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(57) Abrege(suite)/Abstract(continued):
terminal of a provider of the information on the biological condition communicably connected to the server unit (100) via a network

(300). The server unit (100) determines a composite index reflecting a plurality of metabolites indicative of the biological condition
based on the information on the biological condition acquired from the client unit (200).
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ABSTRACT

A system provided in accordance with the present invention comprises a server unit
(100), which serves as an apparatus for processing information concerning a
biological condition information, and a client unit (200), which serves as an
information terminal of a provider of the information on the biological c'ondition
communicably connected to the server unit (100) via a network (300). The server
unit (100) determines a composite index reﬂecting a plurality of metabolites indicative

of the biological condition based on the information on the biological condition
acquired from the client unit (200).
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SPECIFICATION

APPARATUS AND METHOD FOR PROCESSING INFORMATION CONCERNING
BIOLOGICAL CONDITION, SYSTEM, PROGRAM AND RECORDING MEDIUM FOR

S MANAGING INFORMATION CONCERNING BIOLOGICAL CONDITION

TECHNICAL FIELD
‘ The present invention relates to an apparatus and a method for pxroceSSing
( ' information concerning a biological condition, as'well as to a systém, a program, and
10 arecording medium for managing information concerning a biological condition. In
particular, the present invention relates to an apparatus and a method for processing
information concernihg a biological condition, as well as to a system, a program, and
a recording medium for fhanaging such information that offer an analytical approach
to determine a combination of metabolites closely related to an index a‘ssociated with
15  a particular biological cdndition. This approach is based on the correlation between
3 - various phenoména defining biological conditions (phenomics data) and a plurality of
metabolites (metabolomics data) that can be readily measured.
The present invention also relates to an apparatus, a method, a system, a
program, and a recording medium for determining hepatic fibrosis stage. In
20 particﬁlar, the present invention relates to an apparatus, a method, a system, a
program, and a recording medium thaf allow the determination of a disease condition
indicative of the progression of hepatic fibrosis in accordance with an index value of
the disease condition of hepatic fibrosis calculated on the basis of the amounts or

concentration of a pluraiity of metabolites (particular amino acids) that can be readily

25 measured.



10

15

- 20

25

CA 02637250 2008-08-19

2

The phrase "biological condition” as used herein refers to a concept that
includes healthy (normal) and diseased states. As used herein, the phrase "index
data concerning a measured biologiéal condition of an individual” refers to a concept
that comprises diagnostic data of the biological condition of an individual living body:.

The term “index data" as used herein refers to a concept that includes both

‘quantitative data and qualitative data (e.g., sex and p-resence of smoking habits).

BACKGROUND ART

Bioinformatics has given birth to rapidly developing new analytical
approaches used in a variety of stages in the course of life process, from gene
expression to complex phenomena in living organisms. Among such approaches
are genorhics, transcriptomics, proteomics, and metabolomics, each expected to
.have.a significant impact on future bioindustries. The most important step for
pracﬁcal application of bioinformatics, however, is to understand mechanisms of a life
process at a variety of levels assoclated with the life bhenomenon of interest.

In the early days of genome analyéis, many researchers optimistically
anticipated that genome information alone would provide sufficient clues to unveil all
the life processes. The anticipation soon turned out to be wrong and currently many
believe that genome information alone would be insufficient, and proteome and
metabolome analyses are essential to understanding life processes. This belief,
however, is much the same as the previous hypothesis that genome information
alone enabies complete understanding of everything, only involving more information.
Needless to say, complete understanding of entire life processes should allow us to
determine what exact events are taking place in a living body. This approach relying

on ever increasing amounts of information may sound ideal for those who are
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seeking ultimate goals of science, but not for businesses whose goal is to achieve
practical results with limited resources and time. ' Nonetheless, the exhaustive
collection of information may be beneficial, provided that our interests are limited to
particular fields in which goals are apparent in a degree.

Understanding of life processes at gene levels requires enormous

information about gene expression, translation into proteins, binding between

proteins, functions of enzymes, and reaction rates of metabolites at cell levels, as
well as information about communications between cells and between organs, and
models to handle such information is required for accurate prediction. Thus, two
techniques are required. one for obtaining information and the other for modeling
such information.

As opposed to the techniques for efficiently obtaining information on life
processes., which havé been improved considerably, much has to be done to develop
techniques for compléte modeling at the level of a living system. The currént
modeling techniques may be effective in obtaining an ambunt of information sufficient
to make predictions with low accuracy, but the conventional non-modeling

approaches are often more effective in terms of cost effectiveness as far as low

accuracy predictions are concerned.

Among the gre'atest concerns of medical practitioners are the correlations

- between clinically measurable indices and associated biological conditions of interest,

such as a disease condition, and knowledge about mechanisms and treatments of
these conditions derived from such correlations. Thus, it has become widely
recognized that exhaustive collection of information on a living body alone is not
enough, but techniques for analyzing correlations between a biological condition of

interest, such as a disease condition, and various measurable indices are also
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required.

It has been considered that a disease marker of a particular disease
condition should be specific to the disease condition and a one-to-one or similar
restrictive rélationship between the marker and the disease condition has been

5 required. One disease, however, can affect many metabolites, suggesting that there
IS not always one-to-one relationShip between the disease and the associated
metabolites. Consequently, there are only limited number of si\mple metabolite
markers. Generally understanding how the metabolism of all of metabolites
changes during the course of a particular disease can provide an index defining

10 characteristic of the metabolism of the disease. Considering the Ii'nka'ge of the
metabolism, behavior of not all the nietabolites, but some of the metabolites on a
“metabolic map (such as amino acids) can be tracked to determine a variation of
metabolism specific to a particular disease condition.
In one conventional approach, for example, Fischer's ratio has been
15  proposed as an index of hepatic cirrhosis.  The Fischer's ratio is a ratio of the
branched-chain amino acids to the aromatic amino acids or ((lie + Leu + Val)/(Phe +
' Tyr)). Under the condition of hepatic cirrhosis, the branched-chain amino acids
_increase, whereas the aromatic amino acids decrease. Another approach relies on
a trainable neural network. In this approach, vérious clinical indices of disease
20 conditions and healthy subjects are ehte'red ihto a computer, and the neufal network
is trained and optimized based on the entered data so that it can discriminate one
data from anbther (non-linear analysis) and provide diagnoses therewith (USP No.

5687716, referred to hereinafter as Patent Document No. 1).
Patent Document No. 1 : US patent No. 5687716

25 Delivery of diagnoses using the technique described in Patent Document No.
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1 requires a pre-trained neural network or a neural network having similar parametere.
Thus, the diagnostic indices according to Patent Document Ne. 1 rely on the
analytical techniques and instruments specified by the Patent DO‘Cument No. 1. For
this reason, the diagnostic indices according to Patent Document No. 1 cannot be
used independently of the analytical techniques and instruments disclosed in the
Patent Document No. 1 and canﬁot thus serve as universal standards for disease
treatment.

Metabolites used ae the diagnostic indices specified by the technique
described in Patent Document No. 1 may be examined for their relationship on the

metabolic map as well as for their chemical, physiological, or pharmacological

findings to analyze mechanisms of diseases. The analysis by matching known

metabolic findings and the like with the diagnostic indices may enable analysis of
links between a disease condition and a metabolism. Such an analysis may also
provide information to prove effectiveness of certain metabolites as diagnostic indices
or information that provides very useful clues to make new metabological discoveries.
However, wifh the prior-a\rt techniques, researchers have to manually perform each of
these analyses.

In view of the foregoin_g problems, it is an objective of the present invention to
provide an apparatus and a method for processing information concerning a
biological condition, as well as to a system, a program, and a recording medium for
managing such information that provide an analytical approach to determine a
combi.nation of metabolites closely related to an index associated with a particular '
biological condition. This approach is based on the correlation between various
phenomena defining biological conditions (phenomics data) and a plurality of

metabolites (metabolomics data) that can be readily measured.
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It is another objective of the present invention to provide to an apparatus, a
method, a system, a program, and a recording medium that allow the determination
df a disease condition indicative of the progression of hepatic fibrosis in accordance
with an index valué of the disease condition- of hepatic fibrosts calculated on the basis
of the amounts or concentration of a plurality of metabolites (particular amino acids)

that can be readily measured.

DISCLOSURE OF THE INVENTION

The present invention has been devised based on many findings that the
present inventors have found out in the coﬁrse of their extensive studies. A variety
of experiments have proved that amino acids are metaboliteé that can be measured
with high accuracy, and that the deviation among the measurements is significantly
smaller than the deviation among individua|s.

Data as to postprandial concentration of meta;bolites IN blood i1s known to

reflect the change in a certain condition involved with metabolisms, such as gene

expression. Blood has relations to all organs and thus may reflect a change Iin a

certain organ.

Under a particular biological condition (for example, disease condition such
as hepatic fibrosis), expression of multiple genes involved in metabolism hay be
affected. Also, the behavior of most of metabolites present in blood are linked to
other metabolites, so that even if a metabolite most closely related to a particular
biological condition is not measurable, another metabolite linked to the first
metabolite may be affected.

The present inventors have found that the correlations among blood

concentrations of a variety of metabolites in an individual (in particular, amino acids)
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serve as a highly effective index of a biological condition. That IS, by analyzing the

relationship between the accurately measured blood concentrations of limited range

- of metabolites such as amino acids and a particular biological condition, a

- combination of metabolites phenomenally associated with the particular biological

condition can be searched. Indices that can discriminate between healthy

individuals and individuals in a particular condition can be used in early diagnosis of
the particular condition.

To achieve the above-described objectives, each of the apparatus for
processing information concerning a biological condition, the method for processing
informatibn concerning a biological condition, and the program for allowing a
computer to execute the method according to the present invention is charactérized
by comprising:

a correlation formula setting unit for (or a correlation formula setting step of)
setting a correlation formula represented by the following formula 1 that ihdicates a .
correlation between index data concerning a biological condition measured in each
individual and blood concentration data measured for each metabolite | in each
individual; and

. a biological condition simulation unit for (or a biological condition simulation
step of) simulating a biological condition of an individual to be simulated by
substituting a group of blood concentration data measured for each metabolite in the
Individual to be simulated into the correlation formula which is set by the correlation

formula setting unit (or the correlation formula setting step):

Z{(Cf xAr‘)+Di } ' '
LD CEDI A B
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(wherein each of 1, j, and k is a natural number; each of A; and B, is data of
concentration of the metabolite in blood or values obtained from applying a function
to the concentration of the métabolite in blood, and each of C;, D;, Ej, Fj, GxkandHisa
constant.)

‘ According to the apparatUs,\ the rﬁethod, and the program described above, a
correlation formula represen'ted by the formula 1 that indicates a corrélation between
index data concerning a biological condition measufed in each individual and the
blood concentration data measured for eéch metabolite in each individual is set, and
a biological condition of the individual of interest is simulated by substituting into the
set correlation formula a group of ‘bloiod concentration data measured for each
metabolite in the individual to be sim‘ulated. Thus, the apparatus, the method, and
the program enable effective simulation of the condition of health, the condiﬁon of
disease progression, the condition of disease treatment, the risk of future disease,

the efficacy of a drug, the side effect of a drug, and various other conditions based on

the blood concentration of metabolites in the individual.

“The term "simulation" as used herein refers to a concept comprising
obtaining nUmerical values based on a set model (e.g., "correlation formula”
according to the present inventibn) and evaluating the obtained numerical value

based on a predetermined threshold value to determine the presence of a particular

" biological condition.

For example, the present invention can be applied to diagnosis for predicting
the risk of the onset of a disease after a certain period of time. Specifically, a
correlation formula is constructed based on the previodsly obtained data of

concentrations of metabolites in blood (e.g., blood amino acid levels obtained 10
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years ago) and index data concerning the current disease or heaith condition. By
substitutihg the current data of concentration of metabolites in blood into the
correlation formula, the future disease or health condition can be effectively simulated.

The present invention can also be used to simulate efficacy and side effects
of drug administration (e.g., efficacy of drug administration such as interferons
(IFNs)) and to simulate changes in biological conditions caused by stress or other
factors (e.g., changes in biological conditions when the subject is stimulated by
meals for example).

The correlation formula may be set by the correlation formula setting unit for
(or the -correlation formula settjng step Qf) setting the formula by either of the
following two approaches: first _substitute the blood amino acid levels of clinical data
into the formula 1 and then determine each constant in the formula 1, or use a
predetermined correlation formula. In thé latter approach, the correlation formulae
with each constant determined by the first approach may be previously stored in a
predetermined file of a memory unit and a desired correlation formula is then
selected from the file, or the correlation formulae previously stored in a memory unit
of another computer may be downloaded via a network.

In each of the apparatus for processing information concerning a biological

condition, the method for processing information concerning a biological condition,

and the program according to the next invention, the correlation formula setting unit

(or the correlation formula setting step) in the apparatus, the method, or the program

described above is characterized by comprising:
a correlation determining unit for (or a correlation determining step of)
determining a correlation between the index data concerning the biological condition

measured in each individual and each metabolite based on the index data and the
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group of blood concentration data measured for each metabolite in each individual;

. .a correlation formula generating unit for (or a correlation formula generating .
step of) generating a correlation formula involx)ing a plurality of metabolites forithe-
biological condition, the generation being carried out according to a predetermined

5  calculation method and based on the correlation as to each metabolite determined by
the correlation determining unit (or the correlation determining step); and
an optimization unit (or an optimization step) for optimizing the correlation
formula based on the correlation coefficient for the index data concerning the
biological condition of the correlation formula determined by the correlation formula
10  generating unit (or the correlation formula generating step).
This is a more \speciﬂc example of the correlation formula setting unit
(correlation formula setting step). According to the apparatus, the method, and the
program described above, a correlétion between index data concerning the
measured biological condition of each individual and each metabolite is determined
15 Dbased on the index data and the group of blood concentration data measured for
each metabolite in cach individual, a correlation formula (correlation function) for a
plurality of metabolites for the biological condition is generated by a predetermined

calculation method and based on the correlation of each metabolite determined, and

the correlation formula is optimized based on the correlation coefficient for the index
20 data concerning the biological condition of the determined correlation formula. Thus,
it Is possible to use a formula highly correlated with the biological condition as a
composité iIndex reflecting a biological condition and allow effective calculation of the
composite index, which consists of measurable metabolites highly correlated with the

biological condition, such as amino acids.

25 As used herein, the phrase "to optimize the correlation formula based on the
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correlation coefficient” means to select a correlation formula, for example, so that the
correlation coefficient ranks high (for example, top 20) or, preferably, is maximized.

It is also made possible to obtain a composite index for each biclogical

condition, so that the results of a single test for, for example, blood amino acid levels

may be sufficient to screen many biological conditions. This leads to a significant
reduction in the cost of testing.

Itis further made possible to ‘diagnose the presence of a biological condition
in the past for which ihe biological condition index was not available at the time of
testing, by analyzing the past data once the composite index has been determined.

It is further made possible to develop a treatment for a biological condition
using the composite index as a marker, because the metabolites composing the
composite index for the biological condition are the potential cause or the outcome of
the biological condition.

As used herein, the "index déta concerning a biological condition” may be
actual numerical data such as those of various measurements and test résults, or it
may be any numerical value assigned, for example, to a healthy or diseased .
condition, as shbwn in the following example. In the latter case, a particular disease

condition can be analyzed by assigning a numerical value to the disease or the levels

of the disease even if the actual numerical data are not available:
(Exampies) healthy = 0, obesity = 1;
healthy = 1, mild diabétes = 2, severe diabetes = 3, etc.
In case of diseases with no existing indices, the present invention also
enables determination of the presence of biological conditions that have no effective

diagnostic indices available and thus have been difficuit to diagnose.

In each of the apparatus for processing information concerning a biological
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condition, the method for processing information COncerning a biological condition,
and the program according to the next invention, the optimization unit (or the
optimization step) in the apparatus, method, or program described above is
characterized by further comprising a metabolite selecting unit (metabolite selecting
step) for selecting some of the metabolites, in which the plurality of metabolites
Selec:ted by the metabolite selecting unit (metabolite selecting step) are used to
construct the correlation formula, to calculate the correlation coefficient for the index
data concerning the biological condition, and to optimize the combination of
metabolites based on the correlation coefficient for the index dafa concerning the
biological condition and the number of the metabolites.

This is a more specific example of the optimization unit (optimization step).

- According to the apparatus, the method, and the program described above, some of

the metabolites are selected, the correlation formula is constructed using the plurality
of metabolites selected, the correlation coefficient for the index data concerning the

biological condition is calculated, and the combination of metabolites is optimized

based on the correlation coefficient and the number of the metabolites. Thus, the

apparatus, the method and the program enable exhaustive and automatic removal of

selected amino acids and thus allow effective determination of a composite index for

a biological cOndition.

As used herein, the phrase "to optimize the combination of metabolites
based on the correlation coefficient and the number of the metabolifes" means to
Sélect a combination of metabolites so that the correlation coefficient ranks high (for
example, top 20) and the number of the metabolites is minimized. Preferably, the
correlation coefficient is maximized and the number of the metabolites is.minimizéd.

In each of the appératus for processing information concerning a biological
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condition, the method for processing information concerning a biological condition,
and the program according to the next inventiOn, the optimization unit (or the
optimization step) in the épparatus, method, or program described above is
characterized by furthér Comprising a calculation formula splitting unit for (calculation
formula splitting step of) splitting the calculation formula, in whiéh the calculation
fdrmula split by the calculation formula splitting unit (calculation formula splitting step)
is used to calculate the correlation formula in'volving a plurahty of metabolitexs for the
biological condition, and the combination of the splits is optimiZed based on the
correlation coefficient for the index data concerning the biological condition.

This is a more specific example of the optimization unit (optimization step).

According to the apparatus, the method, and the program described above, the

calculation formula is split, and the split calculation formula is used to calculate the

~correlation formula involving a plUraIity of metabolites for the biological condition and

" to optimize the combination of the splits based on the correlation coefficient for the

index data concerning the biological condition. Thus, the apparatus, the method,

and the program enable exhaustive and automatic splitting of each calculation

formula and thus allow effective determination of a composite index for a biological
condition.

As used herein, the phrase "to optimize the combination of the splits based
on the correlation coefficient” means to select a combinaiion of splits so that the
correlation coefficient ranks high (for example, top 20) and, preferably, so that the
corrélation coefficient is maximized.

In each of the apparatus for processing information concerning a bi'ological
condition, the method for processing information conceming a biological condition,

and the program according to the present invention, the optimization unit (or the
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optimization step) in the apparatus, method, or program described above is
characteriied by further comprising a metabolic map splitting unit for (or a metabolic
map splitting step of) splitting the calculation formula based on the metabolic map
information, in which the calculation formula split by the metabolic map splitting unit
(metabolic map splitting step) is used to calculate the correlation formula involving a
plurality of metabolites for the biological condition.

This is a more spéciﬂc example of the optimization unit (optimization step).
According to the apparatus, the method, and the program described above, the
calcula’;ioh formula is split based on the metabolic map information and the
calculation formula split is used to calculate the correlation formula involving a
plurality of metabolites for the biological condition. Thus, the appafatus, the method
;'and the program enable automatic split of the calculation formula based on the
biochemical information of the metabolic map of metabolites iInvolved in a biological
condition if such metabolic maps are already known.

~ Alternatively, the relationship among fhe metabolites in the calculated
correlation formula may be converted into a numerical value, which in turn is

projected onto a metabolic map to allow estimation of metabolic flux or rate-limiting

steps of the metabolism.

In éach of the apparatus for processing information concerning a biological
condition, the method for processing Information concerning a biological condition,
and the program according to the next invention, the metabolite in the apparatus,
methbd, or program described above is an amino acid.

This is a more specific example of the metabolite. Since the metabolite is
an amino acid, the apparatus, the method and the program make it possible to take

advantage of properties of amino acids, such as high accuracy of measurements of
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the metabolites and significantly smaller deviation among measurements as
compared to deviation among individuals, so that reliable composite index for a
biological Condition can bé obtained. \

The present invention also relates to a system for managing information
concerning a biological condition. The system is characterized b'y comprising:

an appara{us fpr processing information concerning a biological condition;
and

an information terminat of a provider of information about the biological

condition, the information terminal being communicably connected via a network to

the apparatus for processing information;
wherein the apparatus for processing information concerning the biological
condition comprises:

a correlation formula setting uhit for setting a correlation formula
represented by the following formula 1 that indicates a correlation between index
data conceming a biological condition measured in each individual and blood
concentration data measured for each metabolite ih e'ach individual;

a blood concentration data group acquiring unit for acquiring from -the

information terminal a group of blood concentration data measured for each

metabolite in an individual to be simulated;

a biological condition simulating unit for simulating a biological

condition of the individual to be simulated by substituting the group of blood

concentration data measured for each metabolite in the individual to be simulated,
the data being obtained at the blood concentration data group acquiring unit, into the
correlation formula which is set by the correlation formula setting unit; and

an anaiysis result sending unit for sending the resuits of the
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simulation of the biological condition of the individual simulated by the biological
condition simulating unit to the information terminal which is a sender of the gro'up‘of
blood concentration dgta;
wherein the information terminal comprises:
a sending unit for sending the group of blood concentration data to
the apparatus for processing information concerning the biologirial condition; and

a receiving unit for receiving the results of the simulation

' corresponding to the group of blood concentration data that have been sent by the

sending unit, from the apparatus for processing information concerning the biological

condition:

> Cix4,)+D, }

;Gk > {&, x B, i+ij+H - - (1)
. i \ ,

‘wherein each of |, }, and k is a natural number; each ofA; and B; is data of

concentration of the metabolite in blood or values obtained from applying a function
to the concentration of the metabolite in blood; and éach of G, Dy, Ej, Fj, GkandHisa
constant.

According to the system deSC_ribed above, a correlation formula represented
by the following formula 1 that indicates a correlation between index data concerning
a biological condition measured in .each iIndividual and data of concentrations of
metabolites in blood measured in each individual is set, a group of blood
concentration data measured for each metabolite in an individual to be simulated is
acquired from the information terminal, the groub of blood concentration data

measured for each metabolite in the individual to be simulated is substituted into the



10

15

20

25

CA 02637250 2008-08-19

17

set correlation formula set to simulate a biological condition of the individual, the

- results of the simulation of the biological condition of the individual are sent to the

~information terminal to which the group of blood concentration data has been sent,

the infqrm'ation terminal sends the group of the blood concentration data to the
information processing apparatus, and 'the results of the simulation correspon.ding to
the sent group of the blood concentration data are received from the information
proceSSing apparatust Thus, the system enables effective simulation of the
condition of health, the condition of disease progréssion, the condition of disease
treatment, the risk of future disease, the efﬁéacy of a drug, the side effect of* a drug,
and other conditions based on the blood concentration of metabolites in the individual.

The term "simulation" as used herein refers to a concept comprising
obtaining numerical values based on a set model (e.g., correlation formula according
to the present invention) and evaluating the obtained numerical value based on a
predetermined threshold value to determine the presence of a particular biologicai
condition.

For example, the presént invention can be applied to diagnosis for predicting
the risk of the onset of a disease after a certain period of time. Specifically, a

correlation formula is constructed based on the data of previously obtained

concentrations of metabolites in blood (e.g., blood amino acid levels obtained 10
years ago) and index data concerning the current disease or health condition. By

substituting the current data of concentrations of metabolites in blood into the
correlation formulé, the future disease or health condition can be effectiVely simulated.

The present invention can also be used to simuléte efficacy and side effects
of drug administration (e.q., efficacy of drug administration such as interferons

(IFNs)) and to simulate changes in biological conditions caused by stress or other
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factors (e.g., changes in biological conditions when the subject is stimulated by

meals for example).

In the system for managing information concerning a biological condition

~according to the next invention, the correlation formula setting unit in the system

described above is characterized by comprising:
a correlation determining unit for determinirig a correlation between the index
data cOnceming the biological condition measured in each individual and each

metabolite based on the index data and a group of blood concentration data

measured for each metabolite in each individual;

a correlation formula generating unit for generating the correlation formula
inv0lvirig a plurality of metabolites for the biological condition, the generation being
carried out according to a predetermined calculation method and based on the
correlation as to each metabolite determined by the correlation determining unit; and

an optimization unit for optimizing the correlation formula based on the
correlation coefficient for the index data concerning the biologicel condition of the
correlation formuia determined by the correlation formula generating unit.

This is a more xspeciﬁc example of the correlation formula setting unit.
According to the system described above, in the biological condition information
processing apparatus, a correlation between index data cohcerning a measured

biological condition of each individual and each metabolite is determined based on

the index data and a group of blood concentration data measured for each metabolite

In each individual, a correlation formula (correlation function) for a plurality of
metabolites for the biological condition is generated by a predetermined calculation
method and based on the correlation of each metabolite determined, and the

correlation formula is optimized based on the correlation coefficient for the index data
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COncerning the biological condition of the determined correlation formula. Thus, the
system enables the use of a'formula highly correlated with the biological condition as
a composite index reflecting the biological condition and allows effective calculation
of the composite index, which consists of measurable metabolites highly correlated
with the biological condition, such as amino acids.

As used herein, the phrase "to optimize the'correlatiOn formula based on the
correlation coefficient” means to select a correlation formula, for example, so that the
co'rrelatidn coefficient ranks high (for example, top 20) or, préferably, IS maximized.

It is also made possible to obtain a composite index for each biological
condition, SO that the resu'lts‘of a single test for, for example, blood amino acid levels
may be sufficient to screen many biological conditions. This leads to a significant
reduction in the cost of testing. ‘

It is further made possible to diagnose the presence of a bidlogical condition
in the past for which the biological condition index was not available at the time of
testing, by analyzing the past data once the composite index has been determined.

It is further made possible to develop a treatment for a biological condition
using the cbmposite index as a marker, since the metabolites composing the
composite index for the bio'logical condition may be the potential cause or the
outcome Of the biological condition.

As used herein, the "index data concerning a biological condition" may be
actual numerical data such as those for various me_asurements and test results, or it

may be any numerical value assigned, for example, to a healthy or diseased

25

condition, as shown in the following example. In the latier case, a particular disease
condition can be analyzed by assigning a numerical value to the disease or the levels

of the disease even if the actual numerical data are not available:
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' (Examples)

healthy = 0, obesity = 1;
healthy = 1, mild diabetes = 2, severe diabetes = 3, etc.

In case of diseases with no existing indices, the present invention also

“enables determination of the presence of biological conditions that have no effective

diagnostic indices available and thus have been difficult to diagnose.

In the system for managing information conceming a biological condition

according to the next invention, the optimization unit in the system described above

is characterized by further comprising a metabolite selecting unit for _selecting. some
of the metabolites, in which the plurality of metabolites.' selected by the metabolite
selecting unit are used to construct the correlation formula, to calculate the
correlation coefficient for the index data concerning the biological condition, and to
optimize the combination of metabolites based on the correlation coefficient for the
index data concerning the biological condition and the number of the metabolites.
This is a more specific exampl'e of the optimization unit. According to the

system described above, some of the metabolites are selected, the correlation

- formula is constructed using the plurality of metabolites selected, the correlation

coefficient for the index data conceming the biological condition is calculated, and the
combination of metabolites is optimized based on the correlation coefficient and the
number of the metabolites. Thus, the system enables exhaustive and automatic

removal of selected amino acids and thus allows effective determination of a

‘composite index for a biological condition.

As used herein, the phrase "to optimize the combination of metabolites
based on the correiation coefficient and the number of the metabolites”" means to

select a combination of metabolites so that the correlation coefficient ranks high (for
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example, top 20) and the number of the metabolites is minimized. Preferably, the
correlation coefficient is maximized and the number of the metabolites ié minimized.

In the system for managing information concerning a biological condition
according to the next invention, the optimization unit in the system described above
IS characterized by further comprising a calculation formula splitting unit for splitting
the calculation formula, in which the calculatibn formula split by the calculation

formuia splitting unit is used to calculate the correlation formula involving a plurality of

‘metabolites for the biological condition, and the combination of the splits is optimized

based on the correlation coefficient for the index data concerning the biological
condition.

This is a more specific example of the optimization unit. According to the
system described above, the calculation formula is split, and the split calculation

formula is used to calculate the correlation formula involving a plurality of metabolites

for the biological condition and to optimize' the combination of the splits based on the

correlation coefficient for the index data concerning the biological condition. Thus,
the system enabies exhaustive and automatic splitting of each calculation formula
and thus allows effective determination of a composite index for a biological condition.

As used herein, the phrase "to optimize the combination of the splits based

on the correlation coefficient” means to select a combination of splits so that the

correlation coefficient ranks high (for example, top 20) and, 'prefera‘bly, so that the

correlation coefficient is maximized.

\ In the system for.managing information concerning a biological condition
according to the next invention, the optimization unit in the system described above
IS characterized by further compfiéing a metabolic map splitting unit for splitting the

calculation formula based on the metabolic map information, in which the calculation
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formula split by the metabolic map splitting unit is used to calculate correlation

formula involvihg a plurality of metabolites for the biological condition.

This is a more specific example of the optimization unit. According to the
system describei’d abbvé, the calculation formula is split based on the metabolic map
information and the calculation formula split is used to calculate the correlatioﬁ
formula involving a plurality of metabolites for the biological condition. Thus, thg
system enables automatic split of the calculation formula based on the biochemical
information of the metabolic mép of metabolites involved in a biological condition if
such metabolic maps are already known.

Alternatively, the relationship among the metabolites in the calculated
correlation formula' may be converted into a numerical value, which in turn is
projected onto a metabolicsmap to allow estimation of metabolic flux or rate-limiting

steps of the metabolism.

In the system for managing information concerning a biological condition
according to the next invention, the metabolite in the system described above is an
amino acid.

This is a more specific example of the metabolite. Since the metabolite is

an amino acid, the system makes it possible to take advantage of properties of amino

acids, such as high accuracy of measurements of the metabolites and significantly

smaller deviation among measurements as compared to deviation among individuals,

s0 that reliéble composite index for a biological condition can be obtained.

The present invention also relates to a recording medium that has the above-
described program recorded therein. ‘

The recording medium can provide the stored progfam to a computer, which

reads out and executes the program to implement the same tasks, whereby the same
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advantage as these programs can be obtained.

The present invention also relates to an ap.paratus and a method for
determining hepatic fibrosis stage, as well as to a program for executing the method.
The apparatus, the method, and the program are characterized by comprising:

5 " ablood concentration data acquiring unit for (or a blood concentration data
acquirnng step of) acquiring a group of blood concentration data measured for each
metabolite in each individual;

a disease condition index value calculating unit for (or a disease condition
index value calculating s’tep_ of) calcul_a‘tin'g an index value indicative of the disease
10  condition of hepatic fibrosis from the group of blood concentration data acquired by
‘the blood concentration data acquiring unit (blood concentration data acquiring step),
the calculation being performed based on at least one of thé folleing composite
‘indices 1 through 4 -
Cor_nposiie index 1
15 (Asn)/(Thr) + (GIn)/(Tau+Ser+Val+Trp);
Compc\asite'index 2
(Asn+Tyr)/(Cit) + (Met+Arg)/(Asp+(a-ABA));
Composite index 3
(Tau+Gly)/(Gin) + (or-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)l(Thr+Asn+Cit); and
20 Composite index 4
(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn); and
a disease condition determining unit for (or a disease condition determining
step of) determining the disease condition indicative of the progression of hepatic
fibrosis based on the disease condition index value calculated by the diséase

25 condition index value calculating unit (or disease condition index value calculating
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step).

‘ According to the apparatus, the method, and the program described above, a\
group of blood concentration data measured for each metabolite in each individual is
acquired, an index value indicative of the disease condition of hepatfc fibrosis is

5 calculated from the acquired group of blood concentration data based on at least one

of the following composite indices 1 through 4.
Composite index 1
(Asn)/(Thr) + (GIn)/(Tau+Ser+Val+Trp);
Composite index 2

10 (Asn+Tyr)/(Cit) + (Mét+Arg)l(A5p+(a-ABA));
Composite index 3
(Tau+Gly)/(GIn) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit); and
Composite index 4
(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn); and

15 the disease condition of hepatic fibrosis is deterrﬁined based on the calculated
disease cbndition index value. Thus, the apparatus, the rﬁethod, and the program
make it possible to screen many ihdividuéls for hepatic fibrosis by using the results of

a single test for, for example, blood amino acid levels. This leads to a significant

reduction in the cost of testing. -

20 ' It is also made possible to diagnose hepatic fibrosis by analyzing the data of

blood amino acid level obtained in the past.
The use of one of the four composite indices 1 through 4 as a marker of
“hepatic fibrosis makes it possible to develop a treatment for the disease, since the

metabolites composing one of the four composite indices 1 through 4 for hepatic

25 fibrosis may be the potential cause or the outcome of the disease.



10

15

20

25

CA 02637250 2008-08-19

25

The amino acids in at least one of the fouf composite indices 1 through 4
may be replaced by other chemically equivalent compounds, such as other amino
acids.

Specifically, at least one of the four indices 1 through 4 may be replaced by
the corresponding formulae of composite indices shown below.

For example, the composite index 1 may be replaced by any of the following
composite indices 1-1 through 1-20:

Composite index 1-1

(Asn)l(Thr) + (GIn)/(Tau+Ser+Val+Trp);

Composite index 1-2

(Asn)/(Tau+lle) + (GIn)/(Thr+Ser+Val+Trp);
Com.posite index 1-3

(Asn)/(Tau+(a-ABA)+lle) + (GIn)l(Thr+Ser+VaI+Trp);

Composite index 1-4

~ (Asn)/(Asp+Thr) + (GIn)/(Tau+Ser+Val+Trp);

Composite index 1-5

(Asn)/(Thr) + (Gln)/(Tau+Ser+Val+IIe+Trp);
Composite index 1-6

(Asn)/(Thr) + (GIn)/(Tau+Asp+Ser+Val+Trp):
Composite index 1-7

(Asn)/(Tau+lie) + (GIn)/(Asp+Thr+Ser+Val+Trp);
Composite index 1-8

(Asn)/(Tau+lle) + (GIn+Met)/(Thr+Ser+Val+Trp);
Composite index 1-S

(Asn)/(Tau+(a-ABA)+lle) + (GIn)/(Asp+Thr+Ser+Val+Trp):



10

15

20

25

CA 02637250 2008-08-109

26

Composite index -1 -10

(Asn)/(Thr) + (Gin+Met)/(Tau+Ser+Val+Trp);
Composite index 1-1 1. |
(Asn)/(Taut+Asp+(a-ABA)+lle) + (GIn)/(Thr+Ser+Val+Trp);
Composite index 1-12

(Asn)/(Thr) + (GIn)/(Tau+Ser+(a-ABA)+Val+Trp)
Composite index 1-13

(Asn)/(Asp+Thr) + (GIn)/(Tau+Ser+Val+lle+Trp),

Composite index 1-14

(As'n)/(Tau+(a-ABA)+Ile) + (GIn+Met)/(Thr+Ser+Val+Trp),
Composite index 1-15

(Asn)/(Tau+Asp+ile) + (GIn)/(Thr+Ser+Val+Trp);
Composite index 1-16 ' _
(Asn)/(Thr) + (GIn)/(Tau+Asp+Ser+Val+lle+Trp);
Composite index 1-17

(Asn)/(Tau+|le) + (GIn+Met)/(Asp+Thr+Ser+Val+1rp);
Composite index 1-18

(Asn)/(Asp+Thr) + (GIn)/(Tau+Ser+(a-ABA)+Val+Trp),
Composite index 1-19

(Asn)/(Asp+Thr) + (GIn+Met)/(Tau-!-Ser-!-VaH_-Trp); and
Composite index 1-20

(Asn)/(Thr) + (GIn)/(Tau+Ser+(a-ABA)+Val+lle+Trp).

The composite index 2 may be replaced by any of the following composite

indices 2-1 through 2-20:

Composite index 2-1
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(Asn+Tyr)/(Cit) + (Met+Arg)/(Asp+(a-ABA));

Al

Composite index 2-2

(Asn+Tyr)/(Cit) + (Arg)/(Asp+(a-ABA));
Composite index 2-3 .
(Asn+Met+Tyr)/(Cit) + (Arg)/(Asp+(a-ABA)):
Composite index 2-4

(Asn+Met+Tyr)/(Asp+Cit) + (Arg)/(a-ABA),

Composite index 2-5

- (Asn+Met)/(Cit) + (Tyr+Arg)/(Asp+(a-ABA));

Composite index 2-6

(Asn+Tyr)/(Asp+Cit) + (Arg)/(a-ABA);
Composite index 2-7 .
(Asn+Tyr)/(Asp+Cit) + (Met+ArQ)/(q-ABA);
Composite index 2-8

(Asn)/(Cit) + (Tyr+Arg)/(Asp+(a-ABA));
Composite index 2-9
(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(His+Trp);
Composite index 2-10 '
(Asn)/(Cit) + (Met+Tyr+Arg)/(Asp+(a-ABA));
Composite index 2-11
(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(Asp+His+Trp);
Composite index 2-12

(Asn)/(Thr+Glu) + (Met)/(Cit+(a-ABA)+Trp);
Composite index 2-13

(Asn)/(Asp+Thr+Cit+(a-ABA)) + (Met)/(His+Trp);
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Composite index 2-14
(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(Glu+His+Trp);
Composite index 2-15
(Asn+Met)/(Asp+Cit) + (Tyr+Arg)/(a-ABA);
Composite index 2-16
(Asn+Met)/(Cit) + (Arg)/(Asp+(a-ABA));
Composite index 2-17
(Asn)/(Cit+(a-ABA)+His) + (Met)/(Thr+Glu+Trp);
Composite index 2-18
(Asn)/(Cit+(a-ABA)+His) + (Met)/(Thr+Trp);
Composite .index 2-19 '
(Asn)/(Cit+His+Trp) + (Met)/(Thr+(a-ABA)); and
| Composite index 2-20
(Asn+Arg)/(a-ABA) + (Met+Tyr)/(Asp+Cit).
The composite'index 3 may be replaced by any of the following composite
indices 3-1 through 3-20: '
Composite index 3-1
(Tau+G|y)/(Gin) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
- Composite index 3-2 ‘ |
(Tau+Gly)/(Gin+Met) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit),
Composite index 3-3
(Tau+Gly)/(GIn) + (afABA)I(Thr) + (His)l(Lys) + (Trp)/(Asn+Cit+Tyr);
Composite index 3-4
(Tau+Gly)/(Asp+Gin) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);

Composite index 3-5



10

15

20

25

CA 02637250 2008-08-19

29

(Tau+Gly)/(Asp+GIn+Met) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit); |
Comp'osite index 3-6 . '
(Tau+Gly)/(GIn+Met) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-7

(Tau+Gly)l(G|n+Met) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Asp+Thr+Asn+Cit):
Composite index 3-8 '

(Tau+Gly)/(Gin) + (a-ABA)I(Asp+Me{+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-9 '

(Tau+GIy)/(As‘p+GIn) + (a-ABA)/(Met+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-10

(Tau+Gly)/(GIn) + (a-ABA)/(Met+Tyr) + (His)/(Lys) + (Trp)/(Asp+Thr+Asn+Cit);

Composite index 3-11

(Tau+Gly)/(Gln) + (a—ABA)/(Met-FTyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-12 .
(Tau+Gly)/(Gln) + (a-ABA)/(Thr) + (His)/(Asn+Cit+Tyr) + (Trp)/(Lys);
Composite index 3-13 .

(Tau)/(Lys) + (Trp)/(Asn+Cit+Tyr) + (Gly+His)/(GIn) + (a-ABA)/(Asp+Thr);
Composite index 3-14 '

(Tau)/(Lys) + (Trp)/(Asp+Asn+Cit+Tyr) + (Gly+His)/(GIn) + (a-ABA)/(Thr);
Composite index 3-15

(Tau)/(Lys) + (Trp)/(Asn+Cit+Tyr) + (Gly+His)/(Gln) + (a-ABA)/(Thr);.
Composite index 3-16 ‘

(Tau)/(Asp+Asn+Lys) + (Trp)/(Cit+Tyr) + (GIy+His)l(GIn) + (a-ABA)/(Thr);
Composite index 3-17 '

(Tau+Gly)l(GIn) + (a-ABA)/(Asp+Tyr) + (His)/(Thr+Asn+Cit) + (Trp)/(Lys);
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Composite index 3-18
(Tau+Gly)/(GIn+Met) + (a-ABA)/(Asp+Tyr) + (His)/(Thr+Asn+Cit) + (Trp)/(Lys),
Composite index 3-19 ‘
(Tau+GIy)/(Gln+Met) + (a-ABA)/(Tyr) + (His)/(Asp+Cit+Lys) + (Trp)/(Thr+Asn); and
Composite index 3-20 .
(Tau+Gly)/(Asp+GIn) + (a-ABA)/(Tyr) + (His)/(Thr+Asn+Cit) + (Trp)/(Lys).
‘ The combosite iIndex 4 may be replaced by any of the following composite
indices 4-1 through 4—20:
Composite index 4-1
(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn),
Combosite index 4-2
((a-ABA)+Trp)/(Tyr) + (His)/(Asp+Asn);
Composite ihdex 4-3
(Tau+(a-ABA)+Trp)/(Tyr) + (His)/(Asp+Asn);
Compdsite index 4-4
(Tau+Trp)/(Tyr) + (His)/(Asp+Asn);
Composite index 4-5
(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asn);
Composite index 4-6
(Tau+(a-ABA)+Trp)/(Tyr) + (His)/(Asn);
Composite index 4-7
(Tau+{a-ABA)+Trp)/(Asp+Met+Tyr) + (His)/(Asn);
Composite index 4-8
((a-ABA)+Trp)/(Tyr) + (His)/(Asn):

Composite index 4-9
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(Tau+Trp)/(Tyr) + (a-ABA)/(Asp+Met) + (His)/(Asn),

Composite index 4-10

(Tau+Trp)/(Tyr) + (His)/(Asn);

Composite index 4-11
((a-ABA)+His)/(Asp+Asn) + (Trp)/(Tyr);
Composite index 4-12
(Tau+Trp)/(Asp+Met+Tyr) + (His)/(Asn);
Composite index 4-13

(Tau+His)/(Tyr) + ((a-ABA)+Trp)/(Asp+Asn);
Composite index 4-14 -
(Tau+(a-ABA))/(Asp+Asn) + (His+Trp)/(Tyr),
Composite index 4-15
(Tau+Trp)/(Asp+Met+Tyr) + ((a-ABA)+His)/(Asn);
Composite index 4;1 6

(Tau+(a-ABA))/(Asn) + (His+Trp)/(Asp+Tyr),
Composite index 4-17

((a-ABA)+Trp)/(Tyr) + (His)/(Asp+Asn+Met):
Composite index 4-18
(Tau+(a-ABA)+His)/(Tyr) + (Trp)/(Asp+Asn);
Composite index 4-19

(a-ABA)/(Asn) + (His+Trp)/(Asp+Met+Tyr); and
Composite index 4-20

(T8U+HiS)/(ASp+Asn+Met) + ((a-ABA) +Trp)/(Tyr).

The present invention also relates to a system for determining hepatic

fibrosis stage. The system comprises:
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a hepatic fibrosis determining apparatus for processing information
concerning hepatic fibrosis; and
an information terminal of a provider of information about metabolites , the

information terminal being communicably connected via a network to the hepatic

fibrosis determining apparatus;

wherein the hepatib fibrosis determining apparatus comprises:

a blood concentration data acquiring unit for acquiring from the
information terminal a group of blood concentration data measured for each
metabolite in each individual;

a disease condition index value calculating unit for calculating an
index value indicative of the disease condition of the progression of hepatic fibrosis
from the group of blood concentration data acquired by the blood concéntration data
acquiring unit, the calculation béing performed based on at least one of the following
composite indices 1 through 4:

Composite index 1

- (Asn)/(Thr) + (GIn)/(Tau+Ser+Val+Trp):.

Composite index 2
(Asn+Tyr)/(Cit) + (Met+Arg)/(Asp+(a-ABA)):
Composite index 3
(Tau+Gly)/(Gin) + (G-ABA)/(ASP4TVF) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit); and
Composite index 4 ‘
(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn);
a disease condition determining unit for determining the disease

condition indicative of the progression of hepatic fibrosis based on the disease

“condition index value calculated by the disease condition index value calculating unit;
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and

an analysis result sending unit for sending the resuits determined by

the disease condition determining unit to the information terminal which is a sender of

- the gkoup of blood concentration data;

wherein the information terminal comprises:

a sending unit for sending the groUp of blood concentration data to
the hepatic fibrosis determining apparatus; and'

a receiving unit for receiving from the hepatic fibrosis determining
apparatus the results of the determination for the group of biood concentration data -
having been sent by the sending unit.

According to tha system described above, the hepatic ﬁbrosis determining
apparatus acquires from the information terminal’ a data group of metabolite
concentration In blood in each individual, calculates an index value indicﬁative of the
disease condition of hepatic fibrosis from the group of blood concentration data
acquired by the blood concentration data acquiring unit based on at least one of the
following composite indices 1 through 4: ‘

Composite index 1
(Asn)/(Thr) + (GIn)/(Tau+Ser+Val+Trp);

Composite index 2

(Asn+Tyr)/(Cit) + (Met+Arg)/(Asp+(a-ABA));

Composite index 3

(Tau+Gly)/(GIn) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit); and
Composite index 4 .

(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn),

determines the disease condition indicative of the progression of hepatic fibrosis
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based on the calculated disease condition index value, and sends the determined

| results to the information terminal which is a sender of the group of blood

concentration data. Furthermore, the information terminal sends the group of the
blood concentration data to the hépatic fibrosis determining apparatus, and receives
from the hepatic fibrosis determining apparatus the results of the determination for

the sent group of the blood concentration data. Thus, the system makes it possible

~ to screen many individuals for hepatic fibrosis by using the results of a single test for

for example, blood amino acid leveis. This leads to a significant reduction in the
cost of testing.

It is élso made possible to diagnose hepatic fibrosis by analyzing the data of
blood amino acid level obtained in the past.

The use of one of the four composite indices 1 through 4 as a marker of
hepatic fibrosis makes it possible to develop a treatment for the disease, since the
metabolites composing one of the four compdsite Indices 1 through 4 for hepatic
fibrosis may be the potential cause or the outcome of the disease.

The amino acids in at least one of the four composite indices 1 through 4

may be replaced by other chemically equivalent compoundé, such as other amino

acids.
Specifically, at least one of the four indices 1 through 4 may be replaced by
thé correspohding formuiae of composite indices shown below.
- For examplé,- the composite index 1 may be replaced by any of the following
composite indices 1-1 through 1-20: .
Cdmposite index 1-1 .
(Asn)/(Thr) + (GIn)/(Tau+Ser+Val+Trp);

Composite index 1-2
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(Asn)/(Tau+lle) + (GIn)/(Thr+Ser+Val+Trp);
Composite index 1-3

(Asn)/(Tau+(a-ABA)+lile) + (GIn)/(Thr+Ser+Val+Trp);
Composite index 1-4 |
(Asn)/(Asp+Thr) + (GIn)/(Tau+Ser+Val+Trp),
Composite index 1-5 -

(Asn)/(Thr) + (GIn)/(Tau+Ser+Val+lle+Trp);
Compdsite index 1-6 -

(Asn)/(Thr) + (GIn)/(Tau+Asp+Ser+Val+Trp);
Composite index 1-7 '
(Asn)/(Tau+lle) + (GIn)/(Asp+Thr+Ser+Val+Trp);

~ Composite index 1-8

(Asn)/(Ta_u+Ile) + (GIn+Met)/(Thr+Ser+Val+Trp);
Composite index 1-9 '

(Asn)/(Tau+a-ABA)+lle) + (GIn)/(Asp+Thr+Ser+Val+Trp);
Composite index 1-10 ‘
(Asn)/(Thr) + (GIn+Met)l(Tau+‘Ser+VaI+Trp);
Composite index 1-11

(Asn)/(Tau+Asp+(a-ABA)+le) + (GIn)/(Thr+Ser+Val+Trp);
Composite indéx 1-12

(Asn)/(Thr) + (GIn)/(Tau+Ser+(a-ABA)+Val+Trp);
Composite index 1-13 |
(Asn)/(Asp+Thr) + (GIn)/(Tau+Ser+Val+lle+Trp);
Composite index 1-14

(Asn)/(Tau+(a-ABA)+lle) + (GIn+Met)/(Thr+Ser+Val+Trp);,
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Composite index 1-15
(Asn)/(Tau+Asp+lle) + (GIn)/(Thr+Ser+Val+Trp);

Composite index 1-16

~ (Asn)/(Thr) + (GIn)/(Tau+Asp+Ser+Val+lie+Trp);

Composite index 1-17
(Asn)/(Tau+lIe) + (GIn+Met)/(Asp+Thr+Ser+Val+Trp);
Composite index 1-18
(Asn)/(Asp+Thr) + (Gin)/(Tau+Ser+(a-ABA)+Val+Trp);
Composite index 1-19

(Asn)/(Asp+Thr) + (Gln+Met)/(Tau+Ser+Val+Trp); and

Composite index 1-20

(Asn)/(Thr) + (GIn)/(Tau+Ser+(a-ABA)+Val+lle+Trp). |

The composite index 2 may be replaced by any of the following corhposite
" indices 2-1 through 2-20;

‘Composite index 2-1

(ASn+Tyr)/(Cit) + (Met+Arg)/(Asp+(a-ABA));
Composite index 2-2

(Asn+Tyr)/(Cit) + (Arg)/(Asp+(a-ABA))
Compdsite index 2-3

(Asn+Met+Tyr)/(Cit) + (Arg)/(Asp+(a-ABA))
Composite index 2-4
(Asn+Met+Tyr)l(Asp+Cit) + (Arg)/(a-ABA);
Composite index 2-5 _

(Asn+Met)/(Cit) + (Tyr+Arg)/(Asp+(a-ABA)):

Composite index 2-6
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(Asn+Tyr)/(Asp+Cit) + (Arg)/(a-ABA);

Composite index 2-7

(Asn+Tyr)/(Asp+Cit) + (Met+Arg)/(a-ABA);

Composite index 2-8

(Asn)/(Cit) + (Tyr+Arg)/(Asp+(a-ABA)); ‘
Cémposite index 2-9
(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(His+Trp);
Composite index 2-10

(Asn)/(Cit) + (Met+Tyr+Arg)/(Asp+(a-ABA));
Composite index 2-11
(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(Asp+His+Trp);
Composité index 2-12

(Asn)/(Thr+Glu) + (Met)/(Cit+(a-ABA)+Trp);

Composite index 2-13

(Asn)/(Asp+Thr+Cit+(a-ABA)) + (Met)/(His+Trp);
Composite index 2-14

(Asn)/(Thr+Cit+(a-ABA)) + (Met)/(Glu+His+Trp);
Composite index 2-15

(Asn+Met)/(Asp+Cit) + (Tyr+Arg)/(a-ABA);
Composite index 2-16

(Asn+Met)/(Cit) + (Arg)/(Asp+(a-ABA));
Composite index 2-17

(Asn)/(Cit+(a-ABA)+His) + (Met)/(Thr+Glu+Trp);
Composite index 2-18 '

(Asn)/(Cit+(a-ABA)+His) + (Met)/(Thr+Trp);
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Composite index 2-19

(Asn)/(Cit+His+Trp) + (Met)/(Thr+(a-ABA)); and

- Composite index 2-20

(Asn+Arg)/(a-ABA) + (Met+Tyr)/(Asp+Cit).

- The bomposite index 3 may be replaced by any of the following composite
indices 3-1 through 3-20:
Composite index 3-1
(Tau+Gly))(Gln) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-2 |
(Tau+Gly)/(Gin+Met) + (a-ABA)/(Asp+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-3
(Téu+G|y)/(Gln) + (a-ABA)/(Thr) + (His)/(Lys) + (Trp)/(Ash+Cit+Tyr); '
Composite index 3-4
(Tau+Gly)/(Asp+GlIn) + '(a-ABA)I(Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-5 |
(Tau+Gly)l(Asp+GIn+Met) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-6 .
(Tau+Gly)/(Gin+Met) + (a-ABA)/(Tyr)-+ (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-7
(Tau+Gly)/(Gin+Met) + (a-ABA)/(Tyr) + (His)/(Lys) + (Trp)/(Asp+Thr+Asn+Cit);
Corﬁposite index 3-8
(Tau+Gly)l(Gln) + (a-ABA)/(Asp+Met+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-9
(Tau+Gly)/(Asp+GIn) + (a-ABA)/(Met+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);

Composite index 3-10
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(Tau+Gly)/(GlIn) + (a-ABA)/(Met+Tyr) + (His)/(Lys) + (Trp)/(Asp+Thr+Asn+Cit);
Composite index 3-11 '

(Tau+Gly)/(GIn) + (a-ABA)/(Met+Tyr) + (His)/(Lys) + (Trp)/(Thr+Asn+Cit);
Composite index 3-12 ‘

(Tau+G|y)I(Gln) + (a-ABA)/(Thr) + (His)/(Asn+Cit+Tyr) + (Trp)/(Lys);
Composite index 3-13 : ' ‘

(Tau)/(Lys) + (Trp)/(Asn+Cit+Tyr) + (Gly+His)/(GIn) + (a-ABA)/(Asp+Thr);
Composite index 3-14

(Tau)/(Lys) + (Trp)/(Asp+Asn+Cit+Tyr) + (Gly+His)/(GIn) + (a-ABA)/(Thr);

Composite index 3-15

' (Tau)/(Lys) + (Trp)/(Asn+Cit+Tyr) + (GIy+His)/(GIn) + -(a-ABA)I(Thr);

Composite index 3-16
(Tau)/(Asp+Asn+Lys) + (Trp)/(Cit+Tyr) + (Gly+His)/(GIn) + (a-ABA)/(Thr);
Composite index 3-17 '
(Téu+GIy)l(Gln) + (a-ABA)/(Asp+Tyr) + (His)/(Thr+Asn+Cit) +.(’I"rp)/(Lys);
Composite index 3-18
(Tau+Gly )/(Gin+Met) + (a-ABA)'I(As‘p+Tyr) + (His)/(Thr+Asn+Cit) + (Trp)l(Lys);
Composite index 3-19
(Tau+Gly)Y/(GIn+Met) + (a-ABA)/(Tyr) + (His)/(Asp+Cit+Lys) + (Trp)/(Thr+Asn); and
Composite index 3-20
(Tau+Gly)/(Asp+GIn) + (a-ABA)/(Tyr) + (His)/(Thr+Asn+Cit) + (Trp)/(Lys).

The composite index 4 may' be replaced by any of the following composite
indices 4-1 through 4-20:
Composite index 4-1

(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asp+Asn);
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Composite index 4-2

((a-ABA)+Trp)/(Tyr) + (His)/(Asp+Asn):

Compoéite index 4-3
(Tau+(a-ABA)+Trp)/(Tyr) + (His)/(Asp+Asn);
Composite index 4-4 '

(Tau+Trp)/(Tyr) + (His)/(Asp+Asn);

Composite index 4-5

(Tau+Trp)/(Tyr) + ((a-ABA)+His)/(Asn);
Composite index 4-6

(Tau+(a-ABA)+Trp)/(Tyr) + (His)/(Asn):
Composite Index 4-7
(Tau+(a-ABA)+Trp)/(Asp+Met+Tyr) + (His)/(Asn);
Composite index 4-8

((a-ABA)+Trp)/(Tyr) + (His)/(Asn);

Composite index 4-9 ‘
(Tau+Trp)/(Tyr) + (a-ABA)/(Asp+Met) + (His)/(Asn);

Composite index 4-10

(Tau+Trp)/(Tyr) + (His)l‘(Asn);

Composite index 4-11

((a-ABA)+His)/(Asp+Asn) + (Trp)/(Tyr);
Composite index 4-12 |
(Tau+Trp)/(Asp+Met+Tyr) + (His)/(Asn);
Composite index 4-13

(Tau+His)/(Tyr) + ((a-ABA)+Trp)/(Asp+Asn);

Composite index 4-14



10

15

20

29

CA 02637250 2008-08-19

41

(Tau+(a-ABA))/(Asp+Asn) + (His+Trp)/(Tyr);

Composite index 4-13

(Tau+Trp)/(Asp+Met+Tyr) + ((a-ABA)+His)/(Asn);

Composite index 4-16

(Tau+(a-ABA))/(Asn) + (His+Trp)/(Asp+Tyr); B
Composite index 4-17

((q-ABA)fTrp)/(Tyr) + (His)/(Asp+Asn+Met);

Composite index 4-18

(Tau+(a-ABA)+His)/(Tyr) +,(Trp)/(Asp+Asn); '

- Composite index 4-19

(a-ABA)/(Asn) + (His+Trp)/(Asp+Met+Tyr), and
Composite index 4-20
(Tau+His)/(Asp+Asn+Met) + ((a-ABA)+Trp)/(Tyr).

The presént invention also relates to a recording medium that has the above-
described program recorded therein. \

The recording medium can provide the stored program to a computer, which
reads out and executes the program to implement the same tasks, whereby the same
advantage as these programs can be obtained.

The present invention also relates to an apparatus and a method for
determining hepatic fibrosis stage, as well as to a program for executing the method.
The apparatus, the method and the program are characterized by comprising:

a blood concentration data acquiring unit for (or a blood concentration‘ data
acquiring step of) acquiring a group of blood concentration data measured for each

metabolite in each individual;

a composite index setting unit for (or a composite index setting step of)
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setting a composite index for calculating an index value indicative of the disease

condition of hepatic fibrbsis; .
adisease conditiOn index value calculating unit for (or a disease condition

index value calculating step of) calculating the index vaiue indicative of the disease

condition of hepatic fibrosis from the group of blood concentration data acquired by

" the blood concentration data acquiring unit (or blood concentration data acquiring

step), the calculation being performed based on the composite index set by the
COmposite index setting unit (or composite index setting step); and

a disease condition determining unit for (or a disease condition determining
step of) determining the disease condition indicative of the progression of hepatic
fibrosis based oh the disease condition index value calculated by the disease
condition index value calculating unit (or disease condition index value calculating
step),

wherein the composite index sétting unit (or composite index setting step)
comprises at least one of:

a composite index 1 generating unit for (or a composite index: 1 génerating
step of) generating a composite index 1, which consists of a single term or a

summation of a plurality of terms of fractions having at least one of the blood

concentration data of Asn and Gin in the numerator and at least one of the blood
concentration data of Thr, Tau, Ser, Val, and Trp in the denominator (the blood

concentration data of Met may be added to the numerator and the blooad
cohcentration data of any of lie, a-ABA, and Asp may be added to the denominator);

a composite index 2 generating unit for (or a composite index 2 generating
step of) generating a composite index 2, which consists of a single term or a

summation of a plurality of terms of fractions having at ieast one of the blood
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concentration data of Asn and Met in the numerator and at least one of the blood
concen‘tration data of a-ABA and Cit in the denominator (the blood concentration data
of any of Tyr and Arg may be further added to the numerator and the blood
concentration data of any of His, Thr, Trp, Asp, and Glu may be further added to the
denominator); ‘ ' '

a composite index 3 generating unit for (or a composite index 3 generating
step of) gaherating a composite index 3, which consists of a single term or a
summation of a plurality of terms of fractions having at least one of the blood
concentration data of a-ABA, His, Gly, Tfp, and Tau in the numerator and at least one
of the blood concentration data of Asn, Gin, Cit, Lys, Thr, and Tyr in the denominator
(the blood concantraﬁon data of any of Met and Asp may be further added to the
denominato.r); and

a composite index 4 generating unit (or a composite index 4 generating step)
for generating a composite index 4, which consists of a single term or a summation of
a plurality of terms of fractions having at least one of the bload concentration data of
His and Trp in the numerator and at least one of the blood concentration data of Asn
and Tyr in the denominator (the blood concentration data of any of a-ABA and Tau

may be further added to the numerator and the blood concentration data of any of

Met and Asp may be further added to the denominator).

According to the apparatus, the method, and the program described above, a

group of blood concentration data measured for each metabolite in each individual is
acquired, a composite index for calculating an index value indicative of the disease
condition of nepatic fibrosis is set, an index value indicative of the disease condition

of hepatic fibrosis is calculated from the acquired group of blood concentration data

based on the set composite index, and the disease condition of hepatic fibrosis is
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determined based on the calculated disease condition index value. Furthermore,
the composite Index setting 1S performed by generating at least one of: a composite
index 1, which consists of a single term or a summation of a plurality of terms of
fractions having at least one of the blood concentration data of Asn and Glin in the '
numerator and at least one of the blood concentration data of Thr, Tau, Selr, Val, and
Trp in the denominator (the blood concentration dato of Met may be added to the

numerator and the blood concentration data of any of lle, a-ABA, and Asp may be

added to the denominator); a composite index 2, which consists of a single term or a

summation of a plurality of terms of fractions having at least one of the blood

concentration data of Asn and Met in the numerator and at ieast one of the blood

concentration data of a-ABA and Cit in the denominator (the blood concentration data

of any of Tyr and Arg may be further added to the numerator and the blood

concentration data of any of His, Thr, Trp, Asp, and Glu may be furt_hér added to the

denominator); a composite index 3, which consists of a single term or a summation of

a plurality of terms of fractions having at least one of the blood concentration data of
d-ABA, His, Gly, Trp, and Tau in the numerator and at least one of the' blood

concentration data of Asn, GIn, Cit, Lys, Thr, and Tyr in the denominator (the blood

concentration data of any of Met and Asp may be further added to the denominator);

and a composite index 4, which consists of a single term or a summation of a plurality
of terms of fractions having at least one of the blood concentration data of His and
Trp in the numerator and at least one of the blood concentration data of Asn and Tyr
in the denominator (the blood concentration data of any of a-ABA and Tau may be
further added to the numerator and the blood concentration data of any of Met and
Asp may be further added to the denominator). Thus, the apparatus, the method

and the program make it possible to screen many individuals for hepatic fibrosis by
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using\the results of a single test for, for example, blood amino acid levels. This‘
leads to a significant reduction in the cost of testing.

It is also made possibl? to dia‘gnose hepatic fibrosis by analyzing the data of
blood amino acid level obtained in the past.

It is further made possible to develop a treatment for hepatic fibrosis using
the composite index as a marker, since the metabolites composing the composite
index for hepatic fibrasis are th_e- potential cause or the outcome of the disease.

It is further made possible to exhaustively and automaticaily generate the

~ composite indices useful in the diagnosis of hepatic fibrosis.

The present invention aiso relates a system for determining hepatic fibrosis
stage. The system is characterized by comprising:

a hepatic fibrosis determining apparatus for processing information
concerning hepatic fibrosis; and

én information terminal of a provider of information about metabolites , the
information terminal being communicably connected via a network to the hepatic
fibrosis determining apparatus; .

wherein the hepatic fibrosis determining apparatus comprises:

a blood concentration data acquiring unit for achiring‘ a group of blood

concentration data measured for each metabolite in each individ‘ual';

a composite index setting unit for setting a composite index for calculating an

index value indicative of the disease condition of hepatic fibrosis;

a disease condition index value calculating unit for calculéting the index value
indicative of the disease condition of hepatic fibrosis from the group of blood
concentration data acquired by the blood concentration data acquiring unit, the

calculation being pérformed based on the composite index set by the composite
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iIndex setting unit; and
a disease condition determining unit for determining the disease condition
~Indicative of the progreésion of hepatic fibrosis based on the disease condition index
value calculated by the disease condition index value calculating' untt,
5 wherein the composite index setting unit comprises at Iéast one of.

a composite index 1 generating unit for generating a composite index 1,
which consists 6f a single term or a summation of a pluraliiy of terms of fractions
having at least one of the blood concentfation data of Asn and GIn in the numerator '
and at least one of the blood concentration data of fhr, Tau, Ser, Va‘l, and Trp in the

10 denominator (the blood concentration data of Met rhay be added to thé numerator
and the blood concentration data of ahy of lle, a-ABA, an‘d Asp may be added to the
denominator);

a composite index 2 generating unit for generating a composite index 2,
which consists of a single term or a summation of a plurality of terms of fractions

15 having at least-one 6f the blood concentration data of Asn and Met in the nUmerator
and at least one of the blood concentration data of a-ABA and Cit in the denominator
(the blood concentration data of any of Tyr and Arg may be further added to the

numerator and the blood concentration data of any of His, Thr, Trp, Asp, and Glu may '

be further added to the denominator);

20 a composite index 3 generating unit for generating a composite index 3,
which consists of a single term or a summation of a plurality of terms of fractions
having at least one of the blood concentration data of a-—ABA, His, Gly, Trp, and Tau
in the numerator and at Ieaét one of the blood concentration data of Asn, Gin, Cit, Lys,

Thr and Tyr in the denominator (the blood concentration data of any of Met and Asp

25 may be further added to the denominator); and
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a composite index 4 generating unit for generating a composite index 4,

~ which consists of a single term or a summation of a plurality of ferms of fractions

having at least one of the blood concentration data of His and Trp in the numerator

“and at least one of the blood concentration data of Asn and Tyr in the denominator

(the blood concentration data of any of a-ABA and Tau may be further added to the
numerator.and the blood concentration data of any of Met and Asp may be further
added to the denominator); and

an analysis result sending unit for sending the results determined by the
disease condition determining unit to the information terminal lwhich IS a sender of the
group of blood conc;entration data;

wherein the information terminal COMPrises:

a sending unit for sending the group of blood concentration data to
the hepatic fibrosis determining apparatus; and

a receiving unit.’for receiving from the hepatic fibrosis determining
apparatus the results of the determination for the ngup of blood concentration data
that have béen sent by the sending unit.

According to the system described above, a group of blood concentration
data measured for each metabolite in each individual is acquired, a composite index
for calculating an index value indicative of the disease condition of hepatic fibrosis is
set, an index value indicative of the disease condition of hepatic fibrosis is calculated

from the acquired group of blood concentration data based on the set composite

index, and the disease condition of hepatic fibrosis is determined based on the

calculated disease condition index value. Furthermore, the composite index setting

Is performed by generating at least one of: a composite index 1, which consists of a

single term or a summation of a plurality of terms of fractions having at least one of
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the blood concentration data of Asn and Gin in the numerator and at least one of the
blood concentration data of Thr, Tau, Ser, Val, and Trp in the denominator (the biood
concentration data of Met may be added to the numerator and the blood
concentration data of any of lie, a-ABA, and Asp may be added to the denOminator);
a. composite index 2, which consists of a single term or a summation of a plurality of
terms of fractions having at least one of the blood concentration data of Asn and Met
in the numerator and at least one of the blood concentration data of a-ABA.and Cit in -
the denominator (the blood concentration data of any of Tyr énd Arg may be further
added to the numerator and the blood concentration data of ahy of His, Thr, Trp, Asp,
and Glu may be further added to the denominator); a composite index 3, which
consists of a singie term or a summation of a plurality of terms of fractions having at
least one of tHe blood concentration data of a-ABA, His, Gly, Trp, and Tau in the

numerator and at least one of the blood concentration data of Asn, GIn, Cit, Lys, Thr,

“and Tyr in the denominator (the blood concentration data of any of Met and Asp may

be further added to the dehominator); and a composite index 4, which consists of a
single term or a summation of a plurality of terms of fractions having at least one of
the blood concentration data of His and Trp in the numerator and at least one of the

blood concentration data of Asn and Tyr in the denominator (the blood concentration

data of any of a-ABA and Tau may be further added to the numerator and the blood |

concentration data of any of Met and Asp may be further added to the denominator),

and the determined results is sent to the information terminal which is a sender of the
group of blood concentration data. . Furthermore, the information terminal sends the
group of the blood concentration data to the hepatic fibrosis determihing appafatus,
and receives from the hepatic fibrosis determining apparatus the results of the

determination for the sent group of the blood concentration data. Thus, the system
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makes It possible to screen many individuals for hepatic fibrosis by using the results
of a single test for, for example, blood amino acid levels. This leads to a significant

reduction in the cost of testing.

It is also made possible to diagnose hepatic fibrosis by analyzing the data of
-9 Dblood amino acid level obtained in the past. .

Iitis further made possible t‘o‘ aevelop a treatment for hepatic fibrosis using
the compdsite index as a marker, since the metabolites composing the composite
iIndex for hepatic fibrosis are the potential cause or the outcome of the disease.

It is further made possible to exﬁausti-vely and automatically generate the

10  composite indices useful in the diagnosis of hepatic fibrosis.
| The present invention also relates to a recording medium that has the above-
described program recorded therein.
The recording medium can provide the stored program to a computer, which

reads out and executes the prbgram to implement the same tasks, whereby the same

15 advantage as these programs can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a chart showing the basic principle of settihg the correlation formula

of the present invention.

20 ' Fig. 2 is a block diagram showing an exemplary construction of the system to

which the present-invention is applied.

Fig. 3 is a block diagram showing an exemplary construction of a server unit

100 in the system to which the present invention is applied.

IFig. 4 is a block diagram showing an exemplary construction of a client unit

25 200 to which the present invention is applied.
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Fig. Sis a block diagram showing an exemplary construction of a biological

condition information acquiring unit 102g in the system to which the present invention

1s applied.

' Fig. 6 is a block diagram showing an exemplary construction of a correlation

5 formula generating section 1021 in the system to which the present invention is

10

15

20

25

applied.
Fig. 7 is a diagram showing one example of user information stored in a user
information database 106a.

Fig. 8 is a diagram showing one example of information stored in a biological

condition information database106Db.

Fig. 91is a diagram showing one example of information stored in a

‘correlation information database106c¢.

Fig. 10 is a diagram showing one example of information stored in a
correlation information database106d.

Fig. 11 is a diagram showing one example of information stored in a

metabolic map information database 106e.

Fig. 12 is a flowchart showing one example of the service process for the

~analysis of biological condition information by the system of the present embodiment.

Fig. 13 is a flowchart showing one example of analysis of biological condition

information by the system of the present embodiment.

" Fig. 14 is a flowchart showing one example of optimization process 1 using

the exhaustive calculation technique by the system.

Fig. 15 is a flowchart showing one example Of optimization process 1 using

the best path methoad by the system.

Fig. 16 is a flowchart shdwing one example of optimization process 2 by the
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system.
Fig. 17 is a schematic diagram showing one example of the biological
condition information.

Fig. 18 is a schematic diagram showing one example of correlation between

" index data (T;) of the determined biological condition and corresponding amino acids.’

Fig. 19 shows one example of main menu screen displayed on a monitor.
Fig. 20 shows one example of file import screen displayed 'on a monitor.

Fig. 21 shows one example of amino acid (metabolite)‘input screen displayed

“on a monitor.

Fig. 22 shows one example of biological condition index input screen

displayed on a monitor.

Fig. 23 shows one example of calculation formula master maintenance
screen displayed on a rhonitor. '

Fig. 24 shows one example of item selection screen displayed on a monitor.

Fig. 25 shows one example of positive/negative determination confirmation

screen displayed on a monitor.

Fig. 26 shows one example of composite index search screen displayed on a

monitor.

Fig. 27 shows one example of result (1) sheet (raw date for analysis) screen

displayed on a monitor.

Fig. 28 shows one example of result (2) sheet (conditions for searching for a

composite index) screen displayed on a monitor.

Fig. 29 shows one‘example of result (3) sheet (best composite indices)

screen displayed on a monitor.

Fig. 30 shows one example of result (4) sheet (best composite
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iIndices -values) screen displayed on a monitor.

Fig. 31 shows one example of.result (5) sheet (correlation graph) screen
displayed on a monitor screen. .

Fig. 32 shows one example of result (6) sheet (raw data of amino acids
(metabolites)) screen displayed on a monitof screen.

Fig. 33 shows one example of result' (7) sheet (raw data of biological
condition indices) screen displayed on a monitor display.

Fig. 34 is a diagram illustrating the concept of a procedure of calculating a
correlation formula involving a plurality of metabolites for a bidogical condition by
using a split calculation formula.

Fig. 35 s a diagram_showing the relationship between a composite index
(composite index <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>