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Non-invasive biomarkers in pancreatic cancer diagnosis: what we
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Abstract: Pancreatic cancer (PC) is probably the most lethal tumor being forecast as the second most fatal
cancer by 2020 in developed countries. Only the earliest forms of the disease are a curable disease but it has to be
diagnosed before symptoms starts. Detection at curable phase demands screening intervention for early detection
and differential diagnosis. Unfortunately, no successful strategy or image technique has been concluded as effective
approach and currently non-invasive biomarkers are the hope. Multiple translational research studies have explored
minimally or non-invasive biomarkers in biofluids-blood, urine, stool, saliva or pancreatic juice, but diagnostic
performance has not been validated yet. Nowadays no biomarker, alone or in combination, has been superior to
carbohydrate antigen 19-9 (CA19-9) in sensitivity and specificity. Although the number of novel biomarkers for
early diagnosis of PC has been increasing during the last couple of years, no molecular signature is ready to be
implemented in clinical routine. Under the uncertain future, miRNAs profiling and methylation status seem to be
the most promising biomarkers. However, good results in larger validations are urgently needed before application.

Industry efforts through biotech and pharmaceutical companies are urgently required to demonstrate accuracy and

validate promising results from basic and translational results.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the predominant
histologic type of pancreatic cancer (PC) and has one of the
worse prognoses of all types of cancer leading to 227,000
deaths annually worldwide. It is currently the fourth leading
cause of cancer-related death in the world. Incidence of PC
in the US and most of developed countries continue to rise
with forecast claiming that it will be the second most fatal
cancer in the US by 2020 (1).

The majority of patients with PC progress to either
locally advanced or metastatic disease in the asymptomatic
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phase, as many as 80% presents late with metastasis at
diagnosis (2). Metastasis is the most common cause of death
in PC patients. Without possibility for resection, survival at
stage 4 is <5%. When diagnosed at stage 1, 5-year survival
is around 20%. However, if detection would be possible
before patient present clinical symptoms, survivability could
reach 75% after S years.

Although for many years the question of whether the
dismal prognosis of PC compared with other types of
tumors would be due to late diagnosis or early dissemination
of malignant cells, several studies provided novel insights.
Yachida et al. (3) performed experiments indicating that at
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least 5 years are required for the acquisition of metastatic
ability after a parental tumoral but non-metastatic founder
cell is detected. These data define a very important broad
time window in which there are opportunities for early
detection that could prevent deaths from PC metastatic
disease. This is generally accepted nowadays that diagnose
PC at early stages is needed since it will improve survival.

PDAC are generally developed from three precursor
lesions: pancreatic intraepithelial neoplasia (PanIN) lesions,
intraductal papillary mucinous neoplasms (IPMN) and
mucinous cystic neoplasms (MCN) (4). While PanIN lesions
are microscopic and not detectable by image techniques,
cystic premalignant lesions IPMN and MCN) are seen by
modalities such as endoscopic ultrasound (EUS), magnetic
resonance with cholangiopancreatography and computerized
tomography scan (CT scan). However, the large majority
of these cystic lesions do not progress to cancer, their
incidental detection often results in difficulties regarding
clinical management in terms of surgery recommendation.

Diagnosis of PC is nowadays very challenging since
patients present with non-specific symptoms leading
to delay in correct diagnosis. Additionally, and very
importantly, results obtained from imaging techniques are
not conclusive and often of ambiguous relevance. In fact,
while sometimes pancreatic mass are indistinguishable
from chronic pancreatitis or benign pancreatic cysts when
biopsy is obtained from the lesion, pathological results
can be inconclusive. Cytological examination of sample
obtained by endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) may be non-precise due to sampling
difficulties, inflammation coexistence... etc. (5). For these
reasons, many clinical and basic investigators are trying to
identify biomarkers that could support gastroenterologists
and pathologists in PC diagnosis.

Biomarkers needed

General population screening is not advisable due that the
overall lifetime risk of developing PC is relatively low, close
to 1%, and does not meet some of the criteria established
by the World Health Organization (http://www.who.int/
cancer/detection/variouscancer/en). Additionally, since
there is limited evidence about accuracy of PC screening
tests, acceptability, cost and availability on whom to treat on
the basis of screening results, this approach is not currently
advisable for average risk subjects.

By contrast, only individuals with a significant increased
risk of develop PC could opt to screening test. The

© Annals of Translational Medicine. All rights reserved.

Herreros-Villanueva and Bujanda. Blood biomarkers in pancreatic cancer

International Cancer of the Pancreas Screening Consortium
(CAPS) (5) have recently stated that screening is indicated
for: (I) individuals with “familiar pancreatic cancer” (FPC),
with two or more blood relatives affected by PDAC, of
whom at least one first degree relative (FDR); and (II)
genetic syndromes such as Peutz-Jeghers syndrome and
pl6 [familial atypical multiple mole melanoma syndrome
(FAMMM syndrome)], BRCA2, PALB and hereditary non-
polyposis colorectal cancer mutation carriers if one FDR or
two family members are affected by PC. However, for this
high risk considered patients, there is not consensus about
screening modality used but most commonly magnetic
resonance imaging (MRI) or EUS have been proposed.
There is not evidence of blood biomarkers being advised
for this purpose. In fact, the diagnostic utility of CA19-9 in
high risk individuals has been fully investigated but available
data indicate that this biomarker does not seem helpful in
this population (6).

Considering the dismal prognosis of PC due to late
diagnosis and accepting that current techniques make
screening for general population not advisable and
sometimes uncertain for high-risk patients, there is an
urgent need to find new biomarkers that could cover several
unmet clinical needs: (I) screening of high risk individuals;
and (II) confirmation in differential diagnosis for medium
risk individuals.

For medium risk individuals, a clinically useful biomarker
should (I) allow early diagnosis of patients with incidental
image findings, at its earliest forms (ideally asymptomatic,
before symptoms starts) (II) helping in a definitive diagnosis
by distinguish PC from diseases with similar non specific
symptoms such as pancreatitis or benign pancreatic cyst
(differential diagnosis) or those with strong but not definitive
image suspicion (confirmatory diagnosis) (Figure I).

Considerations for biomarkers development

A useful biomarker with applicability for early diagnosis
should be minimally or non-invasive and have high
sensitivity, high specificity and capacity to discriminate low-
grade dysplasia from high-grade dysplasia and cancer.

Minimally-invasive or non-invasive biomarkers are
required to encourage use for clinicians and compliance in
patients. Only non-invasive tests are practical enough and
will be able to maximize access. To obtain these properties,
biomarkers in blood, urine, saliva, feces or pancreatic juice
samples must be investigated.

Sensitive biomarkers are required to identify correctly
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Figure 1 Biomarkers needed for early detection of pancreatic cancer (PC).

those patients who have PC. However, high sensitive
biomarkers with low specificity results in a larger number
of false positive results leading to unnecessary, expensive
and not affordable procedures. Only cost-effective and
inexpensive biomarkers will be widely distributable being
finally accessible to health-care systems and patients.

By the development of non invasive biomarkers for early
diagnosis an impact will be obtained for: (I) those patients
in whom clinically suspected PC is part of differential
diagnosis; (I) those patients with strong clinical and image
suspicion of PC; (III) patients with medium or high risk of
PC development.

To achieve these aims, performance characteristics
including non-invasiveness, accuracy (sensitive and specific)
and cost-effectiveness biomarker must be identified (Table ).

Conventional approaches

Carbobydrate antigen 19-9 (CA19-9) and CA19-9
combinatory panels

CA19-9 is the only biomarker widely used for the
management of PC so far (7). However, due to its important
limitations CA19-19 is an unreliable screening biomarker
being restricted to detection of tumor recurrence after
surgical resection (8-10). CA19-9 shows lack of expression
in ~5% of the population (Caucasians lacking the Lewis
blood group antigen) while an elevation can be observed
in related diseases including chronic pancreatitis and
obstructive jaundice (9,11). CA19-9 has a variable sensitivity
of ~85% and specificity of ~85% for the detection of
PC (12) but the low prevalence of the disease makes this
biomarker not applicable for screening and not relevant to
confirmatory/differential diagnosis.

Although not specific enough, CA19-9 seem to be most
widely used biomarker in PC and consequently, multiple
investigations have combined CA19-9 with other markers
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Table 1 Performance characteristics required for biomarkers

needed to improve PC early diagnosis

Properties Allow

Non-invasive Compliance and accessibility

Sensitive and specific Accuracy in diagnosis avoiding
false positive or negative results

Cost-effective Wide distribution and affordable

PC, pancreatic cancer.

(Including factors produced by the tumor or molecules from
systemic response to the growing tumor or inflammatory
reactants) in order to improve accuracy (13). For instance
the combination of CA19-9, IGF-1 and albumin resulted
in a sensitivity of 93.6% and specificity of 95% (13) when
differentiating pancreatitis from PC. Serum cytokines as
biomarker panel including CA19-9 showed a sensitivity
85.7% and specificity of 92.3% to distinguish PC from
healthy controls and sensitivity of 98%, specificity of 96.4%
to distinguish PC from chronic pancreatitis (14). Also,
Brand er al. (15) reported that the combination of CA19-9,
ICAM-1, and OPG discriminated PC patients from healthy
controls with a sensitivity/specificity of 88/90%, while the
panel of CA 19-9, carcinoembryonic antigen (CEA), and
TIMP-1 discriminated PC patients from benign subjects
with a sensitivity/specificity of 76/90%. A panel consisting
of carbohydrate antigen CA19-9, albumin, C-reactive
protein and interleukin 28 demonstrated sensitivity was
99.39% for all-stages, 96.10% for early-stage and 98.80%
for advanced-stage PDAC at 90% specificity when
discriminating between PDAC and healthy individuals.
However, all these studies analyzing a panel of biomarker
should be validated in larger cohorts. Independent validation
sets are required to further corroborate obtained data since it
is very common that training set values are higher than those

Ann Transl Med 2016;4(7):134

atm.amegroups.com



Page 4 of 8

obtained in validations sets. Due to these reasons, the lack of
reproducibility leads to non-clinical applicability.

Carcinoembryonic antigen (CEA)

CEA was found in gastrointestinal tissue during fetal
development and colorectal carcinoma, and was later
purpose to diagnose PC. Several meta-analysis showed that
CA19-9 have better performance than CEA. Nevertheless,
combination of these two biomarkers have been very popular
in panels (16). Nowadays, this biomarker is not used to
diagnose PC as the protein is not produced by all pancreatic
tumors and has lower sensitivity than CA19-9 (17).

Novel approaches
miRNAs

miRNAs are non-coding RNAs that regulates gene
expression and have been recognized as deregulated in
oncogenesis (18,19). miRNAs are very stable in blood
because they are usually bound to Argonaute, a protein that
protects them from RNase degradation (20,21). Several
authors reported that miRNAs are deregulated in pancreatic
diseases being able to discriminate PC from pancreatitis,
pancreatic precursor lesions and healthy individuals (22,23)
and precursor lesions such as IPMN with malignant
potential (24) being present in several types of samples.
Schultz et al. (23) from the Danish BIOPAC study
identified two miRNA panels consisting in groups of four
biomarkers that distinguish PC from healthy controls (miR-
145, miR-150, miR-223, miR-636) and ten mi-RNAs (miR-
26b, miR-34a, miR-122, miR-126*, miR-145, miR-150,
miR-223, miR-505, miR-636, miR-885.5p). Li er al. (19)
showed miR-1290 as biomarker able to distinguish early
PC from healthy subjects. Several authors found that miR-
216 and miR-217 are down-regulated in PC while miR-
143, miR145, miR-146, miR-148, miR-150, miR155, miR-
196a, mir-196b, miR-210, miR-222, miR-223 and miR-31
are up-regulated in PC (25-28). Komatsu et 4/. suggested
that plasma miR-223 might be a clinically useful biomarker
for diagnosing PC, and predicting malignant potential of
IPMN and the invasiveness of PC (24). Hernandez et al.
reviewed the current knowledge of miRNA in PC and its
precursor lesions concluding that miR-21, miR-155, miR-
196 and miR-210 are dysregulated in tissue, serum, cyst
fluid and stool of PDAC patients. miR-21, miR-155 and
miR-196 are dysregulated in PanIN and IPMN lesions (29).
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However, one of the main challenges in miRNAs
evaluation is the difficulty to detect accurately the amount
of these biomarkers due they are short molecules that
could be bound to proteins or even integrated in vesicles.
Currently, QRT-PCR, i situ hybridization, microarray and
next-generation sequencing assays are the most frequent
techniques used for miRNA evaluation (5). Still, time is
needed to make possible some of these techniques are part of
the clinical routine allowing part of diagnostic laboratories.

In definitive, miRNAs have been profiled as one of the
most popular non-invasive biomarker in early detection
of PC and numerous of these molecules are shown to be
dysregulated while and after PC development. Validations in
larger cohorts and consensus regarding definitive panels are
need before clinical applications would be real for patients.

Methylation biomarkers

Several studies have focused on the methylation status
as biomarker for PDAC early detection or differential
diagnosis. Methylation patterns have been observed in
pancreatic juice (30,31) and stool (32) from patients with
PC and precursor lesions.

Recently, investigators from Mayo Clinic speculated
that novel methylation markers that distinguish PC from
benign controls are detected in pancreatic juice. Kisiel
et al. (33) described a panel of methylated biomarkers
CDI1D, KCNK12, CLEC11A, NDRG4, IKZF1, PKRCB
and KRAS resulting in 75% sensitivity and 95% specificity
comparing PC to normal pancreas and pancreatitis.
Presently, a larger clinical study is being performed to assess
this accuracy. Similarly to Septin-9 methylation experience
as screening biomarker in colon cancer, investigators expect
rapid validation and translation to the clinic.

Other methylation biomarkers associated to disease are
ppENK, cyclin D2, sparc-7, Osteonectin and TSLC1 but
not further validation and clinical application has been
found yet (34-37).

Circulating tumor DNA (ctDNA) and circulating tumor
cells (CTC)

Liquid biopsy is one of the most recent approaches in
oncology mostly for relapse detection in patients receiving
treatment and it has been also explored in PC (38). In
this, ctDNA and CTC are the most promising blood
biomarkers, often starting to be used with prognostic or
relapse purposes.
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ctDNA measurements on KRAS mutations seems to be
a marker for monitoring treatment efficacy and PC disease
progression instead of having a diagnostic value (39).

CTC are tumor cell that have the ability to enter the
circulatory system and are ultimately responsible for
metastasis development. However, CTC are extremely rare
in PC and both enrichment and isolation has been very
difficult so far.

Recent data by Rhim er a/. (40,41) suggested that
circulating tumor cells could be detectable before primary
tumor can be visualized by current image technique.
Probed in mouse models but also in humans (where CTC
were detected in 73% of PDAC patients and undetectable
in healthy subjects), confirmation in larger studies is now
required. Difficulties for CTC identification and isolation
are one of the principal issues in the scientific community
when working with this novel and completely well
defined entity. To demonstrate applicability technical and
methodological issues required to be clarified.

Some critics say that neither CT'C nor ¢tDNA can be
used for PC screening or diagnosis, because of limited
sensitivity. However, CTC as seed of metastasis are
prognostic biomarkers in non-metastatic diseases and
ctDNA might be accurate for relapse prediction and therapy
management (42).

Molecules in exosomes

Exosomes are secreted membrane enclosed vesicles formed
during the inward budding of endosomes and contains
nucleic acid and proteins (43,44). They are secreted by cells,
including tumoral cells and circulate in the blood exosomes
playing key roles in cell-cell communications, regulating
diverse biological processes. Kahlert ez 4/. previously
demonstrated that the DNA in the circulation is mainly
associated with exosomes (45).

Melo et al. presented a study where exosomes from
PC patients express higher levels of GPCI than healthy
subjects (46). Exosomes positive for GPC1 may serve as
a potential non-invasive diagnostic and screening tool
to detect early stages of PC to facilitate possible curative
surgical therapy. Ding er al. reveled that PC-derived
exosomes transfer miRINAs to dendritic cells via miR-212 to
induce immunotolerance (47).

The isolation of cancer exosomes from patients remains
a challenge due to the lack of specific markers that can
distinguish cancer from non-cancer exosomes and time-
consuming technology required not yet implantable in
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clinical routine.

Conclusions

Discouraging statistics about 5-year survival after diagnosis
have remained fairly consistent for the last decades with
no improvement in the prognosis of PC patients. PC is
probably the most lethal tumor and by 2020 it will be the
second cause of cancer death. It is well-established now that
only earliest forms of PC are a curable disease but it has
to be detected before symptoms starts. Although several
strategies have been proposed, the achievement of detection
at curable phase demands screening intervention for early
detection and differential diagnosis. Similarly to what occurs
in colorectal cancer, development through adenoma-cancer
sequence, an increasing number of scientific evidences show
that progression from premalignant lesions to cancer also
exists in PC.

Unfortunately no successful strategy has been concluded
as effective approach and now, non-invasive biomarkers
are the hope. Multiple translational research studies
have explored minimally or non-invasive biomarkers in
biofluids-blood, urine, stool, saliva or pancreatic juice,
although diagnostic performance has not been further
validated. These include overexpressed and under-expressed
microRNAs (25), mutations and other genetic alterations,
epigenetic changes such as methylation (48), modification
of secreted proteins such as mucins (49) or most recently
the detection of free nucleid acids such as ctDNA (50),
circulating pancreatic cells (CPCs) (51) or cancer stem
cells (CSCs) (52). However, the development achieved so
far in science and technology has not resulted in improved
survival for patients. Consequently, experts around the
world try to fill the gaps in collaborative studies, meetings,
conferences and work groups in order to find reliable test
for early detection of PC (53).

The failure of single non-invasive biomarker can be
explained by the complex biology and heterogeneity of
PC and some investigators recommend examining the use
of a combination of different biomarkers demonstrating
heterogeneous pathophysiology (13).

Nowadays no biomarker, alone or in combination, has
been superior to CA19-9 in sensitivity and specificity. Still
when lesions are not differentiable by image, molecular
approaches will constitute the only solution for diagnostic
improvement.

Although the number of novel biomarkers for early
diagnosis of PC has been increasing during the last couple
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of years, no molecular signature has been fully validated to
be implemented in clinical routine. Under the uncertain
future, miRNAs profiling and methylation status seem to
be the most promising biomarkers. However, good results
in larger validations are urgently needed before application.
Industry efforts through biotech and pharmaceutical
companies are urgently required to further validate what
basis science established as promising. Clinical studies
and trials are important to demonstrate accuracy after
preliminary data from academy.
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