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Abstract - Breast cancer is the preeminent cancer among
women and the second main cause of mortality of cancer.
Early detection of breast cancer and prediction of
survivability after the cancer is the most consequential
medicine area. In the present, for predicting and
anticipating future survivability of breast cancer, several
researches had been conducted and developed algorithms
for breast cancer prediction and there are many treatment
methods for breast cancer patients to determine the
patient’s ability to live and inability to survive. In this
context, a proper risk prediction system was developed in
Sri Lanka context for the general community who with or
without a diagnosis of breast cancer could not be
identified. Furthermore, for the patients who are
diagnosed, there is no and no hierarchical system to
predict the relationship between the survivals of patients.
The aim of this study is to utilize risk variables to create a
prediction model that is an adequate method for
predicting the present risk level of a person and for the
diagnosis of patients for the prediction of survivability of
patients using the treatment of breast cancer. The
proposed machine learning models are expected for
integrating computer-aided diagnosis systems for detecting
breast cancer disease and predicting survivability.

Keywords: Breast Cancer, Machine Learning, risk factors,
Factors influencing survival of breast cancer.

I. INTRODUCTION

Breast cancer is the most prevalent type of cancer world,
with over 2.26 million cases, and standings fifth in terms of
mortality with 685,000 deaths, trailing stomach, colon, lung,
and liver cancer. Breast cancer mortality rates are also high,
accounting for 17% of all cancer-related deaths. Due to
resource limitations, the majority of diagnosed women
worldwide are diagnosed in the late stages. Several factors
have collision on breast cancer mortality, risk assessment of
breast cancer, and survival rates of breast cancer. When breast
cancer is diagnosed and treated forthwith, the fortuity of
survival is high. Early prediction of breast cancer risk level
contingent on risk factors is critical for reducing mortality and
increasing recovery rates of patients.
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Since several researches have been conducted to predict
the survival indicators and risk indicators of breast cancer, the
majority of research utilized basic statistical methods to
perform predominantly. Preceding research that used machine-
learning-based models for the detection of breast cancer
demonstrated symbolic performance.

Nevertheless, not any preceding research has integrated
prediction models into computer-aided diagnosis systems for
the assistance of patients with breast cancer and comparison of
model [10] accuracy between each machine learning
classification algorithm and got the highest accuracy algorithm
for the system. Therefore, the current study developed models
for predicting breast cancer survival rate for patients with
breast cancer and predicting the risk level rate of a person,
visualizing the correlation of pertinent prognostic survival
treatment indicators, visualizing correlation of pertinent
prognostic risk factor indicators, integrating risk level
prediction model and survivability prediction model into a
[11] computer-aided diagnosis system for assisting the
community to the purpose of improving the prediction
significance performance for breast cancer.

The system has been utilized for extracting convincing
risk factors for predicting risk level, and significant
survivability treatment factors for predicting survivability
level while supporting vector machine, random forest,
XGBoost, logistic regression; machine learning classification
algorithms to make comparisons and generate more accurate
prediction. It is identified co-relation between each risk factor
and survivability treatment factor for relevant models.
Correspondingly, integrating the two developed models into a
computer-aided diagnosis system for assisting the community
could able to help the decision-making process of healthcare
personnel.

By analyzing the data set in terms of model accuracy for
predicting survivability rate, all algorithms produced close
outcomes, with the lowest obtained from XGboost (accuracy =
97.34%) and the highest from the random forest, support
vector machine, and, logistic regression (accuracy = 100%)
and for predicting risk level, with the lowest obtained from
support vector machine (accuracy = 59.92%) and the highest
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from the random forest (accuracy = 94.95 %). The correlation
between important variables is visualized in both models and

it is integrated the proposed models into a computer-aided
diagnosis system with significant performance.

Il. RELATED WORKS

In this section, Predicting Breast Cancer Using Machine
Learning Techniques, Predicting Breast Cancer Survivability
Using Data Mining Techniques and Machine Learning
Techniques, Stage Specific Predictive Model, Robust
predictive model, and lightly introduce below.

i) Predicting Breast Cancer Using Machine Learning
Techniques

It critically evaluates several studies on breast cancer risk
prediction models and exposes their limitations. The first
study, despite using patient data from around 14,000 instances,
had significant constraints due to the limited number of breast
cancer risk variables included [1]. This resulted in the
exclusion of several important risk factors, which may have
negatively impacted the model's performance. Furthermore,
while the study used three novel machine-learning algorithms
to develop the model, only XGBoost achieved significantly
higher accuracy than other algorithms, raising concerns about
the effectiveness of the other algorithms used.

The second study compared machine learning-based
breast cancer risk prediction models with two traditional
prediction models, the Breast and Ovarian Analysis of Disease
Incidence and Carrier Estimation Algorithm (BOADICEA)
and the Breast Cancer Risk Assessment Tool (BCRAT), but
the study's limitations and ethical implications were not
adequately addressed [2]. While the ML-based models had
higher accuracy than BCRAT and BOADICEA, the study did
not provide a comprehensive analysis of the strengths and
weaknesses of the different algorithms used, nor did it fully
examine the ethical implications of relying on machine
learning algorithms for medical decision-making [2].

The third study analyzed the incidence trends and
patterns of breast cancer in Sri Lanka but lacked essential
factors such as tumor biological characteristics, receptor
status, body mass index, and menopausal status, making it less
reliable for predicting breast cancer risk [14].

Overall, the literature review reveals the potential of
breast cancer risk prediction models to improve screening
efficiency, reduce the risk of injury, and cut costs, but their
limitations and effectiveness vary depending on the algorithms
and datasets used. However, a more critical analysis is
necessary to address the limitations, ethical implications, and
potential biases of these models. More comprehensive and
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diverse datasets are also needed to develop accurate breast
cancer risk prediction models.

ii) Predicting Breast Cancer Survivability Using Data
Mining Techniques and Machine Learning Techniques

It discusses [5] the use of data mining techniques to
analyze the survival rates of breast cancer patients using the
SEER (Surveillance Epidemiology and End Results) database.
While the study presents some useful findings, it lacks critical
analysis and depth in its literature review. The review only
briefly mentions the three data mining methods used in the
study, namely Naive Bayes, back-propagated neural networks,
and C4.5 decision tree algorithms, without providing a
detailed comparison of their strengths and weaknesses [3].

Furthermore, the review does not examine the limitations
of the SEER database, such as the potential for bias in the data
due to factors such as selection bias, measurement bias, and
reporting bias. Additionally, the review does not discuss the
ethical concerns associated with using personal medical data
for research purposes, such as issues of privacy, consent, and
confidentiality.

The second paper discussed in the review focuses on
comparing machine learning algorithms to predict the
survivability of patients with breast cancer [4]. While the
study is commendable for its efforts to identify a reliable and
precise categorization model for breast cancer survivorship, it
falls short in its critical analysis of the limitations and ethical
concerns associated with the use of machine learning
algorithms in medical research.

The study only briefly mentions the potential for over
fitting and biased accuracy in the machine learning models
and does not provide a detailed comparison of the
performance of each algorithm. Additionally, the study fails to
consider the ethical implications of relying on machine
learning algorithms for medical decision-making, such as
issues of accountability, transparency, and equity.

Overall, the literature review and the studies discussed in
it provide useful insights into the use of data mining and
machine learning techniques for predicting breast cancer
survivorship. However, a more critical analysis is needed to
fully evaluate the strengths and limitations of these
approaches, as well as the ethical concerns associated with
their use.

iii) Robust predictive model for evaluating breast cancer
survivability

The study it is presented is a well-designed and valuable
contribution to the field of breast cancer research. It uses
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machine learning [7] algorithms to predict the survivability of
patients with breast cancer, which is a critical clinical
challenge. The study aims to identify a reliable and precise
categorization model that can help doctors determine if
adjuvant therapy is necessary and develop personalized
treatments for each patient.

The study evaluates three classification models, SVM,
ANN, and SSL, and uses various performance metrics to
assess their effectiveness in classifying breast cancer
survivorship. The dataset used is extensive and class balanced,
and the study takes steps to avoid computational load and
biased accuracy issues.

The study concludes that while SVM performed well
when parameters were carefully calibrated, its performance
could vary, and ANN did not exhibit strong accuracy and
stability. In contrast, SSL delivered the best performance, with
good overall accuracy that remained [6] stable even when
model parameters changed. The study also employs a
sharpening process that further improves SSL's stability by
utilizing the algorithm's noise-reduction capabilities.

However, one possible criticism of the study is that it
does not account for the potential biases and limitations of the
dataset used, which may affect the generalizability of the
findings. Another possible criticism is that the study only
examines three classification models and does not explore
other potential machine-learning algorithms that may be
effective in predicting breast cancer survivability.

Overall, while the study provides valuable insights into
the effectiveness of various machine learning algorithms in
predicting breast cancer survivability, further research is
needed to address potential biases and limitations and explore
other potential machine learning algorithms that may be
effective in this task.

IHl. METHODOLOGY
Dataset

In this research work, we used two Sample data sets. The
[8] METABRIC (Molecular Taxonomy of Breast Cancer
International Consortium dataset) provides details about breast
cancer patients’ treatment factors. That data set is a publicly
accessible data set of 2509 patients with breast cancer and
survival is used in this approach. This data set contains
specific treatments given to breast cancer patients. This data
set contains 38 factors related to breast cancer treatment
details. The dataset consists 2509 of records. The METABRIC
dataset is described in Figure 1.
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Figure 1

The Breast Cancer Surveillance Consortium dataset
(BCSC dataset) is used for risk analysis in the current study. It
has 12 risk variables and 280 660 records [9]. All risk factors
are utilized when using the BCSC dataset, obtained from
http://www.bcsc-research.org. The dataset consists of 280,660
records. The class label (breast cancer-1 or no cancer-0) was
given when the subject's mammaography results were positive.
The dataset is described below in Figure 2.

No Risk factor
1 Menopause

Description
Pre=0, Post or age>55=1, Unknown=0

2 Age group Group1=35-39, Group2-40-44, Group3-45-49,
Group4=50-54, Group5=55-59, Groupb =60-64,
Group7=65-69, Group8=70-74, Group9=75-79,

Group10=80-84

3 Density Breast density: Almost entirely fatty: 1, Scattered
fibro-glandular densities:2,Heterogeneously
dense:3, Extremely dense:4, 9:Unknown or other
indexes.

4 Race 1=white, 2=Asian/Pacific Islander,3=black,4=Native
American,5=other/mixed,9=unknown.

5 Hispanic No:0, Yes:1, Unknown:9.

BMI 1=10-24.99, 2=25-29.99, 3=30-34.99, 4=35 or more,

9=unknown.

0=Age<30,1=Age 30 or
greater,2=Nulliparous,9=unknown.

8 Number of first degree relatives with | O=zero,1=one,2=2 or more, 9=unknown.

7 Age at first birth (agefirst)

breast cancer (nrelbc)

9 Previous breast procedure (brstproc) | 0=no,1=yes,9=unknown,

10 Surgical menopause O=natural,1=surgical,9=unknown or not
menopausal
11 Hormone therapy

12 Count

0=no,1= yes 9=unknown

Frequency count of this combination of covariates

and outcomes

Figure 2
Breast Cancer Risk Prediction Model

The Proposed model was built using SVM, RF, LR, and
XGBoost. The dataset was already pre-processed but
unbalanced. It hadn’t any null values and inconsistent data.
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There are two target categories in the original BCSC dataset
(0: no cancer, 1: cancer). The BCSC is incredibly uneven
because only 3.32% of samples fall into the "1" group, whilst
96.68% of samples go into the "0" category [9]. We used the
Random over Sampler technique to solve the above problem.
By comparing the performance of the above four algorithms
we selected the best algorithm for the proposed model. For
that first, we trained those four ML models using the above-
processed balance dataset. We randomly divided the dataset
into two segments for training and testing. After training
models, we utilized k-fold cross-validation. K-fold the dataset
is divided into k equal subgroups for cross-validation, and
instances are randomly chosen for each fold or subset. The
remainder is utilized as the training set, and each subset is
used in turn for testing. The test set is comprised of each
subgroup. Set once during the k evaluations of the model. In
stratified k-fold cross-validation, each subset is stratified to
contain roughly the same number of class labels as the original
dataset.

Identifying co-relation between factors is very important
to make future decisions [13]. The following figure shows the
correlation between factors. (Figure 3)

menopause agegrp density race Hispanic bmi agefirst nrelbc brstproc surgmeno hrt
menopause
agegrp
density‘
race
Hispanic
bmi
agefirst
nrelbc

brstproc

surgmeno

hrt
Figure 3
Breast cancer survival prediction model

The conclusion drawn from researching descriptive
statistics was that some attributes that have null values. So, we
eliminated and handled the null values from the initial data set.
Our research work focuses on the Sri Lankan context and
There are numerous treatment-related factors available [12]
today for those with breast cancer. Among them, several
Treatments directly affect the patient's chance of surviving or
not. Some Treatments factors have only a small impact on
whether a patient will be able to live or die so we consider
only 34 treatment-related factors after analyzing and
preprocessing the data with the help of medical expertise.
After identifying the main treatment-related factors that affect
the breast cancer patient’s survival then we transform the data
set into a numeric value because ML algorithms only can
understand numeric values. In our proposed approach we build
a model to predict the survival rate of patients using the
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above-preprocessed breast cancer treatment-related factors.
Depending on the patient's condition, some patients may
receive one or more treatments from a medical oncologist.
There may be treatments that interact with one another. These
connections can influence whether breast cancer patients have
a higher or lower chance of surviving. Therefore, knowing
how that treatment is related to one another is highly helpful to
a medical oncologist in making decisions. We identify the co-
relationship between treatments below figure shows the
identified co-relationship between treatment factors. We used
the same four machine-learning algorithms to train the
survival model. (Figure 4)

Figure 4

The proposed approach for predicting breast cancer risk
level and survival is shown in the flow diagram below.

. O i ML
Breast C Dataset P 3
reaif Caneit » atasel > Model Training > Trained ML Model

Cross-Validation

Prediction Tool
Design

Prediction Breast
Cancer Risk and
Survival

Test Samples b |

Figure 5
IV. RESULTS AND DISCUSSION

We evaluated the machine learning model's performance
and the impact that feature choice had on the model's
precision. The confusion matrix is a helpful tool for evaluating
classifier performance. The data's actual values are
represented by the true label axis, while a forecasted value is
represented by the predicted label axis.

Breast cancer risk prediction model

Performance metrics including accuracy, precision,
sensitivity or recall, F1 score, and training duration are shown
in the figure below. (Figure 6)
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Method Accuracy(%) | Precision(%) | F1 Score Sensitivity/Recall Time to
(%) (%) train(s)
RF 94.95 95.45 94.97 94.98 31.63
SVM 59.92 - = = -
XGBoost 79.61 79:55 79.51 79.52 21.86
LR 59.54 59.64 59.62 59.63 0.13
Figure 6

Based on the comparison matrix, it can be concluded that
the Random Forest model is the best model for predicting the
risk level for breast cancer patients.

The accuracy of the model is high, indicating that the
model can predict the risk level of breast cancer patients with
a high degree of accuracy. The precision of the model is also
high, meaning that the model can correctly identify patients
who are at high risk of developing breast cancer.

The F1 score of the model is a weighted average of
precision and recall, and it is also high, indicating that the
model has a good balance between precision and recall. The
sensitivity of the model is also high, meaning that the model
can correctly identify patients who are at high risk of
developing breast cancer.

In terms of the time to train, Random Forest models are
relatively fast compared to other machine learning models.
Therefore, the Random Forest model can be trained quickly
and efficiently, making it a good choice for predicting the risk
level of breast cancer patients.

In summary, based on the high accuracy, precision, F1
score, sensitivity, and relatively fast training time, the Random
Forest model is the best choice for predicting the risk level for
breast cancer patients. This model can assist clinicians in
identifying patients who are at high risk of developing breast
cancer, allowing for earlier intervention and improved patient
outcomes.

Breast cancer survival prediction model

Performance metrics are shown in the figure below.

Method Accuracy(%) | Precision(%) | F1 Score Sensitivity/Recall (%) | Time to
(%) Train(s)
RF 100 96.88 96.12 95.80 0.26
SVM 100 96.49 95.50 95.06 31.14
XGBoost 97.34 96.06 95.17 94.74 1.26
LR 100 95.40 94.45 93.85 0.41
Figure 7

Based on the comparison matrix, it can be concluded that
the Random Forest model is the best model for breast cancer
survival prediction.

The accuracy of the model is high, which means that the
model can predict breast cancer survival with a high degree of
accuracy. The precision of the model is also high, indicating
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that the model can correctly identify patients who are likely to
survive and those who are not likely to survive.

The F1 score of the model is a weighted average of
precision and recall, and it is also high, indicating that the
model has a good balance between precision and recall. The
sensitivity of the model is also high, which means that the
model can correctly identify patients who are likely to survive.

In terms of the time to train, Random Forest models are
relatively fast compared to other machine learning models.
Therefore, the Random Forest model can be trained quickly
and efficiently, making it a good choice for predicting breast
cancer survival.

In summary, based on the high accuracy, precision, F1
score, sensitivity, and relatively fast training time, the Random
Forest model is the best choice for predicting breast cancer
survival.

V. CONCLUSION

This paper presents the implementation of two models for
assessing the persons. The person may be a nonpatient or a
patient. Utilizing defined treatment factors can predict the
survival rate of breast cancer patients and the risk levels of a
person by utilizing defined risk factors. For the breast cancer
patients and non-patients, with the implementation of the
prediction model for predicting risk level rate, we were able to
predict whether the person has a risk for breast cancer or not
based on defined risk factors by obtaining 94.95 % accuracy.
For breast cancer patients, with the implementation of the
prediction model predicting survivability rate, we were able to
predict whether the patient is survivable or not based on
defined treatment factors by obtaining 100% accuracy.
Moreover, it is visualized the correlation between each risk
factor and survivability treatment factor for relevant models.

Concluding, integrating the proposed models into a
computer-aided diagnosis system for assisting the community
could be able to help the decision-making process of
healthcare personnel. Due to the lack of a dataset, we cannot
predict future risk and survival using these two prognostic
models. Only usable to predict the present status. This is our
major limitation in our research domain. Apart from the
current works, the idea could be further developed, and using
evaluating the conclusion data from two predictive models
outcome is expected to be linked to the knowledge base and
breast cancer patients can obtain relevant information about
breast cancer through the intelligent chatbot.
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