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ABSTRACT

Despite the considerable technological advances in imaging modalities which have
occurred over the last years, EUS remains one of the most reliable and accurate tech-
nique for the study of gastroenteropancreatic neuroendocrine tumors. More specifi-
cally, EUS can detect very small lesions, assess the local extent and lymph node in-
volvement and biopsy the lesion for cytophatological confirmation (EUS-FNA). In ad-
dition, nuclear medicine imaging has a relevant role in the evaluation of NET. How-
ever, its performance depends on series of patient-specific features (lesion size and
uptake, depth and other anatomic features; metabolic activity, receptor expression,
affinity and vacancy, tissue specificity) and technical features (choice of tracer, ad-
ministered dose, and physical half-life; instrument sensitivity, acquisition technique,
reader experience). In particular, current data show that PET/CT has greater intrinsic
resolution and sensitivity than SPECT or SPECT/CT images resulting in improved tu-
mor detection. However, the PET tracer of choice has not yet been identified. 18F-
FDG has proved to be useful as indicator of tumor aggressiveness rather than detec-
tion of extent of disease, and 68Ga-DOTA-TOC has demonstrated good results in clin-
ical trials. 11C-5HTP has performed well in limited trials, but the 20-min half life of
11C precludes widespread availability. Better information concerning biodistribution
and further comparative data of these agent in larger clinical trials are warranted.
Free full text available at www.tumorionline.it

1. Endoscopic ultrasound and complex diagnostics

Gastroenteropancreatic neuroendocrine tumors (GEP NETs) have always repre-
sented a demanding challenge for diagnostic imaging techniques. GEP NETs, sus-
pected on clinical basis, are often difficult to localize because they tend to present as
very small size tumors (insulinomas, gastrinomas and carcinoids of the gastrointesti-
nal wall) and may be multifocal, particularly when associated with multiple en-
docrine neoplasia type 1 (MEN1) or other inherited syndromes. Thus, 80% of the rec-
tal lesions are less than 1 cm and only 5% more than 2 cm in diameter. Also pancre-
atic neuroendocrine tumors (PETs) still pose different problems in term of diagnosis,
localization and therapy because of their small size, deep location in the abdomen
and extrapancreatic or multiple localizations. Because these tumors are slow-grow-
ing, their prognosis is good and many patients can be cured with surgical resection.
However, the majority of GEP NETs remain asymptomatic for many years and are in-
cidentally detected on abdominal cross-sectional imaging, or become symptomatic
only when disease has spread. Furthermore, even when the diagnosis is confirmed
and curative surgery is considered, at least in patients without metastases, a correct
pre-operative localization and staging of tumor lesions are mandatory in order to op-
timize surgical treatment, reduce the times and complexity of the surgical interven-
tion and improve outcomes and results. Over the last years, we have witnessed con-
siderable biotechnological improvements which have led to the development of in-
creasingly complex laboratory, radiological and nuclear imaging techniques for pre-
operative diagnosis, detection and staging of GEP NETs. The diagnostic modalities
available today range from traditional imaging methods such as trans-abdominal ul-
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trasound (US), computed tomography (CT), magnetic
resonance imaging (MRI) with all their most recent ap-
plications, to more complex techniques like somato-
statin receptor scintigraphy (SRS), selective intra-arteri-
al injection of secretin or calcium (SAIS/SAIC) during
angiography with hepatic venous sampling, positron
emission tomography (PET), the integrated PET/CT ap-
proach and tumor markers. In this complex diagnostic
scenario, endoscopic ultrasound (EUS) still plays a rele-
vant role as a reliable and accurate technique in detect-
ing, diagnosing, staging, following-up and also treating
GEP-NETs. This paper analyzes the role of EUS in the
current diagnostic armamentarium for GEP-NETs.

1.1 Endoscopic ultrasound (EUS)

Endoscopic ultrasound (EUS) has been one the most
important advances in gastrointestinal endoscopy oc-
curred over the last 25 years. Introduced in the early
80’s, this technique provides high-resolution images of
structures not only of the mucosal surface, but also
within and beyond the wall of the gastrointestinal tract,
allowing the detection of lesions down to 0.3-0.5 cm.
Some practical advantages of EUS are that it is safe and
minimally invasive and doesn’t require general anaes-
thesia or hospitalization, while its major drawback is
the high degree of operator dependency. During the 90’s
EUS has imposed itself as the most accurate and effec-
tive modality for pancreatic imaging and has become a
routine procedure in the diagnostic work-up of neu-
roendocrine tumors.

1.2 EUS and pancreatic endocrine tumors (PETs)

EUS provides high resolution images of the main pan-
creatic duct and of the surrounding parenchyma allow-
ing to detect structures as small as 2-3 mm due to the
small distance between the transducer and the gland,
which enables the use of higher frequency probes, from
5 to 20 MHz, with lower penetration depth but more el-
evated spatial resolution1. The high accuracy, reliability
and positive predictive value of EUS for the preopera-
tive detection of pancreatic endocrine tumors (PETs)
were demonstrated by several authors in the 90’s. In a
study on 50 patients with suspected PETs we evaluated
the accuracy of EUS compared to other imaging tech-
niques in the preoperative localization, staging and fol-
lowing-up of tumors of the duodeno-pancreatic areas2.
EUS allowed to correctly localise 20 out of the 23 pan-
creatic tumors, including 11 out the 12 insulinomas,
three out of the eight duodenal gastrinomas and ten out
of the 11 metastatic lymph nodes. Table 1 shows the de-
tection rates obtained by EUS and other preoperative
imaging modalities.

The 3 pancreatic tumors and 5 duodenal gastrinomas
undetected by EUS were not localised by the other im-
aging techniques as well. Notably, EUS alone provided
more information than the combination of all the other
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imaging procedure, enabling to change clinical man-
agement in 17 out of the 39 (44%) patients with PETs
and to avoid surgery to 6 out of 39 patients (15.4%). As
demonstrated by previous data, EUS sensitivity was in-
stead significantly reduced to 30% for duonenal wall
gastrinomas, the detection of which can be improved by
the use of intraoperative endoscopic illumination with a
sensitivity of 83%. Several subsequent papers demon-
strated also EUS effectiveness in localising and follow-
ing-up small PETs in asymptomatic patients with
MEN1, and some of them recommended an early and
aggressive screening of these patients using EUS, even if
this datum has not been universally accepted in litera-
ture and remains controversial3-5. Over the last years the
role of EUS has evolved in conjunction with the ad-
vances of other imaging techniques. So, today the de-
tection of pancreatic insulinomas may be improved by a
combined imaging protocol using both spiral multislice
CT and EUS6, whereas miniprobe intraductal ultra-
sound (IDUS) may localize islet cell tumors undetected
by endoscopic ultrasound and other techniques7,8.

1.3 EUS with fine needle aspiration (EUS-FNA)

Although for many years EUS has been a mere imag-
ing modality, from the early 90’s it has evolved to be-
come also a diagnostic and therapeutic interventional
technique. The introduction of EUS-guided fine needle
aspiration (FNA) has enriched EUS applications with
the possibility to biopsy the lesion for cytopathological
confirmation. EUS with fine needle aspiration (EUS-
FNA) can provide a tissue diagnosis of most pancreatic
masses with rather high accuracy. This is particularly
useful with non-functioning neuroendocrine lesions
which are otherwise difficult to diagnose preoperatively,
but is important also to obtain additional histology
proof of the suspected nature of the tumor even if the
presence of neuroendocrine hormones has been al-
ready evidenced by biochemical tests. More specifically,
a tissue diagnosis by EUS-FNA is needed when it can
change patient management, i.e.: in patients with unre-

Table 1 - Preoperative localization of endocrine tumors at
pancreatic site: comparison between EUS and other imaging
techniques (each patient may have multiple lesions)

Technique Patients (n) Correct localization
Lesions %

EUS 19 20/23 86.7
US 19 4/23 17.4
CT 19 7/23 30.4
MRI 8 3/12 25
Angiography 11 4/15 26.6
SRS 9 2/13 15.4

EUS, endoscopic ultrasonography; US, ultrasonography; CT, comput-
ed tomography; MRI, magnetic resonance imaging; SRS, somato-
statin-receptor scintigraphy.



sectable pancreatic masses or not eligible for surgery in
order to guide clinician’s decision making to protocols
of palliative radio- o chemotherapy; when there is the
justified suspicion that the pancreatic mass visualized
by EUS or other imaging modalities could be a peri- or
intra-pancreatic lymph node, a splenosis nodule or an-
other type of lesion amenable of different therapeutic
approaches (lymphoma, metastases, etc.); to make a
differential diagnosis between benign and malignant le-
sion; when the patient, or sometimes the surgeon, is re-
luctant to perform a major surgical intervention with-
out a cytopathological diagnosis2. Several studies have
provided evidence of the high reliability of EUS-FNA in
providing a tissue diagnosis of pancreatic NETs. In one
study, EUS-FNA proved to be superior to computed to-
mography guided FNA (CT-FNA) for obtaining cells for
the diagnosis of islet cell tumors of the pancreas9.
Therefore, EUS-FNA can help to reduce the rate of false-
positive diagnoses resulting from peri- or intra-pancre-
atic lymph node or splenosis nodules and can concur to
predict biological behaviour and outcome of the tumor
by applying molecular biology techniques to the cell
specimens obtained10. In a recent experience by our
centre, EUS FNA proved to be a valuable method in the
detection and diagnosis of PETs even of very small size
(<8 mm). More specifically, all PETs distinctive cytomor-
phological features on FNA were shown in all adequate
cases on rapid on-site evaluation; the typical cytologic
findings with immunoistochemical stains allowed non
only the accurate identification of PETs, but also the
definition of the hormone-producing capability, biolog-
ical behaviour and receptor expression11.

1.4 Contrast-enhanced EUS (CE EUS)

Contrast-enhanced EUS (CE EUS) is another relative-
ly recent application of ultrasound, and can improve the
already high accuracy of EUS in detecting small PETs
and in posing a differential diagnosis of pancreatic le-
sions. A study conducted in our centre demonstrated
that CE-EUS can be of help in differentiating small hy-
pervascular pancreatic tumors, correctly identifying hy-
pervascularity in the 2 patients with pancreatic metas-
tases from renal cancer and hypovascularity in the pan-
creatic metastases from colon cancer12.

1.5 EUS and gastrointestinal wall neuroendocrine
tumors (NETs)

EUS allows the visualization of neuroendocrine tu-
mors (NETs), as small as 2 mm in diameter, located in
the second and/or third layer (mucosa and/or submu-
cosa) of the esophago-gastric, duodenal and colorectal
wall. Furthermore, EUS is used for the staging of gastric
and colorectal NETs by providing an accurate determi-
nation of tumor size, depth of parietal invasion and the
local nodal involvement. Finally, this technique is useful
in patient follow-up and in evaluating if endoscopic re-

section has been radical. Thus, also for the NETs of the
GI wall EUS provides valuable prognostic information
and allows to plan therapeutic approach2.

As for the small intestine, which can not be reached by
EUS, recent technological advances such as double or
single balloon enteroscopy and video capsule seem to
yield promising results, allowing to visualize and biopsy
tiny NETs of the small bowel, more frequently in the
ileum13-17. However, literature data on these new tech-
niques are so far scarce, and further studies are needed.

2. PET imaging

Positron emission tomography (PET) is a new imag-
ing modality which is gaining widespread use for the
staging of different tumors. Based on the ability of radi-
olabelled tracers to be taken-up by certain tumors, it al-
lows the study of the proliferation process through the
identification of the metabolic differences between tu-
mor cells and normal cells. Furthermore, it offers the
ability to perform whole body scans. More specifically,
the PET-technique can provide visualization but also
the assessment of tumor biological characteristics such
as substrate transport, metabolism, receptor expression
and enzyme activity. According to the particular biolog-
ical characteristic evaluated, PET imaging of NETs can
be distinguished into non specific tumor imaging with
18F-FDG, substrate-based imaging with 18F-FDOPA and
11C-5HTP, and receptor-based imaging with 68Ga-DOTA-
TOC, 68Ga-DOTA-NOC and 68Ga-DOTA-TATE.

2.1 Non specific tumor imaging: 18F-FDG PET

PET non specific tumor imaging is based on the use of
the tracer 18F-labeled fluorodeoxyglucose (18F-FDG) and
exploits the increased glycolysis which characterizes the
metabolism of tumor cells. 18F-FDG, a glucose ana-
logue, was the first routinely used PET tracer in oncolo-
gy and has been successfully employed for the diagno-
sis of cancer reflecting the increased glucose uptake in
cancerous tissue. However, 18F-FDG-PET is currently
not used for the study of neuroendocrine tumors (NETs)
on a routine basis because these tumors are generally
slow-growing and, accordingly, have low glycolytic ac-
tivity compared to other malignancies, which may lead
to a low sensitivity for 18F-FDG-PET. Available data
demonstrated that FDG uptake is an excellent indicator
of the number of viable cancer cells, but not of their
proliferative rate17. Consequently, while this tracer
shows an intense uptake in the most aggressive, less dif-
ferentiated neuroendocrine tumors with high prolifera-
tive activity, it usually does not show sufficient uptake in
well-differentiated endocrine tumors with low prolifer-
ation rate, which represent the vast majority of NETs.
However, recent data have shown that, although 18F-
FDG-PET has a low diagnostic sensitivity for NETs, it
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has a strong prognostic value18,19. T. Binderup and col-
leagues investigated the prognostic value of FDG uptake
for predicting the survival of patients (n = 98) with typi-
cal and atypical NETs of gastroenteropancreatic or lung
origin, compared to traditional markers for these tu-
mors such as proliferation index Ki-67, computed to-
mography (CT)-verified metastases and plasma chro-
mogranin A (CgA) levels. Results showed that patients in
the FDG-positive group had an overall risk of death sig-
nificantly higher as well as a progression-free survival
(PFS) significantly lower compared with those in the
FDG-PET-negative group, as reflected by the clear sepa-
ration between Kaplan-Meier curves of survival and PFS
for FDG-PET-negative patients and FDG-PET-positive
patients. Similarly, the quantification of tracer accumu-
lation, expressed as maximal standardized uptake value
(SUVmax), revealed a higher risk of death for patients
with a SUVmax above 9 and a lower PFS for patients
with SUVmax above 319. Furthermore, when PDF-PET
was compared with traditional markers for NETs, it was
found that its prognostic value exceeded that of Ki-67
index, CgA levels and the presence of metastases. Thus,
although this study confirmed the overall low diagnos-
tic sensitivity of FDP-PET for NETs, which was found to
be of 58%, it also demonstrated that this imaging
modality was a strong independent prognostic factor
for the prediction of survival both in terms of posi-
tive/negative and quantified by SUVmax19. This makes
the low diagnostic sensitivity less important because a
negative FDG-PET result is predictive of low aggressive-
ness and a high survival rate, suggesting a potential role
of FDG-PET as a useful noninvasive supplement or al-
ternative to grading based on the proliferation index as
well as for detection of disease progression.

2.2 Substrate-based imaging: 11C-5HTP and
18F-DOPA PET

To overcome the low avidity of NETs for 18F-FDG and
the correlated limitations of low sensibility, other
positron emitter tracers have been recently developed
which are based on the extrinsic ability of these tumors to
take up, accumulate and decarboxylate amine precur-
sors. The first of this tracer, 5-hydroxytryptophan (11C-
5HTP), is a direct serotonin precursor labelled with 11C
and has proved to be a highly more sensitive radiophar-
maceutical for detection of NETs compared to 18F-FDG.
Furthermore, whole-body 11C-5HTP-PET was found to be
more sensitive than somatostatin receptor scintigraphy
(SRS) and computed tomography (CT) in imaging small
NET lesions. In a study by Orlefors and colleagues20 on 42
patients with NETs, 11C-5HTP-PET could image tumor le-
sions in 95% of subjects, provided functional information
and substantially contributed to determine their nature.
When 11C-5HTP-PET was compared with SRS and CT, in
a majority of cases PET performed significantly better
than the other two techniques. More specifically, 11C-
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5HTP-PET detected more lesions than SRS and CT in 58%
of patients and equal numbers of lesions in 34% of pa-
tients, and could visualize the primary tumor in 84% of
patients compared with 47% and 42% of patients for SRS
and CT, respectively. Only in 7% of cases SRS or CT de-
tected more lesions than PET.

Notwithstanding its high sensibility in imaging small
NETs, today 11C-5HTP-PET can be performed only at
centers with access to a cyclotron for synthesis of the ra-
dionuclide 11C due to its short half-life of 20 minutes20.
This major limitation has prompted the development of
a new tracer method which employs the catecholamine
precursor 18F-dihydroxyphenylalanin (18F-DOPA),
whose uptake is based on the same concept used by 11C-
5HTP, i.e. the property on NETs to take up amine pre-
cursors, but without the drawback associated with the
rapid radioactive decay of 11C. Indeed, 18F-DOPA PET
provides high sensitivity values and enlarges the clinical
accessibility of this kind of imaging method. In a
prospective study by Koopmans et al. on 53 patients
with metastatic carcinoid tumors, 18F-DOPA PET with
carbidopa pretreatment was compared with somato-
statin receptor scintigraphy (SRS), computed tomogra-
phy (CT) and combined SRS and CT5. Results demon-
strated sensitivities of 100% for 18F-DOPA PET, 92% for
SRS, 87% for CT and 96% for combined SRS and CT. 18F-
DOPA PET detected more lesions, more positive lesions
and more lesions for region than the other imaging
modalities alone or in combination21.

Koopmans and coworkers provided also a compari-
son of the diagnostic sensitivity of 11C-5-HTP and 18F-
DOPA PET in a large population of patients with carci-
noid (n = 24) or pancreatic islet cell (n = 23) tumors22.
Both PET scans demonstrated an excellent sensitivity to
detect tumor lesions. However, while in patients with
carcinoid tumors 18F-DOPA PET detected more lesion
than 11C-5-HTP PET, CT and SRS, in patients with islet
cells tumors 11C-5-HTP PET detected more tumor-posi-
tive patients and lesions than 18F-DOPA PET and SRS
(Table 2).

Adding CT to both PET techniques resulted on a slight
further improvement in sensitivity. Therefore, 18F-DOPA
PET/CT and 11C-5-HTP PET/CT proved to be the best
technique for staging of patients with carcinoid tumors
and pancreatic islet cells tumors, respectively22.

Table 2 - Sensitivity values of 11C-5-HTP and 18F-DOPA PET in
detecting carcinoid and pancreatic islet cell tumors, patient-
based and lesion-based analyses

Analysis 5-HTP sensitivity F-DOPA sensitivity

Carcinoid Pancreatic Carcinoid Pancreatic
tumors islet cell tumors islet cell

tumors tumors

Per-patient 100% 100% 96% 89%
Per-lesion 89% 96% 98% 80%



2.3 Receptor-based imaging: 68Ga-DOTA-TOC,
68Ga-DOTA-NOC and 68Ga-DOTA-TATE PET

The receptor-based PET imaging represents a recent
technological application of the same principle under-
lying the use of scintigraphy with radiolabeled somato-
statin analogs, i.e., the ability of neuroendocrine tumors
(NETs) to overexpress somatostatin (SST) receptors. By
binding to SST receptor on the tumor cell surface, SST
receptor scintigraphy (SRS) has proven useful not only
in diagnosing these tumors, but also in showing the
content of SST receptors that might be indicative of the
efficacy of treatment with otcreotide or other SST
analogs. However, despite these advantages SRS has
some limitations in organs with higher physiologic up-
take, for example the liver, and in terms of detection of
smaller lesions due to the detection limits of single pho-
ton emission computed tomography (SPECT) for radio-
tracers. PET technology using 68Ga-labelled somato-
statin analogs peptide such as 68Ga-DOTA-TOC, 68Ga-
DOTA-NOC and 68Ga-DOTA-TATE has allowed to over-
come the limitations of SRS, offering improved pharma-
cokinetics as well as better imaging properties due to
the higher spatial resolution of PET scanner. Further-
more, the synthesis of 68Ga can be easily eluted from a
commercially available generator, which provides the
basis for a convenient and easy use of peptides labeled
with this radionuclide. The advantages of PET using the
new somatostatin analog 68Ga-labeled 1,4,7,10-
tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid-D-
Phe1-Tyr3-otcreotide (68Ga-DOTA-TOC) compared with
conventional scintigraphy and dedicated computed to-
mography (CT) have been clearly demonstrated23. In
their study, 68Ga-DOTA-TOC was associated with a sen-
sitivity of 97% compared with 52% for SPECT and 61%
for CT, and in a proportion of patients provided addi-
tional information that was not obtained with the other
procedures with a considerable clinical impact.

Ambrosini et al.24 demonstrated also that the use of
the somatostatin analog 68Ga-labeled DOTA-NOC was
associated with an increased sensitivity and accuracy in
the detection of primary and metastatic tumors com-
pared with 18F-DOPA. In this study, which involved pa-
tients (n = 13) with gastroenteropancreatic and lung
neuroendocrine tumors, 68Ga-DOTA-NOC PET was pos-
itive in 13/13 cases while 18F-DOPA PET was positive in
9/13 cases. On a lesion basis, 68Ga-DOTA-NOC identi-
fied more lesions than 18F-DOPA (71 vs 45), especially in
the liver, lung and lymph nodes. 68Ga- DOTA-NOC cor-
rectly identified the primary site in six of eight non-op-
erated cases, while 18F-DOPA identified the primary on-
ly in two of eight cases24.
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