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Abstract
Pancreatic cancer is notorious for its persistently poor prognosis and health outcomes, so some of the questions that may be
begged are “Why is it mostly diagnosed at end stage?”, “What could we possibly do with the advancing technology in today’s world
to detect early pancreatic cancer and intervene?”, and “Are there any implementation of the existing novel imaging technologies?”.
Well, to start with, this is in part because the majority of patients presented would already have reached a locally advanced or
metastatic stage at the time of diagnosis due to its highly aggressive characteristics and lack of symptoms. Due to this striking
disparity in survival, advancements in early detection and intervention are likely to significantly increase patients’ survival. Presently,
screening is frequently used in high-risk individuals in order to obtain an early pancreatic cancer diagnosis. Having a thorough
understanding of the pathogenesis and risk factors of pancreatic cancer may enable us to identify individuals at high risk, diagnose
the disease early, and begin treatment promptly. In this review, the authors outline the clinical hurdles to early pancreatic cancer
detection, describe high-risk populations, and discuss current screening initiatives for high-risk individuals. The ultimate goal of this
current review is to study the roles of both traditional and novel imaging modalities for early pancreatic cancer detection. A lot of the
novel imaging techniques mentioned seem promising, but they need to be put to the test on a large scale and may need to be
combined with other non-invasive biomarkers before they can be widely used.
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Introduction

Globally, pancreatic cancer ranks seventh among the leading
causes of cancer-related mortality, predominantly affecting high-
income regions[1–3]. In Europe, it stands as the fourth deadliest
cancer for both sexes, and in Northern America, it claims the
third spot[4]. It is estimated that in 2023, there will be 1 958 310
new cases of cancer and 609 820 deaths from cancer in the United
States[5].

Pancreatic cancer confines a group of malignancies originating
from either the exocrine or endocrine tissue of the pancreas. The
predominant form is pancreatic ductal adenocarcinoma (PDAC),

accounting for about 85% of cases[6]. While 90% of PDAC cases
occur sporadically, about 10% are linked to hereditary and
familial predisposition syndromes. Smoking, alcohol use, and
chronic pancreatitis are established risk factors, and the likelihood
of PDAC rises with age, particularly between 60 and 80 years[7].

Unfortunately, PDAC is projected to become the second
leading cause of cancer-related deaths by 2030[8]. The majority of
patients present with metastatic or locally advanced disease, and
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surgical resection is viable for only 10–20% of individuals[9]. The
prognosis for pancreatic cancer remains grim, with a 5-year
survival rate of 8–10%[10]. Given late-stage diagnoses and the
correlation between prognosis and disease stage, there is a crucial
need for early detection methods. Despite the commendable goal
of early PDAC detection, general population screening for
asymptomatic individuals is discouraged[11]. However, screening
high-risk individuals can be advantageous, enabling earlier
diagnosis and potentially life-saving surgical intervention, which
remains the most effective curative approach[12]. The identifica-
tion of optimal imaging modalities for early PDAC detection is
still an ongoing challenge.

High-risk groups

• Pancreatitis:
• Acute and chronic pancreatitis have been associated with

the risk of pancreatic cancer.
• Ongoing tissue injury, inflammation, fibrosis, and

damage to cellular DNApromote neoplastic development
and progression in chronic pancreatitis, especially in
hereditary, recurrent, acute pancreatitis.

• Tissue damage is sustained over a period of decades in
chronic pancreatitis.

• Estimates associated with hereditary pancreatitis and
pancreatic cancer were high up to 70%[13].

• Smoking:
• Numerous epidemiological studies have shown that

chronic cigarette smoking is linked with an average
two-fold increase in its risk, with the population-attribu-
table risk of pancreatic cancer due to smoking ranging
from 11 to 32%[14].

• Obesity:
• It has been hypothesized that increased obesity in the

population contributes to the global increase in pancrea-
tic cancer.

• Several epidemiological studies have shown a correlation
between increasing body mass index and the risk of
pancreatic cancer[15].

• Diabetes:
• The risk of pancreatic cancer in people with type 2

diabetes is about twice that of the general population.
• However, the risk of pancreatic cancer is significantly

higher within 1–3 years of diabetes onset, especially
within the first 6 months (referred to as new-onset
diabetes [NOD]).

• A cohort study conducted through theMayoClinic found
that half of PDAC patients met clinical criteria for
diabetes, and 85 percent had raised fasting blood glucose,
supporting the hypothesis that the cause of diabetes in
this environment is a tumour.

• Experiments with cell lines and animal models suggest
that pancreatic cancer cells themselves produce factors
that impair glucose metabolism, inducing β-cell dysfunc-
tion and insulin resistance[16,17].

• Hereditary:
• Pancreatic cancer related to innate disorders or familial

pancreatic cancer happens in around 10% of cases[18].
• A family history of pancreatic cancer has been related to

an expanded chance of pancreatic cancer compared to

cancer-free families, and the hazard is higher on the off
chance that greater than or equal to 2 first-degree relatives
have had pancreatic cancer and are current smokers[19].

• Genetic mutations:
• Genetic mutations associated with an increased risk of

pancreatic cancer include STK11/LKB1, CDKN2A (p16),
BRCA1/2, PRSS1/SPINK1/CFTR, mismatch repair genes
(MLH1/MSH6/MSH2/PMS2), ATM, and PALB2 (new
pancreatic cancer) susceptibility gene.

• Pancreatic cancer has also been found to be associated with
familial cancer syndromes corresponding to genetic muta-
tions, such as Peutz-Jeghers syndrome (STK11/LKB1),
familial atypical multipolar melanoma (CDKN2A), heredi-
tary breast cancer ovarian cancer syndrome (BRCA1/) and
hereditary nonpolyposis colorectal carcinoma syndrome
(MLH1/MSH6/MSH2/PMS2)[20,21].

• Age:
• In the United States, 89.4% of new pancreatic cancer

cases and 92.6% of deaths occur in patients over 55 years
of age.

• New cases are typically diagnosed in people between 65
and 74 years old, with the average age of diagnosis being
70 years old, and the mortality rate is also highest among
people in the same age groupwith an average age of death
of 72 years[22](Table 1).

Odds ratio[23,24].-

Role of screening and target population

Evaluating the advantages of cancer screening

There has been disagreement over the value of early detection and
screening for many different types of cancer, but it is important to
consider the supporting data[25]. The death rates from colorectal,
breast, and prostate cancers have significantly decreased in the
United States over the past ten years[26]. The decline in death rates
can be partially attributed to increased and widespread screening
for these three cancers. The noted decrease in mortality has been
attributed in part to the identification of localized tumours that
can be successfully treated through early detection through
screening. It has been demonstrated that colorectal cancer
screening increases survival[27]. Techniques such as colonoscopy
provide benefits for treatment and lower mortality. Different
recommendations are produced as a result of conflicting evidence
regarding the reduction of mortality in breast cancer screening
(mammography) and prostate-specific antigen (PSA) testing for
prostate cancer[28–33].

Pancreatic cancer screening is a complex task, and the tech-
niques used today frequently have safety and accuracy issues.

Table 1
Risk Factors.

Risk factor Adjusted odds ratio ( 95% CI )

Pancreatic cancer family history 1.23 (1.11–3.70)
Obesity 1.77 (1.22–2.57)
Diabetes 2.96 (1.48–5.92)
Smoking 1.78 (1.02–3.10 )
Age ( <60 vs. > 60 ) 4.830 (1.556–14.99)
Acute exacerbation of pancreatitis 2.566 (0.955–6.896)
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Even though early detection is crucial, current methods such as
endoscopic retrograde cholangiopancreatography (ERCP) and
endoscopic ultrasound (EUS) can cause discomfort and unfa-
vourable reactions that can range from psychological distress to
acute pancreatitis. This dilemma highlights the urgent need for
novel screening methodologies. We have the potential to revo-
lutionize early detection, minimize invasiveness, and maximize
accuracy by utilizing cutting-edge technologies like liquid biopsy
and artificial intelligence. Furthermore, putting patient-centred
design first guarantees that safety is the top priority and that
negative effects are kept to a minimum, which encourages at-risk
populations to participate and build trust. By taking on these
obstacles head-on, we can change the paradigm of pancreatic
cancer screening and save lives while putting the needs of
patients first.

Programs for screening people may be biased by nature, which
could inflate the intervention’s advantages[34]. The perceived
efficacy of screening initiatives may be impacted by these biases,
which include lead-time and length bias. Lead-time bias occurs
when patients who have undergone screening appear to have a
longer survival time without the screening having an impact on
the disease’s natural progression[35]. It results from identifying
tumours earlier in their progression without altering the ultimate
time of death. Length bias is observed when screening programs
tend to detect tumours with a longer natural history, contributing
to debates in breast and prostate cancer screening about whether
identifying and treating such cancers truly affects overall
outcomes[34]. In screening validation studies for pancreatic can-
cer, it is essential to contemplate strategies aimed at mitigating the
impact of lead-time and length biases.

For whom is screening recommended?

In line with their 2004 recommendation, the United States
Preventive Services Task Force (UPSTF) recommended against
screening for pancreatic cancer in adults who do not exhibit any
symptoms in 2019. Interestingly, evaluation for high-risk indi-
viduals with particular genetic syndromes or familial pancreatic
cancer is not included in this guidance. However, this recom-
mendation also took into account people with other pancreatic
risk factors, such as older age, obesity, smoking, diabetes, or a
history of chronic pancreatitis. The evidence review conducted by
UPSTF highlighted the dangers of overdiagnosis and over-
treatment and found no evidence of a benefit for the general
public in having pancreatic cancer screenings[36].

Our understanding of pancreatic cancer risk factors is
incomplete, but certain groups with heightened risks have been
identified based on clinical and genetic features[37]. Clinical risk
factors include age, obesity, smoking, diabetes, and chronic
pancreatitis. Pancreatic cancer risk increases with age, primarily
occurring in individuals over 45. Body habitus, particularly in
overweight or obese individuals, is associated with an elevated
risk, as well as an earlier onset of the disease. Smoking, especially
current and recent past use, raises the risk, with smokeless
tobacco also implicated. Diabetes is linked to a higher risk, and
new-onset diabetes may signal early pancreatic cancer. Patients
with chronic pancreatitis face a significantly higher incidence of
pancreatic cancer compared to the general population[25].

Contrastingly, various societies, including the American College
of Gastroenterology (2015), International Cancer of the Pancreas
Screening Consortium (2020), and the American Gastroenterology

Association (2020), have published guidelines endorsing
pancreatic cancer screening for high-risk individuals[38–40]. These
guidelines recommend screening for conditions like Peutz-Jeghers
syndrome, CDKN2A gene mutation, hereditary pancreatitis,
Lynch syndrome, and mutations in BRCA1, BRCA2, PALB2, and
ATM genes. The International Cancer of the Pancreas Screening
Consortium extends screening recommendations to individuals
with specific familial patterns of pancreatic cancer.

The American Gastroenterology Association (AGA) suggests
that screening for pancreatic cancer in high-risk individuals
should commence at the age of 50 or 10 years earlier than the
familial onset age[39]. Given the potential for earlier onset in
genetic syndromes, screening is advised to begin at 40 for
CKDN2A and PRSS1 mutation carriers with hereditary pan-
creatitis and at 35 for individuals with Peutz-Jeghers syndrome.
In line with this, the International Cancer of the Pancreas
Screening Consortium recommends initiating screening at age 50
for those with familial risk and no genetic syndromes[38].

The AGA also suggests that if a high-risk individual has other
significant comorbidities, is not eligible for pancreatic resection,
or is more likely to die from non-pancreatic causes, screening
should be stopped. This highlights how crucial personalized
factors are when deciding whether to continue or stop pancreatic
cancer screening in high-risk individuals[39]. The study from a
Danish national screening program found that screening for
pancreatic cancer in high-risk groups, such as those with familial
pancreatic cancer (FPC) and hereditary pancreatitis (HP), yielded
incremental cost-utility ratios (ICERs) ranging from $35 493 to
$58 647 per life-year and $47 867 to $58 647 per quality-
adjusted life-year (QALY). Despite variations, the screening
programwas deemed cost-effective, particularly for FPC patients,
with an estimated ICER of $28 834 per life-year and $38 785 per
QALY[41].

Traditional modalities used for detection and
screening of pancreatic cancer

Early detection and staging are essential for the proper manage-
ment of pancreatic malignancy, including surgical planning and
better prognosis. Nevertheless, the prognosis is poor due to
aggressiveness, hidden growth, fluctuating signs till late stages,
and mostly the lack of reliable early detection methods[25,26]. The
conventional imaging techniques to detect and stage pancreatic
cancer include the following: transabdominal ultrasonography
(TAUS): This is the first imaging technique used for individuals
with jaundice or gastrointestinal discomfort. It is a non-invasive
and cost-effective method that detects tumours and reveals
whether the pancreatic or bile duct is obstructed[27]. It offers less
information for pancreatic cancer diagnosis and staging, as
compared to the computed tomography (CT) scan and MRI
described below.

From the recent studies, TAUS has an overall diagnostic
accuracy of 67.5% with a sensitivity and specificity range from
75% to 89% and 90% to 99% for the diagnosis of pancreatic
cancer, respectively. Its primary limitation is the dependence on
the patient’s condition and the operator’s skill[28,34].

Computed tomography

Often referred to as a CT scan, this is a less-invasive procedure
commonly used for the initial assessment of pancreatic
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malignancies. Because it provides detailed cross-sectional images
of the pancreas and surrounding organs, it aids in the more
accurate diagnosis of tumour unresectability[31,33]. According to
Kato, S., & Honda, K. (2020), the CT scan-based detection of
PDAC has 90% sensitivity, 87% specificity, and an accuracy of
89%[28,30]. While the CT scan is more efficient and accessible
than anMRI, it is unlikely to identify small pancreatic tumours or
iso-attenuating PDACs with indistinct borders. Nonetheless, in
clinical practice, CT scans such as the multidetector CTmodel are
still the approach of choice most widely available for detecting
and staging pancreatic cancer[33,34]. Furthermore, even though
CT scans are less invasive since they require radiation, they
become more invasive when contrast agents are used, which may
be harmful to the patients[35].

MRI

Although this approach is non-invasive, it costs more than a CT
scan. Due to its comprehensive pictures, it may help in the
detection and accurate staging of pancreatic tumours and aid in
assessing the local dissemination through possible venous and
arterial vascular invasion. It can also be used to detect metastases,
particularly hepatic and peritoneal metastases that are not
detectable with a CT scan. Therefore, MRI is more accurate than
CT to detect pancreatic lesions[27,30,33]. Additionally, MRI can
use a variety of imaging techniques to measure tissue micro-
structures and view the internal structure of the pancreatic ducts,
which may help identify indirect hallmarks of pancreatic cancer
as duct dilatation[28,31].

The reported sensitivity ofMRI for the detection of PDAC is at
93%, whereas the specificity and accuracy were 89% and 90%,
respectively, which is relatively high compared to the CT scan and
the EUS. However, people who have implants and claus-
trophobia may find the MRI challenging[28,33]. As one of its
limitations, even at a higher resolution, MRI cannot depict small
PDAC tumours[42].

In addition to the above, Nakahiro and colleagues have
reported that cross-sectional imaging modalities, including CT
scans and MRI, are not effective in detecting high-grade pan-
creatic intraepithelial neoplasia (PanIN) without invasive carci-
noma, also referred to as carcinoma in situ (CIS) at in the early
stages which is the primary precursor of PDAC[42].

Endoscopic ultrasonography

This method involves placing an ultrasonic probe through an
endoscope to take precise pictures of the pancreas. Therefore, in
addition to using EUS for pathological tissue acquisitions through
fine-needle aspiration (FNA) for patients suspected of having a
primary pancreatic tumour, it is categorized as an invasive tech-
nique and not appropriate for routine follow-up. Its main
advantage is the ability to detect small pancreatic tumours (high
resolution for small lesions of less than 2 cm at 95.2% compared
to TAUS and CT at 52.4% and 42.8%, respectively). However,
like the conventional ultrasound, the EUS performance depends
on the operator’s skills and cannot help to evaluate solid pan-
creatic lesions. Its sensitivity and specificity for pancreatic cancer
are 72% and 90%, respectively[29,33,34].

In contrast to CT scan and MRI (except magnetic resonance
cholangiopancreatography, or MRCP), the EUS can identify
abnormalities driven on by CIS, such as focal pancreatic par-
enchymal atrophy and dilation of the main pancreatic duct

(MPD), as part of the early diagnosis of pancreatic cancer[42].
Endoscopic ultrasound (EUS), for instance, is essential in identi-
fying unusual image findings like branch duct dilatation, calibre
MPD changes, small cystic lesions, and local irregular MPD ste-
nosis. In certain patients with High-grade PanIN, it may addi-
tionally detect hypoechoic areas surrounding the MPD[42,43].

Positron emission tomography (not readily accessible for
routine use) and endoscopic retrograde cholangiopancreato-
graphy (which helps diagnose pancreatic head cancer), are
additional modalities that could be used to detect and stage
pancreatic tumours[29,31–33](Table 2).

To conclude, even though those traditional imaging methods
have been used widely in clinical settings, histopathological
confirmation, which is an invasive approach, is often required to
confirm the disease. As a result, cutting-edgemodalities like liquid
biopsy and molecular imaging techniques present an opportunity
to overcome some of the previously mentioned limitations and
enhance early detection capacity.

Novel imaging techniques for early detection and
staging of pancreatic cancer

Diffusion weighted imaging (DWI) is a relatively recent MRI
technique that provides unique insights into tissue characteristics
by measuring changes in water mobility influenced by cellular
structures and microenvironment alterations. DWI, with its
quantitative measurement of the apparent diffusion coefficient
(ADC), aids in assessing microcirculation and has demonstrated
its utility in differentiating pancreatic cancer (PDAC) from
pancreatitis[45]. Studies, such as one by Kamisawa et al[46],
highlighted the significantly lower ADC values in pancreatitis
compared to PDAC and normal pancreas, establishing DWI’s
potential as a diagnostic tool. Its high accuracy in identifying
pancreatic lesions, with reported sensitivity and specificity of
96% and 99%, respectively, underscores its value in clinical
applications[47].

Intravoxel incoherent motion (IVIM) extends DWI capabilities
by separating microcirculation effects from molecular diffusion,
offering additional insights into pancreatic lesions[48]. Although
DWI faces technical challenges like respiratory motion and field
inhomogeneity, its role in improving staging and aiding in the
evaluation of pancreatic ductal adenocarcinoma is increasingly
recognized[49].

Dynamic contrast-enhanced MRI (DCE-MRI) can also pro-
vide other advanced techniques such as dynamic contrast-
enhanced MRI (DCE-MRI) for evaluation of perfusion. The
potential major interest of functional imaging is to show early
fibrotic and metabolic changes in pancreatic parenchyma despite
the absence of morphological changes. It is another advanced
technique that is typically utilized to assess morphology and
contrast agent (CA) kinetics in the tissue of interest and provide
functional insights into pancreatic perfusion[48]. It has shown
promise in characterizing solid pancreatic diseases, with potential
applications in assessing tumour hypoxia—a crucial factor in
cancer progression[50,51]. However, the overall accuracy of DCE-
MRI in evaluating pancreatic cancer remains uncertain, and
further research is needed[52,53].

Hyperpolarized MRI, utilizing agents like [1-13C] pyruvate,
enables the detection of metabolic aberrations indicating
preneoplastic changes[54]. Hyperpolarized MRI can identify
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metabolic aberrations in the pancreas that indicate preneoplasia.
Metabolic MRI imaging with hyperpolarized agents enables the
detection and monitoring of the progression of precursor lesions
towards invasive PDAC. Clinical studies have successfully
differentiated pancreatic tumour tissue using hyperpolarized
[1-13C] MRI, emphasizing its potential for monitoring disease
progression[55].

MR elastography (MRE), a phase contrast-based MRI tech-
nique that can measure displacement due to propagating
mechanical waves, from which material properties such as shear
modulus can be calculated, is emerging as a method to detect
fibrosis in pancreatic tissue[56,57]. Studies have demonstrated its
ability to differentiate PDAC from pancreatitis with high accu-
racy, utilizing stiffness and fluidity measurements. Incorporating
MRE into the characterization of solid pancreatic lesions has
shown promising results in clinical trials[58].

Dual-energy contrast-enhanced CT, with its ability to simul-
taneously image the patient with two X-ray energies, is gaining
traction for its improved contrast-to-noise ratio. This technique
enhances the detection of pancreatic tumours, especially those
with low vascularity[59,60].

Nanomaterials and molecular imaging offer exciting pro-
spects for advancing pancreatic cancer imaging. Molecular
imaging has emerged as a potential way to identify smaller
lesions, translating into the potential to diagnose at a much
earlier stage than is available. Molecular imaging has the benefit
of being able to identify differences between tumour and normal
tissue on a molecular level, not based on morphological
differences.

Nanotechnology has the potential to non-invasively differ-
entiate between tumour and stromal elements in pancreatic cancer,
thus, nanoparticles could be used to target tumour elements and
stromal elements of pancreatic cancer. Nanotechnology is defined
as the manipulation of organic or inorganic materials to form
structures on the scale of nanometres. Nanoparticles have the
potential to target tumour and stromal elements, improving ima-
ging contrast[61]. Molecular imaging, coupled with conventional
techniques, holds promise for early lesion identification[62–65].

Radiomics is a quantitative analysis of medical image data,
and the extraction of imaging features, also called ‘radiomics’,
represents an emerging approach in personalized medicine and
advanced diagnostics, especially for disease characterization or
outcome prediction. It is a quantitative analysis of medical image
data, and artificial intelligence-assisted methods represent a
growing field in personalized medicine. Despite challenges like
protocol variability, radiomics shows promise in risk stratifica-
tion, surgical decision-making, treatment response prediction,
and differential diagnosis for PDAC. Deep learning in radiomics
could pave the way for objective evaluations of medical images,
providing accurate predictions of pancreatic cancer in pre-
diagnostic stages[66].

Conclusion

While the exact benefit of pancreatic cancer screening remains
unclear, screening of the general population is not recommended
due to the low disease incidence and high costs. The main goal,
therefore, is the early detection of asymptomatic high-grade
precursor lesions and non-invasive PDAC through targeted
screening of high-risk populations to enable the detection of
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resectable lesions. In effect, the task remains to identify the most
at-risk within this high-risk population. Due to the relatively low
incidence of PDAC, pooling of data from individual screening
trials is needed to accumulate sufficient evidence of a clinical
benefit. The multimodality approach has led to recent significant
advancements in pancreatic imaging; however, eachmodality has
specific roles, benefits, and drawbacks for pancreatic cancer
diagnosis, treatment, and follow-up. It is important for radi-
ologists and clinicians to be aware of these features of imaging
modalities and to use them whenever appropriate. In the near
future, it is anticipated that cutting-edge imaging techniques that
are developing quickly, such as DWI, DCE-MRI, hyperpolarized
MRI, MRE, Dual-energy contrast-enhanced CT, Nanomaterials
and molecular imaging will be widely employed and perform
exceptionally well for pancreatic cancer imaging. As our under-
standing of this disease improves through future research, we can
expect better panels of markers combined with these novel ima-
ging modalities to improve detection such that screening becomes
the norm to eventually guide therapy by revealing the tumour
microenvironment and the class of driver mutations. Therefore,
we highly encourage the publication of evidence-based articles to
expand and implement the initiative of early screening in high-
risk individuals, as well as address any challenges that may
come ahead.
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