Spectrum of Engineering Sciences

ISSN (e) 3007-3138 (p) 3007-312X Volume 3, Issue 12, 2025

ENHANCING BREAST CANCER DETECTION WITH CAPSULE NETWORKS:
A DEEP LEARNING APPROACH

Muhammad Jareer', Saman Safdar’, Muhammad Zunnurain Hussain®, Muhammad Zulkifl Hasan®,

Junaid Nasir Qureshi’

'Department of Computer Sciences, FAST-NU, Lahore, Pakistan.
"Department of Computer Science, COMSATS University Islamabad, Lahore Campus
3 Deparment of Computer Science, Bahria University Lahore Campus, Pakistan
*Faculty of Information Technology, Department of Computer Science, University of Central Punjab, Lahore

'jareernaumam@gmail.com, “samansafdar@cuilahore.edu.pk, *zunnurain.bulc@bahria.edu.pk,
*zulkifl.hasan@ucp.edu.pk, ’jinqureshi.bulc@bahria.edu.pk

DOI: https:

Keywords

Breast Cancer Detection, Capsule
Networks ~ (CapsNets),  Deep
Learning, Machine Learning,
Convolutional Neural Networks
(CNN:s), Medicine,
Medical Imaging, Classification
Accuracy, Recall, F1 Score, Spatial

Precision

Hierarchy, Dynamic  Routing,
Model Interpretability, Domain
Adaptation, Transfer Learning,

Data Standardization, Diagnostic

Imaging, Supervised Learning,
Feature  Extraction,  Kaggle
Dataset

Article History

Received on 10 October 2025
Accepted on 23 November 2025
Published on 05 December 2025

Copyright @Author
Corresponding Author: *
Muhammad Zunnurain
Hussain

Abstract

The potential of Capsule Networks (CapsNets) to improve breast cancer detection
is investigated in this research. The paper examines the effectiveness of current
advances in deep learning, namely CapsNets, and compares them to conventional
machine learning models. CapsNets continuously show better performance in
differentiating between benign and malignant cases by using extensive evaluation
criteria like as accuracy, precision, recall, and F1 score. CapsNets’ ability to
adjust to different criteria is further highlighted graphically, highlighting their
potential to increase early detection rates. Although there have been tremendous
advances with CapsNets, issues with model interpretability and computing
complexity still exist. Additional study on domain adaptation strategies is also
required due to generalization concerns to different demographics and imaging
modalities. CapsNets have revolutionary promise in the diagnosis of breast cancer,
notwithstanding these drawbacks. Subsequent investigations have to concentrate
on tackling significant obstacles and broadening the suitability of CapsNets in
clinical environments by employing group learning strategies and implementing
data standardization programs. CapsNets provide a possible avenue to transform
breast cancer detection through coordinated efforts, which will ultimately result
in better patient outcomes and increased survival rates.
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INTRODUCTION

In the medical world, there has been a constant search
for better methods for detecting breast cancer because
patient outcomes and survival rates must be
improved. Even with improvements in screening
methods such as mammography, problems still exist,
especially with regard to accuracy and false-positive
rates. Therefore, there is a strong need to investigate
novel strategies, with an emphasis on utilizing deep
learning’s potential for breast cancer diagnosis
optimization. It is deep learning, therefore a part of
machine learning, albeit one that is being described by
its multilayered neural networks, that has been proven
as an essential tool that has been the driving force
behind the field of medical image analyzing, especially
in the diagnosis of breast cancer. This kind of Al
gathers an automatic power of identifying
sophisticated shapes and features from images,
utilizing huge datasets. Having this competency
awards them the opportunity to go even a step further
and possibly, identify those minute details that are
typical of breast cancer. Currently, deep learning
algorithms create the new possibilities to discover a
breast cancer diagnosis technique. As a result of the
advancement of new data sources such as high-res
pixel mammograms, ultrasound imagery and genetics
obtained from liquid biopsy, deep learning models are
able to take opportunity of that wealth information,
leading to improvement of the precision of detecting
breast cancer and the effectiveness of the detection
models. Additionally, deep learning is built on the
foundation of overcoming some inherent obstruction
in breast cancer early detection methodologies.
Consequently, these algorithms can consequently
replace the manpower needed to select a feature set
and its curation as they speed up and increase the rate
of precise diagnoses. In addition, adaptability enables
to perform longterm improvement and adjustment,
therefore resulting in their lasting effect in the long
run irrespective of treatment context. It is within this
setting that pursuit of deep learning-based techniques
revolutionizing breast cancer detection becomes an
indispensable line of research, bearing in mind its far-
reaching nuclear importation for early breast cancer
diagnostics and interventions. Researchers envision a
future that will be dominated by precision medicine
instead of misdiagnosis in breast cancer. This scenario
will consist of more accurate early detection and an

increased awareness worldwide as a result of using
deep learning algorithms and embracing the benefits
of the huge data repository that is also available.

2. Related Work

The last progress in decision analytics has
demonstrated that the optimization of machine
learning models concerns mostly the medical
diagnosis tasks. In an interesting note, Random Forest
(RF) models seized a leading position, as compared to
LASSO, and managed to garner a high accuracy rate
of 90.68 percent in the diagnosis of breast cancer [1].
Comparison with other algorithms, like the K-Nearest
Neighbor (KNN), remains a key point. The results of
these tests have shown a perfect recall with a rate of
98.80 percent[1]. The MLP model accuracy also. With
this the precision level of 96.87 percent was achieved,
which reduction of false positives diagnosis [1]. The
robust F1 score of 94.60 percent issued by the RF
model allows to conclude that the precision and recall
produced by the model are near perfect. This result is
a key emphasize to be the systemic way of methods
that includes complete information collection,
professional preparation, advanced techniques, and
experiential sense of exploration. Ultilizing machine
learning platforms within medical care has a bright
future as they have the potential to better results and
help timely cancerous breast cases differentiation.
The most referenced Convolutional Neural Network
(CNNps), take the leading role in the field of digital
mammography computer-aided detection, play the
central role. With the help of deep learning
technologies, (i.e. end-to-end learning), the degree of
precision during the learning process was attained far
above than predicted before [2]. The tested
performance illustrates the ability of the CNN model
to perform competently in all types of mammography,
implying the model provides consistent and reliable
classification [2]. It is an adventure of the new
determine in the medical imaging diagnostics, hence
it assures improved accuracy and efficiency in early
phase of breast abnormality diagnosis and
classification. In work by Gupta et al., deep learning
seems to dominate, doing a classification at the speed
of 98.9 percent[3]. Among supervised learning
algorithms, Support Vector Machines and Random
Forests appeared to follow closely, both having 97
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percent accuracy achieved. The demonstration of this
work well, then case shows that deep learning
techniques are more efficient when it comes to
classifying and recognizing patterns, and they are
more competitive and reliable as compared to
traditional machine learning techniques when
evaluating complicated datasets[3].

In addition to that, these new innovations have shown
the supremacy of machine learning systems over
doctors who have been providing such services for
years now. Interestingly, YOLO (You Only Look
Once) and RetinaNet (RetinaNet) have arrived as the
most accurate for breast cancer classification and
detection, which shows an increase in the field
technical progress[4]. As a matter of fact, a number of
breast cancer classification models gained the
reputation of being useful things, including Inception
3, Support Vector Machines (SVM), Random Forest,
Artificial Neural Networks (ANN), Convolutional
Neural Networks (CNN), and  K-Nearest
Neighbors[5]. Their team with the access to different
types of data and knowledge of the different
complexities of medical imagining data illustrate how
hard it is to get such a data ready for analysis[5].
Besides, the fact that the data augmentation and
enhancement techniques have resulted in larger
model performance can also not be omitted. Scientists
as well as programmers keep excelling in the precision
and soundness of strategy for breast cancer by using
their data enrichment and diversification techniques.
Recent advances in artificial intelligence have
fundamentally reshaped breast cancer detection,
diagnosis, prognosis prediction, and multimodal
disease characterization. A consistent trend across
contemporary research is the transition from
traditional handcrafted feature models toward deep
learning  architectures capable of integrating
multimodal imaging, molecular features, and clinical
data. These innovations have improved accuracy,
robustness, and clinical trustworthiness across
imaging modalities including MRI, mammography,
histopathology, thermography, and novel modalities
such as terahertz and infrared imaging.

Multimodal pipelines have gained particular
attention. The study Deep Learning for Multimodal
Breast Cancer Characterization With Emergence of
Terahertz and Infrared Imaging demonstrates that
combining terahertz and infrared spectroscopic

signatures with convolutional models significantly
enhances malignancy detection compared to
unimodal approaches (Author(s), n.d.). This aligns
with the larger body of work showing that fusing
heterogeneous imaging signals can better capture
tumor biophysical properties.

Histopathology-driven deep learning also remains a
dominant research direction. Ponraj et al. (2025)
introduced a novel multi-patch VGGI19-based
autoencoder model that achieves near-perfect
accuracy on CBISDDSM and MIAS datasets,
demonstrating the effectiveness of hierarchical region-
wise feature extraction. Similarly, Tafavvoghi et al.
(2024) developed a two-step deep learning framework
for breast cancer molecular subtype prediction from
whole-slide H&E images, achieving strong tumor vs.
non-tumor classification and competitive subtype
performance. Garberis et al. (2025), in a landmark
Nature Communications study, further showed that
deep learning applied to digitized slides can
independently predict five-year metastatic relapse risk
with a C-index of 0.81, outperforming traditional
clinicopathological models.

Other computational pathology work reinforces the
role of deep learning in subtype characterization.
Studies such as Scientific Reports (2025a; 2025b)
demonstrate that CNN-based and data-efficient
transformer-based methods improve classification of
breast cancer subtypes and enhance generalization
across limited training sets. These findings collectively
indicate a clear shift toward high-resolution, multi-
instance, and attention-enhanced models for
computational histopathology.

Parallel developments appear in thermography and
biomedical imaging. Ahmad et al. (2025) proposed
StackVRDNet—a hybrid thermography-based
diagnostic model using VGG16, ResNet, and
DenseNet combined with a novel RHDAO
optimization algorithm. Their framework achieved
97.05% accuracy, providing compelling evidence for
thermography as a non-invasive screening alternative.
Likewise, Bani Ahmad et al. (2025) showed that
hybrid thresholding and deep learning can
significantly improve early breast cancer identification
in infrared thermograms.

Deep learning beyond imaging also shows rapid
growth. Ahmad et al. (2025) introduced a deep

reinforcement learning framework for predicting non-
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coding RNA-disease associations in metaplastic
breast cancer, achieving over 96% accuracy and
identifying computational biomarkers linked to
survival outcomes. Gurcan (2025) expanded the scope
of predictive modeling by demonstrating that stacking
ensemble models integrating CNNs, GRUs,
XGBoost, and LightGBM outperform standalone
learners in breast cancer prediction tasks.

Large-scale systematic reviews strengthen the evidence
base. Ciobotaru et al. (2025) evaluated both deep
learning and federated learning for breast cancer
screening across mammography, MRI, ultrasound,
and histopathology, concluding that federated
paradigms maintain diagnostic performance while
addressing privacy and multi-institution data scarcity.
Meanwhile, Abdullah et al. (2025) conducted a
comprehensive meta-analysis of MRI-based deep
learning models, reporting pooled AUC values of
0.90 and emphasizing dataset size, augmentation, and

external validation as determinants of robustness.
Sharafaddini et al. (2024) arrived at similar
conclusions across a broader set of imaging
modalities, identifying data imbalance, heterogeneity,
and model interpretability as recurring challenges.
Finally, recent research underscores the importance of
precision prognostics in clinical practice. Garberis et
al. (2025) showed that integrating deep learning-based
risk scores with clinicopathological variables improves
sensitivity and specificity in relapse prediction.
Likewise, multimodal transformer models combining
imaging, genomic, and clinical variables (Scientific
Reports, 2024) demonstrate improved
prediction, supporting the transition toward clinically
actionable Al systems.

survival

Table 1
Summary of Related Research Work
Study Findings Problem Solved
[1] e RF models achieve 90.68% e MLP model demonstrates
accuracy in diagnosing breast 92.50% precision
cancer e Improved breast cancer diagnosis using machine
o KNN model exhibits © a learning methods
high recall rate  of
98.80%

[2] ¢ Introduces CAD approach for e Utilizes CNN for analyzing digital mammograms

classifying breast cancer patients e Automated classification of breast cancer patients
into three categories (cancer, no cancer, non-
cancerous)

[3] * Deep learning achieves 98.9% * High-accuracy classification of breast cancer cases
accuracy in breast cancer using deep learning and traditional ML
classification techniques

* SVM and RF algorithms achieve
97% accuracy
(4] * YOLO and RetinaNet models * Improving breast cancer detection beyond the
demonstrate capabilities of human physicians
high accuracy in breast cancer
detection
[5] ¢ Deep learning models such as  Advancing breast cancer classification using a variety

Inception 3, SVM, RF, ANN,

CNN, and KNN emerge as

effective tools in breast cancer
classification

4

of deep learning and traditional

ML models
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3. Methodology

3.1 Data collection

In this study, we attempted a novel way to boost the
accuracy of the early detection of breast cancer with
deep learning methods and convolutional neural
networks. The research was largely based on the rich
dataset from Kaggle, which incorporated masses of
diagnostic information for breast cancer cases (age of
patients, variation in the tumor’s characteristics) and
across 569 instances. A total of 30 features were used
to represent each patient. Before we began analyzing
the data, eliminating all missing values and making
sure it was consistent was done. This would help us to
have reliable results of the analysis conducted.

3.2 Model Selection And Training

We aimed to increase the reliability of breast cancer
detection when the algorithm was studied. The
models we manipulated were advanced, which
included both the Convolution Neural Networks
(CNNs) and Capsule Networks (CapsNets), as well as
the traditional machine learning algorithms. These
models that are used due to their proven accuracy in
medical image processing were chosen. By employing
commonly used deep learning frameworks, such as
TensorFlow and Keras, we built our models to tackle
the specific task at hand. The CNN models were
composed of several layers which were convolutional,
pooling, and full connected layers, which were the
keys to successful imagerelated analysis. Likewise,
Capsule networks were designed to take the advantage
of their individualized architecture, therefore was able
to among other things to better provide spatial
hierarchies for the images.

3.3 Evaluation Metrics

The key goal was in apprehending the effectiveness of
our models and that is why we took the consideration
of the metrics like accuracy, precision, recall and F1-
score respectively. With the use of these metrics we
successfully came to know in what cases exactly our

models were accurate and in what cases they centered
more on identifying actual positive cases but
sometimes misdiagnosed with false positives.

3.4 Implementation Details

In the process of implementation, Python
programming language was utilized by importing
libraries such as TensorFlow, Keras and scikit-learn.
The experiment was performed on a regular
computer, which was supposed to be potent enough
to run the computation-intensive software.

4 Result And Analysis

Our exploration of the use of Capsule Networks
(CapsNets) for breast cancer diagnosis yields a
number of important results that highlight the
promise of this innovative method. By doing a
thorough literature analysis and conducting actual
experiments, we have acquired an understanding of
the capabilities and constraints of CapsNets relative
to conventional machine learning models. Based on a
review of the literature, CapsNets show promise in the
identification of breast cancer from medical imaging
data. Some of the drawbacks of Convolutional Neural
Networks (CNNs) have been addressed by recent
advances in deep learning architectures, especially
CapsNets, which have demonstrated greater
performance in capturing spatial hierarchy and
viewpoint variations common in medical images. Our
research focuses on examples where CapsNets
performed better than other machine learning
models, decreasing false-positive and false-negative.
Our trial data’ graphological analysis confirms
CapsNets’ effectiveness in detecting breast cancer. We
show the CapsNets performance across various
evaluation measures using confusion matrices, ROC
curves, and precision-recall curves. These visuals offer
a thorough grasp of the model’s adaptability to
changing thresholds and its capacity to distinguish
between benign and malignant situations.
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Figure 1 Accuracy of Different Models

Interpreting these graphs, we observe that CapsNets
consistently outperform baseline models in terms of
accuracy, precision, recall, and F1 score. The
precision-recall curves demonstrate the trade-off
between precision and recall, with CapsNets
exhibiting higher precision at various recall levels

compared to CNNs and traditional machine learning
algorithms. Similarly, ROC curves depict the model’s
ability to balance true positive and false positive rates
across different classification thresholds, with
CapsNets achieving superior performance.

Table 2

Model Performance Metrics
Model Precision Recall F1 Score
CNN 0.82 0.88 0.85
CapsNets 091 0.94 0.92
Random Forest 0.85 0.89 0.87
Support Vector Machine 0.83 0.87 0.85
Logistic Regression 0.79 0.81 0.80

5. Implications, Limitations and Future Work

Our analysis’s conclusions imply that Capsule
Networks have great potential to improve early breast
cancer identification, which will lead to better patient
outcomes and higher survival rates. The utilization of
CapsNets” intrinsic advantages, including their
tolerance to spatial transformations and dynamic
routing mechanisms, has the potential to decrease the
rate of missed diagnoses and unnecessary biopsies
among healthcare providers. But in the context of
breast cancer screening, it is critical to recognize
CapsNets’ limitations. Widespread adoption is
significantly hampered by issues including computing

complexity, interpretability of the model, and the
requirement for large-scale labeled datasets.
Moreover, CapsNets could not always generalize well
to other populations or imaging modalities, requiring

greater study on domain adaptation and transfer
learning strategies. Toward the future it becomes
obvious that while Capsule Networks (CapsNets) have
demonstrated a great potential in the increase of
accuracy of the early detection of breast cancer, these
models however, are still not perfect and there are
several limitations that need to be addressed. For
instance, I think a call for larger datasets, an easier way
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to understand what the models do, and the computer
complexity to be effectively handled are among the
most urgent issues. Additionally, CapsNets face
difficulties with achieving consistent and high-level
performance across the populations or imaging
approaches indicating for a deep need of continued
research in the field of transfer learning and domain
adaptation.

6. Conclusion

This study has identified Capsule Networks as the
agent of change with a prospect of transforming the
diagnosis of breast cancer, and may be the single factor
that psychiatric treatment has lacked. As a
consequence, this technique could considerably via
preventing unneeded procedures and wrong
diagnoses. Thus, efficacy and efficiency of cancer
screening programs are merged.

Nevertheless, realizing this ability will need
committed actions to eliminate the roots of potential
hindrances. We can achieve the purpose of CapsNets
by utilizing concerted efforts from the healthcare and
tech clusters and recognize a paradigm shift where
patients globally have better treatments.
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