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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 hi ghiy informative in determining diagnosis, prognosis and
appropriate management (LA; 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),
hemorrhage, 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, although 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 111, 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.)(“ 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
serum marker-based assessment of liver fibrosis that would be superior to the use of any of

the two markers aloge.

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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(2) 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 inpuiting 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, Collagen 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 histopatholo gical 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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(©) 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) 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; 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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comprising evaluating data useful in diagnosing the status or progress of a liver disease in a

patient treated with the composition, wherein:

(2) 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 serum 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, e.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
relat@ 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
quaiitative 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 discrimina