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Abstract
Introduction: The diagnosis of Gastro-entero-pancreatic Neuroendocrine Tumors (GEP-NETs) is currently a
common event and it has showed the highest incidence of NETs. The majority of this lesion are well differentiated and
with only a minority performing a malignant behavior. However, it poses a significant challenge to diagnosis especially
for the assessment of the malignant potential of well differentiated types and many aspects of the management remain
unclear and controversial. Recently, some new progresses of this disease have been put into clinical practice and
some are still on trail.
Methods: We will present a review of GEP-NETs on classification, pathology, clinical manifestation, biomarkers,
management and follow-up.
Conclusion: This review aims to provide some new understanding of pathologic classification and clinical
diagnosis in GEP-NETs. On the basis of patients’ individual condition, comprehensive treatment options should be
carried out to achieve a better therapeutic effect and improve the quality of life.

Keywords: Gastro-entero-pancreatic neuroendocrine tumors;
Classification; Pathology; Clinical manifestation; Biomarkers;
Management; Review
Introduction
Neuroendocrine tumors (NETs) are a heterogeneous group of
tumors originating in various anatomic locations, comprising nearly
0.49% of all malignancies. In 2003, Modlin et al. [1] analyzed 13715
NETs, gastrointestinal tract showed the highest incidence (67.5%)
followed by the bronchopulmonary NETs (25.3%). And among
gastrointestinal NETs, most of them occurred in the small intestine
(41.8%), followed by the rectum (27.4%) and stomach (8.7%). Maggard
et al. [2] including 11427 NETs reported a 5-year survival rate of 87.5%
for rectal NETs, and in colorectal NETs without metastasis showed
a 5-year survival of 85-99% and the rates of 54-73% and 15-30% for
regional and distant metastasis, respectively. The term NETs of gastroentero-pancreatic (GEP) tract was defined as “carcinoid” one century
ago and actually known as NET. GEP-NETs have been reported to
present increased incidence.

Classification
NETs arise from the neuroendocrine cell. In GI tract and pancreas,
there are 14 different cells defined by hormonal reagents [3], many
of NETs manifest hormonal syndromes. GEP-NETs associated with
hormonal syndromes are called insulinomas, glucagonomas and
gastrinomas. In addition, some can produce hormones which are
ectopic to the GEP system such as vasoactive intestinal polypeptide
(VIP), ACTH or GH-releasing factor. In 1963 Williams and Sandler [4]
classified the GEP-NETs by embryological origin as foregut (stomach,
duodenum, upper jejunum and pancreas), midgut (lower jejunum,
ileum, appendix and caecum) and hindgut (colon and rectum) tumors.
However, with new developments in last two decades, especially in
foregut tumors, the shortcoming of this classification in diagnosis is
limited. Moreover, the diagnosis of GEP-NETs can be delayed for up
to 5 years, especially in asymptomatic cases [5]. As a result, a number
of patients are admitted to hospital with metastatitc (up to 25%) or
unresectable (60%) disease [6-8].
In 2000 and 2004 [9,10] (Table 1), WHO introduced the
classification for GEP-NETs for pancreatic NETs. Step 1, it distinguishes
between pure endocrine tumors and mixed endocrine-exocrine
tumors. Step 2, a scheme is applied to pure GEP-NETs, identifying 3
categories: [9] 1) well-differentiated endocrine tumors with probably
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WHO 2000

WHO 2010

1. Well-differentiated endocrine

1. NET G1

tumour (WDET)
2. Well-differentiated endocrine

2. NET G2a

carcinoma (WDEC)
3. Poorly-differentiated endocrine

3. NEC G3 (large cell or small cell)

carcinoma (PDEC)
4. Mixed exocrine-endocrine

4. Mixed adenoneuroendocrine carcinoma

carcinoma (MEEC)

(MANEC)

5. Tumour-like lesions (TLL)

5. Hyperplastic and preneoplastic lesions

G, grade; NEC, neuroendocrine carcinoma; NET, neuroendocrine tumour.
a G2 NET may include WDET or WDEC of the WHO 2000 classification.
Table 1: Definitions for NETs of the digestive system according to WHO
classifications.

benign behavior; 2) well-differentiated endocrine tumors with
uncertain behavior and well-differentiated endocrine carcinomas with
low-grade malignant behavior and 3) poorly differentiated endocrine
carcinomas with high-grade malignant behavior. Step 3, welldifferentiated, low-grade proliferative GEP-NETs or islet cell tumors in
pancreas, are distinguished in case of original site, size, gross and/or
microscopic tumor extension, angioinvasion, proliferative index (Ki67) and syndromatic features [9,10]. Immunohistochemically, welldifferentiated, low-grade proliferative GEP-NETs are characterised
by synaptophysin (Syn) and usually also for chromogranin A (CgA).
Poorly differentiated NECs are characterised by their diffuse Syn, and
only infrequent and sparse CgA [11].
In recent years, it was felt that WHO classification should be
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Grading

Mitotic count (10 HPF*)

Ki-67 index (**)

G1

2

<2%

G2

2-20

3-20%

G3

>20

>20%

*HPF: High Power Field, 2 mm2; based on at least 50 fields (at 40×
magnification) in tumor areas with higher mitotic density (“hot spots”);
**MIB1 antibody; % on 500-2000 cells in tumor areas with higher density.
Table 2: Definition of tumour grading for NETs of the digestive system according to
WHO 2010 classification.

supplemented by criteria that may refine the prognostic stratification
of GEP-NETs to allow a better stage-adjusted treatment. Therefore,
European Neuroendocrine Tumor Society (ENETS) developed TNM
classifications [12,13]. Meanwhile, the definition of the proliferation
grade (G1-G3) (Table 2) used both mitotic rate and Ki-67 to assess
the proliferating activity. It putted out some innovative concepts with
respect to the 2000 WHO classification: 1) the clinic-pathological
differences among NETs according to the site of origin; 2) NETs should
be considered as potentially malignant lesions; 3) the new grading and
staging systems are applicable in advanced tumors without the need
of surgical exploration, staging can be defined according to clinical
and imaging data while grading can be established by biopsies and
cytology specimens [14,15]. Several years later, North American
Neuroendocrine Tumor Society (NANETS) clinical recommendations
released in 2010 were highly consistence with ENETS [16-23]. However,
a difference exists between ENETS and NANETS approach to staging
systems propose for pancreatic and appendiceal NETs [12,13,16,24,25].
Grading system is based on mitotic count and Ki-67 index [12,13]. G1
and G2 NETs are considered well-differentiated tumors, whereas G3
characterises the poorly differentiated tumors (Table 1). Both staging
and grading systems were recently tested for foregut and particularly
pancreatic NETs and the biological relevance and contributions in
prognosis were largely confirmed [26-30]. The 7th edition of the AJCC/
UICC [31] contains a TNM classification of well-differentiated NETs
that differs in a number of criteria from ENETS [32]. It did not apply
to high-grade NECs and did not exactly follow ENETS for some of the
anatomic sites. The result is that there now exist two parallel systems
and its discrepancy may lead to confusion and limit the ability to
compare researches.
The 2010 WHO classification (Table 1) was the assumption that
are adopted in potential malignant tumors and the stratification
in malignancy-related risk groups is based on tumor grading and
TNM staging [16]. It retained the morphologic criteria of tumor
differentiation of the previous classification, and added a grading
and staging system. A significant terminological novelty was the
introduction of ‘neuroendocrine’. ‘Carcinoid tumor’ retained in use
in tubular GEP-NETs as a synonym for well-differentiated NETs [33].
NECs were subtyped into small cell and large cell tumors (Table 1).
The tumors that show in addition to neuroendocrine cells (exceeding
at least 30% of all tumor cells) non-endocrine components (usually
adenocarcinoma structures) are distinguished from the pure NETs and
called mixed adenoneuroendocrine carcinomas (Table 1).

Pathology
GEP-NETs can occur anywhere in GEP system, in general, these
lesions concentrate at the gastric fundus/corpus mucosa, the proximal
segment of the duodenum, the papilla of Vater, the terminal segment of
the ileum, the tip of the appendix, the lower rectum and the pancreas.
In the past, the most common GEP-NETs are considered those arising
in ileum and appendix. Recent studies revealed that probably the gastric
NETs were the first place [34,35]. NETs usually share some pathological
J Gastroint Dig Syst
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and clinical differences in different tumors, but well-differentiated
NETs are much more common (20:1) than the poorly differentiated
NECs [36]. The tumor proliferation rate is very low especially in well
differentiated tumors of small intestinal origin (G1) and associated
with poor responsiveness to conventional chemotherapeutic drugs
[37]. Histologically, NETs can divide into types A (insular solid), B
(trabecular or ribbon like), C (glandular) [37]. Different patterns may
be associated with the region of tumor origin: type C is frequently
found in ampullary tumors, type A is in tumors of the small intestine
and appendix, and type B is in tumors of rectum or sigmoid colon.
Several markers of differentiation and more cell-specific markers
emerged recently. The traditional markers are Syn, CgA and NeuronSpecific Enolase (NSE). Some new markers that are available include the
following: Neuroendocrine secretory protein 55 is a polypeptide that
belongs to the chromogranin family [38]. It can stain pancreatic NETs,
but in other sites of GI tract it is negative. Ghrelin can be seen in oxyntic
glands of the gastric mucosa. However, its expression isn’t detected in
the pancreas, pituitary, and heart. Ghrelin-producing NETs is reported
in stomach and intestine [39]. Five somatostatin receptors are identified,
but up to 90% of serotonin- and gastrin-producing NETs of the distal
jejunum and ileum, and about 60% of insulin-producing pancreatic
NETs, are positive for receptors 2 and 5 [40,41]. CDX-2 is essential for
intestinal development and differentiation. Approximately 80% of NETs
are CDX-2 positive, especially in the ileum and appendix. Gastric NETs
tend to be negative. In pancreatic NETs, histidine decarboxylase is most
frequently positive [42]. Xenin appears to be specific to duodenal NETs.
It is shown that NETs from the duodenum, including nonfunctional,
gastrin- and somatostatin-producing tumors show xenin expression
[43]. Cytokeratin 19 is a shown to have prognostic value in pancreatic
NET and should form part of the routine [44].
About the molecular pathology of GEP-NETs, The biology of GEPNETs is a complex interaction of a number of factors that influence
growth, differentiation, interaction with tumor environment, and
secretion [45]. GI tract NETs arise via the CpG island methylator
phenotype pathway, but pancreatic NETs arise as a result of
chromosomal instability [46]. Several studies showed that the common
oncogenes and tumor suppressor genes such as src, ras, myc, fos, jun,
p53, and Rb and the DNA mismatch repair genes are not implicated in
the molecular pathogenesis of GEP-NETs [46]. Combining data from
the studies by Speel et al. [47] and Zhao et al. [48], it is apparent that
losses of 3p, 21q and 6 and gains on 4, 7, 14q and Xq are associated with
metastatic events.

Clinical Manifestation
Functioning GEP-NETs become evident when a characteristic
clinical syndrome secondary to the secretion of bioactive substances
[49]. However, majority of GEP-NETs are non-functioning and are
diagnosed when symptoms of mass effects develop. Recently, it was
reported that a number of vague and/or poorly defined symptoms may
be related to the secretion of previously unrecognized substances in
the form of para-neoplastic syndromes [50]. Carcinoid heart disease
is observed in 3-4% of NETs and in 40-50% of those with a carcinoid
syndrome and echocardiography is the gold standard for detection.
Involvement of the tricuspid leaflets grade 2-3 occurs in 90%, a stenosis
of the pulmonary leaflets in 50%, while regurgitation is seen in 81% of
the patients during the course of the disease [51].
CT, MRI, and US can be used as diagnostic approaches. In addition
sstrs scintigraphy (SRS),is used for the initial staging of disease and to
evaluate sstrs status and for therapy with SS-analogs [52,53]. In recent
years SRS was superseded by PET-CT performed with 68Ga-labeled
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octreotide. Among several preparations of radiolabeled octreotide,
68Ga-DOTATOC is the most widely used [53]. This image provides
better spatial resolution and higher ratios of tumor-to-normal tissue
than SRS and its sensitivity to detect GEP-NETs exceeds that of SRS
and single-photon emission CT (SPECT) [54,55]. F-18-fluoro-deoxyglucose (18F-FDGPET) is used to detect highly metabolic tumors,
which tend to be clinically more aggressive. The 92% sensitivity of
18F-FDGPET for depicting NETs with a proliferation index greater
than 15% exceeds that of SRS and meta ido-benzyl guanidine (MIBG)
scintigraphy that exert a sensitivity of 69 and 46%, respectively [56].
More information can be gained by combining 68Ga-DOTATOC
or 68Ga-DOTATE and 18F-FDGPET. This occurs because there
is a significant correlation between histologic tumor grade and
predominant tumor uptake of 68Ga-DOTATE, a chelator that has
higher affinity for sstr2 compared to DOTATOC in well-differentiated
tumors, and 18F-FDGPET by poorly differentiated tumors [57,58].
On the other hand, PET using 5-hydroxy-L-tryptophan (5-HTP) and
L-3,4-dihydroxyphenylalanine (L-DOPA) as tracers exhibit increased
sensitivities and specificities of 91 and 96%, respectively [59]. Several
functional imaging techniques, including dynamic contrast enchanced
(DCE) MRI, diffusion weighted-MRI (DW-MRI), PET, and SPECT
provide quantitative information regarding the physiologic and
molecular characteristics of tumors [52,53]. 18F-FDGPET has a stronger
prognostic value than traditional markers such as Ki-67, CgA and the
presence of liver metastasis and correlates with reduced progressionfree and overall survival [60,61]. However, the possibility of tumor dedifferentiation with loss of receptors is a relative limitation and should
be taken into consideration [62]. DCE-MRI permits the investigation
of tumor vasculature by evaluating the transit time of an iv contrast
medium from vessels to the tissue with leakage from capillaries into
the interstitial tissue and re-diffusion into the venous system [58]. DWMRI allows non-invasive characterization of biological tissues based on
their water diffusion characteristics as apoptotic cells exhibit different
water diffusivity [63]. However, although it represents a potentially
quantifiable and reproducible method it has not been widely tested.

Biomarkers
CgA is for functional NETs of the midgut (carcinoid syndrome)
and for non-functional tumors of the midgut and pancreas as it may be
used to assess the speed of tumor growth [64-66]. In most metastatic
hindgut tumors, CgA is negative and no tumor markers are suitable
for this lesion. For gastric type 1 NETs CgA and gastrin are elevated
but are not helpful for follow-up. CgA also have been associated with
poor prognosis [67]. NSE may act as additional marker in patients
with poorly differentiated tumors [65]. CgA is found to be clinically
informative and moderately sensitive in majority of studies and more
sensitive than NSE in all subgroups of a large mixed NET patient
cohort [68]. Specificity of CgA in diagnosis depends on the tumor type
and burden (100% specificities have been reported with metastatic
disease [69-72]. Elevated CgA can be more sensitive than high urinary
5-hydroxyindole acetic acid (5- HIAA) levels with metastatic midgut
lesions (87 vs. 76%, respectively).Nonetheless, the prognostic value of
CgA has not been confirmed to date.
The overall sensitivity and specificity of urinary 5-HIAA in the
presence of the carcinoid syndrome is of 70 and 90%, respectively
[73,74]. Midgut carcinoids are most liable to produce the carcinoid
syndrome with a high specificity (>90%) of 5-HIAA [75]. Recent data
examined 5-HIAA as a prognostic factor, two studies including 256 and
139 patients with midgut carcinoid tumors showed that while el evated
5-HIAA levels were predictive of poor outcome at univariate analysis
but did not remain significant at multivariate analysis [76].
J Gastroint Dig Syst
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For insulinoma, supervised 72-Hour Fast is verified as the gold
standard inestablishinga biochemical diagnosis [77], although some
groups propose a shorter fast of 48h [78,79]. For Zollinger-Ellison
syndrome, up to two thirds of gastrinoma patients are found to have
fasting serum gastrin values <10-fold normal [80]. The gold standard
is the secretin test.
The use of a minimal immunohistochemical panel including
CDX2, TTF1 and insulin is also recommended for NETs or NECs
metastasis in liver or lymph node biopsies, in which the most common
diagnostic requests refer to the primary tumor localization [81]. CDX2
suggests an intestinal origin [82], for TTF1a pulmonary origin, for
insulin a pancreatic origin. The interpretation of such data requires
caution because of incomplete specificity. In rectal NETs, pancreatic
polypeptide, enteroglucagon and β-hCG may be useful markers in the
monitoring [83]. The prostatic acid phosphatase is present in 80-100%
of rectal NETs and always be requested to evaluate the therapeutic effect
[84]. It is intriguing that all rectal NETs exams express both INSL5 and
RXFP4, and that INSL5 and CgA are expressed reciprocally in colorectal
NETs. Thus, INSL5-RXFP4 signaling may play a role in rectal NETs.

Management
Surgical resection of primary tumors
Resection is the first choice for local regional disease and in
setting of impending obstruction and should still be considered for
advanced disease. For gastric NETs, Type 1 can undergo endoscopic
resection, and in cases with invasion beyond the sub-mucosa, positive
resection margins after EMR, multiple tumors >1 cm or regional
lymph node metastases, local resection or partial or total gastrostomy
should be performed [85,86]. With liver metastasis (in 25-50% of
the patients), it should be resected if possible to obtain R0 resection.
Type 4 gastric NETs and oesophagus are diagnosed with an increasing
incidence. Surgical treatment is not an option and patients should start
chemotherapy immediately. However, in the few cases with localized
disease surgical treatment should be considered if R0 resection can be
obtained [87,88]. For duodenal NETs, tumors >3 cm are usually require
a pancreaticoduodenectomy. For pancreatic NETs, while tumors to the
left of the mesenteric vessels can be managed by a distal pancreatectomy
with splenectomy. Tumor close to one of the major pancreatic ducts
(<2-3 mm) should be avoided due to the high risk (20-30%) of damage
to the ducts with formation of a pancreatic fistula [89,90]. Liver
metastasis are not a contraindication, resection of liver metastasis may
increase five-year survival up to 76% compared to a five-year survival
of 30-40% in untreated cases. However, tumour recurrence is up to 75%
within two years after surgery [91-93]. For non-functioning tumors,
aggressive surgery in locally advanced tumours including nearby organ
involvement may lead to a five-year survival of up to 80% [94,95]. For
insulinomas, it should be resected in order to relieve hypoglycemic
symptoms. For gastrinomas, sporadic gastrinomas should be removed
to relieve symptoms and to prevent liver metastasis. Radical surgical
treatment of sporadic gastrinomas has a high cure rate with a 20-year
disease related survival of 98% vs. 74% in non-operated cases [96]. For
multiple endocrine neoplasia type 1 (MEN-1), pancreaticoduodenal
NET operation is only advisable when tumors exceed 2-3 cm, not to
cure patients but to avoid liver metastasis. For NETs of appendix, right
hemicolectomy with node dissection is considered if high risk factors
present. For ileum and jejunum, resection with node dissection is
indicated and full bowel examination is required during surgery in case
of lateral metastasis. Ileocecal valve and right colon can be preserved
for more proximal tumors in NETs of ileum. Several studies indicated
that overall survival is extended from 4-5 years up to 8-10 years if the
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primary and regional metastases are resected [97-99]. The treatment
of colorectal NETs is complex, the incidence of metastasis ranges from
1.7-3.4% [100]. Yamaguchi et al. [101] reported complete removal in
90% of rectal carcinoids of <1 cm using ESD, with an average operation
time of 45 minutes, and one case of perforation. As reported by Lee et al.
[102], complete removal was achieved in 89.3% and 100% undergoing
EMR and ESD. For NECs, patients should be referred to chemotherapy
immediately, but despite that the median survival is only 12-18 months
[103,104]. However, in few patients with localized disease surgical
resection should be considered as the only hope for cure or prolonged.

Other Techniques
Percutaneous or intraoperative radiofrequency ablation (RFA) is
the preferred ablative procedure and reduces local or hormone-induced
symptoms in 70-80% of the patients for a period of one year [8,105], in
addition, a 50% reduction in tumour markers is seen in an equivalent
number of patients. However, RFA is still a supplement or a secondary
treatment to liver resection. Embolization can be performed as
bland-, chemo- or radioembolization with numerous liver metastases
not suited for surgical resection or RFA and with tumor burden
predominantly confined to the liver. One randomized prospective
study showed that bland- and chemoembolization is equally effective
[106]. Relief of local or endocrine symptoms is seen in 90% of the
patients with duration of 14-22 months. Reduction in tumor markers
is observed in approximately 75% and a radiological tumor response
is seen in approximately 50% of the patients with duration of 1-2
years. In a retrospective study bland embolization seemed superior to
chemoembolization with small intestinal NETs (81% vs. 44%), however,
chemoembolization seemed superior to bland embolization in patients
with pancreatic NETs (50% vs. 25%) [107]. Radioembolization or
selective internal radiation therapy (SIRT) with 90Y-microspheres is a
relatively new treatment option for liver metastasis. Radiological tumor
response rates are seen in 60% [108]. Liver transplantation should be
restricted to the very small group of young patients (<50 years) with
WHO performance status 0, with non-resectable metastasis confined
to the liver preferentially from a small intestinal NETs with severe
uncontrolled endocrine symptoms. However, relapse occurs in all [109].

Hormonal Syndrome Control
In 1973 Brazeau and Guillemin discovered the somatostatin. In
1980 Bauer and co-workers synthesized an analogue named octreotide.
Later development leads to the long-acting formulation of Octreotide
LAR given once monthly, following by some other analogues, such as
Lanreotide (BIM23014), RC160 (Octastatin) and pasireotide (SOM230)
[110-112]. Octreotide and lanreotide both effectively inhibit amine
and peptide secretion, hyper secretion symptoms such as carcinoid
syndrome with flushing and diarrhoea, watery diarrhoea syndrome
(WHDA) and the necrolytic migratory skin lesions in the glucagonoma
syndrome can be relieved in most patients. However, tachyphylaxis
develops after months or even years. Initially tachyphylaxis can be
reversed by increasing the dose. In functioning GI-NETs, somatostatin
analogues (SAs) can control clinical symptoms in 40-60% and result
in remission and/or stabilization of tumor markers in approximately
60-70% of the patients [113-118]. High dose treatment has resulted in
up to 50% stabilization of the disease in patients after failure on regular
doses of SAs [119-121]. The PROMID trial demonstrated anti-tumor
efficacy of octreotide in advanced midgut carcinoid tumors [122].
Interferon-α is used for the same indication as are SAs in GEPNETs with carcinoid crisis being the exception. Symptomatic remission
is seen in 30-70% in patients with the carcinoid syndrome with a
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better effect of interferon therapy on flushing compared to diarrhoea
[123-128]. In patients with Verner Morrison’s syndrome and secretory
diarrhoea resistant to SAs, interferon-α has provided excellent response
with reduction in VIP levels as well as diarrhoea [128].
There are several non-randomized and at least three randomized
trial combining interferon-α with SAs [129-135]. The reason for
combining them is that interferon-α might upregulate the number
of somatostatin receptors on the tumor cells. Five nonrandomized
trials have been published with biochemical responses in 40-77%
of the patients, radiological response in single patients, but mainly
stabilization of the disease [129-132].
The use of radiolabeled SAs is a relatively new treatment option for
inoperable or metastasized GEP-NETs. 111In-DTPA, 90Y-DOTA0-Tyr3,
177
Lu-DOTA0-Tyr octreotate are taken into use. Serious side effects
consist of leukemia, myelodysplastic syndrome and hematological
toxicity.

Chemotherapy and Targeted Therapies
Combination treatment with streptozotocin (STZ) plus
5-fluorouracil (5-FU) or doxorubicin may reduce hormonal symptoms
and result in an objective tumor responsein 20-35% of patients [136].
Indication for the use is treatment of malignant inoperable GEP-NETs,
when biotherapy has failed. The use of cisplatin plus etoposide is
treatment of poorly differentiated NETs. It has been reported to produce
objective responses in about 50% of cases. Some reported dacarbazine
with malignant abdominal tumors when biotherapy and combinations
with STZ have failed because this drug may induce tumor responses.
Based on two phase 3 clinical trials, sunitinib and everolimus
[137,138] are FDA approved and recommended for patients with
progressive metastatic pancreatic NETs. Everolimus was also studied in
metastatic functional carcinoid tumors in a large phase 3 clinical trial
[139]. But up to now, we do not have sufficient evidence to recommend
routine use of everolimus in carcinoid tumors.

Follow-Up
Follow-up is mainly based on imaging procedures and tumor
markers. A physician should judge the patient’s general health and even
prognosis by a careful history and examination, assessing carcinoid
syndrome and possible carcinoid cardiac disease. Imaging procedures
includes abdominal ultrasound, endoscopy, EUS, CT, MRI, Octreo scan
and PET-CT. Accordingly, abdominal ultrasound may be recommended
because it allows one to compare findings obtained during different
follow-up visits. In contrasting to abdominal ultrasound, CT and MRI
have greater sensitivity and resolution. Octreoscan is substituted in
some centers due to its higher sensitivity [140].111In-pentetreotide
Octreoscan is positive in 80-90% of the patients with midgut NETs
[141]. However, caution is recommended when comparing the number
of tumor lesions detected by the Octreoscan and PET-CT. Due to the
higher sensitivity of PET more lesions are detected, so it is essential to
use this technique when assessing for progression or regression.

Conclusion
GEP-NET types also differ in their clinical manifestation. Because
of this biological diversity, the management of this disease is becoming
more and more type-specific. Early and sufficient diagnosis is necessary
for accurate recognition and optimal treatment. However, the longtime survival rate of this lesion still has no significant improvement.
With the study of genic and molecular mechanism, a large number of
tyrosine kinase, angiogenesis as well as mTOR inhibitors have recently
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been developed and also attempted in the management of NETs and
some new targeted drugs have been put into clinical trial. In the future,
more basic and clinical trials on classification, pathology, biomarkers,
management and follow-up should be the main point of research.
References
1. Modlin IM, Lye KD, Kidd M (2003) A 5-decade analysis of 13,715 carcinoid
tumors. Cancer 97: 934-959.
2. Maggard MA, O’Connell JB, Ko CY (2004) Updated population-based review of
carcinoid tumors. Ann Surg 240: 117-122.
3. Rindi G, Wiedenmann B (2011) Neuroendocrine neoplasms of the gut and
pancreas: new insights. Nat Rev Endocrinol 8: 54-64.
4. Williams ED, Sandler M (1963) The classification of carcinoid tum ours. Lancet
1: 238-239.
5. Karpathakis A, Caplin M, Thirlwell C (2012) Hitting the target: where do
molecularly targeted therapies fit in the treatment scheduling of neuroendocrine
tumours? Endocr Relat Cancer 19: R73-92.

of neuroendocrine tumors: well-differentiated neuroendocrine tumors of the
Jejunum, Ileum, Appendix, and Cecum. Pancreas 39: 753-766.
21. Kulke MH, Anthony LB, Bushnell DL, de Herder WW, Goldsmith SJ, et al.
(2010) NANETS treatment guidelines: well-differentiated neuroendocrine
tumors of the stomach and pancreas. Pancreas 39: 735-752.
22. Kvols LK, Brendtro KL; North American Neuroendocrine Tumor Society
(NANETS) (2010) The North American Neuroendocrine Tumor Society
(NANETS) guidelines: mission, goals, and process. Pancreas 39: 705-706.
23. Salazar R, Wiedenmann B, Rindi G, Ruszniewski P (2012) ENETS 2011
Consensus Guidelines for the Management of Patients with Digestive
Neuroendocrine Tumors: an update. Neuroendocrinology 95: 71-73.
24. Rindi G, Falconi M, Klersy C, Albarello L, Boninsegna L, et al. (2012) TNM
staging of neoplasms of the endocrine pancreas: results from a large
international cohort study. J Natl Cancer Inst 104: 764-777.
25. Sobin LH, Gospodarowicz MK, Wittekind C (2009) International Union against
Cancer, Ebrary Inc. TNM classification of malignant tumours. 7th ed. Chichester,
West Sussex, UK; Hoboken, NJ: Wiley-Blackwell.

6. Modlin IM, Oberg K, Chung DC, Jensen RT, de Herder WW, et al. (2008)
Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol 9: 61-72.

26. Ekeblad S, Skogseid B, Dunder K, Oberg K, Eriksson B (2008) Prognostic
factors and survival in 324 patients with pancreatic endocrine tumor treated at
a single institution. Clin Cancer Res 14: 7798-7803.

7. Oberg K (2012) Neuroendocrine tumors of the digestive tract: impact of new
classifications and new agents on therapeutic approaches. Curr Opin Oncol
24: 433-440.

27. Fischer L, Kleeff J, Esposito I, Hinz U, Zimmermann A, et al. (2008) Clinical
outcome and long-term survival in 118 consecutive patients with neuroendocrine
tumours of the pancreas. Br J Surg 95: 627-635.

8. Steinmüller T, Kianmanesh R, Falconi M, Scarpa A, Taal B, et al. (2008)
Consensus guidelines for the management of patients with liver metastases
from digestive (neuro)endocrine tumors: foregut, midgut, hindgut, and unknown
primary. Neuroendocrinology 87: 47-62.

28. Pape UF, Jann H, Muller-Nordhorn J, Bockelbrink A, Berndt U, et al. (2008)
Prognostic relevance of a novel TNM classification system for upper
gastroenteropancreatic neuroendocrine tumors. Cancer 113:256-265.

9. Solcia E, Klöppel G, Sobin LH (2000) Histological typing of endocrine tumours.
WHO International Histological Classification of Tumours.
10. Heitz PU, Komminoth P, Perren A, Klimstra DS, Dayal Y, et al. (2004) Pancreatic
endocrine tumours: introduction. In Pathology and Genetics: Tumours of
Endocrine Organs. WHO Classification of Tumors pp: 177-182.
11. Kloppel G, Couvelard A, Perren A, Komminoth P, McNicole AM, et al.
(2009) ENETS Consensus Guidelines for the Standards of Care in
Neuroendocrine Tumors: towards a standardized approach to the diagnosis
of gastroenteropancreatic neuroendocrine tumors and their prognostic
stratification. Neuroendocrinology 90: 162-166.
12. Rindi G, Klöppel G, Alhman H, Caplin M, Couvelard A, et al. (2006) TNM
staging of foregut (neuro)endocrine tumors: a consensus proposal including a
grading system. Virchows Arch 449: 395-401.

29. La Rosa S, Klersy C, Uccella S, Dainese L, Albarello L, et al. (2009) Improved
histologic and clinicopathologic criteria for prognostic evaluation of pancreatic
endocrine tumors. Hum Pathol 40: 30-40.
30. Scarpa A, Mantovani W, Capelli P, Beghelli S, Boninsegna L, et al. (2010)
Pancreatic endocrine tumors: improved TNM staging and histopathological
grading permit a clinically efficient prognostic stratification of patients. Mod
Pathol 23: 824-833.
31. Sobin LH, Gospodarowicz MK, Wittekind C (2009) UICC: TNM classification of
malignant tumours, 7th edn. Oxford, UK: Wiley-Blackwell.
32. Kloppel G, Rindi G, Perren A, Komminoth P, Klimstra DS (2010) The ENETS
and AJCC/UICC TNM classifications of the neuroendocrine tumors of the
gastrointestinal tract and the pancreas: a statement. Virchows Archiv 456: 595597.

13. Rindi G, Kloppel G, Couvelard A, Komminoth P, Koerner M, et al. (2007) TNM
staging of midgut and hindgut (neuro)endocrine tumors: a consensus proposal
including a grading system. Virchows Archiv 451: 757-762.

33. Klimstra DS, Modlin IR, Adsay NV, Chetty R, Deshpande V, et al. (2010)
Pathology reporting of neuroendocrine tumors: application of the Delphic
consensus process to the development of a minimum pathology data set. Am
J Surg Pathol 34: 300-313.

14. Klimstra DS, Modlin IR, Coppola D, Lloyd RV, Suster S (2010) The pathologic
classification of neuroendocrine tumors: a review of nomenclature, grading,
and staging systems. Pancreas 39: 707-712.

34. Klöppel G, Rindi G, Anlauf M, Perren A, Komminoth P (2007) Site-specific
biology and pathology of gastroenteropancreatic neuroendocrine tumors.
Virchows Arch 451 Suppl 1: S9-27.

15. Yang Z, Tang LH, Klimstra DS (2011) Effect of tumor heterogeneity on the
assessment of Ki67 labeling index in well-differentiated neuroendocrine tumors
metastatic to the liver: implications for prognostic stratification. Am J Surg
Pathol 35: 853-860.

35. Niederle MB, Hackl M, Kaserer K, Niederle B (2010) Gastroenteropancreatic
neuroendocrine tumours: the current incidence and staging based on the WHO
and European Neuroendocrine Tumour Society classification: an analysis
based on prospectively collected parameters. Endocr Relat Cancer 17: 909918.

16. Bosman FT (2010) World Health Organization, International Agency for
Research on Cancer. WHO classification of tumours of the digestive system.
4th ed. Lyon: International Agency for Research on Cancer.
17. Strosberg JR, Coppola D, Klimstra DS, Phan AT, Kulke MH, et al. (2010) The
NANETS consensus guidelines for the diagnosis and management of poorly
differentiated (high-grade) extrapulmonary neuroendocrine carcinomas.
Pancreas 39: 799-800.

36. Klöppel G (2011) Classification and pathology of gastroenteropancreatic
neuroendocrine neoplasms. Endocr Relat Cancer 18 Suppl 1: S1-16.
37. Rindi G, Bordi C, La Rosa S, Solcia E, Delle Fave G, et al. (2011)
Gastroenteropancreatic (neuro) endocrine neoplasms: the histology report. Dig
Liver Dis 43 Suppl 4: S356-360.

18. Vinik AI, Woltering EA, Warner RR, Caplin M, O’Dorisio TM, et al. (2010)
NANETS consensus guidelines for the diagnosis of neuroendocrine tumor.
Pancreas 39: 713-734.

38. Srivastava A, Padilla O, Fischer-Colbrie R, Tischler AS, Dayal Y (2004)
Neuroendocrine secretory protein-55 (NESP-55) expression discriminates
pancreatic endocrine tumors and pheochromocytomas from gastrointestinal
and pulmonary carcinoids. Am J Surg Pathol 28: 1371-1378.

19. Anthony LB, Strosberg JR, Klimstra DS, Maples WJ, O’Dorisio TM, et al. (2010)
The NANETS consensus guidelines for the diagnosis and management of
gastrointestinal neuroendocrine tumors (nets): well-differentiated nets of the
distal colon and rectum. Pancreas 39: 767-774.

39. Papotti M, Cassoni P, Volante M, Deghenghi R, Muccioli G, et al. (2001) Ghrelinproducing endocrine tumors of the stomach and intestine. J Clin Endocrinol
Metab 86: 5052-5059.

20. Boudreaux JP, Klimstra DS, Hassan MM, Woltering EA, Jensen RT, et al.
(2010) The NANETS consensus guideline for the diagnosis and management

J Gastroint Dig Syst
ISSN: 2161-069X, an open access journal

40. Kulaksiz H, Eissele R, Rössler D, Schulz S, Höllt V, et al. (2002) Identification
of somatostatin receptor subtypes 1, 2A, 3, and 5 in neuroendocrine tumours
with subtype specific antibodies. Gut 50: 52-60.

Volume 3 • Issue 5 • 1000154

Citation: Chen C, Yi X, He Y (2013) Gastro-Entero-Pancreatic Neuroendocrine Tumors (GEP-Nets): A Review. J Gastroint Dig Syst 3: 154. doi:
10.4172/2161-069X.1000154

Page 6 of 8
41. Papotti M, Bongiovanni M, Volante M, Allìa E, Landolfi S, et al. (2002)
Expression of somatostatin receptor types 1-5 in 81 cases of gastrointestinal
and pancreatic endocrine tumors. A correlative immunohistochemical and
reverse-transcriptase polymerase chain reaction analysis. Virchows Arch 440:
461-475.
42. Tanimoto A, Matsuki Y, Tomita T, Sasaguri T, Shimajiri S, et al. (2004) Histidine
decarboxylase expression in pancreatic endocrine cells and related tumors.
Pathol Int 54: 408-412.
43. Feurle GE, Anlauf M, Hamscher G, Arnold R, Klöppel G, et al. (2002) Xeninimmunoreactive cells and extractable xenin in neuroendocrine tumors of
duodenal origin. Gastroenterology 123: 1616-1626.
44. Schmitt AM, Anlauf M, Rousson V, Schmid S, Kofler A, et al. (2007) WHO
2004 criteria and CK19 are reliable prognostic markers in pancreatic endocrine
tumors. Am J Surg Pathol 31: 1677-1682.
45. Grötzinger C (2004) Tumour biology of gastroenteropancreatic neuroendocrine
tumours. Neuroendocrinology 80 Suppl 1: 8-11.
46. Perren A, Anlauf M, Komminoth P (2007) Molecular profiles of
gastroenteropancreaticendocrine tumors. Virchows Arch451(suppl 1):
S39-S46.
47. Speel EJ, Richter J, Moch H, Egenter C, Saremaslani P, et al. (1999) Genetic
differences in endocrine pancreatic tumor subtypes detected by comparative
genomic hybridization. Am J Pathol 155: 1787-1794.
48. Zhao J, Moch H, Scheidweiler AF, Baer A, Schäffer AA, et al. (2001) Genomic
imbalances in the progression of endocrine pancreatic tumors. Genes
Chromosomes Cancer 32: 364-372.

62. Virgolini I, Ambrosini V, Bomanji JB, Baum RP, Fanti S, et al. (2010) Procedure
guidelines for PET/CT tumour imaging with 68Ga-DOTA-conjugated peptides:
68Ga-DOTA-TOC, 68Ga-DOTA-NOC, 68Ga-DOTA-TATE. Eur J Nucl Med Mol
Imaging 37: 2004-2010.
63. Chenevert TL, Meyer CR, Moffat BA, Rehemtulla A, Mukherji SK, et al. (2002)
Diffusion MRI: a new strategy for assessment of cancer therapeutic efficacy.
Mol Imaging 1: 336-343.
64. Arnold R, Wilke A, Rinke A, Mayer C, Kann PH, et al. (2008) Plasma
chromogranin A as marker for survivalin patients with metastatic endocrine
gastro-enteropancreatic tumors. Clin Gastroenterol Hepatol 6: 820-829.
65. Oberg K, Janson ET, Eriksson B (1999) Tumour markers in neuroendocrine
tumours. Ital J Gastroenterol Hepatol 31 Suppl 2: S160-162.
66. Janson ET, Holmberg L, Stridsberg M, Eriksson B, Theodorsson E, et al. (1997)
Carcinoid tumors: analysis of prognostic factors and survival in 301 patients
from a referral center. Ann Oncol 8: 685-690.
67. Yao JC, Pavel M, Phan AT, Kulke MH, Hoosen S, et al. (2011) Chromogranin A
and neuron-specific enolase as prognostic markers in patients with advanced
pNET treated with everolimus. J Clin Endocrinol Metab 96: 3741-3749.
68. Baudin E, Gigliotti A, Ducreux M, Ropers J, Comoy E, et al. (1998) Neuronspecific enolase and chromogranin A as markers of neuroendocrine tumours.
Br J Cancer 78: 1102-1107.
69. Sobol RE, Memoli V, Deftos LJ (1989) Hormone-negative, chromogranin
A-positive endocrine tumors. N Engl J Med 320: 444-447.

49. Kaltsas GA, Besser GM, Grossman AB (2004) The diagnosis and medical
management of advanced neuroendocrine tumors. Endocr Rev 25: 458-511.

70. O’Connor DT, Pandlan MR, Carlton E, Cervenka JH, Hslao RJ (1989) Rapid
radioimmunoassay of circulating chromogranin A: in vitro stability, exploration
of the neuroendocrine character of neoplasia, and assessment of the effects of
organ failure. Clin Chem 35: 1631-1637.

50. Kaltsas G, Androulakis II, de Herder WW, Grossman AB (2010) Paraneoplastic
syndromes secondary to neuroendocrine tumours. Endocr Relat Cancer 17:
R173-193.

71. Eriksson B, Arnberg H, Oberg K, Hellman U, Lundqvist G, et al. (1990) A
polyclonal antiserum against chromogranin A and B--a new sensitive marker
for neuroendocrine tumours. Acta Endocrinol (Copenh) 122: 145-155.

51. Plöckinger U, Gustafsson B, Ivan D, Szpak W, Davar J3, et al. (2009) ENETS
Consensus Guidelines for the Standards of Care in Neuroendocrine Tumors:
echocardiography. Neuroendocrinology 90: 190-193.

72. Zatelli MC, Torta M, Leon A, Ambrosio MR, Gion M, et al. (2007) Chromogranin
A as a marker of neuroendocrine neoplasia: an Italian Multicenter Study.
Endocr Relat Cancer 14: 473-482.

52. Sundin A, Garske U, Orlefors H (2007) Nuclear imaging of neuroendocrine
tumours. Best Pract Res Clin Endocrinol Metab 21: 69-85.

73. Meijer WG, Kema IP, Volmer M, Willemse PH, de Vries EG (2000) Discriminating
capacity of indole markers in the diagnosis of carcinoid tumors. Clin Chem 46:
1588-1596.

53. Sundin A, Vullierme MP, Kaltsas G, Plöckinger U; Mallorca Consensus
Conference participants; European Neuroendocrine Tumor Society (2009)
ENETS Consensus Guidelines for the Standards of Care in Neuroendocrine
Tumors: radiological examinations. Neuroendocrinology 90: 167-183.
54. Gabriel M, Oberauer A, Dobrozemsky G, Decristoforo C, Putzer D, et
al. (2009)68 Ga-DOTA-Tyr3-octreotide PET for assessing responseto
somatostatin-receptor-mediated radionuclide therapy. J. Nucl.Med 50: 14271434.
55. Gabriel M, Decristoforo C, Kendler D, Dobrozemsky G, Heute D, et al. (2007)
68Ga-DOTA-Tyr3-octreotide PET in neuroendocrine tumors: comparison with
somatostatin receptor scintigraphy and CT. J Nucl Med 48: 508-518.
56. Binderup T, Knigge U, Loft A, Mortensen J, Pfeifer A, et al. (2010) Functional
imaging of neuroendocrine tumors: a head-to-head comparison of somatostatin
receptor scintigraphy, 123I-MIBG scintigraphy, and 18F-FDG PET. J Nucl Med
51: 704-712.
57. Kayani I, Bomanji JB, Groves A, Conway G, Gacinovic S, et al. (2008)
Functional imaging of neuroendocrine tumors with combined PET/CT using
68Ga-DOTATATE (DOTA-DPhe1,Tyr3-octreotate) and 18F-FDG. Cancer 112:
2447-2455.
58. Bushnell DL, Baum RP (2011) Standard imaging techniques for neuroendocrine
tumors. Endocrinol Metab Clin North Am 40: 153-162.
59. Haug A, Auernhammer CJ, Wängler B, Tiling R, Schmidt G, et al. (2009)
Intraindividual comparison of 68Ga-DOTA-TATE and 18F-DOPA PET in
patients with well-differentiated metastatic neuroendocrine tumours. Eur J Nucl
Med Mol Imaging 36: 765-770.
60. Binderup T, Knigge U, Loft A, Federspiel B, Kjaer A (2010) 18F-fluorodeoxyglucose
positron emission tomography predicts survival of patients with neuroendocrine
tumors. Clin Cancer Res 16: 978-985.
61. Garin E, Le Jeune F, Devillers A, Cuggia M, de Lajarte-Thirouard AS, et al.
(2009) Predictive value of 18F-FDG PET and somatostatin receptor scintigraphy
in patients with metastatic endocrine tumors. J Nucl Med 50: 858-864.

J Gastroint Dig Syst
ISSN: 2161-069X, an open access journal

74. Feldman JM (1986) Urinary serotonin in the diagnosis of carcinoid tumors. Clin
Chem 32: 840-844.
75. Baudin E, Bidart JM, Rougier P, Lazar V, Ruffié P, et al. (1999) Screening for
multiple endocrine neoplasia type 1 and hormonal production in apparently
sporadic neuroendocrine tumors. J Clin Endocrinol Metab 84: 69-75.
76. Turner GB, Johnston BT, McCance DR, McGinty A, Watson RG, et al. (2006)
Circulating markers of prognosis and response to treatment in patients with
midgut carcinoid tumours. Gut 55: 1586-1591.
77. Service FJ, Dale AJ, Elveback LR, Jiang NS (1976) Insulinoma: clinical and
diagnostic features of 60 consecutive cases. Mayo Clin Proc 51: 417-429.
78. Hirshberg B, Livi A, Bartlett DL, Libutti SK, Alexander HR, et al. (2000) Fortyeight-hour fast: the diagnostic test for insulinoma. J Clin Endocrinol Metab 85:
3222-3226.
79. Service FJ, Natt N (2000) The prolonged fast. J Clin Endocrinol Metab 85:
3973-3974.
80. Jensen RT, Niederle B, Mitry E, Ramage JK, Steinmuller T, et al. (2006)
Gastrinoma (duodenal and pancreatic). Neuroendocrinology 84: 173-182.
81. Lin X, Saad RS, Luckasevic TM, Silverman JF, Liu Y (2007) Diagnostic value
of CDX-2 and TTF-1 expressions in separating metastatic neuroendocrine
neoplasms of unknown origin. Appl Immunohistochem Mol Morphol 15: 407414.
82. La Rosa S, Rigoli E, Uccella S, Chiaravalli AM, Capella C (2004) CDX2 as a
marker of intestinal EC-cells and related well-differentiated endocrine tumors.
Virchows Arch 445: 248-254.
83. Norheim I, Oberg K, Theodorsson-Norheim E, Lindgren PG, Lundqvist G, et al.
(1987) Malignant carcinoid tumors. An analysis of 103 patients with regard to
tumor localization, hormone production, and survival. Ann Surg 206: 115-125.
84. Federspiel BH, Burke AP, Sobin LH, Shekitka KM (1990) Rectal and colonic
carcinoids. A clinicopathologic study of 84 cases. Cancer 65: 135-140.

Volume 3 • Issue 5 • 1000154

Citation: Chen C, Yi X, He Y (2013) Gastro-Entero-Pancreatic Neuroendocrine Tumors (GEP-Nets): A Review. J Gastroint Dig Syst 3: 154. doi:
10.4172/2161-069X.1000154

Page 7 of 8
85. Scherübl H, Cadiot G, Jensen RT, Rösch T, Stölzel U, et al. (2010)
Neuroendocrine tumors of the stomach (gastric carcinoids) are on the rise:
small tumors, small problems? Endoscopy 42: 664-671.
86. Delle Fave G, Kwekkeboom DJ, Van Cutsem E, Rindi G, Kos-Kudla B, et al.
(2012) ENETS Consensus Guidelines for the management of patients with
gastroduodenal neoplasms. Neuroendocrinology 95: 74-87.
87. Borch K, Ahrén B, Ahlman H, Falkmer S, Granérus G, et al. (2005) Gastric
carcinoids: biologic behavior and prognosis after differentiated treatment in
relation to type. Ann Surg 242: 64-73.
88. Fendrich V, Bartsch DK (2011) Surgical treatment of gastrointestinal
neuroendocrine tumors. Langenbecks Arch Surg 396: 299-311.
89. Hackert T, Hinz U, Fritz S, Strobel O, Schneider L, et al. (2011) Enucleation in
pancreatic surgery: indications, technique, and outcome compared to standard
pancreatic resections. Langenbecks Arch Surg 396: 1197-1203.
90. Brient C, Regenet N, Sulpice L, Brunaud L, Mucci-Hennekine S, et al. (2012)
Risk factors for postoperative pancreatic fistulization subsequent to enucleation.
J Gastrointest Surg 16: 1883-1887.

107. Gupta S, Johnson MM, Murthy R, Ahrar K, Wallace MJ, et al. (2005) Hepatic
arterial embolization and chemoembolization for the treatment of patients with
metastatic neuroendocrine tumors: variables affecting response rates and
survival. Cancer 104: 1590-1602.
108. Kvols LK, Turaga KK, Strosberg J, Choi J (2009) Role of interventional
radiology in the treatment of patients with neuroendocrine metastases in the
liver. J Natl Compr Canc Netw 7: 765-772.
109. Le Treut YP, Grégoire E, Belghiti J, Boillot O, Soubrane O, et al. (2008)
Predictors of long-term survival after liver transplantation for metastatic
endocrine tumors: an 85-case French multicentric report. Am J Transplant 8:
1205-1213.
110. Caron P, Morange-Ramos I, Cogne M, Jaquet P (1997) Three year follow-up
of acromegalic patients treated with intramuscular slow-release lanreotide. J
Clin Endocrinol Metab 82: 18-22.
111. Cai RZ, Szoke B, Lu R, Fu D, Redding TW, et al. (1986) Synthesis and
biological activity of highly potent octapeptide analogs of somatostatin. Proc
Natl Acad Sci U S A 83: 1896-1900.

91. Chen H, Hardacre JM, Uzar A, Cameron JL, Choti MA (1998) Isolated liver
metastases from neuroendocrine tumors: does resection prolong survival? J
Am Coll Surg 187: 88-92.

112. Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker G (2002) SOM230: a
novel somatostatin peptidomimetic with broad somatotropin release inhibiting
factor (SRIF) receptor binding and a unique antisecretory profile. Eur J
Endocrinol 146: 707-716.

92. Chamberlain RS, Canes D, Brown KT, Saltz L, Jarnagin W, et al. (2000) Hepatic
neuroendocrine metastases: does intervention alter outcomes? J Am Coll Surg
190: 432-445.

113. Eriksson B, Oberg K (1999) Summing up 15 years of somatostatin analog
therapy in neuroendocrine tumors: future outlook. Ann Oncol 10 Suppl 2: S3138.

93. House MG, Cameron JL, Lillemoe KD, Schulick RD, Choti MA, et al. (2006)
Differences in survival for patients with resectable versus unresectable
metastases from pancreatic islet cell cancer. J Gastrointest Surg 10: 138-145.

114. Tomassetti P, Migliori M, Corinaldesi R, Gullo L (2000) Treatment of
gastroenteropancreatic neuroendocrine tumours with octreotide LAR. Aliment
Pharmacol Ther 14: 557-560.

94. Evans DB, Skibber JM, Lee JE, Cleary KR, Ajani JA, et al. (1993) Nonfunctioning
islet cell carcinoma of the pancreas. Surgery 114: 1175-1181.

115. Maton PN (1989) The use of the long-acting somatostatin analogue, octreotide
acetate, in patients with islet cell tumors. Gastroenterol Clin North Am 18: 897922.

95. Solorzano CC, Lee JE, Pisters PW, Vauthey JN, Ayers GD, et al. (2001)
Nonfunctioning islet cell carcinoma of the pancreas: survival results in a
contemporary series of 163 patients. Surgery 130: 1078-1085.
96. Norton JA, Fraker DL, Alexander HR, Gibril F, Liewehr DJ, et al. (2006) Surgery
increases survival in patients with gastrinoma. Ann Surg 244: 410-419.
97. Hellman P, Lundström T, Ohrvall U, Eriksson B, Skogseid B, et al. (2002) Effect
of surgery on the outcome of midgut carcinoid disease with lymph node and
liver metastases. World J Surg 26: 991-997.
98. Ahmed A, Turner G, King B, Jones L, Culliford D, et al. (2009) Midgut
neuroendocrine tumours with liver metastases: results of the UKINETS study.
Endocr Relat Cancer 16: 885-894.
99. Givi B, Pommier SJ, Thompson AK, Diggs BS, Pommier RF (2006) Operative
resection of primary carcinoid neoplasms in patients with liver metastases
yields significantly better survival. Surgery 140: 891-897.
100. Fahy BN, Tang LH, Klimstra D, Wong WD, Guillem JG, et al. (2007) Carcinoid
of the rectum risk stratification (CaRRS): a strategy for preoperative outcome
assessment. Ann Surg Oncol 14: 396-404.
101. Yamaguchi N, Isomoto H, Nishiyama H, Fukuda E, Ishii H, et al. (2010)
Endoscopic submucosal dissection for rectal carcinoid tumors. Surg Endosc
24: 504-508.
102. Lee DS, Jeon SW, Park SY, Jung MK, Cho CM, et al. (2010) The feasibility
of endoscopic submucosal dissection for rectal carcinoid tumors: comparison
with endoscopic mucosal resection. Endoscopy 42: 647-651.
103. Olsen IH, Langer SW, Jepsen I, Assens M, Federspiel B, et al. (2012) First-line
treatment of patients with disseminated poorly differentiated neuroendocrine
carcinomas with carboplatin, etoposide, and vincristine: a single institution
experience. Acta Oncol 51: 97-100.
104. Sorbye H, Welin S, Langer SW, Vestermark LW, Holt N, et al. (2013) Predictive
and prognostic factors for treatment and survival in 305 patients with advanced
gastrointestinal neuroendocrine carcinoma (WHO G3): the NORDIC NEC
study. Ann Oncol 24: 152-160.
105. Knigge U, Hansen CP, Stadil F (2008) Interventional treatment of
neuroendocrine liver metastases. Surgeon 6: 232-239.
106. Maire F, Lombard-Bohas C, O’Toole D, Vullierme MP, Rebours V, et al. (2012)
Hepatic arterial embolization versus chemoembolization in the treatment
of liver metastases from well-differentiated midgut endocrine tumors: a
prospective randomized study. Neuroendocrinology 96: 294-300.

J Gastroint Dig Syst
ISSN: 2161-069X, an open access journal

116. Panzuto F, Di Fonzo M, Iannicelli E, Sciuto R, Maini CL, et al. (2006) Longterm clinical outcome of somatostatin analogues for treatment of progressive,
metastatic, well-differentiated entero-pancreatic endocrine carcinoma. Ann
Oncol 17: 461-466.
117. O’Dorisio TM, Mekhjian HS, Gaginella TS (1989) Medical therapy of VIPomas.
Endocrinol Metab Clin North Am 18: 545-556.
118. Rubin J, Ajani J, Schirmer W, Venook AP, Bukowski R, et al. (1999) Octreotide
acetate long-acting formulation versus open-label subcutaneous octreotide
acetate in malignant carcinoid syndrome. J Clin Oncol 17: 600-606.
119. Welin SV, Janson ET, Sundin A, Stridsberg M, Lavenius E, et al. (2004) Highdose treatment with a long-acting somatostatin analogue in patients with
advanced midgut carcinoid tumours. Eur J Endocrinol 151: 107-112.
120. Faiss S, Räth U, Mansmann U, Caird D, Clemens N, et al. (1999) Ultrahigh-dose lanreotide treatment in patients with metastatic neuroendocrine
gastroenteropancreatic tumors. Digestion 60: 469-476.
121. Granberg D, Jacobsson H, Oberg K, Gustavsson J, Lehtihet M (2008)
Regression of a large malignant gastrinoma on treatment with Sandostatin
LAR: a case report. Digestion 77: 92-95.
122. Rinke A, Muller HH, Schade-Brittinger C, Klose KJ, Barth P, et al. (2009)
Placebo-controlled, double-blind, prospective, randomized study on the effect
of octreotide LAR in the control of tumor growth in patients with metastatic
neuroendocrine midgut tumors: a report from the PROMID Study Group. J Clin
Oncol 27: 4656-4663.
123. Oberg K, Eriksson B (1991) The role of interferons in the management of
carcinoid tumours. Br J Haematol 79 Suppl 1: 74-77.
124. Biesma B, Willemse PH, Mulder NH, Verschueren RC, Kema IP, et al. (1992)
Recombinant interferon alpha-2b in patients with metastatic apudomas: effect
on tumours and tumour markers. Br J Cancer 66: 850-855.
125. Jacobsen MB, Hanssen LE, Kolmannskog F, Schrumpf E, Vatn MH, et al.
(1995) Interferon-alpha 2b, with or without prior hepatic artery embolization:
clinical response and survival in mid-gut carcinoid patients. The Norwegian
carcinoid study. Scand J Gastroenterol 30: 789-796.
126. Oberg K (2001) Chemotherapy and biotherapy in the treatment of
neuroendocrine tumours. Ann Oncol 12 Suppl 2: S111-114.
127. Shah T, Caplin M (2005) Endocrine tumours of the gastrointestinal
tract. Biotherapy for metastatic endocrine tumours. Best Pract Res Clin
Gastroenterol 19: 617-636.

Volume 3 • Issue 5 • 1000154

Citation: Chen C, Yi X, He Y (2013) Gastro-Entero-Pancreatic Neuroendocrine Tumors (GEP-Nets): A Review. J Gastroint Dig Syst 3: 154. doi:
10.4172/2161-069X.1000154

Page 8 of 8
128. Eriksson B, Oberg K, Alm G, Karlsson A, Lundqvist G, et al. (1986) Treatment
of malignant endocrine pancreatic tumours with human leucocyte interferon.
Lancet 2: 1307-1309.
129. Tiensuu Janson EM, Ahlström H, Andersson T, Oberg KE (1992) Octreotide
and interferon alfa: a new combination for the treatment of malignant carcinoid
tumours. Eur J Cancer 28A: 1647-1650.
130. Frank M, Klose KJ, Wied M, Ishaque N, Schade-Brittinger C, et al. (1999)
Combination therapy with octreotide and alpha-interferon: effect on tumor
growth in metastatic endocrine gastroenteropancreatic tumors. Am J
Gastroenterol 94: 1381-1387.
131. Fjällskog ML, Sundin A, Westlin JE, Oberg K, Janson ET, et al. (2002)
Treatment of malignant endocrine pancreatic tumors with a combination of
alpha-interferon and somatostatin analogs. Med Oncol 19: 35-42.
132. Joensuu H, Kätkä K, Kujari H (1992) Dramatic response of a metastatic
carcinoid tumour to a combination of interferon and octreotide. Acta Endocrinol
(Copenh) 126: 184-185.
133. Kölby L, Persson G, Franzén S, Ahrén B (2003) Randomized clinical trial of
the effect of interferon alpha on survival in patients with disseminated midgut
carcinoid tumours. Br J Surg 90: 687-693.
134. Faiss S, Pape UF, Bohmig M, Dorffel Y, Mansmann U, et al. (2003) Prospective,
randomized, multicenter trial on the antiproliferative effect of lanreotide,
interferon alfa, and their combination for therapy of metastatic neuroendocrine
gastroenteropancreatic tumors–the International Lanreotide and Interferon
Alfa Study Group. J Clin Oncol 21: 2689-2696.
135. Arnold R, Rinke A, Klose KJ, Müller HH, Wied M, et al. (2005) Octreotide

J Gastroint Dig Syst
ISSN: 2161-069X, an open access journal

versus octreotide plus interferon-alpha in endocrine gastroenteropancreatic
tumors: a randomized trial. Clin Gastroenterol Hepatol 3: 761-771.
136. Eriksson B, Annibale B, Bajetta E, Mitry E, Pavel M, et al. (2009) ENETS
Consensus Guidelines for the Standards of Care in Neuroendocrine Tumors:
chemotherapy in patients with neuroendocrine tumors. Neuroendocrinology
90: 214-219.
137. Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, et al. (2011) Everolimus for
advanced pancreatic neuroendocrine tumors. N Engl J Med 364: 514-523.
138. Raymond E, Dahan L, Raoul JL, Bang YJ, Borbath I, et al. (2011) Sunitinib
malate for the treatment of pancreatic neuroendocrine tumors. N Engl J Med
364: 501-513.
139. Pavel ME, Hainsworth JD, Baudin E, Peeters M, Horsch D, et al. (2011)
Everolimus plus octreotide long-acting repeatable for the treatment of
advanced neuroendocrine tumours associated with carcinoid syndrome
(RADIANT-2): a randomised, placebo-controlled, phase 3 study. Lancet 378
: 2005-2012.
140. Buchmann I, Henze M, Engelbrecht S, Eisenhut M, Runz A, et al. (2007)
Comparison of 68Ga-DOTATOC PET and 111In-DTPAOC (Octreoscan)
SPECT in patients with neuroendocrine tumours. Eur J Nucl Med Mol Imaging
34: 1617-1626.
141. Krenning EP, Kwekkeboom DJ, Bakker WH, Breeman WA, Kooij PP, et al.
(1993) Somatostatin receptor scintigraphy with [111In-DTPA-D-Phe1]- and
[123I-Tyr3]-octreotide: the Rotterdam experience with more than 1000
patients. Eur J Nucl Med 20: 716-731.

Volume 3 • Issue 5 • 1000154

