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CANCER EVALUATION METHOD AND CANCER EVALUATION SYSTEM

TECHNICAL FIELD
[0001]

The present invention relates to a cancer evaluation
method and a cancer evaluation system and more particularly,
to a cancer evaluation method and a cancer evaluation system
that utilize the concentration balance of elements
(correlations among the concentrations of a set of evaluation

elements) contained in a human serum.

BACKGROUND ART
[0002]

As the diagnostic method of cancer, the method of
direct observation or touching (e.g., palpation, endoscopic
examination, etc.), the method of Jjudging with images that
reflect the inside of a human body (e.g., roentgenographic
examination, CT examination, MRI examination, PET examination,
etc.), and the method of examining blood or cells (e.g., blood
test, cytodiagnosis, biopsy, etc.) are known.

[0003]

However, the method of direct observation or touching

has a disadvantage that the examination target (affected area)

is restricted to breast, rectum, stomach, colon and so on. The
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method of judging with images has a disadvantage that not only
that the detection sensitivity 1s low Dbut also that the
subject 1s exposed to radiation, although this method 1is
readily carried out. On the other hand, the method of
examining blood or cells 1is preferred because the burden on
the patient is light and the detection sensitivity is high. In
particular, 1if diagnosis is made possible by analyzing blood
which is obtained from a patient, it is more preferred; this
is because the burden on the patient is reduced to a low level
and at the same time, diagnosis can be carried out even in the
group or mass examination.
[0004]

Conventionally, it is known that the concentrations of
amino acids contained in the blood which is obtained from a
patient vary in association with the onset of cancer. Patent
Literature 1 discloses a method of diagnosing lung cancer by
measuring the concentrations of in-blood amino acids of a
patient wutilizing such the relationship as described here.
This method is an evaluation method of lung cancer
characterized in that the step of obtaining amino acid
concentration data about the wvalues of the amino acid
concentrations in the Dblood which is picked wup from an
evaluation subject, and the step of evaluating the

concentration reference for evaluating the state of lung
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cancer of the evaluation subject based on the concentration
values of Lys and His contained in the amino acid
concentration data of the evaluation subject which is obtained
in the step of obtaining amino acid concentration data are
carried out. In addition, the step of evaluating the
concentration reference may include the step of discriminating
whether or not lung cancer develops with respect to the
evaluation subject based on the concentration wvalues of Lys
and His contained in the amino acid concentration data of the
evaluation subject which is obtained in the step of obtaining
the amino acid concentration data. With the diagnosing method
of Patent Literature 1, it 1is described that the state of lung
cancer can be accurately evaluated wutilizing the amino acid
concentrations which are relevant to the state of lung cancer
within the in-blood amino acid concentrations. (See Claims 1
and 2, Paragraph 0106, and Figs. 1 to 3.)

[0005]

On the other hand, it is known that the concentrations
of trace elements contained in the blood have a relationship
with the onset of cancer. For example, Non-Patent Literature 1
reports that the concentrations of copper (Cu) and zinc (Zn)
and the concentration ratio of Cu/Zn in the serum of a breast
cancer patient have a correlation with the development degree

of condition of the patient. Moreover, Non-Patent Literature 2
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reports that the concentration levels of cadmium (Cd) and lead
(Pb) in the serum of a cancer patient are higher than those of
a healthy person, and that the concentration levels of =zinc
(Zn), iron (Fe), and manganese (Mn) in the serum of a cancer

5 patient are lower than those of a healthy person.

PRIOR ART LITERATURE

PATENT LITERATURE

[0006]
10 [Patent Literature 1] Japanese Examined Patent Publication No.
5,470,848
NON-PATENT LITERATURE
[0007]
[Non-Patent Literature 1] Gupta SK et al., Serum trace

15 elements and Cu/Zn ratio in breast cancer patients, Journal of
Surgical Oncology, Mar. 46(3), 178-181, 1991
[Non-Patent Literature 2] Necip Pirincci et al., Levels of
Serum Trace Elements 1n Renal Cell Carcinoma Cases, Asian
Pacific Journal of Cancer Prevention, Vol. 14(1), 499-502,
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SUMMARY OF THE INVENTION
PROBLEMS TO BE RESOLVED BY THE INVENTION
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With the diagnosing method of the aforementioned Patent
Literature 1, since the amino acids in the blood degenerate
early, there is a disadvantage that the amino acid
concentrations need to be quickly measured after collecting
the blood. Moreover, since the diagnosis cost is high, there
is another disadvantage that the diagnosis service becomes
expensive. On the other hand, the method of diagnosing cancer
utilizing the trace element concentrations in the serum like
the aforementioned Non-Patent Literatures 1 and 2 does not
have the disadvantages of the diagnosing method of the Patent
Literature 1 and therefore, the method utilizing the in-serum
trace element concentrations is preferred.

[0009]
As shown in Fig. 3, the “essential elements” that are

essential for maintaining a human 1life consists of 12 major

elements such as hydrogen (H), Carbon (C), ...., and iron (Fe),
and 16 trace elements such as boron (B), fluorine (F) , ....,
and bromine (Br). It is known that in the case where any of

the major elements and the trace elements 1is insufficient, a
deficiency will occur, and that in the case where any of these
elements is absorbed excessively, excess symptoms or poisoning
symptoms will occur; this means that proper quantity needs to
be absorbed at all times. The major elements are important as

the constituents of a human body. The trace elements, which
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are utilized for the active centers of enzymes in substance
metabolism in the human body and the 1like, 1s required
slightly. It is said that 1if any of the trace elements is
deficient or excessive, the balance of substance metabolism or
the like in the human body is lost and as a result, peculiar
symptoms for these respective elements will appear. On the
other hand, it 1is also said that due to the onset of disease
caused by physical deconditioning, disorder of the immune
system, or the 1like, the composition of the trace elements
changes and as a result, homeostasis will collapse. In
addition, elements other than the Y“essential elements” shown
in Fig. 3, e.g., titanium (Ti), rubidium (Rb), and so on, are
contained in the blood of humans; the quantities of the
elements excluding the “essential elements” also affect the
maintenance of human life.

[0010]

Moreover, the relationship between the Dbiological
significance of each element and cancer is shown in Fig. 4. As
clearly seen from Fig. 4, the relationship of many of the
elements with cancer is unknown. However, the inventors found
the possibility that makes it possible to estimate the risk of
suffering cancer by knowing the correlations among the in-
serum concentrations of a specific set of elements based on

the findings obtained from the inventors’ researches and the
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information obtained from the articles and the like that have
been reported so far; thereafter, the inventors created the
present invention.

[0011]

An object of the present invention is to provide a
cancer evaluation method and a cancer evaluation system that
make it possible to estimate the risk of suffering cancer of a
subject with high accuracy and that do not have the
disadvantages of early degeneration and high cost that arise
in the case where the in-blood amino acid concentrations are
utilized.

[0012]

Another object of the present invention is to provide a
cancer evaluation method and a cancer evaluation system that
can be easily applied to group or mass examinations.

[0013]

The other objects not specifically mentioned will

become clear to those skilled in the art from the following

description and drawings attached.

MEANS FOR SOLVING THE PROBLEMS
[0014]
(1) According to the first aspect of the present invention,

a cancer evaluation method is provided, which comprises:
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the correlation operating step of operating a
correlation among concentrations of a set of evaluation
elements contained in a serum which is taken from a subject by
applying concentration data of the set of evaluation elements
to a discriminant function for discriminating which of a case
group and a control group the subject belongs to; and

the discriminating step of discriminating whether or
not the subject suffers from any type of cancer based on the
correlation operated in the correlation operating step.

[0015]

The set of evaluation elements is determined
appropriately according to the kind and/or concentration of
the elements contained in the serum, the type of cancer which
is to be discriminated, and so on.

[0016]

With the cancer evaluation method according to the
first aspect of the present invention, the concentration data
of the set of evaluation elements are applied to the
discriminant function for discriminating which of the case
group and the control group the subject belongs to, thereby
operating the correlation among the concentrations of the set
of evaluation elements in the serum and then, whether or not
the subject suffers from any type of cancer is discriminated

based on the correlation thus obtained. Accordingly, the risk
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of suffering cancer of the subject can be estimated with high
accuracy and at the same time, the disadvantages of early
degeneration and high cost that arise in the case where the
in-blood amino acid concentrations are utilized do not occur.
[0017]

Moreover, after obtaining the concentration data of the
set of evaluation elements in the serum which is taken from
the subject, which of the case group and the control group the
subject belongs to can be discriminated by automatic operation
using a computer. Accordingly, the discrimination can be
performed easily and quickly even 1if the number of the
subjects 1is large, which means that the cancer evaluation
method according to the first aspect of the present invention
is easily applicable to group or mass examinations.

[0018]

In a preferred embodiment of the cancer evaluation
method according to the first aspect of the present invention,
as the set of evaluation elements, a combination of elements
are chosen such that Mahalanobis’ generalized distance
pertaining to the elements having their concentration data 1is
maximized.

[0019]
In another preferred embodiment of the cancer

evaluation method according to the first aspect of the present
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invention, as the set of evaluation elements, a combination of
7 elements of S, P, Mg, Zn, Cu, Ti, and Rb is chosen.
[0020]

In still another preferred embodiment of the cancer
evaluation method according to the first aspect of the present
invention, as the set of evaluation elements, a combination of
elements are chosen such that the elements have their
concentration data for a subject who belongs to the control
group and a subject who belong to the case group. In this
embodiment, the combination of all the elements that have
their concentration data for the subject who belongs to the
control group and the subject who belongs to the case group
may be wused as the set of evaluation elements, and the
combination of a part of these elements may be used as the set
of evaluation elements.

[0021]

In a further preferred embodiment of the cancer
evaluation method according to the first aspect of the present
invention, as the set of evaluation elements, a combination of
16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn, Fe, Zn, Cu, Se,
Rb, Ag, Sn, and S is chosen.

[0022]
In a further preferred embodiment of the cancer

evaluation method according to the first aspect of the present
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invention, 1in the step of operating the correlation among the
set of evaluation elements, age data of the subject is used in
addition to the concentration data.

[0023]

In a further preferred embodiment of the cancer
evaluation method according to the first aspect of the present
invention, the step of analyzing using a multiple logistic
model (the onset probability operation step) is further
included, wherein a probability that the subject will suffer
from any type of cancer in his/her future is presented.

[0024]

In a further preferred embodiment of the cancer
evaluation method according to the first aspect of the present
invention, 1in addition to discrimination whether or not the
subject suffers from any type of cancer, discrimination of
which type of cancer the subject has suffered from is carried
out.

[0025]
(2) According to the second aspect of the present invention,
a cancer evaluation system is provided, which comprises:

a data storage section for storing concentration data
of a set of evaluation elements contained in a serum which is
taken from a subject;

a discriminant function generation section for
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generating a discriminant function for discriminating which of
a case group and a control group the subject belongs to; and

an evaluation result operation section for operating a
correlation among concentrations of the set of evaluation
elements contained in the serum by applying the concentration
data of the subject stored in the data storage section to the
discriminant function generated by the discriminant function
generation section, thereby outputting an evaluation result
that discriminates whether or not the subject suffers from any
type of cancer based on the correlation.

[0026]

The set of evaluation elements is determined
appropriately according to the kind and/or concentration of
the elements contained in the serum, the type of cancer which
is to be discriminated, and so on.

[0027]

With the cancer evaluation system according to the
second aspect of the present invention, 1in the evaluation
result operation section, the concentration data of the set of
evaluation elements contained in the serum which is taken from
the subject, which is stored in the data storage section, is
applied to the discriminant function generated by the
discriminant function generation section, thereby operating

the correlation among the concentrations of the set of
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evaluation elements; then, the evaluation result that
discriminates whether or not the subject suffers from any type
of cancer 1is outputted based on the correlation thus operated.
For this reason, the risk of suffering from cancer of the
subject can be estimated with high accuracy and at the same
time, the disadvantages of early degeneration and high cost
that arise in the <case where the in-blood amino acid
concentrations are utilized do not occur.

[0028]

Moreover, after obtaining the concentration data of the
set of evaluation elements in the serum which is taken from
the subject, which of the case group and the control group the
subject belongs to can be discriminated by automatic operation
using a computer. Therefore, the discrimination can be
performed easily and quickly even 1if the number of the
subjects 1is large, which means that the cancer evaluation
system according to the second aspect of the present invention
is easily applicable to group or mass examinations.

[0029]

In a preferred embodiment of the cancer evaluation
system according to the second aspect of the present invention,
as the set of evaluation elements, a combination of elements
are chosen such that Mahalanobis’ generalized distance

pertaining to the elements having their concentration data 1is
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maximized.
[0030]

In another preferred embodiment of the cancer
evaluation system according to the second aspect of the
present invention, as the set of evaluation elements, a
combination of 7 elements of S, P, Mg, 2n, Cu, Ti, and Rb is
chosen.

[0031]

In still another preferred embodiment of the cancer
evaluation system according to the second aspect of the
present invention, as the set of evaluation elements, a
combination of elements are chosen such that the elements have
their concentration data for a subject who belongs to the
control group and a subject who belongs to the case group. In
this embodiment, the combination of all the elements that have
their concentration data for the subject who belongs to the
control group and the subject who belongs to the case group
may be used as the set of evaluation elements, and the
combination of a part of these elements may be used as the set
of evaluation elements.

[0032]

In a further preferred embodiment of the cancer

evaluation system according to the second aspect of the

present 1invention, as the set of evaluation elements, a
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combination of 16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn, Fe,
Zzn, Cu, Se, Rb, Ag, Sn, and S is chosen.
[0033]

In a further preferred embodiment of the cancer
evaluation system according to the second aspect of the
present invention, in the evaluation result operation section,
age data of the subject 1is used in addition to the
concentration data.

[0034]

In a further preferred embodiment of the cancer
evaluation system according to the second aspect of the
present invention, the evaluation result operation section
analyzes using a multiple logistic model, thereby adding a
probability that the subject will suffer from any type of
cancer in his/her future to the evaluation result.

[0035]

In a further preferred embodiment of the cancer
evaluation system according to the second aspect of the
present invention, the evaluation result operation section has
a function of discriminating a type of cancer that has
occurred in addition to a function of discriminating which of

the control group and the case group the subject belongs to.

ADVANTAGEOUS EFFECTS OF THE INVENTION
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[0036]

With the cancer evaluation method according to the
first aspect o0f the present 1invention and the cancer
evaluation system according to the second aspect of the
present invention, there are advantageous effects that the
risk of suffering cancer of a subject can be estimated with
high accuracy, the disadvantages of early degeneration and
high cost that arise in the case where the in-blood amino acid
concentrations are utilized do not occur, and this method and
this system can be applied easily to group or mass

examinations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037]

Fig. 1 is a flowchart showing the basic principle of
the cancer evaluation method according to the ©present
invention.

Fig. 2 is a functional block diagram showing the basic
structure of the cancer evaluation system according to the
present invention.

Fig. 3 1s a table showing the 1list of the essential
elements for a human body.

Fig. 4 is a table showing the relationship between the

biological significance of the elements and cancer.
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Fig. 5 1s a table showing the measured data of the
elements contained in the serums (samples) of 10 subjects,
which are obtained in the preliminary examination.

Fig. 6A 1is a table showing the test result of the
difference Dbetween the population means of the two groups
(control group and case group), which are obtained using the
measured data of the elements contained in the serums
(samples) of 10 persons in the control group 1in the
preliminary examination.

Fig. 6B 1is a table showing the test result of the
difference Dbetween the population means of the two groups
(control group and case group), which are obtained using the
measured data of the elements contained in the serums
(samples) of 10 persons in the control group 1in the
preliminary examination, which is subsequent to Fig. 6A.

Fig. 7A shows tables showing the result of discriminant
analysis for the measured data of the elements contained in
the serums (samples) of the subjects in the cancer evaluation
method according to the present invention.

Fig. 7B shows tables showing the result of discriminant
analysis for the measured data of the elements contained in
the serums (samples) of the subjects in the cancer evaluation
method according to the present invention, which is subsequent

to Fig. 7A.
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Fig. 8 1s a table showing the measured data of the
elements contained in the serums (samples) of the 12 subjects
in the case group and those of the 18 subjects in the control
group, which 1is obtained 1in the cancer evaluation method
according to the present invention.

Fig. 9 is a table showing the analysis result of the
measured data of the elements contained in the serums
(samples) of the 12 subjects in the case group and those of
the 8 subjects in the control group, which is obtained in the
cancer evaluation method according to the present invention.

Fig. 10 is a table showing the analysis result of the
measured data of the elements contained 1in the serums
(samples) of the 12 subjects in the case group and those of
the 18 subjects in the control group, which is obtained in the
cancer evaluation method according to the present invention.

Fig. 11 1is tables showing the discrimination result
about which of the control group and the case group the
subjects belong to, which are obtained in the cancer
evaluation method according to the present invention, which
indicates the fact that the control group and the case group
are discriminated with high accuracy.

Fig. 12 is a conceptual diagram showing the fact that
the discrimination result about which of the control group and

the case group the subjects belong to can be obtained by
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integrating the discrimination results for the respective
specific elements in the cancer evaluation method according to
the present invention.

Fig. 13 1is a table showing the discriminant score
obtained by discriminant analysis of the measured data of the
elements contained in the serums (samples) of the subjects in
the cancer evaluation method according to the present
invention.

Fig. 14 is a flowchart showing a modification
(development) of the cancer evaluation method according to the
present invention.

Fig. 15 is a functional Dblock diagram showing a
modification (development) of the cancer evaluation system
according to the present invention.

Fig. 16 is a table showing a breakdown of the subjects,
wherein the concentrations of the 16 evaluation elements 1in
the serums are measured using the modification (development)
of the cancer evaluation method according to the present
invention.

Fig. 17 1is a concentration comparison table of the
cancer patients and non-cancer patients based on the
concentrations of the 16 evaluation elements in the serums
which are measured using the modification (development) of the

cancer evaluation method according to the present invention.
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Fig. 18 shows tables showing the discrimination result
of the prostate cancer patients (male) and the colon cancer
patients (male) which are obtained 1in the modification
(development) of the cancer evaluation method according to the
present invention.

Fig. 19 shows tables showing the discrimination result
of the colon cancer patients (female) and the breast cancer
patients (female) which are obtained in the modification
(development) of the cancer evaluation method according to the
present invention.

Fig. 20 is a table showing the result of ROC analysis
of the prostate cancer patients (male) and the colon cancer
patients (male) which are obtained in the modification
(development) of the cancer evaluation method according to the
present invention.

Fig. 21 is a table showing the result of ROC analysis
of the colon cancer patients (female) and the breast cancer
patients (female) which are obtained in the modification
(development) of the cancer evaluation method according to the
present invention.

Fig. 22 is an explanatory drawing showing an example of
the discriminant for the prostate cancer patients (male) and
the «colon cancer patients (male) which are wused 1n the

modification (development) of the cancer evaluation method
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according to the present invention.

Fig. 23 is an explanatory drawing showing an example of
the discriminant for the colon cancer patients (female) and
the breast cancer patients (female) which are wused in the
modification (development) of the cancer evaluation method
according to the present invention.

Fig. 24 1is a table showing the discriminant score and
the discriminant probability of the colon cancer patients
(male) which are used in the modification (development) of the
cancer evaluation method according to the present invention.

Fig. 25 is a table showing the discriminant score and
the discriminant probability of the prostate cancer patients
(male) which are used in the modification (development) of the
cancer evaluation method according to the present invention.

Fig. 26 1is a table showing the discriminant score and
the discriminant probability of the breast cancer patients
(female) which are used in the modification (development) of
the cancer evaluation method according to the ©present
invention.

Fig. 27 1is a table showing the discriminant score and
the discriminant ©probability of the colon cancer patients
(female) which are used in the modification (development) of
the cancer evaluation method according to the present

invention.
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Fig. 28 1is a graph showing the discriminant score and
the discriminant probability of the colon cancer patients
(male) which are used in the modification (development) of the
cancer evaluation method according to the present invention.

Fig. 29 is a graph showing the discriminant score and
the discriminant probability of the prostate cancer patients
(male) which are used in the modification (development) of the
cancer evaluation method according to the present invention.

Fig. 30 is a graph showing the discriminant score and
the discriminant probability of the breast cancer patients
(female) which are used in the modification (development) of
the cancer evaluation method according to the present
invention.

Fig. 31 is a graph showing the discriminant score and
the discriminant probability of the colon cancer patients
(female) which are used in the modification (development) of
the cancer evaluation method according to the present

invention.

EMBODIMNENTS FOR CARRYING OUT THE INVENTION

[0038]

Preferred embodiments of the present invention will be
described Dbelow 1in detail while referring to the drawings

attached.
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[0039]
[Basic Principle of Cancer Evaluation Method of Invention]

The inventors conducted research earnestly to develop a
new cancer screening method that uses the concentrations
(contents) of the elements contained in the serum of a subject
and as a result, obtained the following findings: The first
finding is that the risk of suffering from cancer seems to be
able to be estimated based on the concentration change of the
elements by comparing the concentrations of the elements
contained in the serums of cancer patients and in the serums
of healthy persons (ordinary persons who were Jjudged to have
no cancer at the time of receiving a cancer examination). The
second finding is that Inductively-Coupled Plasma Mass
Spectrometry (ICP-MS), which has been popularly used in the
semiconductor fields, seems to be applicable to measuring the
in-serum concentrations of the elements.

[0040]

Accordingly, based on the aforementioned two findings,
firstly, the inventors conducted a preliminary examination
twice in order to choose the elements to be measured as “a set
of evaluation elements”.

[0041]
First Preliminary Examination: To find the optimal

measurement condition for measuring the elements in the serum,

—-23-



10

15

20

10 serums 1in the control group were used. These serums were
mixed with nitric acid and then, proteins and amino acids were
decomposed by heating the serums at a temperature in the range
of 180°C to 200°C in a sealed pressure container in which
metal contamination was suppressed, and subjected to a
pretreatment in order to prevent hindrances to the
concentration measurement of the elements 1in the serums.
Thereafter, the serums were diluted to a predetermined
concentration using ultrapure water <containing no metal
contamination. The concentrations of the 75 elements contained
in the processed liquid thus obtained were measured utilizing
Inductively-Coupled Plasma Mass Spectrometry (ICP-MS), the
measurement result of which is shown in Fig. 5. In Fig. 5, the
concentrations (unit: ppb) of the elements of Na, Cl, S, P, K,
Ca, Mg, Br, Si, Fe, Zn, Cu, Ti, Rb, B, Se, Li, Al, I, Sr, Ge,
Ba, Ni, As, Sb, Mo, Hg, Mn, Cs, Pt, Co, W, Th, Ti, and U are
shown for the 10 samples.

[0042]

To measure the concentrations of wvarious elements,
Inductively-Coupled Plasma Optical Emission Spectroscopy (ICP-
OES), Inductively-Coupled Plasma Mass Spectroscopy (ICP-MS),
Atomic Absorption Spectrometry (AAS) , X-Ray Fluorescence
analysis (XRF) and so on can be used in addition to ICP-MS.

The reason why the inventors chose ICP-MS is that ICP-MS 1is
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recognized to be the simplest way where the quantitativity in
measurement result is strict. Accordingly, 1if this condition
is changed, or any other analyzing method that 1is more
preferred is developed, it 1s needless to say that any other
method than ICP-MS may be used for this purpose.

[0043]

Second Preliminary Examination: Under the optimal
condition found in the first preliminary examination, the
contents of the 75 elements contained in the new 8 serums in
the control group which were different from those used in the
first preliminary examination and in the 12 serums in the case
group were measured using ICP-MS. The breakdown of the 12
serums 1in the case group was that the numbers of lung cancer
patients, Dbreast cancer patients, colon cancer patients, and
thyroid cancer patients are 2, 3, 3, and 2, respectively.
Thereafter, the difference of the concentrations of the
elements between the control group and the case group thus
obtained was analyzed statistically.

[0044]

The elements having their measured concentration values
with respect to all the subjects (all the serums) were 14
elements of Na, C1, S, P, K, Ca, Mg, Br, Si, Fe, Zn, Cu, Ti,
and Rb among the concentration data of the 75 elements in the

serums which  were obtained in the second preliminary
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examination. Then, the 13 elements excluding Si (the reports
showing that Si is concerned with vital functions have been
scarcely made) among these 14 elements were chosen, and the
concentrations of these 13 elements were analyzed
statistically. In other words, the 13 elements of Na, Cl, S, P,
K, Ca, Mg, Br, Fe, Zn, Cu, Ti, and Rb were chosen as the
target elements for the statistical analysis. The result of
the data analysis is shown in Figs. 9 and 10. Fig. 9 shows the
result of the second data analysis and Fig. 10 shows the
result of the case where the results of the first and second
data analyses are combined.

[0045]

Using the concentration data of the aforementioned 13
elements, the element combination that makes it possible to
discriminate best between the case group and the control group
clearly was explored using a computer while changing the
combinations of these 13 elements many times over. As a result,
it was found that the discriminant ability was the highest in
the case where the 7 elements of S, P, Mg, Zn, Cu, Ti, and Rb
were combined and used as the “set of evaluation elements”.
[0046]

In this analysis, in order to clarify the elements that
are concerned with the difference between the case group and

the control group among the aforementioned 13 elements chosen,
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discriminant analysis and multiple logistic model were used,
in which a combination that maximizes the difference between
the combined elements was explored while taking the
combinations of the elements into consideration. As a result,
it was found that the differences among the combined elements
were maximized in the case where the 7 elements of S, P, Mg,
Zzn, Cu, Ti, and Rb were combined and used as the “set of
evaluation elements”. In other words, it was found that the
case group and the control group can be discriminated with
high accuracy by measuring the in-serum concentrations of
these 7 elements and analyzing statistically the measurement
result thus obtained. Because of this finding, it was made
clear that a new method of diagnosing the presence and absence
of the onset of cancer in the human body was able to be
developed.

[0047]

Next, the detail of the aforementioned analysis will be
explained below. First, the 13 elements (Na, Cl, S, P, K, Ca,
Mg, Br, Fe, Zn, Cu, Ti, Rb) were chosen as the target elements,
i.e., the “set of evaluation elements” and then, discriminant
analysis was carried out for the two groups of the control
group (0) and the case group (1). Concretely speaking, a test
(t-test) for the difference between the population means of

the control group and the case group was carried out. This was
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to search to what degree the discrimination between the two
groups 1is affected by the 13 elements. The result of this test
is shown in Figs. 6A and 6B. These two figures show the result
of reviewing the difference between the means of the two
groups of the control group (0) and the case group (1) with
respect to the 13 elements. When the difference between the
two groups was compared with respect to the respective
elements individually, significant differences (P < 0/01) were
found between the two groups with respect to the elements of
Na, S, K, and Mg, which resulted in that the difference in the
case group was lower than that in the control group. Although
the difference was observed between these two groups with
respect to the respective elements individually, the
relationships among the elements were ignored in this
analysis; therefore, it was found that this analysis included
many problems if used for the purpose of evaluating the risk
of disease. To solve these problems, it was necessary to
execute analysis using multivariate analysis capable of
considering the relationships among the elements, i.e.,
discriminant analysis. In addition, when the p-value that
indicates the significance probability was 0.05 or less 1in
Figs. 6A and 6B, it was Jjudged that the parameters were
“significantly different”.

[0048]
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Accordingly, next, a discriminant function was obtained
in the following way. This was to analyze the concentration
balance (correlations) among the elements. The concentrations
of the individual elements included personal differences and
were difficult to use as an indicator; therefore, the
correlations of the concentrations among the elements were
obtained here.

[0049]

A discriminant function can be expressed 1in the
following equation (1).

Discriminant Value (D) = Function (F) (Explanatory
Variables 1 to n, Discriminant Coefficients) (1)

(n is an integer equal to or greater than 2.)

Taking the weight (the influence on discrimination) of
the respective explanatory variables 1 to n into consideration,
the equation (1) can be written as the following equation (2).

Discriminant Value (D) =

(Discriminant Coefficient 1) x (Explanatory Variable 1)

+ (Discriminant Coefficient 2) x (Explanatory Variable 2)
+ .... (Discriminant Coefficient n) x (Explanatory Variable n)
+ Constant (2)

Here, the 7 elements (S, P, Mg, Zn, Cu, Ti, Rb) which

are chosen from the result of the test (t-test) for the

difference between the population means of the two groups are
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defined as the explanatory variables and at the same time, the
discriminant coefficients are used as the weight for these
explanatory variables, resulting in a discriminant function. A
desired discriminant function can be easily obtained by
inputting the concentration wvalues (concentration data) of the
7 elements into a known discriminant analysis program.

[0050]

If the discriminant wvalue (discriminant score) (D)
calculated in this way is equal to 0 or less, it 1is Jjudged
that the subject belongs to the case group (1), and 1if the
discriminant wvalue (D) is equal to 0 or greater, it is Jjudged
that the subject belongs to the control group (2).

[0051]

Next, to obtain the probability that the subject
belongs to the <case group (1) or the control group (2),
analysis 1is carried out wusing the multiple logistic model,
thereby obtaining the incidence. The incidence is given by the
following equation (3) using the discriminant values (D) which
is obtained in the aforementioned discriminant analysis.

Incidence = 1/[1 + exp(-Discriminant Value) ] (3)

Since the incidence can be obtained using the equation
(3), the probability that the subject belongs to the case
group (1) also can be obtained. This means that the subject

can know his/her own current risk of suffering from cancer.
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[0052]

As a result of the discriminant function, the
discriminant ability was the highest when the aforementioned 7
elements (S, P, Mg, %4n, Cu, Ti, Rb) are used. Table 1 of Fig.
7A shows the correlations among these 7 elements. For example,
S of 1) has a strong positive correlation with Mg of 3) at the
value of 0.714. This means that S and Mg have the relationship
that Mg increases if S 1increases and Mg decreases 1if S
decreases. The correlation coefficients shown in Table 1 of
Fig. 7A indicate the individual relationships among the 7
elements.

[0053]

Moreover, Mahalanobis’ generalized distance shown in
Table 2 of Fig. 7A indicates the distance Dbetween the
barycenters of the case group (1) and the control group (2).
If the magnitude of the Mahalanobis’ generalized distance
becomes larger, it <can Dbe represented that the difference
between the two groups (1) and (2) is larger. The magnitude of
Mahalanobis’ generalized distance was maximized when the
aforementioned 7 elements were used as the set of evaluation
elements. For this reason, the equation obtained wusing the
aforementioned 7 elements was determined as the final
discriminant function in order to discriminate these two

groups. Box’s test in Table 3 of Fig. 7A shows that this
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discriminant is significant (meaningful) (P = 0.004651).
[0054]

Table 4 of Fig. 7B indicates the significance of the
variables used in the discriminant analysis, Table 5 of Fig.
7B indicates the spurious percentage of correct
classifications, and Table 6 of Fig. 7B indicates the
barycenters of the respective groups in the discriminant space.
[0055]

With the cancer evaluation method according to the
present invention, the 7 elements (S, P, Mg, 4Zn, Cu, Ti, Rb)
that were specified through the aforementioned two preliminary
examinations are designated as the set of evaluation elements
and then, the concentrations of these elements contained in
the serum of a subject are measured, thereby evaluating
whether or not the subject suffers from cancer.

[0056]

Next, the basic principle of the cancer evaluation
method according to the present invention will be explained
below with reference to Fig. 1.

[0057]

With the cancer evaluation method according to the
present invention, as seen from Fig. 1, first, a serum sample
2 that has been collected from the subject is put into a test

tube 1 and then, the sample 2 1is placed in an analyzing
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apparatus and analyzed, thereby measuring the concentrations

of the predetermined elements (the set of evaluation elements)

in the serum (Step S1). The elements whose concentrations are
to be measured here are the 7 elements of S, P, Mg, Zn, Cu, Ti,
and Rb.

[0058]

Next, the in-serum concentration data of the set of
evaluation elements obtained in the step S1 are applied to a
predetermined discriminant function to conduct an operation
(Step S2).

[0059]

Finally, based on the operation result obtained in the
step S2, whether or not the subject from which the serum
sample 2 has been collected suffers from any type of cancer is
discriminated. As a result, as shown in Fig. 12, a desired
evaluation result about the presence or absence of the onset
of cancer is obtained (Step S3).

[0060]

With the cancer evaluation method according to the
present invention, as explained above, the concentration data
of the set of evaluation elements (S, P, Mg, Zn, Cu, Ti, Rb)
in the serum collected from the subject are applied to the
predetermined discriminant function, thereby operating the

correlations among the concentrations of the set of evaluation
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elements. Thereafter, based on the correlations thus obtained,
whether or not the subject suffers from any type of cancer is
discriminated. Accordingly, the risk of suffering from cancer
of the subject can be estimated with high accuracy and at the
same time, the disadvantages of early degeneration and high
cost that arise in the case where the in-blood amino acid
concentrations are utilized do not occur.

[0061]

Moreover, after obtaining the concentration data of the
set of evaluation elements 1in the serum that has been taken
from the subject, which of the case group and the control
group the subject belongs to can be discriminated by automatic
operation using a computer. Therefore, this method is easily
applicable to group or mass examinations.

[0062]
[Basic structure of Cancer Evaluation System of Invention]

Next, the cancer evaluation system according to the
present invention will be explained below.

[0063]

The basic structure of the cancer evaluation system 10
of the present invention 1is shown in Fig 2. The cancer
evaluation system 10, which is a system for carrying out the
aforementioned cancer evaluation method of the present

invention, comprises a data storage section 11, a discriminant
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function generation section 12, and an evaluation result
operation section 13, as seen from Fig. 2.
[0064]

An in-serum element concentration measurement section 5
is provided outside the cancer evaluation system 10, in which
the in-serum concentrations of the set of evaluation elements
(s, P, Mg, Zn, Cu, Ti, Rb) are measured using a serum sample 2
that has been collected from a subject and that has been put
into a test tube 1. The concentration data of the set of
evaluation elements thus obtained 1in the in-serum element
concentration measurement section 5 are supplied to the data
storage section 11. As the 1in-serum element concentration
measurement section 5, for example, a known ICP mass
spectrometer is used.

[0065]

The data storage section 11 1is a section for storing
the concentration data of the set of evaluation elements
obtained 1in the in-serum element concentration measurement
section 5, which is usually formed by a known storage device.
[0066]

The discriminant function generation section 12 is a
section for generating a discriminant function that is wused
for the operation in the evaluation result operation section

13, which is usually formed to include a known program.
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[0067]

The evaluation result operation section 13 conducts the
operation in a predetermined method. Based on the operation
result outputted by the evaluation result operation section 13,
a desired evaluation result 1s obtained, in other words, the
presence or absence of the onset of cancer is evaluated.

[0068]

When the aforementioned cancer evaluation method
according to the present invention is carried out with the
cancer evaluation system 10, the risk of suffering from cancer
is calculated using, for example, pattern analysis of the in-
serum concentrations of the set of evaluation elements, and
the result that the possibility of having cancer is expressed
stochastically based on the said risk is presented. Concretely
speaking, serums (e.g., 0.5 cc) are collected at physical
checkups which are conducted in medical institutions or
diagnosis institutions and then, are subjected to
concentration measurement of the set of specific evaluation
elements (S, P, Mg, Zn, Cu, Ti, Rb) at inspection agencies.
Thereafter, Dbased on the concentration data of the set of
evaluation elements measured at the inspection agencies, the
risk of cancer 1s calculated at an institution 1like, for
example, a risk evaluation center (provisional name). The

calculation result of the risk thus obtained is delivered to
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blood collection agencies and then, sent to a medical examinee
from the Dblood collection agencies. If the examinee 1is
suspected to have cancer, the Dblood <collection agencies
recommend him/her to receive “existing cancer examination”.
The personal information is systemized so as not to reach the
inspection agencies and the risk evaluation center through the
encryption or consecutive numbering which 1is executed at the
blood collection agencies.

[0069]

[Modification of Cancer Evaluation Method of Invention]

Next, a modification of the cancer evaluation method of
the present invention will be explained below. It can be said
that this modification is a development of the <cancer
evaluation method of the present invention.

[0070]

The modification (development) of the cancer evaluation
method of the present invention is shown in Fig. 14. With this
cancer evaluation method of the present invention, as seen
from Fig. 14, first, a serum sample 2 that has been collected
from a subject is put into a test tube 1 and then, the sample
2 1is placed in an analyzing apparatus and analyzed, thereby
measuring the concentrations of the set of elements in the
serum (Step S11). Here, the elements whose concentrations are

to be measured are not limited; the concentrations of all the
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elements whose concentrations are measurable are measured.
Moreover, (all or part of) the elements whose concentration
data have been obtained in both the control group and the case
group are designated as the set of evaluation elements.
Concretely speaking, for example, 16 elements of Na, Mg, Al, P,
K, Ca, Ti, Mn, Fe, Zn, Cu, Se, Rb, Ag, Sn, and S are
designated as the set of evaluation elements. This
modification (development) is different from the <cancer
evaluation method of the present invention shown in Fig. 1 at
this point. The reason why (all or part of) the elements whose
concentration data have Dbeen obtained in both the control
group and the <case group are designated as the set of
evaluation elements is that these data can be utilized for a
discriminant as stable data; in other words, if the
concentration data observed in only the control group or those
observed in only the case group are used for a discriminant,
it is difficult to obtain a desired discrimination result.
[0071]

Subsequently, the in-serum concentration data of the
set of evaluation elements obtained in the step S11 and the
age of the subject are applied to a predetermined discriminant
function to conduct an operation (Step S12).

[0072]

Finally, based on the operation result obtained in the
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step S2, whether or not the subject from which the serum
sample 2 has been collected suffers from any type of cancer is
discriminated. As a result, a desired evaluation result about
the presence or absence of the onset of cancer is obtained
(Step S13).

[0073]

With the modification (development) of the cancer
evaluation method of the present invention, as explained above,
the concentration data of the set of evaluation elements (all
or part of the elements whose concentration data have been
obtained in both the control group and the case group) and the
age of the subject are applied to the predetermined
discriminant function and then, the correlations among the
concentrations of the set of evaluation elements and the age
are calculated. Thereafter, based on the correlations among
the concentrations of the elements and the age thus obtained,
whether or not the subject suffers from any type of cancer is
discriminated. Accordingly, the risk of suffering cancer of
the subject can be estimated with high accuracy and at the
same time, the disadvantages of early degeneration and high
cost that arise in the case where the in-blood amino acid
concentrations are utilized do not occur.

[0074]

Moreover, after obtaining the concentration data of the

—39-



10

15

20

set of evaluation elements 1in the serum that has been taken
from the subject, which of the case group and the control

group the subject belongs to can be discriminated by automatic

operation wusing a computer. Therefore, this modification
(development) is easily applicable to group or mass
examinations.

[0075]

[Modification of Cancer Evaluation System of Invention]

The basic structure of a cancer evaluation system 10A,
which is a modification (development) of the cancer evaluation
system 10 of the present invention, is shown in Fig. 15. The
cancer evaluation system 10A, which is a system for carrying
out the aforementioned modification (development) of the
cancer evaluation method of the present invention, comprises a
data storage section 11A, a discriminant function generation
section 12A, and an evaluation result operation section 13A,
as seen from Fig. 15.

[0076]

An in-serum element concentration measurement section
5A is provided outside the cancer evaluation system 10A, in
which the in-serum concentrations of a set of evaluation
elements (16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn, Fe, 7n,
Cu, Se, Rb, Ag, Sn, and S) are measured using a serum sample 2

that has been collected from a subject and that has been put
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into a test tube 1. The concentration data of the set of
evaluation elements thus obtained 1in the in-serum element
concentration measurement section 5A are supplied to the data
storage section 11A. On the other hand, the age data of the
subject also is supplied to the data storage section 11A. As
the in-serum element concentration measurement section 5A, for
example, a known ICP mass spectrometer is used.

[0077]

The data storage section 11A is a section for storing
the concentration data of the set of evaluation elements
obtained in the in-serum element concentration measurement
section 5A and the age data of the subject, which is usually
formed by a known storage device.

[0078]

The discriminant function generation section 12A is a
section for generating a discriminant function that is wused
for the operation in the evaluation result operation section
13A, which is usually formed to include a known program.

[0079]

The evaluation result operation section 13A conducts
the operation 1in a predetermined method. Based on the
operation result obtained in the evaluation result operation
section 13A, a desired evaluation result 1is obtained, in other

words, the presence or absence of the onset of cancer 1is

—-471—



10

15

20

evaluated.
[0080]

When the modification (development) of the cancer
evaluation method of the present invention 1is carried out,
similar to the aforementioned cancer evaluation method of the
present invention shown in Fig. 1, the risk of suffering from
cancer 1is calculated using, for example, pattern analysis of
the in-serum concentrations of the set of evaluation elements
and then, the result that the possibility of having cancer is
expressed stochastically based on the said risk 1s presented.
Concretely speaking, the serum (e.g., 0.5 cc) 1is collected at
physical checkups that are conducted in medical institutions
or diagnosis institutions and  then, is subjected to
concentration measurement of the set of specific evaluation
elements (16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn, Fe, Zn,
Cu, Se, Rb, Ag, Sn, and S) at inspection agencies. Thereafter,
the risk of having cancer is calculated at an institution like,
for example, a risk evaluation center (provisional name),
based on the concentration data that are measured at the
inspection agencies and the age data of the subject. The
calculation result of the risk 1is delivered to Dblood
collection agencies and then, sent to medical examinees from
the blood collection agencies. If the examinee is suspected to

have cancer, the blood collection agencies recommend him/her
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to receive ‘“existing cancer examination”. The personal
information 1s systemized so as not to reach the inspection
agencies and the risk evaluation center through the encryption
or consecutive numbering which 1is executed at the Dblood

collection agencies.

EXAMPLE 1
[0081]

Next, the present invention will be explained in more
detail based on examples.
[0082]

Example 1 corresponds to the cancer evaluation method
of the present invention shown in Fig. 1.

[0083]

Using the serums of the 8 subjects in the control group
and those of the 12 subjects in the case group (20 subjects in
total) used in the aforementioned second preliminary
examination, the concentrations (contents) of the 7 elements
(S, P, Mg, Zn, Cu, Ti, Rb) contained in these serums were
measured by the ICP mass spectrometry and as a result, the
result shown in Fig. 8 was obtained. In this example, the
aforementioned 7 elements were the “set of evaluation
elements”. The breakdown of the 12 subjects in the case group

was that the numbers of lung cancer patients, Dbreast cancer
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patients, colon cancer patients, and thyroid cancer patients
are 2, 3, 3, and 2, respectively. Thereafter, the difference
of the concentrations of the elements thus obtained between
the control group and the case group was analyzed
statistically in the following way.

[0084]

First, a test for the difference between the population
means of the two groups (the control group and the case group)
was carried out with respect to the serums (samples) of the 20
subjects and consequently, the result shown in Figs. 6A and 6B
was obtained. Next, the concentration data of the 7 elements
contained 1in the serums (samples) of the 30 subjects were
subjected to discriminant analysis and consequently, the
result shown in Figs. 7A and 7B was obtained. The discriminant
score (discriminant wvalue) shown in Fig. 13 was obtained. The
discriminant function used for this purpose was as follows.

Discriminant wvalue (D) = 0.0040 x (Concentration of S3)
- 0.0133 x (Concentration of P) + 0.3336 x (Concentration of
Mg) + 3.3637 x (Concentration of Zn) - 5.3088 x (Concentration
of Cu) + 1.1833 «x (Concentration of Ti) + 20.7033 x
(Concentration of Rb) - 9.9368
[0085]

The final result of the discriminant analysis shown in

the upper table of Fig. 11 was obtained. As seen from this
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table, all the 8 samples in the control group were estimated
to Dbelong to the control group by the set of evaluation
elements (S, P, Mg, zZn, Cu, Ti, RDb) used in this
discrimination and at the same time, 11 out of the 12 samples
in the case group (cancer patients) were estimated to belong
to the case group and 1 out of the 12 samples 1in the case
group was estimated to belong to the control group (healthy
persons) . From these results, it was found that the
discriminant ability was that the sensitivity (which indicates
the rate of actual patients to be judged patients) was 91%
(11/12) and that the specificity (which indicates the rate of

non-patients to be Jjudged non-patients) was 100% (8/8).

[0086]
It is ideal that the discriminant probability of the
case group (cancer patients) is 100% 1in both of the

sensitivity and the specificity. However, the sensitivity and
the specificity of the screening methods (X-ray test for chest,
barium test for stomach, fecal occult blood reaction for colon,

and so on) that are being used in the current cancer check are

approximately 80% each. Therefore, it 1is expected that the
prediction (screening) method of suffering from cancer

utilizing the difference between the concentration patterns of

the specific in-serum elements, which was newly used here,

will be a significant method.
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EXAMPLE 2
[0087]

This Example also corresponds to the cancer evaluation
method of the present invention shown in Fig. 1.

[0088]

The same concentration measurement and the same
discriminant analysis as those used in Example 1 were carried
out except that the total number of the serums of the subjects
in the control group which were used in the aforementioned
second preliminary examination was increased to 18 from 8 by
adding the serums of the subjects (10 subjects) in the control
group which were used in the aforementioned first preliminary
examination. The final result of the discriminant analysis
shown 1in the lower table of Fig. 11 was obtained. The
concentration data of the same elements as those of Example 1
were designated; the sensitivity was the same as that of

Example 1 but the specificity was lowered to 88%.

EXAMPLE 3
[0089]
This Example corresponds to the modification
(development) of the cancer evaluation method of the present

invention shown in Fig. 14.
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[0090]

As shown in Fig. 16, the subjects was determined so
that the control group (ordinary persons) includes 30 men and
30 women and the case group (cancer patients) includes 43 male
patients with colon cancer, 20 female patients with colon
cancer, 30 female patients with breast cancer, and 18 male
patients with prostatic cancer. Then, the concentrations of
all the elements contained in the serums of all the subjects
using ICP mass spectrometry. 16 elements (Na, Mg, Al, P, K, Ca,
Ti, Mn, Fe, Zn, Cu, Se, Rb, Ag, Sn, S) out of the 75 elements
contained in the serums the concentrations of which were
obtained in the aforementioned second preliminary examination
had their measurement values of the concentrations with
respect to all the subjects (all the serums). Accordingly, the
data of the 17 items in total were formed by adding the age
data of the subjects to the concentration data of these 16
elements and were used for analysis.

[0091]

As the method of measuring the concentrations of
various elements, ICP Optical Emission Spectroscopy (ICP-OES),
ICP mass spectrometry (ICP-MS), Atomic Absorption Spectrometry
(AAS), X-Ray Fluorescence analysis (XRF) and so on can be used.
However, the measurement here was carried out using ICP mass

spectrometry which was recognized to be the simplest way where
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the quantitativity in measurement result is strict.
[0092]

If some difference was observed between the in-serum
concentrations of the elements in the control group and those
in the case group, it was estimated that these elements have
some relationship with the onset of cancer. Therefore, a test
for the difference between the means of the control group and
the case group was carried out 1n order to review the
difference between the control and case groups using the 16
elements excluding the age. As a result, the result shown in
Fig. 17 was obtained. In Fig. 17, when the concentration of
any of the elements in the —case group 1is/are higher
statistically significantly, the element(s) is/are indicated
by the upwards arrow 1; conversely, when the concentration of
any of the elements in the case group is/are lower
statistically significantly, the element(s) is/are indicated
by the downwards arrow |.

[0093]

As seen from Fig. 17, the result of P(1), Ag(1r), Sn(1)
and S (1) was obtained for the male patients with colon cancer,
which means that the concentrations of the 4 elements of P, Ag,
Sn, and S in the case group were significantly higher. For the
male patients with prostate cancer, the result of P(y), Cal(y),

zn(1), Sn(r) and S(]) was obtained. For the female patients
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with colon cancer, the result of P(1), Ca(l), Mn(1r), Rb(}),
and Sn (1) was obtained. For the female patients with breast
cancer, the result of Ca(t), Ti(t), Mn<(1r), Fe(r), 2Zn(1r), and
Rb(y) was obtained. It was understood that the elements in
which significant difference was observed were different
according to the male or female patients, and were different
according to the body part that suffers from cancer also. The
risk of having “cancer” was able to be estimated based on the
elements in which significant difference was observed between
the control group and the case group; however, it was Jjudged
that the elements causing significant difference were not
suitable for an indicator for knowing the risk of having
cancer. This was because the extracted elements were different
according to the Dbody part that suffers from cancer and
because the ups and downs of the concentration of the
extracted elements that affected the discrimination could be
opposite according to the body part that suffers from cancer.
[0094]

Accordingly, using all the concentration data of the 16
elements that had their measurement wvalues for all the
subjects (all the serums), analysis was carried out based on
pattern recognition. Concretely speaking, an equation capable
of best discriminating the difference between the case group

and the control group was automatically generated with a
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computer program (SAS, SPSS and so on) using the data of the
17 items 1in total including the concentration data of the 16
elements and the age data for the case group and the control
group. Even if any of discriminant analysis, multiple
regression analysis, and logistic analysis was used, the
discriminant function thus derived was expressed as the
following equation (4).

[0095]

Discriminant wvalue (Score) (D) =
F(age, Na, Cl S,...... , Ti, Rb) (4)

The risk of having cancer can be estimated which of the
case group and the control group the discriminant wvalue (D)
belongs to. The analysis result in the case where discriminant
analysis was used is shown in Figs. 18 and 19.

[0096]

As shown in Fig. 18, in the case of the male patients
with prostate cancer, the 30 subjects were included in the
control group and the 18 subjects were included in the case
group; when discrimination was conducted using the equation
(4), 30 out of the 30 subjects in the control group were
judged “belonging to the control group” (the specificity was
100%), and 16 out of the 18 subjects in the case group were
judged “belonging to the case group” (the sensitivity was

88.9%). In the case of the male patients with colon cancer, 26
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out of the 30 subjects in the control group (the specificity

was 86.7%) and 39 out of the 43 subjects in the case group

(the sensitivity was 90.7%) were Jjudged accurately.

Moreover, as shown in Fig. 19, in the case of the female

patients with colon cancer, 29 out of the 30 subjects in the

control group (the specificity was 96.7%) and 18 out of the 20

subjects in the case group (the sensitivity was 90%) were

judged correctly. In the case of the female patients with

breast cancer, 30 out of the 30 subjects in the control group

(the specificity was 100%) and 28 out of the 30 subjects in

the case group (the sensitivity was 93.3%) were Jjudged
correctly.
[0097]

Subsequently, ROC analysis was carried out as a method
of confirming the reliability of the result which was produced
by the discriminant introduced. With the ROC analysis used
here, while successively changing the discriminant value
(score) (D) that was calculated from the equation (4) from the
lowest wvalue to the highest wvalue, the sensitivity and the
specificity were calculated from the number of the subjects
which were separated into the control group and that separated
into the case group, thereby generating the figures shown in
Figs. 20 and 21. The vertical axis represents the sensitivity

and the horizontal axis represents the (1 - Specificity) 1in
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these two figures. The goodness of fit of the discriminant
(prediction) can be Jjudged according to the magnitude of the
lower area that is partitioned by the curve in these figures.
The lowest value of the area is set as 0 and the highest wvalue
thereof is set as 1, which means that if the magnitude of the
area 1is closer to 1, the discriminant is more accurate. As
shown in Fig. 20, the area 1is 0.956 in the case of the male
patients with colon cancer, and the area is 1.000 in the case
of the male patients with prostate cancer. As shown in Fig. 21,
the area is 0.999 in the case of the female patients with
breast cancer, and the area is 0.982 in the case of the male
patients with colon cancer. It is found that sufficiently high
values are obtained in any of these cases. Since it was
reported that the ROC areas of the existing screening methods
for diagnosing cancer such as fecal occult blood reaction for
colon cancer and mammography for breast cancer were 0.7 to 0.8,
it will be understood that the method of the present invention
is better than these two screening methods.

[0098]

The discriminant function calculated by the
discriminant analysis 1is expressed, for example, in the case
of prostate cancer, 1in the following equation (5) (see the
left side of Fig. 22).

[0099]
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)

= 0.0903949 x Age + 0.0000053 x Na — 0.0002593 x Mg +

0.0000492 x Al - 0.0000252 x P + 0.0000105 x K + 0.000046 x Ca

+

0.0006909 x Ti + 0.0154933 x Mn - 0.0001292 x Fe -0.0027147
x Cu - 0.0002606 x Zn + 0.0166826 x Se - 0.0077824 x Rb -
0.0019460 x Ag + 0.0193273 x Sn - 0.0000003 x S - 21.5837825
(Constant) (5)

In the case of the male patients with colon cancer, the
discriminant function is expressed as shown in the right side
of Fig. 22. Moreover, in the case of the female patients with
breast cancer, the discriminant function is expressed as shown
in the left side of Fig. 23, and in the case of the female
patients with colon cancer, the discriminant function 1is
expressed as shown in the right side of Fig. 23.

[0100]

By inputting the age data and the concentration data of
the 16 elements into these discriminants, the value
(discriminant score) of the discriminant functions can be
obtained. The discriminant score and the probability
(probability of normality and probability of cancer) that the
subjects or patients are divided (grouped) into the control
group or the case group in the case of the male patients with
colon cancer are shown in Fig. 24. For example, if the age
data and the concentration data of the 16 elements of one of

the patients are inputted into a corresponding one of the
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discriminants to result and the discriminant sore of 1.77860
is obtained, it 1is found by calculation that the probability
of non-cancer and the probability of cancer are 0.438% and
99.562%, respectively. Thus, it can be estimated that this
patient has a very high possibility of having colon cancer.
[0101]

The discriminant score, the probability of normality,
and the probability of having cancer in the case of the male
patients with colon cancer are shown in Fig. 25. Moreover, the
discriminant score, the probability of normality, and the
probability of cancer in the cases of the female patients with
breast cancer and the female patients with colon cancer are
shown in Figs. 26 and 27, respectively. In the same way as the
case of the male patients with colon cancer, the probability
(probability of normality and probability of cancer) that the
patients are divided into the control group or the case group
can be found from these figures; therefore, the possibility
that these patients have any one of these types of cancer can
be estimated with high accuracy. In other words, since
different discriminants are used according to the type (body
part) of cancer, not only the possibility of having cancer can
be found but also the type (body part) of possible cancer can
be identified.

[0102]
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Figs. 28 to 31 show the graphs formed to visually
facilitate understanding using the data which are calculated
from the discriminant functions and shown in Figs. 24 to 27.
The horizontal axis represents the discriminant score (D) and
the vertical axis represents the probability of cancer. For
example, in the case of the male patients with prostate cancer
shown in Fig. 29, the probability of cancer is 95% or higher
if D is 1.4 or more; if so, “Judgement C” 1is given to the
subject in question, which means that he/she is Jjudged to have
a highest risk of this cancer. If D is 0.3 or less, the
probability of cancer is equal to 5% or lower and therefore,
“Judgement A” is given to the subject in question, which means
that he/she is Jjudged to have a low risk of this cancer. If D
is in the range from 0.3 to 1.4, the probability of cancer is
in the range from 5% to 95% and therefore, “Judgement B” 1is
given to the subject in gquestion, which means that he/she 1is
judged to be necessary to receive follow-up observation. In
the cases of Fig. 28 and Figs. 30 and 31 also, Jjudgement of
the risk of having cancer can be made similarly.

[0103]

As explained above, it was confirmed that the risk of
having cancer (and the body part suffering from cancer) can be
estimated with high accuracy Dby analyzing the pattern

(concentration Dbalance) based on the age data and the
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concentration data of the 16 elements.
[0104]

In Example 3, similar to the aforementioned Examples 1
and 2, a method of diagnosing the risk of having cancer is
realized utilizing the fact that the concentration balances
(concentration distribution patterns) caused by the ups and
downs of the in-serum concentrations of the elements (the set
of evaluation elements) are clearly different from each other
between the case group and the control group, instead of
paying attention to the change of the in-serum concentrations
of the specific elements. Therefore, this method is a new one
which is different from the conventional methods.

[0105]

In Example 3, discriminant functions were calculated
for the male patients with colon cancer, the male patients
with prostate cancer, the female patients with colon cancer,
and the female patients with breast cancer; however, it is
anticipated that similar results will be obtained for any
other type (body part) of cancer. The fact that the risk of
having cancer can be estimated for different types (body
parts) of cancers in Example 3 with a single blood sampling
destroys the conventional wisdom about the existing cancer
diagnosis methods, which provides a new method.

[0106]
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In addition, in Example 3, all of the 16 elements
having their concentration data for the subjects or serums in
the control group and those in the case group were used as the
set of evaluation elements and therefore, Mahalanobis’
generalized distance has only one value. In Example 3, it was
confirmed that the discriminants generated under such the
condition as described here also were effective similar to
aforementioned Examples 1 and 2. If any part of the 16
elements having their concentration data for the subjects or
serums 1n the control and case groups are chosen and used as
the set of evaluation elements (the combination of the
elements 1is changed), Mahalanobis’ generalized distance will
have plural wvalues. In this case, as already explained in the
basic principle of the cancer evaluation method of the present
invention, it is preferred that a combination of the elements
is chosen such that Mahalanobis’ generalized distance 1is

maximized in value.

EXAMPLE 4
[0107]
This Example also corresponds to the
modificationl/development of the cancer evaluation method of
the present invention shown in Fig. 14 similar to

aforementioned Example 3.
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[0108]

Using only the concentration data of the 16 elements
(Na, Mg, Al, P, K, Ca, Ti, Mn, Fe, Zn, Cu, Se, Rb, Ag, Sn, S)
that were measured in aforementioned Example 3 as the
analyzing data, discrimination was carried out in the same way
as that of aforementioned Example 3 except that the age data
of the subjects were not wused. As a result, a similar
discrimination result to that of Example 3 was obtained. In
Example 4, as seen from this discrimination result, the effect
on the discrimination by the non-use of the age data of the
subjects was not observed. However, the onset of cancer has a
relationship with the age; therefore, it 1is anticipated that
discrimination including the age data is preferred from the

viewpoint of raising the accuracy of the discrimination result.

INDUSTRIAL APPLICABILITY
[0109]
The present invention 1is widely applicable to the
fields where quick and convenient estimation of the presence
or absence of suffering cancer of humans (or animals) 1is

expected.

DESCRIPTION OF REFERENCE NUMERALS

[0110]
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1 test tube

2 serum sample

5, 5A in-serum element concentration measurement
10, 10A cancer evaluation system

11, 11A data storage section

12, 12A discriminant function generation section

13, 13A evaluation result operation section
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CLAIMS

1. A cancer evaluation method comprising:

the correlation operating step of operating a
correlation among concentrations of a set of evaluation
elements contained in a serum obtained from a subject by
applying concentration data of the set of evaluation elements
to a discriminant function for discriminating which of a case
group and a control group the subject belongs to; and

the discriminating step of discriminating whether or
not the subject suffers from any type of cancer based on the
correlation operated in the correlation operating step;

wherein as the set of evaluation elements, a
combination of 7 elements of S, P, Mg, Zn, Cu, Ti, and Rb is

chosen.

2. A cancer evaluation method comprising:

the correlation operating step of operating a
correlation among concentrations of a set of evaluation
elements contained in a serum obtained from a subject by
applying concentration data of the set of evaluation elements
to a discriminant function for discriminating which of a case
group and a control group the subject belongs to; and

the discriminating step of discriminating whether or
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not the subject suffers from any type of cancer based on the
correlation operated in the correlation operating step;

wherein as the set of evaluation elements, a
combination of 16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn,

Fe, Zn, Cu, Se, Rb, Ag, S8Sn, and S is chosen.

3. The cancer evaluation method according to claim 1, wherein
as the set of evaluation elements, a combination of elements
are chosen such that Mahalanobig’ generalized distance
pertaining to the elements having their concentration data is

maximized.

4. The cancer evaluation method according to c¢laim 1 or 2,
wherein as the set of evaluation elements, a combination of
elements are chosen such that the elements have their
concentration data for a subject who belongs to the control

group and a subject who belong to the case group.

5. The cancer evaluation method according to any one of
claims 1 to 4, wherein in the step of operating a correlation,
age data of the subject is used 1in addition to the

concentration data.

6. The cancer evaluation method according to any one of
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claims 1 to 5, further comprising the step of analyzing using
a multiple logistic model, wherein a probability that the
subject will suffer from any type of cancer in his/her future

is presented.

7. The cancer evaluation method according to any one of
claims 1 to 6, wherein in addition to discrimination whether
or not the subject suffers from any type of cancer,
discrimination of which type of cancer the subject has

suffered from is carried out.

8. A cancer evaluation system comprising:

a data storage section for storing concentration data
of a set of evaluation elements contained in a serum which is
taken from a subject;

a discriminant function generation section for
generating a discriminant function for discriminating which of
a case group and a control group the subject belongs to; and

an evaluation result operation section for operating a
correlation among concentrations of the set of evaluation
elements contained in the serum by applying the concentration
data of the subject stored in the data storage section to the
discriminant function generated by the discriminant function

generation section, thereby outputting an evaluation result
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that discriminates whether or not the subject suffers from any
type of cancer based on the correlation;

wherein as the set of evaluation elements, a
combination of 7 elements of S, P, Mg, Zn, Cu, Ti, and Rb is

chosen.

9. A cancer evaluation system comprising:

a data storage section for storing concentration data
of a set of evaluation elements contained in a serum which is
taken from a subject;

a discriminant function generation section for
generating a discriminant function for discriminating which of
a case group and a control group the subject belongs to; and

an evaluation result operation section for operating a
correlation among concentrations of the set of evaluation
elements contained in the serum by applying the concentration
data of the subject stored in the data storage section to the
discriminant function generated by the discriminant £function
generation section, thereby outputting an evaluation result
that discriminates whether or not the subject suffers from any
type of cancer based on the correlation;

wherein as the set of evaluation elements, a
combination of 16 elements of Na, Mg, Al, P, K, Ca, Ti, Mn,

Fe, Zn, Cu, Se, Rb, Ag, Sn, and S is chosen.

-63-



10

15

20

10. The cancer evaluation system according to claim 8 or 9,
wherein as the set of evaluation elements, a combination of
elements are <chosen such that Mahalanobis’ generalized
distance pertaining to the elements having their concentration
data is maximized.

11. The cancer evaluation system according to claim 8 or 9,
wherein as the set of evaluation elements, a combination of
elements are chosen such that the elements have their
concentration data for a subject who belongs to the control

group and a subject who belong to the case group.

12. The cancer evaluation system according to any one of
claims 8 to 11, wherein in the evaluation result operation
section, age data of the subject is used in addition to the

concentration data.

13. The cancer evaluation system according to any one of
claims 8 to 12, wherein the evaluation result operation
section analyzes using a multiple 1logistic model, thereby
adding a probability that the subject will suffer from any

type of cancer in his/her future to the evaluation result..

14. The cancer evaluation system according to any one of
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claims 8 to 13, wherein the evaluation result operation
section has a function of discriminating a type of cancer that
has occurred in addition to a function of discriminating which
of the control group and the case group the subject belongs

to.
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