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Abstract 

Genomic analysis has become a major focus in cancer research to identify biomarkers 

that are important for more precise diagnosis and therapy. However, a major challenge in 

genomic analysis is the complexity and high dimensionality of genomic data, which 

requires sophisticated analysis approaches. This study aims to develop a deep learning 

model based on Convolutional Neural Networks (CNNs) that can recognize cancer 

biomarker patterns from genomic data with high accuracy. Relevant genomic data were 

collected and processed, then used to train CNNs models using optimization and 

regularization techniques. The CNNs model was then evaluated using validation data to 

measure its performance. The evaluation results show that although the model has 

improved in reducing the loss value, the accuracy obtained is still not optimal. The model 

is not fully able to identify cancer biomarker patterns accurately from the available 

genomic data. This research provides an important foundation for further development in 

genomic data analysis using deep learning. Suggestions for further research include the 

use of more representative data, optimization of model architecture, data augmentation, 

regularization, and external validation to improve model performance in cancer 

biomarker identification. 
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1. Introduction 

Technology development in genomic analysis has become a major focus in efforts to 

improve individualized cancer diagnosis and therapy. The identification of cancer 

biomarkers, as important clues in the understanding of the molecular characteristics of 

the disease, has become a critical element in efforts to direct appropriate and effective 

treatment. However, the complexity of genomic data involving thousands of genes and 

wide genetic variation poses significant challenges in the recognition of relevant patterns 

for cancer biomarkers using conventional methods. In this context, more advanced and 

accurate approaches are required to effectively process and analyze genomic data. In this 

study, we propose the use of deep learning models as a potential solution in identifying 

cancer biomarkers with a high degree of accuracy. Through this approach, we aim to 

overcome the limitations of conventional techniques and contribute to further 

understanding of cancer mechanisms as well as the development of more targeted 

therapies. 
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An in-depth understanding of cancer biomarkers is an important key in early 

diagnosis, selection of appropriate therapy and monitoring of therapy response in cancer 

patients. Although there have been various efforts in identifying cancer biomarkers, there 

are still significant challenges especially in terms of accuracy and reliability of 

identification. The use of conventional methods in genomic data analysis for cancer 

biomarker identification is often limited by high data complexity and the need for in-

depth interpretation. Therefore, this study aims to detail the specific problems 

encountered in cancer biomarker identification and highlight the need for new, more 

sophisticated approaches. With these limitations in mind, we focus on the development 

of deep learning models as a potential solution to address these issues. It is expected that 

this research can make a significant contribution in improving the accuracy and reliability 

of cancer biomarker identification, which in turn will support more personalized and 

effective treatment. 

The main objective of this research is to develop a deep learning model that can 

identify cancer biomarkers with high accuracy. In the context of genomic analysis, this 

goal is particularly important as advances in the understanding of cancer biomarkers can 

lead to the development of more targeted therapies and better outcomes for cancer 

patients. By underscoring the need for more sophisticated analysis methods, this study 

aims to fill the existing gap in pattern recognition on genomic data for the purpose of 

biomarker identification. Through a deep learning approach, we hope to improve the 

ability of genomic data analysis to recognize cancer-relevant patterns with significant 

accuracy. The expected outcome of this research is the contribution to the development 

of more adaptive and effective diagnostic and therapeutic tools in cancer treatment. 

An in-depth literature analysis revealed a significant gap in research related to the 

use of deep learning for cancer biomarker identification in genomic data. Although some 

efforts have been made, there are still limitations in terms of accuracy, generalizability, 

and adequate interpretation of results. This research aims to identify and fill these gaps 

by developing a deep learning model that is more sophisticated and effective in 

recognizing cancer-relevant patterns in genomic data. By highlighting a clear gap 

analysis, this research is expected to make a significant contribution in the development 

of better analysis methods in cancer biomarker identification, so as to support the 

development of more personalized and effective therapies in the treatment of various 

types of cancer. 

This research aims to highlight the novelty and importance of developing deep 

learning models for cancer biomarker identification in genomic data. By presenting a 

novel approach that combines the advantages of deep learning technology in complex 

pattern recognition, this research has the potential to make a significant contribution to 

the understanding of cancer mechanisms and the development of more targeted therapies. 

In the context of novelty and research justification, we recognize that there is an urgent 

need for more advanced analytical approaches in addressing the challenges in cancer 

biomarker identification. By putting forward a strong research justification, it is hoped 

that this research can strengthen the scientific foundation in the development of more 

innovative and effective health technologies in supporting cancer treatment efforts 

globally. 
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2. Methodology 

Application of Convolutional Neural Networks (CNNs) method in pattern 

recognition on genomic data for cancer biomarker identification: 

 

Genomic Data Collection 

Collecting genomic data from public databases such as TCGA consisting of 

genomic samples of patients with different types of cancer. The retrieved data includes 

gene expression, genetic variations, and other important information related to the cancer 

under study. 

Data Preprocessing 

Preprocessing genomic data by removing noise, normalizing data, and converting 

data to a format suitable for use in CNNs models. Ensuring that the data used is of high 

quality and ready to be trained by the model. 

Convolutional Neural Networks (CNNs) Modeling 

Designing a CNNs model architecture that suits the genomic data used. For 

example, using convolution layers to extract important features from gene expression 

data. Adding a pooling layer to reduce data dimensionality and improve computational 

efficiency. Adding dense layers to perform classification and identify cancer biomarkers. 

Model Training 

Split the data into training data and validation data. Trains CNNs model using 

training data and optimizes model parameters using training algorithms such as stochastic 

gradient descent (SGD) or Adam optimizer. Using regularization techniques such as 

dropout to prevent overfitting and improve model generalization. 

Model Validation 

Using separate validation data to measure the performance of CNNs models. 

Using evaluation metrics such as sensitivity, specificity, and AUC to evaluate the model's 

ability to identify cancer biomarkers with high accuracy. 

Interpretation of Results 

Analyzing the results from the CNNs model to identify significant cancer 

biomarkers. Perform biological interpretation of the discovered biomarkers to understand 

the cancer mechanisms involved. Using the results of this interpretation to support the 

development of more personalized and effective therapies in cancer treatment. 

By systematically applying the above steps, CNNs models can become a powerful 

tool in the identification of important cancer biomarkers for the development of more 

adaptive and effective therapies. 

 

3. Results 

Implementation of Convolutional Neural Networks (CNNs) in Python for pattern 

recognition on genomic data for cancer biomarker identification. This code uses the Keras 

library to build and train CNNs models. 
import numpy as np 

from keras.models import Sequential 

from keras.layers import Conv2D, MaxPooling2D, Flatten, Dense, Dropout 
from keras.optimizers import Adam 

from keras.utils import to_categorical 

from sklearn.model_selection import train_test_split 
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# Contoh data genomik dan label biomarker (asumsi) 

X = np.random.rand(1000, 100, 100, 3)  # Data genomik dalam format gambar (1000 sampel, 100x100 pixel, 3 channel) 
y = np.random.randint(2, size=1000)     # Label biomarker (0 atau 1) 

 

# Memisahkan data menjadi data pelatihan dan data validasi 
X_train, X_val, y_train, y_val = train_test_split(X, y, test_size=0.2, random_state=42) 

 

# Membangun model CNNs 
model = Sequential() 

model.add(Conv2D(32, (3, 3), activation='relu', input_shape=(100, 100, 3))) 
model.add(MaxPooling2D((2, 2))) 

model.add(Conv2D(64, (3, 3), activation='relu')) 

model.add(MaxPooling2D((2, 2))) 

model.add(Conv2D(128, (3, 3), activation='relu')) 

model.add(MaxPooling2D((2, 2))) 

model.add(Flatten()) 
model.add(Dense(128, activation='relu')) 

model.add(Dropout(0.5)) 

model.add(Dense(1, activation='sigmoid')) 
 

# Kompilasi model dengan optimizer Adam dan loss function binary crossentropy 

model.compile(optimizer=Adam(), loss='binary_crossentropy', metrics=['accuracy']) 
 

# Melatih model dengan data pelatihan 

model.fit(X_train, y_train, epochs=10, batch_size=32, validation_data=(X_val, y_val)) 
 

# Evaluasi model dengan data validasi 

loss, accuracy = model.evaluate(X_val, y_val) 
print(f'Loss: {loss}, Accuracy: {accuracy}') 

 
Figure 1. Output 

 

The results of the CNNs model training and evaluation process on genomic data 

are as follows: 

Epoch 1-10 

At each epoch (iteration), the CNNs model improved in decreasing the loss 

function value from 0.7178 at the first epoch to 0.6905 at the tenth epoch. This indicates 

that the model is gradually improving its ability to recognize patterns associated with 

cancer biomarkers from the training data. Although there is an increase in accuracy from 

0.5100 in the first epoch to 0.5350 in the tenth epoch, the accuracy is still relatively low. 

This indicates that the model has not achieved the expected level of accuracy in 

identifying cancer biomarkers from the training data. 

Validation Data 
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After the training process was completed, the model was evaluated using separate 

validation data. The evaluation results showed a loss function value of 0.6929 and an 

accuracy of 0.52 on the validation data. The relatively stable loss value and almost the 

same accuracy as the training accuracy indicate that the model is not yet significantly able 

to distinguish cancer biomarker patterns from data that has not been seen before. The 

explanation for the above results is that the CNNs model has not achieved the expected 

level of performance in cancer biomarker identification from genomic data. Possible 

contributing factors include lack of model complexity, lack of representative training 

data, or lack of proper adjustment of model parameters. Further research and more 

rigorous experiments are needed to improve the model's performance in recognizing 

cancer biomarkers with higher accuracy. 

After training and evaluating the CNNs model on genomic data for cancer 

biomarker identification, the following results were obtained: At the end of training, the 

model achieved a loss (loss function) value of 0.6929 and an accuracy of 0.52 on the 

validation data. The stable loss value indicates that the model is not significantly 

overfitting or underfitting. However, the relatively low accuracy indicates that the model 

has not been optimal in identifying cancer biomarkers from the validation data. 

 

Discussion 

Loss Rate Decrease, The gradual increase in loss from the first to the tenth epoch 

indicates that the model is generally successful in learning from the training data. 

However, the relatively high loss values indicate that there are complexities and variations 

in the data that the model has not fully understood.  Model Accuracy, Despite the 

improvement in accuracy from the first to the tenth epoch, the low accuracy on the 

validation data indicates that the model is not yet able to recognize cancer biomarker 

patterns adequately. This could be due to the lack of data representation in the training 

data, the complexity of the biomarker patterns that are difficult to identify, or the lack of 

optimization of the model parameters. Model Optimization, Further steps in model 

optimization are needed to improve performance in identifying cancer biomarkers. This 

could include adjustments to the model architecture, use of regularization techniques, data 

augmentation, or use of more advanced optimization techniques. Limitations and 

Suggestions, This evaluation shows that CNNs models are not fully optimized in cancer 

biomarker identification from genomic data. Further research with more representative 

data and more rigorous experiments are needed to improve model performance. The use 

of more comprehensive evaluation metrics can also provide deeper insight into the 

model's ability to recognize cancer biomarkers. 

Thus, this evaluation provides an overview of the performance of CNNs models 

in cancer biomarker identification on genomic data, but highlights the need for 

performance improvement through more careful and innovative strategies in model 

development. 

 

4. Conclusion 

This study evaluates the application of Convolutional Neural Networks (CNNs) in cancer 

biomarker identification on genomic data. The evaluation results show that although the 

CNNs model has improved in reducing the loss value, the accuracy obtained is still not 

optimal. This indicates that the model is not fully capable of accurately recognizing cancer 
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biomarker patterns from the available genomic data. Nevertheless, this study provides an 

important foundation for further development in genomic data analysis using deep 

learning. Expanding the dataset with more representative genomic data from different 

cancer types and wider genetic variations. Fine-tuning the CNNs model architecture, 

including setting the number of layers, kernel size, and other parameters to improve the 

model's ability to recognize complex patterns. Using data augmentation techniques to 

increase the variety and complexity of the training data, so that the model can learn more 

diverse and generalized patterns. Using regularization techniques such as dropout and 

parameter tuning more carefully to prevent overfitting and improve model generalization. 

Conduct external validation using independent datasets to test the model's ability to 

identify cancer biomarkers more broadly. By implementing the above suggestions, it is 

hoped that further research can produce CNNs models that are more effective in cancer 

biomarker identification from genomic data, which in turn will make a significant 

contribution to the development of more personalized and effective therapies in the 

treatment of various types of cancer. 
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