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Abstract

Background: Pancreatic cancer is the fourth leading cause of cancer deaths in
the United States, and early detection remains a significant challenge. Screen-
ing the general population is not feasible, but the rise of artificial intelligence
(AI) has introduced new possibilities for improving early diagnosis and pa-
tient outcomes. Methods: A systematic literature search was conducted using
PubMed, Google Scholar, and MEDLINE using MeSH terms “Artificial intel-
ligence or AI”, and “diagnosis” and “pancreatic carcinoma or pancreatic ade-
nocarcinoma”. Prisma guidelines were adhered to, and a total of 47 studies
resulted, 10 articles were duplicates, 11 articles were excluded as they did not
align with the topic, 7 articles could not be retrieved, 13 articles were excluded
as they did not fit the criteria, 6 retrospective studies are included in this study.
The inclusion criteria for this study are Al being used in the diagnosis, only in
pancreatic cancer, within the last 5 years, only in English, and only retrospec-
tive studies were included. Results: One study used Digital Imaging Processing
(DIP) for analyzing Endoscopic ultrasound (EUS) images from 153 pancreatic
cancer patients, yielding a sensitivity of 97.98% and a specificity of 94.32%.
Two studies explored Computer Aided Diagnosis (CAD) models applied to
PET/CT and EUS images, achieving a sensitivity of 95.23% and specificity of
97.51% in PET/CT scans and 83.3% and 93.3% in EUS images, respectively.
Another study used a Faster R-CNN model to analyze CT images from 338
pancreatic cancer patients showed high diagnostic accuracy in much less time.
Additionally, two studies utilized Natural Language Processing (NLP) for
identifying family histories of pancreatic cancer and detecting pancreatic
cysts, with the latter achieving sensitivity and specificity rates of 99.9% and
98.8%. Conclusions: The current strategies for early diagnosis of pancreatic
cancer focus on serum biomarkers and EUS-guided Fine Needle Aspiration
(EUS-ENA). Sensitivity varies and depends on the physician’s expertise. Al is
showing promise in improving pancreatic cancer diagnosis by enhancing early
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detection and accuracy. Techniques like deep learning, NLP-based models,
Faster R-CNN, and CAD systems analyze medical data and images more ef-
fectively than manual methods. Al holds the potential to shape the future of
pancreatic cancer diagnosis and improve patient outcomes.
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Pancreatic Cancer, Artificial Intelligence, Detection, Endoscopic Ultrasound,
Pet Scan, CT Scan

1. Introduction

Pancreatic cancer is an aggressive malignancy of the digestive system, has rapid
progression, early metastasis, high mortality, and poor prognosis, so it is consid-
ered as the “king of cancer” [1]. There are several risk factors such as obesity,
smoking, and alcohol intake, but the exact etiology is unknown. Screening the
general population for early identification of pancreatic cancer is infeasible, and
there is no reliable test for its early detection. Screening high-risk populations
might be effective in reducing mortality, about 10% of them have a familial basis
[2]. It is the fourth leading cause of cancer mortality in the United States. Accord-
ing to Cancer Statistics 2021, the American Cancer Society reported approxi-
mately 60430 new cases and 48220 deaths for pancreatic cancer in the United
States, ranking third after lung and bronchus cancer and colorectal cancer [3].
Positron Emission Tomography/Computed Tomography (PET/CT), which could
be used to obtain both CT and PET sequential images at the same session, plays
an important role in pancreas cancer diagnosis [4]. Endoscopic ultrasound (EUS)
is a more accurate imaging procedure compared with other imaging methods in
the diagnosis and staging of pancreatic tumors [5] [6]. The combination of EUS
and EUS-guided FNA (EUS-FNA) in patients with pancreatic disease can make
an accurate diagnosis of pancreatic cancer in addition to providing precise staging
information [7]-[9]. Therefore, early diagnosis and accurate staging before sur-
gery are key to improving the cure rate and prognosis [10]. Recently, the advent
of artificial intelligence (AI) has introduced promising new possibilities for im-
proving the diagnosis of pancreatic cancer. Al, particularly with deep learning al-
gorithms, Natural Language Processing (NLP)-based, Faster R-CNN deep neural
network, digital imaging processing (DIP) technique, computer aided diagnosis
(CAD) has demonstrated potential in analyzing complex medical data, identifying
subtle patterns, and enhancing the accuracy and speed of cancer detection. Ma-
chine learning is a type of Al capable of analyzing behavior using algorithms fed
and trained by a large amount of data [11]. Deep learning is based on several layers
of neural networks which combine different algorithms inspired by the human
brain [12]. Artificial neural networks (ANN) are algorithmic imitations of the hu-
man brain, they receive input, process through a series of operations and produce

an output [13]. This systematic review aims to review the existing literature re-
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garding the role of Al in the diagnosis of pancreatic carcinoma, explore the cur-
rent applications and potential of AI in the diagnosis of pancreatic cancer, dis-
cussing its benefits, challenges, and implications for clinical practice.

2. Materials and Methods

A systematic literature search was conducted for studies using Al in pancreatic
cancer detection, using PubMed, Google Scholar, and MEDLINE using MeSH
terms “Artificial intelligence or AI”, and “diagnosis” and “pancreatic carcinoma
or pancreatic adenocarcinoma”. Prisma guidelines were adhered to, and a total of
47 studies resulted, 10 articles were duplicates, 11 articles were excluded as they
did not match with the topic, 7 articles could not be retrieved, 13 articles were
excluded as they did not fit the criteria and 6 retrospective studies are included in
this study (See Figure 1).

The inclusion criteria for this study are AI being used in the diagnosis, only in
pancreatic cancer, within the last 5 years, only in English, and only retrospective

studies were included.
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Figure 1. PRISMA (preferred reporting items for systemic reviews and metanalysis) flow
chart.

DOI: 10.4236/0jgas.2025.154015 150 Open Journal of Gastroenterology


https://doi.org/10.4236/ojgas.2025.154015

J. Ethakota et al.

3. Results and Discussion

Current strategies for early diagnosis of pancreatic cancer are mainly based on
serum biomarkers, commonly used biomarkers is serum carbohydrate antigen 19-
9 (CA19-9). As a screening tool it’s use is suboptimal because of its low sensitivity
(median 79%, range 70% - 90%) and specificity (median 82%, range 68% - 91%)
[14]. The diagnosis of pancreatic cancer remains a great challenge especially in
populations with chronic pancreatitis. Published studies reported that even with
the application of EUS-ENA, the sensitivity in diagnosing pancreatic cancer varies
from 80% to 90% [7] [9] [15] [16]. When there is coexistence of chronic pancrea-
titis and pseudo tumoral pancreatitis, the sensitivity may decrease to less than 75%
(it has even been as low as 54% in some studies) [17]. Interpretation of EUS images
is subjective and reliability of a diagnosis depends on the physicians’ experience
which limits the accuracy of the diagnostic results [18].

Therefore, the development of an accurate imaging processing technique that
requires less manual intervention is important. The development of artificial in-
telligence in image processing has given the opportunity of application to the
medical field, creating a new era of digital medicine [19]. The use of artificial in-
telligence to process CT images and track and identify diseased tissue could sub-
stantially reduce manual operations, significantly increase the processing speed
and produce consistent and highly accurate results that are convenient for inte-
gration and large-scale applications.

Currently, automatic artificial intelligence (AI) identification of medical images
is focused on lesion identification, labeling, and three-dimensional (3D) recon-
struction of the target region. These processes all use deep learning to learn
knowledge and build networks from a large number of medical images. Conse-
quently, AI can diagnose specific lesions and has greater accuracy than highly ex-
perienced physicians in diagnosing lung, skin, prostate, breast, and esophageal
cancers based on image recognition [20]-[24].

Even though the diagnostic accuracy of deep learning platforms is better, this
research aims to develop an assistive tool to aid radiologists in making effective
and accurate diagnoses, but not as a substitute for doctors [25]. With the advent
of Al the accuracy, sensitivity and specificity of pancreatic cancer diagnosis has
shown an improvement. This systematic review includes six retrospective studies

that showcased the use of Al in pancreatic cancer detection (See Table 1).

Table 1. Baseline Study characteristics.

S 1 Imaging/ Specificit Sensitivit
ample ecifici ensitivi
Study . P diagnostic Al technique P Y Y Limitations
size . (%) (%)
modality
Small sample size,
Zhan Support vector
& Endoscopic Digital imaging Pp
et al. 153 . 94.32 97.98 machine (SVM) not
ultrasound processing (DIP) .
[14] performed in real
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Continued
Roch Automated natural Pilot study
etal. 50 669 CT scan language 98.80% 99.90% conducted at a
[26] processing (NLP) single institution
Performed at only 2
institutions, room
Mehrab . .
. Not EMR-text- Natural language . . for improvement in
ietal ) . ) Not specified ~ Not specified o o
(27] Specified  based analysis ~ processing (NLP) distinguishing
relationships
accurately
Small le size,
Ozkan ) Computer-aided Tna sampre size
Endoscopic . . single-center and
et al. 202 diagnosis (CAD) 93.3 83.3 . .
ultrasound single-equipment
[28] system
study
. Computer-aided
Li etal . . .
[29] 80 PET/CT diagnosis (CAD) 97.51 95.23 Small sample size
system
Fast ion-based
Liu Sequential aster reglon. ase
convolution . . .
et al. 338 contrast Not specified ~ Not specified  Single center study
network (Faster
[30] enhanced CT

R-CNN) model

Zhang et al. (2010), performed a retrospective, controlled, single-center study
which demonstrated the potential of Al-driven digital imaging processing (DIP)
in enhancing endoscopic ultrasound (EUS) for pancreatic cancer detection. En-
doscopic ultrasound images (EUS) of 153 pancreatic cancer patients diagnosed in
a hospital for a period of 33 months were taken for digital image processing on a
support vector machine. The results of the study revealed a sensitivity of 97.98 %,
specificity of 94.32%, positive predictive value of 99.45%, negative predictive value
of 98.65% and accuracy of 97.77% [14]. These results highlighted AI’s ability to
standardize image interpretation and reduce diagnostic variability, which is criti-
cal given the subtle morphological features of early pancreatic malignancies. How-
ever, the study’s reliance on a support vector machine (SVM) model and its small
sample size (12 = 153) raised concerns about generalizability.

Roch et al (2014) they performed a single-institution prospective pilot study
to identify at risk of pancreatic cancer. The multidisciplinary team developed
NLP-based algorithms designed to identify pancreatic cysts in unstructured CT
reports. These algorithms were built using keywords frequently used by physi-
cians and were programmed to automatically scan electronic medical records.
Those with pancreatic cysts/ductal dilatation were identified using 566233 CT im-
ages of 50669 patients who have undergone CT for various causes in a 7-month
period, 623 positive patients with pancreatic cysts were identified. It was manually
validated by experts in pancreatology, and 615 patients were identified by manual
experts. They achieved exceptional performance with a sensitivity of 99.9%, spec-

ificity of 98.8% [26]. This approach addressed the challenge of incidental cyst
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identification in large-scale electronic medical records (EMRs), which offered a
scalable solution for early risk stratification. However, as a single-institution pilot
study (n = 50,669 reports), its findings may be influenced by institutional biases
in radiology reporting terminology.

Mehrabi et al (2015) conducted a retrospective observational study with a nat-
ural language processing (NLP) methodology applied to clinical records. It in-
volved analyzing existing electronic medical records (EMRs) from two institu-
tions (Indiana University and Mayo Clinic) to extract family history data related
to pancreatic cancer. NLP system identification of at risk patients with family his-
tory of pancreatic cancer as there is increased risk of 10% in those with family
history, 7 to 9 fold increase in incidence of pancreatic cancer when there is one
first degree relative, more if it was below 30 years of age and increasing to 17 - 32
fold if three or more first degree relatives with cancer [27]. The study was done in
3573 pancreatic cancer patients of which 2923 were found to have family history
and in 7270 patients with any cancer in 10 months with 80000 to 95000 reports,
60% were used for training and 40% for testing. The recall was 91.6%, precision
75.3%, negation detection was 99.1% although there were errors in sentence de-
tection in complicated family relations [27]. The NLP system demonstrated con-
sistent performance across both institutes, with a high inter-annotator agreement
0f 95.9% and accurate identification of pancreatic cancer family history. While the
study’s dual-institution design improves generalizability compared to single-cen-
ter efforts, its inability to distinguish nuanced clinical relationships (e.g., differen-
tiating benign cysts from premalignant lesions) highlights its limitations.

Ozkan et al (2016) performed a retrospective study that evaluated the perfor-
mance of a computer-aided diagnosis (CAD) system in detecting pancreatic can-
cer using endoscopic ultrasound (EUS) images of different age groups as outline,
borders and echogenicity of pancreas change as the age progresses. The classifica-
tion was age less than 40 years, 40-60 years, greater than 60 years. Accordingly,
nine months EUS images were processed for CAD for better pattern recognition
based on 20 reliable features processed in artificial neural network (ANN).
Around 60 images of 40 patients below 40 years (11 with cancer 29 non cancer),
73 images of 58 cases in the age group of 40-60 years (36 with cancer and 22 non
cancer), 189 images of 74 cases in the age group > 60 years (46 with cancer and 28
non cancer) were processed. The higher number of cancer patients in the older
age group shows the raised incidence as the age progresses. Later images from 202
pancreatic cancer patients and 130 non-cancer patients were tested. 200 random
tests were done, the accuracy was 92%, 88.5%, 91.7% in the three age groups re-
spectively. Sensitivity was 87.5%, 85.7%, 93.3% and specificity was 94.1%, 91.7%
and 88.9% in the respective age groups. Overall average accuracy when all three
age groups combined was 87.5%, sensitivity 83.3%, specificity was 93.3% [28]. In
contrast to assessment using EUS images in general, this age differentiation
showed better performance in diagnosing pancreatic cancer accurately. They

achieved a specificity of 93.3% but a lower sensitivity of 83.3% [28]. This disparity
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suggested the model may prioritize minimizing false positives at the expense of
missing true positives, a significant concern for pancreatic cancer given its aggres-
sive progression. The study’s small sample size (n = 202) and reliance on single-
center, single-equipment data further limit translational relevance.

Li ef al. (2018) performed a retrospective observational study with a focus on
medical image analysis and machine learning. They utilized a computer aided di-
agnosis (CAD) system for PET/CT imaging, reporting high specificity (97.51%)
and sensitivity (95.23%), which demonstrated AI’s ability to leverage metabolic
and anatomical data for precise lesion characterization [29]. This consists of pan-
creatic segmentation pseudocolor images that are obtained by gray interval map-
ping (GIP) by using simple linear iterative clustering (SLIC), principal feature
along with some non principal features extraction and selection by using dual
threshold principal component analysis (DTPCA) and finally using Hybrid feed-
back —support vector machine-random forest constructed by 8 types of SVM in 3
separate hyperplanes and 5 SVM kernels to diagnose pancreatic cancer. 80 case
images were assessed with accuracy of identification 96.47%, sensibility 95.23%,
sensitivity of 97.5% [29]. Later 3D CT scan images from public data were assessed.
This was found to be most efficient than other conventional methods. However,
the small cohort (n = 80) restricted statistical power, and the lack of external val-
idation raised concerns about whether the findings would apply to a broader pop-
ulation.

Liu et al (2019) performed a retrospective observational study in which they
employed a faster region-based convolution network (Faster R-CNN) model to
analyze sequential contrast-enhanced CT scans. 238 pancreatic patient’s sequen-
tial CT images were processed in Faster region based convolutional neural net-
work (Faster R CNN) which was already trained. This Faster R CNN has a feature
extraction network, a regional proposal network and regression network. Then
clinical verification with 1699 images from 100 pancreatic cancer patients were
verified. It showed an mean average precision of 0.7664 and the area under the
receiver operating characteristic curve with trapezoid rule is 0.9632. (>0.9 is
higher accuracy). Along with this accuracy it proved to be faster taking about 0.2
sec to process one CT image with an average of 3 secs for a patient with 15 CT
images in contrast to 8 mins taken for manual reading [30]. So with usage of AI
they were able to get accurate and faster diagnosis of pancreatic cancer by pro-
cessing the contrast enhanced sequential CT images. Though specificity and sen-
sitivity metrics were unreported, the Faster R-CNN AI system proved to be an
effective, objective, and highly accurate method for diagnosing pancreatic cancer,
offering a faster alternative to manual diagnosis. While deep learning architec-
tures like Faster R-CNN hold promise for detecting temporal changes in cyst mor-
phology, the study’s single-center design (n = 338) and absence of performance
benchmarks limited interpretability.

Even though Al has proven to be helpful in detection of pancreatic carcinoma, it
has limitations, AI models require large, high-quality datasets to achieve accurate

results. The variability in data quality across institutions can limit the effectiveness
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of Al algorithms. Al models, especially deep learning algorithms, give us limited
insights into their decision-making processes. Enhancing the interpretability of
these models is crucial for gaining clinician trust and facilitating their integration
into clinical practice. The use of Al in healthcare raises regulatory and ethical con-
cerns, including data privacy, algorithmic bias, and the need for rigorous validation
before clinical deployment. Addressing these issues is essential for the safe use of Al

In our opinion, the CAD and DIP technique analyzing the PET/CT and EUS
images was better than NLP techniques. The NLP technique had limitations in-
terpreting the complicated relations and was also based on EMR interpretation
whereas the CAD, DIP system analyzed the images, the CAD technique yielded
higher sensitivity and specificity than DIP technique. The CAD and DIP tech-
nique did have limitations like interpretability and generalizability. Even though
most of the studies were single center studies, the different AI techniques show
the future of Al in pancreatic cancer detection. The ability to detect pancreatic
cancer at an early stage requires advanced imaging techniques along with the de-

velopment of newer Al techniques.

4. Conclusion

Although the incidence of pancreatic cancer is less, the mortality rate is high, and
early diagnosis plays an important role in the prognosis. So, the importance of
recognition of at-risk population will enable the primary physician for close follow
up, leading to early intervention, which was enabled by natural language pro-
cessing of data. Analyzing the EUS, the CT/PET images by CAD and Faster R-
CNN, yielded higher accuracy, precision, with higher sensitivity, specificity and
in lesser time than manual diagnosis. Usage of Al in pancreatic cancer makes an
inexpensive, feasible, portable alternative where customization can be done de-
pending on the need of the institution. In the future, the role of Al in pancreatic
cancer diagnosis will lie in the development of more sophisticated models, the
integration of multi-modal data, and the establishment of collaborative frame-
works for data sharing and model validation. Further research is required on the

usage of Al in detection and management in the field of oncology.
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