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Gastroenteropancreatic neuroendocrine neoplasms have substantially increased over the last decades.
Because of the indolent clinical course of the disease even in advance stages and the rise in the inciden-
tal diagnosis of small asymptomatic lesions, the prevalence of gastroenteropancreatic neuroendocrine
neoplasms is higher than that of pancreatic, gastric and oesophageal adenocarcinomas, making them the
second most prevalent cancer type of the gastrointestinal tract. This increase in the overall prevalence
of gastroenteropancreatic neuroendocrine neoplasms has been paralleled by a growth in the importance
of the endoscopist in the care of these patients, who usually require a multidisciplinary approach. In this
manuscript the diagnostic and therapeutic role of endoscopic for gastroenteropancreatic neuroendocrine
neoplasms will be reviewed.

© 2013 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The incidence of gastroenteropancreatic neuroendocrine neo-
plasms (GEP-NENs) has substantially increased over the last
decades [1,2]. However they are still considered rare neoplasms.
The most common primary sites for GEP-NENs are the stomach
and the small intestine, but pancreatic and rectal NENs are often
the most aggressive and challenging forms [3,4].

The clinical course of the disease is almost indolent, since
although up to two-thirds of patients with GEP-NENs present
with distant metastases at the time of diagnosis, the 5-years
survival exceeds 60% [4]. For this reason, the prevalence of GEP-
NENSs is higher than that of pancreatic, gastric and oesophageal
adenocarcinomas, making them the second most prevalent can-
cer type of the gastrointestinal (GI) tract [5]. Furthermore, the
wide-spread use of both endoscopic diagnostic procedures and
radiological imaging modalities has exponentially increased the
incidental discover of asymptomatic, usually small lesions [6,7].
These lesions pose different dilemma to the clinicians taking care of
GEP-NENSs.
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GEP-NENs are heterogeneous neoplasms and their prognosis is
strictly dependent on several factors: the primary site, with pan-
creatic tumours presenting a worse prognosis as compared to those
originating from the stomach or small intestine; the histological
classification, as assessed by the specific WHO classification, which
mainly depends on their proliferative activity and, finally, the stage,
as evaluated by imaging, and classified in a specific TNM system
(TNM ENETSs) [8].

In this scenario, the correct localization of the primary tumour
site in metastatic disease as well as the correct staging of inciden-
tally discovered lesions are of paramount importance. A correct
histological diagnosis including the grading has also important
prognostic implications. The knowledge of all of these parameters
allows estimation of the risk of progression and death, and the risk
of recurrence after attempted curative resections [9-11].

In the last decade, the development of new and more sophisti-
cated diagnostic and therapeutic endoscopic instruments and tools
have enriched the armamentarium available to the endoscopist,
the importance of whom in the care of patients with GEP-NENs has
consequently grown. GEP-NENs, however, still represent a clinical
challenge to the endoscopist because of their small size, which may
render their search very difficult, if not sometime impossible.

The diagnostic and therapeutic role of endoscopy in the care of
patients with GEP-NENs can be divided into several paragraphs.
Each of these paragraphs will be separately reviewed in this paper,
highlighting the current role of the endoscopic techniques and
areas where further research is recommended.
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2. Localization of the primary tumour site in metastatic
disease

Most GEP-NENSs, especially those arising from the pancreas and
the small intestine, are metastatic at the time of the diagnosis
[12]. In about 10% of patients after the discovery of liver or lymph
node metastases, the primary site following a standard diagnostic
work up with cross-sectional imaging studies such as whole body
computed tomography (CT) scan can remain undisclosed, thus con-
figuring the clinical picture of a neoplasm of unknown primary. In
this setting, a biopsy of the metastatic site would not only diagnose
NENSs, but also provide additional information that may indicate the
most probable location of the primary lesion. A positive immuno-
histochemistry for CDX2 would indeed suggest an origin from the
GI tract, staining for thyroid transcription factor-1 (TTF1) a lung
primary, while a positive pancreatic duodenal homeobox 1 (PDX-
1) or pancreatic polypeptide (PP) staining would point out towards
a primary pancreatic neoplasm [8,12,13].

In the work up of patients with metastatic NENs of unknown
primary (MNENs-UP), both oesophagogastroduodenoscopy (EGD)
and colonoscopy should be performed, regardless of the results
of immunohistochemical studies. Duodenoscopy should also
be performed in case of negative EGD to take a better look of
the papilla’s area, while ileoscopy should always be part of the
colonoscopic examination to explore the terminal ileum. In a
retrospective analysis of 123 patients with MNENs-UP, Wang et al.
[14] found that EGD was able to diagnose a primary gastric lesion
in 100% of cases, while colonoscopy was effective in diagnosing
a primary colorectal lesion in about 86% of cases. Colonoscopy
also identified a small quote of lesions located in the terminal
ileum. Importantly, in this study most of the lesions that were
eventually found intraoperatively were located in the small
intestine [14]. The small intestine is indeed the most frequent
primary site in patients with a MNENs-UP and should be actively
investigated. Non-invasive techniques in this setting include both
nuclear medicine techniques such as Octreoscan or more recently
(68)Ga-DOTA-NOC receptor positron emission tomography/CT
(PET/CT), and CT enteroclysis [15,16]. Endoscopic techniques such
as videocapsule endoscopy (VCE) and enteroscopy that are capable
of exploring the small intestine are very attractive options in
these patients. A case of small intestine NENs detected with VCE is
shown in Fig. 1. The accuracy of VCE, however, has been reported
in only few case series with a limited number of patients [17-19].
van Tuyl et al. [17] investigated the ability of VCE to localize an
occult intestinal primary lesion in 20 consecutive patients with
MNENs-UP. VCE revealed a small-intestinal tumour in 9 patients,
with some other abnormalities such as external compression or
erosions found in 3 additional patients [17]. However, not all
patients underwent surgery, preventing the actual accuracy of the
technique to be determined. Johanssen and colleagues compared

the accuracy of VCE and computed tomography enteroclysis (CTE)
in 8 patients with MNENs-UP, with surgery as the gold standard
[18]. CTE detected the primary neoplasm in 50% of the patients
as compared to 37.5% for VCE, and also provided additional
information on extra-luminal disease, which is an important issue
in small intestine NENs [18]. The better performance of CTE as
compared with VCE has been recently confirmed in a larger series
of 41 patients, where the sensitivity of CTE and VCE were 92%
and 29%, respectively (p=0.004) [19]. Furthermore, as NENs of the
small intestine often cause significant strictures due to mesenteric
involvement with fibrosis development, the use of VCE should
also be preceded by another imaging study to rule out stenosis
because of the risk for capsule retention. Indeed, a few cases of
capsule retention due to small intestine NENs have been reported
[20,21]. Differently, the data on the usefulness of enteroscopy per-
formed with double or single balloon are scanty, thus suggesting
a relatively low diagnostic yield of this procedure in the search for
primary neoplasm in patients with MNENs-UP [22].

3. GEP-NENSs of the GI wall

Gastric, duodenal, and rectal NENs of the wall of the GI tract are
diagnosed with increased frequency, mostly incidentally, because
of the widespread use of diagnostic upper and lower endoscopic
examinations [23]. Recent epidemiological studies indicate that
gastric NENs are the most common form of GEP-NENs [2]. Sim-
ilarly, rectal NENs are very frequent [1,2], while duodenal NENs
are more rare accounting for only 1-2% of all GEP-NENs and are
usually associated with specific genetic syndromes, such as gas-
trinomas in multiple endocrine neoplasia type 1 (MEN-1) or Von
Recklinghausen'’s disease, and can be functioning (somatostati-
noma, gastrinoma) or non-functioning.

Tumour size, degree of infiltration of or layer of origin within
the GI wall, and presence or absence of metastatic loco-regional
lymph nodes are very important parameters that influence treat-
ment strategy and are best assessed by endoscopic ultrasound
(EUS).

3.1. Gastric NENs

Type 1 and 2 gastric NENs, accounting for about 70-85% of
cases of gastric NENs, develop in the gastric fundus and body as
a consequence of chronic hypergastrinemia and are usually small
(<10 mm) and multiple. In about 90% of cases they are limited to the
mucosa/submucosa, while infiltration of the muscolaris propria is
usually observed only when their size is greater than 10-20 mm
[24,25]. Lymph node metastases are found in 2-9% of type 1 and
in 10-30% of type 2 lesions and usually occur with tumours that
are greater than 20 mm, infiltrating the muscolaris propria and/or
becoming angioinvasive [26-28]. Type 3 gastric NENs are sporadic

Fig. 1. An example of small intestine neuroendocrine neoplasm detected with videocapsule endoscopy.
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Fig. 2. Endoscopic submucosal dissection of a gastric cardia neuroendocrine neoplasm. Endoscopic view of the gastric cardia neuroendocrine neoplasm (A). After the gastric
lumen was filled with water, EUS examination showed a 7 mm x 6.3 mm hypoechoic lesion confined to the submucosal layer (B). The lesion was then marked all around
using the tip of a water jet assisted knife (C). Complete dissection of the previously marked area was achieved showing the underlying submucosa that appears blue because
of the previous injection of indigo carmine (D). Large ESD defect after complete en bloc resection of the lesion (E). Macroscopic image of the one section of the resected
specimen with margins inked (F). Neuroendocrine neoplasia with typical trabecular structure infiltrating the submucosa and extensive immunohistochemical expression of
chromogranin A (G). Ki-67 determination deemed to be 2%, which is indicative of low grade neuroendocrine tumour NET G1 (H). H&E (F); immunoperoxidase (G and H).
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neoplasms, not associated with hypergastrinemia [29], that appear
as a solitary polypoid lesion that can be found in any part of the
stomach. At the time of diagnosis, more than 70% of type 3 gastric
NENs are larger than 10 mm, infiltrate the muscolaris propria,
and/or are angioinvasive, thus accounting for the high rate of
metastases found at presentation (75%) [30]. For small type 1 and
2 tumours confined to the mucosal layer after EUS examination,
endoscopic mucosal resection (EMR) is the treatment of choice
allowing removal of the tumour en bloc and complete histological
assessment [26]. Conversely, for bigger lesions confined to the
mucosa or for those infiltrating the submucosa without lymph
nodes involvement at EUS, endoscopic submucosal dissection (ESD)
has been proposed as the treatment of choice (Fig. 2) [31,32]. How-
ever, only a study has evaluated the effectiveness of ESD for gastric
NENs and proved this method to be effective [33]. Twenty-four
gastric lesions with submucosa infiltration as determined by EUS
were successfully removed en bloc. RO resection was obtained in all
lesions that being found G1 or G2 tumours with no lymphovascular
invasion, therefore any further treatment was required. After a
follow up of two years, no lymph node or distal organ metastases
were found and all patients were alive. Of note, 8 lesions were type
3 gastric NENs that are usually more aggressive than types 1 and
2 and are treated similarly to gastric adenocarcinomas (partial or
total gastrectomy with lymph node dissection and chemotherapy).
However, for those lesions that are small (<10 mm) and well differ-
entiated (G1), conservative endoscopic treatment may be an option
[31]. For type 3 gastric NENs, EUS may play an additional role by
assessing the presence of regional lymph-node involvement, even
in the presence of a small lesion, and eventually allows for cytolog-
ical confirmation by fine-needle aspiration [30]. In these patients,
endoscopic treatment is not an option and they should be sent for
surgical intervention. Finally, type 1 gastric NENs have a tendency
to recur; thus endoscopic surveillance every 1 or 2 years for early
detection is recommended. Biopsy of any visible lesion/polyp and
a complete gastric map with multiple random biopsies in the
fundus (at least 4 samples) and the antrum (at least two samples)
in addition to any visible lesion/polyps should be performed.

3.2. Duodenal and rectal NENs

Duodenal and rectal NENs are usually localized in the submu-
cosal layer (third layer) and characteristically appear as rounded,
hypoechoic, well demarcated small lesion with a salt and pepper
appearance at EUS examination.

Most of the duodenal NENs are small (<10mm) and can
be treated with EMR [34], after EUS examination has excluded
loco-regional lymph node metastases [33]. Surgical resection is
indicated for larger tumours, which are associated with a high rate
of lymph node metastases, as well as for ampullary NENs. Endo-
scopic ampullectomy may represent an option in case of small
ampullary NENs without local angio-invasion and lymph node
metastases and with a EUS-guided fine needle aspiration (EUS-
FNA) showing high differentiation, especially in high risk surgical
candidate [35].

Similar to duodenal NENs, most rectal NENs are <10 mm, thus
allowing safe endoscopic removal [36]. In clinical practice, most
lesions present as incidental polyps that only after completely
removed by snare polypectomy are disclosed to be NENSs. In such
cases the status of the resection margins and the grading of the
tumours will indicate the need for additional investigations and
for follow-up, but a complete colonoscopy is usually advocated
to exclude synchronous lesions [37]. The presence of mucosal
depression or ulceration suggests an invasive behaviour and
endoscopic removal should thus be avoided in such cases. When
planning the removal of large lesions (within 20 mm), there is the
need to exclude an aggressive behaviour by histology with Ki-67

Fig. 3. Radial EUS image of a 2.5 mm gastrinoma of the second duodenal portion.
The lesion appears hypoechoic and confined to the third wall layer corresponding
to the submucosa.

evaluation, and to rule out invasion of the muscularis propria.
Tumours exceeding 20 mm, with muscolaris propria invasion or
aggressive histological features should undergo surgery. In this set-
ting, EUS plays a critical role, as it is capable of accurately assessing
depth of invasion and the presence or absence of pararectal lymph
node metastases. For this reason, the ENET guidelines algorithm
for rectal NENs is based on EUS findings [37]. In a recent study
investigating more than 160 patients with rectal carcinoid, the
rate of pathologically complete resection obtained by standard
polipectomy has been shown to be only 31%, as compared to the
72% obtained with EMR or ESD [38]. In this setting, the combined
use of EUS and ESD has been shown to be safe and effective to
treat rectal carcinoids, and should be taken into consideration,
especially for lesions larger than 10 mm in diameter [39].

4. Gastrinoma detection

Gastrinomas are rare GEP-NENSs that secrete gastrin and cause
a clinical syndrome known as Zollinger-Ellison syndrome (ZES),
which is characterized by gastric acid hypersecretion resulting in
severe acid-related peptic disease and diarrhoea [40]. In more than
70% of the cases these tumours are located in the duodenum (most
frequently in the first and second duodenal portion), while a smaller
part is localized in the pancreas [41]. About 60-90% of gastrinomas
are malignant [42,43]; thus localization of the primary tumour is
essential to assess whether surgical resection is indicated, to deter-
mine the extent of the disease and whether metastatic disease to
the liver or distant sites are present and, finally, to assess changes
in tumour extent with treatments.

This task, however, can be extremely difficult especially for duo-
denal lesions that in most cases have a diameter less than 1cm
(Fig. 3), while the vast majority of pancreatic gastrinomas have a
larger diameter (mean diameter 3.8 cm) and only 6% of cases have
a diameter less than 1 cm [40]. The performance of EUS reflects this
different behaviour of the pancreatic and duodenal lesions, being
extremely good for detection of pancreatic gastrinomas with an
overall sensitivity of about 90%, and not sufficient for duodenal
lesions with a sensitivity that drops to less than 50% [44]. Based on
these performance results, the utility of EUS for gastrinoma detec-
tion outside the pancreas has been questioned and its use remains
controversial [40]. However, as the accuracy of other imaging
modalities including CT, magnetic resonance imaging (MRI), and
nuclear medicine investigations such as Octreoscan and (68)Ga-
DOTA-NOC receptor PET/CT is also limited [45,46], EUS remains
part of a diagnostic armamentarium available to try to localize gas-
trinomas [33]. In case of failure, intraoperative transillumination of
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the duodenum is frequently used to help identifying the site for the
duodenotomy, with a sensitivity of about 83% [47].

5. Pancreatic neuroendocrine neoplasms

The intragastric and intraduodenal position of the EUS probe
in close proximity to the pancreas allows the obtainment of high-
resolution images and the visualization of local anatomic details
not detected by other imaging techniques. This peculiarity, coupled
with the ability to perform EUS-FNA to acquire tissue samples [48],
has rapidly made EUS one of the most important and accurate tool
for the evaluation of pancreatic neurondocrine neoplasms (p-NENs)
[49]. At EUS examination, p-NENSs typically appear as well rounded,
hypoechoic lesions with a homogeneous pattern and with clear and
regular margins (Fig. 4). In more advanced cases, however, all these
features are lost and p-NENs may present as irregular pancreatic
hypoechoic masses that are completely indistinguishable from the
most common pancreatic adenocarcinomas.

Pancreatic NENs are rare, but their incidence has significantly
increased in the last decades. Although they represent about 1% of
all pancreatic neoplasms, their prevalence is around 10%, mostly
accounting for low to intermediate grade NENs with a relatively
“indolent” clinical course [1,50]. Pancreatic NENs are classified as
functional or non-functional depending on the presence or absence
of a clinical hormonal hypersecretion syndrome [51]. The func-
tional status of these neoplasms changes substantially the reason
why and the questions that need to be answered by EUS examina-
tion. Localization of functional p-NENs, mainly insulinomas, before
surgery (see the previous chapter for gastrinoma), is the most
important indication to perform EUS in these patients. However,
because of their small diameter that in about 50% of the cases is
less than 1 cm [52], these neoplasms can be very difficult to detect.
For this task, EUS appears the most sensitive imaging modality
with a sensitivity ranging from 57% to 94% [53-60]. Because of this
high sensitivity, EUS has been considered in the recently published
ENETS consensus guidelines as the imaging study of choice to be
performed after other non-invasive imaging studies are negative
[61]. The superiority of EUS over CT is clear and remarkable in the
studies published up to 2000 and probably reflects the use of old
generation CT scan. A study in 2003 by Gouya et al. has pointed
out for the first time that this difference in performance could be
overcome by the use of more sophisticated CT [60]. In their study
involving 30 patients with 32 insulinomas, detection of tumours
with the use of a dual-phase thin-section multidetector CT (MDCT)
reached a sensitivity of 94%, which was absolutely comparable
to the one obtained by EUS [60]. More recently, in an attempt to

Fig. 4. EUS image of a small 13 mm x 14 mm of a well rounded, hypoechoic lesion
withregular margin in the head of the pancreas highly suggestive for NENs. The diag-
nosis was confirmed after examination of the core biopsy tissue specimen gathered
using the EUS-guide fine needle tissue acquisition technique.

better clarify the role of EUS for detection of p-NENs in institutions
that use MDCT for pancreatic imaging, the John Hopkins’s group
have reviewed its experience over a 25 years period [62]. In the 56
patients with 60 p-NENs who had both CT and EUS and who under-
went surgical resection of their tumour(s), the overall sensitivity of
EUS for p-NENs detection was significantly greater than that of CT
(91.7% versus 63.3%, p<0.001). Relevantly, this better performance
was related to the significant higher detection rate of insulinomas
(84.2% versus 31.6%, p=0.001), which represented 76% of all func-
tional p-NENs of the evaluated cohort. Moreover, when taking into
account only those patients who underwent 64-slice MDCT, a trend
very close to a significant difference in favour of EUS versus CT was
also found [93% (95% CI, 83-100%) versus 74% (95% CI, 58-91%),
p=0.06][62]. An equal trend of EUS detection of p-NENs over MDTC
has been found in another study involving a smaller number of
patients [63]. These results highlight that the real advantage of EUS
over MDCT is related to its potential to detect small functioning
insulinomas, which often are still missed by the latest generation
of MDCT. Moreover, the capability of localizing small functional
p-NENSs can be further enhanced by the use of contrast-enhanced
harmonic EUS [64,65], which can also have a prognostic value
helping the distinction between benign and malignant p-NENs [65].

Another important information that can be determined in
patients with functional p-NENs by EUS is the distance between
the lesion and the main pancreatic duct, a factor that can drive
the decision of which surgical approach to utilize (i.e. enucleation
versus resection) [61]. Finally, even though usually not required,
in same cases such as the presence of multiple lesions in different
sites and with different EUS patterns or the presence of lesions that
can mimic p-NENs like accessory spleen in patients with symp-
toms suggestive of functional p-NENSs, a definitive diagnosis with
EUS-FNA may be required [66].

Differently from functional p-NENs, non-functional p-NENs are
classically discovered because of the development of symptoms
due to tumour compression or invasion of adjacent organs, or when
they metastasize. Moreover, possibly due to the wide spread use
of cross-sectional radiological imaging studies, non-functioning
p-NENs are now most frequently detected incidentally when
completely asymptomatic [67]. The suspicious of non-functioning
p-NENSs is raised because of findings of hypervascular lesions at
CT and/or MRI and even more when the lesion is found to express
somatostatin receptors at the somatostatin-receptor scintigraphy
(SRS) or at [68] Ga-DOTATOC PET [60,68,69].

In the evaluation of patients with non-functioning p-NENs, EUS
has a manifold role. First of all, EUS-FNA should be performed to
confirm that the lesion is, indeed, a non-functioning p-NEN. Recent
studies on a meaningful number of patients have reported a very
high sensitivity of EUS-FNA for the diagnosis of these neoplasms,
ranging from 87% to 90% [70-72]. This high sensitivity coupled
with the very low rate of complication reported for sampling solid
lesions including p-NENs [73], make EUS-FNA the procedure of
choice to reach the definitive diagnosis. Importantly, not only can
EUS-FNA confirm the neuroendocrine nature of the pancreatic
lesion, but can also give prognostic information by predicting the
5 year survival of these patients [74]| and by assessing the grad-
ing of the neoplasia by determining the Ki-67 proliferation index
[70,75-77]. Pre-operative knowledge of tumour differentiation
may be crucial for management decision for non-functioning p-
NENSs. For small tumours less than 2 cm in diameter, where no study
has demonstrated a survival benefit of surgery [78], and the risk of
malignancy is low [79], the choice between surgery with the associ-
ated morbidity and mortality, and clinical follow up with the possi-
bility of leaving an aggressive tumour in place, strongly depends on
the tumour site and the value of Ki-67 proliferation index. In this
scenario, in the era of personalized medicine [80], pre-operative
Ki-67 determination may prove fundamental for the discussion
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with a patient regarding the available therapeutic options. Simi-
larly, in patients with unresectable tumours, the choice of the most
appropriate first-line therapeutic regimen is critically based on the
degree of cell proliferation index and may include different somato-
statin analogues, targeted therapies (i.e. everolimus and sunitinib),
peptide receptors targeted therapy, and different chemothera-
peutic schedules [81-83]. Up to recently, only few studies have
reported the use of EUS-FNA cytological specimens for Ki-67

measurement showing promising results [70,75-77]. In the largest
and best designed prospective study published to date (including
both functioning and non-functioning p-NETs), Ki-67 measurement
was successful in 18 (75%) of the 24 patients evaluated [75]. All
patients underwent surgery and there was 89% agreement in Ki-
67 determination between cytological and histological samples
by the ENETS grading system criteria [84]. Despite these results,
Ki-67 expression on cytological specimens has still not gained

Fig. 5. Examples of grading for neuroendocrine neoplasms in EUS-fine needle tissue acquisition samples. Grade 1 p-NET showing trabecular histology, mild atypia (A),
intense immunoreactivity for chromogranin A (B) and synaptophysin (C) and rare cells with nuclear labelling for Ki-67 (D). Grade 2 p-NET showing large trabecular structure,
moderate cell atypia (E), intense immunoreactivity for chromogranin A (F) and synaptophysin (G) and discrete cells with nuclear labelling for Ki-67 (H). High grade, G3,
p-NEC fragmented sample showing abundant desmoplasia and solid islets of cells with severe atypia and scarce cytoplasm (I), focal and often faint immunoreactivity for
chromogranin A (J), intense and diffuse immunoreactivity for synaptophysin (K) and diffuse nuclear labelling for Ki-67 (L). (A, E, and I) Haematoxylin and eosin; (B-D, F-H

and J-L) immunoperoxidase.
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widespread use due to the difficulty to obtain reproducible results
and the availability of tissue biopsy specimens has been advocated
[78].

To overcome these limitations of cytological Ki-67 determina-
tion, our groups have used a recently developed technique that we
refer as to EUS-guided fine needle tissue acquisition (EUS-FNTA)
to distinguish it from EUS-FNA [85], to gathered sample for his-
tological examination in patients with suspicious non-functioning
p-NENSs [86]. Thirty patients with a mean diameter of the lesions of
16.9 £ 6.1 mm were enrolled. The procedure, which is performed
using a 19-gauge EUS needle, was technically successful in all
patients without complications. In 28 of them, tissue samples for
histological examination were obtained and the diagnosis of non-
functioning p-NENs confirmed (Fig. 5). Of note, tissue samples were
also successfully obtained from lesions in the head of the pancreas
and uncinate process, two sites that require the trans-duodenal
approach, a known limitation of the large gauge biopsy EUS nee-
dles [87,88].In 26 of the 28 patients with available tissue specimens
(92.9% and 86.6% of the initial entire cohort), we were able to also
perform Ki-67 determination (Fig. 5).In 12 patients who underwent
surgery we could compare Ki-67 expression on EUS-FNTA sam-
ples and the surgical specimens that represent the reference gold
standard. Using a cut-off of 2% to distinguish G1 from G2 tumours,
concordance between pre- and post-surgical Ki-67 determination
was found in 83.3% of the patients. Interestingly, when a cut-off of
5% that several strands of evidence suggest that may be more useful
than the 2% value to define G2 tumours was applied [89,9], the con-
cordance was found in all cases [86]. These very promising results
need to be reproduced by other groups before this procedure can
become the standard of care to evaluate these patients.

Another emerging application of EUS for both functioning and
non-functioning p-NENs is the performance of EUS-guided fine
needle tattooing (EUS-FNT) of the lesion to facilitate its precise
localization during surgery. Pre-operative tattoo can be very impor-
tant when laparoscopic surgery is performed, because of the limited
ability of the surgeon to clearly identify and palpate small pancre-
atic lesions, which can lead to conversion to an open procedure in
as high as 30% of cases [90]. After the publication of few case reports
that demonstrated the lack of complications [91-94], the John Hop-
kins’ group reported the first case series involving 13 patients (6 of
whom had p-NENs) who underwent EUS-FNT to facilitate recogni-
tion of the lesion during laparoscopic distal pancreatectomy [95].
The tattoo was done by injecting 1-5 ml of sterile purified carbon
particles (GI Spot; GI Supply, Camp Hill, PA), 3-5 mm into the pan-
creatic parenchyma to the patient’s right of the lesion (towards
the pancreatic head). The procedure was feasible in all cases, with-
out complications and all lesions were easily recognized at surgery.
The same group clearly showed that the increased recognition of
the pancreatic lesion during resection was associated with a sig-
nificant decrease in the operative time as compared with patients
who undergo the same surgical procedure without a tattoo [96].
This has led in their institution to the routine use of EUS-FNT when
small pancreatic lesions are resected laparoscopically.

Finally, p-NENs can become a target for EUS-guided tumour
ablation therapies that are under development and represent the
natural evolution of EUS from a diagnostic into a more thera-
peutic/interventional [97,98]. Three cases of EUS-guided alcohol
ablation of symptomatic functioning p-NENSs in high-risk surgical
patients have been reported in the literature [99-101]. In all cases,
ablation led to long-term symptoms resolution. However, in one
patient with MEN I and two Vipomas, the second tumour ablation
was complicated by formation of a small pancreatic necrotic lesion
secondary to minimal effusion of ethanol during needle retrac-
tion, which was treated with laparoscopic necrosectomy [101]. This
underlying the difficulty of treating small p-NENs that are sur-
rounded by normal pancreatic tissue that ifinvolved by the ablation

treatment can lead to dangerous complications. Moreover, alcohol
may not represent the best treatment because of the possibility of
distant complication such as portal vein thrombosis that has been
described after alcohol ablation of pancreatic cysts [102]. However,
the possibility of minimally invasive treatment of small p-NENs by
EUS remains attractive and future research will better clarify the
potential role for this procedure.

6. Conclusions

In conclusion, endoscopic procedures have a pivotal role in the
diagnostic work-up and in the therapy of GEP-NENs.

Upper and lower standard GI endoscopy should represent the
first step in patients with MNENs of unknown primary, followed
by an intense investigation of the small intestine, since this latter is
the most frequent primary site. VCE has showed suboptimal diag-
nostic accuracy and should be proposed only after the exclusion
of strictures, since cases of retention have been described. Stud-
ies on the role of enteroscopy in patients with MNENs of unknown
primary origin are still scanty to draw any firm conclusion.

EUS has a crucial role in the setting of GEP-NENs of the GI wall,
since it provides information on size, deep of invasion and loco-
regional metastasis. EUS-guided FNA can also provide a definite
diagnosis and useful information (i.e. Ki-67 evaluation) for the cor-
rect management of this type of lesions. Furthermore, EUS can
correctly select ideal candidates for endoscopic resection (EMR and
ESD).

EUS has a decisive role in the setting of pancreatic neuroen-
docrine neoplasms. It can help to correctly localize the tumour
when other non-invasive procedures have failed and can provide
useful additional information (i.e. distance from the pancreatic
duct, Ki-67 proliferation index) for the best therapeutic manage-
ment (surgery, conservative approach, type of anti-tumour therapy
in case of unresectable tumours). Furthermore, the possibility of
EUS-guided FNA tattooing of pancreatic lesions may help sur-
geons to find the neoplasm and avoid demolitive surgery. Finally,
EUS-guided therapies (i.e. alcohol ablation), especially in patients
unsuitable for surgery, are under investigation and will definitively
represent the future field of interest.

Conflict of interest statement
None declared.

Acknowledgements

The authors thank Dr. Laurent Palazzo for kindly providing us
the picture of the small duodenal gastrinoma. We also thank Dr.
Freidiano Inzani for helping us with the pathological pictures of
the gastric NENs.

References

[1] Yao]C,Hassan M, Phan A, et al. One hundred years after “carcinoid”: epidemi-
ology of and prognostic factors for neuroendocrine tumors in 35,825 cases in
the United States. Journal of Clinical Oncology 2008;26:3063-72.

Niederle MB, Hackl M, Kaserer K, Niederle B. Gastroenteropancreatic neu-

roendocrine tumours: the current incidence and staging based on the WHO

and European Neuroendocrine Tumour Society classification: an analy-
sis based on prospectively collected parameters. Endocrine-Related Cancer
2010;17:909-18.

Panzuto F, Nasoni S, Falconi M, et al. Prognostic factors and survival in

endocrine tumor patients: comparison between gastrointestinal and pancre-

atic localization. Endocrine-Related Cancer 2005;12:1083-92.

[4] Pape UF, Berndt U, Miiller-Nordhorn J, et al. Prognostic factors of long-term
outcome in gastroenteropancreatic neuroendocrine tumours. Endocrine-
Related Cancer 2008;15:1083-97.

[5] Fitzgerald TL, Hickner ZJ, Schmitz M, Kort EJ. Changing incidence of pan-
creatic neoplasms. A 16-year review of state wide tumor registry. Pancreas
2008;37:134-8.

2

3



16 F. Attili et al. / Digestive and Liver Disease 46 (2014) 9-17

[6] Cheema A, Weber ], Strosberg JR. Incidental detection of pancreatic neuroen-
docrine tumors: an analysis of incidence and outcomes. Annals of Surgical
Oncology 2012;19:2932-6.

[7] Buitrago D, Trencheva K, Zarnegar R, et al. The impact of incidental identifica-
tion on the stage at presentation of lower gastrointestinal carcinoids. Journal
of the American College of Surgeons 2011;213:652-6.

[8] Rindi G, Bordi C, La Rosa S, et al. Gastroenteropancreatic (neuro)
endocrine neoplasms: the histology report. Digestive and Liver Disease
2011;43:5356-60.

[9] Panzuto F, Boninsegna L, Fazio N, et al. Metastatic and locally advanced pan-
creatic endocrine carcinomas: analysis of factors associated with disease
progression. Journal of Clinical Oncology 2011;29:2372-7.

[10] Rindi G, Falconi M, Klersy C, et al. TNM staging of neoplasms of the endocrine
pancreas: results from a large international cohort study. The Journal of the
National Cancer Institute 2012;104:764-77.

[11] BoninsegnalL, PanzutoF, Partelli S, et al. Malignant pancreatic neuroendocrine
tumour: lymph node ratio and Ki67 are predictors of recurrence after curative
resections. European Journal of Cancer 2012;48:1608-15.

[12] Pavel M, Baudin E, Couvelard A, et al. ENETS Consensus Guidelines for the
management of patients with liver and other distant metastases from neu-
roendocrine neoplasms of foregut, midgut, hindgut, and unknown primary.
Neuroendocrinology 2012;95:157-76.

[13] ChanES, Alexander J, Swanson PE, et al. PDX-1, CDX-2, TTF-1, and CK7: a reli-
able immunohistochemical panel for pancreatic neuroendocrine neoplasms.
American Journal of Surgical Pathology 2012;36:737-43.

[14] Wang SC, Parekh JR, Zuraek MB, et al. Identification of unknown primary
tumors in patients with neuroendocrine liver metastases. Archives of Surgery
2010;145:276-80.

[15] Prasad V, Ambrosini V, Hommann M, et al. Detection of unknown pri-
mary neuroendocrine tumours (CUP-NET) using (68)Ga-DOTA-NOC receptor
PET/CT. European Journal of Nuclear Medicine and Molecular Imaging
2010;37:67-77.

[16] Kamaoui I, De-Luca V, Ficarelli S, et al. Value of CT enteroclysis in sus-
pected small-bowel carcinoid tumors. American Journal of Roentgenology
2010;194:629-33.

[17] van Tuyl SA, van Noorden JT, Timmer R, et al. Detection of small-bowel neu-
roendocrine tumors by video capsule endoscopy. Gastrointestinal Endoscopy
2006;64:66-72.

[18] Johanssen S, Boivin M, Lochs H, Voderholzer W. The yield of wireless capsule
endoscopy in the detection of neuroendocrine tumors in comparison with CT
enteroclysis. Gastrointestinal Endoscopy 2006;63:660-5.

[19] Hakim FA, Alexander JA, Huprich JE, et al. CT-enterography may identify small
bowel tumors not detected by capsule endoscopy: eight years experience at
Mayo Clinic Rochester. Digestive Diseases and Sciences 2011;56:2914-9.

[20] Chen ], Zhang L, Zhang W, et al. A case of neuroendocrine malignant
tumor with capsule retention diagnosed by double-balloon enteroscopy. Case
Reports in Gastroenterology 2010;4:52-6.

[21] Strosberg JR, Shibata D, Kvols LK. Intermittent bowel obstruction due to a
retained wireless capsule endoscope in a patient with a small bowel carcinoid
tumour. Canadian Journal of Gastroenterology 2007;21:113-5.

[22] Bellutti M, Fry LC, Schmitt ], et al. Detection of neuroendocrine tumors of the
small bowel by double balloon enteroscopy. Digestive Diseases and Sciences
2009;54:1050-8.

[23] Lambert R. Gastric and rectal carcinoids. Endoscopy 2010;42:661-3.

[24] Rindi G, Azzoni C, La Rosa S, et al. ECL cell tumor and poorly differentiated
endocrine carcinoma of the stomach: prognostic evaluation by pathological
analysis. Gastroenterology 1999;116:532-42.

[25] Rindi G, Bordi C, Rappel S, et al. Gastric carcinoids and neuroendocrine car-
cinomas: pathogenesis, pathology, and behavior. World Journal of Surgery
1996;20:168-72.

[26] Ruszniewski P, Delle Fave G, Cadiot G, et al. Well-differentiated gastric
tumors/carcinomas. Neuroendocrinology 2006;84:158-64.

[27] Soga]. Early-stage carcinoids of the gastrointestinal tract: an analysis of 1914
reported cases. Cancer 2005;103:1587-95.

[28] Norton JA, Melcher ML, Gibril F, Jensen RT. Gastric carcinoid tumors in mul-
tiple endocrine neoplasia-1 patients with Zollinger-Ellison syndrome can
be symptomatic, demonstrate aggressive growth, and require surgical treat-
ment. Surgery 2004;136:1267-74.

[29] Delle Fave G, Capurso G, Milione M, Panzuto F. Endocrine tumours of the
stomach. Best Practice and Research: Clinical Gastroenterology 2005;19:
659-73.

[30] Delle Fave G, Kwekkeboom DJ, Van Cutsem E, et al. ENETS Consensus
Guidelines for the management of patients with gastroduodenal neoplasms.
Neuroendocrinology 2012;95:74-87.

[31] Shimizu N, Kaminishi M. Management of patients with neuroendocrine
tumors of the esophagus, stomach, and duodenum. Nihon Geka Gakkai Zasshi
2008;109:147-51.

[32] Schertibl H, Cadiot G, Jensen RT, et al. Neuroendocrine tumors of the stomach
(gastric carcinoids) are on the rise: small tumors, small problems? Endoscopy
2010;42:664-71.

[33] LiQL,Zhang YQ, Chen WF, et al. Endoscopic submucosal dissection for foregut
neuroendocrine tumors: an initial study. World Journal of Gastroenterology
2012;18:5799-806.

[34] Yamamoto C, Aoyagi K, Suekane H, et al. Carcinoid tumors of the duo-
denum: report of three cases treated by endoscopic resection. Endoscopy
1997;29:218-21.

[35] Hartel M, Wente MN, Sido B, et al. Carcinoid of the ampulla of Vater. Journal
of Gastroenterology and Hepatology 2005;20:676-81.

[36] Matsushita M, Takakuwa H, Nishio A. Management of rectal carcinoid tumors.
Gastrointestinal Endoscopy 2003;58:641.

[37] Caplin M, Sundin A, Nillson O, et al. ENETS Consensus Guidelines for the man-
agement of patients with digestive neuroendocrine neoplasms: colorectal
neuroendocrine neoplasms. Neuroendocrinology 2012;95:88-97.

[38] Son HJ, Sohn DK, Hong CW, et al. Factors associated with complete local
excision of small rectal carcinoid tumor. International Journal of Colorectal
Disease 2013;28:57-61.

[39] Ishii N, Horiki N, Itoh T, et al. Endoscopic submucosal dissection and preoper-
ative assessment with endoscopic ultrasonography for the treatment of rectal
carcinoid tumors. Surgical Endoscopy 2010;24:1413-9.

[40] Jensen RT, Niederle B, Mitry E, et al. Gastrinoma (duodenal and pancreatic).
Neuroendocrinology 2006;84:173-82.

[41] Thom AK, Norton JA, Axiotis CA, Jensen RT. Location, incidence and malignant
potential of duodenal gastrinomas. Surgery 1991;110:1086-93.

[42] Weber HC, Venzon DJ, Lin JT, et al. Determinants of metastatic rate and sur-
vival in patients with Zollinger-Ellison syndrome: a prospective long-term
study. Gastroenterology 1995;108:1637-49.

[43] Pipeleers-Marichal M, Donow C, Heitz PU, Kloppel G. Pathologic aspects of
gastrinomas in patients with Zollinger-Ellison syndrome with and with-
out multiple endocrine neoplasia type I. World Journal of Surgery 1993;17:
481-8.

[44] McLean AM, Fairclough PD. Endoscopic ultrasound in the localisation of pan-
creatic islet cell tumours. Best Practice and Research: Clinical Endocrinology
and Metabolism 2005;19:177-93.

[45] Alexander HR, Fraker DL, Norton JA, et al. Prospective study of somato-
statin receptor scintigraphy and its effect on operative outcome in
patients with Zollinger-Ellison syndrome. Annals of Surgery 1998;228:
228-38.

[46] FruchtH, Doppman JL, Norton JA, et al. Gastrinomas: comparison of MR imag-
ing with CT, angiography and US. Radiology 1989;171:713-7.

[47] Frucht H, Norton JA, London JF, et al. Detection of duodenal gastrinomas by
operative endoscopic transillumination: a prospective study. Gastroenter-
ology 1990;99:1622-7.

[48] Vilmann P, Jacobsen GK, Henriksen FW, et al. Endoscopic ultrasonography
with guided fine needle aspiration biopsy in pancreatic disease. Gastroin-
testinal Endoscopy 1992;38:172-3.

[49] Varadarajulu S, Eloubeidi MA. The role of endoscopic ultrasonography in the
evaluation of pancreatico-biliary cancer. Gastrointestinal Endoscopy Clinics
of North America 2005;15:497-511.

[50] Fitzgerald TL, Hickner ZJ, Schmitz M, et al. Changing incidence of pancre-
atic neoplasms: a 16-year review of statewide tumor registry. Pancreas
2008;37:134-8.

[51] Oberg K. Pancreatic endocrine tumors. Seminars in Oncology 2010;37:
594-618.

[52] Mathur A, Gorden P, Libutti SK. Insulinoma. Surgical Clinics of North America
2009;89:1105-21.

[53] Glover JR, Shorvon PJ, Lees WR. Endoscopic ultrasound for localisation of islet
cell tumours. Gut 1992;33:108-10.

[54] Rosch T, Lightdale CJ, Botet JF, et al. Localization of pancreatic endocrine
tumors by endoscopic ultrasonography. The New England Journal of Medicine
1992;326:1721-6.

[55] Pitre ], Soubrane O, Palazzo L, et al. Endoscopic ultrasonography for the pre-
operative localization of insulinomas. Pancreas 1996;13:55-60.

[56] Schumacher B, Liibke HJ, Frieling T, et al. Prospective study on the detection
of insulinomas by endoscopic ultrasonography. Endoscopy 1996;28:273-6.

[57] Ardengh ]C, Rosenbaum P, Ganc AJ, et al. Role of EUS in the preoperative local-
ization of insulinomas compared with spiral CT. Gastrointestinal Endoscopy
2000;51:552-5.

[58] Anderson MA, Carpenter S, Thompson NW, et al. Endoscopic ultrasound
is highly accurate and directs management in patients with neuroen-
docrine tumors of the pancreas. American Journal of Gastroenterology
2000;95:2271-7.

[59] Zimmer T, Scheriibl H, Faiss S, et al. Endoscopic ultrasonography of neuroen-
docrine tumours. Digestion 2000;62(Suppl. 1):45-50.

[60] GouyaH, Vignaux O, Augui], etal. CT, endoscopic sonography, and a combined
protocol for preoperative evaluation of pancreatic insulinomas. American
Journal of Roentgenology 2003;181:987-92.

[61] Jensen RT, Cadiot G, Brandi ML, et al. ENETS Consensus Guidelines for
the management of patients with digestive neuroendocrine neoplasms:
functional pancreatic endocrine tumor syndromes. Neuroendocrinology
2012;95:98-119.

[62] Khashab MA, Yong E, Lennon AM, et al. EUS is still superior to multidetec-
tor computerized tomography for detection of pancreatic neuroendocrine
tumors. Gastrointestinal Endoscopy 2011;73:691-6.

[63] Versari A, Camellini L, Carlinfante G, et al. Ga-68 DOTATOC PET, endoscopic
ultrasonography, and multidetector CT in the diagnosis of duodenopancreatic
neuroendocrine tumors: a single-centre retrospective study. Clinical Nuclear
Medicine 2010;35:321-8.

[64] Kitano M, Kudo M, Yamao K, et al. Characterization of small solid tumors in
the pancreas: the value of contrast-enhanced harmonic endoscopic ultraso-
nography. American Journal of Gastroenterology 2012;107:303-10.

[65] Ishikawa T, Itoh A, Kawashima H, et al. Usefulness of EUS combined with
contrast-enhancement in the differential diagnosis of malignant versus



F. Attili et al. / Digestive and Liver Disease 46 (2014) 9-17 17

benign and preoperative localization of pancreatic endocrine tumors. Gas-
trointestinal Endoscopy 2010;71:951-9.

[66] Krishna SG, Heif MM, Sharma SG, et al. Intrapancreatic accessory spleen:
investigative dilemmas and role of EUS-guided FNA for diagnostic confirma-
tion. Journal of the Pancreas 2011;12:603-6.

[67] Oberg K, Akerstrom G, Rindi G, et al. Neuroendocrine gastroenteropancre-
atic tumours: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Annals of Oncology 2010;21(Suppl. 5):v223-7.

[68] Graziani R, Brandalise A, Bellotti M, et al. Imaging of neuroendocrine gas-
troenteropancreatic tumours. La Radiologia Medica 2010;115:1047-64.

[69] Gabriel M, Decristoforo C, Kendler D, et al. 68Ga-DOTA-Tyr3-octreotide PET
in neuroendocrine tumors: comparison with somatostatin receptor scintig-
raphy and CT. Journal of Nuclear Medicine 2007;48:508-18.

[70] Figueiredo FA, Giovannini M, Monges G, et al. Pancreatic endocrine tumors:
a large single-center experience. Pancreas 2009;38:936-40.

[71] Pais SA, Al-Haddad M, Mohamadnejad M, et al. EUS for pancreatic neu-
roendocrine tumors: a single-center, 11-year experience. Gastrointestinal
Endoscopy 2010;71:1185-93.

[72] Atig M, Bhutani MS, Bektas M, et al. EUS-FNA for pancreatic neuroendocrine
tumors: a tertiary cancer center experience. Digestive Diseases and Sciences
2012;57:791-800.

[73] Eloubeidi MA, Tamhane A, Varadarajulu S, et al. Frequency of major com-
plications after EUS-guided FNA of solid pancreatic masses: a prospective
evaluation. Gastrointestinal Endoscopy 2006;63:622-9.

[74] Figueiredo FA, Giovannini M, Monges G, et al. EUS-FNA predicts 5-
year survival in pancreatic endocrine tumors. Gastrointestinal Endoscopy
2009;70:907-14.

[75] Piani C, Franchi GM, Cappelletti C, et al. Cytological Ki-67 in pancreatic
endocrine tumours: an opportunity for pre-operative grading. Endocrine-
Related Cancer 2008;15:175-81.

[76] Chatzipantelis P, Konstantinou P, Kaklamanos M, et al. The role of cyto-
morphology and proliferative activity in predicting biologic behavior of
pancreatic neuroendocrine tumors: a study by endoscopic ultrasound-guided
fine-needle aspiration cytology. Cancer 2009;117:211-6.

[77] Alexiev BA, Darwin PE, Goloubeva O, loffe OB. Proliferative rate in endoscopic
ultrasound fine-needle aspiration of pancreatic endocrine tumors: correla-
tion with clinical behavior. Cancer 2009;117:40-5.

[78] Falconi M, Plockinger U, Kwekkeboom D], et al. Well-differentiated pancreatic
nonfunctioning tumors/carcinoma. Neuroendocrinology 2006;84:196-211.

[79] BettiniR, Partelli S, Boninsegna L, et al. Tumor size correlates with malignancy
in nonfunctioning pancreatic endocrine tumor. Surgery 2011;150:75-82.

[80] Hamburg MA, Collins FS. The path to personalized medicine. The New England
Journal of Medicine 2010;363:301-4.

[81] Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors: pancreatic
endocrine tumors. Gastroenterology 2008;135:1469-92.

[82] Falconi M, Bartsch DK, Eriksson B, et al. ENETS Consensus Guidelines for
the management of patients with digestive neuroendocrine neoplasms of
the digestive system: well-differentiated pancreatic non-functioning tumors.
Neuroendocrinology 2012;95:120-34.

[83] Ganetsky A, Bhatt V. Gastroenteropancreatic neuroendocrine tumors: update
on therapeutics. Annals of Pharmacotherapy 2012;46:851-62.

[84] Rindi G, Kléppel G, Alhman H, et al. TNM staging of foregut (neuro)endocrine
tumors: a consensus proposal including a grading system. Virchows Archiv
2006;449:395-401.

[85] Larghi A, Verna EC, Ricci R, et al. EUS-guided fine needle tissue acquisition
using a 19-gauge needle in a selected patient population: a prospective study.
Gastrointestinal Endoscopy 2011;74:504-10.

[86] Larghi A, Capurso G, Carnuccio A, et al. Ki-67 grading of nonfunctioning
pancreatic neuroendocrine tumors on histologic samples obtained by EUS-
guided fine-needle tissue acquisition: a prospective study. Gastrointestinal
Endoscopy 2012;76:570-7.

[87] Larghi A, Verna EC, Stavropoulos SN, et al. EUS-guided trucut needle biopsies
in patients with solid pancreatic masses: a prospective study. Gastrointestinal
Endoscopy 2004;59:185-90.

[88] Thomas T, Kaye PV, Ragunath K, Aithal G. Efficacy, safety, and predictive
factors for a positive yield of EUS-guided Trucut biopsy: a large tertiary
referral center experience. American Journal of Gastroenterology 2009;104:
584-91.

[89] Scarpa A, Mantovani W, Capelli P, et al. Pancreatic endocrine tumors:
improved TNM staging and histopathological grading permit a clini-
cally efficient prognostic stratification of patients. Modern Pathology
2010;23:824-33.

[90] Ayav A, Bresler L, Brunaud L, et al. Laparoscopic approach for soli-
tary insulinoma: a multicentre study. Langenbeck’s Archives of Surgery
2005;390:134-40.

[91] GressFG,BarawiM, Kim D, et al. Preoperative localization of a neuroendocrine
tumor of the pancreas with EUS-guided fine needle tattooing. Gastrointestinal
Endoscopy 2002;55:594-7.

[92] Zografos GN, Stathopoulou A, Mitropapas G, et al. Preoperative imaging and
localization of small sized insulinoma with EUS guided fine needle tattooing:
a case report. Hormones (Athens) 2005;4:111-6.

[93] Ashida R, Yamao K, Okubo K, et al. Indocyanine green is an ideal dye for
endoscopic ultrasound guided fine needle tattooing of pancreatic tumors.
Endoscopy 2006;38:190-2.

[94] Farrell JJ, Sherrod A, Parekh D. EUS guided fine needle tattooing for pre-
operative localization of early pancreatic adenocarcinoma. Gastrointestinal
Endoscopy 2009;69:176-7.

[95] Lennon AM, Newman N, Makary MA, et al. EUS-guided tattooing before
laparoscopic distal pancreatic resection (with video). Gastrointestinal
Endoscopy 2010;72:1089-94.

[96] Newman NA, Lennon AM, Edil BH, et al. Preoperative endoscopic tattooing
of pancreatic body and tail lesions decreases operative time for laparoscopic
distal pancreatectomy. Surgery 2010;148:371-7.

[97] Seo DW. EUS-guided antitumor therapy for pancreatic tumors. Gut and Liver
2010;4:576-81.

[98] Yoon W], Brugge WR. Endoscopic ultrasonography-guided tumor abla-
tion. Gastrointestinal Endoscopy Clinics of North America 2012;22:
359-69.

[99] Jurgensen C, Schuppan D, Neser F, et al. EUS-guided alcohol ablation of an
insulinoma. Gastrointestinal Endoscopy 2006;63:1059-62.

[100] Deprez PH, Claessens A, Borbath I, et al. Successful endoscopic ultrasound-
guided ethanol ablation of a sporadic insulinoma. Acta Gastroenterologica
Belgica 2008;71:333-7.

[101] Muscatiello N, Salcuni A, Macarini L, et al. Treatment of a pancreatic endocrine
tumor by ethanol injection guided by endoscopic ultrasound. Endoscopy
2008;40:E258-9.

[102] Oh HC, Seo DW, Kim SC. Portal vein thrombosis after EUS-guided pancreatic
cyst ablation. Digestive Diseases and Sciences 2012;57:1965-7.



	Diagnostic and therapeutic role of endoscopy in gastroenteropancreatic neuroendocrine neoplasms
	1 Introduction
	2 Localization of the primary tumour site in metastatic disease
	3 GEP-NENs of the GI wall
	3.1 Gastric NENs
	3.2 Duodenal and rectal NENs

	4 Gastrinoma detection
	5 Pancreatic neuroendocrine neoplasms
	6 Conclusions
	Conflict of interest statement
	Acknowledgements
	References


