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Abstract
Breast Cancer Diagnosis and Prognosis are two medical 
applications that pose a great challenge to the researchers. The use 
of machine learning and data mining techniques has revolutionized 
the whole process of breast cancer Diagnosis and Prognosis. Breast 
Cancer Diagnosis distinguishes benign from malignant breast 
lumps whereas Breast Cancer Prognosis predicts when Breast 
Cancer is likely to recur in patients that have had their cancers 
excised. Thus, these two problems are mainly in the scope of the 
classification problems. This paper compares different techniques 
applied in diagnosis and prognosis of breast cancer.
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I. Introduction
Cancer has become a devastating killer, taking million lives across 
India each year. Cancer is a global epidemic, affecting all ages 
and all socio-economic groups. Breast cancer has become the 
leading cause of death in women in developed countries. One in 
ten of all new cancers diagnosed worldwide each year are cancer 
of the female breast and it is the most common cancer in women 
in both developing and developed countries. These problems have 
attracted many researchers in computational intelligence, data 
mining, and statistics fields. In India breast cancer is the 2nd most 
dangerous cancer after cervical cancer.
By 2015, there will be approximately 2.5 lakhs new cases in India. 
According to World Cancer Report in the year 2000, malignant 
tumors were responsible for 12 per cent of the nearly 56 million 
deaths worldwide from all causes. Cancer rates could further 
increase by 50% to 15 million new cases in the year 2020.Data 
mining fondly called patterns analysis on large sets of data uses 
tools like association, clustering, segmentation and classification 
for helping better manipulation of the data. The paper explains 
the role of data mining in diagnosis and prognosis stages of breast 
cancer.

A. Breast Cancer and its facts
Breast cancer is a disease in which malignant (cancer) cells form in 
the tissues of the breast. The breast is made up of lobes and ducts. 
Each breast has 15 to 20 sections called lobes, which have many 
smaller sections called lobules. Lobules end in dozens of tiny 
bulbs that can make milk. The lobes, lobules, and bulbs are 
linked by thin tubes called ducts. Each breast also has blood 
vessels and lymph vessels. The lymph vessels carry almost colorless 
fluid called lymph. Lymph vessels lead to organs called lymph 
nodes. Lymph nodes are small bean-shaped structures that are 
found throughout the body. They filter substances in fluid called 
lymph and help fight infection and disease. Clusters of lymph 
nodes are found near the breast in the axilla (under the arm), 
above the collarbone, and in the chest.
Anything that increases your chance of getting a disease is called 
a risk factor. Having a risk factor does not mean that you will 

get cancer; not having risk factors doesn’t mean that you will not 
get cancer. Risk factors for breast cancer include the following:

Menstruating at an early age.• 
Older age at first birth or never having given birth.• 
A personal history of invasive breast cancer, ductal • 
carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS), 
or benign (non-cancer) breast disease.
A • family history (first-degree relative, such as mother, 
daughter, or sister) of breast cancer.
Having • inherited changes in the BRCA1 or BRCA2 genes.
Treatment with radiation therapy to the breast/chest.• 
Having breast tissue that is dense on a mammogram.• 
Taking  hormones  such  as  es t rogen  and • 
progesterone for symptoms of menopause
Having taken the hormone diethylstilbestrol (DES) • 
during pregnancy or being the daughter of a woman who 
took DES while pregnant.
Obesit• y.
Not getting enough exercise.• 
Drinking • alcoholic beverages.
Being white.• 

Breast cancer may cause any of the following signs and 
symptoms:

A lump or thickening in or near the breast or in the underarm • 
area.
A change in the size or shape of the breast.• 
A dimple or puckering in the skin of the breast.• 
A • nipple turned inward into the breast.
Fluid, other than breast milk, from the nipple, especially if • 
it’s bloody.
Scaly, red, or swollen skin on the breast, nipple, or • areola (the 
dark area of skin that is around the nipple).
Dimples in the breast that looks like the skin of an orange, • 
called “peau d’orange”.

Tests that examine the breasts are used to detect (find) and diagnose 
breast cancer.

Physical exam and • history 
Clinical breast exa• m (CBE)
Mammogram• 
Ultrasound exam• 
MR• I (magnetic resonance imaging)
Blood chemistry studie• s
Biops• y 

Breast cancer is the most common cancer disease among women, 
excluding non-melanoma skin cancers. The stage of a cancer is one 
of the most important factors in selecting treatment options, and 
it uses the Tumor, Nodes and Metastasis (TNM) system. When a 
patient’s T, N, and M categories have been determined then this 
information is combined in a process known as stage grouping 
to determine a woman’s disease stage. This is expressed as from 
Stage 0 (the least advanced stage) to Stage IV (the most advanced 
stage).
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B. Knowledge Discovery Process
The Knowledge Discovery in Databases process comprises of 
a few steps leading from raw data collections to some form of 
new knowledge. The iterative process consists of the following 
steps:

Data cleaning1. 
Data integration2. 
Data selection3. 
Data transformation4. 
Data mining5. 
Pattern evaluation6. 
Knowledge representation7. 

C. Data Mining-Concepts
The terms Knowledge Discovery in Databases (KDD) and Data 
Mining are often used interchangeably. This dilemma is because 
of the three different perspectives to look at the data mining but 
in real data mining is an important step in the KDD process. Data 
mining covers a broad range of techniques and methodologies and 
incorporates many tools to discover patterns and relationships 
in data. Data mining is usually associated with large amounts of 
data that is often housed in a data warehouse. There are five basic 
data mining tasks: profiling, clustering, classification, prediction, 
decision analysis. 

Profiling has the goal of defining characteristics about a 1. 
certain population. It is a good first step when dealing with 
a complex database.
Classification consists of examining characteristics of a record 2. 
or field for assignment to a well-defined segment. 
Clustering is finding similar groups within a population. There 3. 
is not any purpose in the groups except to find similarities 
between the members. 
Prediction uses past behavior to predict future behavior 4. 
related to the subject.
Decision Analysis uses a combination of classification and 5. 
prediction to determine an optimal action. It is an excellent 
tool for weighing risk and benefit.

Profiling
Breast tumor may be segmented into two types: benign or evil 
lesions. Benign is a non-cancerous scratch and malignant is 
cancerous lesion .Benign lesions in the breast tend to be well 
defined and restricted, while malignant lesions appeared ill defined 
with speculated margins. Breast cancer is a malignant tumor that 
has established from cells of the breast. A malignant tumor is a 
group of cancer cells that may involve surrounding tissue or spread 
to distant areas of the body.

The etiologies of breast cancer remain unclear and no single 
dominant cause has emerged. Defensive way is motionless a 
mystery and the only way to help patients to survive is by early 
discovery. If the cancerous cells are detected before dispersal 
to other organs, the survival rate for patient is more than 97%. 
Therefore it has been our incentive factor to develop such system. 

Some early signs of having high possibility of cancerous cells, 
like micro classifications, mass, architectural misrepresentation 
and breast irregularities; might be detected from mammogram 
images. Mammogram (introduced in 1969) is the first digital steps 
in detecting cancerous cell in breast tissues, and it has been a useful 
tool in diagnosing breast cancer ever since. A closer inspection of 
the mammograms reveals several difficulties for the irregularity 
approach. 
As some of cancerous tissues can be very aggressive, it is very 
important to identify them as early as possible. But the waiting 
time from capturing mammogram images to biopsy result is 2 
weeks to a month, on average. 

Classification
The results obtained from these methods are used to recognize 
the patterns which are aiming to help the doctors for classifying 
the malignant and benign cases. There are various data mining 
techniques, statistical methods and machine learning algorithms 
that are applied for this purpose. 

[1]FIRST COMPARISON TECHNIQUE:-
Here, C4.5 classification algorithm has been applied to SEER 
(Surveillance, Epidemiology, and End Results) breast cancer 
dataset to classify patients into either “Carcinoma in situ” 
(beginning or pre-cancer stage) or “Malignant potential” group. 
Delen et al, in their work, have developed models for predicting 
the survivability of diagnosed cases using SEER breast cancer 
dataset. Two algorithms artificial neural network (ANN) and C5 
decision tree were used to develop prediction models. C5 gave 
an accuracy of 93.6% while ANN gave an accuracy of 91.2%. 
Bellaachia et al. took the study of Delen et al. as the basis of their 
research. They investigated three data mining techniques: the 
Naïve Bayes, the back propagated neural network, and the C4.5 
decision tree algorithms. They have reported that C4.5 algorithm 
gave the best performance of 86.7% accuracy. 
The comparison of error rate was obtained for the various 
classification techniques. It was seen that classification Algorithms 
KNN and C4.5 gives ~92% classification rate. Either of the 
classification algorithms, KNN or C4.5, could have been chosen 
to proceed further. We chose C4.5 since it is a well known decision 
tree induction learning technique that has been successfully and 
extensively applied for medical data. It obtained an accuracy 
of ~94% in the training phase and an accuracy of ~93% in the 
testing phase compared to the performance of other classification 
techniques.

[2] Second Comparison Technique:-
An implementation process of breast cancer diagnosis process is 
depicted in Figure below: 
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An ensemble model is a combination of two or more models to 
avoid the drawbacks of individual models and to achieve high 
accuracy. In this work many models with the combination of all the 
above individual models are tried and finally an ensemble model 
with combination of Bayesian net and C5.0 is selected, because 
this model produces highest accuracy among all the ensemble 
models as well as individual models.
So, ensemble of Bayesian net and C5.0 performed well as compared 
to other models. Accuracy, sensitivity and specificity in this case 
at training stage is 99.24%, 99.16%, 99.18% respectively while it 
is 95.45%, 94.89%, 96.15% respectively at testing stage.

Clustering
After breast cancer has been diagnosed, tests are done to find out 
if cancer cells have spread within the breast or to other parts of the 
body. The process used to find out whether the cancer has spread 
within the breast or to other parts of the body is called staging. 
The information gathered from the staging process determines 
the stage of the disease. It is important to know the stage in order 
to plan treatment. The following tests and procedures may be used 
in the staging process:

Sentinel lymph node biopsy• 
Chest x-ray• 
CT scan (CAT scan)• 
Bone scan• 
PET scan (positron emission tomography scan): • 

There are three ways that cancer spreads in the body:
Tissue. - The cancer spreads from where it began by growing • 
into nearby areas.
Lymph system. -The cancer spreads from where it began by • 
getting into the lymph system. The cancer travels through 
the lymph vessels to other parts of the body.
Blood. -The cancer spreads from where it began by getting • 
into the blood. The cancer travels through the blood vessels to 
other parts of the body.

Cancer may spread from where it began to other parts of the 
body: When cancer spreads to another part of the body, it is 
called metastasis. Cancer cells break away from where they 
began (the primary tumor) and travel through the lymph system 
or blood.

Lymph system. The cancer gets into the lymph • 
system, travels through the lymph vessels, and forms 
a tumor (metastatic tumor) in another part of the body.
Blood. The cancer gets into the blood, travels through the • 
blood vessels, and forms a tumor (metastatic tumor) in another 
part of the body.

The following stages are used for breast cancer:
Stage I (carcinoma in situ)
There are 3 types of breast carcinoma in situ:

Ductal carcinoma in situ (DCIS) is a • noninvasive condition in 
high abnormal cells are found in the lining of a breast duct. 
Lobular carcinoma in situ (LCIS) is a condition in which • 
abnormal cells are found in the lobules of the breast. 
Paget disease of the nippl• e is a condition in which abnormal 
cells are found in the nipple only.

In stage I, cancer has formed. Stage I is divided into stages IA 
and IB.

In • stage IA, the tumor is 2 centimeters or smaller. Cancer has 
not spread outside the breast.
In • stage IB, small clusters of breast cancer cells (larger than 
0.2 millimeter but not larger than 2 millimeters) are found 
in the lymph nodes 

Stage II
Stage II is divided into stages IIA and IIB.
In stage IIA:

No • tumor is found in the breast or the tumor is 2 centimeters or 
smaller; or
The tumor is larger than 2 centimeters but not larger than 5 • 
centimeters. Cancer has not spread to the lymph nodes.

In stage IIB, the tumor is:
Larger than 2 • centimeters but not larger than 5 centimeters. 
Small clusters of breast cancer cells (larger than 
0.2 millimeter but not larger than 2 millimeters) are found 
in the lymph nodes; or
Larger than 2 centimeters but not larger than 5 centimeters. • 
Cancer has spread to 1 to 3axillary lymph nodes or to the 
lymph nodes near the breastbone (found during a sentinel 
lymph node biopsy); or
Larger than 5 centimeters. Cancer has not spread to the lymph • 
nodes.

Stage IIIA
In stage IIIA:

No • tumor is found in the breast or the tumor may be any 
size. Cancer is found in 4 to 9 axillary lymph nodes or in 
the lymph nodes near the breastbone (found during imaging 
tests or a physical exam); or
The tumor is larger than 5 • centimeters. Small clusters of breast 
cancer cells (larger than 0.2millimeter but not larger than 2 
millimeters) are found in the lymph nodes; or
The tumor is larger than 5 centimeters. Cancer has spread to • 
1 to 3 axillary lymph nodes or to the lymph nodes near the 
breastbone (found during a sentinel lymph node biopsy).

Stage IIIB
In stage IIIB, the tumor may be any size and cancer has spread to 
the chest wall and/or to the skin of the breast and caused swelling 
or an ulcer. Cancer that has spread to the skin of the breast may 
also be inflammatory breast cancer.

Stage IIIC
In stage IIIC, no tumor is found in the breast or the tumor may 
be any size. Cancer may have spread to the skin of the breast 
and caused swelling or an ulcer and/or has spread to the chest 
wall. Cancer that has spread to the skin of the breast may also 
be inflammatory breast cancer. For treatment, stage IIIC breast 
cancer is divided into operable and inoperable stage IIIC.

Stage IV
In stage IV, cancer has spread to other organs of the body, most 
often the bones, lungs, liver, or brain.

Prediction
If cancer is found, tests are done to study the cancer cells. Decisions 
about the best treatment are based on the results of these tests. 
The tests give information about:

How quickly the cancer may grow.• 
How likely it is that the cancer will spread through the • 
body.
How well certain treatments might work.• 
How likely the cancer is to recur (come back).• 

Tests include the following:
Estrogen and progesterone receptor test • 
Human epidermal growth factor type 2 receptor (HER2/neu) • 
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test
Multigene tests• 

Checking for Breast Cancer Recurrence
Breast cancer can recur at any time, but most recurrences occur in 
the first three to five years after initial treatment. Breast cancer can 
come back as a local recurrence (in the treated breast or near the 
mastectomy scar) or somewhere else in the body. The most common 
sites of recurrence outside the breast include the lymph nodes, 
the bones, liver, lungs, or brain. Following surgery or radiation, 
the breast cancer treatment team will determine the likelihood that 
the cancer will recur outside the breast. This team usually includes 
a medical oncologist, a specialist trained in using medicines to 
treat breast cancer. The medical oncologist, who works with the 
surgeon, may advise the use of hormone therapy, chemotherapy, 
or both. 
How does one know if there is a Recurrence of Breast Cancer? 
Breast changes that might indicate a recurrence include:

An area that is distinctly different from any other area on • 
either breast
Lump or thickening in or near the breast or in the underarm • 
that persists through the menstrual cycle
A change in the size, shape, or contour of the breast• 
A mass or lump, which may feel as small as a pea• 
A marble-like area under the skin• 
A change in the feel or appearance of the skin on the breast • 
or nipple, including skin that is dimpled, puckered, scaly, or 
inflamed (red, warm, or swollen)
Bloody or clear fluid discharge from the nipples• 
Redness of the skin on the breast or nipple• 

Along with performing monthly breast self-exams, scheduled 
follow-up appointments with your health care provider need to 
be kept. Initially, these follow-up appointments may be scheduled 
every three to four months. 
Certain factors that affect prognosis (chance of recovery) and 
treatment options:

The stage of the cancer (the size of the tumor and whether • 
it is in the breast only or has spread to lymph nodes or other 
places in the body).
The type of breast cancer.• 
Estrogen receptor and progesterone receptor levels in the • 
tumor tissue.
Human epidermal growth factor type 2 receptor (HER2/neu) • 
levels in the tumor tissue.
Whether the tumor tissue is triple-negative.• 
How fast the tumor is growing.• 
How likely the tumor is to recur (come back).• 
Whether the cancer has just been diagnosed or has recurred • 
(come back).
A woman’s age, general health, and menopausal status • 
(whether a woman is still having menstrual periods).

Once a patient is diagnosed with breast cancer, the malignant 
lump must be excised. During this procedure physicians must 
determine the prognosis of the disease. This is the prediction of 
the expected flow of the disease. Prognosis is important because 
the type and intensity of the medications are based on it. Prognosis 
problem is also called as “analysis of survival or lifetime data”. 
In this case, we can classify the patient as recur and we know 
the time to recur (TTR). For such patients, all known is only the 
time of their last check-up. We call this the disease-free survival 
time (DFS). Prognosis helps in establishing a treatment plan by 
predicting the outcome of a disease. 

[1] First Comparison Technique:
Here, DT, SVM, and ANN machine learning algorithms are used 
to predict the recurrence of breast cancer to find which method 
performs better. For DT, C4.5 algorithm which is based on the 
ID3 algorithm was used. Each tree node is either a leaf node or 
decision node. All decision nodes have splits, testing the values of 
some functions of data attributes. Each branch from the decision 
node corresponds to a different outcome of the test. Each leaf 
node has a class label attached to it. Support vector machine 
(SVM) is an emerging powerful machine learning technique 
to classify cases. SVM has been used in a range of problems 
and they have already been successful in pattern recognition in 
bioinformatics, cancer diagnosis, and more. SVM is a maximum 
margin classification algorithm rooted in statistical learning theory. 
It is the method for classifying both linear and non-linear data. 
It uses a non-linear mapping technique to transform the original 
training data into a higher dimension. It performs classification 
tasks by maximizing the margin separating both classes while 
minimizing the classification errors. Neural networks are a large 
number of interconnected nodes that perform summation and 
thresholding in loose analogy with the neurons of the brain. The 
multi-layer perceptron (MLP) model is capable of mapping set of 
input data into a set of appropriate output data. The primary task 
of neurons in input layer is the division of input signal Xi among 
neurons in hidden layer. The output of neurons in the output layer 
is determined in an identical fashion. 
To compare the models, the data from the Iranian Center for Breast 
Cancer dataset were analyzed. The results indicated that SVM 
are the best classifier predictor with the test dataset, followed by 
ANN and DT.

[2] Second Comparison Technique
Here, the study has outlined, discussed and resolved the Fuzzy 
Expert System for prognostic decision making in the seriousness 
of the breast cancer. Fuzzy logic produces more-realistic answers 
by replacing the inflexible “yes/no” by a topical adjustment in the 
form of a “more or less” and by introducing linguistic nuances 
into the process of decision. For the design process, breast cancer 
tumor size, number of nodes and the metastasis were used as input 
parameters and the breast cancer risk was obtained as an output. 
For fuzzification of these parameters the linguistic variables Very 
Serious (VS), Serious (S) and Not Serious (NS) were used. This 
system was observed to be very good for testing and learning 
process in the cancer epidemic, which can be used to process the 
relevant data from breast cancer cases in order to give a breast 
cancer risk prognosis.

Decision Analysis
After diagnostic and prognostic problem has been solved by the 
best data mining techniques, medical professionals take decisions 
regarding treatment of that particular type of breast cancer using 
different methods depending on the patient’s health and other 
circumstances. Decision analysis is the last step of data mining 
task.
How Would a Recurrence of Breast Cancer Be Treated? The 
type of treatment for local breast cancer recurrences depends on 
your initial treatment. If you had a lumpectomy, local recurrence 
is usually treated with mastectomy. If the initial treatment was 
mastectomy, recurrence near the mastectomy site is treated by 
removing the tumor whenever possible, usually followed by 
radiation therapy. In either case hormone therapy, chemotherapy, 
and/or radiation therapy may be used after surgery. If breast cancer 
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is found in the other breast, it may be a new tumor unrelated to 
the first breast cancer. Treatment would include a lumpectomy 
or mastectomy and possibly radiation and/or systemic therapy 
(chemotherapy and/or hormonal therapy).
Women with distant recurrence involving organs such as the bones, 
lungs, brain, or other organs are treated with systemic therapy. 
Radiation therapy or surgery may also be recommended to relieve 
certain symptoms. Immunotherapy with Herceptin (trastuzumab) 
alone or with chemotherapy may be recommended for women 
whose cancer cells have high levels of the HER2 protein. 

Conclusion
In this paper different techniques have been compared based 
on diagnosis and prognosis of breast cancer based on data 
mining techniques proposed by different researchers under data 
mining tasks. This paper provides a study of various technical 
and review papers on breast cancer diagnosis and prognosis 
problems and explores that data mining techniques offer great 
promise to uncover patterns hidden in the data that can help the 
clinicians in decision making process. From the above study it is 
observed that the accuracy for the diagnosis analysis described 
under (second comparison) is highly acceptable and can help 
the medical professionals in decision making for early diagnosis 
and to avoid biopsy. The prognostic problem is analyzed under 
fuzzy logic (second comparison) and its accuracy came higher in 
comparison to other classification techniques applied for the same. 
In both cases we can say that the best model can be obtained after 
building several different types of models, or by trying different 
technologies and algorithms.
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