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Abstract:

Cancer control is a pressing issue in many countries, and preventing cancer deaths through early detection and treatment is
extremely important.

This study conducted a case-control study focusing on trace element concentrations in blood to develop a low-cost, highly
accurate, and patient-friendly screening method. Serum samples were collected from 2,912 cancer patients and 5,814 members
of the general population. A "risk diagnosis" method was developed using binary logistic regression analysis based on serum
concentrations of 17 elements measured using ICP-MS. Efficacy was evaluated using sensitivity, specificity, and AUC. In
addition, the incidence of cancer within one year after blood collection was investigated among 7,993 participants in the test
period of this method and evaluated using positive predictive values.

The analysis results showed high sensitivity and specificity, with AUCs ranging from 0.737 to 0.993, indicating effective
discrimination. Furthermore, the positive predicted values were higher than the theoretical predicted values for pancreatic and
prostate cancer in men, and similar to the theoretical predicted values for stomach and colorectal cancer in women.

These results indicate that this method can predict "cancer risk™ with high accuracy and is an effective tool for cancer detection.
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Introduction mainly focuses on colorectal, breast, and cervical cancer. Japan's
colorectal cancer screening rate is low at 24.9%, lower than South Korea's
34.1% and the United States' 52.1%. Similarly, Japan's breast and cervical
cancer screening rates are lower than those of South Korea, the United
States, and the United Kingdom, posing a significant challenge [3]. Japan
aims to achieve a screening rate of over 50% for all cancers, but is
currently far from this goal. According to a study by Takeda et al. [4],
reasons for not undergoing cancer screening include "I don't think it's
necessary because | go to the clinic regularly," "I've been tested before,"
"I have a health checkup," "I don't have time," and "I'm anxious about the
test." These results suggest that awareness of cancer risk is insufficient or
In Japan, cancer control is primarily implemented as secondary that the benefits of cancer screening are not widely recognized.

prevention, with active screening for five sites: stomach, colorectal, lung,
breast, and cervical cancer [2]. In other countries, screening for stomach
and lung cancer is not implemented in most countries, and screening
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According to Globocan's 2020 report, approximately 20 million people
worldwide are diagnosed with cancer each year, and approximately 10
million dies from it. The importance of cancer prevention activities is
emphasized in countries around the world, including Japan. These
measures can be broadly divided into three categories. Primary prevention
aims to reduce the risk of cancer through lifestyle improvements,
secondary prevention aims to reduce the risk of death through early
detection and treatment of cancer, and tertiary prevention aims to alleviate
pain and improve the quality of life for cancer patients [1]

Currently, cancer screening methods include direct observation and
palpation (palpation, endoscopy, etc.) and methods for visualizing the



Clinical Case Reports and Reviews.

inside of the body (X-ray, CT scan, MRI, PET scan, etc.). However, visual
and palpation methods are limited to the body surface and organs of the
digestive tract, imaging diagnostics are expensive and difficult to
interpret, and there are problems such as radiation exposure to patients
and stress caused by fear and anxiety about undergoing examinations,
which has resulted in low screening rates and low patient numbers.
Therefore, in recent years, the focus has been on developing new
diagnostic methods using bodily fluids such as blood, urine, and saliva,
which are called "liquid biopsies," and research is being conducted with
the aim of early detection of diseases [5].

We have started research focusing on trace element concentrations in
blood. The reason for focusing on trace elements is that while some are
essential for living organisms, many have unknown functions or have
been reported to have beneficial functions, and it has been suggested that
excess or deficiency can inhibit normal biological responses and cause
disorders and diseases. Numerous cases have been reported, including
anemia due to iron deficiency [6], osteoporosis due to calcium deficiency
[7], Minamata disease due to excess organic mercury [8], Keshan disease
due to selenium deficiency [9], decreased zinc levels in schizophrenia
[10], and decreased magnesium levels and increased phosphorus and
calcium levels in heart failure [11]. Regarding cancer, breast cancer
patients have been reported to have low serum zinc levels and high
calcium, copper, iron, and magnesium levels [12], and breast cancer
patients [13] and ovarian cancer patients [14] have also been reported to
have high copper/zinc ratios. It has been reported that kidney cancer
patients have high cadmium and lead concentrations and low zinc, iron,
and manganese concentrations [15]. Furthermore, lung cancer patients
have high copper and copper/zinc ratios, but low zinc and iron
concentrations [16]. These reports suggest that serum trace element
concentrations in diseased patients differ from those in the general
population. Focusing on this, we have been developing a new cancer risk
diagnostic method for colorectal cancer (men and women), prostate
cancer, and breast cancer using blood trace element concentration
balances measured by inductively coupled plasma mass spectrometry
(ICP-MS) [17]. In this paper, we report the results of our previous study,
in which we increased the number of cases and cancer sites to improve
the accuracy of our cancer risk estimation method for each cancer site
(called the metallobalance (MB) method) and confirmed its reliability
through follow-up surveys for practical application.

Materials and Methods
1. Case and Control Serum Samples

Case serum samples were collected from cancer patients who were
hospitalized and treated at Kanagawa Prefectural Cancer Center and
Chiba Prefectural Cancer Center during the 10-year period from April
2005 to March 2015. The cancer sites in the collected serum were six sites
in men (stomach, colorectal, lung, liver, pancreas, prostate) and nine sites
in women (stomach, colorectal, lung, liver, pancreas, breast, cervix,
uterine body, ovary), which have high cancer incidence/mortality rates in
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Japan [3]. Patients were informed by their attending physicians about the
provision of serum and other samples for medical research and the use of
medical information for research, and provided written informed consent
to participate in this study. After admission and examination, blood was
collected from the cubital vein in the early morning in a fasting state,
converted to serum, and stored at -80°C. A total of 2,912 serum samples
was provided from cancer patients. The breakdown was 272 cases of
stomach cancer (140 men, 132 women), 455 cases of colon cancer (271
men, 184 women), 427 cases of lung cancer (269 men, 158 women), 140
cases of liver cancer (110 men, 30 women), 277 cases of pancreas cancer
(143 men, 134 women), 279 cases of prostate cancer, 461 cases of breast
cancer (185 women), 295 cases of uterus cancer, and 121 cases of ovarian
cancer.

The control group consisted of 5,814 individuals (2,181 men and 3,633
women) who underwent health checkups at 15 clinics in seven prefectures
across Japan between April 2016 and March 2018, had no history of
cancer, provided written consent to donate blood for this study. To
confirm the diagnostic accuracy of the "cancer risk" prediction formula
for six sites in men and nine sites in women derived from this case-control
study, a total of 7,993 people (2,949 men and 5,044 women) who
underwent this test over a two-year period from April 2019 to March 2021
at the same 15 facilities that cooperated in this study and gave written
consent to a follow-up were surveyed by mail to confirm their cancer
status within one year after the test. Confirmation of cancer status was
confirmed by submitting a copy of the doctor's diagnosis certificate.

Blood samples (6 ml) from the control and follow-up groups were
collected from a cubital vein in the morning at the clinic from participants
who had skipped breakfast. After collection, the blood was left at room
temperature for 60 minutes, then centrifuged at 3,000 rpm for 10 minutes.
The serum was collected and stored in a refrigerator. A few days after
collection, the collected serum was sent to the testing center by
refrigerated delivery and stored at -80°C until trace element analysis was
performed.

2. Study Design

In a previous report [17], we developed a diagnostic method for cancer
risk. In this study, we conducted a new case-control study by increasing
the number of subjects and cancer site. The study flow is shown in Figure
1. The case and control samples used in the analysis were randomly
divided into two groups based on gender and cancer site, with one group
serving as training data and the other as validation data. Discriminant
analysis was performed on the training data, and based on the discriminant
equations derived for gender and cancer site, the individual case and
control data assigned to the validation data were substituted into each
discriminant equation to verify their discriminant ability. After validation,
the case and control data from the training and validation data were
combined to increase the number of subjects, and a binomial logistic
regression analysis was performed. We aimed to put the newly derived
regression equation into practical use as a cancer risk estimation equation.
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females),lung cancer (269 males, 158 females), liver cancer (110 males, 30
females),pancreatic cancer (143 males, 134 females), prostate cancer (279),breast

Cases: 3,153 patients
Gastric cancer (140 males, 132 females), colorectal cancer (271 males, 184
cancer (461 females), cervical cancer (185),uterine cancer (295), ovarian cancer (121)

Randomly divided
into two groups ____..--'-.-----"
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Training Data
Control (1089 males, 1812 females)
Gastric cancer (64 males, 60 females), Colorectal cancer (134 males, 98 females),
Lung cancer (149 males, 75 females), Liver cancer (57 males, 15 females),
Pancreatic cancer (64 males, 65 females), Prostate cancer (119), Breast cancer (225
females), Cervical cancer (97), Uterine cancer (157), Ovarian cancer (65)

v

Setting standard values using control dataDeriving discriminant
equations using discriminant analysis

A 4

The significance of the discrimination is verified using the values of sensitivity,
specificity, and AUC, and the discriminant formulas for sex and body part are
determined.

N Y Y
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Controls: 5,814 peoples

General population who underwent health checkupsTotal: 5,814 people (2,181 men,
3,633 women)

Randomly divided
into two groups

Validation Data
Control (1092 males, 1821 females)
Gastric cancer (76 males, 72 females) , Colorectal cancer (137 males, 86 females), Lung
cancer (120 males, 83 females) , Liver cancer (53 males, 15 females), Pancreatic cancer
(79 males, 69 females), Prostate cancer (160), Breast cancer (236 females), Cervical
cancer (88), Uterine cancer (138), Ovarian cancer (56)

lguuanunannnnunnsy

Validation data by gender and cancer site are input into the established discriminant
equation, and the significance of the discriminant equation is verified using the TP and
TN values.

Figure 1: Case-Control Flow Two-Fold Cross-Validation

This MB test estimates cancer risk by categorizing the discriminant value
calculated from the discriminant equation for each cancer site into four
levels (A, B, C, D, with cancer risk increasing from A to D). The
classification was determined using the discrimination value and
sensitivity when the specificity was set to 80% for A and BCD, 95% for
AB and CD, and 99% for ABC and D. By inputting the concentration data
of 17 elements in the blood collected from new examinees into the cancer
site-specific discrimination formula, it became possible to make an
ABCD classification for six sites in men and nine sites in women.

3. Measurement and Analysis of Trace Element Concentrations

Trace element concentrations in serum were measured in a cleanroom
using inductively coupled plasma mass spectrometry (ICP-MS) after
nitric acid pretreatment. Based on the results of preliminary trials, 17
elements were selected for measurement (sodium (Na), magnesium (Mg),
phosphorus (P), sulfur (S), potassium (K), calcium (Ca), iron (Fe), cobalt
(Co), copper (Cu), zinc (Zn), arsenic (As), selenium (Se), rubidium (Rb),
strontium (Sr), molybdenum (Mo), silver (Ag), and cesium (Cs)) whose
measurements were stable and reproducible.

The validity of the discriminant equation obtained from the case-control
study was evaluated using sensitivity, specificity, and area under the
receiver operating characteristic curve (AUC) [18,19]. The discriminant
equation was validated by calculating the predictive value TP (true
positive) in the case group and the predictive value TN (true negative) in
the control group using validation data. Statistical analysis was performed
using Excel Statistics (BellCurve, Japan) and SPSS Ver. 24 (IBM, USA).

4. Reagents and Measurement Methods

ICP-MS (Agilent 7800; Agilent Technologies, Santa Clara, CA, USA)
was used for the measurement of trace elements. The reagents used for
ICP-MS measurements were 61% nitric acid solution/30% hydrogen
peroxide solution (Kanto Chemical, Tokyo, Japan), XSTC-622B (ICP-
MS mixed standard solution; SPEX CertiPrep, Metuchen, NJ, USA),
atomic absorption spectroscopy standard solutions (Na, Mg, P, S, K, Ca,
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Be, Te; Kanto Chemical, Tokyo, Japan), and ICP-MS metal standard
solutions (Y, Rh; AccuStandard, Inc. New Haven, CT, USA). All
containers used for the measurements (sample storage bottles, sample
bottles, micropipette tips) were made of polypropylene to prevent leakage
of trace elements. Furthermore, all containers were washed with ultrapure
water (18.00 MQ-cm or higher) and nitric acid to remove contamination
from trace elements.

Results

Table 1 shows the number of serum samples used in the analysis by
gender and age group. Table 2 shows the results of the discriminant
analysis using the training data and the validation data. The discriminant
analysis results showed that the sensitivity, specificity, and AUC for
gastric cancer in men were 0.734, 0.907, and 0.901, respectively, and for
gastric cancer in women were 0.783, 0.889, and 0.949, respectively. High
sensitivity, specificity, and AUC were also obtained for other cancer sites.
Furthermore, the accuracy of the discriminant equation was evaluated by
calculating true positives (TP) and true negatives (TN) using the
validation data. TP ranged from 0.7 to 0.85 for both men and women, and
true negatives ranged from 0.8 to 0.95 for both men and women (Table
2).

Based on these results, a new binomial logistic regression analysis was
performed using all data. The resulting ROC curves and AUCs (95%
confidence intervals) are shown in Figure 2. Similar to the results of the
discriminant analysis using the training data, the AUC was approximately
0.9 for both men and women for all cancer sites, demonstrating reliable
discrimination results. Figure 3 compares the concentrations of the 17
measured elements by gender and cancer site in a radar chart. This chart
shows the ratio, with the average value of the 17 elements in the control
group taken as 1.0. Looking at all cancer sites, Co, Cu, As, Mo, and Ag
tended to be high in both men and women, while Fe, Zn, Rb, and Cs
tended to be low. Furthermore, even for elements with high or low values,
differences in patterns were observed when looking at them by gender and
cancer site.
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Gender | Age- | Control Cancer case
class Colorectal | Stomach | Lung | Liver | Pancreatic | Prostate | Brest | Cervical | Uterine | Ovarian | Total
20- 78 1 - - - - 1
30- 243 5 1 5 2 2 - - - - 15

Male 40- 530 24 4 8 9 11 1 - - - - 57
50- 477 64 27 40 21 22 29 - - - - 203
60- 496 105 50 77 95 63 115 - - - - 505
70- 329 69 47 109 103 43 125 - - - - 496
80- 28 4 11 29 35 2 9 - - - - 90
Total 2181 271 140 269 265 143 279 - - - - 1367
20- 178 1 - 4 5 10
30- 448 3 4 2 2 - 61 20 8 8 108

Female 40- 895 11 11 8 7 - 119 51 47 22 276
50- 962 41 15 22 5 23 - 43 39 96 36 320
60- 767 73 40 59 31 49 - 150 32 93 35 562
70- 364 53 47 55 58 44 - 70 25 44 18 414
80- 18 3 15 11 19 10 - 14 11 7 2 92
90- 1 1 1 - 2 4
Total 3633 184 132 158 116 134 - 461 185 295 121 1786

Table 1: Number of controls and cancer patients by sex and age

Cancer Training Validation

Gender sites No. of No.of | sensitivity | specificity | AUC No. of No. of True True
control case control case positive | negative
stomach 64 0.734 0.907 0.901 76 0.763 0.922
colorectal 137 0.701 0.929
134 0.769 0.904 0.912
lung 120 0.767 0.923
Male 1,089 149 0.846 0.904 0.940 1,092

liver 57 0.807 0.932 0.956 53 0.797 0.978
pancreas 64 0.813 0.925 0.942 79 0.797 0.947
prostate 119 0.798 0.841 0.892 160 0.688 0.851
stomach 60 0.783 0.889 0.949 72 0.833 0.875
colorectal 98 0.796 0.903 0.946 86 0.721 0.889
lung 75 0.800 0.911 0.950 83 0.831 0.900
Female liver 1812 15 0.967 0.973 0.993 1821 15 0.836 0.986
pancreas 65 0.800 0.946 0.934 69 0.855 0.947
breast 225 0.756 0.806 0.858 236 0.708 0.788
cervix 97 0.742 0.859 0.872 88 0.750 0849
uterine 157 0.783 0.880 0.915 138 0.717 0.874
ovary 65 0.815 0.921 0.941 56 0.750 0.916

Table 2 Cross-validation results

Binary logistic regression analysis using training data yielded high sensitivity, specificity, and AUC values ranging from 0.742 to 0.956 for both
men and women, and for all cancer sites. Validation data was then fed into these gender-specific and cancer-site-specific discriminant functions to
calculate positive and negative predictive values, both of which also yielded high results.
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Figure 2: ROC curve and AUC from binary logistic regression analysis

The ROC curves are plotted according to the results of a binary logistic regression analysis performed using cases and controls, which combine the
training and validation data. The left figure shows five cancer sites in men, and the right figure shows nine cancer sites in women. The numbers in the
legend represent the AUC, and the numbers in parentheses represent the 95% confidence interval for the AUC..
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Figure 3: Comparison of elemental concentrations by cancer site (control=1)
The radar charts show the ratios of the average values of 17 elements measured by ICP-MS in six cancer sites in men (left figure) and nine cancer
sites in women (right figure), with the control average set to 1.0. In both men and women, Co, Cu, As, Mo, and Ag were higher than the control,
while Fe, Zn, Rb, and Cs were lower. However, the ratio patterns of the 17 elements differed in both men and women depending on the cancer site.
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Table 3 shows the elements with significant regression coefficients in the
regression equation derived from the binomial logistic regression analysis
using all data. Elements rated as + or ++ (Mg, Co, Cu, Mo) are highly
correlated with cancer risk, while elements rated as - or -- (S, Zn, Rb) are

Copy rights@ Naoyuki Okamoto

presumed to be factors that reduce cancer risk. Because these significant
regression coefficients differed by gender and cancer site, we were able
to create discriminant equations for each cancer site.

Elements Male Female
Colon |Stomach | lung | Liver [Pancreas |Prostate | Colon [stomach | Lung | Liver |Pancreas | Breast |Cervix |uterine |ovaries
body
Na ++ -- -- ++ - -- + +
Mg + ++ ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++
++ ++ ++ +

- - - - - - - + - - - -
K -- ++ -- -- -- -- --
Ca -- -- -- ++ ++ ++ ++ ++
Fe ++ - + + - - - -- --
Co ++ ++ ++ ++ ++ ++ ++
Cu ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Zn -- -- -- -- -- -- -- -- -- -- -- -
As ++ + + ++ ++ + ++ ++
Se ++ -- + ++ +
Sr - --
Mo + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Ag - ++ ++
Cs -- -- - - --

Table 3: Significance of partial regression coefficients by gender and cancer site

The significance of the partial regression coefficients obtained from the final binary logistic regression analysis is shown. - and -- indicate a
decrease in cancer risk at significance levels P<0.05 and P<0.01, respectively, while + and ++ similarly indicate an increase in cancer risk at
significance levels P<0.05 and P<0.01.

To verify the accuracy and reliability of the MB test's ABCD assessment,
a follow-up survey was conducted to confirm cancer onset one year after
the date of examination. The cutoff value for cancer risk positivity was
set at grade C or higher. The theoretical specificity was set at 95%.
Among the 7,993 subjects in the follow-up survey (including those who
underwent the test more than twice), the proportion of those diagnosed
with CD was approximately 5%-10% depending on the cancer site. A
mail-based follow-up survey was conducted for those diagnosed with a
positive result, and approximately 70% responded. Table 4 shows the
cancer onset status of the respondents by site. Taking male colorectal
cancer as an example, the cutoff value for CD grade from the prediction
formula yielded a specificity of 0.945, a sensitivity of 0.674, a false
positive rate of 0.055, and a false negative rate of 0.326. Additionally,
according to a Japanese government report, the annual incidence of
colorectal cancer in men aged 20 to 79 is approximately 1 in 500.
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Therefore, of the 2,949 men who underwent the test, an estimated 5.9
(2,949/500) would have colorectal cancer and 2,943.1 would not. Based
on this value, 3.98 (5.9 x 0.674) cancer patients would be classified as CD
grade, and 161.87 (2,943.1 x 0.055) normal individuals would be
classified as at high-risk group of cancer (CD grade). The theoretical
positive predictive value of the CD grade would be 2.39% (3.98/ (3.98 +
161.87)). The actual positive predictive value of the follow-up survey was
0.8333 (2/240), less than 50% of the theoretical value, suggesting
insufficient effectiveness. However, the predicted values for pancreatic
cancer and prostate cancer in men exceeded the theoretical values, and
those values for stomach cancer and colon cancer in women were shown
to be almost equivalent to the theoretical values. It was also revealed that
the positive predictive values for each site exceeded the incidence rate
calculated from general population.
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High-risk Male Female

Cancer Site No. of No. of Positive Theoretical | Incidence No. of No. of Positive Theoretical | Incidence
CD grade cancer predictive Predictive Rate (%) CD grade cancer predictive predictive Rate (%)

value (%) | Value (%) value (%) value (%)

Gastric Ca. 193 2 1.0363 1.5404 0.1250 424 2 0.4717 0.4995 0.0476

Colorectal Ca. | 240 2 0.8333 2.3900 0.2000 448 7 1.5625 1.6320 0.1111

Lung Ca. 256 1 0.3906 1.1494 0.1250 251 0 - 0.8598 0.0588

Pancreatic Ca. | 257 1 0.3891 0.3359 0.0333 214 0 - 0.5635 0.0244

Prostate Ca. 271 4 1.4760 0.8038 0.1429 - - - -

Breast Ca. - - - - 402 2 0.4975 1.0352 0.2000

Uterine Ca. - - - - 238 1 0.4202 1.0048 0.0714

Table 4. Results of a follow-up survey on cancer incidence one year after MB testing for those diagnosed with CD grade between April 2019 and
March 2021

This table shows the results of a cancer incidence survey conducted within one year of testing for individuals diagnosed with CD in MB testing. The
incidence rates in the table represent the average for Japanese individuals aged 20 to 79 in 2009. Based on this rate, the theoretically predictable
cancer incidence rate for individuals diagnosed with CD was calculated, and the table also shows the rate at which cancer was actually confirmed
(positive predictive value) from follow-up surveys of individuals diagnosed with CD.

Discussion

It is estimated that one in two Japanese people will develop cancer and
one in three will die from it [20]. Cancer control is an urgent issue in
Japan, as it is in other developed countries around the world. The
introduction of cancer screening for early detection and treatment is an
important policy goal [21]. In particular, methods using bodily fluids such
as blood, urine, and saliva are currently being developed because they are
easy to administer and less burdensome to patients. Currently, tumor
markers (e.g., CA125, CA19-9, CEA, SCC), PSA for prostate cancer,
ABC screening for gastric cancer, and urinary NMP22 and CK8-18 for
bladder cancer are being measured. However, due to insufficient
accuracy, new cancer screening methods are being actively developed
that measure microRNAs [22], nucleosomes [23], amino acids [24], and
polyamines in blood, urine, and saliva [25]. In particular, in recent years,
research has been conducted on the Multiple Cancer Early Detection
(MCED) approach, which explores the possibility of identifying cancer
sites through detailed examination of microRNAs in blood and urine
[26,27,28]. This "cancer risk diagnostic method" using microRNAs in
blood, urine, and saliva has been reported to demonstrate high sensitivity
and specificity. However, although this MCED approach has high
specificity, it has low sensitivity and is difficult to identify the location of
cancer, so it is thought that its introduction as a cancer screening method
is premature [29].

We have been working on developing a new "cancer risk" screening
method using a stable trace element measurement method using ICP-MS.
Of the 17 elements measured in this study, significant differences in
concentrations were observed for many elements between the case and
control groups. However, it is difficult to determine cancer risk by site
based on individual elements alone. However, by creating discriminant
equations for each cancer site using multivariate analysis, it became
possible to calculate risk estimates for each site. Several studies have been
published on the relationship between blood trace elements and cancer.
Nakayama et al. [30] compared serum metallothionein, copper, and zinc
levels in patients with chronic hepatitis, liver cirrhosis, and liver cancer,
and reported that classification was possible with 80-90% sensitivity for
each. Wu et al. [31] examined 13 elements in the serum of 25 breast
cancer patients, 43 benign breast cancer patients, and 26 healthy
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individuals. They reported that Co, Ni, and Al were significantly higher
in breast cancer patients, and logistic regression analysis revealed
significantly higher levels of Cd, Mn, Fe, Cr, and Zn, enabling
discrimination with a sensitivity of over 96%. Yasuda et al. [32]
performed logistic regression analysis using 24 elements in hair samples
from 124 solid cancer patients and 86 healthy individuals, reporting an
AUC of 0.918 and significant results for I, As, Zn, Fe, Na, Se, K, and Mn.
These findings, combined with the results of this study, indicate that
cancer risk can be predicted based on differences in the balance of trace
element concentrations in the blood. In this study, we improved the
accuracy and reliability of the results by adding new case and control data
to the data used in our previous report [17], resulting in a more reliable
and accurate cancer risk screening method (MB test). As a result, the
sensitivity, specificity, and AUC values of this MB test were high for all
cancer sites. Furthermore, the positive predictive value calculated based
on a one-year cancer incidence survey of high-risk participants was close
to the theoretically calculated predictive value, and this value was 2 to 10
times the general incidence rate, indicating that this MB test is effective
in diagnosing "cancer risk."

However, when elements like zinc exhibit diurnal fluctuations [33], many
problems remain to be solved, including the presence of elements
unsuitable for ICP-MS analysis (e.g., Mn, Ti, Sn), the presence of
elements suspended in the atmosphere (e.g., Al) [34], differences in blood
elemental concentrations based on age, place of residence, and race, and
the timing of blood collection and storage/transportation methods [35].
Furthermore, there are very few reports on the mechanisms of interaction
between multiple elements or the relationship between changes in
elemental concentration balance and disease. Progress in these areas of
research is eagerly awaited.

Conclusion

The MB test, a new "cancer risk diagnostic method" described in this
report, has significant advantages: it does not require low-temperature
storage, is less expensive than tests measuring proteins or RNA, and can
estimate the risk of multiple cancer sites at once with a single annual
blood sample. Therefore, it is appropriate to position it as a form of pre-
cancer screening. This test will motivate people judged to be at high risk
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of cancer to actively and continuously undergo cancer screenings and
health checkups, contributing to cancer prevention for many people.
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