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ABSTRACT

Context Intraductal papillary mucinous
neoplasm (IPMN) is an increasingly
recognized neoplasm of the pancreas,
accounting for 5% of pancreatic neoplasms, it
is considered difficult to diagnose by fine-
needle aspiration (FNA) cytology.

Objective The aim of this study was to
investigate the role of EUS-guided FNA
cytology in the diagnosis of IPMN of the
pancreas.

Patients Eight cases of surgically proven
IPMN  with  pre-operative  endoscopic
ultrasound-guided (EUS-guided) FNA
cytology were collected for retrospective
analysis.

Main  outcome measures EUS-FNA
cytology was performed with the on-site
attendance of a cytopathologist in all cases.
EUS/clinical findings, macroscopic/micro-
scopic features of cell blocks and smears, and
immunocytochemical stains accompanied by
histopathologic diagnosis were recorded and
studied.

Results EUS revealed hypoechoic masses in
the head of pancreas (n=6) and in the
body/tail (n=2), measuring from 16.6 to 35.8
mm. In all cases, the hypoechoic mass had a
distinctive distribution, involving the main

pancreatic duct and/or the associated large
branch ducts while intraductal nodules or
multiple cysts were detected. Cytological
specimens  were characterized by a
background containing abundant mucin in all
cases and rarely by inflammation (neutrophils
and histiocytes) (n=4). Neoplastic cells were
entrapped in a mucinous background either
single or loosely cohesive, and forming
papillae in 7 cases. Mucinous epithelium was
observed in all cases. Single atypical and
irregular clusters were found in 3 cases
(which were cytologically described as highly
suggestive malignant IPMNs, and were
histologically confirmed). Two cases were
diagnosed as benign IPMN and, in 3 cases,
the biological behavior was not easy to
determine by cytology alone (histologically
diagnosed as borderline). The histological
diagnosis confirmed the FNA cytology
diagnosis: 3 malignant IPMNs, 2 benign
IPMNs and 3 borderline IPMNs. Immuno-
stains were available in 5 out of 8 cases.
Mucin 1 (MUC-1) was positive in 2 cases of
malignant IPMN (histologically classified as
null type ad intestinal type), mucin 2 (MUC-
2) was positive in 3 cases (2 malignant both
of the intestinal type, and 1 benign of the
intestinal type 1) and c-erbB2 was positive in
3 cases (2 benign - null and intestinal type -
and 1 malignant null type).
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Conclusions The characteristic pre-operative
EUS findings and cytomorphologic features,
in addition to the immunocytochemical
profile, were accurate indications and
coincided with the final/post-operative
histological diagnosis of IPMN.

INTRODUCTION

Intraductal papillary mucinous neoplasm
(IPMN) (also known as intraductal papillary
mucinous tumor: IPMT) is an increasingly
recognized mucin-producing cystic neoplasm
of the pancreas, first distinguished from
mucinous cystic neoplasm and ductal-
adenocarcinoma in 1982 [1]. These
neoplasms account for approximately 5% of
pancreatic neoplasms [2] although this figure
may, in fact, be an underestimation because
the terminology has not yet been standardized
[3]. The term “IPMN” is applied to a
spectrum of proliferate epithelial lesions
ranging from hyperplasia to adenocarcinoma
“in-situ”.  Macroscopically, IPMN s
characterized by the mucinous dilation of the
pancreatic ducts, with involvement of either
the main duct alone (main duct type), side
branch ducts (side branch type), or both
(combined type). These neoplasms are
histologically classified based on architectural
complexity and the severity of epithelial
atypia into IPMN-adenoma, IPMN with
moderate dysplasia, or IPMN with carcinoma,
either in situ or invasive (tubular type or
colloid carcinoma) [4]. Compared to
conventional ductal adenocarcinoma, IPMN
with invasive carcinoma has a Dbetter
prognosis [5] and, for IPMNs, the presence or
absence of an invasive carcinoma is the most
important prognostic factor for survival.

Modern imaging techniques including EUS,
computerized tomography (CT), and magnetic
resonance imaging (MRI) are sensitive tests
for the detection of IPMNs. These studies
visualize dilated and cystic pancreatic ducts.
Endoscopic retrograde cholangiopancreato-
graphy (ERCP) is highly successful at
demonstrating the nature of the lesion and
establishing the presence of copious
intraductal mucus. This technique allows

cytological sampling of the lesion. Recently,
computer-aided three-dimensional reconst-
ructions of the pancreatic duct system have
subdivided IPMNs into four subtypes as
described by Furukawa et al. [6]. EUS-FNA
cytology is an excellent method for
procurement of diagnostic samples from the
pancreas, with a diagnostic accuracy of more
than 90% for pancreatic adenocarcinoma [7].
EUS-FNA is currently used for the pre-
operative diagnosis of pancreatic cysts and for
small neoplasms, but the introduction of
gastric or duodenal epithelium and mucin into
the specimen during the procedure (e.g.
gastrointestinal contamination) has created
diagnostic challenges, particularly in the area
of mucinous cysts of the pancreas [8]. EUS-
FNA allows placement of the needle inside
the dilated ductal system, at several levels if
necessary in order to distinguish IPMNs from
other causes of duct dilation such as
obstruction or chronic pancreatitis. Although
there are several reports in the literature on
EUS diagnosis of IPMN [9, 10, 11, 12], to our
knowledge, the utility of EUS-FNA cytology
has not been well-established [13, 14].

The aim of this study was to investigate the
role of EUS-guided FNA cytology in the
diagnosis of IPMNs of the pancreas. We
explored the combination of the available
cytological features and the immuno-
cytochemical profile in determining the
biological behavior of these tumors.
Moreover, these findings were compared to
the final histological examination.

MATERIALS AND METHODS

A search of the laboratory information system
at the Department of Cytology in Athens
General Hospital identified 8 patients between
January 2005 and May 2007 with
cytologically proven IPMNs. All cases were
accompanied by a final pathologic diagnosis
and surgical resection. The histologic
diagnosis was compared to the cytologic
diagnosis. In each case, the cytological and
histological slides were pulled for review.
EUS-guided FNA was performed in all cases
using 22-gauge needles via a transgastric
approach, with the on-site attendance of a
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cytopathologist in all cases. The aspirated
material was smeared onto glass slides, air-
dried, and immediately stained with rapid
hemo-color stain for specimen adequacy
assessment and preliminary  diagnostic
interpretation. Other smears were also fixed
immediately in 95% alcohol for subsequent
Papanicolaou staining. Additional aspirated
material was fixed in formalin, embedded in
paraffin, and processed for routine histologic
examination using standard techniques. All
surgical specimens were 10% neutral buffered
formalin-fixed with representative portions
being prepared as paraffin blocks from which
5-micron hematoxylin and eosin (H&E)
stained sections were prepared. The surgical
pathology material was reviewed to confirm
the nature of the lesion, establish the grade of
the neoplasm and determine if invasive
carcinoma was present.

The cytological smears were divided into
three groups according to specimen
cellularity: low, moderate and marked. Each
specimen was categorized into one of these
groups based on the epithelium content
percentage of each slide. Specimens graded as
low cellularity had less than 10% of the
specimen area of the glass covered with
epithelium, those with 10-40% of the
specimen covered with epithelium were
graded as moderate cellularity and those with
more than 40% of the specimen covered with
epithelium were graded as high cellularity.
The following features were assessed for each
cytologic smear: the nature and amount of
extracellular ~ mucin,  cellularity  and
distribution of neoplastic cells, the presence
or absence of papillary fragments, nuclear
crowding, nuclear molding, the presence of
goblet cells, presence of intracellular-mucin,
the presence of nuclear membrane
irregularities, the presence of macronucleoli,
and inflammatory debris/necrosis. We also
evaluated the presence or absence of
vacuolated cytoplasm, mitoses, parachromatin
clearing and nuclear grooves.

The cytologic characteristics of individual
specimens were compared with one another
based on the histologic grade of the resected
IPMN.

Also, as regards papillary patterns on
histological examination, IPMNs were
classified into three groups: 1) those that were
composed of long finger-like projections and
lined by columnar cells were classified as
intestinal type; 2) IPMNs composed of
complex arborizing papillae lined by cuboidal
cells were classified as pancreatobiliary type;
and 3) IPMNs lined by tall columnar cells
with abundant pale supranuclear mucin,
reminiscent of gastric foveolar cells were
classified as null type (gastric foveolar type).
Furthermore, immunocytochemical stains
were carried out by using the following
antibodies: mouse monoclonal anti-mucin-1
antibody  (clone  Ma695) (Novocastra
Laboratories, Newcastle, UK), anti-mucin-2
antibody  (clone  Ccp58)  (Novocastra
Laboratories, Newcastle, UK) and polyclonal
anti-c-erbB2 antibody (Dako, Glostrup,
Denmark). The immunostains were available
for 5 cases. The avidin-biotin peroxidase
complex technique was used.

ETHICS

The study protocol conforms to the ethical
guidelines of the "World Medical Association
Declaration of Helsinki - Ethical Principles
for Medical Research Involving Human
Subjects" adopted by the 18" WMA General
Assembly, Helsinki, Finland, June 1964 (as
revised in Tokyo 2004) as reflected in the
approval by the “Department of Cytology,
Athens General Hospital, Greece” review
committee. No informed consent was
obtained because the studies were carried out
during routine clinical examinations.

STATISTICS
Descriptive statistics are reported.

RESULTS
Clinical-EUS Findings

The main clinicopathological features and the
original cytologic diagnosis are shown in
Table 1. Five patients were male and 3 were
female, with a median age of 66.8 years and
57.3 years respectively (range: 46-75 years).
Of the 8 neoplasms, 6 were present in the
head of the pancreas (75.0%) and 2 were
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Table 1. Clinical features, and original cytological and histological diagnosis.

Case Age Gender Location Diagnosis
No. (years) Cytology Histology
1 59 Male Head IPMN IPMN borderline - PBT
2 58 Female Body/tail IPMN suspicious as malignant IPMN malignant-invasive - NT
3 68 Female Head IPMN IPMN borderline - NT
4 51 Male Head IPMN IPMN borderline - PBT
5 46 Female Head IPMN benign IPMN benign - NT
6 74 Male Head IPMN suspicious as malignant IPMN malignant-invasive - IT
7 75 Male Body IPMN benign IPMN benign - IT
8 75 Male Head IPMN suspicious as malignant IPMN malignant IT
PBT: pancreatobiliary type
NT: null type

IT: intestinal type

identified in the body/tail region. EUS
revealed multiple (n=4) or simple (n=4)
cystically  dilated hypoechoic  masses,

measuring from 16.6 to 35.8 mm. (Figure
lab). Four of these neoplasms contained
hypoechoic material inside, suspicious of
mucus. All lesions communicated with a
distally dilated main pancreatic duct. The
EUS report was highly suggestive of IPMN in
6 cases (75.0%) and the proposed differential
diagnosis of mucinous cystadenoma and
IPMN was made for the other 2 cases
(25.0%).

Cytologic Features

Three specimens were labeled as low
cellularity, 3 as moderate and 2 as high
cellularity. The findings from the cytologic

Table 2. Cytomorphological features.

analysis are shown in Table 2. The quantity
and thickness of the mucin varied. Mucin was
evident on macroscopic examination at the
time of aspiration in all cases. In 3 cases, the
mucin was admixed with blood in the
background. The mucin was thick, viscous
and occasionally “colloid-like”. Inflammatory
cells mainly of histocytoid type were
observed in 2 cases and other inflammatory
cells (neutrophils and/or lymphocytes) in 2
cases.

Epithelial cells were entrapped in a mucinous
background and were arranged in papillae
(n=7) and in loosely cohesive sheaths (Figure
2abc). Papillae  were accompanied by
fibrovascular cores. Micropapillary clusters
were seen in malignant cases. Similarly,
irregular clustering and discohesiveness with

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Quantity of mucus +++ +++ +++ +++ +++ +++ +++ +++
Cellularity + +++ + + ++ ++ ++ +++
Sheets - + - - - + - +
Papillae + + + + + + + -
Irregular clusters - + - - - + - +
Single atypical cells - + - - - + ; +
Mucinous cells + + + + + + + +
Nuclear atypia - + - - - + - +
Inflammation + + - - - + - +
Nuclear/cytoplasmic ratio  High High High High Normal High Normal High
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single atypical cells were features of
borderline and highly suspicious malignant
lesions. Mucinous type epithelium was
observed in all cases. Also, neuroendocrine-
type epithelium was found in 1 case. In 3
cases with malignant IPMN, the neoplastic
cells had atypical features: nucleolus, nuclear
overlapping, atypical polarization, prominent
mitoses and nuclear grooves. Prominent
nucleoli, nuclear overlapping and mitoses
were absent from the benign IPMNs. Cellular
atypia  correlated  with the  final
histopathologic diagnosis. In all cases, the
cytologic diagnosis coincided with the final
histologic diagnosis (100%).

Moreover, histologically, 3 out of the 8 cases
had papillae of the intestinal type (2
malignant and 1 benign) (cases No. 6, 7, and
8 in Table 1), 3 cases were of the null type (1
malignant, 1 borderline, and 1 benign) (cases
No. 2, 3, and 5 in Table 1), and 2 cases were
of the pancreatobiliary type (2 borderline)
(cases No. 1 and 4 in Table 1).
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Figure 1. EUS finding revealing a hypoechoic mass in
the head of the pancreas, communicating with the main
pancreatic duct.

Figure 2. a. Mucus cells in a smear (x100). b. Mucus
cells in a mucin background (x400). ¢. Well-formed
papilla (x400).

Immunohistochemistry was performed for 5
cytologic specimens due to limited cellularity
in the other 3 specimens (cases 1, 3, and 4 in
Table 1). Mucin-1 (MUC-1) was positive in 2
cases with a cytological diagnosis of
malignant IPMN (null and intestinal type) and
negative in 3 cases (Figure 3a). Mucin-2
(MUC-2) was positive in 3 cases: 2 cases with
the cytological features of malignant IPMNs
and 1 case of benign IPMN (all cases were of
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the intestinal type) (Figure 3b). c-erbB2 was
positive in 3 cases: 2 cases with benign
IPMNSs (null and intestinal type) and 1 case
with malignant IPMN (null type) (Figure 3c).

DISCUSSION

Intraductal papillary mucinous neoplasms are
cystic neoplasms of the pancreatic ductal
system. These neoplasms are histologically
classified, based on the degree of epithelial
and architectural atypia of the cyst lining, into
adenomas, neoplasms  with  moderate
dysplasia, carcinoma in situ and IPMNs with
invasive carcinoma. Although their behavior
is variable, the prognosis is favorable even
when carcinoma in situ is present. Thus, the
distinction of IPMNs from other cystic
mucinous neoplasms of the pancreas is
important. Surgical resection is generally
indicated for IPMNs [15, 16, 17] although
some authors have stated that branch duct-
type lesions [18, 19] and lesions occurring in
elderly patients [19] may be exceptions
because of their indolent behavior. IPMN has
characteristic EUS  findings and a
histopathological appearance, but definitive
cytological criteria for the distinction of
IPMNSs from cystic mucinous neoplasms and
cystic adenocarcinomas have not been well-
defined. In this study, we explored the EUS-
guided FNA cytological features of 8 cases,
with the aim of diagnosing IPMNs with
greater accuracy.

The cytologic findings of IPMNs have
previously been described [10, 11, 12, 13, 14,
20]. A smear background containing abundant
mucin and scattered clusters of cuboidal or
columnar cells frequently resulted in the
cytological diagnosis of IPMN or was
suspicious for IPMN, 'but follow-up revealed
a mucinous cystadenoma in certain cases,
whereas, in other cases, it revealed a cystic
mucinous neoplasm not better classified.
These false positive cytological diagnoses of
papillary mucinous tumor invariably lacked
papillary  tissue  fragments, gland-like
structures,  nuclear  overlapping, high
cellularity or significant nuclear atypia.
Background mucin alone did not appear to be
predictive of the diagnosis of IPMN and did

not distinguish it from other neoplasms and
reactive  changes. The presence of

intracellular mucin was closely correlated to
the diagnosis of IPMN. The amount and
quality of mucin are also crucial for the
identification of this entity [21]. Some have
advocated the use of special stains to identify
mucin objectively [22, 23]. In our study, thick
mucin  was easy to demonstrate on

-

Figure 3. a. Immunostain for MUC-1 in the cytoplasm
of cells (x100). b. Immunostain for MUC-2 in the
cytoplasm of cells (x100). c. Immunostain for c-erbB2
(x400).
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microscopic examination with routine stains.
Furthermore, in all cases, a cytopathologist
was always present in the exploration room
during the procedure for macroscopic
examination of the mucin. The most helpful
finding in our study was the presence of many
mucinous cells in all cases which was
strongly supportive of the diagnosis of IPMN.
Loss of mucin production is a sign of
dedifferentiation and probably accounts for
the presence of non-mucinous epithelium in
borderline and malignant cases.

Stelow et al. [11] described the EUS and FNA
findings in a series of 18 patients with IPMNs
and then contrasted the mucinous types
between typical IPMNs and the normal
epithelial-lined cells of the gastrointestinal
tract. Frequently, EUS-guided aspirates are
contaminated by epithelial cells scraped from
the small intestine and the stomach, and may
represent a feature complicating the diagnosis
of IPMN. In classic examples of IPMN, the
endoscopist can readily identify the abnormal
mucin [11] on ultrasound. Stelow et al.
believed that the abnormal mucin in IPMN
significantly differed from that found in
normal gastrointestinal tract cells. The normal
mucosal epithelium was represented by large
flat sheets of duodenal mucosa composed of
relatively  darker-staining uniform cells.
Frequently, these cells have a “honeycomb”
pattern interrupted at regular intervals by
round, clear goblet cells. In general, the
mucus obtained from IPMNSs is thicker and
more gelatinous than the watery mucin
associated with a normal duodenal
epithelium. In addition, fewer cells are
entrapped in the mucin associated with
normal duodenal epithelium than those found
enmeshed in the thick gelatinous mucin of
IPMNs. IPMN smears lack the “honeycomb”
pattern characteristic of normal duodenal
epithelium.

Other frequently encountered cytologic
features are true papillae with fibrovascular
cores, nuclear crowding, nuclear variability,
chromatin  abnormalities, hyperchromasia,
prominent nucleoli and monolayered sheets.
A necroinflammatory background is observed
only in malignant IPMNSs. True papillae with

fibrovascular cores were observed in 7 out of
8 cases in our study. We strongly believe that
the easily recognized papillae and the
mucinous cells in cytologic smears with thick
mucinous background are very helpful
features in diagnosing IPMNs. The presence
of nuclear atypia, nuclear molding, prominent
nucleoli, nuclear irregularity and cell
crowding appeared to correlate more with the
grade of dysplasia present within the lesion
rather than the actual type of neoplasm
present. Thus, examples of IPMNs with either
borderline features or in situ/invasive
carcinoma demonstrate these features, but so
do mucinous cystadenoma and even
pancreatitis with reactive atypia in dilated
pancreatic ducts. Hence, these features did not
appear to be of diagnostic use in separating
IPMNs from other EUS cystic lesions.
Michaels et al. [14] observed an association
only between papillary fragments and IPMN
carcinomas. Papillary fragments appeared as a
manifestation of the marked architectural
complexity seen in  IPMN-carcinoma.
Therefore, it is not surprising that papillary
fragments are more likely to be found in those
neoplasms which characteristically have the
highest degree of cell proliferation and
papillae in the folds. Similarly, irregular or
tight epithelial clusters are seen in IPMNs
with at least moderate dysplasia. These
clusters represent the cellular projections or
papillary buds which are often histologically
found at the tips of the papillae and tufted
along the lining of IPMN cysts with at least
moderate dysplasia. We observed these
clusters in 3 cases with IPMN carcinomas.
Therefore, as a practical issue, the
identification of irregular clusters should alert
one to the presence of at least moderate
dysplasia.

According to several authors with rich
experience [10, 11], cytology alone cannot
differentiate IPMNs from mucinous cystic
neoplasms or ductal adenocarcinomas with a
large mucinous component. In most cases,
clinical features and imaging studies can
distinguish between these lesions. IPMNs are
more common in males of advancecd age. In
our study, 5 patients were male with a median
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age of 66.8 years and 3 were female with a
median age of 57.3 years. Mucinous cystic
tumors of the pancreas are seen in a younger
age group; they predominate in women and
have a characteristic ovarian-type stroma in
histological sections. Also, they usually occur
more distally in the pancreas than do IPMNs
[24]. In EUS imaging, six patients appeared
with masses in the head of the pancreas and 2
in the body/tail. Ductal adenocarcinomas of
the pancreas generally present as solid masses
and some may show prominent cystic change
[25]. Although the carcinoma does not exhibit
communication with the ductal system, it may
compress the pancreatic ducts leading to
substantial secondary dilation. In some cases,
nuclear atypia of IPMNs is similar to that
found in ductal adenocarcinomas. Given these
issues, some ductal adenocarcinomas may not
be able to be distinguished from IPMNs
cytologically.

The EUS-FNA technique in diagnosing
IPMNs has been recognized of great
importance in recent years. The EUS
diagnostic findings are: a) solid lesions; b)
multicystic lesions, which communicate with
a dilated main pancreatic duct; c) ductal
filling defects; and d) cysts, which contain
hypoechoic material inside suspicious mucus.
Cytologic material obtained by EUS-guided
FNA has been reported to be highly sensitive
in diagnosing IPMN with an overall
sensitivity of 68-91% [9, 26, 27]. Our EUS
findings revealed multiple or simple
hypoechoic masses cystically dilated in the
head of the pancreas (n=6) and body/tail
(n=2), all of them communicating with the
main pancreatic duct. These findings are
highly suggestive of a diagnosis of IPMN.
Hence, the precise diagnostic sensitivity of
EUS-guided FNA cytology findings in our
series of 8 cases appears to be very high. This
sensitivity was confirmed by the correlation
of cytological and histological diagnoses.
Five cases correlated cytologically and
histologically, and 3 cases of cytologically
undetermined  biological behavior were
classified as borderline lesions in the
histopathology report. On the contrary,
authors of some studies [10, 11] believe that

cytology alone is unable to accurately
distinguish IPMNs from cystic mucinous
neoplasms, some predominantly cystic
adenocarcinomas in the pancreas and rare
examples of pancreatitis with extensive cystic
change of the pancreatic duct system.
However, according to the findings in our
study, we believe that IPMNs should be
associated with a characteristic endo-
sonographic appearance which greatly aids
the cytological interpretation of the material
obtained from these neoplasms.

An immunohistochemical profile of IPMNs
has been well-studied in recent years for the
purpose of formulating a prognosis. Increased
cytoplasmic expression of caspase-3 is seen in
IPMNs with invasive adenocarcinoma [28].
The absence of p53 overexpression has been
associated with a better prognosis and lower
grade carcinoma [29, 30]. Three main patterns
of staining with CDX2, MUC-2 and MUC-1
immunohistochemical stains have been
described in IPMNs [31].

Recent analysis of MUC expression profiles
in IPMNs has shown different patterns in
histologically distinct types of IPMN [31, 32].
MUCs are a heterogeneous family of
glycoproteins, some of which are located in
the cell membrane, and others are prepared as
secretory products and excreted. MUC-1 has
been found to be a marker of an aggressive
phenotype, expressed in some higher grade
PanINs and, more importantly, presents
uniformly in infiltrating conventional ductal
adenocarcinoma. MUC-2, on the other hand,
IS a secretory type mucin which is normally
produced almost exclusively in goblet cells.
In the pancreas, MUC-2 appears to be a
marker of an indolent phenotype in the
neoplasms of this organ; it is not expressed in
the normal pancreas, PanINs or ductal
adenocarcinoma, but it is often detected in
IPMNSs, especially in the intestinal type.

In our study, MUC-1 was positive in 2 cases
of malignant IPMN (null and intestinal type)
which seems to correlate with the biological
behavior of these tumors. MUC-2 was
positive in 3 cases of intestinal type IPMNs (2
malignant and 1 benign) which confirms the
close relationship of MUC-2 expression with
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intestinal type IPMN, and additionally
highlights the possible role of the “intestinal”
pathway of carcinogenesis in the pancreas.
Overexpression of the HER2/neu (c-erbB2)
product is also a frequent finding, in contrast
to its rare expression in ordinary ductal
adenocarcinoma [33]. c-erbB2 was positive in
2 cases of benign IPMNs and in 1 case of a
malignant IPMN, a fact which emphasizes the
possible role of c-erbB2 in the pathogenesis
of IPMNs; however, this marker requires
further investigation and study.

In  conclusion, we believe that close
cooperation  between an  experienced
endoscopist and cytopathologist may result in
an accurate diagnosis of IPMN, based on
EUS-guided FNA cytology. Our study
showed that EUS-guided FNA cytology
emerges as a valuable and accurate method in
the pre-operative diagnosis of IPMNs; EUS-
FNA coupled with immunocytochemistry
plays a vital role in determining the biological
behavior of these tumors.
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