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Cancer is one of the medical conditions that causes many deaths in different parts of
the world. Based on information obtained from GLOBOCAN, the International Agency
for Research on Cancer (IARC) in 2022, there were at least 19.976.499 individuals
diagnosed with cancer, and the disease caused death in 9.743.832 people. The
detection of breast cancer malignancy relies on the prognosis process, requiring
forecasting and automated detection to mitigate diagnostic errors. This facilitates swift
and comprehensive analysis of medical data. The study employs the Neural Network,
specifically the Artificial Neural Network model, implemented using python and the
backpropagation algorithm. Utilizing data from the WDBC Database at the University
of Wisconsin, the research achieves a 96,49% accuracy in breast cancer prediction,
with an area under curve (AUC) value of 0,992, demonstrating the model's overall
efficacy in accurate predictions.
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1. Introduction

Cancer is one of the medical conditions that causes many deaths in different parts of the world (Saini et al., 2020).
Based on information obtained from GLOBOCAN, the International Agency for Research on Cancer (IARC) in 2022, there
were at least 19.976.499 individuals diagnosed with cancer, and the disease caused death in 9.743.832 people. Most
individuals suffering from cancer get diagnosed after facing a number of complications. When cancer is detected, it has
often reached a more advanced stage of development in the body (Crosby et al., 2022). From a medical perspective,
diseases that reach a higher stage tend to be more difficult to manage than those detected at an earlier stage (Binabar et
al., 2017).

The number of new cases of breast cancer reached 68.858 cases (16,6%) of the total 396.914 new cases of cancer
in Indonesia (Rizaty, 2021). Although the causes of breast cancer are still not fully revealed, research has identified several
factors that may increase the risk in certain individuals (Obeagu & Obeagu, 2024). Some of these include a family history
of similar diseases, increasing age, lack of pregnancy experience or first pregnancy after the age of 30, as well as longer
menstrual periods (with earlier first menstruation or later menopause). In addition, hormonal factors have also been
identified as one of the elements that may contribute to breast cancer risk (Nugraha et al., 2024).

In general, the degree of malignancy of breast cancer is usually detected through the prognosis process. Currently,
the determination of breast cancer prognosis factors can be done by molecular biology examination considering that quite
a number of patients diagnosed with early stage breast cancer actually show a picture of metastasis at diagnosis
(Setiawan, 2023). With the advancement of information technology, especially in the field of artificial intelligence, machine
learning techniques have been introduced to improve automated detection capabilities. With the help of this system, there
is potential to avoid misdiagnosis that may be made by medical experts, and medical data can be analyzed quickly and in
more detail (Wahyuni, 2016).

Machine learning can be applied significantly in the healthcare field, including for diagnosing diseases such as breast
cancer, heart disease, and diabetes (Singh et al., 2021). Several previous studies have been developed for breast cancer
prediction with machine learning. In a study conducted by Nurelasari (2018), a model for Neural Network was created
using a dataset consisting of 9 randomly generated breast cancer attributes, as well as a class that indicates whether the
tumor is benign or malignant. The findings of the study showed that optimizing parameters with genetic algorithms
successfully improved the predictive ability of breast cancer. The resulting Neural Network model was able to provide
higher accuracy than the Neural Network without optimization. The increase recorded in the study was seen from the initial
accuracy of the Neural Network algorithm model of 95,42%. However, after optimization using a genetic algorithm, the
accuracy of the Neural Network algorithm increased to 96,85%. Therefore, it can be concluded that there was an increase
of 1,43% in accuracy.

To evaluate performance, a ROC curve was used which resulted in an AUC (Area Under Curve) value of 0,984 for
the Neural Network algorithm model, while the genetic algorithm-based Neural Network algorithm resulted in a value of
0,993, indicating excellent classification. The difference between the two values is 0,009. Thus, it can be concluded that
the application of genetic algorithm optimization techniques can improve the accuracy of the Neural Network algorithm.

In addition to genetic algorithms, a classification technique that can be applied in breast cancer prediction is Atrtificial
Neural Network (ANN). ANN is a process of transforming information that has characteristics resembling a neural network.
ANN was created as a generalization of the mathematical model of human understanding (Ridho et al., 2023). Like the
human brain, neural networks also consist of several neurons, and there is a relationship between these neurons. In neural
networks this relationship is known as weight. The information is stored at a certain value on the weight. It is then processed
by a propagation function that will sum up the values of all future weights. The result of this summation is then compared
with information called input sent to neurons with certain arrival weights.

Description:
x: Neuron Input

h W: Weight
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Figure 1 ANN structure

In ANN, the backpropagation algorithm is a supervised learning algorithm that uses the perceptron method to adjust
the weights on the hidden layer neurons, based on the resulting output error. Backpropagation is one of the algorithms
that is often used in solving complex problems (Annisa, 2023). In ANN the output value is determined by the activation
function, which must be continuous, derivative, and have a sigmoid shape (Nasien et al., 2022). The ANN approach was
chosen because it mimics the way the human nervous system works, enabling identification, prediction, and pattern
recognition with a high degree of accuracy.
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Figure 2 Backpropagation algorithm architecture
(Slamet et al., 2020)

The main objective of this research is to predict or diagnose early breast cancer by applying Artificial Neural Network
classification algorithms in the training, learning, and testing processes. This research takes different parameters from
Nurelasari's (2018) research with a focus on Wisconsin Diagnostic Breast Cancer (WDBC) data which includes 569 patient
clinical cases. In Nurelasari's (2018) research, a Neural Network model was used by optimizing parameters using a genetic
algorithm. Meanwhile, this research will use the Artificial Neural Network model by applying the backpropagation algorithm
to learn data patterns. It is possible to detect breast cancer early, so that intervention can be carried out more quickly to
reduce mortality due to factors other than the nature of the cancer itself. Evaluation of the success of breast cancer
diagnosis is done through two types of testing. First, using confusion matrix, and second, through reliability testing using
ROC curves. Both methods are used to measure the success rate in predicting and diagnosing breast cancer at an early
stage.

2. Method
2.1. Wisconsin Diagnostic Breast Cancer (WDBC) Data Set

The data used in this study was selected from the University of Wisconsin WDBC database
(https://archive.ics.uci.edu/dataset/17/breast+cancer+wisconsin+diagnostic). Each entity in the dataset consists of
attributes corresponding to features extracted from digitized cell nucleus images in each tissue. The class associated with
each entity provides information about the diagnosis of the tissue, which can be benign or malignant. Each entity has 30
variables assigned to it to represent cell samples. The attributes applied to each cell sample are used to describe instances,
where each instance can be classified as a benign or malignant tumor. In the analyzed dataset, there were 212 cases of
malignant tumors (37.2%) and 357 cases of benign tumors (62.7%).

2.2. Designing ANN Structure and Configuration

Initially, the data used in the Neural Network is normalized into an explicitly unspecified range, where the data range
will be adjusted so that it has a mean of zero and a standard deviation of one. The neural network is implemented using
the Python programming language to obtain predictive results for breast cancer classification. The Atrtificial Neural Network
(ANN) model is created by applying the backpropagation algorithm to learn patterns from the data and adjust the weights
based on the resulting error. The structure consists of an input layer with 26 neurons and two hidden layers with 16 neurons
each in the first and second hidden layers, and an output layer consisting of only one neuron.

2.3. ANN Training, Testing, and Validation

During the training, testing, and validation stages of the artificial neural network, the entire dataset is divided into two
parts, the training set which includes 80% of the total data, and the validation set which uses the remaining 20% of the
data.

2.4. Desicion Analysis

As the last step, the output of the artificial neural network is generated, and upon exiting the network, it provides a
classification result with a value of 0 for benign tumors or 1 for malignant tumors.
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3. Results and Discussions

Based on the previous information, this research uses the WDBC dataset with a diagnosis target column consisting
of two classes, namely benign and malignant. Before entering into ANN modeling, the data is first cleaned (preprocessing).
In this data preprocessing stage, there are several phases carried out, including data cleaning, data transformation, and
feature selection. From the feature selection process, 26 features are obtained that are considered important in this study.
Experiments conducted using the Artificial Neural Network (ANN) algorithm on the dataset set as training data resulted in
the model architecture as shown in Figure 3.
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Figure 3 ANN model
In Figure 3, it can be seen that there are 26 input neurons used, 1 output neuron generated, and there are 16 neurons
in each hidden layer. After the data is trained using ANN, the results are obtained in the form of a confusion matrix in Figure
4. The result of testing with confusion matrix is a model evaluation using a matrix consisting of true positive (correct
prediction results for positive classes), true negative (correct prediction results for negative classes), false positive
(negative data prediction results that are considered positive), and false negative (positive data prediction results that are
considered negative).
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Figure 4 Confusion Matrix

Figure 4 can then be written back into Table 1 as follows.

Table 1 Confusion Matrix interpretation

True Positive (TP) 44
False Positive (FP) 1
True Negative (TN) 66
False Negative (FN) 3
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After obtaining the confusion matrix from the training results using Artificial Neural Network (ANN) with the previously
mentioned configuration, further analysis is carried out by creating a classification report. Classification report is a summary
that provides more detailed information about the performance of the classification model. In the classification report,
various evaluation metrics such as precision, recall, F1-score, and support (number of samples in each class) are
presented for each class identified by the model. The classification report obtained is presented in Table 2 as follows.

Table 2 Classification Report

Precission Recall F1- Support
score
0 0.96 0.99 0.97 67
1 0.98 0.94 0.96 47
Accuracy 0.96 114
Macro avg 0.97 0.96 0.96 114

Weighted avg 0.97 0.96 0.96 114

Based on Table 2, the accuracy value of the model created is 96,4912%, indicating that the model can predict
correctly about 96,49% of the overall training data. Compared to Nurelasari (2018) research that developed a Neural
Network model, the ANN model developed in this study has a higher accuracy value of 1,07%. In addition, the model also
produces precission, recall, F1-score values above 95%. This shows that the model made has good quality in classifying
data. In this study, a loss value of 0,1027 was also obtained, which means that the model is quite good at adjusting to the
training data and making the right predictions.
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Figure 5 ROC curve

Based on Figure 5, it can be seen that the model in the study has an AUC value of 0,992. Compared to research
conducted by Nurelasari (2018), this AUC value is 0,008 higher. This indicates that the area under the ROC curve or the
area describing the comparison between the true positive rate and false positive rate at various thresholds reaches a very
high value, approaching the perfect area (1,0). This indicates that the model has a very good ability to distinguish between
positive and negative classes, and in general the model can be considered to perform very well in the given classification
task.

4. Conclusions

From the research conducted, it resulted in a prediction accuracy of 96.49% in breast cancer. For evaluation using
the ROC curve to produce the AUC (Area Under Curve) value for the Artificial Neural Network model produces a value of
0.992. So, it can be concluded that the model is generally able to predict well.

The model that has been created can be developed or applied into an application that will assist health practitioners
in diagnosing breast cancer. This can improve the accuracy and reliability of diagnosis results, providing easier and more
reliable assistance for those involved in the diagnosis process.
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