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Background: In point of mortality rate, stomach cancer is the fifth leading cancer. There are some risk factors
of stomach cancer those are varied with country to country and associated with urbanization and economic
development. Diagnosis of stomach cancer is a difficult task, only about 10% of people are diagnosed while
it’s still in the initial stage. The main objective of this research is to design a tool for early detection of stomach
cancer risk level. Methodology: Firstly, feature selection techniques are applied to filter the collected data. After
that, the best rules technique is used to check the correlations of risk factors with stomach cancer. Besides,
the visual relationship among factors and selected cancer are also exhibited. Then, the score is assigned for
each factor according to the impact of risk on stomach cancer patients. Finally, the stomach cancer risk level
prediction tool is designed. Results: After the experiment of 300 subjects’ records (150 are affected and 150 are
non-affected) with 32 risk factors, we have received 18 significant-top risk factors of stomach cancer. Abdominal
Pain, Nausea, Skin Color Turn into pale are respectively found top risk factors of stomach cancer. Furthermore,
some other factors related to socio-economic conditions are also indicated to have stomach cancer. Conclusion:
In conclusion, this study will be helpful to early detection of stomach cancer risk level and to increase the
awareness among the people of Bangladesh as well as the rest of the world.
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1. Introduction

According to GLOBOCAN cancer database estimation, in
the last two decades, the death rate of cancer has been
reduced. During this period fewer people are dead than
before. All disease has occurred in our body due to having
a shortage of some kind of antibody and hormones. Also,
all disease symptoms are shown in our body mostly in a
long period. According to our study, we found that most
of the affected people are taking gastric medicine for a long

time but they do not think a long time gastric could be a
risk factor of Stomach Cancer. The rates of stomach cancer
affected patients are alleviated. Stomach cancer is the fifth
leading cause of cancer-related to mortality in the world [1].
There are remarkable geographical variations in stomach
cancer mortality and high incidence which are highly ob-
served in Asia, Central, South, and Eastern America [2, 3].
There are 20 lakh people affected by cancer and every year
approximately 2 lakh people are newly diagnosed with
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cancer where the position of stomach cancer is the top five
in Bangladesh [4, 5]. It is a positive sight that the ratio has
decreased in the last few decades. But it is still high in Asia,
Central, South, and Eastern America [6].

Overall, most of the stomach cancer cases were diag-
nosed based on pathology examination, surgery, Goss tis-
sue specimens, gastroscopy, ultrasound or radiological ex-
aminations and some of the basis on physical exam, family
history [7]. The physical condition depends on daily activ-
ities and fruit habits. Citrus fruit, vegetables, and whole
grains, high in antioxidant vitamins and polyphenols [8],
may lower stomach cancer risk by protecting the gastric
epithelium from inflammatory responses caused by Heli-
cobacter pylori and by reducing endogenous carcinogenic
nitrosamine formation [9, 10].

While dietary habits, such as foods rich in nitrate or ni-
trite and their derivatives, a high salt diet, a high carbohy-
drate diet, and a diet low in fresh fruits and vegetables have
been associated with these chronological and geographical
variations in stomach cancer incidence [11]. Several types
of pathological changes in stomach cancer, i.e., atrophic
gastritis, intestinal metaplasia, gastric ulcer, and polyps
have been suspected as premalignant lesions for stomach
cancer [12]. Some previous prospective studies of stomach
cancer have been small [13] that limited statistical power
to examine risk separately by gender or other potential risk
modifiers. Consumption of processed meats, which contain
nitrosamine precursors, has been inconsistently associated
with stomach cancer [14]. Risk factors for stomach cancer
include low intake of vegetables, fruits, alcohol drinking,
tobacco, smoking, and high intake of salt [15]. From the
above studies, it is clear that stomach cancer depends on
fruits habits, socio-economic status, physical conditions as
well as activities. With our best of knowledge, there are no
studies to show the risk level of a stomach cancer patient by
analyzing the risk factors. So, there is still room to design a
model for early predicting of stomach cancer risk level.

This study aims to discover significant preoperative risk
factors of stomach cancer perspective to Bangladesh and
to develop a risk prediction tool. This tool will be able to
determine the risk level of any individual random person’s
stomach cancer.

2. Theory and formula

Data Collection: Collecting data is an important task for
any kind of survey-based research. The survey question
has been designed for the study of different preoperative
risk factors of stomach cancer-based research paper. In this
study, the age range of the collected data was greater than
or equal to 30 years old. All data are collected from the

National Institute of Cancer Research and Hospital and the
total collected individual’s sample size of data is about 300
where the case group is 150 and the control group is 150.

Analytical Approach: In a machine learning approach,
first of all, we have used feature selection technique (at-
tribute evaluator in weka) to find out the most significant
risk factors of stomach cancer. Five different filtering tech-
niques (Correlation, Information Gain, Gain Ratio, Relief,
and Symmetrical Uncertainty) have been applied with
ranker algorithms to get each feature rank within 0 to 1
[16–20]. After that, the average ranking has been applied
to get a single accurate rank of individual features. If any
features rank is nearest to 1 then it is very much correlated.
And nearest to 0 means less correlation with the disease.
Then, we have used association rules (by Predictive Apri-
ori Algorithm in R) to extract the hidden pattern of data
[19, 21]. It is also an advanced form of Apriori algorithm
where we used minimum support 0.01, minimum confi-
dence is 0.80 and the lift is greater than 1 and all related
figures are developed by “arulesViz” packages in R [22, 23].

Sub factors Priority Calculation: Each sub-factors risk
level is calculated by their supported value; those are ana-
lyzed from the Apriori algorithm and we have measured
risk criteria by its top supported rules. Top rules are se-
lected by the methods of first come first serve. For “Disease
= Yes” rules, we have observed maximum support of 41;
minimum support of 14, and carried out the outcome of
the risk level as 4 (Low, Moderate, High, and Very High).
So, the Support difference is (41 – 14) = 27. Here, we have
set the supported value 14 to 20 as “Low Risk”, value 21 to
27 as “Moderate Risk”, value 28 to 34 as “High Risk” and
value 35 to 41 as “Very High Risk” [24–26].

The same procedure has been applied to get a risk level
for “Disease = No” rules. But we have to calculate score
maximum to minimum. Because no rules supported value
indicates these sub-factors are not responsible to have the
disease. If the support value is decreased, the risk level
is increased. So, the supported value between 11 to 18 is
“Very High Risk”; between 19 to 26 is “High Risk”; between
27 to 34 is “Moderate Risk”; and between 35 to 42 is “Low
Risk”.

Risk Algorithm Design: Designing of a risk prediction
algorithm is a major important task in this study. This
algorithm is developed by the available value of risk score
on table 3 following the articles [24–26]. Here, we get the
maximum score of 69.2 and minimum score of 30.35 where
the score difference is 69.2 - 30.35 = 38.85 = 39 and the
considerate number of risk level is 04. So, each risk level
will get a value of 39/4 = 9.75. So, here is observed the
score of Very High-Risk Level as (Score ≥ 59.45); High Risk
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Fig. 1. Visual relationship among factors for Disease = Yes.

Fig. 2. Visual relationship among factors for Disease = No.

Level as (Score ≥ 49.70); Moderate Risk Level as (Score ≥
39.95); and Low Risk Level as (Score < 39.95) [24–26].

3. Result discussions

Recently, a diagnosis and prognosis based study has been
conducted to predict risk factors of any disease using med-



4 Md. Rejaul Islam Royel et al.

Fig. 3. Stomach Cancer Risk Prediction Algorithm Flowchart.

ical data. This type of study has drawn the attention of
new researchers. Analyzing risk factors and developing
algorithms are a common trend at present. Total of 300
Bangladeshi residences including case and control group
people’s data are analyzed in the result section. Total 32
preoperative factors are selected and the analysis process
takes place at the four different tables including Feature
selection, Disease= Yes rules, Disease = No rules, and Risk
Score table. The examined analysis is discussed below step-
wise.

Table 1 represents some most popular feature selection
techniques (Correlation, Gain Ratio, Information Gain, Re-
lief, and Symmetrical Uncertainty) results which are mostly
used to filter medical data. All attribute evaluators are fil-
tered with the ranker method and the expected average
rank of 1.00 is highly correlated with target variable (Dis-
ease) and 0.00 refers there is no relationship among them.
From this perspective, Abdominal Pain (0.764), Nausea
(0.526), and Skin Color (0.445) exhibit a perfectly signifi-

cant correlation with stomach cancer. Besides, Get Ill Too
Much (0.299), Frequent Vomiting (0.13), BMI (0.218), Yellow
Fruits (0.217), Education Level (0.191), Stomach Lymphoma
(0.159), Spicy and Salted Food (0.153), Green Vegetables
(0.149), Tobacco Status (0.144), Menetrier Disease (0.134),
Previous Stomach Surgery (0.126), Daily Food (0.122), Age
(0.09), Monthly Income (0.89) and Gastric Medicine (0.08)
show significant correlation with stomach cancer.

Considering the positive disease patient, the top fifteen
rules are considered to have stomach cancer. Where, it is
examined that “Age = 50 to 59”, “Skin Color = Yes”, “BMI
= Underweight”, “BMI =severely underweight”, “Nau-
sea = Yes”, “Education = Less Than High School”, “To-
bacco Status = Yes Excessive” and so on are extremely
supported risk level to have stomach cancer. In addition,
“Daily Food =No”, “Stomach Lymphoma=No”, “Menetrier
Disease=No”, “Previous Stomach Surgery = No” show low-
risk level perspective to Bangladeshi patients. But those
rules are also significant risk factors of stomach cancer in
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Table 1. Feature selection techniques with respect to ranker method.

Features Correlation Gain Ratio
Information

Relief Symmetrical
Uncertainty

Gain Average Rank
Abdominal Pain 0.764 0.764 0.764 0.764 0.764 0.764

Nausea 0.712 0.505 0.466 0.459 0.485 0.526
Skin Color Turn into Pale 0.679 0.437 0.402 0.288 0.419 0.445

Get Ill Too Much 0.554 0.246 0.238 0.170 0.242 0.290
Eat Yellow Foods 0.442 0.160 0.149 0.180 0.154 0.217

Frequent Vomiting 0.420 0.277 0.169 0.075 0.210 0.230
Spicy Salted Food 0.349 0.093 0.090 0.143 0.092 0.153
Green Vegetables 0.334 0.111 0.085 0.122 0.096 0.150

Daily Food 0.328 0.082 0.079 0.041 0.080 0.122
Tobacco Status 0.325 0.080 0.111 0.110 0.093 0.144

Education Level 0.323 0.129 0.189 0.159 0.154 0.191
Stomach Lymphoma 0.308 0.218 0.093 0.045 0.130 0.159

Menetrier Disease 0.291 0.172 0.075 0.030 0.104 0.134
Previous Stomach Surgery 0.260 0.195 0.066 0.008 0.099 0.126

Gastric Medicine 0.221 0.041 0.036 0.061 0.038 0.080
Age 0.211 0.050 0.083 0.046 0.062 0.090

Monthly Income 0.211 0.049 0.063 0.056 0.055 0.087
BMI 0.185 0.176 0.341 0.156 0.232 0.218

Living Area 0.182 0.026 0.033 0.066 0.029 0.067
Family Member 0.168 0.026 0.035 0.021 0.030 0.056
Working Status 0.164 0.034 0.057 0.067 0.043 0.073

Physical Activity 0.145 0.023 0.030 0.031 0.026 0.051
Gender 0.140 0.015 0.014 0.065 0.015 0.050

Blood Vomiting 0.130 0.138 0.017 0.000 0.030 0.063
Tarry Stools 0.124 0.053 0.012 0.002 0.020 0.042

Diabetes 0.102 0.020 0.008 0.014 0.011 0.031
Blood Group 0.087 0.024 0.046 0.101 0.032 0.058

Another Cancer 0.058 0.104 0.003 0.013 0.006 0.037
Alcohol Status 0.048 0.064 0.011 0.007 0.019 0.030
Poor appetite 0.037 0.005 0.001 -0.002 0.002 0.009

Family History 0.012 0.006 0.004 0.041 0.005 0.014
Breast Cancer Status 0.000 0.000 0.000 -0.001 0.000 0.000

other studies [27–30].

Figure 1 is very helpful to understand the relationship
among some top factors those are responsible for having
a disease. Here, bubble size is representing the support
and color is representing confidence. If bubble size goes to
bigger than its support level will increase and if the color
shows dark red then it shows pretty high confidence in
this relationship. Here we get, if someone gets abdominal
pain, have stomach lymphoma, having nausea, education
level is less than high school, monthly income is less than
20K Bangladeshi Money, get ill too much, do not take daily
food properly, do not eat yellow fruits and vegetables every
day, also habited to eat spicy and salted food, and overall

subjects skin color turn into pale then he/she could be
affected with stomach cancer. And some factors like no
frequent vomiting, no previous stomach surgery are also
indicated to have stomach cancer.

Considering the negative disease patient, the top fifteen
rules are considered to have no Stomach Cancer. Where
it is examined that “Education = University Graduate”,
“Abdominal Pain = No”, “BMI = Overweight”, “Daily Food
= Yes”, “Abdominal Pain = No”, “Menetrier Disease = No”,
“Spicy Salted Food = No and so on are highly supported
to have no appendicitis disease. Also, “Tobacco Status =
No”, “Age = 30 to 49”, “Stomach Lymphoma = No”, “Skin
Color = No” and so on represent low supported value to
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have stomach cancer.

Figure 2 shows the visual relationship among some top
factors that are gathering evidence to have no disease. At
the same conditional parameters as Figure 1 as bubble size
represents the support and color represents the confidence.
Bigger bubble size indicates high support level and color
dark red shows pretty high confidence among those re-
lationships. Here we get, if someone will not have any
stomach lymphoma, menetrier disease, nausea, frequent
vomiting, abdominal pain, not changed skin color, and
eats fresh green vegetables every day then he/she will be
remaining safe from stomach cancer.

From the above analysis, 18 factors are selected as risk
factors of stomach cancer. Table 2 represents the overall sub-
categories score in a single table. It has a total of 18 factors
with 46 sub-factors individuals scored. First of all, the
initial score is calculated. Next, the average score, elegant
score are calculated. Then finally, we get the final score.
Each sub-category score is defined by their importance or
impact on the disease. Like, the Lowest score of Stomach
Lymphoma = No is 0.5 and the Highest score of Abdominal
Pain = Yes is 6.15. Finally, this table helps to design a risk
level prediction tool.

Figure 3 is a conditional flowchart. The proposed tool
will be worked based on this flowchart. To calculate the
score, you have to fill up the conditions of the top 18 risk
factors. Then, the score will be generated following the
Table 2. It is clearly shown that if any individual subjects
risk score is Score >= 59.45 then he is in Very High Risk, if
Score >= 49.70 then he/she is in “High Risk”, if Score is >=
39.95 then he/she is in “Moderate Risk” other wiles subject
is in “Low” risk to have Stomach Cancer.

Finally, there are some common risk factors of stomach
cancer that are associated with urbanization and economic
development and salt, including salt-preserved foods, are
probable causes of this cancer. Old age, female gender, and
poor daily living are also the factors most frequently linked
with the morbidities of stomach cancer. For advanced stom-
ach cancer, surgery is a must for a cure and in the initial
stage its success rate is 50% and it could be rectified. This
study will be helpful to early detection of stomach cancer
risk and to increase the awareness among lower developing
countries like Bangladeshi people.

In limitation, the present study has been conducted on
some common risk factors of stomach cancer perspective
to Bangladesh. This study is mainly conducted in a govern-
ment hospital. A large volume of data in different places
all over the world may vary the finding of the study. In the
future, data could be collected from all reputed private and
public hospitals/clinics to enhance proper understanding.

4. Conclusions

According to the study, we found that long time gastric
medicine could be a risk factor of Stomach Cancer. Perspec-
tive to Bangladesh, the most common risk factors Abdom-
inal Pain, Nausea, Skin Color Turn into Pale, Get Ill too
Much, Frequent Vomiting, BMI, Yellow Fruits, Education
Level, Stomach Lymphoma, Take Spicy and Salted Food,
Green Vegetables, Tobacco Status, Menetrier Disease, Daily
Food in Time, Older Age, Monthly Income, Gender, Living
Area, Blood Group, Physical Activity are associated with
stomach cancer. Where, Abdominal Pain, Nausea, and Skin
Color Turn into Pale are the top most risk factors of Stom-
ach Cancer, those are also significantly found risk factors
in only some studies. Notice that from the last two decades
Stomach Cancer death rates are decreasing. It could be
prevented if one takes action in the initial stage of cancer.
We will recommend all people try to take proper nutrition,
vitamin A, E and C, >80g vegetable and fruits every day,
perform physical exercise regularly, and try to avoid to-
bacco. Vitamin, nutrition, fruits, and vegetables are very
much protective against stomach cancer but tobacco de-
cries this prevention power. Our implemented tool will be
helpful for the early detection of stomach cancer risk level.
If it is possible to use everybody, the low-income country
like Bangladesh will be kept safe from stomach cancer and
capable of saving a huge amount of money for the future.
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Table 2. Feature selection techniques with respect to ranker method.

Attribute Final Score Attribute
Age Tobacco Status

30 to 49 2.75 No 1.5
50 to 59 3.3 Yes sometimes 3.05
60 to 70 3.3 Yes excessive 4.1

Above 70 4.35 Skin color turn into Pale
BMI No 2.5

Normal 1.05 Yes 6.05
Obese 1.95 Abdominal Pain

Overweight 3.45 No 3.15
Severely Underweight 4.7 Yes 6.15

Underweight 4.7 Nausea
Education No 3.55

Less than high school 3.5 Yes 6.1
High school or College 2.4 Frequent vomiting

University graduate 1.85 No 0.5
Doctoral Degree 0.8 Yes 2
Monthly Income Previous stomach surgery

Less than 20K 3.2 No 1.95
20K - 30K 2.15 Yes 1.45
30K - 45K 1.1 Stomach Lymphoma

Above 45K 1.1 No 0.5
Daily Food in time Yes 1.7

No 2.9 Menetrier Disease
Yes 1.5 No 1.5

Spicy and Salted food Yes 3
No 1 Yellow fruits
Yes 3.15 No 3.9

Green Vegetables Yes 1.5
No 3.6 Gastric Medicine
Yes 1.5 Yes 3.05

Get ill too much No 2
No 2.5
Yes 5.8
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