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Abstract
Cervical cancer is one of the most prominent diseases among 
women worldwide. Early detection or predictions of the clinical 
and demographic factors that influence the onset of the disease 
are important from the perspective of public health management. 
Earlier studies have identified Human Papilloma Virus (HPV) as 
the only causative organism for the onset of the disease but later 
studies have identified several other factors that may influence 
the onset of the disease. There are several tests like pap smear, 
colposcopy, biopsy used in diagnosing the disease. These tests do 
not always generate accurate results, false positives always exist. 
Cost involved for these tests is also high. In this perspective we are 
trying to develop machine aided algorithms for identification of risk 
factors among individuals who are likely to get the disease. In our 
study we have analyzed the demographic data of the prospective 
candidates of cervical cancer using feature selection methods and 
C4.5 classification algorithm for generating decision rules. We 
have obtained an accuracy of 100 percent for the classification 
algorithms considered for comparison. Identified having multiple 
partners (MP) and husband’s extra marital affairs (Hefa) as the 
other factors apart from HPV that influence the onset of the disease.  
Our study shows that the procedure can be effectively utilized for 
subsequent laboratory procedures to further diagnose the severity 
of the disease. 
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I. Introduction
Cervical cancer is the prominent form of cancer worldwide and 
ranks as the first common cancer among women in India the age 
incidence being above 15 years [10]. Worldwide, cervical cancer 
is the second leading cause of death among women. Around 5, 
00, 000 new cases are identified each year and more than 85 
percent are in developing countries (WHO/NCCC). The mortality 
rates higher in low & middle income countries, and in low socio-
economic groups within countries (WHO, 2009b). Around 80 
percent of global cervical cancer cases are in third world countries 
[15]. In urban areas, cancer of the cervix account for over 40 
percent of cancers while in rural areas it accounts for 65 percent 
of cancers as per the information from the cancer registry in Barshi 
(Medindia). India has approximately 365.71 million above 15 
yrs of age who are at risk of developing cancer [10]. Bacteria/
virus infection caused 19.6 percent of infection-related cancers 
– cervical, stomach, liver [24]. Cervical cancer is highest (17 %) 
among women aged 30-69 years. A 30-year old Indian woman 
has about 0.7 percent risk of dying from cervical cancer before 70 
years of age in the absence of other diseases [15]. Cervical cancer 
risks are much lower in Muslim women and in states where the 
proportion of Muslim community is larger, as noted internationally 
[23]. As per the age-specified mortality rates for cancers [23] 

cervical cancer deaths are high among illiterate women (19.1%) 
as compared to the well educated (5.4%).
The most important risk factor for cervical cancer is Human 
Papilloma Virus (HPV) infection. HPV alone cannot be the 
sufficient cause for cervical cancer. There are other factors like 
having multiple sex partners (MP), low Socio-Economic Status 
(SES), age at menarche, husband’s extra marital affairs, use of 
oral contraceptive pills, number of full term pregnancies, exposure 
to Diethylstilbestrol (DES) drug, young age at the first full-term 
pregnancy, family history of cervical cancer, Chlamydia infection 
(it causes pelvic inflammation) and smoking. The presence of a 
risk factor does not mean that one will get the disease but the 
probability of contracting the disease would be high. The current 
study is aimed at identifying the most influential risk factors among 
the other factors in order to reduce the number of deaths and 
creating awareness among women. 
The contents of the paper are organized as follows; in section II 
talks about the biology of the disease and diagnosis is presented. 
In section III we present an overview of the earlier studies on the 
disease on diagnosis and procedures. Section IV talks about the 
methods used. Experiments and results are discussed in section 
5 followed by conclusion in section VI.

II. Cervical Cancer
Cancer of the cervix occurs when the cells of the cervix change in 
a way that leads to abnormal growth and invasion of other tissues 
or organs of the body. The normal cells of the cervix first gradually 
develop pre-cancerous changes that turn into cancer. Since the 
most common form of cervical cancer starts with pre-cancerous 
changes, there are two ways to stop this disease from developing. 
The first way is to find and treat pre-cancers before they become 
true cancers, and the second is to prevent the pre-cancers. A well-
proven way to prevent cervix cancer is to have testing (screening) 
to find pre-cancers before they can turn into invasive cancer. The 
Pap test (or Pap smear) and the Human Papilloma Virus (HPV) 
test are used for this. If a pre-cancer is found it can be treated, 
stopping cervical cancer before it really starts. The second way 
is avoiding exposure to HPV. In women, HPV infections occur 
mainly in younger women and are less common in women older 
than 30. Certain types of sexual behavior increase a woman’s risk 
of getting genital HPV infection, such as: having sex at an early 
age, having many sexual partners, having a partner who has had 
many sex partners, having sex with uncircumcised males [33]. 
HPV enters the body, usually through a break in the skin, and then 
infects the cells in the layers of the skin. The virus then replicates or 
multiplies in the body. The time between first contracting HPV and 
the appearance of lesions can be weeks to months or even years. 
HPV is transmitted by skin-to-skin contact. HPV infections that 
cause skin warts (e.g., plantar or common warts) can be acquired 
through a cut, but the risk of transmission is low. Walking barefoot 
in public areas such as the gym or pool can be a risk for infection 
with the types of HPV that cause plantar warts.  HPV infections that 
cause genital warts are very contagious and are usually contracted 
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through sexual activity with an infected person. A mother with 
a genital HPV infection may also transmit the virus to the infant 
during labor. The risk factors for HPV infection include age, 
number of sexual partners, immune system. There are other risks 
linked to cervical cancer apart from HPV. These include genetic 
factors (having close relatives who have suffered from cervical 
or related cancer), smoking, having a poor diet and or having a 
weakened immune system (due to surgery, HIV infection, using 
immunosuppressive drugs). Use of the contraceptive pill (over 
a long period of time) can also potentially increase the risk of 
cervical cancer. However, these factors are very minor compared 
with HPV infection, and are more likely to exert indirect effects; 
for instance, poor diet can lead to the body not being able to fight 
off infection so well, so if a person is infected with a high-risk 
HPV and has a poor diet, this could mean that the body is less 
well equipped to fight off the virus allowing the virus to infect 
cells and potentially cause changes that may eventually lead to 
cancer (these changes are referred to as precancerous changes). 
The carcinogens in cigarettes can cause damage to the cervical 
cells, possibly leading to cervical cancer. Studies have shown 
that smoking can accelerate the cervical damage caused by HPV 
[36].
Symptoms that may occur in the early stages can include: 
abnormal vaginal bleeding between periods, after intercourse, 
or after menopause, continuous vaginal discharge, which may 
be pale, watery, pink, brown, bloody, or foul-smelling, periods 
become heavier and last longer than usual. Cervical cancer may 
spread to the bladder, intestines, lungs, and liver. Patients with 
cervical cancer do not usually have problems until the cancer is 
advanced and has spread. Symptoms of advanced cervical cancer 
may include: back pain, bone pain or fractures, fatigue, leaking of 
urine or feces from the vagina, leg pain, loss of appetite, pelvic 
pain, single swollen leg, weight loss [34].
Early cervical cancer does not present any symptoms so regular 
screening is vital to ensure it is detected as early as possible. 
Screening prevents 84 out of every 100 cervical cancers that 
would otherwise develop. Cervical screening involves a sample 
of cells being taken from the cervix and being examined under 
a microscope for signs of abnormality. If any abnormal cells are 
detected then the sample will be graded according to the severity 
of the abnormalities. 
Precancerous changes of the cervix and cervical cancer cannot be 
seen with the naked eye. Special tests and tools are needed to spot 
such conditions [11]. Papanicolaou or Pap test is a most common 
form of diagnosis for detecting cervical cancer in its early stage. 
Every woman, above 30 yrs or above 18yrs of age who are sexually 
active, is recommended to undergo this test every year. If the test 
shows abnormality then further examination has to be done. If 
Pap smear results reveal cervical abnormalities, colposcopy is 
then scheduled. Pieces of tissue are surgically removed (biopsied) 
during this procedure of colposcopy and sent to a laboratory for 
examination. Cone biopsy may also be done. A small cone shaped 
sample of the tissue is removed from the cervix. It is examined 
under a microscope for signs of cancer. (http://www.ncbi.nlm.nih.
gov/pubmedhealth/PMH0004359/). Treatment of cervical cancer 
depends on: the stage of the cancer, the size and shape of the 
tumor, the woman’s age and general health, desire to have children 
in the future. Early cervical cancer can be cured by removing 
or destroying the precancerous or cancerous tissue. There are 
various surgical ways to do this without removing the uterus or 
damaging the cervix, so that a woman can still have children in the 
future. Types of surgery for early cervical cancer include: Loop 

electrosurgical excision procedure (LEEP) -- uses electricity to 
remove abnormal tissue, Cryotherapy -- freezes abnormal cells, 
Laser therapy -- uses light to burn abnormal tissue. A hysterectomy 
(removal of the uterus but not the ovaries) is not often performed 
for cervical cancer that has not spread. It may be done in women 
who have repeated LEEP procedures. Treatment for more advanced 
cervical cancer may include: radical hysterectomy which removes 
the uterus and much of the surrounding tissues, including lymph 
nodes and the upper part of the vagina, pelvic exenteration an 
extreme type of surgery in which all of the organs of the pelvis, 
including the bladder and rectum, are removed. Radiation may be 
used to treat cancer that has spread beyond the pelvis, or cancer 
that has returned. Chemotherapy uses drugs to kill cancer. Pre-
cancerous conditions are completely curable when followed up 
and treated properly [11]. Most of these tests are very costly and 
hence not affordable. Since it is beyond the reach of every section 
of the society the disease could not be diagnosed at an early stage 
[7]. Only after the disease is staged, one comes to know the severity 
and increase in the mortality rate. This study is being made to 
decrease the mortality rate and thus help the common man and 
medical professionals to diagnose the disease at an early stage. 
Demographic data of the patients are analyzed to know the highly 
significant factors that lead to the epidemic of the disease.

III. Literature Review
Extensive studies have been made for the early diagnosis, 
prediction of symptoms, prevention, staging of cervical cancer 
with reference to demographic factors and clinical data cancerous 
and non-cancerous patients. Study also made with reference to the 
cervix images, pap smear images, and genomics and so on. In this 
section various studies have been quoted referring the research 
done at various levels.
A classifier system has been designed for cervical cancer diagnosis 
using bio chemical parameters of cancer patients using Support 
Vector Machine (SVM) and Classification and Regression Trees 
(CART) [20]. Unsupervised modeling techniques have been 
used for feature clustering and classification of cervix images 
to automatically analyze the uterine cervix images by detecting 
the detection of cervix boundary and the opening of the cervix 
[5]. Decision support system for cervical cancer management 
and staging was designed using soft computing tools like neural 
networks, genetic algorithm and rough set theory to build an 
efficient decision making system for pattern classification and 
rule generation [28]. A new relaxation ranking algorithm was 
developed to supplement the DNA (Deoxyribonucleic acid) 
methylation markers in cervical cancer so that the number of 
validation steps used as part of the experimentation would be 
reduced for detecting the cancer in cervical scrapings [18]. 
Demographic data, environmental and genetic factors have 
been clubbed for analyzing the risk factors for cervical cancer. 
A model was developed using induction technique in finding out 
the association among the risk factors and hence generate rules 
for the management of the disease [26]. A flexible decision based 
model has been developed using k-means clustering technique 
for the physician to know the exact conditions for undertaking 
biopsy test using the demographic data [29]. Multispectral pap 
smear image classification for cervical cancer detection using a 
novel SVM-based feature screening method [8]. Identification 
of risk factors using fuzzy rough sets for detecting cancer at an 
early stage applied over demographic data [13]. Computerized 
clinical decision support system for screening cervical cancer 
by interpreting the free-text pap reports using Natural Language 



IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  409

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Processing was developed [9]. HPV risk types have been classified 
using support vector machine (SVM) classifier with gap-spectrum 
kernel based on k-spectrum method [14]. 

IV. Methodology
Data pre-processing is essential for successful data mining process 
[4]. Feature selection is one of the important and frequently used 
techniques in data preprocessing for data mining [3]. This process 
reduces the number of features, removes irrelevant, redundant 
or noisy data thereby improving mining performance such as 
predictive accuracy and result comprehensibility. The removal 
of irrelevant and redundant information often improves the 
performance of the classification algorithms. The feature selection 
process as shown in fig 1 consists of subset generation, subset 
evaluation and result validation.  
Feature selection algorithms broadly are categorized into (a) filter 
model (univariate, multivariate) (b) wrapper model (c) embedded 
model. Filter model evaluates and selects the subset from the data 
without involving any data mining algorithm. Wrapper model 
searches for features that best suites the predetermined mining 
algorithm; it is computationally expensive than the filter model. 
Embedded model is a combination of the above two models like 
C4.5 algorithm. 
In our study multivariate filter based model CFS (Correlation 
based feature selection) and embedded model C4.5 have been 
applied on the cancer data. The purpose of applying these models 
is they model the dependencies among the features, which is the 
basic advantage of feature selection. Cross validation is method 
for estimating the true error of a model. Cross-validation is used 
to evaluate or compare learning algorithms as follows: in each 
iteration, one or more learning algorithms use k -1 folds of data 
to learn one or more models, and subsequently the learned models 
are asked to make predictions about the data in the validation 
fold. The performance of each learning algorithm on each fold 
can be tracked using some predetermined performance metric like 
accuracy. In our study we applied ten-fold cross validation.
C4.5 builds decision trees from a set of training data using the 
concept of information entropy. Information entropy generates the 
information gain for all the attributes to find the best split for the 
decision tree generation. The training data is a set S = s1, s2, …of 
already classified samples. Each sample Si = x1, x2, … is a vector 
where x1, x2, …represent attributes or features of the sample. The 
training data is augmented with a vector C = c1, c2, … where c1, 
c2, … represent the class to which each sample belongs. At each 
node of the tree, C4.5 chooses one attribute of the data that most 
effectively splits its set of samples into subsets enriched in one 
class or the other. Its criterion is the normalized information gain 
(difference in entropy) that results from choosing an attribute 
for splitting the data(Thales Senh Korting). The attribute with 
the highest normalized information gain is chosen to make the 
decision. The C4.5 algorithm then recursively applies the above 
procedure on the smaller sub lists. C4.5 is a software extension 
of the basic ID3 algorithm designed by Quinlan. 
The algorithms applied in our study are shown in Tables 1 and 
2.

Table 1: Algorithm for Feature Selection

Given S(F,C) = S(F1, F2, …, Fn, C) //training class labeled data
Given t = threshold value;
m= GetNoOfFeatures(F);
for i=1 to m do

ri = CalculateRankingCoefficient(Fi,C);
if ri < t then

S = S \ Fi //remove weak features
 else
 
 R = R ∪ri  // remember feature rank

end if
end for
S’ =  SortFeaturesAccordingToRankValues(S, R)
R’ =  SortRankValues(R)
i  = 1
while (Fi  =  GetFeature(S; i)) ≠ null do

j = i + 1
while (Fj = GetFeature(S; j)) ≠ null do
j = j + 1
f = CalculateCorrelation(Fi; Fj)
if f < Rj then
S = S \ Fj
end if
end while

      i = i + 1
     end while
     return F

Table 2: Algorithm for Classifying the Data

Given F with m attributes//training data after feature selection
for i = 1 to 10  //no of folds
 for j = 1 to m //no of attributes
 
 m’ = compute InformationEntropy(m)
 maxM = Find max(m’)
M = Find max(maxM)  //best split attribute
Create root node with M as split attribute
repeat

for i = 1 to 10
for j = 1 to m-1    
m’’ = compute InformationEntropy(m-1)
maxM’ = Find max(m’’)

Find best split attributes
Create nodes with the attributes
Until no more attributes for split

Along with C4.5 the other machine aided algorithms have also 
been analyzed to make a comparison. The other algorithms are 
SVM, NaiveBayes, NN, FuzzyRoughNN. 

V. Experiments and Results
In the present study the dataset [13] as seen in table 4, comprises of 
30 records and 7 attributes of probable patients of cervical cancer 
(patients who have come with gynaec complaints) and 1 decision 
attribute. The parameters that have been evaluated comprise of 
HPV risk, usage of Oral Contraceptive Pills (OCP), Number of 
Multiple Partners (MP), Husband’s Extra Marital Affair (HEFA), 
Age at First Sexual Act (AFSA), Low Socio Economic Status (Low 
SES), number of Full term Pregnancies (PP). Risk of Cervical 
Cancer (CC) based on these parameters is a decision attribute. In 
this paper the above data has been analyzed using Weka(Weka), 
data mining tool. The dataset comprises of 30 instances with 7 
dependent attributes and 1 decision attribute as shown in Table 
5. 
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Initially CfsSubset evaluator has been applied. Among the 7 
attributes only 3 attributes have been selected MP, HEFA, SES 
as shown in table 5. C4.5 and SVM algorithms have not been 
applied in the studies surveyed so far on demographic data. One 
observation from this study is on the number of folds that yields the 
accurate result in classifying the dataset. The accuracy increases 
along with the increase in number of folds. This is because 
necessary data is not available for testing. The following Table 3 
gives detailed information for one classifier J48 (implementation 
of C4.5 in Weka).

Table 3: Analysis of C4.5 Using k-Fold Cross Validation

 Two-
fold

Three-
fold

Four-
fold

Five-
fold

Eight-
fold

Ten-
fold

Accuracy 90 100 90 100 93.3 100
Precision 1 1 1 1 1 1
F-measure 0.909 1 0.909 1 0.941 1

C4.5 algorithm has been applied on the selected dataset. The results 
give 100% accuracy with specificity and sensitivity as 1. 

The accuracies of the other classifiers have also been compared 
as shown in Table 4.

Table 4: Efficacies of the Classifiers

Classifier Accuracy(in percentage)
10-fold cross validation

Kappa 
Statistic

LibSVM 84 0.6324
NaiveBayes 76 0.4828
NeuralNetwork 84 0.6324
FuzzyRoughNN 84 0.6753

The decision tree generated is shown in fig. 2. 

The result of the decision tree indicates that having multiple 
partners and husband’s extra marital affairs are the deciding 
attributes for the incidence of the disease.

The decision rules generated are 
If MP = Y then risk of cervical cancer = High
If MP = N and Hefa = Y then risk of cervical cancer = High
If Hefa = N then risk of cervical cancer = Low

Hence we can conclude that HPV is not just the necessary cause for 
the onset of the disease. There are other causative rather supporting 
factors that lead to the incidence of the disease. 

VI. Conclusion
In this paper an attempt has been to study cervical cancer factors 
with the help of machine aided algorithm C4.5. The attribute 
evaluator gives a clear indication that MP, Hefa and SES are the 
major risk factors for the prevalence of the disease. The decision 
rules generated by C4.5 algorithm indicate presence of MP and 
Hefa leads to high risk of cervical cancer. The current study would 
be helpful in better understanding the risks associated for the onset 
of the disease. Further study can be made on the gene sequences 
and the images for better understanding the factors for the onset 
of the disease and for deciding the right treatment procedure.
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Fig. 1: Unified Process of Feature Selection
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Fig. 2: Decision Tree Generated by C4.5 Algorithm
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Table 4: Dataset (Source: Kuzhali, Rajendran, 2010)

Risk of HPV MP Age at first 
sexual act

Husband’s 
extra Family 
Affairs

Low SES
Parity(Min 
of 4 full term 
pregnancies

Oral 
Contarceptive 
pills

Risk of Cervical Cancer

Y Y Y y y Y y High
N Y Y n y N n High
N N Y y y N n High
y Y N n y Y y High
y N N n y Y n Low
n Y Y y y N n High
n N Y n n Y y Low
n Y Y n y N n High
y N N n y Y n Low
n N N n n N n Low
n N Y n n Y y Low
y N N n y Y n Low
n Y Y y y N n High
n Y Y n y N n High
n Y Y n y N n High
n N N n n N n Low
y N N n y Y n Low
y N N n y Y n Low
n Y y y y N n High
n N y y y N n High
n N y n n Y y Low
y Y y y y Y y high
y N n n y Y n low
y Y n n y Y y high
y Y n n y Y y high
n Y y n y N n high
n Y y n y N n high
n n y y y N n high
n n n n n N n low
y y y y y Y y high

Table 5: 
MP hefa SES
y y y
y n y
n y y
y n y
n n y
y y y
n n n
y n y
n n y
n n n
n n n
n n y
y y y
y n y
y n y
n n n

n n y
n n y
y y y
n y y
n n n
y y y
n n y
y n y
y n y
y n y
y n y
n y y
n n n
y y y


