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Introduction

Pancreatic adenocarcinoma is a low-incident but highly 
mortal disease. It accounts for only 3% of estimated new 
cancer cases each year but is currently the fourth common 
cause of cancer mortality (1). By 2030, it is expected to 
be the 2nd leading cause of cancer death (2). The overall 
5-year survival rate is only 20% for patients with localized 
disease and a mere 2% for those with distant metastasis (3).  
This attests to the aggressive biology of the pancreatic 
adenocarcinoma as well as qualities hindering its early 
detection. Surgery remains the only possibility for cure for 
pancreatic cancer; however, only 10-20% of patients are 
diagnosed with the disease at a stage that is amenable to 
resection (1). Ultimately, even patients who receive surgery 
have a 5-year survival ranging between 10-25% (4). There 
is a clear need to diagnose and classify pancreatic cancer 
at earlier stages in order to give patients the best chance 
at a definitive cure. While challenges remain in detecting 
pancreatic cancer at an early and/or resectable stage, 
progress is being made.

Challenges in the early detection of pancreatic 
cancer

One of the major challenges to detecting pancreatic cancer 
is its late clinical presentation. By the time pancreatic cancer 

is diagnosed, the cancer is usually well-advanced. One 
study demonstrated that only 7% of pancreatic cancers are 
considered localized disease at diagnosis. This is startlingly 
low compared to other malignancies: breast (61%), colon 
(40%), lung (16%), ovarian (19%), and prostate (91%) (5). 
Because the pancreas is a retroperitoneal organ, sitting deep 
in the torso, there are no external lumps that can be palpated 
or external skin changes that can be seen during an annual 
routine physical exam, such as may be the case for a breast 
lesion. Neither is it accessible by a digital exam such as the 
prostate nor is it readily assessed thoroughly and directly 
by intraluminal endoscopic videos such as with the colon. 
Pancreatic cancer often progresses asymptomatically and 
when it does present, its symptoms are non-specific, such as 
nausea, anorexia, jaundice, and weight loss and abdominal 
pain (6). Pain, when present, is in the upper abdomen 
radiating through to the back and is usually associated with 
a lesion in the body or tail of the pancreas (6). In contrast, 
tumors of head of the pancreas tend to present with the 
classic painless jaundice and possibly steatorrhea and early 
cachexia. Tumors arising from the ampulla of Vater are 
likely to present initially with jaundice and at an earlier 
stage, thus increasing their resection potential (6). With 
the type of blood-work available as the current standard of 
care for patients with suspected pancreatic cancer, there are 
no unique patterns of laboratory value that give definitive 
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diagnosis. Liver function tests may have elevation due to 
obstruction of bile flow (6). The tumor marker that has been 
associated with pancreatic cancer is Carbohydrate Antigen 
19-9 (CA 19-9), but it lacks sensitivity and specificity, and 
all the more so in the presence of obstructive jaundice (6). 
CA 19-9 is approved for monitoring of therapy but not as a 
diagnostic marker by the FDA (7).

Another barrier in the early detection of pancreatic 
cancer is its relatively low prevalence. The prevalence of 
pancreatic cancer in the United States population (all ages) 
is approximately nine per 100,000, and, if narrowed to 
individuals above the age of 55 years, it rises to approximately 
68 or 100,000 individuals. The positive predictive 
value of any test improves by increasing the prevalence 
of the disease being tested for the population being 
tested (8,9). Because of the low prevalence of pancreatic 
cancer, the early detection of pancreatic cancer through 
screening is problematic. For example, if 100,000 people  
over the age of 55 years were screened for pancreatic cancer 
using a test with a specificity of 98% and a sensitivity of 
100%, it would generate 1,999 false-positive test results 
but only 68 true-positive results. A specificity of higher 
than 99% would be required for a more acceptable positive 
predictive value (9). With a disease like pancreatic cancer 
that requires invasive and extensive surgery for treatment, 
such a large rate of false positives cannot be afforded. As 
of today, there is no method of detection that is fit for 
screening the general population for pancreatic cancer or its 
precursor lesions.

Is early detection possible and beneficial?

Because of the aggressive biology of the disease, the question 
can be posed about whether early detection of pancreatic 
cancer is first of all possible and, if possible, whether the 
mortality of the disease would actually be decreased by 
subsequent early intervention. Research suggests that 
there is a window of time where screening of pancreatic 
cancer would be possible. Iacobuzio-Donahue et al.  
applied a mathematical modeling to the patterns of genetic 
alternations present in multiple lesions from the same 
patient and estimated that there is at least ten years during 
which pancreatic cancer was still in the curative stage, 
starting from the genetic level of tumorigenesis. Their 
model, similar to models used by evolutionary biologists, 
predicted an average of 6.8 years between the birth of the 
cell serving as the parental clone and the seeding of the index 
metastasis. It is only in the last 2 years of this decade-long  

tumorigenic process that the majority of patients are 
currently diagnosed with the disease (10). Thus, there is a 
window of opportunity for the early detection of pancreatic 
cancer.

Furthermore, the prognosis of patients who receive 
surgery is better when the tumor is smaller, there is no 
perineural or lymphovascular invasion, surgical margins 
are free of disease, and the lesion has a low-grade 
histology. Tumor differentiation and nodal status also 
appear to be predictive of mortality (6). The following 
are results from one of the largest series reported of 
pancreaticoduodenectomies for pancreatic adenocarcinoma: 
For cancers <3 cm, median survival was 21 months; 1-, 2-, 
and 5-year survivals were 73%, 45%, and 23%, respectively. 
For cancers >3 cm, median survival was 15 months; 1-, 2-, 
and 5-year survival were 59%, 31%, and 4%, respectively. 
For cancers with no positive lymph nodes, the median 
survivals were 23 months; 1-, 2-, and 5-year survivals were 
73%, 50%, and 27% respectively. For cancers with positive 
lymph nodes, the median survival was 17 months; 1-, 2- and 
5-year survivals were 63%, 34%, and 16%, respectively. For 
cancers with negative resection margins, the median survival 
was 20 months; 1-, 2-, and 5-year survivals were 70%, 43%, 
and 21%, respectively. For cancers with positive margins, 
the median survival was 14 months; 1-, 2-, and 5-year 
survivals were 57%, 26%, and 12%, respectively. For well 
or moderately differentiated cancers, the median survival 
was 21 months; 1-, 2-, and 5-year survivals were 72%, 
45%, and 22%, respectively. For poorly or undifferentiated 
cancers, the median survival was 13 months; 1-, 2- and 
5-year survivals were 56%, 26%, and 13%, respectively (11).  
We can assume that the earlier that pancreatic cancer 
is diagnosed, the more likely the tumor will be less 
differentiated, smaller, and free from nodal, vascular, or 
neural involvement. However, formal prospective studies 
will have to be performed to determine whether screening 
and early detection will decrease the morbidity and 
mortality of pancreatic adenocarcinoma. For example, fecal 
occult blood testing, sigmoidoscopy, and colonoscopy as 
standard screening for colon cancer were debated until the 
1990’s when recommending their use as surveillance was 
finally heralded after numerous studies. Now, screening 
for colon cancer with colonoscopy is widely accepted and 
championed (12-14).

Precursor lesions

Because there are precursor lesions to pancreatic 
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adenocarcinoma, there is a strong case for effective 
screening of pancreatic cancer. Three lesions, pancreatic 
intraepithelial neoplasia (PanINs), intraductal papillary 
mucinous neoplasms (IPMNs), and mucinous cystic 
neoplasms (MCNs), have each been identified as distinct 
precursors to ductal adenocarcinomas of the pancreas. 
These precursor lesions, along with some small invasive 
cancers, are curable (9). There is strong evidence that 
IPMNs and MCNs are present for years before they 
progress to invasive cancer, which is promising for the 
purposes of early detection (15-17). PanINs are noninvasive 
epithelial proliferations within the smaller pancreatic ducts 
that can be flat or papillary and have a three-tier grading 
scale: PanIN-1 (low-grade), PanIN-2 (intermediate-grade),  
or  PanIN-3 (high-grade)  based on the degree of 
architectural and cellular atypia (9). Based on the 
associated mutations with each grade, there appears to be 
a progression from normal ductal epithelium, to low-grade 
PanIN, to high-grade PanIN, to localized adenocarcinoma, 
and to metastatic adenocarcinoma. IPMNs arise in the 
larger pancreatic ducts and are typically papillary and often 
produce mucin, as appropriately reflected in their name. 
IPMNs are larger than PanINs. PanINs are usually <0.5 cm,  
while most IPMNs are ≥1.0 cm. IPMNs are more prevalent 
in the elderly than in the young, and up to a third of 
IPMNs harbor an associated invasive adenocarcinoma. As 
is observed with PanINs, there appears to be a progression 
of genetic alterations correlating to grade, suggesting that 
IPMNs are a precursor to invasive adenocarcinomas. When 
an adenocarcinoma arises in association with an IPMN, the 
IPMN and the invasive carcinoma always have the same 
mutations. MCNs are large mucin-producing precancerous 
lesions of the pancreas that almost always arise in the body 
or tail of the gland and commonly arise in women. They 
are far less common than IPMNs, accounting for only 
16% of resected pancreatic cysts in large surgical series. 
Similar gene alterations have been reported in MCNs (9). 
If methods to detect these precursor lesions are perfected, 
surveillance for early development of pancreatic cancer 
would be feasible. The next section discusses promising 
methods of detecting precursor lesions and early-stage 
pancreatic cancer.

Advances in detecting early pancreatic cancer

The two broad categories of methods for detecting 
early-stage pancreatic cancer are (I) imaging and (II) 
biomarkers. Curable lesions of the pancreas have been 

identified and are detectable with technologies that are 
already a part of clinical practice, including endoscopic 
ultrasound (EUS), magnetic resonance imaging (MRI), 
and computed tomography (CT) (9). Molecular-based 
technologies, such as detecting circulating tumor cells, 
as well as proteins, mucins, and miRNAs shed by the 
tumors, are being developed (18-20). If these technologies 
can be applied effectively in minimally invasive or, ideally, 
non-invasive bio-samples (e.g., blood, saliva, or stool), 
this would revolutionize screening for pancreatic cancer. 
Innovative combinations of the two broad approaches to 
screening are also being developed, such as molecular-
based imaging (18).

Endoscopic approaches

Contrast-enhanced CT scans is arguably best modality 
to diagnose a pancreatic tumor, with sensitivity that can 
be as high as 90% and specificity as high as 99%, and low 
interobserver variability (21). However, the cost, exposure 
to ionizing radiation, and risks of intravenous contrast 
do not make it a feasible screening tool. A screening CT 
protocol was found to only add 6 additional days of life at 
an average cost of over $2,500 per subject (22). MRI has 
been reported to have similar sensitivity and specificity, 
but high costs, decreased availability, and required lengthy 
motionlessness of patients make it a difficult screening tools 
as well (1,23). Moreover, using whole body CT or MRI as 
screening tools has the added headache of a high rate of 
false positive exams. In a recent review of whole body CT 
imaging for screening, over 90% of subjects were found to 
have an abnormality, yet only 2% of these findings were 
clinically important (22).

Of the main modalities used for detecting pancreatic 
cancer [abdominal ultrasound, EUS, endoscopic retrograde 
cholangiopancreatography (ERCP), CT, and MRI, 
and positron emission tomography (PET)], abdominal 
ultrasound is the least invasive, is a focused exam, does not 
expose the patient to ionizing radiation (vs. CT scans), and 
is widely available. However, because of its location in the 
retroperitoneum, the pancreas is not well visualized using 
standard transcutaneous abdominal ultrasound, thus making 
it a poor screening tool for the early detection of pancreatic 
cancer (21). In contrast, EUS has much higher sensitivity 
when combined with fine needle aspiration (FNA) of tumor 
tissue. A recent meta-analysis covering the years between 
1995 and 2008, the pooled sensitivity and specificity 
of EUS-FNA were 86.8% and 95.8%, respectively, for 



Chinese Journal of Cancer Research, Vol 27, No 4 August 2015

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(4):321-331www.thecjcr.org

325

diagnosing a solid pancreatic mass (24-26). ERCP with 
brush cytology has been replaced by EUS-FNA as the 
endoscopic test of choice for tissue acquisition due to its 
higher success rates and decreased risk of post-procedural 
complications, especially in patients without obstructive 
jaundice (24). However, EUS-FNA is still an invasive 
procedure with possibly serious complications and has not 
yet been demonstrated as a feasible screening tool.

There have been advances such as contrast-enhanced 
EUS and EUS elastography that may improve the diagnostic 
accuracy of EUS without the invasive tissue sampling via 
FNA (25). By administrating micro-bubble agents, the 
diagnostic accuracy of EUS can be as high as 82% for 
pancreatic adenocarcinoma (27). EUS elastography, one of 
the most recent advances in gastrointestinal endoscopy, is 
a non-invasive technique that measures tissue elasticity in 
real time using a dedicated probe and system. A number of 
recent investigations have shown promising results of EUS 
elastography for diagnosing pancreatic focal lesions (28,29). 
However, contrast-enhanced EUS and EUS elastography 
are not widely available techniques and have yet to be tested 
as screening tools.

The standard method of endoscopic evaluation remains 
EUS-FNA, and to some degree, ERCP. Because evaluation 
by direct tumor tissue sampling is invasive, tools are 
needed to increase the ability to distinguish harmless 
lesions in the pancreas, such as serous cystadenomas 
(SCA) from precancerous lesions. Genetic markers have 
that potential. For example, the mutations present in the 
neoplastic cells in cystic neoplasms are shed into the cyst 
fluid and therefore can be detected in cyst fluid (9). Wu and 
colleagues sequenced the exomes of the four most common 
cystic neoplasms of the pancreas [SCA, IPMN, MCN, and 
solid pseudopapillary neoplasms (SPN)] specific genetic 
patterns that differentiate the four types (30). Goggins 
and colleagues found that patients with pancreatic ductal 
adenocarcinoma have significantly higher concentrations of 
KRAS mutations in their EUS-guided duodenal collections 
of pancreatic fluid than patients undergoing pancreatic 
screening and those without evidence of pancreatic disease, 
but such a test did not reliably distinguish cancer cases 
from controls. Their work demonstrated the possibility of 
measuring tumor markers via EUS, but the lasting need for 
perfecting a method of pancreatic fluid sampling (31). Wu 
and Goggins’ findings suggest that assessment of genetic 
markers could minimalize false positives when detecting 
pancreatic cancer or precursors via imaging. Patients with 
precursor lesions could arguably be placed under close 

surveillance with stronger assurance that early pancreatic 
cancer would be detected in a timely manner. Nevertheless, 
obtaining cyst or pancreatic fluid remains an invasive 
procedure with risks.

Epigenetic biomarkers

Ideally, pancreatic cancer would be able to be detected at an 
early stage through minimally or noninvasive methods, such 
as blood-based screening. One of the promising methods 
of detecting pancreatic cancer in the serum is methylation-
on-beads technology (MOB). MOB is a recently developed 
nanotechnology that captures and analyzes very small 
amounts of DNA. Yi et al. used this method to detect 
methylation changes in DNA circulating in 42 serum 
samples from patients with pancreatic cancer and found 
a sensitivity of 79% and specificity of 92% for the BNC1 
gene promoter and a sensitivity of 48% and specificity of 
92% for the ADAMTS1 gene (32). The combination of 
both markers achieved an overall sensitivity of 81% [95% 
confidence interval (CI), 69-93%] and specificity of 85% 
(95% CI, 71-99%) (32). Of note, these two genes had not 
been particularly associated with pancreatic cancer but for 
the first time were found to have “dense” methylation in cell 
lines and in pancreatic cancer and almost no methylation in 
normal pancreatic samples. Also, these genes did not tend 
to demonstrate increased methylation in pancreatitis. The 
rates of methylation increased at every stage of disease, and 
demonstrated higher rates than those of CA 19-9, except 
for in stage III and IV where both methylation and CA 19-9 
were at 100% (32). Though further research is required to 
verify and expand these findings, this novel panel represents 
a highly promising approach for the early diagnosis of 
pancreatic cancer.

Circulating tumor DNA (ctDNA)

Bettegowda and colleagues also demonstrated nicely how 
a screening test based on genetic changes, particularly 
circulating tumor DNA offer great promise. They used 
digital polymerase chain reaction-based technologies to 
evaluate the ability of ctDNA to detect tumors in 640 
patients with various cancer types, including pancreatic 
cancer (155 patients). They found that ctDNA was 
detectable in >75% of patients with advanced pancreatic, 
ovarian, colorectal, bladder, gastroesophageal, breast, 
melanoma, hepatocellular, and head and neck cancers, 
but in less than 50% of primary brain, renal, prostate, or 
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thyroid cancers. In patients with localized tumors, ctDNA 
was detected in 73%, 57%, 48%, and 50% of patients 
with colorectal cancer, gastroesophageal cancer, pancreatic 
cancer, and breast adenocarcinoma, respectively. ctDNA 
was often present in patients without detectable circulating 
tumor cells, suggesting that these two biomarkers are 
distinct entities (20).

Kinugasa and colleagues recently published a study 
comparing the K-ras mutations detected by EUS-FNA and 
in ctDNA from 75 patients with pancreatic cancer. The 
frequencies of the mutations in tissue samples at G12V, 
G12D, and G12R in codon 12 were 28 of 75 samples 
(37.3%), 22 of 75 samples (29.3%), and 6 of 75 samples 
(8.0%), respectively. The rates of the mutations in ctDNA 
were 26 of 75 samples (34.6%), 29 of 75 samples (38.6%), 
and 4 of 75 samples (5.3%), respectively. Overall, the K-ras 
mutation rates in tissue and ctDNA were 74.7% and 62.6%, 
respectively, and the concordance rate between them was 
58 of 75 samples (77.3%). Survival did not appear to differ 
by the presence of K-ras mutations in tissue DNA, but the 
survival of patients with K-ras mutations in ctDNA was 
significantly shorter than that of patients without mutations 
in both a development set (P=0.006) and an independent 
validation set (P=0.002) (33).

miRNAs

Vicentini and colleagues identified several miRNAs elevated 
in the sera of patients with resectable pancreatic cancer that 
had not previously been reported. They particularly found 
that serum miR-1290 had excellent ability to distinguish 
serum from patients with low stage pancreatic cancer from 
control sera and serum miR-1290 levels discriminated 
patients with pancreatic cancer from controls better than 
CA 19-9. Interestingly, miR-1290 levels were elevated in 
the serum of patients with non-invasive IPMNs, raising 
the possibility that this marker could be used to monitor 
patients at risk of developing IPMNs (19).

Further study would have to be required but should 
technology be able to detect miRNA, ctDNA, or epigenetic 
markers in sera instead of requiring invasive sampling 
of tumor tissue, cyst or pancreatic fluid, the possibility 
of blood-work screening for pancreatic cancer in certain 
populations of patients may be possible.

Stool-based modalities

Besides sera, stool may be the way of non-invasively 

screening for pancreatic cancer. Recently, a non-invasive, 
stool-based screening tool for colorectal cancer has been 
approved. Cologuard is a kit that patients can use and send 
via mail for evaluation. This kit includes molecular assays 
for DNA mutation and methylation biomarkers associated 
with colorectal neoplasia (KRAS mutations and NDRG4 
and BMP3 methylation) and a non-DNA immunochemical 
assay for human hemoglobin (34). Beta-actin is used as a 
reference gene to quantify of the total amount of human 
DNA present in each s included sample (34). The results 
of assays are given a composite score which is used to 
determine a positive or negative result. If positive, the 
patient is to proceed with a colonoscopy.

Cologuard demonstrates that genetic mutations along 
the digestive tract are detectable in stool. There is yet to 
be a similar kit for pancreatic cancer, but the advent and 
widespread approval of Cologuard suggests that such a kit 
may be possible in the near future.

Oral and gut microbiome

There is an association of the oral microbiome and 
periodontitis with pancreatic cancer (35). Evidence is 
limited, but epidemiological data on periodontal disease are 
worth further investigation. A strong positive association 
was noted between periodontitis at baseline and subsequent 
risk of fatal pancreatic cancer (RR =1.77) (36). In another 
study, men with periodontal disease had a 64% higher 
risk of pancreatic cancer compared to those reporting no 
periodontal disease (with tooth loss) (37). In yet another 
study, a 4-fold increase in risk of pancreatic cancer was 
observed among those with severe periodontitis. This study 
also showed that elevated antibodies to P. gingivalis were 
associated with a 3-fold increase risk of aerodigestive cancer 
mortality, though there were not a high enough number of 
subjects to examine a specific association with pancreatic 
cancer mortality.

There have also been reports, though inconsistent, of 
the increased risk of pancreatic cancer in patients with 
Helicobacter pylori (H. pylori) (35). One of the original cohort 
studies to report a positive association for H. pylori using 
data recently updated their analysis with much larger 
numbers and found no overall or strain-specific associations 
with pancreatic cancer risk (38,39). A large case-control 
study reported an effect modification by ABO blood type, 
where an association between pancreatic cancer risk and 
CagA-negative H. pylori seropositivity was found among 
individuals with non-O blood type but not among those 



Chinese Journal of Cancer Research, Vol 27, No 4 August 2015

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(4):321-331www.thecjcr.org

327

with O blood type (OR =2.78; 95% CI, 1.49-5.20; P=0.0014; 
OR =1.28; 95% CI, 0.62-2.64; P=0.51, respectively) (40). 
The authors hypothesize that the difference in risk may be 
explained by differences in terminal binding antigens in 
gastrointestinal mucins for individuals with non-O blood 
type (A and B), which influences the binding potential of the 
H. pylori. The same study observed no association between 
CagA-positive H. pylori seropositivity and pancreatic cancer. 
However, effect modification by blood type was observed in 
the previous study (39).

Saliva-based testing

Saliva-based testing is another form of noninvasive testing 
that may be possible for the early detection of pancreatic 
cancer. Saliva, like stool, can be easily obtained in most 
patients, without using a special technique. In a rodent 
pancreatic cancer model, it was found that exosome-like 
vesicles carry, drive, and deliver tumor-specific biomarkers 
into the saliva (41,42). In one study, saliva was used to 
differentiate between pancreatic cancer patients and patients 
with normal or chronic pancreatitis using transcriptome 
profiles in saliva supernatants with a sensitivity of 90% 
and specificity of 95% (43). Four mRNA biomarkers 
were combined to discriminate pancreatic cancer cases. 
A similar approach was used by another group, which 
assessed metabolites in saliva using mass spectrometry to 
detect pancreatic cancer-specific signature (44). Another 
study assessed salivary miRNAs and found that a logistic 
regression model combining two salivary miRNAs were 
able to distinguish pancreatic cancer vs. healthy control, 
pancreatic cancer vs. benign pancreatic tumors, and 
pancreatic cancer vs. non-cancer (healthy control and 
benign pancreatic tumor), showing sensitivities of 72.5%, 
62.5%, and 70.0% and specificities of 70.0%, 80.0%, 
and 70.0%, respectively. They concluded that salivary  
miR-3679-5p and miR-940 possess good discriminatory 
power to detect resectable pancreatic cancer, with 
reasonable specificity and sensitivity (45).

Determining populations to screen

Because of the low prevalence of pancreatic cancer and the 
imperfect diagnostic methods of imaging and biomarkers, 
the early detection of pancreatic cancer screening has 
the greatest chance of being successful when screening 
is focused on populations that are at a greater risk for 
pancreatic cancer.

Screening via clinical risk factors

Based on epidemiological studies, some clinical factors that 
can be used to narrow down populations for screening are 
the following: age, hyperglycemia or diabetes, history of 
chronic pancreatitis or obesity (46-51). A variety of factors 
increase the risk of pancreatic cancer, but age then family 
history increases the risk the most. The most common 
risk factor for pancreatic adenocarcinoma is cigarette 
smoking (8,52). There is a 2.2-fold increased risk of 
pancreatic cancer in smokers vs. never-smokers (52). 25% 
of pancreatic cancers are attributable to cigarette smoking 
and genetic analyses demonstrate that pancreatic cancers 
from smokers have more mutations than those from never-
smokers. It has even been shown that smoking cessation 
decreases risk, with risk estimates of 1.64 for recent quitters (1-
10 years) and 1.12 for long-term quitters (15-20 years ago). 
Chronic pancreatitis demonstrated a 2.71-fold increased 
risk of pancreatic cancer. As is the case with diabetes, new-
onset pancreatitis can be a sign of a pancreatic neoplasm. 
The risk of developing pancreatic cancer appears to be 
highest in rare types of pancreatitis with an early onset, 
such as hereditary pancreatitis and tropical pancreatitis. 
Even though there is a strong link between chronic 
pancreatitis and pancreatic cancer, over a 20-year period 
only around 5% of patients with chronic pancreatitis 
will develop pancreatic cancer. Until the development of 
more sophisticated screening procedures, screening is not 
recommended for patients with chronic pancreatitis. More 
reliable screening tests need to be developed to determine 
the sub-group of patients with chronic pancreatitis at high 
risk for developing pancreatic cancer. Molecular pathways 
leading from benign to malignant pancreatic disease need 
to be better defined. IPMNs, which are often calcified, can 
resemble chronic pancreatitis. Their role as an explanation 
for the pancreatitis-pancreatic cancer association needs to 
be clarified. This may require new epidemiologic studies. 
There is a need for new epidemiologic studies with a 
genetic component to explain why such a low percentage 
of patients with chronic pancreatitis will develop pancreatic 
cancer. Animal models are required in which pancreatitis 
is induced using transgenic or gene ablation technology 
in order to evaluate the factors able to transform chronic 
pancreatitis in pancreatic cancer (49).

Familial pancreatic cancer

It is estimated that 5-10% of PDAC has a hereditary basis 
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with ∼80% penetrance (53). Several genetic syndromes are 
associated with an increased risk of ductal adenocarcinoma of 
the pancreas, ranging from high-penetrance genes associated 
with high lifetime risk of pancreatic cancer to low penetrance 
genes associated with only a slight increase in risk (<1.5-fold). 
The risk of pancreatic cancer can be quantified if one knows 
the gene responsible for aggregation of pancreatic cancer in a 
family. Quantifying risk is important for the design of clinical 
trials to screen at-risk patients for early curable precancerous 
lesions (8). Among the familial genetic mutations that have 
been noted are BRCA2, PALB2, BRCA1, p16/CDKN2A, those 
pertaining to Lynch Syndrome (hMSH2, hMLH1, hPMS1, 
hPMS2, or hMSH6/GTBP), those involved in hereditary 
pancreatitis (PRSS1 and SPINK1), and STK11, which is 
involved in Peutz-Jeghers (8,54-61).

Family registries have helped determine the familial factors 
that contribute to the risk of pancreatic cancer. Familial 
pancreatic cancer is defined as at least a pair of first-degree 
relatives diagnosed with pancreatic cancer in a family (8). 
The National Familial Pancreas Tumor Registry (NFPTR) 
at Johns Hopkins (nfptr.org) have found that families with at 
least a pair of first-degree relatives diagnosed with pancreatic 
cancer ( known as “familial pancreatic cancer kindreds”) have 
a 9-fold increased likelihood of developing pancreatic cancer 
when compared with the general population (62). The risk of 
pancreatic cancer rose with the number of family members 
diagnosed with pancreatic cancer such that individuals with 
three first-degree relatives with pancreatic cancer had a 32-
fold increased risk. The team at the NFPTR has developed 
a risk-prediction model tool called PancPro for health care 
providers, allowing for risk assessment to be tailored to 
each individual’s family history (63). These models can help 
identify individuals that may have a greatly elevated risk of 
developing pancreatic cancer in contrast to risk models that 
predict the risk of pancreatic cancer using low-penetrance 
single-nucleotide polymorphisms (SNPs) and known 
pancreatic cancer risk factors (age, diabetes mellitus, heavy 
alcohol use, body-mass index, and presence or absence of a 
family history). These latter risk models have not been shown 
to identify individuals with a significantly elevated risk of 
pancreatic cancer (64). With the use of high risk models such 
as PancPro, the positive predictive value of future screening 
tools, whether imaging, biomarkers or a combination of both 
can be increased.

Conclusions

While significant strides have been made, there is still much 

work left to be done to make the early detection of pancreatic 
cancer a reality. Three precursor lesions that distinctly 
lead to pancreatic adenocarcinoma have been identified, 
and we have increasing understanding the non-genetic  
and genetic risk factors for the disease. However, what we 
do know is still limited and imperfect.

With increased understanding about the risk factors, 
the familial patters, and associated accumulation of genetic 
mutations involved in pancreatic cancer, we know that 
there are mutations that occur early in the development 
of pancreatic cancer and that improved genetic risk-based  
strategies in screening for pancreatic cancer may be 
possible and successful at saving or prolonging lives. The 
current standards for diagnosing pancreatic cancer remain 
too invasive and too costly for widespread screening 
for pancreatic cancer. Furthermore, the promises of 
noninvasive methods of detection such as blood, saliva, and 
stool remain underdeveloped or lack robust testing. There 
remains a need for cost-effective biomarkers with robust 
sensitivity and specificity, improved imaging strategies, 
further research into the risks and benefits of screening, and 
the identification of high-yield target populations to screen. 
However, significant progress has been made, and we are 
drawing closer to a fitting strategy for the screening and 
early detection of pancreatic cancer.
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