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ABSTRACT

Pancreatic cancer (PC) is a highly lethal cancer. Despite a significant advancement in cancer treatment, the mortality rate of
PC is nearly identical to the incidence rates. Early detection of tumor or its precursor lesions with dysplasia may be the most
effective approach to improve survival. Screening strategies should include identification of the population at high risk of
developing PC, and an intense application of screening tools with adequate sensitivity to detect PC at an early curable stage.
Endoscopic ultrasound (EUS) and magnetic resonance imaging (MRI) seem to be the most promising modalities for PC
screening based on the data so far. EUS had an additional advantage over MRI by being able to obtain tissue sample during
the same examination. Several questions remain unanswered at this time regarding the age to begin screening, frequency of
screening, management of asymptomatic pancreatic lesions detected on screening, timing of resection, and extent of surgery
and impact of screening on survival. Novel techniques such as needle-based confocal laser endomicroscopy (nCLE), along
with biomarkers, may be helpful to identify pancreatic lesions with more aggressive malignant potential. Further studies
will hopefully lead to the development of strategies combining EUS with other technological/biological advancements that
will be cost-effective and have an impact on survival.
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BACKGROUND United States.!" It is estimated that about 48,960 people

(24,840 men and 24,120 women) will be diagnosed with
Pancreatic cancer (PC) is a highly lethal cancer, which
ranks fourth among the cancer-related deaths in the
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PC and about 40,560 people (20,710 men and 19,850
women) will die of PC in 2015.”) The incidence has
been steadily rising over the years and it is projected
to become the second leading cause of cancer deaths
by 2030.°! Despite significant advancement in cancer
treatment, the mortality rate of PC is nearly identical
to the incidence rates. The prognosis remains grim with
a 5-year survival rate of about 6%." Main reasons for
poor prognosis of PC are delayed diagnosis at late stage
and the disease not being cured even with resection.
Treatments for metastatic PC are minimally effective,
and even with the most advance chemotherapy regimen,
the median overall survival is 8.5 months.F!

Surgical resection is the only curative option for PC but
only 15%-20% of the patients are eligible for resection
at the time of initial presentation.l””! A good proportion
of patients (15%-50% depending on the imaging
modality used) who were thought to be resectable on
imaging are deemed inoperable as they have evidence
of metastatic or locally advanced disease.®!™ Even
among patients who underwent curative resection,
30% have positive margins.!'!l Factors identified as
having favorable prognostic significance are negative
resection margins, tumor size less than 3 cm, well
or moderate tumor differentiation, and postoperative
chemoradiation.'!l Surgery is considered palliative in
most of the resections as it prolongs median survival
by about 14-22 months but 5-year survival remains
low at 10%-20%."1 On the other hand, resection
of small pancreatic tumors (defined as tumors <2
cm in size or T1 on TNM classification) improves
5-year survival ranging 30%-60%.">'4 Curable PC by
definition are small tumors, which are <1 cm in size or
well-differentiated stage 1 cancers for which the 5-year
survival rate after resection is as high as 75%.0'>11 All
these facts suggest that the early detection of tumor
or its precursor lesions with dysplasia may be the most
effective approach to improve survival.

PROGRESSION OF PANCREATIC CANCER

PC seems to evolve in a stepwise progressive manner
from normal pancreatic ductal epithelium to infiltrative
carcinoma.l'”l In most cases, patients experience
minimal/no symptoms until the tumor grows to a
locally unresectable stage. The initial stage in the
evolution of PC is called carcinoma iz situ |intraductal
carcinoma or pancreatic intraepithelial neoplasia-3
(PanIN3)|; patients are asymptomatic and traditional
imaging studies are normal. The next stage is called
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minute PC, defined as tumor <1 cm in size. Patients
do not experience any symptoms at this stage also and
about half of them may have pancreatic duct dilation.
The third stage is called small PC, defined as tumor <2
cm in size. At this stage also, patients generally have
no symptoms (unless the tumor is close to the bile
duct causing early obstructive jaundice) and many of
them already have extra pancreatic spread. Eventually,
the tumor evolves into large PC, which is defined as
mass >2 cm in size, usually symptomatic, and visible
on imaging. Only a proportion of these tumors are
resectable at this stage.

There are three known histologically well-defined
precursor lesions involved in pancreatic carcinogenesis
called pancreatic intraepithelial neoplasms (PanINs),
intraductal papillary mucinous neoplasms (IPMNs),
and mucinous cystic neoplasms (MCNs).!'"® PanINs
are microscopic flat or papillary, noninvasive epithelial
neoplasms confined to pancreatic ducts and measure
<5 mm in diameter. They are further classified into
three grades based on cytological and architectural
atypia.l'” PanIN-1 are lesions with minimal atypia,
which are further divided into flat (PanIN-1A) and
papillary types (PanIN-1B).I"! PanIN-2 lesions have
moderate atypia with some nuclear abnormalities
such as loss of polarity, nuclear crowding, enlarged
nuclei, pseudostratification, and hyperchromasia.
PanIN-3 lesions, also called as intraductal carcinoma
or carcinoma i situ, are characterized by the presence
of significant architectural and/or cytologic atypia.
Strong evidence supports the facts that some of the
invasive PCs that arise in patients with family history
of PC evolve from PanIN lesions and sporadic
PanIN3 lesions almost always progress to invasive
cancer.!"”]

ROLE OF ENDOSCOPIC ULTRASOUND IN
DIAGNOSIS OF PANCREATIC CANCER

Endoscopic ultrasound (EUS)-fine-needle aspiration
(FNA) has become an essential tool for the evaluation
of pancreatic lesions. Since its first use in the early
1990s, it has evolved into an efficient technique with
good safety profile and high diagnostic accuracy ranging
80%-90%.21 A recent meta-analysis performed by
Puli ¢ al. to evaluate the accuracy of EUS-FNA in
making diagnosis of solid pancreatic masses showed the
sensitivity of EUS to be 86.8%, specificity of 95.8%,
positive likelihood ratio of 15.2, and the negative
likelihood ratio of 0.17.”% EUS has been shown to
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have better accuracy in diagnosing pancreatic tumors
than conventional computed tomography (CT) with
greater sensitivity and specificity, particularly for small
tumors.”>*! EUS has proven to be particularly useful
in patients with clinical suspicion of PC (pancreatic
duct dilation) with no definitive mass seen on CT scan,
especially when tumors are <2 cm in size.”” In that
study the sensitivity, specificity, positive predictive value
(PPV), and accuracy of EUS-FNA to identify such
masses was reported to be 87%, 98%, 98%, and 92%,
respectively. EUS has also been proven very useful in
the diagnosis of pancreatic neuroendocrine tumors
(PNETS), especially for lesions that are small in size
(<2 cm).” In one study, EUS was able to detect 91%
of the PNETS that were missed on CT scan.”® EUS
also helps in characterization and differentiation of the
tumors with its ability to perform FNA.?) A meta-
analysis to assess the diagnostic accuracy of EUS-FNA
to diagnose PC was performed by Chen ¢ al., which
showed EUS-FNA to be a test with high sensitivity and
specificity. The pooled sensitivity, specificity, positive
likelihood ratio, and negative likelihood ratio in that
study were 89%, 96%, 16.88, and 0.13, respectively.™"!
EUS is not only the best tool for tissue confirmation of
PC but also helpful for preoperative staging.’'! Overall,
the accuracy of EUS for T and N staging was 85% and
72% and for CT was 30% and 55%, respectively.

RISK FACTORS FOR PANCREATIC CANCER

Multiple risk factors have been associated with PC such
as male gender, obesity, black race, Ashkenazi Jewish
descent, smoking, diabetes mellitus, and high calorie
intake.P?l Cigarette smoking is the most important
environmental factor associated with PC and smokers
have twofold increased risk of developing PC than
nonsmokers and accounts for 25% of all PCs.P
Smoking also adds to the increased risk of PC.PY Apart
from these, there are hereditary factors, which constitute
patients called high-risk individuals (HRIs). A role for
hereditary factors is suggested by the fact that around
10% of the patients have a positive family history
of PC.P>*I HRIs are individuals with strong family
history of PC with no known hereditary syndrome
(familial PC), inherited PC syndromes, and those
carrying known genetic mutation such as BRCA2.!"Y
Other hereditary conditions that have low to moderate
risk of predisposition to PC development are familial
adenomatous polyposis, HNPCC, BRCA1 carrier,
hereditary pancreatitis, and cystic fibrosis.

Familial pancreatic cancer (FPC) kindreds are defined as
families with two or more first-degree relatives (FDRs)
affected with PC without accumulation of other cancers
or familial diseases. FPC is inherited in an autosomal
dominant pattern in 58%-80% of families. Studies
have shown that a considerable number of patients
(approximately 10%) have a positive family history
of disease and the degree of risk increases with the
number of affected FDRs."! In a study conducted by
Klein e# al., the risk of developing PC was 4.5-fold
versus 32-fold depending on the number of affected
FDRs (single affected FDR »s. three or more affected
FDRs).P" It is anticipated that the younger generation
of patients in this group develop the disease eatlier
than their affected parents.’ Risk is also particularly
high for individuals from families with a case of
young-onset PC (age <50 years) in the kindred.P%
Some genetic mutations such as BRCA2 have been
associated with some cases of FPC but most of these
have no known genetic etiology.”” Wang ef al. proposed
a Mendelian prediction model called PancPRO, which
statistically assesses the probability of an individual
to possess the genetic mutation responsible for PC
development and the risk of developing PC in a future
based on the individual’s family history.*!

Patients with inherited cancer syndromes such as
familial atypical multiple mole melanoma (FAMMM)
syndrome, Peutz-Jeghers syndrome (PJS), and hereditary
pancreatitis constitute another important entity of HRIs.
FAMMM is an autosomal dominant syndrome with
multiple nevi, atypical nevi, and multiple melanomas.
A subset of patients with this syndrome harbors
mutations in CDKN2A gene (p16), which is found to
be associated with PC.*!! The estimated cumulative risk
of developing PC in CDKN2A carriers was reported
to be 17%.*

PJS is an autosomal dominant disease characterized
by hamartomatous gastrointestinal polyps and
mucocutaneous pigmentation. These patients have
mutation of STK11/LKB1 gene, which predisposes
them to these neoplasms including PC. They have a
markedly increased risk for PC with a relative risk of
132 and cumulative risk of 36% in the age of 15-64
years.4!

Hereditary pancreatitis is also an autosomal dominant
disorder associated with cationic trypsinogen gene
(PRSS1) mutation. The cumulative risk of PC in various
studies was reported to be 60-100-fold with a lifetime
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risk of 40%.1**! Smokers had nearly twofold increased
risk for PC and they developed it 20 years earlier than
nonsmokers in this cohort as well, which is in line with

the findings from the general population.*]

ROLE OF ENDOSCOPIC ULTRASOUND AND
OTHER IMAGING STUDIES IN SCREENING
HIGH-RISK INDIVIDUALS

The most commonly studied imaging modalities for PC
screening in HRIs are EUS [Table 1], MRI/magnetic
resonance cholangiopancreatography (MRCP), endoscopic
retrograde cholangiopancreatography (ERCP), and CT.
Brentnall e al. reported the data on using imaging
studies, along with clinical data, to identify dysplasia in
patients with family history of PC.”! Fourteen patients
with >2 members in >2 generations with history of PC
were included in this study. EUS, ERCP, CT, and CA
19-9 and carcinoembryonic antigen (CEA) assessments
were performed in all patients. Seven out of 14 patients
had abnormal finding on EUS and ERCP although the
changes were nonspecific. Those patients were referred
for pancreatectomy and all of them had histological
evidence of dysplasia in the surgical specimen. CT
and tumor markers were not helpful to identify the
dysplastic lesions. The problem with identifying dysplasia
on EUS imaging is that the changes are nonspecific
and may be seen in other benign conditions such as
chronic pancreatitis, increasing age,*’! asymptomatic
alcohol abusers, and/or heavy alcohol consumption with

concomitant smoking.**!

Rulyak ez al. described their experience with screening
HRIs.P% They recruited 35 patients from 13 FPC
kindreds and performed EUS in all of them. An
abnormal EUS was followed by ERCP for further
evaluation. A total of 12/35 patients (34.3%) were
noted to have abnormal findings on EUS and ERCP
and all of them underwent pancreatectomy. All 12
surgical specimens were identified as having pancreatic
dysplasia (precursor lesion of PC) on histopathologic
examination. None of the resected patients had PC at
the time of resection or during the 48-month follow-
up. They concluded that using EUS and ERCP for
screening of HRI helps to identify precursor lesions
prior to the onset of full blown cancer.

Canto e al. performed a pilot study in 38 asymptomatic
HRIs (FPC:37 and PJS:1) to evaluate the feasibility of
screening.’!l All patients underwent initial evaluation
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with EUS and abnormal EUS examination was followed
by CT (in all patients) and ERCP (offered to all
patients). EUS showed abnormal findings in 29 patients
(76%) with six of them visualized as pancreatic masses.
The diagnostic yield of EUS was 5.3% for detecting
two clinically significant pancreatic neoplasms [one
invasive pancreatic ductal adenocarcinoma (PDAC) and
one IPMN]. Of note, the patient with adenocarcinoma
remained disease-free >5 years after surgery.

Another larger study was performed by Canto e al.
involving 78 HRIs (FPC:72 and PJS:6) using EUS and
CT for screening,”” Both examinations were performed
at the baseline and 12-month interval and all abnormal
EUS examinations were followed by EUS-FNA and
ERCP. Surgery was offered to patients with potential
neoplastic lesions. Eight patients with pancreatic
neoplasms (six benign IPMN, one IPMN progressed
to cancer, and one panIN) were identified by screening
(diagnostic yield: 10%). EUS correctly diagnosed 7/8
pathologically confirmed malignancy and CT missed two
of those lesions, which were small in size (<2 cm). As
shown in their earlier study, there was a high prevalence
of abnormalities suggestive of chronic pancreatitis in
HRIs. They recommended screening HRI with EUS
and CT to identify asymptomatic neoplasms and IPMN
to be considered a phenotype of FPC.

Poley et al. investigated the role of EUS for first-time
screening of HRIs (FPC, PJS, and FAMMM).>! EUS
imaging was abnormal in 10 patients (23%) and all
abnormal EUS examinations were followed with MRI
and/or CT scan. Three patients had mass lesions and
all three of them were resected. Pathology from all
these three lesions showed adenocarcinoma and one of
the mass lesions was not detected on CT or MRIL. EUS
detected branch duct IPMN in seven patients. These
IPMNs presenting as cystic lesions are identified at a
higher frequency in HRI but the biological behavior
of these lesions in HRI is still not clear. Overall,
the yield of first-time EUS screening for identifying
asymptomatic cancer was 7% and precursor lesions such
as IPMN was 16%.

Langer ¢t al. performed a prospective study to
evaluate the yield of prospective screening in high-risk
patients.’ They enrolled 76 patients from families
with FPC and FAMMM who underwent a total of 182
examinations during the 5-year time period. All patients
underwent EUS, MRI, and MRCP. The screening tests
detected abnormalities in 28 patients [abnormal EUS
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(N = 25) and/or abnormal MRI/MRCP (» = 12)].
Pancreatic resections were performed in seven patients
and pathology revealed serous adenoma (# = 3),
panIN 1 (# = 1), panIN 2 (» = 1), and IPMN (» = 1).
They concluded that screening can detect precursor
lesions but the yield was low as they detected low-risk
precursor lesions for which carcinogenic progression
potential is still unknown.

Ludwig e# al. reported on the yield of screening at-risk
relatives of familial PC.P! All patients first underwent
MRCP followed by EUS for abnormal examinations.
The initial screening with MRI was abnormal in 18/109
patients (5%) and follow-up EUS confirmed the
abnormality in nine patients with an overall diagnostic
yield of 8.3%. The yield was significantly greater in
individuals >065 years. Six patients underwent resection
after EUS-FNA and pathology was the main duct
IPMN (z = 2), PanIN 2 (N = 1), panIN 3 (N = 1),
and adenocarcinoma (N = 1).

Verna e/ al. performed a study to evaluate the efficacy
of screening programs in HRL.FY A total of 51 patients
were enrolled and screening with EUS; MRI and
genetic testing were offered based on patients’ risk
(high-risk patients screened with all three modalities).
EUS imaging was abnormal in 20/31 patients with
identification of two adenocarcinoms (resectable-1 and
metastatic-1). Overall, six (12%) of the 51 patients
had pancreatic neoplasia detected on screening. They
concluded that comprehensive screening can identify
curable neoplasms, which could be potentially resected.

Sud et al. in their study showed the significance
of screening in patients with hereditary pancreatic
syndromes with EUS.PN A total of 30 patients wete
identified after genetic counseling to be at high risk
of developing PDAC (lifetime risk of 5% or more)
and 16 of them underwent EUS. Three patients had
abnormalities detected on EUS (diagnostic yield:
19%), which led to further evaluation with EUS-
FNA. The pathology results from those patients
yielded adenocarcinoma. They suggested using genetic
counseling to identify the most appropriate patients
who would need screening and using EUS and/EUS-
FNA for screening,

Zubarik et al. evaluated the role of EUS, along with
CA 19-9 to identify eatly pancreatic neoplasia.”® All
patients included in that study were tested for CA
19-9 and those with elevated levels were evaluated with

EUS-FNA. A total of 546 patients were enrolled and
27 (4.9%) of them had elevated CA 19-9. EUS was
able to identify premalignant/malignant lesions in five
patients (0.9%) and one of them had PDAC (0.2%).
They concluded that using this protocol of CA 19-9
followed by EUS can diagnose early PDAC, which can
potentially be cured by resection.

A multicenter prospective cohort study (CAPS 3)
was performed by Canto ¢/ a/. where they included
three groups of HRIs (PJS patients » = 2, familial
breast -ovarian cancer patients with at least one
affected first- or second-degree relative with PC » =
19 and relatives of patients with FPC with at least
two FDRs 7 = 195).5 All patients underwent CT,
MRI, and EUS evaluation and 42% (92/216) were
found to have at least one pancreatic mass (84 cystic
and 3 solid) or dilated pancreatic duct (# = 5) by one
of the imaging modalities. Prevalence of these lesions
increased with age. CT, MRI, and EUS detected
pancreatic abnormality in 11%, 33.3%, and 42.6%
of the patients, respectively. Out of all pancreatic
lesions, 82 were IPMNs and three neuroendocrine
tumors. Five patients underwent surgery and three of
them had high grade dysplasia in <3 c¢cm IPMNs and
multiple intraepithelial neoplasms. They concluded that
screening of asymptomatic HRI could detect curable
noninvasive high-grade lesions alongside the detection
of multiple cystic lesions. EUS and MRI were better
diagnostic tests for screening HRI than CT.

There is variation in the prevalence and behavior of
precursor lesions in high-risk groups [Table 1]. The
prevalence of pancreatic cysts detected on MRI among
the general population is reported to be 2.4%. Potjer
et al. compared the incidence of cystic lesions among
two different groups of HRIs who were patients from
FPC families (IN = 125) and individuals with P16
Leiden germline mutation (IN = 116).°Y Surveillance
was performed annually with MRI and MRCP with/
without EUS for a median period of 36 months. The
prevalence of cystic lesions and specifically IPMN
was high in the FPC cohort in comparison to the
P16 Leiden cohort (42% vs. 16% and 42% wvs. 28.5%,
respectively). However, the prevalence of PDAC was
greater in the P16 Leiden cohort (7% »s. 0.8%). This
shows that the progression of cystic lesions to PDAC
is variable among different groups of HRIs. They
recommended using more strict surveillance for patients
who are among those high-risk groups (e.g.,, P16 Leiden
carriers).
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Table 1. The variable yield of EUS abnormalities
during pancreatic cancer screening in high-risk
individuals in 10 studies

Reference High risk

Number screened Abnormal

condition with EUS EUS
Brentnall® FPC 14 7/14 (50%)
Rulyak!®! FPC 35 12/35 (34%)
Cantob" FPC and PJS 38 29/38 (76%)
Poley!>! FPC, PJS, 44 10/44 (23%)
FAMMM
Langert® FPC, FAMMM 76 25/76 (33%)

Ludwigt! FPC Only 15/109 patients
with abnormal

MRCP had EUS

9/15 (60%)
Overall yield
8% (9/109)

Vernal>! 51 20/31 (65%)

Sudb” FPC, Lynch, 16 3/16 (19%)
FAMMM, HBOS

ZubraikB®  FPC, PJS, Only 27/546 patients  5/27 (19%)
BRCA2 with high CA 19-9
mutation underwent EUS

Cantol®” FPC, PJS, HBO 216 92/216 (43%)

Note: The variability is dependent on the high-risk condition, criteria for
performing EUS (e.g., EUS only when abnormal MRCP in reference 55 and
EUS only when increased CA 19-9 in reference 58), and the abnormalities
that are seen on EUS that are considered relevant or signifi cant (solid
masses, cystic masses, ectatic or dilated pancreatic duct, parenchymal
changes similar to chronic pancreatitis, etc.). FPC: Familial pancreatic
cancer, PJS: Peutz-Jegher’s syndrome, FAMMM: Familial atypical multiple
mole melanoma syndrome, HBOS: Hereditary breast ovarian cancer
syndrome

The concept of a field effect is applicable to the
risk of PC as individuals with IPMN are not only at
risk of developing adenocarcinoma within the IPMN
but also at risk of developing PDAC in another part
of the pancreas away from the IPMN. In a study
performed by Uechara ez a/. PDAC distinct from IPMN
developed in five of 60 (8%) branch duct IPMNs
during follow-up. The standardized incidence ratio
of development of PDAC was 26 [95% confidence
interval (CI) 3-48].14

SCREENING GUIDELINES

Screening for PC in the general population is not
cost-effective as it accounts for an overall low
incidence with 3% new cases each year and a lifetime
risk of 1.3% in the United States.[®**¥ Tt is estimated
that 5%-10% of PCs arise as a result of genetic
susceptibility and/or familial aggregation.Ph1 A
2007 consensus conference on inherited diseases
of the pancreas proposed that screening for PC be
restricted to individuals with a >10-fold increased
risk of the disease.! An International Cancer of the
Pancreas Screening (CAPS) Consortium was formed
in 2010 with an objective to develop statements
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on screening, surveillance, and management of
HRIs with an inherited predisposition to PC.I The
group has recommended screening for the following
individuals who are at high risk for disease: FDRs
of patients with PC from a familial PC kindred
with at least two affected FDRs; patients with PJS;
pl6, BRCA2, and hereditary nonpolyposis colorectal
cancer (HNPCC) mutation carriers with >1 affected
FDR. No consensus was reached on the age to
initiate screening or stop surveillance. They suggested
using EUS and/or MRI as screening tools and
also to preclude using CT or ERCP for screening.
They recommended using the same imaging studies
for surveillance also. Although a consensus was
not reached, most of the participants agreed on a
screening interval of 6-12 months for nonsuspicious
cysts and follow-up in 3 months for newly detected
indeterminate solid lesion and indeterminate main
pancreatic duct stricture. All participants agreed on
resections to be performed only at high volume
specialty centers but disagreed on which screening
abnormalities were of sufficient concern for surgery
to be recommended. The consortium concluded
that the evidence supporting the screening and
surveillance in HRI was limited and management of
these patients should be done using an individualized
approach using multidisciplinary programs. It is
probably better to refer these HRIs to a center that
is conducting the screening studies regularly or a
center, which has ongoing trials addressing this issue
[Figure 1].

PSYCHOLOGICAL ASPECTS

Individuals who belong to high-risk groups experience a
lot of cancer-related anxiety and emotional distress from
the loss of their close family members. The success of
the screening programs not only depends on the technical
teasibility of the procedures but also on the willingness of
those individuals to participate in surveillance programs.

Consider screening with EUS and MRI in high risk individuals(FPC, BRCA2 mutation, PJS, FAMMM syndrome).

Inform patients about lack of standard guidelines, no consensus on when to operate, impact on survival not yet
known and uncertainty about methods of follow up.

Consider psychological benefits of screening.

Preference for centers performing research studies or having a dedicated interest in this group of patients.

Counseling patients that this is work in evolution and more firm recommendations may be available in the future as
more information becomes available.

[Consider genetic counseling.

« Ju _JC _JC . JL__J

Figure 1. Considerations and key points regarding pancreatic cancer

screening
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In one study, genetic counseling for FPC was found to be
helpful to more than 90% of the individuals at high risk
despite the inability to identify a causative gene for PC.""
Another study showed that patients who participated
in a screening program did not experience significant
increase in risk perception or cancer worry and in fact
benefited from comprehensive risk assessment.” Harinck
et al. studied the psychological impact of PC surveillance
programs.! A significant proportion of patients petceive
their risk of developing cancer to be much higher than the
general population (58%) and most of them participate
in surveillance hoping that cancer might be detected
at an early stage. More than 80% of the participants
thought that the advantages of surveillance outweighed
the risks. EUS and MRI were the screening modalities
used and EUS was not perceived as burdensome due to
the invasiveness of the procedure. Overall surveillance
programs for PC in HRIs seem to be feasible from
psychological standpoint by decreasing cancer-related
intrusive thoughts and cancer worry.

EMERGING AND FUTURE CONCEPTS

Molecular markers such as cathepsin E are overexpressed
in PDAC and PanINs and the expression increases
with progression of the disease. Identification of these
markers may have a promising role in the monitoring of
PDAC in a high-risk population.”” Studies have shown
that mutations in genes such as TP 53 are identified in
increasing frequency in high-grade dysplasia and PC.I"!
This could have a potential role in the identification of
PC in high-risk groups. Other molecular markers such
as DNA, mRNA, and mictoRNA can be assessed from
EUS-FNA samples of pancreatic lesions, which might
improve the diagnosis of PC.>™!

Japanese studies on EUS imaging follow-up of IPMNs
have shown value in detecting early adenocarcinomas
derived from IPMNs and concomitant with TPMNs.*"!
Novel biomarkers in pancreatic cyst fluid collected by
EUS have the potential to help predict which cystic
lesions in the pancreas will likely progress to cancer.
Mutations like K-ras can predict the aggressiveness
of pancreatic cysts as patients with mutated K-ras
were found to have cellular atypia on histopathology
(mutated k-ras »5. wild type: 39% ws. 14%) and also
elevated CEA levels." A study by Kung e# a/. had
shown that genetic analysis when used along with
EUS- FNA and fluid CEA could be helpful to predict
the biological behavior of pancreatic cysts.”” Another
potential marker is SPINK1, which can be extracted

from the cyst fluid and can be used to differentiate
benign (serous cystadenomas) from potentially malignant
lesions (IPMN and mucinous cysts).”® EUS-guided
needle-based confocal laser endomicroscopy (nCLE) is
another novel technique that has come into existence.
The nCLE device has a miniprobe, which can be
passed through an EUS-FNA needle that allows real
time visualization of tissues at a microscopic level. This
device has been used to differentiate pancreatic cystic
lesions and the results thus far have been promising,
The presence of villous structures on nCLE imaging
is pathognomic for IPMN despite nondiagnostic
histology."”*"l Imaging of solid pancreatic lesions with
EUS-guided nCLE is promising but needs more work.
Combining nCLE with molecular markers such as
cathepsin E may help predict which cysts or lesions
in HRIs are likely to behave aggressively to need
interventions such as surgery.

CONCLUSION

Screening strategies should include identification of the
population at risk of developing PC, and an intense
application of screening tools with adequate sensitivity
to detect PC at an early, curable stage. EUS and
MRI seem to be the most promising modalities for
PC screening based on the data so far. EUS had an
additional advantage over MRI by being able to obtain
tissue sample during the same examination. Several
questions remain unanswered at this time regarding the
age to commence screening, frequency of screening,
management of asymptomatic pancreatic lesions detected
on screening, timing of resection, and extent of surgery,
and impact of screening on survival. Novel techniques
such as nCLE, along with biomarkers, may be helpful to
identify pancreatic lesions with more aggressive malignant
potential. Further studies will hopefully lead to the
development of strategies combining EUS with other
technological and biological advancements that will be
cost-effective and have an impact on survival.
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