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Abstract

BACKGROUND

Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms primarily
originating in the stomach or small intestine. Duodenal GISTs are particularly
uncommon, accounting for only a small fraction of GIST cases. These tumors often
present with nonspecific symptoms, making early detection challenging. This case
discusses a duodenal GIST misdiagnosed as pancreatic cancer due to obstructive

jaundice.

CASESUMMARY

A 40-year-old male with jaundice and abdominal symptoms underwent imaging, which
suggested a malignant periampullary tumor. Preoperative misdiagnosis of pancreatic
cancer was made, and surgery was performed. Postoperative histopathology confirmed
a duodenal GIST. The role of artificial intelligence in the diagnostic pathway is
explored, emphasizing its potential to differentiate between duodenal GISTs and other

similar conditions using advanced imaging analysis.

CONCLUSION
Artificial intelligence in radiomic imaging holds significant promise in enhancing the
diagnostic process for rare cancers like duodenal GISTs, ensuring timely and accurate

treatment.
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Core Tip: Artificial intelligence-driven imaging analysis can significantly improve the
preoperative diagnosis of rare tumors such as duodenal gastrointestinal stromal
tumors, enabling more accurate treatment planning and potentially better patient

outcomes.

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms originating
from the interstitial cells of Cajal, most commonly found in the stomach and small
intestine. However, duodenal GISTs are particularly rare, making up a small proportion
of all GIST cases[1]. The symptoms of GISTs are often nonspecific, with common
presentations including abdominal pain, gastrointestinal bleeding, and obstruction|[2].
In some instances, GISTs may present with atypical symptoms, such as obstructive
jaundice, which can easily lead to a misdiagnosis, as seen in the case discussed here.

Recent advances in artificial intelligence (AI) offer significant promise in the
diagnostic process for complex conditions like GISTs. Al-powered tools, including
machine learning algorithms and radiomic analysis, can enhance the accuracy of
imaging, improving the early detection and characterization of tumors[3]. In particular,
Al can assist in preoperative diagnosis by analyzing imaging data such as computed
tomography scans and endoscopic images to detect subtle tumor characteristics that
human radiologists may overlook. Al's predictive capabilities could provide better
insights into the tumor’s nature, thereby guiding clinicians towards more informed,
timely interventions. In the case of duodenal GISTs, Al could have played a pivotal role
in identifying the tumor preoperatively, potentially predicting the tumor’s behavior and
risk, which would have influenced treatment decisions[4].

This case illustrates the critical role Al could have played in the early diagnosis of a
duodenal GIST, which was only confirmed postoperatively via biopsy. The case
highlights how Al could have potentially improved the preoperative diagnostic process

and predicted a better clinical outcome for the patient.
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CASE PRESENTATION

Chief complaints
A 40-year-old male patient presented with a one-month history of anorexia, intermittent

jaundice, itching, clay-colored stools, and fever episodes.

History of present illness

A 40-year-old male patient presented with a one-month history of anorexia, intermittent
jaundice, and itching. The jaundice has been fluctuating in intensity, with a yellowish
discoloration of the skin and sclera. The itching has been generalized, predominantly
affecting the palms and soles, and is most noticeable during the evenings. He reports
passing clay-colored stools and has had episodes of fever, which are sporadic and
associated with chills but without significant sweating. There has been no recent history
of nausea, vomiting, or abdominal pain. He denies weight loss, changes in urine color,

or any history of recent travel, alcohol use, or known liver disease.

gistory of past illness

No significant past medical history.

Personal and family history

Negative for any significant personal or family medical history.

Physical examination

On physical examination, the patient had jaundice (icterus), a palpable gallbladder, and
a firm 4 cmx 4 cm mass in the epigastrium. His vital signs were stable, with a pulse rate
of 60 beats per minute, blood pressure of 114/70 mmHg, and oxygen saturation of 98%

on room air.

Labora tory examinations
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Laboratory investigations revealed significant anemia (hemoglobin of 64 g/dL),
elevated white blood cell count (19000/pL), and liver dysfunction (total bilirubin of 5.4
mg/dL and direct bilirubin of 2.7 mg/dL).

Imaging examinations

Imaging studies, including a triple-phase contrast-enhanced computed tomography
scan, revealed a large lesion near the duodenal C-loop, which appeared to originate
from the pancreas head and encased the common bile duct, pancreatic duct, and
duodenum (Figure 1). The lesion caused intrahepatic bile duct dilatation and extended
into the gallbladder fossa, suggesting a malignant periampullary tumor, likely

pancreatic cancer.

FINAL DIAGNOSIS

Given the preoperative imaging results, the clinical suspicion was pancreatic cancer.

TREATMENT
The patient underwent a Whipple's procedure (pancreaticoduodenectomy) with

feeding jejunostomy (Figure 2).

OUTCOME AND FOLLOW-UP

The surgery was well-tolerated, and postoperative recovery was uneventful, with
drains removed on post-operative days 7 and days 10. However, the definitive
diagnosis was only established postoperatively upon histopathological examination,
which revealed a duodenal GIST, measuring 10.5 cm x 9 cm x 8 cm, and demonstrating
high mitotic activity. The tumor was free from the duodenal margins, uncinate process,
and pancreatic neck. Immunohistochemistry confirmed the diagnosis of GIST, with
CD117 (c-kit) positivity and CD34 negativity.

Given the high-risk nature of the tumor, the patient was referred for adjuvant therapy

with imatinib, a tyrosine kinase inhibitor. Postoperative follow-up, including weekly
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monitoring for two months and subsequent monthly visits, showed no recurrence, and

the patient remains under regular follow-up.

DISCUSSION

GIST are rare, mesenchymal neoplasms originating from the interstitial cells of Cajal,
which are primarily found in the gastrointestinal tract. While they are more commonly
observed in the stomach and small intestine, duodenal GISTs are exceedingly rare and
account for only a small percentage of all GIST cases. Their clinical presentation is often
nonspecific, with symptoms ranging from abdominal pain and gastrointestinal bleeding
to more severe manifestations like bowel obstruction. In some cases, such as this one,
the tumor may present with atypical symptoms such as obstructive jaundice, leading to
diagnostic confusion and delays in identifying the true cause[1].

Historically, diagnosing GISTs relied heavily on clinical evaluation, endoscopy, and
imaging techniques like computed tomography scans and magnetic resonance imaging.
These imaging modalities have become essential in identifying tumors and assessing
their size, location, and invasion of surrounding structures. However, even with
advanced imaging, radiologic interpretation can be subjective, leading to challenges in
distinguishing GISTs from other tumors with overlapping features, such as pancreatic
cancer, neuroendocrine tumors, and lymphomas|[5].

In this particular case, Al could have played a crucial role in improving the
preoperative diagnosis. Al technologies, particularly machine learning algorithms and
deep learning methods, have shown great potential in the analysis of medical images|[6].
These Al tools are capable of identifying subtle and often imperceptible patterns in
imaging data, which are critical for early detection and accurate diagnosis. For example,
Al can evaluate tumor texture, morphology, vascularity, and peritumoral characteristics
that human radiologists may overlook. These features are important in distinguishing
GISTs from other tumors, especially in cases where the presentation is atypical[7].

In our case, the imaging findings suggested a periampullary mass that encased the

common bile duct, pancreatic duct, and duodenum, leading to the clinical suspicion of
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pancreatic cancer. However, a machine learning model trained on imaging data from
similar cases could have aided in distinguishing the duodenal GIST from pancreatic
cancer, reducing the likelihood of misdiagnosis. Al-powered radiomics could have
quantified the tumor’s characteristics, providing data on its heterogeneity and vascular
involvement, which are known to correlate with the aggressiveness of GISTs[8]. This
would have enabled a more precise diagnosis before surgery, guiding clinicians
towards the correct course of treatment earlier.

One of the major challenges in diagnosing GISTs preoperatively is the need to
differentiate them from other gastrointestinal tumors that exhibit similar clinical and
radiological features[9]. Pancreatic cancer, neuroendocrine tumors, and lymphoma all
have overlapping presentations with duodenal GISTs, making accurate preoperative
diagnosis difficult. In the past, distinguishing between these conditions relied on
subjective interpretation of imaging data, clinical judgment, and biopsy. However, Al
has the potential to improve diagnostic accuracy by providing objective, data-driven
insights[10]. Deep learning models that are trained on large datasets of medical images
can automatically detect tumors, classify them, and even predict their malignancy with
remarkable accuracy[11]. In the future, Al could be integrated into clinical practice as a
decision-support tool, helping radiologists and surgeons make more informed, timely
decisions[8,12].

A practical illustration of how AI could have assisted in this case involves the
application of radiomics-based texture analysis to the preoperative contrast-enhanced
computed tomography images. Radiomics allows extraction of high-dimensional
quantitative features - such as intensity, shape, and texture - from the tumor region of
interest. These features are then processed using machine learning algorithms to
identify unique imaging fingerprints that differentiate GISTs from other periampullary
lesions. For instance, GISTs typically demonstrate higher entropy and surface
irregularity compared to pancreatic adenocarcinomas, which often appear more

homogeneous with ill-defined borders. AI models trained on annotated datasets could
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have recognized these subtle differences, suggesting the possibility of a submucosal
duodenal lesion rather than a pancreatic primary.

In our hypothetical framework, a convolutional neural network could analyses
multiphase computed tomography data to assess key parameters such as enhancement
pattern, vascular encasement, and tumor origin. When combined with clinical data (age,
bilirubin levels, and symptom profile), the AI model could output a probabilistic score
indicating whether the lesion is more consistent with a GIST or a pancreatic carcinoma.
This approach, if applied preoperatively, might have prompted a targeted endoscopic
biopsy or modified surgical planning, reducing the risk of overtreatment with a
pancreaticoduodenectomy.

Al in radiomics extracts a large volume of quantitative data from medical images,
which can then be analyzed to provide information about tumor heterogeneity - a key
feature that differentiates GISTs from other gastrointestinal tumors. Radiomic features
such as tumor texture, shape irregularity, entropy, and gray-level co-occurrence matrix
values could help in predicting the biological behavior of the tumor, including its
likelihood of recurrence or metastasis. For instance, higher heterogeneity in GISTs has
been associated with more aggressive tumors. Al tools could have detected these
features early, predicting a high-risk tumor and prompting earlier intervention with
adjuvant therapy][7].

Recent studies have demonstrated that Al-assisted image classifiers can achieve
diagnostic accuracies exceeding 90% in differentiating gastrointestinal stromal tumors
from other mesenchymal and epithelial lesions. For example, Li et al[8] developed a
deep-learning model using microprobe endoscopic ultrasonography that accurately
identified GIST characteristics, while Dong ef al[13] validated a real-time Al system for
discriminating GISTs from leiomyomas with high sensitivity and specificity. These
findings underscore Al's growing potential as a decision-support tool in complex
diagnostic settings. Furthermore, radiogenomic integration - linking imaging features
with mutational profiles (e.g., KIT or platelet-derived growth factor gene mutations) -

could further refine risk prediction and therapeutic planning for patients with GIST.
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While Al holds transformative potential, its application in rare tumor diagnosis faces
several challenges. Dataset scarcity limits algorithmic generalizability, as models
trained on common tumors may underperform on rare variants such as duodenal
GISTs. Ethical issues also arise concerning data privacy, algorithmic transparency, and
the risk of overreliance on automated systems. Thus, Al tools should complement, not
replace, expert clinical judgment. Future multicenter collaborations aimed at creating
balanced datasets and explainable AI models are essential to ensure equitable and
clinically reliable deployment of such technologies in diagnostic radiology.

Moreover, Al’s ability to integrate multi-modal data, such as clinical records,
radiologic images, and genomic profiles, presents an opportunity for more
comprehensive diagnostic pathways. By combining these datasets, Al could help
identify molecular signatures of GISTs - such as KIT gene mutations - allowing for a
diagnosis even before histopathological results are available[14]. For example,
integrating genomic data with imaging features could enhance the predictive accuracy
of Al models, providing not only a diagnostic confirmation but also an estimate of

tumor behavior based on genetic profiling[8,12].

Al-radiomics framework for preoperative evaluation of duodenal GIST

The proposed workflow begins with the acquisition of high-resolution multiphase
contrast-enhanced computed tomography images. The tumor region is segmented,
either manually by the radiologist or automatically by an Al algorithm. Radiomic

features were then extracted from the regions of interest (Figure 3).

Shape features: Surface area-to-volume ratio, compactness, and sphericity.

Texture features: Entropy, gray-level co-occurrence matrix contrast, and uniformity.

Intensity features: First-order histogram metrics and enhancement variability across

arterial and venous phases.
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These quantitative parameters are fed into a supervised machine learning model
trained on labelled datasets of duodenal GISTs and pancreatic tumors. The output
probability assists clinicians in classifying the lesion type and guiding preoperative
decision-making. The framework exemplifies how Al could have influenced our case by
suggesting a duodenal origin and prompting confirmatory endoscopic biopsy before
major surgery.

Furthermore, AI's role in predicting patient outcomes should not be underestimated.
In this case, adjuvant therapy with imatinib was essential due to the tumor’s high
mitotic rate, which posed a risk of recurrence[15]. Al models can be designed to
analyses preoperative imaging and predict the tumor’s response to treatment. By
identifying characteristics like tumor vascularity, necrosis, and proliferation rate, Al
could predict how well the tumor will respond to tyrosine kinase inhibitors like
imatinib, helping clinicians tailor the therapy to achieve the best possible outcome[8,12].

Al could also improve the overall efficiency of the diagnostic pathway. By
automating certain aspects of the diagnostic process, Al could reduce the time needed
to assess imaging data, allowing for quicker decision-making and earlier
intervention[5,16,17]. For instance, Al could instantly provide a risk classification of the
tumor, flagging high-risk cases for immediate biopsy or surgical intervention. This
could have been particularly useful in this case, where the tumor’s high mitotic activity
warranted urgent adjuvant therapy[13].

Lastly, the integration of AI into the clinical workflow would enhance
multidisciplinary collaboration. Al tools can provide actionable insights that can be
easily shared among oncologists, radiologists, surgeons, and pathologists, fostering
better communication and a more coordinated treatment plan. As Al technologies
evolve, they will continue to improve the precision and timeliness of diagnosis and
treatment, potentially reducing the overall morbidity and mortality associated with rare

and complex conditions like duodenal GISTs[18].

Key takeaways
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Al can enhance the preoperative diagnosis of duodenal GISTs by detecting subtle
features in imaging data that distinguish them from other gastrointestinal malignancies.
Al-powered radiomics and deep learning algorithms improve diagnostic accuracy by
identifying tumor heterogeneity and predicting tumor behavior. Integrating Al into
clinical workflows can accelerate diagnosis, improve treatment planning, and
potentially lead to better patient outcomes. The preoperative use of Al could have aided
in a more accurate diagnosis and earlier intervention, improving the clinical outcome
for patients with rare tumors like duodenal GISTs. Regular integration of Al in
radiological imaging and multidisciplinary collaboration will help streamline decision-

making processes and enhance the quality of care for rare gastrointestinal malignancies.

CONCLUSION

In this case, a duodenal GIST was initially misdiagnosed as pancreatic cancer due to its
presentation with obstructive jaundice and similar imaging characteristics. The
definitive diagnosis was only made postoperatively through histopathological
examination, highlighting the challenges in diagnosing rare tumors like GISTs.
However, Al could have significantly improved the preoperative diagnostic process by
analyzing computed tomography scan images and identifying features suggestive of a
GIST, helping clinicians make a more accurate diagnosis before surgery.

By using Al-enhanced imaging analysis and radiomic features, clinicians could have
better distinguished the duodenal GIST from pancreatic cancer, reducing diagnostic
errors and enabling more targeted treatment decisions. Al could have also provided
valuable insights into the tumor’s behavior, such as its aggressiveness and response to
treatment, helping guide adjuvant therapy decisions, such as the use of imatinib. As Al
continues to evolve, it is poised to play a critical role in transforming the diagnostic
pathway for rare cancers like duodenal GISTs, improving early detection, treatment
outcomes, and patient survival. The integration of Al into clinical practice holds
tremendous promise for enhancing diagnostic accuracy, improving patient care, and

reducing the risk of misdiagnosis in challenging cases.
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