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Abstract  
Breast cancer is one of the most prevalent malignancies among women worldwide and remains a leading cause 

of cancer-related mortality. Early and accurate diagnosis is essential for improving patient survival rates and 

guiding appropriate treatment strategies. Histopathological image analysis is widely regarded as the most 

reliable diagnostic approach for breast cancer; however, manual examination of biopsy samples is time-

consuming, labor-intensive, and prone to inter-observer variability among pathologists. These limitations 

highlight the need for automated and reliable diagnostic solutions.  

To address these challenges, this study proposes an automated breast cancer detection framework based on 

deep learning and transfer learning techniques. The proposed approach employs the EfficientNetB0 

convolutional neural network due to its ability to achieve high classification accuracy while maintaining 

reduced computational complexity. A pre-trained EfficientNetB0 model is fine-tuned using histopathological 

image patches from the Breast Histopathology Images (IDC) dataset to perform binary classification between 

invasive ductal carcinoma (IDC) positive and IDC negative samples.  

Experimental results demonstrate that the proposed model achieves a training accuracy of 94.49% and a test 

accuracy of 94.46%, indicating strong generalization performance. Confusion matrix analysis reveals a true 

negative rate of 98.0% and a true positive rate of 74.5%, highlighting the model’s effectiveness in correctly 

identifying non-cancerous tissue while maintaining reliable cancer detection. These results suggest that 

EfficientNetB0-based deep learning models can serve as effective computer-aided diagnostic tools to support 

pathologists in breast cancer screening and clinical decision-making.  
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1. Introduction  

Breast cancer remains a significant public health concern and is among the leading causes of 

cancer-related deaths in women worldwide [1]. According to global health statistics, early 

detection of breast cancer significantly improves survival rates and treatment outcomes[2]. 

However, accurate diagnosis remains challenging due to the complex morphological 

characteristics of breast tissue[3] and subtle differences between benign and malignant 

patterns.  

Histopathological examination of biopsy samples is widely regarded as the gold standard for 

breast cancer diagnosis. This process involves microscopic analysis of stained tissue sections 

to identify abnormal cellular structures and tissue organization. Despite its clinical 

importance, manual histopathological analysis is labor-intensive and subject to inter- and 

intra-observer variability. Differences in experience[4], workload[5], and subjective 

interpretation can lead to inconsistent diagnostic outcomes, motivating the development of 

automated diagnostic systems.  
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Recent advancements in artificial intelligence[6], particularly deep learning[7], have 

demonstrated significant potential in medical image analysis. Convolutional neural networks 

(CNNs) have achieved remarkable success in image classification tasks by automatically 

learning hierarchical feature [8]representations from raw image data. In the context of 

histopathological image analysis, CNNs[9] are capable of capturing both low-level texture 

patterns and high-level structural features, making them well suited for breast cancer 

detection.  

Despite their success, training deep learning models for medical imaging tasks is often 

constrained by the limited availability of labeled data[10]. Annotating histopathological 

images requires expert knowledge and is both time-consuming and costly[11]. Transfer 

learning addresses this challenge by adapting pre-trained models to domain-specific tasks, 

enabling effective learning even with relatively small datasets. Among modern CNN 

architectures, EfficientNet has gained attention due to its ability to balance classification 

accuracy and computational efficiency through compound scaling. This study investigates 

the application of EfficientNetB0 for automated breast cancer detection using 

histopathological images.  

  

2. Related Work  

Numerous studies have explored the application of deep learning techniques for breast cancer 

classification using histopathological images. Early research focused on handcrafted feature 

[12]extraction methods combined with traditional machine learning classifiers[13]. While 

these approaches demonstrated moderate success, they often struggled to capture the 

complex and hierarchical patterns[14] present in histopathological data.  

The introduction of convolutional neural networks significantly improved performance by 

enabling automatic feature learning. Spanhol et al. [15]employed CNN-based approaches for 

histopathological image classification and reported high accuracy in distinguishing benign 

and malignant tissue samples. Their work demonstrated the effectiveness of deep learning 

models in handling complex tissue structures.  

Subsequent studies leveraged transfer learning by fine-tuning pre-trained architectures such 

as VGG and ResNet[16]. These approaches achieved improved classification accuracy and 

faster convergence compared to training models from scratch, particularly when labeled 

medical data was limited. More recent research [17]has focused on deeper and more efficient 
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architectures, including DenseNet and EfficientNet, which aim to enhance feature 

representation while reducing computational cost.  

Although these models have shown promising results, several challenges remain. Dataset 

imbalance, limited interpretability of deep learning models, and reduced generalization 

across different clinical settings continue to hinder widespread adoption. This study 

contributes to existing literature by evaluating EfficientNetB0 within a computationally 

efficient and clinically relevant diagnostic framework.  

  

3. Proposed Methodology  

The proposed breast cancer detection framework is based on deep learning and transfer 

learning techniques. Histopathological image patches from the Breast Histopathology Images 

(IDC) dataset are used for model training and evaluation. Each image is labeled as IDC-

positive or IDC-negative, making the task a binary classification problem suitable for 

screening applications.  

Before training, all images undergo preprocessing to ensure compatibility with the 

EfficientNetB0 input requirements. Images are resized and normalized to stabilize the 

training process and reduce the impact of staining and illumination variations. To improve 

generalization and reduce overfitting, data augmentation techniques such as rotation and 

flipping are applied during training.  

 
EfficientNetB0 is initialized using weights pre-trained on the ImageNet dataset. The original 

classification layers are removed and replaced with task-specific fully connected layers 

designed for binary classification. During training, the lower layers of the network are 

partially frozen to preserve generic visual features, while the upper layers are fine-tuned to 

learn domain-specific histopathological patterns.  

The model is trained using the Adam optimizer with binary cross-entropy as the loss 

function. This transfer learning strategy enables efficient training while maintaining high 

classification accuracy and reducing computational complexity.  

  

4. Experimental Results and Discussion  

The performance of the proposed model is evaluated using accuracy, loss, and confusion 

matrix analysis. EfficientNetB0 achieves a training accuracy of 94.49% and a test accuracy 

of 94.46%, demonstrating strong consistency between training and testing phases.  
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This dual-axis plot illustrates the learning process. It shows the accuracy (training vs. test) 

and the loss value over the training epochs, visually confirming the "stable convergence" and 

"effective learning. 

The corresponding loss values indicate stable convergence and effective learning of 

discriminative features.  

 
The confusion matrix provides a granular view of how the model classifies different tissue 

types. It specifically visualizes the high performance in identifying non-cancerous samples 

(Benign) versus the more complex detection of malignant patterns.Confusion matrix analysis 

shows that the model correctly classifies 98.0% of non-cancerous samples, reflecting high 

specificity. This is particularly important in clinical screening to reduce false positives and 

unnecessary interventions. The true positive rate of 74.5% indicates reliable detection of 
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malignant cases, although identifying subtle cancerous patterns remains challenging due to 

tissue heterogeneity and class imbalance.  

 
This bar chart provides a clear visual comparison of the primary performance metrics. It 

highlights the high specificity (98.0%) and the close alignment between training and testing 

accuracy, which demonstrates that the model is well-generalized and not 

overfitting.Compared to traditional CNN architectures, EfficientNetB0 achieves competitive 

performance with fewer parameters, making it well suited for real-world deployment. The 

results confirm that transfer learning significantly enhances classification performance while 

reducing training complexity.  

  

5. Conclusion  

This study presented an EfficientNetB0-based deep learning framework for automated breast 

cancer detection using histopathological images. By leveraging transfer learning, the 

proposed model achieved high classification accuracy while maintaining computational 

efficiency. Experimental results demonstrate that EfficientNetB0 effectively distinguishes 

between IDCpositive and IDC-negative tissue samples, highlighting its potential as a 

computer-aided diagnostic tool for supporting pathologists.  

Future work will focus on evaluating the model on larger and more diverse datasets, 

extending the approach to multi-class classification of breast cancer subtypes, and integrating 

explainable artificial intelligence techniques to enhance clinical interpretability. These 

advancements will further strengthen the applicability of deep learning-based systems in 

real-world breast cancer diagnosis.  
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