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Abstract

Pancreatic cancer is usually diagnosed at an advanced
stage and curative resection is feasible in only a
small minority of patients at the time of diagnosis.
Diagnosis at an early stage is unequivocally associated
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with better long-term survival. Several candidate
molecular markers for early detection are currently
under investigation in different phases of discovery and
validation. Recent advances in the technology for whole
genome, methylome, ribonucleome, and proteome
interrogation has enabled rapid advancements in the
field of biomarker discovery. In this review we discuss
the current status of molecular markers for detection
of pancreatic cancer in blood, pancreatic cyst fluid,
pancreatic juice and stool and briefly highlight some
promising preliminary results of new approaches that
have the potential of advancing this field in the near
future.
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specificity; Pancreatic cancer; Pancreatic juice; Stool;
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Core tip: Pancreatic cancer is a leading cause of cancer
mortality worldwide. Early detection at a resectable
stage is associated with the best long-term prognosis.
There are ongoing efforts globally to discover, validate
and optimize molecular markers for early diagnosis.
The challenge is to develop highly sensitive markers
not only for earliest stage cancer but also to accurately
detect premalignant lesions with high grade dysplasia
that would maximally benefit from resection. In this
review, we summarize some of the most promising
biomarkers for molecular detection of pancreatic cancer
and discuss evolving molecular approaches.
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INTRODUCTION

In 2015, an estimated 48960 people will be diagnosed
with pancreas cancer (PC) in the United States'.
Based on current SEER (Surveillance, Epidemiology,
and End Results Program) statistics factsheets
published by the National Cancer Institute (NCI),
only a small minority of them (7.2%) will survive for
5 years or more', In 2012, 337872 new cases of PC
were reported worldwide along with 330372 PC-related
deaths!®. PC is currently the seventh leading cause of
cancer mortality worldwide and is projected to become
the second leading cause of cancer mortality in the
United States by 203054,

Over the past two decades the 5-year survival rate
of PC has improved from 3.6% to 7.2%!""!. This has
been attributed to improvements in peri-operative
care and decreased surgical mortality™®!. However,
definitive surgical intervention is feasible in only a
small minority of patients diagnosed with PC. The
disease is localized to the pancreas in less than 10%
cases at the time of initial diagnosis and patients with
localized disease have a significantly better outcome
with 5-year survival rate of 27%!"). In instances of
incidentally discovered asymptomatic stage I disease,
5-year survival may exceed 70%!®.. It is obvious that
diagnosing PC in the early stages will significantly
improve survival.

There is an urgent need to develop early detection
methods to improve these outcomes. New molecular
approaches offer the promise of accuracy, ready
distribution, and affordability that will be needed to
deliver practical screening tools. For a diagnostic
biomarker to be clinically useful in early detection
of PC, the most important characteristics are high
sensitivity, high specificity, and ability to discriminate
low-grade dysplasia from high-grade dysplasia and
early cancer. Such performance features would
help select patients for early endoscopic or surgical
intervention with curative intent. Highly sensitive
markers that lack specificity can result in a large
number of false positive tests and lead to unnecessary
and expensive tests and procedures.

BIOLOGICAL CONSIDERATIONS

Contrary to common belief that pancreatic ductal
adenocarcinoma (PDAC) is a rapidly-growing malig-
nancy, its progression through the stages of precancer
to metastatic disease may take an average of two
decades', This is a critically important observation
suggesting that there may be an ample period during
which to screen the key target lesions-earliest stage
cancer and those precancers at greatest risk of
progression™,

Although the earliest precancer lesions in PDAC, also
known as pancreatic intra-epithelial neoplasia (PanIN),
are well-defined from a histologic standpoint, currently
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available imaging techniques and biomarkers lack
sensitivity for their detection. The cystic premalignant
lesions which include intraductal papillary mucinous
neoplasms (IPMNs) and mucinous cystic neoplasms
(MCNs) are more readily identifiable by imaging.
However, as the large majority of these cystic lesions
do not progress to cancer, their incidental detection
often results in a management dilemma. Current risk
prediction models are imperfect and the proportion
of pancreatic resections for non-neoplastic lesions
appears to be much higher than the proportion of
“missed” cancer..

Thus, the natural history of PDAC appears to
present a window of opportunity for detection of
early stage and potentially-curable neoplasms. The
challenge is to develop highly sensitive molecular
markers not only for earliest stage PDAC but also with
the ability to accurately detect pancreatic premalignant
lesions with high grade dysplasia that would maximally
benefit from surgical resection.

ADVANCES IN TECHNOLOGY

The past decade has witnessed explosive progress
in whole genome, methylome, ribonucleome, and
proteome interrogation that has accelerated the
identification of candidate biomarkers for early
detection of PDAC. While candidate markers generated
from these discovery engines have potential to
yield discriminant tests when applied to distant
media, clinical validation and test development are
largely at early stages. The use of a variety of assay
platforms has been explored on diverse media such as
plasma, serum, cyst fluid, pancreatic juice and stool.
Molecular markers have been evaluated to detect both
cancer and premalignant pancreatic lesions, assess
prognosis, and predict tumor response to specific
pharmacotherapy. In the future, such molecular tests
may be applied to guide individualized cancer therapy.

Over the past decade, several molecular tests have
been studied in pancreatic neoplasms (Table 1). In
this review, we describe the molecular markers that
are currently in the pipeline and also discuss evolving
molecular approaches which may potentially alter
the diagnostic paradigm for pancreatic cancer in the
future. The focus is on PDAC and cystic neoplasms
of the exocrine pancreas since these comprise the
majority of malignant pancreatic tumors.

Blood testing

Conventional approach: Conventional biomarkers
for the detection of PDAC have been largely protein-
based and have several limitations. Carbohydrate
antigen 19-9 (CA 19-9) is the most widely studied
conventional biomarker for PDAC. Importantly, levels
are often normal in early disease and falsely elevated
in patients with various conditions, such as biliary
obstruction®. Furthermore, it is well known that up
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Table 1 Biomarkers for molecular detection of pancreatic cancer

Bio specimen Type of biomarker Examples of molecular markers
Blood Conventional protein markers Carbohydrate antigen 19-9 (CA 19-9)
Carcinoembryonic antigen (CEA)
Novel proteins Intercellular adhesion molecule-1 (ICAM-1)
Osteoprotegerin (OPG)
Macrophage inhibitory cytokine-1 (MIC-1)
Tissue inhibitor of metalloproteinases-1 (TIMP-1)
5100 calcium-binding protein P (S100P)
Mutated genes KRAS, TP53, SMAD4, CDKN2A, KDM6A, PREX2
Aberrantly methylated genes p16, ppENK, cyclin D2, SPARC/osteonectin SOCS-1, TSLC1
Micro-RNAs miR-1290, miR-145, miR-150, miR-223, miR-636, miR-26b, miR-34a, miR-122, miR-126, miR-145,
miR-150, miR-223, miR-505, miR-636, miR-885.5p.
Circulating tumor cells (molecular markers not yet interrogated)
Cyst fluid Mutated genes KRAS, GNAS

Aberrantly methylated genes
Micro-RNAs
Tumor tissue Novel proteins
Mutated genes
Aberrantly methylated genes
Stool Mutated genes

Pancreatic juice

BNIP3, PTCHD2, SOX17, NXPH1 and EBF3

miR-138, miR-195, miR-204, miR-216a, miR-217, miR-218, miR-802, miR-155, miR-214, miR-26a,

miR-30b, miR-31, and miR-125
Gelsolin, Lumican, Galectin-1 and Laminin
KRAS, TP53
ADCY1, CD1D, BMP3
KRAS, BMP3

to 15% of individuals with a high tumor burden have
normal or undetectable CA 19-9 levels. About 5% of
Caucasians lack the Lewis blood group antigen and
have undetectable levels of CA 19-9 since they lack the
characteristic fucosylation pattern required for CA 19-9
detection by commercially available assays™®. The
combination of these factors makes it an unreliable
screening tool. Its scope in current practice is largely
restricted to detection of tumor recurrence after
surgical resection™"*?, Carcinoembryonic antigen (CEA)
has also been studied as a diagnostic test for PDAC
and found to have poor performance characteristics. In
isolation, it has low diagnostic accuracy for aggregate
stages of PDAC with a sensitivity of 54% and
specificity of 79%; these respective metrics change to
86% and 72%, when CEA is used in combination with
CA 19-9™*,

Novel proteins: A variety of discovery approaches
have been pursued to profile the pancreatic cancer
proteome and identify biomarkers for diagnosis.
Several sample types, including whole tumor
tissue, isolated neoplastic cells and isolated tumor
stromal cells have been used in these discovery and
validation efforts™!. In addition to tissue profiling, the
proteome has also been studied in pancreatic juice
and serum using liquid chromatography tandem mass
spectrometry as well as high-throughput immunologic
proteomic strategies*®. In the past, antibodies to
osteoprotegerin, intercellular adhesion molecule-1
(ICAM-1) and tissue inhibitor of metalloproteinases-1
(TIMP-1) have been proposed as potential diagnostic
biomarkers for PDAC. In a case-control study of 333
patients with PDAC, a combination of CA 19-9, ICAM-1
and OPG antibodies was found to have a sensitivity
and specificity of 88% and 90%, respectively, for
distinguishing PDAC from healthy controls'”’. However,
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a more recent case-control study evaluating ICAM-1
and TIMP-1 levels argued against their utility in the
early diagnosis of PDAC. In this study investigators
tested the levels of these proteins in pre-diagnosis
samples of patients 0-12 mo before a diagnosis
of PDAC and a quantitative comparison with non-
cancer control samples revealed no significant
difference™®., Interestingly, patients with jaundice
secondary to both benign and malignant etiology had
elevated circulating levels of these proteins leading
the investigators to believe that failure to account for
biliary obstruction may have contributed false positive
results in prior studies. Other circulating proteins that
have been identified as candidate biomarkers include
macrophage inhibitory cytokine-1 (MIC-1) and S100
calcium-binding protein P (S100P). Serum MIC-1
may have a higher sensitivity (62.5% vs 25.0%) and
similar specificity compared to CA19-9 for detection
of early stage PDAC™™®!. A meta-analysis evaluating
the diagnostic performance of S100P reported
pooled sensitivity and specificity of 87% and 88%,
respectively, for aggregate stages of PDAC with an
AUC of 0.93%,

Further investigation is clearly indicated to cor-
roborate early observations with these novel diffe-
rentially-expressed candidate biomarkers and to
better define their biological significance and clinical
utility.

DNA: Mutations - The genomic landscape of PDAC
is complex. In recent years, in-depth analysis of the
coding region of the genome using high-throughput
studies of gene expression has revealed a large
number of gene expression abnormalities associated
with PDAC. In one of the early studies, Jones et a/f*
performed SAGE (serial analysis of gene expression)
analysis of 24 PDACs with tumor cells passaged in vitro
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as cell lines or in nude mice as xenografts. This study
identified 10-fold overexpression of 541 genes in more
than 90% of the tumors when compared to normal
pancreatic duct cells®".,

Commonly mutated genes that characterize
PDAC include KRAS, TP53, SMAD4 and CDKNZ2A.
A recently published study describing deep whole-
genome sequencing and copy humber variation (CNV)
analysis of 100 patients with PDAC has reaffirmed
that chromosomal rearrangement in these four
genes is an important mechanism of DNA damage
in pancreatic carcinogenesis®?. Activating mutations
in KRAS were identified in nearly all patients in this
study and the prevalence of inactivation events for the
other genes was 74% for TP53, 35% for CDKN2A and
31% for SMADA4. This study also identified inactivating
mutations in two new genes KDM6A and PREX2,
occurring in 18% and 10% of patients®*.

The reported mutation rate of KRAS in PDAC
ranges from 75%-95%, making it the most commonly
mutated gene in PDAC?*. Although KRAS mutation
testing appears to be an attractive diagnostic target,
commercially available plasma assays lack specificity
and are relatively insensitive in the detection of early
PDAC™!. KRAS mutations are known to be present
with greater frequency in smokers and in patients with
chronic pancreatitis both of which are risk factors for
PDAC and further confound the diagnostic utility of this
marker®, A recent meta-analysis of 8 prospective
studies assessing the accuracy of KRAS gene mutation
analysis for diagnosing of PDAC reported a pooled
sensitivity and specificity of 88.7% and 92% for
KRAS mutation analysis combined with cytology of
an endoscopic ultrasound (EUS)-guided fine needle
aspirate (FNA) compared to 80.6% and 97% for EUS-
FNA alone. The authors concluded that there may be
a role of using KRAS as a diagnostic marker in cases
where the cytology is inconclusive™. Recent interest
has focused on quantification of KRAS mutants in
blood of patients with PDAC as a marker of early
diagnosis™*®, Kinugasa et a*® recently demonstrated
that the ratio of mutant to wild type KRAS could be
used as a biomarker in early PDAC.

Although currently available data clearly demon-
strate that genetic mutations and alterations in gene
expression unequivocally contribute to pancreatic
carcinogenesis, none of these genomic markers have
demonstrated favorable performance characteristics
as a diagnostic biomarker in clinical application.
Furthermore, the numerous mutational sites across
involved genes render impractical their use as clinical
biomarkers with current assay platforms. The evolution
of high-speed sequencing platforms could overcome
this limitation in the future.

Another challenge of detecting tumor DNA in blood
pertains to their very low circulating concentrations
at the earliest stages of cancer. Also, unlike RNA
and various protein markers, there is typically only
one copy number of a given DNA marker per tumor
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cell. Accordingly, assay platforms with exquisitely
high analytical sensitivity are required to render this
approach feasible. The availability of digital PCR, next-
generation sequencing, and other innovative platforms
in recent years may provide the requisite performance
to detect very low levels of circulating mutant DNA®?.
These results are preliminary and need to be validated
in larger studies.

Methylation - Several studies have focused on
the methylation status of PDAC and cystic pancreatic
neoplasms. Genes that have been identified to undergo
aberrant methylation during pancreatic carcinogenesis
include p16, ppENK, cyclin D2, SPARC/osteonectin
SOCS-1 and TSLC1P%?%, Genome-wide study of
DNA methylation patterns in 167 resected untreated
PDACs demonstrated enrichment of various aberrantly
methylated genes, some of which appear to be highly
discriminant for PDAC as single markers®. Our group
has also identified novel methylated DNA marker
candidates via whole methylome interrogation and
has demonstrated the potential utility of methylation
markers in site-prediction of gastrointestinal
malignancies™). The use of these epigenetic alterations
as early detection markers for PDAC is encouraging,
and rigorous assessment of their application to distant
media is now needed.

RNA: Micro-RNAs are non-coding RNAs that regulate
posttranscriptional gene expression. The increasingly
recognized role of micro-RNAs in oncogenesis and
tumor metastasis has been described®**. MicroRNA
profiles specific for PDAC have been found in serum,
pancreatic tissue, cyst fluid and more recently in whole
blood™**,

Some of the earlier studies focused on serum and
plasma microRNA profiles to distinguish patients with
PDAC from healthy volunteers. Li et a/*® reported
that serum miR-1290 levels appeared to have an
excellent discriminatory ability (AUC of 0.96) to
distinguish patients with early pancreatic cancer
cases from healthy controls. Corroboration and
extension of these early observations are needed.
Several other investigators proposed the role of other
serum microRNAs but most of these early studies
lacked independent validation. The Danish BIOPAC
(Biomarkers in Patients with Pancreatic Cancer) study
analyzed microRNA expression in whole blood in 409
patients with pancreatic cancer. This prospective case-
control study identified 2 miRNA panels consisting
of sets of 4 (miR-145, miR-150, miR-223, miR-636)
and 10 mi-RNAs (miR-26b, miR-34a, miR-122,
miR-126*, miR-145, miR-150, miR-223, miR-505,
miR-636, miR-885.5p) that distinguished patients
with PDAC from healthy controls™. The larger
panel had a comparatively higher AUC for detection
of early pancreatic cancer (AUC of 0.91 vs 0.80).
Although currently available studies have focused on
identifying free miRNA in plasma or serum, there is
growing interest in exploring circulating exosomes as a
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Figure 1 Detection of circulating pancreatic epithelial cells using geometrically enhanced differential immunocapture in cystic and solid pancreatic
neoplasms using cellular stains for CD45 (green), Pdx-1 (red), and DNA (DAPI, blue). Scale bar: 20 mm. Reprinted from Rhim et af*?.

concentrated and potentially more discriminant source
of miRNA in patients with PDACH***),

As is evident from the above data, a large number
of mi-RNAs have been implicated as potential
biomarkers. The widespread availability of next
generation sequencing techniques has facilitated rapid
advancement in this field of research. Next steps
must involve validation of some of the more promising
markers in larger cohorts, especially focusing on
discriminating between low-grade and high-grade
dysplasia.

Circulating tumor cells: Recent data suggest that
hematogenous spread of pancreatic tumor cells may
be an early event during pancreatic oncogenesis and
circulating tumor cells may be detectable before the
primary tumor can be visualized on any imaging test.
In mouse models, Rhim and colleagues demonstrated
that an epithelial to mesenchymal transition of
PDAC tumor cells occurs as an early phenomenon,
even before histologic emergence of cancer®,
Additionally, they used cell lineage labelling techniques
in transgenic mice with PDAC for a proof of concept
study to show that pancreatic epithelial cells may
enter the circulation prior to tumor formation, and
followed that by observing the same phenomenon
in a subset of patients with cystic pancreatic lesions
(Figure 1)°*®1 Circulating epithelial cells were also
detected in 8 of 11 (73%) patients with PDAC, but
in 0 of 19 control patients without cysts or cancer.
These results are preliminary and need to be validated
in larger studies. Other studies have explored the
possibility of using circulating tumor cell detection as a
marker of predicting prognosis after curative surgical
resection of the primary tumor. Based on preliminary
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data circulating tumor cell testing appears to be more
sensitive (75% vs 69%) and specific (95% vs 81%)
than CA 19-9 for diagnosing recurrent disease!”.,

Cyst fluid and tissue testing

Advances in endoscopic ultrasound have provided
a relatively safe modality for tissue acquisition from
malignant and premalignant pancreatic lesions.
Several investigators have studied fine-needle aspirate
and cyst fluid specimens for biomarker detection.

The multicenter PANDA (Pancreatic Cyst DNA
Analysis) study found the combined presence of a
KRAS mutation and allelic loss in cyst fluid to have
a sensitivity of only 37% at a specificity of 96% for
discriminating malignant from benign pancreatic
cysts*®, In another study by Wu et al*!, cyst fluid
GNAS mutations were detected exclusively in IPMNs
and not in any other mucinous, non-mucinous or
malignant pancreatic cysts. Hong and associates
identified hypermethylation of several genes including
BNIP3, PTCHD2, SOX17, NXPH1 and EBF3 in cyst
fluid from IPMNs with high-grade dysplasia®®. In a
study comparing the miRNome of low-grade and high-
grade pancreatic cystic neoplasms, thirteen miRNAs
(miR-138, miR-195, miR-204, miR-216a, miR-217,
miR-218, miR-802, miR-155, miR-214, miR-26a,
miR-30b, miR-31, and miR-125) were differentially
enriched in cyst fluid samples from patients with
PDAC™, Matthaei and colleagues identified a panel of
9 mi-RNAs in cyst fluid and microdissected formalin-
fixed, paraffin-embedded (FFPE) tissue from surgically
resected IPMN specimens, which distinguished
potentially malignant cysts requiring surgical
intervention from benign cysts that could be managed
conservatively with a sensitivity of 89%, a specificity
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of 100%, and AUC of 1%, Such high discrimination in
this early report clearly warrants further exploration.

Mass spectrometric analysis of whole tumor
tissue has identified several proteins associated with
pancreatic oncogenesis. Gelsolin and lumican are
two such proteins initially identified in cancer tissue
that were found to have 80% sensitivity and 95%
specificity as a plasma biomarker in discriminating
early stage pancreatic cancer patients and healthy
controls®!, A quantitative proteomic study of PanIN
3 lesions identified more than 200 dysregulated
proteins, the majority being cytoskeleton proteins
involved in cell motility. Galectin-1 and laminin were
overexpressed both in these advanced PanIN lesions
and the adjacent pancreatic stroma®. Amato et a/**
used next-generation sequencing to assess mutations
in 48 surgically resected IPMNs and identified GNAS
(79%) and KRAS (50%) to be most commonly
affected genes. These studies using surgical specimens
are susceptible to selection bias and the detection
of these genetic mutations is not ideally suited to be
applied to the diagnostic algorithm of cysts that do
not meet currently established criteria for surgical
resection.

Our understanding of the progression model of
pancreatic cancer has improved significantly over
the past decade. The term pancreatic intraepithelial
neoplasia (PanIN) was introduced in 1999 to describe
ductal lesions that are precursors of invasive cancer’™".
Although high-grade ductal precursor lesions (PanIN-3)
have a greater malignant potential, low-grade
PanINs (PanIN-1 and PanIN-2) are more common;
especially in older adults and do not always progress
to cancer. Thus, biomarkers targeting PanIN-3 would
be of greatest clinical utility for early detection. The
overexpression of HER-2/neu and point mutations
in the K-ras gene appear to be early events that
discriminate low-grade ductal premalignant lesions
(PanIN-1) from normal ductal epithelial cells®*.
Inactivation of the p16 gene appears to be more
common in higher-grade PanINs compared to low-
grade PanINs and probably occurs at an intermediate
stage of tumorigenesis™*.. Inactivation of p53, DPC4,
and BRCA2 are relatively terminal events in this
neoplastic progression®". Gene expression profiling
analyses of cells from normal pancreatic ducts, PanINs
and PDAC have revealed more than 1,000 molecules
including S100P, MMP7, MUC4, FSCN1, and MUC5AC
that are preferentially expressed both in PDAC and
precursor lesions. More work is needed both at the
discovery level and with subsequent validations to
make meaningful progress in identification of useful
markers for PanIN-3.

Pancreatic juice testing

Recent studies have focused on analysis of pancreatic
juice sampled endoscopically from the duodenum
following intravenous administration of secretin to
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stimulate pancreatic excretion and facilitate juice
collection. In one study KRAS mutations were detected
in pancreatic juice of 73% of patients with PDAC™®.
However, KRAS mutations were detected in pancreatic
juice from 19% of controls and attributed to the
presence of small pancreatic intraepithelial neoplasia
(PanIN) lesions™®. Detection of mutant TP53 has
been studied in pancreatic juice from patients with
both cancer and precancerous lesions in an enriched
patient population. Although the sensitivity of this test
was only 67.1% in patients with invasive PDAC, TP53
mutations were not identified in any of the 58 controls
or in patients with PanIN-1 lesions®”). In our recent
early study using non-optimized techniques on archival
pancreatic juice samples, we identified a panel of novel
methylated DNA markers and mutant KRAS in patients
with PDAC. At specificity cutoffs of 90% and 95%:
this combined marker panel achieved sensitivities of
88% and 77% for diagnosis of PDAC; ADCY1, was
the most sensitive single methylation marker. Overall
discrimination between PDAC and controls by area
under ROC curve was 0.91 for the panel which was
significantly higher than by any single marker (P <
0.05), except ADCY1. Positivity rates were substantially
lower in patients with chronic pancreatitis compared to
those with PDAC for all markers (P < 0.0001)®. with
optimization of marker selection, sample processing,
and assay techniques, analysis of pancreatic juice
has potential to characterize indeterminate pancreatic
lesions with high accuracy.

Stool testing

Although considerable attention has been devoted to
discovery of biomarkers in pancreatic juice and cyst
fluid, the acquisition of these specimens are dependent
on invasive procedures and would not be suitable for
general screening. In a recent study we explored the
possibility of detecting DNA markers in stool as an
approach to the early detection of PDAC™®. Nine target
genes were assayed comparing stool samples from
patients with PDAC compared to controls with normal
colons. BMP3 was the most discriminant methylation
marker in stool. At 90% specificity, the combination of
methylated BMP3 and mutant KRAS in stool detected
67% of PDACs. AUC for the combination in stool was
0.85, which was better than the AUC for either test in
isolation. Further studies are necessary to improve the
discriminatory accuracy of stool methylation markers
in patients with early PDAC.

FUTURE CHALLENGES AND
OPPORTUNITIES

Several additional approaches have recently surfaced
which offer creative strategies to early detection of this
lethal cancer.

Exosomes are extracellular vesicles containing
proteins and nucleic acids surrounded by a lipid-bilayer
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wall. Isolation of specific cancer-cell derived exosomes
has been studied as a tool for early diagnosis. In a
recently published study, circulating cancer-cell derived
exosomes enriched in glypican-1 were identified as
a marker for diagnosis of PDAC with reported 100%
specificity and 100% sensitivity (AUC of 1.0) for
detecting PDAC®,

The pancreas has a major role in regulation of
metabolism in healthy individuals. It follows intuitively
that metabolomic profiling of individuals affected by
PDAC could reveal diagnostic clues. A study using
serum assay in a p48-Cre/LSL-KrasG12D mouse
model identified a distinct metabolic pattern that
distinguished animals with early stage PDAC from wild-
type controls with an accuracy of 82%!°!. Metabolomic
markers will require further research to determine
their potential value in the early detection of PDAC.

Core fucosylation (CF) is a form of glycosylation
mediating post-translational modification of cellular
protein. CF-glycosylation of an isoform of a-fetoprotein
(AFP-L3) is a sensitive biomarker of hepatocellular
carcinoma (HCC). Tan et al*®” recently published an
elegant study describing differentially expressed CF
peptides distinguishing between serum of healthy
control and patients with pancreatic cancer. Research
in this field is at a nascent stage and carries great
future promise. Another approach that has recently
emerged as an exciting new avenue for biomarker
discovery in PDAC is the detection of discriminatory
cytokine biomarker panelst®®.

These and other novel molecular approaches on the
discovery horizon warrant further study in the search
for better methods of to improve early detection of
PDAC.

CONCLUSION

The number of promising biomarkers for early
diagnosis of pancreatic cancer has risen dramatically
in recent years. However despite the large number of
studies and new discoveries, no molecular approach
has been rigorously validated or ascended to
application for routine clinical use to date. Mutational
analysis points to the heterogeneity in acquired genetic
changes in PDAC and underscores the complexity and
obstacles inherent to the use of mutations as candidate
markers for detection. Other classes of markers, such
as aberrantly methylated DNA or miRNA, may be
more informative and practical at this time. Carefully
designed clinical validation studies are now needed
to sort out which molecular markers measured,
which assay platforms, and in which biological media
will prove to be of greatest value in screening and
surveillance applications.
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