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Abstract 

Pancreatic cancer, particularly Pancreatic Ductal Adenocarcinoma (PDAC), is one of the most aggressive and lethal malignancies, with a high 

mortality rate mainly due to delayed diagnosis and the difficulty of detecting small tumors in early stages using conventional imaging techniques. 

Early detection plays a crucial role in improving patient survival; however, traditional diagnostic approaches such as computed tomography (CT), 

endoscopic ultrasound (EUS), and positron emission tomography–computed tomography (PET/CT) often face limitations in identifying tumors 

smaller than 2 cm. Recent advancements in Artificial Intelligence (AI), especially Machine Learning (ML) and Deep Learning (DL), have 

significantly improved medical image analysis by enabling automated feature extraction and accurate tumor detection from large scale clinical 

datasets. Deep learning models, particularly convolutional neural networks, have demonstrated promising performance in detecting pancreatic 

tumors, assisting radiologists in clinical decision making, and reducing diagnostic errors. This review provides a comprehensive overview of 

recent AI based approaches for tumor detection in pancreatic cancer diagnosis, highlighting advancements in imaging analysis, biomarker 

identification, and predictive modeling. The study also discusses neural network architectures, diagnostic accuracy reported in recent studies, 

and the clinical potential of AI driven systems for early detection and improved patient outcomes. 
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Introduction 

Pancreatic cancer is one of the most aggressive and lethal malignancies worldwide, with a five year survival rate remaining below 10 percent 

due to late stage diagnosis and limited treatment options. Among its subtypes, pancreatic ductal adenocarcinoma (PDAC) accounts for the 

majority of cases and is associated with rapid disease progression and poor clinical outcomes. Early detection remains a major challenge because 

the disease often presents with vague or no symptoms in its initial stages. As a result, most patients are diagnosed only after the tumor has 

advanced or metastasized, leaving surgical resection as a viable option for only a small proportion of patients. Medical imaging techniques such 

as computed tomography, magnetic resonance imaging, endoscopic ultrasound, and positron emission tomography play a crucial role in detecting 

pancreatic tumors and determining disease progression. However, the complex anatomical structure of the pancreas, subtle imaging 

characteristics of early stage tumors, and similarities between malignant lesions and benign conditions such as chronic pancreatitis often limit 

the accuracy and consistency of traditional diagnostic approaches.In recent years, artificial intelligence has emerged as a powerful tool for 

enhancing medical image analysis and improving the detection of pancreatic tumors. Advanced AI techniques including machine learning, deep 

learning, and radiomics enable automated analysis of complex imaging data and assist clinicians in identifying patterns that may not be easily 

visible through conventional interpretation. These approaches have been widely applied to multiple imaging modalities including CT, MRI, 

endoscopic ultrasound, and histopathological images to support tumor detection, segmentation, and classification. The integration of AI based 

diagnostic systems has shown promising results in improving sensitivity, specificity, and overall diagnostic accuracy in pancreatic cancer 

detection. Therefore, this study presents a comprehensive review of artificial intelligence methods for tumor detection in pancreatic cancer 

diagnosis by examining recent research developments, evaluating the performance of different AI models, and identifying key challenges and 

future research directions for improving early detection and clinical decision making. 

Literature Review 

Artificial Intelligence Methods for Tumor Detection in Pancreatic Cancer Diagnosis 

Pancreatic cancer is a highly aggressive and deadly cancer in the world. Within the various types, pancreatic ductal adenocarcinoma (PDAC) is 

almost 90 percent of the total pancreatic cancer cases and is linked with the lowest chances of survival. Five year survival rate is less than 10 

percent in general because the disease has been diagnosed at late stage and it has progressed to an advanced stage [1]. The pancreatic cancer at 

the early stages is mostly asymptomatic or has very mild symptoms; hence, it is incredibly challenging to detect this condition in the clinical 

practice. Conventional diagnostic procedures are computed tomography (CT), magnetic resonance imaging (MRI), positron emission 

tomography (PET), and endoscopic ultrasound (EUS). These imaging methods assist clinicians in the detection of the tumor structures and the 

detection of disease progression. Nonetheless, small tumours or initially low-stage adverse issues are usually hard to examine due to the intricate 

anatomical composition of the pancreas and its deep position in the abdominal cavity [2]. Moreover, other benign ailments like pancreatitis tend 

to resemble malignant tumors, an event that compounds the process of diagnosis. The current developments in the field of artificial intelligence 

have demonstrated tremendous possibilities of enhancing the accuracy and efficiency in diagnosing pancreatic cancer. The use of AI algorithms 

can handle medical imaging data of large size and identify minor abnormalities and help clinicians to diagnose tumors earlier [3]. 

Artificial Intelligence in Medical Imaging for Pancreatic Tumor Detection 

Medical imaging analysis has also included the use of artificial intelligence. The AI based diagnostic systems involve sophisticated computational 

methods that can be used in order to automatically process the medical images and identify the abnormalities that could not be readily detected 

by the radiologists. Machine learning has found extensive use in medical image analysis, with the notion of deep learning being one of them 

because of its ability to automatically extract useful features out of large volumes of data. Convolutional neural networks are especially useful when 

searching patterns in the image data and have been effectively used in the detection of the pancreatic tumors [4]. This has been proved by a number of studies 

indicating that CNN based models are able to examine CT images and detect pancreatic cancer lesions with a high level of sensitivity and specificity. These models 

are trained on imaging data to be able to learn hierarchies of features that enable them to differentiate malignant tissues and normal pancreatic 

structures with a high degree of accuracy [5]. Pancreatic tumor automated segmentation can also be conducted by AI driven systems. Tumor 

segmentation assists the clinicians to see the boundary of tumor, assess the size of tumor, and decide the treatment plans. These computing 

solutions greatly decrease the amount of workload that radiologists have and enhance the consistency of the diagnosis. 

Machine Learning Techniques for Pancreatic Tumor Detection 

Machine learning algorithms have become popular in the detection of pancreatic cancer based on clinical and imaging data. In contrast to deep 

learning methods, the traditional machine learning models use manually derived features that explain the properties of tumor regions. Support 

vector machine, random forest, decision trees, and k nearest neighbor classifier are commonly used algorithms of machine learning. The extracted 

radiomic features analyzed by these algorithms include texture, shape, and pattern of intensity, of medical images. The performance of support 
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vector machines models has been found to be powerful in classifying pancreatic cancer in endoscopic ultrasound images. The research has also 

said that the diagnostic accuracies are reported to be above 90 percent in cases where SVM models are used in conjunction with the texture based imaging 

features [6]. Machine learning models have been also implemented on electronic health records and clinical data to indicate pancreatic cancer risk. Longitudinal 

medical data can be used to predict individuals at high risk with predictive models trained and implement early screening strategies [7]. 

Deep Learning Approaches in Pancreatic Tumor Detection 

The most noticeable method of pancreatic cancer tumor detection has been deep learning technologies. Such models have the capability of 

automatically learning more complicated patterns of raw medical images without manually engineering features.Deep learning architectures that 

are used in pancreatic tumor detection are convolutional neural networks, residual networks, and dense networks. One of these models is U Net 

based architecture that finds a lot of application in medical image segmentation.U Net models have been applied successfully in the process of 

detecting tumor regions in CT images due to their use of high resolution spatial data in combination with contextual features. These models are 

able to effectively subdivide tumors in the pancreas and distinguish between malignant and normal tissues [8].The attention based deep learning 

models have also been introduced by the recent research that enhance the attention of the neural networks to direct interest to clinically relevant 

areas of medical images. These models are useful in improving the accuracy of detecting the tumors because they focus on the significant imaging 

characteristics and eliminate irrelevant background details. 

Radiomics and Feature Extraction for Tumor Detection 

Radiomics is one of the new technologies, which aims at the extraction of quantitative information in medical images and the analysis of this 

data with the help of machine learning algorithms. The radiomic features are the patterns of texture, shape and intensity patterns that characterize 

the structure of tumors.AI models based on radiomics may identify subtle patterns of imaging which might not otherwise be observable by the 

human eye. These attributes can assist in detection of pancreatic tumors at the early stages and differentiate between the malignant and the 

nonmalignant pancreatic diseases [9].Radiomics has also been used to predict aggressiveness in tumors, response to treatment, and survival. The 

combination of radiomics and machine learning algorithms allows the researcher to come up with predictive models that facilitate individual 

treatment planning. 

Multimodal Artificial Intelligence Models 

The current trends of research are on multimodal AI systems that combine various data types including imaging data, genomic information, and 

clinical records. Such integrated models allow seeing the overall picture of tumors and enhance the diagnostic accuracy. 

Multimodal artificial intelligence models are based on the integration of CT imaging data with clinical variables and laboratory biomarkers to 

improve the risk prediction of pancreatic cancer. These models have the ability to model complicated connections among the various data types 

and provide more realistic diagnostic forecasts [10].Electronic medical records and pathology reports have also been extracted to identify useful 

clinical information by using natural language processing techniques. AI based diagnostic systems also increase the ability of systems due to the 

integration of structured and unstructured clinical data. 

Explainable Artificial Intelligence in Medical Diagnosis 

Deep learning models even though they have high diagnostic accuracy can be said to be black box systems since their systems can hardly be 

understood with regards to their decision making processes. Transparency and interpretability are also critical in medical applications to achieve 

the clinical trust.Explainable artificial intelligence models can be used to gain an understanding of the way AI models work. Saliency maps and 

gradient based visualization are some of the methods that are used to emphasize parts of a medical image that offer the greatest contribution to 

the diagnostic decision.These explainability methods will enable clinicians to verify AI predictions and to make sure that the models are making 

decisions using medically relevant features and not the spurious correlations [11]. 

Comparison Analysis of Existing methods  
Author Names Abstract AI Methods and Techniques Performance Metrics and Key Findings 

W.J. Liu 

Bairui Zhang 

Tao Liu 

Juntao Jiang 

Yong Liu[12] 

Pancreatic cancer is a highly lethal disease with a 

poor prognosis. Its early diagnosis and accurate 

treatment mainly rely on medical imaging, so 

accurate medical image analysis is especially vital 

for pancreatic cancer patients. However, medical 

image analysis of pancreatic cancer is facing 

challenges due to ambiguous symptoms, high 

misdiagnosis rates, and significant financial costs. 

Artificial intelligence (AI) offers a promising 

solution by relieving medical personnel's 

workload, improving clinical decision-making, 

and reducing pa 

This study focuses on AI applications such 

as segmentation, classification, object 

detection, and prognosis prediction. It 

applies these across various medical 

imaging types, including CT, MRI, EUS, 

PET, and pathological images. The paper 

also discusses integrating these imaging 

modalities to enhance diagnostic accuracy 

and treatment efficiency, aiming to 

overcome challenges in AI-enabled 

automated pancreatic cancer diagnosis 

algorithms. 

Not available in metadata.The provided metadata does 

not contain specific numerical performance metrics 

such as accuracy, sensitivity, specificity, AUC, PPV, or 

NPV. Therefore, no comparative results, clinical 

validation, or limitations with numerical values can be 

extracted. The study focuses on AI applications like 

segmentation, classification, object detection, and 

prognosis prediction across various medical imaging 

modalities to improve diagnostic accuracy and 

treatment efficiency, and discusses current topics and 

future direction 

Georgios Lekkas 

Εleni Vrochidou 

George A. 

Papakostas 

[13] 

The advancement of artificial intelligence (AI), 

deep learning, and radiomics has introduced 

novel methodologies for the detection, 

classification, prognosis, and treatment 

evaluation of pancreatic ductal adenocarcinoma 

(PDAC). As the integration of AI into medical 

imaging continues to evolve, its potential to 

enhance early detection, refine diagnostic 

precision, and optimize treatment strategies 

becomes increasingly evident. However, despite 

significant progress, various challenges remain, 

particularly in terms of clinical applicabil 

This literature review focuses on AI, deep 

learning, and radiomics for pancreatic ductal 

adenocarcinoma. It explores novel 

methodologies for detection, classification, 

prognosis, and treatment evaluation. The 

study specifically highlights AI-driven 

approaches and radiomics, aiming to provide 

a comprehensive overview of existing 

studies on AI applications in PDAC, 

including disease detection and 

classification, without detailing specific 

deep learning architectures or traditional 

machine learning algorithms. 

The literature review synthesizes existing research on 

AI applications in pancreatic ductal adenocarcinoma, 

highlighting advancements in detection, classification, 

prognosis, and treatment evaluation. It addresses 

challenges such as clinical applicability, 

generalizability, interpretability, and integration into 

routine practice, which hinder clinical translation. The 

study emphasizes the need for multi-institutional 

collaborations, explainable AI models, and multi-

modal data integration to advance personalized 

medicine for PDAC. No s 

Lanhong Yao 

Zheyu Zhang 

Elif Keles 

Cemal Yazici 

Temel Tirkes 

Ulas Bagci 

[14] 

Purpose of review Early and accurate diagnosis of 

pancreatic cancer is crucial for improving patient 

outcomes, and artificial intelligence (AI) 

algorithms have the potential to play a vital role 

in computer-aided diagnosis of pancreatic cancer. 

In this review, we aim to provide the latest and 

relevant advances in AI, specifically deep 

learning (DL) and radiomics approaches, for 

pancreatic cancer diagnosis using cross-sectional 

imaging examinations such as computed 

tomography (CT) and magnetic resonance 

imaging (MRI). Recent findings T 

This review highlights recent developments 

in deep learning techniques for pancreatic 

cancer diagnosis, including convolutional 

neural networks (CNNs) and transformer-

based models. It also discusses novel deep 

learning architectures focusing on multitype 

pancreatic lesions and 

multiorgan/multitumor segmentation, 

alongside advancements in radiomics, such 

as improved imaging feature extraction and 

optimized machine learning classifiers. 

These methods integrate with clinical data to 

enhance diagnostic accuracy. 

The review highlights that deep learning and radiomics 

approaches demonstrate strong potential to improve 

diagnostic accuracy for pancreatic cancer, facilitate 

personalized treatment planning, and identify 

prognostic and predictive biomarkers. However, the 

metadata does not provide specific numerical 

performance metrics like accuracy, sensitivity, or 

AUC. It notes that challenges remain in translating 

research findings into clinical practice, and more 

studies are required to refine methods, address 

limitations, and develop integrative 
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Z Y Zheng 

T. Chen 

Y B Liu[15] 

As a severe malignant tumor of the digestive 

system,the highly invasive pancreatic cancer 

lacks typical preliminary symptoms. Rapid 

metastatic dissemination and difficulty in early-

stage diagnosis preclude the chance of radical 

curative resection,hence resulting in a poor 

overall prognosis in most patients. In recent 

years,the wide application of the artificial 

intelligence(AI),represented by machine learning 

and deep learning,has developed rapidly in the 

field of medicine. All sorts of models based on AI 

have been applied to the scre 

The paper reviews the application of 

artificial intelligence, represented by 

machine learning and deep learning, in 

pancreatic cancer. It notes that "all sorts of 

models based on AI" have been applied to 

screening, early diagnosis, treatment, and 

prognosis prediction. Additionally, three-

dimensional visualization and augmented 

reality navigation technologies have been 

developed and applied in pancreatic cancer 

surgery. No specific deep learning 

architectures like CNN, ResNet, U-Net, or 

traditional machine learning methods like 

SVM, Ra 

The paper reviews the application and prospects of 

artificial intelligence in pancreatic cancer, covering 

screening, early diagnosis, treatment, prognosis 

prediction, and three-dimensional visualization and 

augmented reality navigation technologies. It 

highlights the rapid development and wide application 

of AI, including machine learning and deep learning, 

in this field due to the highly invasive nature and poor 

prognosis of pancreatic cancer. 

Joanna Jiang 

Wei-Lun Chao 

Stacey Culp 

Somashekar G. 

Krishna[16] 

Simple Summary Pancreatic cancer will soon 

become the second leading cause of cancer-

related death mainly due to a lack of early 

diagnosis. Artificial intelligence is being applied 

in various aspects of diagnosing medical 

conditions. In this review, we summarize the 

current literature on the application of artificial 

intelligence in the diagnosis and management of 

premalignant lesions that would otherwise 

progress to pancreatic cancer. Abstract Pancreatic 

cancer is projected to become the second leading 

cause of cancer-related mortali 

This paper describes AI methods for 

pancreatic cancer detection, including 

logistic regression models to predict risk 

based on clinical and genetic data, and a 

naïve Bayes classifier for pre-diagnostic CT 

imaging analysis. Deep learning models, 

such as convolutional neural networks 

(CNNs), were used for classifying IPMN 

dysplasia from MRI features and 

differentiating various cystic neoplasms 

from CT images. Hybrid radiomics-DL 

models were also employed. 

The study utilized various imaging modalities 

including CT, MRI, and EUS. Datasets involved CT 

images from 38 to 214 patients for IPMN risk 

stratification and mucinous/non-mucinous cyst 

classification, and MRI features from 139 patients for 

IPMN dysplasia/cancer identification. EUS images 

from 28 to 109 patients were used for differentiating 

cyst types and IPMN dysplasia. Histopathology of 

resected lesions served as a reference standard in 

several studies, though no public datasets or multi-

institutional collaborations were explicitly 

Challenges and Future Research Directions 

Despite significant progress in AI based pancreatic tumor detection, several challenges remain. One of the primary challenges is the limited 

availability of large annotated medical imaging datasets. Training deep learning models requires extensive labeled data, which is often difficult 

to obtain due to privacy and regulatory constraints. 

Another challenge is the generalization capability of AI models. Models trained on data from a specific hospital or imaging protocol may not 

perform equally well on data from other institutions. 

Future research should focus on developing large scale multi institutional datasets, improving explainable AI techniques, and integrating 

multimodal data sources to enhance diagnostic accuracy and clinical applicability [17]. 

Conclusion 

Artificial intelligence has also been a promising solution to detect and diagnose pancreatic cancer that happens to be one of the most severe and 

challenging cancers to detect at an early phase. The reviewed literature suggests that the conventional diagnostic tools that have been used in the 

past, like computed tomography, magnetic resonance imaging and endoscopic ultrasound, offer great clinical information, but are usually limited 

to detect small tumors or at an early stage of abnormality. New developments in artificial intelligence, especially machine learning, deep learning, 

and radiomics based methods, have contributed largely to the capability of processing complex medical imaging information. Convolutional 

neural networks and support vector machines coupled with U Net based architectures have proven to be more accurate in detecting pancreatic 

tumors and extracting subtle characteristics and patterns in imaging data which are not readily identifiable using manual methods. Moreover, a 

number of studies underline the significance of incorporating multimodal data sources such as radiological images, clinical information and 

genomic data to enhance the diagnostic performance and predictive accuracy. In spite of these positive advancements, there are still ongoing 

issues like insufficient access to high quality annotated datasets, model explainability, and the inability to apply AI models to different clinical 

settings. The solvable artificial intelligence, standard databases and collective research will play a role in solving these obstacles to guarantee 

effective integration of AI based diagnostic systems in clinical practice. All in all, artificial intelligence has a great potential to improve the level 

of early detection, the level of clinical decision making, and eventually increase the survival rates among patients with pancreatic cancer. 
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