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AN EMPIRICAL STUDY ON BREAST CANCER USING DATA MINING TECHNIQUES

GOMATHI.K
ASST. PROFESSOR
KARPAGAM UNIVERSITY
COIMBATORE

ABSTRACT
Data mining is taking out of hidden patterns from huge database. It is commonly used in marketing, surveillance, fraurd detection and scientific discovery. In data
mining, machine learning is mainly focused as research which is automatically learnt to recognize complex patterns and make intelligent decisions based on data.
Nowadays, Breast cancer occurs when a malignant (cancerous) tumor originates in the breast. As breast cancer tumors mature, they may metastasize (spread) to
other parts of the body. This deals with the some of classification models to predict the causes of breast cancer using Naive bayes, Ada BoostM1 Meta Classifier,
PART Rule Classifier, J48 Decision Tree Classifier and Random Forest Classifier.

KEYWORDS

Breast cancer, Decision Tree, Naive Bayes, PART Rule Classifier, Random Forest Tree Classifier.

INTRODUCTION
ancer is a group of diseases that cause cells in the body to change and grow out of control. Most types of cancer cells eventually form a lump or mass
called a tumor, and are named after the part of the body where the tumor originates.
Breast cancer begins in breast tissue, which is made up of glands for milk production, called lobules, and the ducts that connect the lobules to the nipple.

The remainder of the breast is made up of fatty, connective, and lymphatic tissue.

. Most masses are benign; that is, they are not cancerous, do not grow uncontrollably or spread, and are not life-threatening.

o Some breast cancers are called in situ because they are confined within the ducts (ductal carcinoma in situ or DCIS) or lobules (lobular carcinoma in situ or
LCIS) where they originated. Many oncologists believe that LCIS (also known as lobular neoplasia) is not a true cancer, but an indicator of increased risk for
developing invasive cancer in either breast.

The majority of in situ breast cancers are DCIS, which accounted for about 83% of in situ cases diagnosed during 2004-2008.

LCIS is much less common than DCIS, accounting for about 11% of female in situ breast cancers diagnosed during 2004-2008. - Other in situ breast cancers have

characteristics of both ductal and lobular carcinomas or have unspecified origins. Most breast cancers are invasive, or infiltrating. These cancers started in the

lobules or ducts of the breast but have broken through the duct or glandular walls to invade the surrounding tissue of the breast.

BREAST CANCER STATISTICS

FIGURE 1: FEMALE BRESAT CANCER INCIDENCE (2004-2008) AND MORTALITY (2003-2007) RATES
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Breast cancer cases have doubled in India in the last two decades. The number of women estimated to be dying of breast cancer every year has also been
steadily rising.

As against an estimated 48,170 women who died of breast cancer in 2007, the number breached the 50,000 mark in 2010. The figure for the year was put at
50,821.

Uttar Pradesh recorded the highest number of breast cancer deaths among states.in 2010 - 8,882 followed by Maharashtra (5,064), Bihar (4,518), West Bengal
(4,095), Andhra Pradesh (3,863), Madhya Pradesh (3,179) and Rajasthan (3,097).

Gujarat recorded 2,632 deaths, Kerala 1,618, Haryana 1,118 and Orissa 1,885. Delhi recorded an estimated 810 deaths due to breast cancer in 2010 compared to
779 in 2009 and 749 in 2008.

When it comes to states recording low breast cancer mortality rate, Lakshwadeep recorded the lowest with three deaths followed by Andaman and Nicobar
Islands with 19 deaths. The north-eastern states also showed low levels of breast cancer deaths. Sikkim recorded 30 deaths, Mizoram 49 and Arunachal an
estimated 63 deaths.

MoS health S Gandhiselvan said, "According to Indian Council of Medical Research, there is a significant increase in the incidence of breast cancers in various
urban population based cancer registries between 1982 and 2005."

Globally, breast cancer is the most common female cancer accounting for an estimated 1.4 million cases each year, with more than half of the 400,000 breast
cancer deaths occurring in low and middle income countries.

A landmark analysis of cancer cases in Delhi, Mumbai, Chennai and Bangalore between 1982 and 2005 (24 years) by ICMR had found that while cervical cancer
cases -- earlier the most common -- dipped, in some cases by almost 50%, the incidence of breast cancer doubled.

While Bangalore saw breast cancer cases more than double since 1982 -- 15.8 in a population of one lakh in 1982 to 32.2 in 2005 -- Chennai recorded 33.5 new
cases of breast cancer per one lakh women in 2005 against 18.4 in 1982.
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Delhi recorded 24.8 new cases of breast cancer a year per 100,000 women which rose to 32.2 in 2005. Mumbai recorded 20.8 new cases of breast cancer per
100,000 population in 1982 which increased by almost 10% in 2005.

TABLE 1: AFTER THE 10 YEARS AGO

Age InSitu Cases | Invasive Cases | Deaths
Under 40 | 1780 11330 1160
Under 50 | 14240 50430 5240
50-64 23360 81970 11620
65+ 20050 98080 22660
Allages 57650 230480 39520

FIGURE2: ACCORDING TO THE 2011
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TABLE 2: ACCORDING TO FEMALE AGE

If Current Age is | Developing breastcancer in the next 10 years is: Or1lin
20 0.06% 1681

30 0.43% 232

40 1.45% 69

50 2.38% 42

60 3.45% 29

70 3.74% 27

Lifetime risk 12.15% 8

EXPERIMENTAL RESULTS

A major focus of machine learning [3, 8] research is to automatically learn to recognize complex patterns and make intelligent decisions based on data. Hence,
machine learning is closely related to fields such as artificial intelligence, adaptive control, statistics, data mining, pattern recognition, probability theory and
theoretical computer.
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FIGURE 3: CLUSTERING OF BREST CANCER DATA
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NAIVE BAYESIAN CLASSIFIER

A Naive Bayesian classifier [21] is a simple probabilistic classifier based on applying Bayesian theorem (from Bayesian statistics) with strong (naive)
independence assumptions. By the use of Bayesian theorem we can write

p(C | F1....Fn) = p(C)p(F1.....Fn |C)

p(F1.....Fn)
ADVANTAGES
* Itis fast, highly scalable model building and scoring

* Scales linearly with the number of predictors and rows
* Build process for Naive Bayes is parallelized
¢ Induced classifiers are easy to interpret and robust to irrelevant attributes
¢ Uses evidence from many attributes, the Naive Bayes can be used for both binary and multiclass classification problems
TABLE 3: EVALUATION ON TRAINING SET
Correctly Classified Instances 73.7762 %
Incorrectly Classified Instances | 26.2238 %
Kappa statistic 0.3338
Mean absolute error 0.3077
Root mean squared error 0.4315
Relative absolute error 73.5638 %
Root relative squared error 94.4037 %
Total Number of Instances 286
ACCURACY BY CLASS
TP Rate FP Rate | Precision | Recall F-Measure | ROCArea Class
0.459 0.144 0.574 0.459 0.51 0.759 recurrence-events
0.856 0.541 0.789 0.856 0.821 0.759 no-recurrence-events
Weighted Avg. 0.738 | 0.423 0.725 0.738 0.729 0.759

=== Confusion Matrix ===

a b <--classified as

39 46 | a=recurrence-events

29172 | b = no-recurrence-events

148 DECISION TREE CLASSIFIER

J48 is a simple C4.5 decision tree, it creates a binary tree. C4.5 builds decision trees from a set of training data which is like an ID3, using the concept of
information entropy [20].

ALGORITHM

Check for base cases

For each attribute ,,a" find the normalized information gain from splitting on ,,a"“

Let a_best be the attribute with the highest normalized information gain

Create a decision node that splits on a_best

Recourse on the sub lists obtained by splitting on a_best, and add those nodes as children of node
ADVANTAGES

¢ Gains a balance of flexibility and accuracy

* Limits the number of possible decision points

¢ It had a higher accuracy

* & & o o

TABLE 4: EVALUATION ON TRAINING SET

Correctly Classified Instances 75.5245 %

Incorrectly Classified Instances | 24.4755 %

Kappa statistic 0.3057

Mean absolute error 0.3528

Root mean squared error 0.4295

Relative absolute error 84.3212 %

Root relative squared error 93.9673 %

Total Number of Instances 286

ACCURACY BY CLASS
TP Rate FP Rate | Precision | Recall F-Measure | ROCArea Class
0.318 0.06 0.692 0.318 0.435 0.64 recurrence-events
0.94 0.682 0.765 0.94 0.844 0.64 no-recurrence-events

Weighted Avg. 0.755 0.497 0.744 0.755 0.722 0.64
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FIGURE 4: 148 TREE CLASSIFIER

Weka Classifier Tree Visualizer: 15:09:37 - trees. 148 (breast cancer-weka.filters. supervised. attribute. AddClassification-Wweka. classifiers. rules.ZeroR)
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=== Confusion Matrix ===

a b <--classified as

27 58 | a=recurrence-events

12 189 | b =no-recurrence-events

AdaBoostM1 Classifier

Adaptive Boosting [13] is a meta-algorithm in the sense that it improves or boosts an existing weak classifier. Given a weak classifier (error close to 0.5),
AdaBoostM1 algorithm improves the performance of the classifier so that there are fewer classification errors.
ALGORITHM

All instances are equally weighted

A learning algorithm is applied

The weight of incorrectly classified example is increased and correctly decreased

The algorithm concentrates on incorrectly classified “hard” instances

Some “had” instances become “harder” some “softer”

A series of diverse experts are generated based on the reweighed data.

ADVANTAGES

¢ Simple and trained on whole (weighted) training data

* Over-fitting (small subsets of training data) protection

¢ Claim that boosting “never over-fits” could not be maintained.

* Complex resulting classifier can be determined reliably from limited amount of data

* & & ¢ o o0

TABLE 5: EVALUATION ON TRAINING SET

Correctly Classified Instances 75.5245 %
Incorrectly Classified Instances | 24.4755 %
Kappa statistic 0.3574
Mean absolute error 0.341
Root mean squared error 0.4188
Relative absolute error 81.5216 %
Root relative squared error 91.6302 %
Total Number of Instances 286
ACCURACY BY CLASS
TP Rate FP Rate | Precision | Recall F-Measure | ROC Area | Class
0.435 0.109 0.627 0.435 0.514 0.751 recurrence-events
0.891 0.565 0.789 0.891 0.836 0.751 no-recurrence-events
Weighted Avg. 0.755 | 0.429 0.741 0.755 0.741 0.751

=== Confusion Matrix ===

a b <--classified as

37 48 | a=recurrence-events
22179 | b =no-recurrence-events
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PART (PARTIAL DECISION TREES)

Classifier PART is a rule based algorithm [12] and produces a set of if-then rules that can be used to classify data. It is a modification of C4.5 and RIPPER
algorithms and draws strategies from both. PART adopts the divide-and-conquer strategy of RIPPER and combines it with the decision tree approach of C4.5.
PART generates a set of rules according to the divide-and conquer strategy, removes all instances from the training collection that are covered by this rule and
proceeds recursively until no instance remains [5].

To generate a single rule, PART builds a partial decision tree for the current set of instances and chooses the leaf with the largest coverage as the new rule. Itis
different from C4.5 because the trees built for each rules are partial, based on the remaining set of examples and not complete as in case of C4.5.

ADVANTAGES

It is simpler and has been found to give sufficiently strong rules.

TABLE 6: EVALUATION ON TRAINING SET

Correctly Classified Instances 80.7692 %
Incorrectly Classified Instances | 19.2308 %
Kappa statistic 0.4694
Mean absolute error 0.2967
Root mean squared error 0.3851
Relative absolute error 70.919 %
Root relative squared error 84.2706 %
Total Number of Instances 286
ACCURACY BY CLASS
TP Rate FP Rate | Precision Recall | F-Measure | ROC Area | Class
0.447 0.04 0.826 0.447 0.58 0.77 recurrence-events
0.96 0.553 0.804 0.96 0.875 0.77 no-recurrence-events
Weighted Avg. 0.808 0.4 0.811 0.808 | 0.788 0.77

=== Confusion Matrix ===

a b <--classified as

38 47 | a=recurrence-events

8193 | b =no-recurrence-events

RANDOM FOREST TREE CLASSIFIER

A random forest [14] consisting of a collection of tree structured classifiers (h(x,_k), k = 1, . .) where the _k are independent identically distributed random
vectors and each tree casts a unit vote for the most popular class at input x.

ALGORITHM

. Choose T number of trees to grow

. Choose m number of variables used to split each node. m<<M, where M is the number of input variables, m is hold constant while growing the forest
. Grow T trees. When growing each tree do

. Construct a bootstrap sample of size n sampled from Sn with the replacement and grow a tree from this bootstrap sample

. When growing a tree at each node select m variables at random and use them to find the best split

. Grow the tree to a maximal extent and there is no pruning

. To classify point X collect votes from every tree in the forest and then use majority voting to decide on the class label

ADVANTAGES
. It is unexcelled in accuracy among current algorithms and it runs well on large data bases.
. It can handle thousands of input variables without variable deletion and also the learning is so fast.
. It has an effective method for estimating missing data and maintains accuracy.
. The new generated forests can be saved for future use on other data.
. It computes proximities between pairs of cases that can be used in clustering, locating outliers or give interesting views of the data.
TABLE 7: EVALUATION ON TRAINING SET
Correctly Classified Instances 97.9021 %
Incorrectly Classified Instances 2.0979 %
Kappa statistic 0.9508
Mean absolute error 0.0221
Root mean squared error 0.1052
Relative absolute error 5.2937 %
Root relative squared error 23.0237 %
Total Number of Instances 286
ACCURACY BY CLASS
TP Rate FP Rate | Precision | Recall | F-Measure ROC Area | Class
1 0.03 0.934 1 0.966 0.999 recurrence-events
0.97 0 1 0.97 0.985 0.999 no-recurrence-events
Weighted Avg. 0.979 0.009 0.98 0.979 0.979 0.999

OUTLIER PREDICTION

Time taken to build model: 0.06 seconds

=== Predictions on test data ===
inst#,actual,predicted,error,prediction
1,1:recurrence-events,2:no-recurrence-events,+,0.808
2,1:recurrence-events,l:recurrence-events,,0.759
3,1:recurrence-events,2:no-recurrence-events,+,0.808
4,1:recurrence-events,2:no-recurrence-events,+,0.808
5,1:recurrence-events,2:no-recurrence-events,+,0.727
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FIGURE 5: EVALUATION ON TEST SPLIT

| I;repmcessi Classify ‘ Cluster-ii Assoriate | Select attributes j:-h'isua\ize;

Classifier
Choose | MB-C0.Z5M2
Test options Classffir output
@Usetra\ning sat 28, 2in0-recurrence-events, 2ino-recurrence-events, 0,797 A
() Supplied test szt === §tratified cross-validation ===
() Cross-validation === fumary ===
O Percentage st Correctly Classified Instances 216 75.5245 &
[ More options.., ] Incorrectly Classified Instances 70 24,4755 %
Kappa statistic 00,3057
‘ I Total Cost 0
‘(Nam)Cass X Average Cost 0.2448
I _— Mean absolute error 0.3528
ul =il Root mean siquared error 01.4295
Result list {right-click far options) Relative absolute error 84,3212 %
11:56:3 - Furictions, 540 Root relative squared error 93.86873 %
1 2 - Furictions M0 Coverage of cases (0.95 lewel) 99,6503 %
Mean rel. region size (0,95 level) 99.3007 %
17:15:17 - trees, MG Total Nuuber of Instances itg
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precizion Recall F-Measure ROC Area Class
0.318 0.06 0.692 0.318 0,435 0.64 PECUFTEnCE-EVRNtS
0.94 0.682 0,765 0.94 0.844 0.6d No-LECULEENCE-EVENLS
Weighted bwy. 0.755 0.437 0.744 0,755 0.722 0.64
=== Confusion Matrix ===
a b <-- classified as
27 58 | & = recurrence-events
12 189 | b = no-recurrence-events
v

Status
K

CONCLUSION
This paper provides causes of breast cancer diagnosis and statistical analysis of breast cancer. Problems and explores that data mining techniques using breast
cancer data set. For this purpose the Experimenter in Weka-3.6.6 will be used.
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