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Quantitative assessment model for gastric cancer screening
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Abstract
AIM: To set up a mathematic model for gastric cancer
screening and to evaluate its function in mass screening
for gastric cancer.

METHODS: A case control study was carried on in 66
patients and 198 normal people, then the risk and protective
factors of gastric cancer were determined, including heavy
manual work, foods such as small yellow-fin tuna, dried
small shrimps, squills, crabs, mothers suffering from gastric
diseases, spouse alive, use of refrigerators and hot food,
etc. According to some principles and methods of probability
and fuzzy mathematics, a quantitative assessment model
was established as follows: first, we selected some factors
significant in statistics, and calculated weight coefficient
for each one by two different methods; second, population
space was divided into gastric cancer fuzzy subset and
non gastric cancer fuzzy subset, then a mathematic model
for each subset was established, we got a mathematic
expression of attribute degree (AD).

RESULTS: Based on the data of 63 patients and 693 normal
people, AD of each subject was calculated. Considering
the sensitivity and specificity, the thresholds of AD values
calculated were configured with 0.20 and 0.17, respectively.
According to these thresholds, the sensitivity and specificity
of the quantitative model were about 69% and 63%.
Moreover, statistical test showed that the identification
outcomes of these two different calculation methods were
identical (P>0.05).

CONCLUSION: The validity of this method is satisfactory.
It is convenient, feasible, economic and can be used to
determine individual and population risks of gastric cancer.
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INTRODUCTION

Gastric cancer is the second most common cause of cancer

deaths in the world, and China is one of the high-risk areas[1].
Population screening is an effective program for providing early
diagnosis and subsequent treatment of gastric cancer at its
curable stage. Whatever screening method is used, the most
important thing is that the method should be convenient,
feasible, and acceptable to the target population[2]. At present,
the methods used to find and diagnose gastric cancer at early
time are complicated, or their sensitivity and specificity are
dissatisfactory. Based on a population case-control study, a
mathematic model was established for determining individual
and population risks of gastric cancer in this paper. An assessment
of its practical application was also carried out to determine its
validity.

MATERIALS AND METHODS

Case-control study
To study the risk factors for gastric cancer, a case-control study
including 66 patients and 198 normal people, was carried out in
1999. Factors involving demographic variables, diet, drinking
water source, individual habits, disease history and family history
of gastric cancer were investigated in this study. Risk and
protective factors for gastric cancer were determined by the fast
epidemiology assessment method[3]. At the level of = 0.10,
gastric cancer risk factors included heavy manual work (>2 h/d),
foods such as small yellow-fin tuna, dried small shrimps, squills,
crabs, and mothers suffering from gastric diseases. In contrast,
spouse alive, use of refrigerators and hot food were the protective
factors against gastric cancer.

Mathematic expression
Based on the case-control study, a quantitative assessment
method was put forward by selecting some factors significant
in statistics, including risk factors and protective factors, with
application of some theories and approaches of fuzzy and
probability mathematics. The method was set up as follows.
Population characteristic space was divided into gastric cancer
fuzzy subset and non gastric cancer fuzzy subset, respectively.
Which subset each subject belonged to was determined by
attribute function, and the determination probability should be
maximal, or its error probability should be minimum. A was
configured as a fuzzy subset suffering from gastric cancer.
First, for setting up a fuzzy mathematical model, a group of
standard factors should be determined, that was Ui. Weight
sum (P) of Ui was configured as following:

          (1)

       In the expression (1), j = 1, 2, 3,...n, and n is the number of the
factors selected. Cj is an identification score of each factor,
that is Cj equals 1 when a subject has a factor of Fi, no matter
that Fi is a risk factor or not. j is an attribute coefficient of Fi,
thereof P is weight sum of all factors (Fi).
       P A is representative of weight sum of a subject when he
(or she) has some or all factors, that is:

                       (2) (j = 1, 2, 3…, n)

       In the expression (2), j is the attribute coefficient of each
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Fi, and when a subject has a certain Fi, C’j equals Cj if Fi is a risk
factor. On the contrary, Cj equals 0 or 1 if a subject has no Fi.
An attribute function (individual or population) can be set up
with P Å and P A:

      In the expression (3), Å (Ui) is the expression of attribute
function of A. A specific value ranging from 0 to 1 can be
calculated by the expression for each subject, that is AD.

Determination of weight coefficient for each factor
j in the expressions (1) and (2) was calculated by two different
methods. In method 1, OR for each Fi is taken as the weight
coefficient of each Fi (if Fi is a protective factor, its weight

coefficient equals 1/OR), that is                           .  A weight

coefficient was calculated using the conditional probability and

entropy of each Fi, which is                                       in method 2.

In the expression, H (Fi/D) is the entropy of Fi in the condition

of patients, and                     is entropy of Fi in the condition
of normal people.

Weight coefficients of all factors are illustrated in Table 1.

Assessment of quantitative method
AD values of 63 patients and 693 normal people were calculated
with the expression (3), based on the quantitative assessment of
individual risk and population screening of gastric cancer. The
variational trend of sensitivity, specificity and Youden indexes
were identical, which are illustrated in Figure 1, though calculation
methods were different.
      Because AD is a continuous variable, the identification
threshold could be determined based on actual needs. The
threshold could be reduced a little in order to increase the positive
rate while trying to check out more patients. Moreover, the
threshold could be raised to increase the specificity and reduce
the rate of false diagnosis in detective diagnosis (Figure 1).
       In order to get the maximal Youden indexes, the thresholds
of AD values were configured with 0.20 and 0.17, considering
the sensitivity and specificity of population screening for
gastric cancer. Diagnostic value of different calculation methods
of weight coefficients are summaried in Table 2, and significance
test showed that these Youden indexes had no statistical
significance (P>0.05). Thus we could see the outcomes tended
to be identical.

DISCUSSION

Gastric cancer, the most common fatal malignancy in the
world, causes more than 750 000 deaths annually[4]. To the year
of 2005, the mortality of gastric cancer is about to reach
26.3/100 000 per year in china[5]. Early finding, diagnosis and
treatment are the keys to reduce the mortality of gastric cancer,
to raise the survival rate and improve the life quality of patients.
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Table 1  OR values, confidence limits and weight coefficients of risk factors and protective factors of gastric cancer

Variable ORi  95%C.I.       i (method 1) i (method 2)

Time of heavy manual work (>2 h/d) 2.00 1.14-3.54 0.084 0.439

Eating small yellow-fin tuna frequently 1.52 1.10-2.09 0.064 0.490
Often eating squills (dry) 6.12 1.15-32.66 0.257 0.782

Eating dried small shrimps frequently 1.26 0.99-1.60 0.053 0.462

Often eating squills (fresh) 1.70 0.92-3.13 0.071 0.429
Eating crabs frequently 1.76 1.00-3.09 0.074 0.451

Mother suffering tummy bug 5.51 0.95-32.06 0.231 0.774

Eating shortly after anger 2.07 1.31-3.27 0.087 0.522
Spouse alive 0.89 0.81-0.99 0.047 0.819

Using refrigerators 0.47 0.19-1.15 0.089 0.399

Often eating hot food 0.52 0.28-0.97 0.081 0.438

Table 2 Diagnosis value of different calculation method of weight coefficient

j    AD            Patients (n/N) Normal people (n/N)           Sensitivity (%)           Specificity (%)    Youden index

Method 1 ≥0.20      44/64           440/693       69.8    63.5          0.333

Method 2 ≥0.17      43/63           435/693       68.3    62.8          0.311
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Figure 1  Diagnostic value of risk assessment for gastric cancer by methed 1 (A) and method 2 (B).
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In early gastric cancer, the 5-year survival rate is greater than
90% if treated by experienced hands[6]. It has important significance
to develop a simple and feasible screening method to find high
risk populations or early gastric cancer.
      Up to now various methods for gastric cancer screening
have been developed. X-ray examination[7,8], endoscopy[9,10],
Helicobacter pylori screening[11], power Dopller imaging[12] and
photo fluorography[13] are used in gastric cancer screening. In
addition, gastric occult blood bead test[14], serum pepsinogen
concentration measure[15] and fecal carcinoembryonic antigen
measurement[16], are also used in screening gastric cancer. The
efficacy of some methods has reached an ideal level[15-17]. Except
for the methods mentioned above, some gene alterations, such
as hMLH1 methylation[18], BAT-26 mutation localized in intron
5 of hMSH2 gene[19], E-cadherin germline mutations[20], cyclin
overexpression, microsatellite instability, P53 mutation[21] are
useful molecular markers for gastric cancer.
      Quantitative method has rarely been applied to gastric
cancer screening either at home or at abroad. Qiu et al[22] studied
the application of pattern recognition method in 1994. A
computer program was designed according to the principle of
pattern recognition and risk factors for gastric cancer. Its
detection rate was 1.54/1 000 in a study of 51 735 males aged
45-64 years.
       Though the accuracy of some screening methods is ideal,
they have obvious disadvantages in practice. Endoscopy and
biopsy could make subjects discomfort. Many suspicious
patients tend to refuse these kinds of examinations. Another
shortcoming is the high cost. Some molecular biology marker
tests cost subjects too much due to expensive reagents, some
of them are invasive because gastric juice must be collected
before tests. In addition, the pattern recognition method reported
by Qiu et al[22] was complicated and high-cost, because 61
indexes must be questioned to subjects. Moreover, the principle
of pattern recognition is difficult to be mastered by subjects
and inquirers, and the workload is heavy. Therefore, a
conclusion may be reached that these methods are not suitable
for application in China.
       Compared with these methods, the quantitative assessment
model is simple, economic, non-invasive and feasible. Identification
can be run as long as each subject fills in a simple questionnaire,
and calculation method is simpler than traditional mathematic
methods such as regression identification. Furthermore, the
diagnostic value of this quantitative method is relatively high.
Its sensitivity and specificity are about 69% and 63%. Given the
factors just outlined, this quantitative screening method for
gastric cancer can be applied to a large population in China.
      Formerly, quantitative methods were mostly applied to
differential diagnosis in clinic[23]. There have been some methods
for assessing health hazard/health risk based on epidemic study
of population since 1980s[24]. In the 1990s, a quantitatively
scored cancer-risk assessment model[25] was developed to promote
cancer prevention and screening in America. Subsequently
quantitative models are widely used in the diagnosis, treatment
and prevention of diseases, such as multi-stage lung cancer[26],
assessment of cancer death in elderly patients[27], quantitative
model for early diagnosis of colorectal cancer[28] and efficacy
evaluation of intervention experiments[29]. In the late 1980s,
Chen et al[30] reported a mathematic model for mass screening
of colorectal cancer, which was subsequently proved to be a
convenient, effective and economic screening method. In recent
years, the mathematic model has been applied to screening
other diseases, including coronary heart disease and stroke[31],
lung cancer[32]. These studies show that the model has good
efficacy. However, there are two points to which attention must
be paid. One is how to identify threshold values. In our study,

the threshold could be defined with practical application
because AD is a continuous variable. However, further follow-
up is needed to increase its precision in screening other diseases,
because causes of different diseases are complicated. The other
is the low Youden index[30,31]. The reasons why many factors
are associated with these diseases are still unclear.
      In short, the quantitative method can be regarded as the
front line method for assessing risks of gastric cancer. Occurrence
of gastric cancer is the outcome of many influential factors,
which are possibly different in different areas and populations,
that combining with actual status is very important. Further
studies are needed to testify whether this screening method
can contribute to the decrease of gastric cancer mortality.
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