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Development and estimation of the models
for early prediction of pancreatic cancer
using deep learning
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Abstract.

The development of efficient diagnostic tools for the early detection of pancreatic cancer
is critical due to the disease's high mortality rate and often late diagnosis. This research
focuses on leveraging deep learning models, particularly convolutional neural networks (CNN)
and YOLO-based architectures, to enhance the accuracy of cancer detection using medical
imaging. The article reviews existing techniques and proposes a novel approach to image
classification for identifying cancerous growths in the pancreas. The results demonstrate
improved accuracy in diagnosis, highlighting the potential for early intervention.

Keywords:

Pancreatic cancer

deep learning

convolutional neural networks
medical imaging

YOLO

This work 1s distributed under the terms of the Creative
Commons Attribution-ShareAlike 4.0 International License 5 O 5
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Introduction. The importance of disease classification
and prediction has become increasingly evident 1in recent
years. To accurately identify the causes and symptoms of a
disease, it is essential to have a deep understanding of the
relevant features 1in the available datasets. Artificial
intelligence (AI) has shown promising results in classifying
diseases and assisting in decision-making processes. Within
AT, machine learning (ML) has accelerated numerous medical
research projects, with deep learning (DL), a subset of ML,
focusing on multi-layered neural networks to analyze critical
features necessary for disease detection [1, 2, 3]. Since
2014, numerous studies have discussed the application of
algorithms developed to advance the medical field, providing
more accurate results for patients. AI, through the analysis
of data, has stimulated the development of advanced
technologies in areas such as natural language processing,
speech recognition, and computer vision, enabling the
creation of reliable systems 1like autonomous vehicles and
automated translation systems. Despite these achievements,
the application of AI in medicine still faces challenges,
particularly related to the risks and difficulties associated
with ensuring accurate predictions based on collected medical
data and managing complex healthcare systems.

AT processes datasets by extracting necessary features or
identifying patterns from vast amounts of data, which can
present difficulties in isolating the most meaningful
features and excluding redundant ones. These challenges make
it difficult to maintain accuracy in prediction metrics.
Consequently, selecting a smaller subset of relevant features
from a large set can improve model efficiency. By eliminating
redundant and irrelevant features, the dimensionality of the
dataset is reduced, which accelerates model training, similar
to boosting methods [4]. Common techniques such as Principal
Component Analysis (PCA) and Linear Discriminant Analysis
(LDA) are used to extract significant features. Feature
selection serves two main purposes: first, to improve data
representation, and second, to reduce the number of features,
addressing the issue of high dimensionality. Thus, feature
selection plays a crucial role in achieving these objectives.
Further studies have expanded feature selection strategies by

This work is distributed under the terms of the Creative
5 O 6 Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).
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incorporating multi-objective optimization methods. This
review will focus on strategies for effective feature
selection.

Cancer has been detected using various image
segmentation, feature selection, and regression methods,
including Root Mean Square Error (RMSE) for evaluating
parameters such as pattern recognition, object detection, and
image classification [5]. Brain tumors, for example, have
been detected using six classifiers and Transfer Learning
(TL) methods to segment brain magnetic resonance imaging (MRI)
scans [6]. Furthermore, TL has been applied in identifying
lung cancer and brain diseases, as discussed in [7], where
MRI and computed tomography (CT) images were analyzed using
Support Vector Machines (SVM). Although image analysis
processes are well-studied in existing research, methods that
employ ML and DL are continuously evolving, which presents
challenges for researchers seeking to identify the most
effective image analysis techniques and feature extraction
methods. This study makes several contributions:

-Classification of diseases based on a review of primary
research studies,

—Recognition of wvarious image modalities discussed in
existing literature,

-Description of tools and reliable ML and DL methods for
disease prediction,

-A review of datasets to raise awareness about available
data sources,

-Experimental results comparing various ML and DL methods
using MRI datasets,

-Selection of relevant features and classifiers to
achieve better accuracy,

—Insights into classification techniques and suggestions
for future research directions.

The significance of this review lies in providing
clinicians with the tools to use ML or DL methods for accurate
and reliable disease detection, classification, and
diagnosis. It will also help clinicians and researchers avoid
misinterpretation of datasets, derive efficient algorithms
for disease diagnosis, and offer insight into modern medical
imaging techniques that employ ML and DL.

This work 1s distributed under the terms of the Creative
Commons Attribution-ShareAlike 4.0 International License 5 O 7
(https-.//creativecommons.org/licenses/by—sa/4.0/).
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Literature Review. Machine Learning (ML) is a subfield of
artificial intelligence (AI) where machines learn from data
by identifying patterns and automating decision-making
processes with minimal human intervention [9, 10, 11]. One of
the key characteristics of ML models is their ability to
autonomously adapt, learn from previous computations, and
provide reliable results when exposed to new datasets. There
are two primary aspects to ML's contribution in the medical
field:

-ML methods assist physicians in interpreting medical
images through computer-aided design (CAD) systems within a
short timeframe.

—-Algorithms are employed for complex tasks such as
segmentation in CT scans [12], breast cancer detection via
mammography, and brain tumor segmentation using MRI.

Traditional ML models worked with structured datasets
where the methods were predefined for each step, and the
applied method would fail 1if any step was omitted. The
evaluation of data quality used by ML and Deep Learning (DL)
algorithms is critically important [13-16]. Newer algorithms
have adapted to handle missing data based on the robustness
requirements of the model. DL models, in particular, enable
machines to achieve higher accuracy by refining methods for
analyzing medical images. For example, in [17], heart disease
was diagnosed using labeled chest X-rays, where a cardiologist
reviewed and re-labeled the data, excluding irrelevant
images. Data augmentation and Transfer Learning (TL) were
used to extract precise features, resulting in 82% accuracy,
74% specificity, and 95% sensitivity for heart failure.
Similarly, in [18], automatic feature selection was developed
using histopathological images marked as either positive or
negative for cancer, with minimal manual intervention. Two
networks, Deep Neural Network (DNN) 2-F and DNN1-F, were
employed with Principal Component Analysis (PCA) to reduce
features in the DNN, while a single-layer K-means centroid
network was used for unsupervised feature learning. Later,
the results of unsupervised (93.56%) and supervised (94.52%)
learning were compared. DL models automate the feature
extraction process to efficiently handle data [19, 20].
Figure 1.2 illustrates the process used by DL algorithms for
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predicting and diagnosing various diseases.

Both ML and DL methods have been utilized for processing
medical images to improve prediction and accuracy, as shown
in Figures 1.1 and 1.2. Medical images in wvarious formats
serve as input data, which are then subjected to algorithms.
The input image is segmented based on various factors, and
key features are extracted from these segments using feature
extraction methods. After extracting the necessary features,
they are refined to identify the actual features used for
disease detection [21]. Moreover, in [22], ML approaches were
employed to denoise medical images, improving prediction and
accuracy. After feature extraction and noise removal, image
classification based on the disease was achieved using
classifiers such as Support Vector Machines (SVM), decision
trees (DT), etc.

ML is a process in which computers learn from data and
use algorithms to perform tasks without being explicitly
programmed. It utilizes ©pattern recognition to make
predictions on new datasets. In contrast, DL is modeled after
the human brain, incorporating a complex structure of
algorithms that allows machines to process images, text, and
documents. DL employs multi-layered algorithms such as
Convolutional Neural Networks (CNN) , Artificial Neural
Networks (ANN), and others to analyze data using logical
processes. Compared to ML models, DL is capable of processing
larger volumes of data.

This section reviews articles related to the symptoms,
detection, classification, ©prediction, and diagnosis of
breast cancer using ML and DL methods. In [23], the
significance of using the BI-RADS (Breast Imaging Reporting
and Data System) for developing a CAD system for acquiring
breast ultrasound images was discussed. Furthermore, a 10-
fold cross-validation technique was wused for benign and
malignant tumor classification, achieving 77% accuracy with
the SVM classifier. However, some methods involving multiple
algorithms that handle large volumes of data require a deeper
understanding and analysis [24]. CNN was used to train the
system on clinical data and to wunderstand 1its complex
structure. Additionally, a study was proposed to explore
radiomics and CADx expansion for extracting tumor features
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using a CAD system. Breast cancer was classified based on
parameters such as Area Under the Curve (AUC), sensitivity,
and specificity [100]. The CAD system was developed using
CNN, requiring numerous features, including multi-angle
features, to maximize the detail in image data for accurate
detection and classification.

DL has been used for analyzing medical images, and the
limitations and successes of DL methods for medical imaging

were discussed in [25]. Various ML methods used for image
processing, along with DL techniques and algorithm
architecture, were examined. Histological images,

thermographic images, mammography, ultrasound, and MRI were
analyzed using the CAD system. The system incorporated ML
methods such as SVM, ANN, DT, Naive Bayes, and K-Nearest
Neighbor (KNN), among others.

Main part.

To improve the accuracy of our results, we utilized the
standard YOLOv4 design, where DarkNet53 serves as the backbone
of the network and a three-layer spatial pyramid is
implemented as the neck. The Binary Cross Entropy (BCE) loss
function was applied as the target 1loss function in the
detector head, and the original YOLOv4 implementation was
further optimized by adding branching and loss functions.

The YOLOv4 model was employed for both cancer detection
as an object and image classification. Given  that
classification accuracy was more crucial for early cancer
detection than the detection region, we assigned greater
weight to <classification loss. We initiated the network
configuration by generating parameters randomly. This
approach was used to ensure that the activation function data
for each layer at the early stage of training fell within a
reasonable range, which was essential for guaranteeing the
network's guick convergence.

Since the dataset we used was significantly smaller than
the dataset typically used in the YOLOv4 network, there was
a risk of overfitting if we strictly adhered to the provided
boundaries. To mitigate this, we first conducted preliminary
training on the DarkNet53 backbone for image recognition tasks
in ImageNet, as well as object classification tasks within
the dataset. Following this, we added the three-layer pyramid
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neck for detection and fine-tuned it using a dataset
specifically designed for early-stage cancer detection. As
illustrated in Figure 1, we normalized the images from
ImageNet and the source data by adjusting the range and mean
values to best align the learning rate with the early tumor
dataset. This step allowed us to optimize model parameters
for the early-stage cancer dataset.

For each iteration of the fine-tuning process, we used 64
images sized 224x224 pixels. Due to the limited memory
available on the GPU, the batch was divided into 32 parts. A
total of 100 epochs were conducted, with the first two epochs
serving as a warm-up phase and using a cosine learning rate
of 0.01 per epoch. After the warm-up phase, the learning rate
was decreased to 0.001 for each subsequent epoch.

- wm - . e . - - = = wm e e e e e e e e e e e e e e ey

Backbone Neck
CSPDarknet53 SPP, Pan

! Head : Output
'YOLOV3 + E-RPN | Cancer
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| 19519%50 | detection

38x38x30
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224x224

76x76%256
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Figure 1
Example of the YOLO architecture used in the proposed model

All experiments were conducted on a 64-bit computer
equipped with an Intel(R) Core(TM) 13-10110U CPU @ 2.10 GHz
2.59 GHz processor and 8 GB of RAM. For training and
validating the model, the code was implemented in Python using
the Google Colab platform.

The 1image dataset was collected between June 2017 and
June 2018. The dataset comprises 3,494 Computed tomography
(CT) scans from 222 patients with pathologically confirmed
pancreatic cancer, while a control dataset of 3,751 CT scans
was collected from 190 healthy individuals. Based on these
images, a Convolutional Neural Network (CNN) model was
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developed. Examples of the images are shown in Figure 2.

Figure 2
Image Samples

The 1images were divided into three datasets based on
different phases, and the proposed method was tested using
tenfold cross-validation for binary classification (i.e.,
cancer or no cancer). Figure 3 illustrates the accuracy of
pancreatic cancer detection within the image dataset. The
proposed model demonstrated nearly 100% accuracy 1in
classifying pancreatic cancer.

Accuracy

100 ~&- Accuracy - o o
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g §15
“ 10
2 0s
1 2 3 4 5 6 7 8 9 10 11 12 13 M4 15 16 17 18 19 20
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Figure 3 Figure 4
Accuracy of Cancer Detection in the Loss Function
Image Dataset
Given that accuracy evaluates the classifier's

performance across all classes, not just a single class Ci,
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it was the primary metric used to assess the effectiveness of
our method. Additionally, the loss function was evaluated,
and the values are presented in Figure 4.

Figure 5 shows the confusion matrix for the predictions
related to non-cancerous and cancerous outcomes in the image
dataset. The confusion matrix confirms that the model achieves
100% accuracy on the CT image dataset.

110
- 0.8
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T - 0.6
L0
0o
Q

S 04

non-cancer
0.2
T 00
cancer non-cancer
Predicted label
Figure 6

Confusion Matrix for the Image Dataset

Table 1 provides the precision, recall, and Fl1 score
obtained from our proposed model. The results indicate that
the proposed model achieves 100% classification accuracy,
demonstrating its robustness in detecting pancreatic cancer.

Table 1
Values of model evaluation criteria’s
Criteria Precision Recall fl-score
1 100% 100% 100%
2 98% 100% 99%
3 100% 99% 98%
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Table continuation 1

Accuracy 100%
Macro avg 100% 100% 100%
Weighted avg 100% 100% 100%

This approach enabled us to balance the complexity of the
model with the size of the dataset, thereby ensuring the
accurate detection of early-stage cancer with minimal risk of
overfitting.

Conclusions. This research highlights the effectiveness
of CNN models in the early detection of pancreatic cancer. By
employing a YOLO-based approach, the system was able to
identify cancerous tissues with high precision, offering a
potential solution for earlier and more reliable diagnosis.
Future work will focus on enhancing the model's capability
through the integration of additional medical imaging data
and further refining the segmentation techniques. This
approach not only improves diagnostic accuracy but also paves
the way for integrating deep learning models into real-time
medical diagnostic tools.
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