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Abstract— In current era, one of the main concern or we can 

say that major issue is related to proper healthcare services. 

Unlike previous works, this research work is carried out for 

cancer disease risk assessment using several data mining 

techniques. Since cancer is the most deadly disease so 

properly diagnosing cancer and its risk before its onset is 

utmost need of the present time and data mining can 

significantly effective in this regard. Previous researchers 

however used data mining tools to diagnose cancer after it 

has already affected the patient. To effectively analyze and 

to extract key hidden knowledge and pattern from a 

voluminous medical data, advance researchers in data 

mining have become a key player in health care industries. 

The main objective of this paper is to give better and timely 

treatment, diagnosis and preventive measures at early stage 

of cancer patients so that the situation does not become 

critical. The proposed approach collect all the details of 

patient and this approach identify and classify the patients 

into different classes from high to low risk. The proposed 

research work is based on the result of different attributes 

like BMI, location age, gender and dependency between the 

attributes. 
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I. INTRODUCTION 

According to WHO (World Health Organization) 8.2 

million people die each year from cancer and it is estimated 

that 13% of total death worldwide in caused due to cancer 

70% increase in new cases of cancer is expected over the 

next two decades. Over all 100 types of cancer exist each 

requiring unique treatment and diagnosis. The most 

commonly diagnosed cancer worldwide is of the Lungs (1.8 

million, 13% of total) Breast cancer (1.7 million, 12% of 

total) Colorectal (1.4 million, 9.7 of total). The most 

common causes of cancer death are cancer of lungs (1.6 

million, 19.1% of total) Liver cancer (0.8 million, 9.1% of 

total) Stomach cancer (0.7 million, 8.8 of total). It is 

estimated that by year 2025 increase to 19.3 million new 

cancer cases per year can be noticed due to growth and 

aging of the population growth. Cancer is one of the most 

important reason of mortality in different countries of the 

world [19]. 

Figure 1 represents cancer status in five 

metropolitan cities of India. From figure it is clear that 

number of cancer patients is highest in Delhi and lowest in 

Bhopal. 

 
Fig. 1: Cancer Status in five metropolitan cites of India [20] 

Breast cancer and ovarian cancer may occur due to 

genetic mutation of BRCA1 and BRCA2 genes. It is 

identified that when a woman has genetic mutation of 

BRCA1 and BRCA2 genes she has 60 % life time risk of 

developing breast cancer.  5% of breast cancer patient are 

due to genetic mutation and 50 % risk of acquiring   genetic 

mutation of BRCA1 and BRCA2 genes from mother. It is 

identified that when mother of a woman having breast 

cancer then developing breast cancer in that woman is 1.7 

times higher than general population. 

Cancer disease is classified in following two 

categories on the basis of it occur due to family history or 

due to environmental factors. 

A. Categorization of Cancer Disease On The Basis Of 

Genetic and Environmental Factor [21] 

Table 1 represents the various categories of the cancer and 

also explains whether they are genetic or environmental 

cancer and what are the sources of that category of cancer. 

Colon cancer may occur due to mutation in the APC gene. 

Persons having genetic mutation of APC having 100 % risk 

of developing colon cancer in the late adulthood. It is 

identified that chance of acquiring genetic mutation of APC 

genes from parents is 50 %. There is a very small chance of 

developing cancer due to family history in lung cancer, 

prostate cancer and esophageal cancer. For genetic cancer it 

is difficult to identify that cancer occurs due to 

environmental factor or due to family history. 
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Table 1: Categorization of cancer disease [21] 

II. RELATED WORK 

A. Attribute Based Clustering For Feature Selection 

In health care data too many irrelevant features. For better 

analysis of data and most efficient results irrelevant features 

are needed to remove from data set. The data clustering is 

done in order to increase the quality of data and make the 

data relevant. Then by applying the clustering of the data set 

division of data set is done into two clusters first cluster 

having all relevant attributes and second having irrelevant 

attributes and then processing of that cluster are done which 

have relevant attributes. Here, for feature selection we are 

using vertical clustering.  

B. Vertical Clustering 

In vertical clustering we are grouping the data set and group 

data set in to two clusters. Following approach is used for 

clustering. 

Process begins with transposing the data set and 

assigning two data points as a cluster centers. Then it 

measure distance of data point from all cluster center and 

assign data point to that cluster which having minimum 

distance. This means data points are added to that cluster for 

which it is closer to cluster center. Then for each cluster we 

compute means of all data points in that cluster this will be 

the new cluster center for that cluster. Again we reallocate 

data point on the basis of minimum distance from cluster 

center this process repeat until cluster energy and point 

energy remain unchanged.  

C. Euclidean Distance 

In this approach we are using Euclidean distance to calculate 

distance between two data points which is described as 

 Dist (i, j) = || x i -  x j || 

 

D. Cluster Energy 

Cluster energy is calculated as sum of distance of each data 

point in the cluster from respective cluster center. Cluster 

energy for any cluster is calculated by given formula.  

Ci=∑ dis (pi,Xij) 

Where i is cluster number and j is point number of cluster i. 

E. Point Energy 

Point energy is characteristic of data points and calculated 

for each of them. Point energy is defined as minimum 

distance out of the distances of data point from various 

cluster centers. We use given formula to calculate point 

energy.  

Pi= Min (dis (Pi,,mj)) 

Where i represent point number mj jth Cluster center and j is 

cluster number. 

F. Intuitionistic Fuzzy Set Theory 

Fuzzy set is a set having element and its corresponding 

membership value. According to Fuzzy theory when an 

element X having membership value m(X) then its non-

membership are computed by 1- m(X) but in Intuitionistic 

fuzzy set theory it is not true. When a person having 

smoking habit then supposes it membership value for caner 

prediction is suppose 0.6 then it is not necessary chance of 

not a cancer patient will be 0.4. We use medical expert 

knowledge to provide membership value and nonmember 

ship value of any attribute value of cancer patient. 

G. α-cuts 

Sometimes we need to have only those elements in Fuzzy 

set which member ship value is greater than some threshold 

α ∈[0,1].Suppose Fuzzy set A having an element x ∈ X and 

α  threshold value is represented by α then for α-cut Aα of A 

is represented as below: 

                    Aα = {x ∈ X, m(A(x)) >= α} 

Fuzzy similarity based classifier used for feature 

selection are more effective compare to principle component 

analysis approach for medical data. Fuzzy similarity 

measures are more effective to build classifier on medical 

data set [12].  
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III. METHODOLOGY 

A. Data Collection 

Data set for our work is collected from UCI repository [22] 

which is open source datasets. Some of the attributes in this 

data set complies with the cancer factors in report of Cancer 

research UK [23] as well as some are irrelevant attributes. 

The collected data set have 13 features attributes. Each of 

152 samples in the dataset represents individual patient 

details and they all have same feature set but different 

values.   

B. Data Preprocessing 

Handling missing values is a common step required in 

preparing appropriate training dataset. In our work, if a 

patient instance owns more than two attributes 

corresponding to which the information is missing, we 

simply discard that sample as it may cause significant 

information loss that may result in poor training. For the rest 

of the cases, missing information has been assigned mean 

value of the corresponding attributes. Salient steps in this 

regard are as below: 

Step 1: Delete patient samples containing more than features 

with missing information. 

Step 2: Replace fest of the missing information with mean 

of corresponding attribute. 

Step 3: Assignment of nominal values 0 or 1 to all attribute 

except Age, Farthest Extension of Tumor and BMI. 

C. Attribute Based Feature Selection and Feature 

Extraction 

Applying natural clustering for feature selection and feature 

extraction to build a k-nearest neighbor classifier on medical 

data gives more accurate result in comparison of principle 

component analysis approach. For feature selection and 

extraction group the heterogeneous feature in to group of 

homogeneous feature then extract features useful in 

classification technique [13]. Feature selection is needed to 

select only relevant features from data set to perform 

analysis and further processing for more accurate result of 

processing and better result of analysis. Suppose we have a 

data set having attribute set A (A1,A2................Ak) with k 

attributes and records of n patients (X1,X2…………..Xn). Then 

we transpose data set and now data set having k records with 

n dimension. 

Now we apply clustering on data set and group it in 

to two clusters. Initially we choose any two attributes as 

cluster center of the two clusters and compute point energy 

of all attributes assign each attributes to that cluster for 

which it has minimum distance. Then we compute Cluster 

energy of both cluster and divide the cluster energy by 

number of attribute that both clusters have this will be the 

new cluster center for both clusters this process will be 

repeated until cluster and point energy become unchanged. 

We propose the following algorithm for attribute based 

clustering for feature selection. 

1) Attribute based clustering for Feature selection 

Algorithm 

Step 1: Assign arbitrarily two attributes as cluster center for 

two clusters. 

Step 2: Compute point energy of all attributes assign each 

attributes assign each attribute to that cluster for which it has 

minimum distance. 

Step 3: Compute cluster energy of both clusters and divide 

the cluster energy by number of attribute that both clusters 

have this will be the new cluster center for both clusters. 

Step 4: Run multiple iterations of step 2 and step 3 until 

point energy and cluster energy stabilize. 

After applying feature selection algorithm we get 

two clusters of attribute first cluster contains all relevant 

attribute and second cluster contains all irrelevant attributes. 

First cluster are selected for further processing. 

 
Fig. 2: Clustering of attribute in two clusters 

Figure 2 represents clustering of attributes in two clusters of 

relevant and irrelevant attribute clusters. 

D. Grouping of Data Set  

After extracting the relevant and complete data set of UCI, 

we group the data set into three clusters of Low risk, 

medium risk and high risk patients.  

E. Attribute Value Fuzzification and ARM (Association 

Rule Mining) 

We need expert knowledge for fuzzification of the attribute 

value for each attribute for certain range of attribute value w 

determine membership value simultaneously nonmember 

ship value and modify the patient records by replacing the 

attribute value by their membership value and non 

membership value. Then we apply α-cut for α=0.6 Then we 

apply apriori algorithm for determination of association 

rules. Using this approach we get relative patterns between 

the attributes. These association rules can be used to built 

classifier and prediction of new patient class label weather 

they belongs from low risk, high  risk or medium risk 

category. 

Model of overall approach is shown in figure 3. It 

represents model of our approach for determining hidden 

patterns between attributes of cancer and predicting risk of 

patients. 

IV. RESULT AND DISCUSSION 

Vertical clustering is attribute clustering is significant for 

health care mining since, disease related data usually have 

significant number of irrelevant attributes. Classification of 

attributes into relevant and irrelevant clusters is done with 

the help of clustering techniques in this research work and 

relevant attributes data set are chosen for further processing. 

A clustering based technique is adopted in this work to 

identify a new person into one of the low, medium or high 

risk category in reference to cancer. 

Figure 4 represents result of feature selection 

approach. When this result is compared with principle 

component analysis feature selection analysis approach we 

get similar result but our approach is more accurate to 

dealing with high dimension data set. After feature selection 
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we categorize data set in to three clusters of low risk medium risk and high risk patients. 

 
Fig. 3: Model of Proposed Approach 

 
Fig. 4: Result of Feature Selection 

 
Fig. 5: Prediction of class label of a new patient 

Figure 5 represents result of predicting class label 

of a new patient whether patient belongs to low risk, 

medium risk or high risk of occurrence of cancer disease. 

Relative patterns of cancer are derived from this approach. 

We explain our approach by a sample example. 

Suppose cancer disease patients having five attributes with 5 

patient records. Table 2 represents a data set of five patients 

with 5 attribute dimension. 

Age Lymph Node Location Place Smoking habit 

32 1 0 47 1 

30 0 1 49 1 

53 0 0 47 1 
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38 1 1 27 1 

57 1 1 49 0 

Table 2: Data set of five patients 

Step 1: We transformed the patient records using 

expert knowledge which is given below in table 3. Table 3 

represents data set after applying Intuitionistic Fuzzy Set 

Theory and using expert knowledge. 

Age 
Lymph 

Node 
Location Place 

Smoking 

habit 

M NM M NM M NM M NM M NM 

0.4 0.7 0.6 0.5 0.6 0.3 0.6 0.4 0.6 0.4 

0.5 0.5 0.6 0.5 0.4 0.5 0.6 0.4 0.6 0.5 

0.6 0.3 0.6 0.3 0.6 0.3 0.6 0.4 0.6 0.5 

0.4 0.7 0.6 0.3 0.4 0.5 0.5 0.6 0.6 0.4 

0.2 0.8 0.5 0.5 0.4 0.5 0.7 0.4 0.4 0.5 

Table 3: After applying Intuitionistic Fuzzy Set Theory 

After applying α-cut for α=0.6 and representing useful value 

by 1 and remaining value by 0. 

Age Lymph 

Node 

Location Place Smok

ing 

habit 

M N

M 

M N

M 

M N

M 

M NM M N

M 

0 1 1 0 1 0 1 0 1 0 

0 0 1 0 0 0 1 0 1 0 

1 0 1 0 1 0 1 0 1 0 

0 1 1 0 0 0 0 1 1 0 

0 1 0 0 0 0 1 0 0 0 

Table 4: Transformed Patient record for α-cut for α=0.6 

Step 2: Now select only those attributes whose 

value is 1. Thus, we get following transaction table 5. 

Transaction-id Items 

1 Age2 Location1 place1 Lymphnode1 

2 Place1 smokinghabit1 Lymphnode1 

3 
Age1Lymphnode1location1 place1 

smokinghabit1 

4 Age2 Lymphnode1 place2 smokinghabit1 

5 Age2 place1 

Table 5: Transaction table 

Step 3: Now we compute appearing time of each 

item as shown below in table 6. 

Item Appearing time 

Age1 1 

Age2 3 

Lymphnode1 4 

Lymphnode2 0 

Location1 2 

Location2 0 

Place1 4 

Place2 1 

smokinghabit1 4 

Smokinghabit2 0 

Table 6: Appearing time of each attribute 

Step 4: Now for minimum support count 2 and 

minimum threshold 50 % and using Apriori we get 

following associations listed in table 7. 

Association Rule Confidence 

Smoking habit→Lumpphnode 100 % 

Lumpphnode → Smoking habit 75 % 

Place→ Smoking habit 66.6 % 

Location→ Smoking habit 66.6% 

Table 7: Association Rules 

V. CONCLUSION 

Due to fuzzy trait of diseases, Fuzzyfication based classifier 

has been utilized in the current work. Intuitionist Fuzzy 

approach is found to be significantly important to reveal 

crucial patterns among cancer attributes. Medical expert’s 

knowledge is required to properly applying this technique. 

ARM is successfully applied to extract the hidden crucial 

association among cancer attributes. Thus, an associative 

classifier model is constructed which is helpful in predicting 

cancer risk category of a new persons. Moreover, proposed 

approach is not limited only to cancer disease. It suggests a 

general model that may be applicable to different diseases 

too.   
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