAG
GTGGCCACTCCAGACCCCTGGCTTTTCACTGCTGGCTGCCTTAGAACCTTTCTT
ACATTAGCAGTTTGCTTTGTATGCACTTTGTTTITTTCTTTGGGTCTTGTTTTTT
TTTTCCACTTAGAAATTGCATTTCCTGACAGAAGGACTCAGGTTGTCTGAAGT
CACTGCACAGTGCATCTCAGCCCACATAGTGATGGTTCCCCTGTTCACTCTAC
TTAGCATGTCCCTACCGAGTCTCTTCTCCACTGGATGGAGGAAAACCAAGCCG
TGGCTTCCCGCTCAGCCCTCCCTGCCCCTCCC
TTCAACCATTCCCCATGGGAAATGTCAACAAGTATGAATAAAGACACCTACT
GAGTGGC
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ref[NM_004994.1] Homo sapiens matrix metalloproteinase 9 (gelatinase B, 92kDa
gelatinase, 92kDa type IV collagenase) (MMP9), mRNA

AGACACCTCTGCCCTCACCATGAGCCTCTGGCAGCCCCTGGTCCTGGTGCTCC
TGGTGCTGGGCTGCTGCTTTGCTGCCCCCAGACAGCGCCAGTCCACCCTTGTG
CTCTTCCCTGGAGACCTGAGAACCAATCTCACCGACAGGCAGCTGGCAGAGG
AATACCTGTACCGCTATGGTTACACTCGGGTGGCAGAGATGCGTGGAGAGTC
GAAATCTCTGGGGCCTGCGCTGCTGCTTCTCCAGAAGCAACTGTCCCTGCCCG
AGACCGGTGAGCTGGATAGCGCCACGCTGAAGGCCATGCGAACCCCACGGTG
CGGGGTCCCAGACCTGGGCAGATTCCAAACCTTTGAGGGCGACCTCAAGTGG
CACCACCACAACATCACCTATTGGATCCAAAACTACTCGGAAGACTTGCCGC
GGGCGGTGATTGACGACGCCTTTGCCCGCGCCTTCGCACTGTGGAGCGCGGT
GACGCCGCTCACCTTCACTCGCGTGTACAGCCGGGACGCAGACATCGTCATC
CAGTTTGGTGTCGCGGAGCACGGAGACGGGTATCCCTTCGACGGGAAGGACG
GGCTCCTGGCACACGCCTTTCCTCCTGGCCCCGGCATTCAGGGAGACGCCCAT
TTCGACGATGACGAGTTGTGGTCCCTGGGCAAGGGCGTCGTGGTTCCAACTCG
GTTTGGAAACGCAGATGGCGCGGCCTGCCACTTCCCCTTCATCTTCGAGGGCC
GCTCCTACTCTGCCTGCACCACCGACGGTCGCTCCGACGGCTTGCCCTGGTGC
AGTACCACGGCCAACTACGACACCGACGACCGGTTTGGCTTCTGCCCCAGCG
AGAGACTCTACACCCGGGACGGCAATGCTGATGGGAAACCCTGCCAGTTTCC
ATTCATCTTCCAAGGCCAATCCTACTCCGCCTGCACCACGGACGGTCGCTCCG
ACGGCTACCGCTGGTGCGCCACCACCGCCAACTACGACCGGGACAAGCTCTT
CGGCTTCTGCCCGACCCGAGCTGACTCGACGGTGATGGGGGGCAACTCGGCG
GGGGAGCTGTGCGTCTTCCCCTTCACTTTCCTGGGTAAGGAGTACTCGACCTG
TACCAGCGAGGGCCGCGGAGATGGGCGCCTCTGGTGCGCTACCACCTCGAAC
TTTGACAGCGACAAGAAGTGGGGCTTCTGCCCGGACCAAGGATACAGTTTGT
TCCTCGTGGCGGCGCATGAGTTCGGCCACGCGCTGGGCTTAGATCATTCCTCA
GTGCCGGAGGCGCTCATGTACCCTATGTAQCGCTTCACTGAGGGGCCCCCCTT
GCATAAGGACGACGTGAATGGCATCCGGCACCTCTATGGTCCTCGCCCTGAA
CCTGAGCCACGGCCTCCAACCACCACCACACCGCAGCCCACGGCTCCCCCGA
CGGTCTGCCCCACCGGACCCCCCACTGTCCACCCCTCAGAGCGCCCCACAGCT
GGCCCCACAGGTCCCCCCTCAGCTGGCCCCACAGGTCCCCCCACTGCTGGCCC
TTCTACGGCCACTACTGTGCCTTTGAGTCCGGTGGACGATGCCTGCAACGTGA
ACATCTTCGACGCCATCGCGGAGATTGGGAACCAGCTGTATTTGTTCAAGGAT
GGGAAGTACTGGCGATTCTCTGAGGGCAGGGGGAGCCGGCCGCAGGGCCCCT
TCCTTATCGCCGACAAGTGGCCCGCGCTGCCCCGCAAGCTGGACTCGGTCTIT
GAGGAGCCGCTCTCCAAGAAGCTTTITCTTCTTCTCTGGGCGCCA
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ref[NM_004994.1| Homo sapiens matrix metalloproteinase 9 (gelatinase B, 92kDa
gelatinase, 92kDa type IV collagenase) (MMP9), mRNA (cont.)

GGTGTGGGTGTACACAGGCGCGTCGGTGCTGGGCCCGAGGCGTCTGGACAAG
CTGGGCCTGGGAGCCGACGTGGCCCAGGTGACCGGGGCCCTCCGGAGTGGCA
GGGGGAAGATGCTGCTGTTCAGCGGGCGGCGCCTCTGGAGGTTCGACGTGAA
GGCGCAGATGGTGGATCCCCGGAGCGCCAGCGAGGTGGACCGGATGTTCCCC
GGGGTGCCTTTGGACACGCACGACGTCTTCCAGTACCGAGAGAAAGCCTATT
TCTGCCAGGACCGCTTCTACTGGCGCGTGAGTTCCCGGAGTGAGTTGAACCAG
GTGGACCAAGTGGGCTACGTGACCTATGACATCCTGCAGTGCCCTGAGGACT
AGGGCTCCCGTCCTGCTTTGCAGTGCCATGTAAATCCCCACTGGGACCAACCC
TGGGGAAGGAGCCAGTTTGCCGGATACAAACTGGTATTCTGTTCTGGAGGAA
AGGGAGGAGTGGAGGTGGGCTGGGCCCTCTCTTCTCACCTTTGTTTTTTGTTG
GAGTGTTTCTA ATAAACTTGGATTCTCTAACCTTT



[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCHRF
RIEBHA(F)
£

H M2 TF S0k

S EREESE

FrmRHAX T ARG
EP1781097A2 NI (»&E)B
EP2005761288 RiEHR

ARERFEARTELT

EEEHRRE, LLC

A1 FEETT S HTINC.

VOLKER MICHAEL
BECKA MICHAEL
KROLL WERNER
KNORR ANDREAS
UNGER SYLVIA
GEHRMANN MATHIAS
HENNIG GUIDO
BURCHARDT ELMAR REINHOLD
ARTHUR MICHAEL J
BURT ALASTAIR D
PINZANI MASSIMO
SCHUPPAN DETLEF
THIEL ROBERT P
PETRY CHRISTOPH
ROSENBERG WILLIAM

VOLKER, MICHAEL
BECKA, MICHAEL
KROLL, WERNER
KNORR, ANDREAS
UNGER, SYLVIA
GEHRMANN, MATHIAS
HENNIG, GUIDO
BURCHARDT, ELMAR-REINHOLD
ARTHUR, MICHAEL J.
BURT, ALASTAIR D.
PINZANI, MASSIMO
SCHUPPAN, DETLEF
THIEL, ROBERT, P.
PETRY, CHRISTOPH
ROSENBERG, WILLIAM

AO01N1/02 A61K31/765 C12M1/00 GO1N31/00 GO1N33/53 GO1N35/00 GO6F19/24

2007-05-09

2005-06-15

C12Q1/6883 GO1N33/6893 GO1N2800/085 G16B40/00 G16H50/20 Y02A90/26

BURKERT , FRANK

10/868437 2004-06-15 US
EP1781097A4

Espacenet

patsnap


https://share-analytics.zhihuiya.com/view/2a02762c-5507-46d1-aa38-22b8b293b9a4
https://worldwide.espacenet.com/patent/search/family/035785660/publication/EP1781097A2?q=EP1781097A2

BEG®F)

REARBIMEE  BHEMRE , URAEAXWITENTRNR , &
ERAZMMEINCE  SHEIBEMMMRIRICE , LEBS M B ER T
RRERSRER. ARAERMET E£HAMBIRCEN G EZMREUAR
MXRWITEATRNR , PR IRFCESFEMEMMRIREE : (1)
i R B ToarT AR Rm A EER D, (2) HBIA B B RN ERTR
B AEREEIT AR, (3) ABTRITATEN —BHZBBETHER
AHH R IERIE o



