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Pancreatic cancer (PC) is an exceptionally lethal malignancy with increasing incidence and 
mortality worldwide. One of the principal challenges in the treatment of PC is that the diagnosis is 
usually made at a late stage when potentially curative surgical resection is no longer an option. 
General clinicians including internists and family physicians are well positioned to identify high-risk 
individuals and refer them to centers with expertise in PC screening and treatment where screening 
modalities can be employed. Here, we provide an up-to-date review of PC precursor lesions, 
epidemiology, and risk factors to empower the general clinician to recognize high-risk patients and 
employ risk reduction strategies. We also review current screening guidelines and modalities and 
preview progress that is being made to improve screening tests and biomarkers.  

It is our hope that this review article will empower the general clinician to understand which 
patients need to be screened for PC, strategies that may be used to reduce PC risk, and which 
screening modalities are available in order to diminish the lethality of PC. 
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INTRODUCTION 

Pancreatic cancer (PC) represents a particularly 
challenging clinical entity with a 5-year survival 
rate of only 9.3% [1]. PC carries a high mortality 
rate due to multiple factors, including the often 
asymptomatic presentation of early stage PC, the 
anatomical proximity of PC to multiple crucial 
structures whose involvement can preclude surgical 
resection, the unique biology of PC including 
resistance to current immunotherapies, and the lack 
of both cost-effective population-wide screening 
protocols and PC-specific biomarkers that enable 
detection at early stages when potentially curative 
surgical resection can be offered [2, 3]. 

Despite challenges in screening for PC, 
much is known about the epidemiology of PC and 
both high-quality data and society guidelines 
provide a valuable framework to decide which 
individuals should be screened for PC and which 
screening tests should be utilized. Appropriate 
screening for PC can yield a significant survival 
benefit as localized, early-stage PC can often be 
surgically resected, leading to a 5-year survival 
rate for localized PC of 37.4% compared to less 
than a third of that for PC that has spread to lymph 
nodes or beyond [1].  

In this review, we provide up-to-date 
information on PC precursor lesions, epidemiology 
and risk factors for PC, and screening tests and 

guidelines that exist to guide clinical decision-making. 
Knowledge of the risk factors for developing PC 
can guide risk-reduction strategies and inform the 
clinician as to which patients should be screened. 
The referral of the correct patient population to 
specialty centers that perform PC screening and 
treatment can make a life-saving impact. We also 
discuss screening modalities and biomarkers and 
overview active research being performed to improve 
the efficacy of PC screening.  

PANCREATIC CANCER PRECURSOR LESIONS 

At least 90% of primary pancreatic neoplasms 
are pancreatic ductal adenocarcinomas (PDACs), 
with the remainder divided between pancreatic 
neuroendocrine tumors and other more rare 
malignancies [4, 5]. As such, PC and PDAC are often 
used interchangeably, a convention this review 
also utilizes, though it is important to note that the 
other pancreatic neoplasms have different biologies, 
prognoses, and treatments. PDACs usually arise in 
a stepwise manner from pancreatic intraepithelial 
neoplasias (PanINs). PanINs are pathologically graded 
as low (PanIN-1), intermediate (PanIN-2), or high 
(PanIN-3) grade based on their degree of cellular 
and nuclear atypia [5]. DNA sequencing studies 
have demonstrated an escalation in genetic alterations 
as PanINs increase in grade and progress towards 
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PDAC, with early mutations in KRAS followed by 
alterations in P16, P53, and DPC4/SMAD4 among 
others [6]. Typically, PanINs are microscopic and 
difficult to find on screening, though in cases where 
PanINs are resected before developing invasive features 
the 5-year survival rate improves up to 85% [7]. 

A smaller number of PDACs arise from 
intraductal papillary mucinous neoplasms (IPMNs), 
which are cystic lesions with mucinous lumens and 
papillary growths that can readily be detected on 
imaging. IPMNs can be subclassified based on 
histology and whether they involve the main 
pancreatic duct (main-duct type) or side branch 
(branch-duct type) [8]. Approximately 20–30% of 
IPMNs are found to contain invasive cancer on 
resection, with main-duct types having the highest 
risk [9]. Not all IPMNs require resection, and 
guidelines exist to determine follow up upon their 
detection based on size and features [10]. IPMNs 
may be associated with the phenomenon of field 
cancerization (also called a “field defect”) whereby 
the growth of one IPMN indicates that cancerous 
lesions may arise in other areas of the pancreas 
[11]. Further research in elucidating the biology of 
IPMNs, and IPMN pathology and screening 
guidelines are an active area of research [12]. 

Rarely, mucinous cystic neoplasms (MCNs), 
which are slow growing cystic tumors that are 
usually found in women, may develop into 
PDACs, though the malignant potential of MCNs 
is not clear [13]. Unlike IPMNs, MCNs are not 
associated with field cancerization and their 
resection leads to a 5-year survival rate of nearly 
100% [14]. Despite a growing understanding of PC 

precursor lesions, only 15–20% of PC is surgically 
resectable at time of diagnosis due to a current lack 
of effective, population-wide screening tests that 
can identify early-stage disease [15].  

EPIDEMIOLOGY AND RISK FACTORS 

The incidence and mortality of PC are both 
increasing. According to the National Institutes of 
Health Surveillance, Epidemiology, and End Results 
(SEER) Program database, in 2019 there were an 
estimated 56,770 new cases and 45,750 deaths 
from PC in the United States, representing 3.2% of 
new cancer cases and 7.5% of all cancer deaths in 
the United States [1]. According to the most recent 
GLOBOCAN estimates, there were 458,918 new 
cases and 432,242 deaths from PC worldwide in 
2018, representing 2.5% of new cancer cases and 
4.5% of all cancer deaths worldwide [16]. Given 
current trends, worldwide PC incidence and mortality 
are both expected to increase by approximately 80% 
by the year 2040 [17].  

There are many identified modifiable and 
non-modifiable risk factors for PC [18]. 
Modifiable risk factors for developing PC include 
acute and chronic pancreatitis, diabetes mellitus, 
tobacco smoking, unfavorable dietary factors 
(including consumption of animal products, high 
starch diets, and Western type diets), obesity, and 
physical inactivity (Table 1). A number of other 
modifiable risk factors, including Hepatitis B, 
Hepatitis C, and H. pylori infection, are under 
active investigation [18].  

 
Table 1 

Modifiable Risk Factors for the Development of Pancreatic Cancer 

Risk Factor Risk References 
Chronic pancreatitis RR of 13.3 [19] 
Cigarette smoking RR of 1.7–2.4 [20,21] 
Unfavorable diet patterns* RR of 1.69–2.4 [22] 
Diabetes mellitus RR of 1.63–2.1 [23,24] 
Acute pancreatitis HR 2.02 [25] 
Obesity (BMI ≥30 kg/m2) RR of 1.19–1.36 [26,27] 
High physical activity (protective)** RR of 0.78–0.93 [28] 

RR = relative risk. HR = hazard ratio. * = Defined as diet patterns high in animal products, starches, or with Western features [22]. 
** = compared to low physical activity [28]. 

 
The risk incurred by modifiable risk factors 

can be reduced by lessening or eliminating the 
underlying risk factor. For example, in obese 
individuals, each change in BMI by 5 kg/m2 has 
been correlated with a proportionate change in the 
RR of developing PC by 1.16 in men and 1.10 in 

women [29]. Smoking abstinence reduces the risk 
of PC over time to approximately baseline risk by 
20 years [30]. The presence of multiple modifiable 
risk factors appears to incur additional risk, though 
the magnitude of increased risk for each additional 
risk factor and the interaction between them is 
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unclear. The European Prospective Investigation 
into Cancer (EPIC) and Nutrition cohort, which 
investigated multiple lifestyle factors and PC risk 
in 400,577 participants, calculated that 19% of PC 
risk can be attributed to lifestyle, with 14% of PC 
risk still attributable to lifestyle after smoking was 
removed [31]. Unfortunately, many of the modifiable 
risk factors for PC, including diabetes mellitus, 
obesity, and physical inactivity are highly prevalent 
in the United States and worldwide, highlighting 
the intersection between these public health crises 
and PC risk.  

There are a number of non-modifiable 
risk factors for developing PC that have been 
studied (Table 2). These risk factors vary from 
genetic cancer predisposition syndromes to other 

diverse risk factors that include non-O blood type, 
non-European descent, and family history of PC 
(Table 2). A key risk factor for the general clinician 
to know is familial pancreatic cancer (FPC), which 
is defined as an individual who has at least  
two first-degree relatives (FDRs) affected by PC 
without a recognized cancer-predisposing mutation. 
Approximately 5–10% of individuals who develop 
PC have FPC and identifying this subpopulation of 
patients is one of the most important contributions a 
general clinician can make to reducing PC mortality 
[32]. Two other key risk factors for the general 
clinician to recognize are Peutz-Jeghers syndrome 
and hereditary pancreatitis (Table 2), which endow 
the highest risk for developing PC and merit earlier 
screening as discussed below.  

 
Table 2 

Non-Modifiable Risk Factors for the Development of Pancreatic Cancer 

Risk Factor Risk References 
Genetic Syndromes 

STK11/LKB1 – Peutz-Jeghers syndrome SIR of 132 [33] 
PRSS1 – Hereditary pancreatitis SIR of 53 [33] 
CDKN2A – Familial atypical mole and melanoma syndrome SIR of 13–38 [33, 34] 
MMR* Gene Mutations – Hereditary nonpolyposis colon 
cancer/Lynch syndrome HR of 8.6 [35] 

TP53 – Li-Fraumeni syndrome RR of 7.3 [36] 
APC – Familial adenomatous polyposis RR of 4.46 [37] 
BRCA2 – Hereditary breast and ovarian cancer syndrome OR of 3.5 [33] 
ATM heterozygous – Ataxia telangiectasia (carrier status) 
PALB2 – Hereditary breast cancer syndrome 

RR of 2.41 
Unclear- under active investigation 

[38] 
[39] 

Family History of Pancreatic Cancer 
3 First-degree relatives affected (FPC) SIR of 17.02 [40] 
2 First-degree relatives affected (FPC) SIR of 3.97 [40] 
1 First-degree relative affected OR of 1.14–2.53 [41] 
1 Second-degree relative affected RR of 1.59 [42] 

Blood Type 
Non-O blood group HR of 1.32–1.72 [43] 

Ethnicity 
Native Hawaiian RR' of 1.6 [44] 
Japanese American RR' of 1.33 [44] 
African American RR' of 1.2 [44] 
Latino American RR' of 0.9 [44] 

SIR = standardized incidence ratio. OR = odds ratio. HR = hazard ratio. RR = relative risk. MMR = mismatch repair. RR' = relative 
risk compared to patients of European descent (Huang et al 2019). * = MLH1, MSH2, and MSH6 genes [35]. FPC = familial 
pancreatic cancer (at least two first-degree relatives affected). 

 
Of note, research is underway to further 

characterize the effect of single-nucleotide 
polymorphisms (SNPs) on PC risk. SNPs are 
single-base changes in the sequence of a person’s 
DNA and are typically identified by DNA sequencing 
or DNA microarray from samples such as DNA 
isolated from peripheral venous blood [33]. Many 
SNPs have been identified that can either increase 
or decrease the risk of developing PC, though the 

mechanism of how these SNPs affect PC risk is not 
clear and is an area of active research [33] As further 
research elucidates the impact and interrelationship 
of modifiable and non-modifiable risk factors for PC 
development, this should empower the development 
of better clinical decision aids to assist clinicians in 
identifying high-risk patients so that they can be 
referred for screening with the appropriate tests as 
described below.  
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SCREENING GUIDELINES 

The International Cancer of the Pancreas 
Screening (CAPS) Consortium convened in 2011 
and 2018 to produce and update extensive PC 
screening guidelines based on the consensus of a 
large, multinational group of experts in PC biology, 
epidemiology, and treatment. The 2019 CAPS 
guidelines were recently released and provide 
updated PC screening guidelines [45].  

General agreement was reached among CAPS 
consortium members that high-risk individuals should 
be screened for PC, with risk either being genetic, 
familial, or both (see Table 3). 

Consensus for the starting age to initiate 
screening in high-risk individuals was 50–55 years 
for patients who meet familial risk criteria, 40 for 
patients with Peutz-Jeghers syndrome or familial 
atypical mole and melanoma syndrome, and 45–50 
for patients with other mutations. For all high-risk 
individuals, agreement was reached that screening 

should begin 10 years before the youngest age at 
which a blood relative developed PC, if this age is 
lower than the general age guidelines above [45]. 
No consensus was reached when to end screening. 

The American Society of Clinical Oncology 
(ASCO) published a provisional clinical opinion in 
2018 stating that individuals with FPC should be 
evaluated for PC susceptibility with a thorough 
family history and potentially genetic testing [46]. 
They recommended that individuals who develop 
PC should undergo hereditary and potentially germline 
genetic analysis, after discussion of risks and benefits, 
to determine familial predisposition and identify 
the need for PC surveillance. They also provided 
guidelines on which individuals should be screened 
based on genetic and familial risk (see Table 3).  
In agreement with the CAPS and the National 
Comprehensive Cancer Network (NCCN), ASCO 
recommends that PC screening should be performed 
at centers with appropriate expertise in managing 
individuals with PC risk [45–47]. 

 
Table 3 

Society Guidelines on Selecting Individuals who Merit Screening for Pancreatic Cancer 

Risk Category CAPS 2019 Guidelines [45] ASCO 2018 Provisional Clinical Opinion [46] 

Genetic 
All individuals with Peutz-Jeghers or FAMM 
syndrome. All individuals with hereditary 
pancreatitis after their first attack. 

 

Genetic + Familial 
Individuals with pathologic mutations of 
BRCA2, PALB2, CDKN2A, ATM, or MMR 
genes* + 1 FDR with PC. 

Individuals with FH of PC and pathologic mutation of 
APC, ATM, BRCA2, BRCA1, CDKN2A, MMR genes*, 
PALB2, STK11, or TP53. 

Familial Individuals with FPC or two or more BRs + 1 
FDR with PC.  Individuals with at least one FDR with FPC. 

CAPS = The International Cancer of the Pancreas Screening (CAPS) Consortium. ASCO = American Society of Clinical Oncology. 
FAMM = familial mole and melanoma syndrome. * = MLH1, MSH2, MSH6, PMS2, and EPCAM. PC= pancreatic cancer. FDR = 
first-degree relative. BR = blood relative. FH = family history. FPC = familial pancreatic cancer (PC affecting two FDRs).  

 
The United States Preventive Service Task Force 

(USPSTF) published and recently reaffirmed its 
decision to provide a Grade “D” recommendation for 
PC screening in asymptomatic, average-risk individuals. 
This designation means that the potential benefits of 
PC screening in asymptomatic, average-risk adults 
do not outweigh the potential harms [48]. This is 
consistent with CAPS and NCCN guidelines [45, 47]. 
It is important to note that even though societies 
currently do not recommend screening average-
risk adults, it has been demonstrated that screening 
high-risk populations for PC is cost-effective. For 
example, the Danish national screening program 
identified that screening patients with either FPC 
or hereditary pancreatitis yielded a cost per quality-
adjusted life-year (QALY) of US $42,128, which is 
below the US $50,000 per QALY that is typically 
used to identify a cost-effective intervention [49]. 

As imaging modalities improve and more specific 
biomarkers are found, as discussed below, we 
anticipate that screening guidelines will continue to 
evolve and the cost effectiveness of screening will 
continue to improve.  

SCREENING TESTS 

A variety of PC screening modalities have been 
studied (see Table 4). When screening is indicated, 
the first line tests are generally magnetic resonance 
imaging/magnetic retrograde cholangiopancreatography 
(MRI/MRCP) or endoscopic ultrasound (EUS). These 
modalities are preferred over computed tomography 
(CT) because they confer higher detection rates of 
small pancreatic lesions and do not expose patients 
to ionizing radiation. In one study, MRI and EUS 
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detected more pancreatic lesions (33.3% and 42.5%, 
respectively) versus CT (11%) [50]. The concordance 
between MRI and EUS was better than that between 
EUS and CT when compared to lesion size, number, 

and location, and MRI detected more cases of cyst 
communication with the main pancreatic duct, a 
feature diagnostic for IPMN and concerning for 
malignant potential [50]. 

 
Table 4 

Modalities for Pancreatic Cancer Detection 

Modality Sensitivity (%) Specificity (%) PPV (%) NPV (%) References 
MRI 88–100 63.4–94 71.4–96.2 68.5–100 [68–70] 
MRCP 97.1–100 81.8–88 94.4–97 90–100 [71,72] 
EUS 79–97.5 53–90.3 82.2 71.3 [56,68,73] 
EUS-FNA 85–92 96–98 90–98 72–80 [56,74,75] 
CT* 66.7–100 60–100 61.5 56.7 [73,76–80] 
PET/CT* 71–92 64–92 79.4–96 25–88.9 [73,76] 
Transabdominal Ultrasound 75–98 90–99 86–95.9 12.2–98 [81–83] 
CA 19–9 70–90 68–91 41–95 65–98 [84] 
CEA  40–92 59–90 25–91 53–98 [84] 

MRI = magnetic resonance imaging. MRCP = magnetic resonance cholangiopancreatography. EUS = endoscopic ultrasound. FNA = 
fine-needle aspiration. CT = computed tomography. PET = positron emission tomography. * = Sensitivity and specificity for CT vary 
drastically depending on detector and protocol [73].  

 
EUS has been found to have higher sensitivity 

than MRI for detecting pancreatic lesions [51]. EUS 
can be coupled with fine-needle aspiration/biopsy 
(FNA/FNB) to sample cyst fluid and suspicious solid 
tissue lesions, allowing gene and protein analysis that 
may facilitate diagnosis of pre-malignant or malignant 
lesions and determine subsequent management [52]. 
EUS also allows pancreatic fluid collection for PC 
biomarker analysis, which is an active area of research 
[53]. Linear array EUS imaging (providing ultrasound 
images parallel to the long-axis of the endoscope) 
identifies more lesions on initial examination and 
has a lower lesion miss rate than radial array [54]. 
EUS-FNA/FNB is generally indicated for solid lesions 
equal to or larger than 5 mm, cystic lesions with 
concerning features, and suspicious main pancreatic 
duct strictures [45]. However, EUS-FNA/FNB does 
have limitations that include a low sensitivity of 
cytology from cystic lesions, low fluid volume yield 
from small cysts, and variability depending on 
procedure and technique employed [55]. Modified 
EUS protocols, including EUS elastography and 
contrast-enhanced ultrasound, are actively being 
investigated to further improve the sensitivity of 
EUS for PC screening [56]. 

CT has not traditionally been considered a first-
line screening modality due to multiple limitations 
including a 3–5 mm size threshold for lesion detection, 
lack of sensitivity for detecting early lesions, and 
exposure of the patient to ionizing radiation [57]. 
CT can be employed for PC screening in individuals 
who cannot undergo MRI or EUS or to further 
evaluate solid lesions detected and inconclusively 

characterized by MRI and EUS. Many of the 
limitations of CT have been overcome by contrast-
enhanced, multidetector, high-resolution pancreatic-
protocol CT, which greatly increases the sensitivity 
for PC [58]. A typical pancreatic protocol consists of 
triphasic (arterial, later arterial, and venous phases) 
imaging. This allows for rapid anatomic coverage 
coupled with excellent resolution of tumor growth 
[71]. For intraductal papillary mucinous neoplasms 
(IPMNs), multidetector CT has been found to perform 
similarly to MRI in identifying the malignant potential 
of the lesions [59], revealing the utility of CT as a 
follow up imaging.  

Transabdominal ultrasound can also be used 
to detect pancreatic lesions, but is not traditionally 
considered a first-line test due to variable diagnostic 
sensitivities [60]. Transabdominal ultrasonography 
of the pancreas is often obscured by bowel gas and 
can be technically challenging with the obese patient; 
however, sensitivity and specificity of transabdominal 
ultrasonography for PC can improve up to 89% and 
99%, respectively, with optimizations to operator 
technique and increased operator expertise [61], 
making this modality a potentially cost-effective, 
noninvasive approach to PC screening when 
performed in the correct setting. ERCP is not 
recommended as an initial screening test or for 
follow-up testing when lesions are discovered 
because it does not improve diagnostic yield and 
incurs a risk of postprocedural pancreatitis that can 
be as high as 15.1% [62,63].  

When pancreatic lesions are found on imaging, 
guidelines from the CAPS consortium [45], American 
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College of Gastroenterology [64], and American 
College of Radiology [65] provide evidence-based 
strategies for further management. Generally, small 
cysts without worrisome features or nonspecific 
parenchymal changes associated with chronic 
pancreatitis may be followed by annual screening 
imaging. However, cysts with complex or worrisome 
features, solid lesions, and pancreatic duct strictures 
or dilations are concerning abnormalities that 
will require evaluation for increased screening 
frequency, follow-up imaging, FNA/FNB, or surgical 
resection [45].  

If PC is suspected based on the results of 
imaging, or if PC is identified on biopsy, then 
guidelines recommend obtaining a serum carbohydrate 
antigen (CA) 19–9 level [45, 47]. Given the sensitivity 
and specificity of CA 19–9 for PC of 78.2% and 
82.8%, respectively, CA 19–9 measurements are not 
appropriate for population-wide PC screening, though 
they do have utility for prognosis and monitoring 
of treatment response [66]. Carcinoembryonic 
antigen (CEA) has limited utility for screening and 
diagnosis of PC given a sensitivity and specificity 
of 44.2% and 84.8%[66], though combining CA 
19–9 and CEA measurements may increase the 
diagnostic accuracy for PC [67]. High-risk patients 
should also be screened for new-onset diabetes 
mellitus with a fasting glucose or hemoglobin A1c 
[45]. New-onset diabetes mellitus may precede PC 
by several years, but is an insensitive marker, 
projecting a three-year cancer incidence of only 
1% [24]. Active research is being conducted to 
improve the utility of PC screening tests and identify 
novel biomarkers that will empower improved 
screening and earlier diagnosis, as described below.  

FUTURE DIRECTIONS 

The major limitation to PC screening is the 
lack of cost-effective screening modalities that can 
detect localized, early-stage PC that is potentially 
curable by surgical resection on a population-wide 
scale [63]. To this end, active research is seeking 
to both improve the efficacy of current screening 
modalities and to develop new biomarkers that have 
sufficient sensitivity for population-wide screening.  

One innovative approach is the incorporation 
of artificial intelligence (AI) with imaging and 
screening, particularly deep learning, a methodology 
whereby a computer can take unstructured data and 
organize it using human modeled neural networks 
[85, 86]. Early studies have shown that augmentation 
of imaging such as EUS with AI can aid in diagnosing 

malignant lesions [87, 88]. Furthermore, a recent 
study utilizing an artificial neural network approach 
to analyzing personal health data found an ability 
to predict PC with a sensitivity and specificity as 
high as 87.3% and 80.8% based on health biometrics 
alone [89]. Although still early in development, the 
incorporation of AI represents a cutting-edge frontier 
in PC screening and risk stratification. 

Another promising avenue is advancements 
in PC biomarkers. Currently, CA 19–9 is the only 
FDA approved PC biomarker but many others 
including Glypican 1 (GPC1), PAM4, microRNAs 
(miRNAs), circulating tumor DNA (ctDNA), 
exosomes, and others are being actively studied 
[90]. GPC1 expression is much higher in PC tissue 
cells compared to those of normal tissues and 
GPC1 levels are correlated to perineural invasion 
and poor survival [91]. An early trial of utilizing 
GPC1 as a biomarker found a near-perfect sensitivity 
and specificity for detecting PC, though further 
research and validation is needed [92]. PAM4/ 
clivatuzumab is a monoclonal antibody with 
specificity for early stage PC that may have utility 
as a theranostic agent that can both diagnose and 
treat PC when conjugated to radionuclides such as 
90Y [93]. miRNAs detected in urine and feces have 
been shown to have promise for PC screening, 
with a combination of miRNAs in urine found to 
have a sensitivity and specificity of 83.3% and 
96.2% in one trial [94]. ctDNAs have been shown 
to predict recurrence and survival, and analyzing 
for ctDNA from venous blood samples may represent 
a way to screen for multiple cancers at once [95]. 
Pancreatic cancer cells also release exosomes that 
may have utility in both the diagnosis of PC and in 
anticancer therapy, as depletion of PC-derived 
exosomes has been demonstrated to sensitize PC 
cells to chemotherapy agents in cell culture [96]. 
We predict that the combination of advancements 
in AI and biomarkers will revolutionize detection 
of PC in the years to come. 

CONCLUSIONS 

PC is a highly lethal malignancy that is 
projected to nearly double in incidence and mortality 
over the next 20 years. An understanding of the 
epidemiology of PC, risk factors for developing 
PC, and PC screening guidelines and modalities is 
crucial for the general clinician. This knowledge will 
enable risk reduction strategies and timely referral 
of the appropriate patient population to centers where 
lifesaving, state-of-the-art PC screening modalities 
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can be employed (see Figure 1). As progress in  
PC screening continues, this should allow the 
development of cost-effective, population-wide PC 

screening programs that, combined with innovations 
in treatment, will improve outcomes for individuals 
affected by this challenging clinical entity. 

 

 
Figure 1. Pancreatic Cancer Screening for the General Clinician. The baseline lifetime risk of developing cancer for men and women 

for pancreatic cancer (PC) is estimated to be 1.6% [1]. Evaluation of individual risk must consider both modifiable (see Table 1)  
and non-modifiable (see Table 2) risk factors. All individuals should be counseled to reduce their risk as appropriate. Individuals  

who meet society guidelines for PC screening (see Table 3) should be referred to a center with expertise in PC screening and 
treatment, where PC screening modalities (see Table 4) can be appropriately employed and acted upon. 

 
 
Cancerul pancreatic (PC) reprezintă o malignitate letală cu o creştere a 

mortalităţii şi a incidenţei la nivel mondial. Una din provocările în tratarea PC 
este diagnosticarea acestei patologii, întrucât diagnosticarea se realizează tardiv. 
Medicii internişti precum şi cei de familie pot identifica pacienţii cu risc înalt şi îi 
pot trimite către centre cu expertiză şi screening în PC. În acest articol sunt trecute 
în revistă leziunile precursoare PC, epidemiologia acestuia, precum şi principalii 
factori de risc care pot orienta clinicianul în a recunoaşte PC. Sunt trecute în 
revistă şi ghidurile pentru screening precum şi modalităţile prin care se poate 
îmbunătăţi diagnosticul precoce a PC. Speranţa autorilor este că acest articol tip 
review va ajuta clinicienii să identifice mai uşor pacienţii care trebuie să fie 
investigaţi pentru PC, precum şi să sublinieze strategiile prin care să fie scăzut 
riscul de apariţie a PC şi care sunt modalităţile de screening pentru a diminua 
mortalitatea cauzată de PC. 

 
 
Correspondence to: Razvan Chirila, MD, 4500 San Pablo Road South, 32224, Jacksonville, Florida, USA 

Phone: +1 9049532824 
Fax: +1 9049532848 
Email: Chirila.Razvan@mayo.edu 

 
Acknowledgments: None 
 
Conflicts of interest disclosure: The authors declare that there are not conflicts of interest. 

REFERENCES 

1. SURVEILLANCE, EPIDEMIOLOGY, AND END RESULTS (SEER) PROGRAM. Cancer Stat Facts: Pancreatic Cancer. 
2019. Accessed from <www.seer.cancer.gov> on 11/30/2019. 

2. MCGUIGAN A., KELLY P., TURKINGTON, RC., JONES C., COLEMAN HG., MCCAIN RS. Pancreatic cancer: A review of 
clinical diagnosis, epidemiology, treatment and outcomes. World J Gastroenterol. 2018; 24(43):4846–4861. 



 Nathaniel E. Wiest et al. 8 126 

3. MORRISON AH., BRYNE KT., VONDERHEIDE, RH. Immunotherapy and Prevention of Pancreatic Cancer. Trends Cancer 
2018; 4(6):418–428. 

4. LEWIS A., LI D., WILLIAMS J., SINGH, G. Pancreatic Neuroendocrine Tumors: State-of-the-Art Diagnosis and Management. 
Oncology (Williston Park) 2017; 31(10):e1-e12. 

5. HAEBERLE L., ESPOSITO I. Pathology of pancreatic cancer. Transl Gastroenterol Hepatol. 2019; 4(50):eCollection. 
6. ABRAMSON MA., JAZAG A., VAN DER ZEE JA., WHANG EE. The molecular biology of pancreatic cancer. Gastrointest 

Cancer Res. 2007; 1(4):S7–S12. 
7. EGAWA S., TOMA H., OHIGASHI H., OKUSAKA T., NAKAO A., HATORI T., et al. Japan Pancreatic Cancer Registry; 

30th year anniversary: Japan Pancreas Society. Pancreas 2012; 41(7):985–992. 
8. PATRA KC., BARDEESY N., MIZUKAMAI Y. Diversity of Precursor Lesions For Pancreatic Cancer: The Genetics and 

Biology of Intraductal Papillary Mucinous Neoplasm. Clin Transl Gastroenterol. 2017; 8(4):e86.  
9. MINO-KENUDSON M., FERNANDEZ-DEL CASTILLO C., BAB Y., VALSANGKAR NP., LISS AS., HSU M., et al. 

Prognosis of invasive intraductal papillary mucinous neoplasm depends on histological and precursor epithelial subtypes. Gut 
2011; 60(12):1712–1720. 

10. TANAKA M., FERNANDEZ-DEL CASTILLO C., KAMISAWA T., JANG JY., LEVY P., OHTSUKA T., et al. Revisions of 
international consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pancreatology 2017; 17(5):738–753. 

11. FISCHER CG., BELEVA GUTHRIE V., BRAXTON AM., ZHENG L., WANG P., SONG, Q. et al. Intraductal Papillary 
Mucinous Neoplasms Arise From Multiple Independent Clones, Each With Distinct Mutations. Gastroenterology 2019; 
157(4):1123–1137. 

12. LEVINK I., BRUNO MJ., CAHEN DL. Management of Intraductal Papillary Mucinous Neoplasms: Controversies in 
Guidelines and Future Perspectives. Curr Treat Options Gastroenterol. 2018; 16(3):316–332. 

13. NAVEED S., QARI H., BANDAY T., ALTAF A., PARA M. Mucinous Cystic Neoplasms of Pancreas. Gastroenterology Res 
2014; 7(2):44–50. 

14. ZAMBONI G., SCARPA A., BOGINA G., IACONO C., BASSI C., TALAMINI G., SESSA F. et al. Mucinous cystic tumors of 
the pancreas: clinicopathological features, prognosis, and relationship to other mucinous cystic tumors. Am J Surg Pathol. 1999; 
23(4):410–422. 

15. KOMMALAPATI A., TELLA SH., GOYAL G., MA WW., MAHIPAL, A. Contemporary Management of Localized Resectable 
Pancreatic Cancer. Cancers (Basel) 2018; 10(1):E24. 

16. BRAY F., FERLAY J., SOERJOMATARAM I., SIEGEL RL., TORRE L., JEMAL A. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for clinicians 
2018; 68(6):394–424. 

17. INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. Estimated number of deaths from 2018 to 2040, all cancers, 
both sexes, all ages. Accessed from <gco.iacr.fr/tomorrow>on 3/2/2020. 

18. MIDHA S., CHAWLA S., GARG PK. Modifiable and non-modifiable risk factors for pancreatic cancer: A review. Cancer Lett 
2016; 381(1):269–277. 

19. RAIMONDI S., LOWENFELS AB., MORSELLI-LABATE AM., MAISONNEUVE P., PEZZILLI R. Pancreatic cancer in 
chronic pancreatitis; aetiology, incidence, and early detection. Best Pract Res Clin Gastroenterol 2010; 24(3):349–358. 

20. WHITTEMORE AS., PAFFENBARGER RS. JR, ANDERSON K., HALPERN J. Early precursors of pancreatic cancer in 
college men. J Chronic Dis 1983; 36(3):251–256. 

21. TRANAH GH., HOLLEY EA., WANG F., BRACCI PM. Cigarette, cigar and pipe smoking, passive smoke exposure, and risk 
of pancreatic cancer: a population-based study in the San Francisco Bay Area. BMC Cancer 2011; 11:138. 

22. ZHENG J., GUINTER MA., MERCHANT AT., WIRTH MD., ZHANG J., STOLZENBERG-SOLOMON RZ. et al. Dietary 
patterns and risk of pancreatic cancer: a systematic review. Nutr Rev. 2017; 75(11):883–908. 

23. LI D. Diabetes and pancreatic cancer. Mol Carcinog. 2012; 51(1):64–74. 
24. SHARMA A., KANDLAKUNTA H., NAGPAL SJS., FENG Z., HOOS W., PETERSEN GM. et al. Model to Determine Risk of 

Pancreatic Cancer in Patients With New-Onset Diabetes. Gastroenterol. 2018; 155(3):730–739. 
25. KIRKEGARD J., CRONIN-FENTON D., HEIDE-JORGENSEN U., MORTENSEN FV. Acute Pancreatitis and Pancreatic 

Cancer Risk: A Nationwide Matched-Cohort Study in Denmark. Gastroenterol. 2018; 154(6):1729–1736. 
26. DOBBINS M., DECORBY K., CHOI BCK. The Association between Obesity and Cancer Risk: A Meta-Analysis of 

Observational Studies from 1985 to 2011. ISRN Prev Med. 2013;eCollection 2013. 
27. BERRINGTON DE GONZALEZ A., SWEETLAND S., SPENCER E. A meta-analysis of obesity and the risk of pancreatic 

cancer. Br J Cancer 2003; 89(3):519–523. 
28. BEHRENS G., JOCHEM C., SCHMID D., KEIMLING M., RICCI C., LEITZMANN, MF. Physical activity and risk of 

pancreatic cancer: a systematic review and meta-analysis. Eur J Epidemiol. 2015; 30(4):279–298. 
29. BRACCI PM. Obesity and pancreatic cancer: overview of epidemiologic evidence and biologic mechanisms. Mol Carcinog. 

2012; 51(1):53–63. 
30. YEO TP. Demographics, epidemiology, and inheritance of pancreatic ductal adenocarcinoma. Semin Oncol. 2015; 42(1):8–18. 
31. NAUDIN, S., VIALLON V., HASHIM D., FREISLING H., JENAB M., WEIDERPASS, E. Healthy lifestyle and the risk of 

pancreatic cancer in the EPIC study. Eur J Epidemiol 2019;Epub ahead of print. 
32. PETERSEN GM. Familial pancreatic cancer. Semin Oncol. 2916; 43(5):548–553. 
33. AMUNDADOTTIR LT. Pancreatic Cancer Genetics. Int J Biol Sci. 2016; 12(3):314–325. 
34. SOURA E., ELIADES PJ., SHANNON K., STRATIGOS AJ., TSAO H. Hereditary melanoma: Update on syndromes and 

management: Genetics of familial atypical multiple mole melanoma syndrome. J Am Acad Dermatol. 2016; 74(3):395–40. 
35. KASTRINOS F., MUKHERJEE B., TAYOB N., WANG F., SPARR J., RAYMOND VM. et al. Risk of pancreatic cancer in 

families with Lynch syndrome. J Am Med Assoc. 2009; 302(16):1790–1795. 
36. RUIJS MWG., VERHOEF S., ROOKUS MA., PRUNTEL R., VAN DER HOUT AH., HOGERVORST FBL. et al. TP53 

germline mutation testing in 180 families suspected of Li-Fraumeni syndrome: mutation detection rate and relative frequency of 
cancers in different familial phenotypes. J Med Genet. 2010; 47(6):421–428. 



9 Pancreatic cancer screening 127

37. GIARDIELLO FM., OFFERHAUS GJ., LEE DH., KRUSH AJ., BOOKER SV., KELLEY NC. Increased risk of thyroid and 
pancreatic carcinoma in familial adenomatous polyposis. Gut 1993; 34(10):1394–1396. 

38. THOMPSON D., DUEDAL A., KIRNER J., MCGUFFOG L., LAST J., REIMAN A. et al. Cancer risks and mortality in 
heterozygous ATM mutation carriers. J Natl Cancer Inst. 2005; 97(11):813–822. 

39. BORECKA M., ZEMANKOVA P., VOCKA M., SOUCEK P., SOUKUPOVA J., KLEIBLOVA P. et al. Mutation analysis of 
the PALB2 gene in unselected pancreatic cancer patients in the Czech Republic. Cancer Genet. 2016; 209(5):199–204. 

40. BRUNE KA., LAU B., PALMISANO E., CANTO M., GOGGINS MG., HRUBAN RH. Importance of age of onset in 
pancreatic cancer kindreds. J Natl Cancer Inst 2010; 102(2):119–126. 

41. JACOBS EJ., CHANOCK SJ., FUCHS CS., LACROIX A., MCWILLIAMS RR., STEPLOWSKI E. et al. Family history of 
cancer and risk of pancreatic cancer: a pooled analysis from the Pancreatic Cancer Cohort Consortium (PanScan). Int J Cancer 
2010; 127(6):1421–1428. 

42. SHIRTS BH., BURT RW., MULVIHILL SJ., CANNON-ALBRIGHT LA. A population-based description of familial clustering 
of pancreatic cancer. Clin Gastroenterol Hepatol. 2010; 8(9):812–816. 

43. WOLPIN BM., CHAN AT., HARTGE P., CHANOCK SJ., KRAFT P., HUNTER DJ. et al. ABO blood group and the risk of 
pancreatic cancer. J Natl Cancer Inst. 2009; 101(6):424–431. 

44. HUANG BZ., STRAM DO., LE MARCHAND L., HAIMAN CA., WILKENS LR., PANDOL SL. Interethnic differences in 
pancreatic cancer incidence and risk factors: The Multiethnic Cohort. Cancer Med. 2019; 8(7):3592–360. 

45. GOGGINS M., OVERBEEK KA., BRAND R., SYNGAL S., DEL CHIARO M., BARTSCH, DK. et al. Management of patients 
with increased risk for familial pancreatic cancer: updated recommendations from the International Cancer of the Pancreas 
Screening (CAPS) Consortium. Gut 2020; 69(1):7–17. 

46. STOFFEL EM., MCKERNIN SE., BRAND R., CANTO M., GOGGINS M., MORAVEK C. et al. Evaluating Susceptibility to 
Pancreatic Cancer: ASCO Provisional Clinical Opinion. J Clin Oncol 2019; 37(2):153–164. 

47. TEMPERO MA. NCCN Guidelines Updates: Pancreatic Cancer. J Natl Compr Canc Netw. 2019; 17(5.5):603–605. 
48. HENRIKSON NB., AIELLO BOWLES EJ., BLASI PR., MORRISON CC., NGUYEN M., PILLARISETTY VG. Screening for 

Pancreatic Cancer: Updated Evidence Report and Systematic Review for the US Preventive Services Task Force. J Amer Med 
Assoc. 2019; 322(5):445–454. 

49. JOERGENSEN MT., GERDES AM., SORENSEN J., SCHAFFALITZKY DE MUCKADELL O., MORTENSEN MB. Is 
screening for pancreatic cancer in high-risk groups cost-effective? – Experience from a Danish national screening program. 
Pancreatol. 2016; 16(4):584–592. 

50. CANTO MI., HRUBAN RH., FISHMAN EK., KAMEL IR., SCHULICK R., ZHANG Z. et al. Frequent detection of pancreatic 
lesions in asymptomatic high-risk individuals. Gastroenterol. 2012; 142(4):796–804. 

51. YOSHIDA T., YAMASHITA Y., KITANO M. Endoscopic Ultrasound for Early Diagnosis of Pancreatic Cancer. Diagnostics 
(Basel) 2019; 9(3):E81. 

52. HATA T., DAL MOLIN M., HONG SM., TAMURA K., SUENAGA M., YU J. et al. Predicting the Grade of Dysplasia of 
Pancreatic Cystic Neoplasms Using Cyst Fluid DNA Methylation Markers. Clin Cancer Res. 2017;23(14):3935–3944. 

53. HART PA., TOPAZIAN M., RAIMONDO M., CRUZ-MONSERRATE Z., FISHER WE., LESINSKI GB. et al. Endoscopic 
Pancreas Fluid Collection: Methods and Relevance for Clinical Care and Translational Science. Am J Gastroenterol. 2016; 
111(9):1258–1266. 

54. SHIN EJ., TOPAZIAN M., GOGGINA MG., SYNGAL S., SALTZMAN JR., LEE JH. Linear-array EUS improves detection of 
pancreatic lesions in high-risk individuals: a randomized tandem study. Gastrointest Endosc. 2015; 82(5):812–818. 

55. CAZACU IM., LUZURIAGA CHAVEZ AA., SAFTOIU A., VILMANN P., BHUTANI MS. A quarter century of EUS-FNA: 
Progress, milestones, and future directions. Endosc Ultrasound 2018; 7(3):141–160. 

56. KITANO M., YOSHIDA T., ITONAGA M., TAMURA T., HATAMARU K., YAMASHITA Y. Impact of endoscopic 
ultrasonography on diagnosis of pancreatic cancer. J Gastroenterol. 2019; 54(1):19–32. 

57. MCALLISTER F., MONTIEL MF., UBEROI GS., UBEROI AS., MAITRA A., BHUTANI MS. Current Status and Future 
Directions for Screening Patients at High Risk for Pancreatic Cancer. Gastroenterol Hepatol. 2017; 13(5):268–275. 

58. TUMMALA P., JUNAIDI O., AGARWAL B. Imaging of pancreatic cancer: An overview. J Gastrointest Oncol. 2011; 2(3):168–174. 
59. KANG HJ., LEE JM., JOO I., HUR BY., JEON JH., JANG JY. et al. Assessment of Malignant Potential in Intraductal Papillary 

Mucinous Neoplasms of the Pancreas: Comparison between Multidetector CT and MR Imaging with MR Cholangiopancreatography. 
Radiol. 2016; 279(1):128–139. 

60. ZHANG L., SANAGAPALLI S., STOITA A. Challenges in diagnosis of pancreatic cancer. World J Gastroenterol. 2018; 
24(19):2047–2060. 

61. ASHIDA R., TANAKA S., YAMANAKA H., OKAGAKI S., NAKAO K., FUKUDA J. et al. The Role of Transabdominal 
Ultrasound in the Diagnosis of Early Stage Pancreatic Cancer: Review and Single-Center Experience. Diagnostics (Basel) 2018; 
9(1):2. 

62. CANTO MI., HARINCK F., HRUBAN RH., OFFERHAUS GJ., POLEY JW., KAMEL I. et al. International Cancer of the 
Pancreas Screening (CAPS) Consortium summit on the management of patients with increased risk for familial pancreatic 
cancer. Gut 2013; 62(3):339–347. 

63. PORUK KE., FIRPO MA., ADLER DG., MULVIHILL SJ. Screening for pancreatic cancer: why, how, and who? Ann Surg. 
2012; 257(1):17–26. 

64. ELTA GH., ENESTVEDT BK., SAUER BG., LENNON AM. ACG Clinical Guideline: Diagnosis and Management of 
Pancreatic Cysts. Am J Gastroenterol. 2018; 113(4):464–479. 

65. KELLY FF., IHAB RK., JEANNE MH., HINA AT., MUSTAFA RB., VICTORIA C. et al. ACR Appropriateness Criteria: 
Pancreatic Cyst. Accessed from <https://acsearch.acr.org/docs/3127236/Narrative/> on 1/22/2020. 

66. PORUK KE., GAY DZ., BROWN K., MULVIHILL JD., BOUCHER KM., SCAIFE CL. et al. The clinical utility of CA 19–9 in 
pancreatic adenocarcinoma: diagnostic and prognostic updates. Curr Mol Med. 2013; 13(3):340–351. 



 Nathaniel E. Wiest et al. 10 128 

67. MENG Q., SHI S., LIANG C., LIANG D., XU W., JI S. Diagnostic and prognostic value of carcinoembryonic antigen in 
pancreatic cancer: a systematic review and meta-analysis. Onco Targets Ther. 2017; 10:4591–4598. 

68. COSTACHE MI., COSTACHE CA., DUMITRESCU CI., TICA AA., POPESCU M., BALUTA EA. et al. Which is the Best Imaging 
Method in Pancreatic Adenocarcinoma Diagnosis and Staging – CT, MRI or EUS? Curr Health Sci J. 2017; 43(2):132–136. 

69. TOFT J., HADDEN WJ., LAURENCE JM., LAM V., YUEN L., JANSSEN A. et al. Imaging modalities in the diagnosis of 
pancreatic adenocarcinoma: A systematic review and meta-analysis of sensitivity, specificity and diagnostic accuracy. Eur J 
Radiol. 2017; 92:17–23. 

70. ZHANG H., ZHU J., KE F., WENG M., WU X., LI M. et al. Radiological Imaging for Assessing the Respectability of Hilar 
Cholangiocarcinoma: A Systematic Review and Meta-Analysis. Biomed Res Int. 2015; 2015:497942. 

71. SHRIKHANDE SV., BARRETO SG., GOEL M., ARYA S. Multimodality imaging of pancreatic ductal adenocarcinoma: a 
review of the literature. HPB (Oxford) 2012; 14(10):658–668. 

72. JUDY MK., GANESH K., PRAVEEN KJ., PRASAD H., CHIDANANDA M., ARUN K. A Comparative Evaluation of USG 
and MRCP Findings in Biliary and Pancreatic Pathologies. Int J Contemp Med Res. 2017; 4(1):212–215.  

73. MICHL P., PAULS S., GRESS TM. Evidence-based diagnosis and staging of pancreatic cancer. Best Pract Res Clin 
Gastroenterol. 2006; 20(2):227–251. 

74. ELOUBEIDI MA., VARADARAJULU S., DESAI S., SHIRLEY R., HESLIN MJ., MEHRA M. et al. A prospective evaluation 
of an algorithm incorporating routine preoperative endoscopic ultrasound-guided fine needle aspiration in suspected pancreatic 
cancer. J Gastrointest Surg. 2007; 11(7):813–819. 

75. OKASHA HH., NAGA MI., ESMAT S., NAGUIB M., HASSANEIN M., HASSANI M. et al. Endoscopic Ultrasound-Guided 
Fine Needle Aspiration versus Percutaneous Ultrasound-Guided Fine Needle Aspiration in Diagnosis of Focal Pancreatic 
Masses. Endosc Ultrasound 2014; 2(4):190–193. 

76. WANG XY., YANG F., JIN C., FU DL. Utility of PET/CT in diagnosis, staging, assessment of resectability and metabolic 
response of pancreatic cancer. World J Gastroenterol. 2014; 20(42):15580–15589. 

77. BRONSTEIN YL., LOYER EM., KAUR H., CHOI H., DAVID C., DUBROW RA. et al. Detection of small pancreatic tumors 
with multiphasic helical CT. AJR Am J Roentgenol. 2004; 182(3):619–623 . 

78. LEGMANN P., VIGNAUX O., DOUSSET B., BARAZA AJ., PALAZZO L., DUMONTIER, I. Pancreatic tumors: comparison 
of dual-phase helical CT and endoscopic sonography. AJR Am J Roentgenol. 1998; 170(5):1315–1322. 

79. WONG JC., LU DS. Staging of pancreatic adenocarcinoma by imaging studies. Clin Gastroenterol Hepatol. 2008; 6(12):1301–1308. 
80. SHEN YN., BAI XL., LI GG., LIANG TB. Review of radiological classifications of pancreatic cancer with peripancreatic 

vessel invasion: are new grading criteria required? Cancer Imag. 2017; 17(1):14. 
81. TANAKA S., KITAMRA T., YAMAMOTO K., FUJIKAWA S., IMAOKA T., NISHIKAWA S. et al. Evaluation of routine 

sonography for early detection of pancreatic cancer. Jpn J Clin Oncol. 1996; 26(6):422–427. 
82. MARINGHINI A., CIAMBRA M., RAIMONDO M., BACCELLIERE P., GRASSO R. DARDANONI G. Clinical presentation 

and ultrasonography in the diagnosis of pancreatic cancer. Pancreas 1993; 8(2):146–150. 
83. CONRAD C., FERNANDEZ-DEL CASTILLO C. Preoperative evaluation and management of the pancreatic head mass. J Surg 

Oncol. 2013; 107(1):23–32. 
84. GOONETILLEKE KS., SIRIWARDENA AK. Systematic review of carbohydrate antigen (CA 19–9) as a biochemical marker in 

the diagnosis of pancreatic cancer. Eur J Surg Oncol. 2007; 33(3):266–270. 
85. CHU LC., PARK S., KAWAMOTO S., WANG Y., ZHOU Y., SHEN W. Application of Deep Learning to Pancreatic Cancer 

Detection: Lessons Learned From Our Initial Experience. J Am Coll Radiol. 2019; 16(9B):1338–1342. 
86. CAZACU IM., UDRISTOUI A., GRUIONU LG., IACOB A., GRUIONU G., SAFTOIU A. Artificial intelligence in pancreatic 

cancer: Toward precision diagnosis. Endosc Ultrasound 2019; 8(6):357–359. 
87. OZKAN M., CAKIROGLU M., KOCAMAN O., KURT M., YILMAZ B., CAN G. et al. Age-based computer-aided diagnosis 

approach for pancreatic cancer on endoscopic ultrasound images. Endosc Ultrasound 2016; 5(2):101–107. 
88. ZHU M., XU C., YU J., WU Y., LI C., ZHANG M. et al. Differentiation of pancreatic cancer and chronic pancreatitis using computer-

aided diagnosis of endoscopic ultrasound (EUS) images: a diagnostic test. PLoS One 8 2013; 8(5):e63820. 
89. MUHAMMAD W., HART GR., NARTOWT B., FARRELL JJ., JOHUNG K., LIANG Y. et al. ancreatic Cancer Prediction 

Through an Artificial Neural Network. Front In Art Intel. 2019; 2(2):1–10. 
90. HASAN S., JACOB R., MANNE U., PALURI, R. Advances in pancreatic cancer biomarkers. Oncol Rev. 2019;13(1):410. 
91. DUAN L., HU XQ., FENG DY., LEI SY., HU GH. GPC-1 may serve as a predictor of perineural invasion and a prognosticator 

of survival in pancreatic cancer. Asian J Surg. 2013; 36(1):7–12. 
92. MELO SA., LUECKE LB., KAHLERT C., FERNANDEZ AF., GAMMON ST., KAYE J. et al. Glypican-1 identifies cancer 

exosomes and detects early pancreatic cancer. Nature 2015; 523(7559):177–182. 
93. LIU D., CHANG CH., GOLD DV., GOLDENBERG DM. Identification of PAM4 (clivatuzumab)-reactive epitope on MUC5AC: 

a promising biomarker and therapeutic target for pancreatic cancer. Oncotarget 2015; 6(6):4274–4285. 
94. DEBERNARDI S., MASSAT NJ., RADON TP., SANGARALINGAM A., BANISSI A., ENNIS DP. et al. Noninvasive urinary 

miRNA biomarkers for early detection of pancreatic adenocarcinoma. Am J Cancer Res. 2015; 5(11):3455–3466. 
95. CRISTIANO S., LEAL A., PHALLEN J., FIKSEL J., ADLEFF V., BRUHM DC. Genome-wide cell-free DNA fragmentation in 

patients with cancer. Nature 2019; 570(7761):385–389. 
96. LAN B., ZENG S., GRUTZMANN R., PILARSKY C. The Role of Exosomes in Pancreatic Cancer. Int J Mol Sci. 2019; 

20(18):E4332. 
 
Received 5th February 2020 
 


