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Abstract

Pancreatic cancer is one of the most aggressive malignancies and a leading cause of cancer-
related mortality worldwide. Prognosis remains poor due to late diagnosis, as early-stage
disease is usually asymptomatic or presents with non-specific symptoms, and the lack of
effective screening results in most patients being diagnosed at an advanced stage. This review
evaluates challenges in pancreatic cancer diagnosis, summarizes available diagnostic methods,
and highlights the role of primary care physicians in early detection. Evidence published
between 2015 and 2026 was analyzed. A structured literature search was conducted using

PubMed and Google Scholar. Search terms included "pancreatic cancer”, "early diagnosis",
"screening", "biomarkers", "imaging", "liquid biopsy", "circulating tumor DNA", and "artificial
intelligence™. Original studies, reviews, and clinical guidelines were included. CT remains the
primary imaging modality, though sensitivity decreases for small lesions. Endoscopic
ultrasound improves detection and enables tissue sampling. CA 19-9 has limited early
diagnostic value. Liquid biopsy methods show promise but remain under validation. Radiomics
and Al may enhance detection of subtle imaging features. Primary care physicians are essential
for recognizing suspicious symptoms and ensuring timely referral. Early diagnosis remains
challenging due to non-specific symptoms, limited screening, and diagnostic shortcomings. A

multimodal approach combining imaging, biomarkers, and emerging technologies is needed.
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Greater awareness among primary care physicians and continued development of liquid biopsy

and Al tools may improve outcomes.

Key words: pancreatic cancer; early diagnosis; screening; biomarkers; imaging; liquid biopsy;

artificial intelligence; primary care; early detection

Introduction

Pancreatic cancer is one of the most aggressive and lethal malignancies worldwide, with a
persistently poor prognosis and a 5-year survival rate remaining below 10% in most developed
countries [1, 2, 3]. Despite advances in oncological treatment, the mortality closely mirrors
incidence rates, largely due to late-stage diagnosis and the absence of effective population-

based screening strategies [3].

Epidemiological data indicate a steady increase in both incidence and mortality of pancreatic
cancer globally, with projections suggesting it may become the second leading cause of cancer-
related deaths in the coming decades [3]. Established risk factors include older age, smoking,
obesity, chronic pancreatitis, type 1 and type 2 diabetes mellitus and family history of pancreatic
cancer. Genetic predispositions such as Lynch syndrome, Peutz-Jeghers syndrome, and
BRCA1/2 mutations are also associated with elevated risk [4]. However, most cases arise
sporadically, and the absence of clearly identifiable early clinical markers significantly limits
opportunities for early detection.

Current diagnostic pathways rely primarily on imaging methods such as computed tomography
(CT), magnetic resonance imaging (MRI), endoscopic ultrasound (EUS), and positron emission
tomography (PET), complemented by serum biomarkers, most notably CA 19-9 [5]. Although
CA 19-9 is the most widely used biomarker in clinical practice, its diagnostic utility is limited
- with reported sensitivity of approximately 70-74% even in resectable, early-stage tumors -

due to insufficient specificity and poor performance across disease stages [6].

In recent years, there has been growing interest in novel diagnostic strategies aimed at
improving early detection. Liquid biopsy approaches, including circulating tumor DNA
(ctDNA), circulating tumor cells (CTCs), and exosomes have demonstrated promising potential
in identifying tumor-specific alterations at earlier disease stages [7]. Additionally, radiomics
and artificial intelligence-based image analysis are emerging as supportive tools capable of

detecting subtle radiological patterns not visible to the human eye [8]. However, most of these



techniques remain in experimental or early clinical validation phases and are not yet part of

routine diagnostic algorithms.

The role of physicians, particularly those working in primary care facilities, is crucial in the
early recognition of pancreatic cancer. Non-specific symptoms such as unexplained weight loss,
epigastric pain, or jaundice should prompt further diagnostic evaluation, especially in high-risk
individuals. Increased clinical awareness and timely referral for advanced imaging or specialist

consultation may significantly improve the outcome.

Given the complexity of pancreatic cancer diagnosis and the lack of effective screening
programs, a multidisciplinary approach integrating clinical vigilance, radiological expertise,
novel biomarker, and the active involvement of primary care physicians research is essential.
Understanding current diagnostic limitations and emerging opportunities is therefore critical to
improving early detection and ultimately patient survival. This narrative review aims to
summarize current diagnostic methods for pancreatic cancer, evaluate emerging technologies
with potential for earlier detection, and highlight the essential role of physicians in improving

outcomes.

Methods

A narrative literature review was conducted using the PubMed and Google Scholar databases.
The search covered publications from January 2015 to May 2026. Eligible sources included
original research articles, systematic reviews, meta-analyses, clinical guidelines, and consensus
statements relevant to the diagnosis of pancreatic cancer and the role of primary care physicians
in early detection. Articles written in English were considered. References of retrieved articles

were also manually screened to identify additional relevant sources.

Results

Epidemiology and stage at diagnosis

Pancreatic cancer is a growing public health challenge worldwide, with incidence and mortality
rates continuing to rise. According to GLOBOCAN, the cumulative risk of developing
pancreatic cancer in Europe is approximately 2.21% over a lifetime, corresponding to about 2
cases per 100 individuals [9]. Across Europe in 2020, pancreatic cancer was responsible for
132,134 deaths, with 140,116 new cases recorded annually, making it one of the most lethal
malignancies on the continent. This statistics implies that almost 29% of all deaths recorded in

Europe annually are due to pancreatic cancer [10].



The prognosis of pancreatic cancer is inextricably linked to the stage at which it is diagnosed.
The majority of patients present with locally advanced or metastatic disease at diagnosis, with
approximately 80-85% of cases being unresectable at presentation [2]. Approximately 15% of
patients with pancreatic cancer are diagnosed at a localized stage, which corresponds to the

subgroup potentially eligible for surgical resection [11].
Role of imaging in pancreatic cancer detection

Each available imaging technique carries distinct advantages and limitations, and their
appropriate use depends on clinical context, lesion characteristics, and available resources.

Computed tomography (CT) remains the primary imaging modality in the diagnostic workup
of suspected pancreatic cancer. CT is the preferred modality over MRI due to wider availability,
greater consistency in image quality, and lower cost, with pancreatic cancer typically appearing
as a hypoenhancing mass on arterial phase imaging, often associated with pancreatic duct
dilatation and distal parenchymal atrophy [12]. Meta-analytic data report an overall sensitivity
of 90%, specificity of 87% and diagnostic accuracy of 89% for CT in the diagnosis of pancreatic
adenocarcinoma [13]. However, CT performs significantly worse for small lesions —
approximately 40% of pancreatic tumors smaller than 2 cm are missed on CT, precisely at the

stage when curative intervention remains most feasible [14].

Magnetic  resonance  imaging (MRI) combined with  magnetic  resonance
cholangiopancreatography (MRCP) offers complementary value, particularly in the evaluation
of cystic and indeterminate lesions. MRI with MRCP is considered the standard non-invasive
modality for detecting and evaluating pancreatic cystic lesions, offering superior contrast
resolution compared to CT for delineating cyst septations, mural nodules, and ductal
communication [15]. MRI offers superior contrast resolution compared to CT, particularly in
the detection of smaller and isoattenuating lesions that may be missed on CT, with reported
sensitivity of 93% and specificity of 90%, though its clinical use remains limited by higher cost,
longer acquisition time, and lower availability compared to CT [13].

Endoscopic ultrasound (EUS) represents the most sensitive modality for the detection of small
pancreatic lesions and occupies a critical role in both diagnosis and tissue acquisition. EUS
achieves an overall sensitivity of approximately 94% for detecting pancreatic tumors,
consistently outperforming CT, and its high resolution enables detection of focal lesions as

small as 2-5 mm [16]. EUS-guided fine needle aspiration (EUS-FNA) further allows tissue



sampling for histological confirmation. Despite these advantages, EUS is operator-dependent,

resource-intensive, and still not widely available in primary care.

Positron emission tomography (PET) plays a supplementary rather than primary role in
pancreatic cancer diagnosis. International guidelines do not currently recommend its routine
use in initial diagnosis. It can play a role in detecting occult distant metastases and assessing
resectability, particularly following neoadjuvant treatment [17]. When combined with serum
CA 19-9 measurement, PET diagnostic sensitivity may increase substantially, suggesting

potential utility in a multimodal diagnostic approach [18].

Transabdominal ultrasound, while widely available and commonly the first imaging
investigation ordered in primary care, has significant limitations in pancreatic cancer detection.
Its sensitivity ranges from 75% to 89%, with sub-optimal performance stemming from operator
experience, large body habitus, the retroperitoneal location of the pancreas, and the presence of
bowel gas [19]. It may identify large tumours, biliary dilatation, or main pancreatic duct
dilatation, but cannot reliably exclude malignancy and should not be considered sufficient in

high-risk patients with persistent symptoms [19].

Taken together, no single imaging modality offers sufficient sensitivity and specificity for
routine population-based screening. A stepwise approach - beginning with CT or
transabdominal ultrasound in primary care, followed by EUS or MRI/MRCP for indeterminate
findings - represents current best practice and should be guided by clinical risk stratification
[12].

Biomarker CA 19-9 in clinical practice

Carbohydrate antigen 19-9 (CA 19-9) remains the only widely used and regulatory-approved
serum biomarker for pancreatic cancer, and has been the subject of extensive clinical
investigation since its discovery. It is a carbohydrate antigen related to the Lewis blood group
system, detectable in serum at concentrations above the standard clinical cutoff of 37 U/mL [5].
In symptomatic patients, CA 19-9 demonstrates a sensitivity of 79-81% and specificity of 82—
90% for the diagnosis of pancreatic cancer, making it a useful adjunct to imaging in the clinical
workup [5].

Despite its widespread use, CA 19-9 carries significant limitations that preclude its application
as a population-based screening tool. False negative results occur in patients with Lewis-
negative blood group phenotype, which accounts for approximately 5-10% of the Caucasian

population, who entirely lack the enzyme required for CA 19-9 antigen production and therefore



do not express measurable serum levels regardless of tumour burden [5, 20]. Conversely, false
positive elevations are observed in a range of benign conditions including obstructive jaundice,
chronic pancreatitis, cholangitis, and diabetes mellitus. [5, 21]. Furthermore, CA 19-9 levels
may remain within the normal range during the earliest and most treatable stages of disease,
limiting its utility for early detection [6].

In current clinical practice, CA 19-9 is therefore not recommended for screening of
asymptomatic individuals [21]. Its principal role lies in monitoring treatment response
following surgical resection or systemic chemotherapy - a decrease of 20-50% or more from
baseline following treatment is associated with improved survival outcomes - as well as in
detecting postoperative recurrence [5, 21]. Carcinoembryonic antigen (CEA) is sometimes used
as a secondary marker, particularly in CA 19-9-negative patients, though it demonstrates lower
overall sensitivity and diagnostic accuracy compared to CA 19-9 [22].

These limitations highlight the urgent need for novel biomarkers capable of detecting pancreatic
cancer at an earlier and more actionable stage.

Liquid biopsy approaches in pancreatic cancer detection

Liquid biopsy refers to the analysis of tumour-derived material circulating in peripheral blood
or other body fluids, offering a minimally invasive alternative to tissue biopsy for tumour
detection, molecular profiling, and disease monitoring. The principal components of liquid
biopsy include circulating tumour cells (CTCs), circulating tumour DNA (ctDNA),
extracellular vesicles including exosomes, microRNAs, and tumour-educated blood platelets,
each providing distinct biological information about tumour presence and characteristics. Given
the anatomical inaccessibility of the pancreas and the limitations of conventional biomarkers,
liquid biopsy has attracted considerable interest as a potential tool for early detection of
pancreatic cancer [7, 23].

Circulating tumour DNA (ctDNA) is the most extensively studied liquid biopsy component in
pancreatic cancer. KRAS mutations, present in over 90% of pancreatic ductal adenocarcinomas,
represent the primary target for ctDNA detection, as their identification in cell-free DNA
provides tumour-specific evidence of malignancy detectable prior to radiological manifestation.
Detection is performed using highly sensitive methods including droplet digital PCR (ddPCR)
and next-generation sequencing (NGS). However, a significant challenge is the low
concentration of ctDNA in plasma at early disease stages - ctDNA constitutes only a small
fraction of total cell-free DNA, necessitating ultrasensitive detection techniques, and only

approximately 31% of patients with stage I/l1 pancreatic cancer have detectable KRAS ctDNA



scores [24]. Despite this, ctDNA detected during postoperative follow-up predicted clinical
recurrence with a sensitivity of 90% and specificity of 88%, suggesting particular utility in
monitoring rather than primary screening [25].

Circulating tumour cells (CTCs) represent intact tumour cells shed into the bloodstream and
carry prognostic significance in pancreatic cancer. Their detection is technically challenging
due to the extremely low abundance of CTCs in peripheral blood relative to normal
haematopoietic cells, requiring highly specialised enrichment and detection platforms [26].
Exosomes - small extracellular vesicles released by tumour cells - represent another promising
avenue. Glypican-1 (GPC1), a cell surface proteoglycan overexpressed in pancreatic cancer-
derived exosomes, has shown promise as a screening marker, with initial studies reporting
absolute sensitivity and specificity in distinguishing pancreatic cancer patients from healthy
controls and patients with benign pancreatic disease [27]. Furthermore, combining flow
cytometry with microRNA expression patterns on pancreatic cancer cell exosomes has
demonstrated screening sensitivity of 100% with a specificity of 80% in experimental settings
[23]. However, these results require validation in large prospective cohorts before clinical
adoption, as subsequent studies have been unable to consistently reproduce the original findings
using alternative detection methods [27].

MicroRNA panels represent a further emerging approach, with specific miRNA signatures
shown to distinguish pancreatic cancer patients from healthy controls and patients with chronic
pancreatitis [28]. Liquid biopsy components including cell-free nucleic acids, CTCs,
metabolome compounds, exosomes, and platelets have all demonstrated potential clinical
relevance for diagnosis, prognosis, stratification, and treatment follow-up in pancreatic cancer,
though most remain at the stage of research or early clinical validation [29].

Taken together, liquid biopsy approaches hold considerable promise for improving early
detection of pancreatic cancer, particularly as complementary tools alongside conventional
imaging and CA 19-9. Nevertheless, the transition from experimental to routine clinical use
requires standardisation of detection platforms, large-scale prospective validation, and

demonstration of clinical utility in improving patient outcomes [7, 23]
Emerging role of artificial intelligence in diagnosis

Acrtificial intelligence (Al), encompassing machine learning (ML) and deep learning (DL), is
rapidly emerging as a transformative tool in oncological diagnostics, including pancreatic
cancer detection. By analysing vast quantities of imaging data and identifying subtle patterns

beyond the capacity of human visual perception, Al-based systems hold considerable promise



for improving early detection of pancreatic ductal adenocarcinoma [30, 31].

Radiomics - the automated extraction of quantitative imaging features from cross-sectional
imaging - represents one of the most clinically advanced Al applications in this field. A key
study demonstrated that quantitative radiomic features derived from CT imaging can predict
pancreatic cancer up to 36 months before clinical diagnosis, with sensitivity ranging from 88%
to 91%, specificity from 96% to 98%, and area under the curve (AUC) of 0.98-0.99 for patients
without chronic pancreatitis [8]. These findings suggest that radiomics-based algorithms may
be capable of identifying precancerous imaging signatures at a stage when curative intervention
remains feasible, representing a significant advance over conventional visual CT interpretation.
Deep learning models applied to CT imaging have also demonstrated strong diagnostic
performance. A nationwide population-based study utilising deep learning for pancreatic cancer
detection on CT scans reported high accuracy, with the model outperforming radiologist
assessment in identifying early-stage lesions [14]. Al has further been applied to endoscopic
ultrasound (EUS) image analysis, where convolutional neural networks have demonstrated
improved differentiation of pancreatic masses from surrounding tissue, potentially reducing
operator dependency - one of the key limitations of conventional EUS [30].

Beyond imaging, machine learning approaches have been explored for mining electronic health
records (EHR) to identify patients at elevated risk of pancreatic cancer based on combinations
of diagnosis codes, laboratory values, and demographic data - an application with direct
relevance to primary care practice. Machine learning and deep learning algorithms analysing
CT images have shown the ability to compare identified changes characteristic of pancreatic
cancer against reference datasets, offering a promising complement to conventional diagnostic
pathways [32].

Despite these advances, significant barriers to clinical implementation remain. Current
limitations include the lack of large, prospectively validated, multicentre datasets; the so-called
"black box" problem of algorithmic interpretability; absence of regulatory approval for most Al
diagnostic tools; and insufficient integration into existing clinical workflows [30, 31]. Most Al
applications in pancreatic cancer diagnosis remain at the research or early validation stage and
are not yet part of routine practice. Nevertheless, the convergence of radiomics, deep learning,
and EHR-based risk stratification represents one of the most promising frontiers in improving

early pancreatic cancer detection.

Role of primary care physicians in early detection
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Primary care physicians occupy a uniquely pivotal position in the early detection of pancreatic
cancer, as they represent the first point of contact for the vast majority of patients presenting
with symptoms. Early diagnosis remains particularly challenging due to the non-specific and
often subtle clinical presentation of pancreatic cancer, with symptoms frequently overlapping
with common benign gastrointestinal conditions [33]. Several studies have demonstrated that
patients commonly attend multiple primary care consultations before receiving a diagnosis of
pancreatic cancer, contributing to significant diagnostic delays [33, 34] Symptoms that should
raise clinical suspicion include unexplained weight loss, persistent epigastric or back pain,
painless jaundice, and new-onset diabetes mellitus, particularly in individuals over 50 years of
age [35, 36].

New-onset diabetes mellitus deserves particular attention as a potential early manifestation of
pancreatic cancer. Population-based studies have shown that adults over 50 years old with
newly diagnosed diabetes have a significantly increased risk of pancreatic cancer compared
with the general population [36]. The coexistence of new-onset diabetes and unexplained
weight loss should therefore be considered a red flag warranting urgent diagnostic evaluation,
including abdominal imaging and laboratory assessment [35, 36].

Risk assessment and clinical decision-support tools may improve the identification of high-risk
patients in primary care settings. Several tools, including QCancer, electronic risk assessment
tools (eRATS), Future Health Today, and C the Signs have demonstrated potential utility in
supporting earlier recognition of pancreatic cancer symptoms in primary care, though no tool
has been developed for pancreatic cancer alone [37]. The QCancer algorithm, derived and
validated using primary care electronic health records, incorporates symptoms and risk factors
to calculate individualised cancer risk scores and has been integrated into GP software systems
in several healthcare settings [38].

Barriers to early diagnosis in primary care are well recognised and include the low prior
probability of pancreatic cancer in the general population - a GP may see only one patient with
the disease every five years - as well as the non-specific nature of early symptoms [33, 39].
Addressing these barriers requires a multifaceted approach: targeted education of primary care
physicians regarding red flag symptom combinations, development and implementation of
validated risk stratification tools, improved direct access pathways to CT and EUS, and clearly

defined referral protocols for high-risk patients [37, 39].

Discussion
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This narrative review summarizes current evidence on the diagnosis of pancreatic cancer, with
particular focus on the role of primary care physicians in improving early detection outcomes.
The collected data highlight the persistent and multifaceted challenge of diagnosing pancreatic

cancer at a stage when curative intervention remains feasible.
Interpretation of main findings

The epidemiological data confirm that pancreatic cancer continues to carry one of the worst
prognoses of any malignancy, with the majority of patients diagnosed at an advanced,
unresectable stage. The survival difference between localized and metastatic disease
underscores that stage at diagnosis is the single most decisive determinant of outcome [1, 11].
Among imaging modalities, CT remains the cornerstone of diagnosis and staging, though its
limited sensitivity for lesions smaller than 2 cm represents a critical bottleneck in early detection
[12, 14]. EUS demonstrates superior sensitivity for small lesions and tissue acquisition, but its
resource intensity and operator dependency limit widespread availability [16]. The stepwise
approach combining multiple modalities according to clinical risk remains the standard of care,
though no single modality is adequate for population-level screening.

CA 19-9 remains the only routinely used serum biomarker but is compromised by well-
documented limitations including false negatives in Lewis-negative patients and insufficient
sensitivity in early-stage tumours [5, 6]. Liquid biopsy approaches - particularly ctDNA and
exosome-based markers - show promise but remain largely in the research and early validation
phase, with sensitivity for early-stage disease still insufficient for routine clinical
implementation [24, 25, 27].

Artificial intelligence and radiomics represent genuinely promising developments, with
radiomic CT features demonstrating the ability to predict pancreatic cancer up to 36 months
before clinical diagnosis, and deep learning models showing strong performance in both
imaging analysis and EHR-based risk stratification [8, 14, 32].

Primary care physicians emerge as a critical determinant of diagnostic timeliness, with clinical
decision-support tools such as QCancer and eRATS offering practical support - though no tool

has yet been validated specifically for pancreatic cancer alone [37].
Clinical significance and practical implications

These findings emphasise the need for a multidisciplinary and integrated approach to pancreatic

cancer diagnosis. Primary care physicians should maintain heightened awareness of red flag
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symptom combinations - particularly new-onset diabetes over age 50, unexplained weight loss,
and epigastric or back pain - and ensure timely referral for imaging and CA 19-9 measurement
[35, 36, 39]. Integration of Al-based risk stratification into primary care electronic health
records and incorporation of liquid biopsy into multimodal diagnostic panels represent the most
promising near-future directions. Targeted education of primary care physicians and structured

referral protocols remain as a priority [37, 38].
Limitations and future research directions

The current evidence base is characterised by predominantly single-centre, retrospective studies
with heterogeneous designs, limiting generalisability. Liquid biopsy approaches lack
standardised detection platforms and large prospective validation datasets [23, 25].
Furthermore, most Al diagnostic models have been developed and validated in highly
specialised academic centres, and their performance in real-world clinical settings - including

primary care - remains to be established.

Future research should prioritise multicentre prospective validation of emerging diagnostic
tools, with particular focus on early-stage disease detection. The development of pancreatic
cancer-specific risk assessment instruments for primary care represents an important clinical
need [37]. Combining imaging, biomarker, and clinical risk data into integrated multimodal
diagnostic algorithms - supported by Al - offers the greatest potential for meaningful

improvement in early detection rates and, ultimately, patient survival.

Conclusion

Pancreatic cancer remains one of the most lethal malignancies, with prognosis predominantly
determined by stage at diagnosis. Despite advances in imaging, biomarker research, and
artificial intelligence, the majority of patients continue to be diagnosed at an advanced,
unresectable stage, and effective population-based screening programmes do not yet exist.
Current diagnostic pathways rely on a multimodal approach combining CT, MRI, EUS, and
CA 19-9, each with distinct strengths and limitations. Emerging technologies - including liquid
biopsy, radiomics, and deep learning - hold considerable promise for improving early detection,
but require further prospective validation before routine clinical implementation.

Primary care physicians occupy a uniquely important position in this diagnostic landscape, as

the first point of contact for the vast majority of patients. Heightened clinical awareness of red
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flag symptom combinations, timely referral, and the use of validated risk stratification tools are
essential components of an effective early detection strategy. Addressing the barriers to timely
diagnosis in primary care - through education, improved access to imaging, and integration of
clinical decision-support tools - represents one of the most actionable and immediate

opportunities to improve outcomes for patients with pancreatic cancer.
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