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however, is covered in this chapter, since early recogni-
tion and treatment is important for this complication of 
carcinoid syndrome.

  Since highly proliferative carcinomas with a neuroen-
docrine phenotype but poor histological differentiation 
grade are extremely rare in the jejuno-ileum, manage-
ment of such cases remains highly individual and can 
currently not be considered standardised according to 
organ-oriented guidelines. For the management of such 
cases, the reader is referred to previous guidelines  [4] .

  This chapter, therefore, deals with non-metastatic 
NEN originating from the small bowel and the appendix 
as originally described as ‘carcinoid’ tumours by Obern-
dorfer  [5]  in 1907. For greater ease of use, jejuno-ileal 
NEN (part 1), appendiceal NEN (part 2) and GCC (part 
3) are discussed in separate sections.

 Introduction 

 Neuroendocrine neoplasms (NEN) originating from 
the small bowel comprise, after pancreatic NEN, proba-
bly the largest subgroup of NEN within the gastroentero-
pancreatic system, and reflect the typical distribution 
pattern of the endocrine cells of the diffuse endocrine 
system within the digestive system. Previous ENETS 
guidelines have discussed NEN of the jejuno-ileum and 
of the appendix including goblet cell carcinoids/carcino-
mas (GCC) in two separate papers  [1, 2] . This update 
summarises these entities together in one chapter, while 
excluding the consideration of metastatic disease in a sep-
arate chapter  [3] . The chapter on metastatic NEN by Pav-
el et al. also includes guidelines for medical and other 
treatment options of the carcinoid syndrome since this 
occurs almost exclusively only when the tumour is meta-
static. Carcinoid heart syndrome (Hedinger’s syndrome), 
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  Since this chapter is an updated version of previously 
published guidelines, the minimal consensus parts have 
only been modified where agreed upon by the majority of 
consensus meeting participants. The comments in the text 
have been, however, almost completely rewritten, thereby 
focussing on new literature where applicable to avoid re-
dundancy with the previous guidelines. However, overlaps 
and close resemblances may occur in some sections  [1, 2] .

  Jejuno-Ileal Neuroendocrine Neoplasms 

 Epidemiology and Prognosis 
 NEN originating in the small intestine are an overall 

relatively rare entity with a reported incidence between 
0.32/100,000 in England  [6] , 0.33/100,000 in Japan  [7] , 
0.67/100,000 in the USA  [8] , 0.81/100,000 in Norway  [9]  
and 1.12/100,000 in Sweden  [10]  according to the most 
recent literature. Malignant NEN have been reported 
with an incidence of 0.29/100,000  [11] ; in this study ma-
lignant NEN made up approximately half of all NEN, 
while others have shown lower numbers of 20–35%  [8, 9, 
12] . The mean age at initial diagnosis is in the late 50s in 
several cohorts, with the majority of cases occurring in 
the seventh decade  [7, 13–15] . The incidence of small in-
testinal NEN has not shown a gender preference in most 
 [6, 13, 15]  but a slight male preponderance in other series 
 [8, 14, 16] . While the incidence of small intestinal NEN 
may be lower in persons of Asian descent  [7, 8]  it seems to 
be higher in African-Americans in the SEER database  [8] . 
Small intestinal NEN constitute up to one third or even 
half of all small bowel neoplasms  [11, 14] . The ‘true’ inci-
dence of small intestinal NEN in post-mortem studies is 
much higher (1.22/100), and suggests that these NEN may 
be much more abundant at early or very early stages but 
do not manifest themselves clinically and are not diag-
nosed during life  [17] .

  Prognosis of jejuno-ileal NEN depends on both staging 
and grading, which is reflected in the WHO classification 
of 2010  [18] . This has been shown also in a recent study in 
which the Ki67 grading system as well as TNM staging for 
jejuno-ileal NEN has been validated; Jann et al.  [19]  re-
ported 5-year tumour-specific survival rates for jejuno-
ileal NEN from an oncological cohort of 100% for stage I 
and II, 97.1% for stage III and 84.8% for stage IV jejuno-
ileal NEN. Grading-dependent 5-year tumour-specific 
survival rates are 93.8% for G1, 83.0% for G2 and 50.0% 
for the very rare G3-jejuno-ileal NEN  [19] . The SEER 
analysis for jejuno-ileal NEN performed by Boudreaux et 
al.  [20]  revealed 5-year overall survival rates (YSR) of ap-

proximately 72% for locoregional spread and approxi-
mately 55% for NEN with distant metastases. In the Span-
ish NET registry, 5-YSR for the whole cohort of ‘enteric 
carcinoid tumours’ was 77.6%  [13]  while it was only 61% 
in The Netherlands Cancer Registry (NCR) approximate-
ly 10 years earlier  [21] . The SEER data do not suggest a 
significant survival difference between different ethnici-
ties  [8] . Prognosis for small intestinal NEN is thus consid-
erably better than for other small intestinal neoplasms 
such as lymphomas, adenocarcinomas, and sarcomas  [14] . 
In the older patient group of more than 60 years at initial 
diagnosis, the outcome figures may be worse as was sug-
gested by analysis of the population-based Florida Cancer 
Data System (FCDS)  [22] , but this may not be exclusively 
related to NEN but rather other secondary neoplasms or 
other age-related causes of death  [16] .

  Although recent data  [19, 23]  suggest better overall or 
tumour-specific outcome figures, the datasets are not 
completely comparable as they are analysed at different 
tumour stages. However, as has been suggested by Yao et 
al.  [8] , the overall outcome has probably improved over 
the last 25 years which may be related to better diagnosis, 
effective treatment options and multimodal sequential or 
simultaneous treatments. This aspect, however, has not 
been specifically shown by every study  [16] , and will also 
undoubtedly be very hard to prove.

  Minimal Consensus Statement on Epidemiology and 
Prognosis 

 The clinical incidence of small intestinal endocrine neo-
plasms is considerably lower than the incidence at autopsy 
( � 1/100). Clinical incidence is probably higher than stated ear-
lier in the literature. Figures from the SEER and other registries 
indicate a significant rise of the reported annual incidence of 
0.67–0.81/100,000/year for jejuno-ileal NEN. The incidence rate 
may be considerably lower in Asia with 0.20/100,000/year as 
suggested by Japanese data. Jejuno-ileal NEN represent 30% to 
even 50% of all small bowel neoplasms. The incidence rates have 
increased in more recent years. The average age at diagnosis for 
patients with small intestinal carcinoids is between 60 and 65 
years. According to the literature, there is a slight male prepon-
derance and there are some ethnic differences. African-Ameri-
cans have a slightly higher incidence rate than Caucasians for 
developing jejuno-ileal NEN. The former terminology of mid-
gut and hindgut origin is inaccurate and hence these tumours 
are classified as jejuno-ileal, appendiceal, caecal, colonic or rec-
tal NEN. A potential risk factor associated with increased risk of 
development of NEN of the small bowel is a family history of 
first-degree relatives with cancer suggesting a genetic compo-
nent independent of MEN-1, which is not associated with jeju-
no-ileal or appendiceal NEN. Familial clustering of jejuno-ileal 
NEN is described but probably very rare.
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The clinical picture includes flushing, hypo- or hyper-
tension, diarrhoea, severe bronchospasm and cardiac ar-
rhythmias.

  Minimal Consensus Statement on Clinical 
Presentation 

 Abdominal pain is the most frequent initial symptom in pa-
tients presenting with NEN from the small bowel, possibly pre-
viously misinterpreted as a manifestation of irritable bowel syn-
drome. The consensus is that the rate of functionality and the 
presence of the carcinoid syndrome in this patient group is 
about 20–30% in patients with metastases, i.e. higher than previ-
ously stated. Small bowel ischaemia can be another cause of 
both diarrhoea and pain besides hormone-hypersecretion-relat-
ed diarrhoea. In the literature, flushing is reported to be a more 
frequent symptom (in 90% of patients with the carcinoid syn-
drome) than diarrhoea (80%), but according to clinical experi-
ence the rate is roughly the same. It is emphasised that the car-
cinoid syndrome is usually seen in patients with liver metastases 
(in at least 95% of patients), but excess tachykinin or serotonin 
production from retroperitoneal metastases or ovarian tu-
mours/metastases can bypass the liver and enter the systemic 
circulation and cause the typical carcinoid syndrome (in up to 
5% of patients).

  Imaging 
 Cross-sectional imaging by either computed tomogra-

phy (CT) applying modern protocols (3-phase, contrast-
enhanced, multislice-detector CT) or magnetic resonance 
imaging (MRI; also with the use of contrast media) is the 
cornerstone of indirect imaging of the abdomen for initial 
staging as well as preoperative diagnosis  [30–32] . By this 
approach the primary tumour may sometimes but not nec-
essarily always be imaged, but lymph node and/or distant 
metastases can regularly be either detected or ruled out. In 
the case of an unknown primary tumour, thoracic scan-
ning (preferably with CT) may also be necessary to either 
detect or rule out a bronchial primary NEN. CT or MR 
enteroclysis may provide additional benefit for primary tu-
mour detection in the small intestine with very good sen-
sitivities and specificities in institutions where either of 
them is available  [33, 34] . Transabdominal ultrasonogra-
phy may be used for screening of hepatic metastases with 
good results  [35] , but is strongly investigator-dependent; in 
individual cases transabdominal ultrasonography of the 
small bowel with high frequency probes (10 or 12 MHz) 
may also detect a small intestinal primary tumour and/or 
mesenteric lymph node metastases. However, for long-
term follow-up purposes and reliable comparability, CT or 
MRI provide a better, investigator-independent basis.

  Direct visualisation may be possible with regular colo-
noscopy if the tumour is prolapsed through the ileocaecal 

  Survival rates strongly depend on histopathological WHO 
classification and TNM stage: 5-YSR for all stages reach between 
50 and 60%; however, in NEN with only locally limited disease 
(5-YSR: 80–100%) or only regional lymph node involvement (5-
YSR: 70–80%; stages I–IIIa), the survival is significantly better 
than in tumour stages with metastatic disease (5-YSR: 35–80%). 
Series presenting analyses from more recent data collections ob-
serve even more favourable outcome results. Ki67 grading is an 
important prognostic stratifier and is therefore mandatory in 
pathological reporting.

  Clinical Presentation 
 Jejuno-ileal NEN are frequently detected while search-

ing for a primary tumour in asymptomatic but meta-
static patients, or incidentally, for example on screening 
colonoscopy. The most frequent clinical symptom in a 
number of uni- or multicentric series as well as from 
 population-based data sources is non-specific abdominal 
pain  [10, 12, 24–27]  which may be due to various reasons: 
dysmotility of the small bowel wall, small bowel obstruc-
tion, intermittent mesenteric ischaemia caused by mes-
enteric root fibrosis, but also functional causes such as 
secretory diarrhoea and bacterial overgrowth. Other 
non-specific symptoms such as weight loss, fatigue and 
(rarely) fever of unknown origin may also occur. Tumour 
mass-related symptoms due to bowel obstruction with 
nausea and vomiting, jaundice in case of metastatic cho-
lestasis and even gastrointestinal bleeding, may also oc-
cur, but in a lower proportion of patients  [10, 12, 24–27] . 
The desmoplastic reaction leading to visceral fibrosis 
may culminate in small bowel ischaemia or hydrone-
phrosis from some degree of retroperitoneal fibrosis, al-
though these are rare problems.

  Tumour-specific, hormone hypersecretion-related 
symptoms from the carcinoid syndrome comprise secre-
tory diarrhoea (60–80%), flushing (60–85%) and inter-
mittent bronchial wheezing (which is frequently not clin-
ically apparent; approx. less than 10%) and most impor-
tantly right heart fibrosis with carcinoid heart disease 
(CHD or Hedinger’s syndrome; in up to 20%)  [12, 16, 25, 
26] . These manifestations are always associated with met-
astatic disease and by far most often with liver metastasis 
which allows bypassing of hepatic clearance of serotonin 
from the portal circulation  [25, 26, 28] . There is no evi-
dence that the carcinoid syndrome per se and indepen-
dently from metastatic disease has an influence on prog-
nosis  [19]  except for clinically manifest right heart failure 
of CHD (see below).

  Carcinoid crisis is a severe and potentially fatal exac-
erbation of hormonal symptoms often provoked by an-
aesthesia or invasive procedures, such as surgery  [29] . 
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valve into the colon, or if intubation of the ileum via the 
ileocecal value is performed during the investigation. For 
investigation of more proximal parts of the ileum or of 
the jejunum, the newer modalities of enteroscopy includ-
ing video-capsule endoscopy  [36–38]  or double-balloon 
enteroscopy  [39]  may be effective, although their role in 
routine staging still has to be established and they are not 
widely available. There are no data on potential proce-
dural risks of these methods in NEN which should always 
be weighed against the benefits of tumour localisation 
and/or even histological confirmation by luminal biopsy. 
At least, in the case of impending small bowel occlusion, 
video-capsule endoscopy is absolutely contraindicated.

  Somatostatin receptor imaging (SRI) of jejuno-ileal 
NEN depends on the overexpression of somatostatin re-
ceptors in NEN, particularly of subtype 2 which is the 
receptor to which the currently used ligands for these 
modalities bind with the highest affinity. Linked to the 
ligand are either radionuclides that can be detected by 
somatostatin receptor scintigraphy (SRS; e.g. indium-111) 
or by positron emission tomography (PET; e.g. galli-
um-68) scanning  [40–52] . For jejuno-ileal NEN metabol-
ic PET scanning using 18-fluorodeoxyglucose (FDG) 
cannot be recommended since it has a low sensitivity for 
well to moderately differentiated NEN which comprise 
by far the majority of jejuno-ileal NEN. Other newer trac-
ers such as 11-carbon-5-hydroxytryptophane (HTP) or 
18-fluoro-dihydroxyphenylalanine (DOPA) have shown 
promising results but are even less available and reported 
results await publication of successful reproducibility  [53, 
54] . SRI has sensitivities of  1 90% for jejuno-ileal NEN 
and  1 95% for liver metastases from these, and is therefore 
an important tool for initial staging as well as for follow-
up studies. Gallium-68-PET, preferably with simultane-
ous CT (using contrast media), may be even more sensi-
tive and change management in an additional 20–30% of 
cases. Particularly for the detection of small tumours 
within the jejuno-ileum, as well as for preoperative exclu-
sion of distant metastases not detected by other direct or 
indirect imaging modalities, PET scanning may be useful 
but prospective data dedicated to this particular issue 
have not yet been published.

  For clinically suspected and not otherwise (CT or 
MRI) detected bone metastases, which are the fourth 
most frequent metastatic localisation (with lymph nodes, 
liver and the lungs in descending frequency being the oth-
er more frequent localisations of metastases)  [12, 15] , SRI 
may also be the more sensitive nuclear medicine method; 
however, conventional bone scintigraphy using techne-
tium-99m-DPD scintigraphy may also be useful  [55] .

  A rational stepwise approach of diagnostic modalities, 
as suggested in  figure 1 , is recommended to make the op-
timal use of available methods and limited resources, 
with the least invasive methodology for the patient and 
the most effective outcome for patient management.

  Minimal Consensus Statement on Imaging 

 In the search for a primary tumour, cross-sectional imaging 
with CT and/or MRI should be followed by SRS, ideally in com-
bination with SPECT/CT;  68 Ga-DOTATOC-PET in combina-
tion with native or preferably 3-phase contrast-enhanced CT 
may be a more sensitive alternative but is not widely available as 
yet. In general, fusion imaging with CT is always preferable. Fur-
ther newer PET imaging techniques may be useful but require 
the presence of a cyclotron and are unlikely to become gener-
ally available; FDG-PET does not have an important role for the 
almost always well or moderately differentiated NEN from the 
jejuno-ileum. Transabdominal ultrasound can be applied and is 
frequently useful to guide more expensive techniques, but is in-
vestigator-dependent and less reliable for follow-up compari-
sons.

  If the search for a primary tumour is indicated in surgical 
candidates for bowel resection, either CT-/MR-water enterocly-
sis or endoscopic techniques such as video-capsule endoscopy 
or double-balloon enteroscopy may be applied according to local 
expertise, but potential risks need to be weighed against benefits 
such as precise preoperative localisation particularly of multi-
centric NEN. Endoscopic ultrasonography, on the other hand, 
has no place in this setting. Colonoscopy should be performed 
because it may detect primary tumours in the distal ileum and 
is necessary to rule out synchronous neoplastic disease (particu-
larly colorectal cancer).

  For cardiac diagnostics to investigate for carcinoid heart dis-
ease, please see the section below.

  Laboratory Tests 
 Specific laboratory testing for NEN-associated serum 

markers is strongly recommended for chromogranin A 
(CgA), which is a sensitive marker for NEN of all origins 
including jejuno-ileal NEN  [56–58] . CgA has also more 
recently been shown to predict prognostically significant-
ly differing groups with higher levels of CgA indicating a 
worse prognosis, probably related to increased tumour cell 
mass  [59, 60] . For longitudinal follow-up purposes it is im-
portant to note that absolute CgA values may differ sig-
nificantly between different assays  [61–63] , and therefore 
it is recommended to perform repeated measurements in 
the same laboratory or at least with the same assay when-
ever possible. Furthermore, the differential diagnosis of 
elevated CgA values such as proton-pump inhibitor use, 
chronic atrophic gastritis, chronic renal failure, liver cir-
rhosis or congestive heart failure, as well as other CgA-
secreting neoplasms (e.g. hepatocellular carcinoma, med-
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may be even more sensitive, but are not widely available 
and therefore currently impractical  [68] .

  Minimal Consensus Statement on Laboratory Tests 

 The minimally required biochemical tests include plasma 
CgA and urinary 5-HIAA. These tests should be performed at 
first visit and then for follow-up or on suspicion of NEN recur-
rence or progression. Newer markers, either biochemical or 
based on circulating NEN cells, require further validation. Neu-
ron-specific enolase has no role for the diagnosis of these almost 
always well to moderately differentiated NEN (NET-G1/-2).

  Pathology and Genetics 
 Pathological diagnosis is mandatory in all cases and 

usually obtained on ultrasonography-guided liver biopsy 
or surgical or endoscopic biopsy. Pathological diagnosis of 
jejunal-ileal tumours is achieved using haematoxylin and 

ullary thyroid carcinoma) needs to be considered when 
CgA values are interpreted  [64–66] . CgA may signal NEN 
recurrence after successful curative resection early in pa-
tients with a small tumour burden  [58, 67] .

  Endocrine tumours of the jejuno-ileum produce sero-
tonin and elevated 24 h urinary 5-hydroxyindoleacetic 
acid (5-HIAA) levels as a product of the metabolism of 
serotonin  [68, 69] . 5-HIAA has a sensitivity of up to 100% 
and a specificity of 85–90% for detecting a carcinoid syn-
drome, and a sensitivity of 70–75% and a specificity of 
close to 100% for predicting a primary tumour in the je-
juno-ileum  [56, 57] . 5-HIAA should be collected with 
strict dietary restrictions to avoid false positive levels  [70] . 
Serum serotonin determinations are less sensitive and 
specific, and are therefore not recommended; serotonin 
measurements in platelets, where serotonin is stored de-
pending on its availability in the systemic circulation, 

Definition of NEN entity

Clinical staging Functionality

• CgA, synaptophysin
• Serotonin, cdx-2 

Clinical diagnosis:
Incidental or symptomatic

Grading

• Ki67 index
• Mitotic index

Histopathological diagnosis:
NEN

Abdominal 
surgery

Imaging Biochemistry

Somatostatin-receptor imaging (SRI):
scintigraphy or PET

Abdominal 
sonography Endoscopy

Primary and/or
metastases

Bone scintigraphy
MRI

3-Phase CT
MRI

* * *3-Phase
 CT

**CgA
5-HIAA
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carcinoid syndrome
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(Hedinger‘s syndrome)

Colonoscopy 
Double-balloon enteroscopy

Capsule endoscopy

Bone
lesions

Abdominal
lesions

Thoracic
lesions

Jejuno-ileal
primary

No primary 
Primary and
metastases 

Liver
metastases

Jejuno-ileal
primary

 Fig. 1. Rational stepwise approach of diagnostic modalities.  *  If not performed previously;  *  *  Cga being non-specific for carci-
noid-syndrome and urinary 5-HIAA being a biochemically determinable metabolite of serotonin, a specific mediator of carci-
noid syndrome.   
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treatment. However, currently it can only be considered 
optional since methodological variations and current data 
do not show a completely conclusive pattern. Thus, SSA 
treatment may be initiated although SSR-2 staining may 
be weak or even absent on immunohistochemistry. In the 
setting of liver metastases from a NEN of unknown pri-
mary tumour localisation, nuclear immunohistochemical 
positivity for cdx-2 and/or serotonin with negativity for 
TTF-1 and ISL-1 is indicative of intestinal, especially jeju-
no-ileal origin  [79] . Other markers such as E-cadherin, 
p53, p27, VEGF and others have not been established as 
yet for routine diagnostics, although they may play a role 
in the future  [80–82] .

  A familial or genetic predisposition for jejuno-ileal 
NEN has not been undoubtedly proven, however, recent 
reports show some familial associations which strongly 
suggest that a genetic predisposition may exist in rare in-
stances  [83–85] . Other changes such as allelic loss of 
chromosome 18q have been reported to indicate adverse 
prognosis, but currently have no role outside of scientific 
studies  [86, 87] .

  Minimal Consensus Statement on Pathology and 
Genetics 

  Pathology  
 Histology is always necessary to establish the diagnosis of a 

NEN. Cytology may be helpful, particularly in a metastatic set-
ting. The minimal ancillary tests to support the histological di-
agnosis include immunohistochemistry for CgA, synaptophy-
sin, and optionally serotonin. The mitotic count in 10 HPF 
(2 mm 2 ) evaluated in areas of highest mitotic density, the Ki67 
index (MIB1 antibody; % of 2,000 cells in areas of highest nucle-
ar labelling) and TNM staging according to UICC and ENETS, 
should be reported. Immunohistochemistry for cdx-2, p53 and 
somatostatin receptor subtype-2 (sst2) is optional. The histopa-
thology report should allow for a correct classification accord-
ing to the current WHO criteria. In the future, it should also 
provide information for a correct TNM classification and grad-
ing ( tables 1 ,  2 ).

   Genetics  
 Although a familiar clustering of midgut neuroendocrine tu-

mours appears to rarely exist, the genetic background has not 
been elucidated and there is no indication to perform germline 
or somatic DNA testing and genetic counselling in the absence 
of other tumours or a family history.

  Curative Surgery

Resection of Localised Disease in Jejuno-Ileal NEN 
 All patients with jejuno-ileal NEN should be consid-

ered potential candidates for curative surgery  [81–86]  

eosin staining, and immunohistochemical staining with 
CgA and synaptophysin  [71–74] . As opposed to serum lev-
els of CgA, weaker CgA staining on immunohistochem-
istry may indicate a poorer prognosis  [12, 75] . Determina-
tion of mitotic index and calculation of Ki67 index by im-
munohistochemistry is mandatory and prognostically 
relevant in jejuno-ileal NEN  [19, 74] . The tumours should 
be classified according to the WHO system  [72]  ( table 1 ) 
including TNM staging  [73, 74]  and Ki67 grading  [72–74]  
( table 2 ). Immunohistochemical staining for somatostatin 
receptor subtype 2 (SSR-2) has been suggested by several 
studies  [76–78]  to correlate with, or at least be indicative 
of a therapeutic response to somatostatin analogue (SSA) 

Table 1.  TNM classification of jejuno-ileal NEN according to 
ENETS/UICC [73, 74] TNM classification

T – primary tumour
x primary tumour cannot be assessed
0 no evidence of primary tumour
1 tumour invades mucosa or submucosa and size ≤1 cm
2 tumour invades muscularis propria or size >1 cm
3 tumour invades subserosa
4 tumour invades peritoneum/other organs

for any T add (m) for multiple tumours

N – regional lymph node metastasis
x regional lymph nodes cannot be assessed
0 no regional lymph node metastasis
1 regional lymph node metastasis

M – distant metastasis
X distant metastasis cannot be assessed
0 no distant metastases
1 distant metastasis

S tage: 
stage 0: Tis N0 M0 (stage 0: ENETS only)
stage I: T1 N0 M0
stage IIa: T2 N0 M0
stage IIb: T3 N0 M0
stage IIIa: T4 N0 M0
stage IIIb: any T N1 M0
stage IV: any T any N M1

Table 2.  Grading of jejuno-ileal NEN according to ENETS/UICC 
[72–74]

Grade Ki67 index Mitotic index (mitoses/10 HPF)

G1 ≤2% <2
G2 3–20% 2–20
G3 >20% >20
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and should be evaluated in an interdisciplinary setting 
including an experienced visceral surgeon  [12, 23, 26, 27, 
88–95] . Curative resection of the primary tumour and 
locoregional lymph node metastases improves outcome 
in these patients resulting in excellent 5- and 10-YSR of 
100% in stage I and II patients and still favourable out-
comes of 5-YSR of  1 95% and 10-YSR of  1 80% in stage III 
jejuno-ileal NEN  [19] . Any resective procedure should 
follow the principles of oncological surgery in the small 
intestinal tract  [88–95] , but may sometimes require a 
concomitant right hemicolectomy if the tumour is locat-
ed in the terminal ileum. Curative resection also involves 
clearance of lymph node metastases by dissection around 
the mesentery, aiming to preserve the vascular supply. To 
limit the extent of small intestinal resection, lymphatic 
mapping has been suggested to be helpful but it is not a 
standardised procedure and therefore not generally rec-
ommended  [96] . A minimally invasive approach can be 
considered provided oncological surgical standards can 
be achieved; however, patients with large mesenteric in-
filtration and multiple tumours are probably not candi-
dates for laparoscopic resection. Furthermore, there are 
currently no published data to support or counter this 
thesis, and therefore the potential benefits of minimally 
invasive surgery should be weighed against the risk of in-
complete (i.e. non-curative) tumour resection. Postoper-
atively malabsorptive and/or chologenic diarrhoea due to 
resection of more or less extensive parts of the distal small 
intestine, and particularly the terminal ileum, may be ob-
served, and require either medical or nutritional therapy. 
However, postoperative mortality should be lower than 
2% and significant morbidity lower than 20%  [25, 95] .

  Concomitant Cholecystectomy 
 Since cholelithiasis appears to be increased in NEN pa-

tients, particularly in those undergoing SSA treatment, 
cholecystectomy has been recommended even for non-
symptomatic patients in the past  [97] . However, prospec-
tive proof of this concept has never been produced, and 
there is an ongoing debate as to whether routine cholecys-
tectomy is required or not  [98, 99]  because the increased 
incidence of cholelithiasis does not consistently lead to in-
creased clinical problems. It may therefore be individually 
decided by the operating surgeon depending on technical 
and clinical aspects (e.g. already present cholelithiasis, 
previous episodes of cholecystitis or cholangitis, or pre-
sumed cholecystolithiasis-associated right upper abdomi-
nal pain, planned transarterial (chemo-) embolization or 
selective internal radiotherapy SIRT, and the intraopera-
tive risk of cholecystectomy in an emergency situation).

  Minimal Consensus Statement on Curative Surgery 

 Curative surgery is always recommended whenever feasible. 
Surgery of the primary should be performed as segmental resec-
tion with wide lymphadenectomy. In case of lymph node in-
volvement around the superior mesenteric artery, high lymph 
node dissection is recommended. In cases with severe desmo-
plastic reaction around the artery, radical tumour resection may 
not be possible. 

  Cholecystectomy may be performed during the initial session 
to prevent or treat cholelithiasis, which may in the case of later 
SSA treatment cause cholecystitis, choledocholithiasis and/or 
cholangitis; the benefit of cholecystectomy has, however, never 
been prospectively proven. In emergency situations, cholecys-
tectomy may therefore not be enforced.

  Tumour multicentricity, which may occur in 20% of all cases, 
demonstrated by SRS, cross-sectional imaging, intraoperative 
palpation and/or endoscopy, does not change the indication for 
surgery. A minimally invasive approach may be considered pro-
vided oncological surgical standards can realistically be 
achieved; patients with large mesenteric infiltration and multi-
ple tumours are not candidates for laparoscopy.

  The outcome of surgery may be worse in cases of distant me-
tastases other than the liver, as in cases with the so-called frozen 
mesenteric root and peritoneal carcinomatosis. Careful pre- and 
perioperative symptomatic control of any carcinoid syndrome 
can be achieved by medical treatment (s.c. or i.v. SSAs).

  After curative surgery, there is no indication for specific med-
ical treatment and there is no proven role for neoadjuvant or 
adjuvant medical treatment in NEN of the jejuno-ileum.

  Palliative Surgery

Palliative Resection of the Primary Tumour in 
Metastatic Disease 
 In cases of distant metastases the decision of whether 

to resect the primary tumour or not will be influenced by 
three considerations: Firstly, if a curative approach in-
cluding curative resection of distant metastases (mostly 
liver metastases)  [3]  can still be reasonably achieved, then 
a primary tumour resection should be performed follow-
ing oncological standards as outlined above  [100] . Sec-
ondly, in symptomatic patients with symptoms due to 
small intestinal obstruction or (impeding) occlusion, re-
section of the cause of obstruction (either primary tu-
mour and/or mesenterial lymph node metastases) is obvi-
ously mandatory to prevent clinical deterioration or 
death, but this is in fact a palliative procedure. Thirdly, if 
a curative approach seems no longer achievable, primary 
tumour resection may still improve overall outcome and 
can therefore be considered  [25, 101] , although this has 
not been shown to be reproducible in all series  [23] . How-
ever, these data are all influenced by their retrospective 
nature and a potential ‘surgical’ bias favouring resectable 
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and thus less morbid patients. Thus, in the third setting 
comorbidities should carefully be considered, probably 
best in an interdisciplinary setting to avoid unnecessary 
risks to the patient.

  The aspects of debulking surgery are discussed in the 
previous guidelines by Steinmüller et al.  [102]  and in the 
metastasis section of the current guidelines update  [3] .

  Minimal Consensus Statement on Palliative Surgery 

 Palliative surgery for patients with endocrine tumours of the 
jejuno-ileum has the objective to make liver metastases the only 
persisting problem or to improve prognosis.

  Resection of the small intestinal primary tumour should be 
attempted because overall outcome is better in patients after pri-
mary tumour resection although a direct causal relationship has 
not been proven to date; an interdisciplinary discussion is rec-
ommended for such a decision. Resection should also be consid-
ered in symptomatic patients and in patients in whom imaging 
(bowel dilatation, mesenteric fibrosis) suggests that obstruction 
will probably occur.

  Patients suitable for palliative debulking procedures are those 
presumed to benefit from tumour reduction performed in ac-
cordance with given guidelines. Palliative surgery should main-
ly be done for symptomatic reasons or to facilitate other thera-
peutic modalities, i.e. medical or radionuclide treatment. The 
type of surgery should be individualised and no general ap-
proach can be given. If liver metastases require a minor resec-
tion, this can be done at the same procedure as the primary, 
otherwise it should be done at a second operation.

  In the palliative setting, medical therapy is frequently re-
quired pre-, peri-, and postoperatively. For further recommen-
dations, please refer to the metastasis paper  [3] .

  Carcinoid Heart Disease (Hedinger’s Syndrome) 
 Carcinoid heart disease (CHD) can be detected in 25% 

up to 50% of patients with carcinoid syndrome  [12, 25, 
103–109] . It indicates a poor prognosis and is associated 
with clinical signs of right heart failure, echocardio-
graphic signs of right ventricular dilatation or tricuspid 
valve regurgitation, and with the duration of CHD; prog-
nosis has improved over the last 20 years with 5-YSR from 
below 30% in the 1980s to now approximately 55%. The 
most important reason for this improvement is successful 
cardiac surgery with valve replacement  [106, 108–110] . 
CHD is characterised by plaque-like, fibrous endocardial 
thickening that principally involves the right side of the 
heart, causing retraction and fixation of the leaflets of the 
tricuspid and pulmonary valves as well as diminished 
right ventricular function  [111, 112] . These changes are 
thought to be elicited by excess serotonin release and co-
secretion of other fibrogenic factors such as tachykinins, 
connective tissue growth factor, transforming growth 
factor- �  and/or substance P  [103, 110, 112] .

  Transthoracic echocardiography is the most impor-
tant diagnostic modality  [105–107] , although cardiac 
MRI  [113]  and other newer techniques such as tissue 
Doppler imaging  [114]  may play a role in the future. CHD 
is echocardiographically characterised by plaque-like, fi-
brous endocardial thickening that principally involves 
the right side of the heart, causing retraction and fixation 
of the tricuspid leaflets and pulmonary valves as well as 
diminished right ventricular function  [110, 115] . Natri-
uretic peptides such as brain natriuretic peptide and its 
precursors have also been shown to be quite sensitive in-
dicators of early CHD and may be monitored regularly 
for early detection of CHD, when available  [116] . Screen-
ing for CHD should be performed on a regular basis 
( fig. 1 ), particularly prior to planned surgical procedures. 
If it develops, right heart failure rather than metastatic 
disease may be the cause of death. Medical therapy for 
heart failure should be introduced when necessary and 
cardiac surgery with valve replacement (bioprosthesis) 
should be considered for patients in whom control of hor-
monal symptoms and tumour growth has been achieved. 
Cardiac surgery should be performed before major liver 
surgery or liver embolisation, while on the other hand 
early liver metastasis resection may slow progression of 
CHD particularly in its earlier stages  [117] .

  More recently, the coincidence of a patent foramen 
ovale (PFO) has been described together with CHD  [118, 
119] , and may increase the chance of left-sided heart le-
sions; its closure has also improved functional outcome 
in CHD patients. A patent foramen ovale should there-
fore be ruled out in clinically progressing CHD and prior 
to cardiac surgery.   

  Minimal Consensus Statement on Carcinoid Heart 
Disease 

 For patients with the carcinoid syndrome and CHD, trans-
thoracic echocardiography should be performed annually; car-
diac MRI may be helpful but its usefulness has not been proven 
as yet. For timing of cardiac surgery with replacement of the tri-
cuspid (and pulmonary) valves, brain natriuretic peptide mea-
surements may be helpful, since they reflect the volume load on 
the right heart. At cardiac imaging a patent foramen ovale 
should be ruled out; if present its closure should be considered 
although only sparse data exist for this approach. Decisions to-
wards cardiologic intervention or cardiac surgery should be 
made on an individual basis in collaboration with an experi-
enced cardiologist and cardiac surgeon.

  Follow-Up 
 A precise follow-up strategy is described in the ENETS 

standards of care  [120] . Briefly, for patients having under-
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gone surgery with a curative intent, the schedule for fol-
low-up should be every 6–12 months, with the exception 
of grade 3 tumours, which should be followed every 3 
months. Patients who were not curatively treated should 
be followed at 6-month intervals for NET-G1 and 3-month 
intervals for NET-G2 and the very rare NEC-G3. Mini-
mal examination includes measurement of CgA and 
5-HIAA and triphasic CT. SRI should be performed in 
suspected recurrences before any therapeutic decisions 
are made, or even after curative resection with unknown 
NEN prior to surgery to rule out distant metastases. The 
follow-up should be lifelong, considering that after 25 
years only approximately 20% of patients are free of dis-
ease  [12, 121] .

  Minimal Consensus Statement on Follow-Up 

 For guidelines regarding follow-up strategies we recommend 
to follow the ENETS standards of care  [120] .

  Appendiceal Neuroendocrine Neoplasms 

 Epidemiology and Prognosis 
 NEN of the appendix have been reported with an in-

cidence rate of approximately 0.15/100,000/year in the 
SEER database  [8]  as well as in other population-based 
databases from Europe  [6, 9, 21, 122] , and probably com-
prise one of the largest subgroups of gastroenteropancre-
atic NEN depending on the series  [6, 11, 14, 24] . A slight 
female preponderance has been repeatedly described, 
and they may also be more frequent in the Caucasian sub-
population than in the African-American and Asian sub-
populations in the SEER  [8, 9]  as well as in a Japanese 
series  [7] , which suggests a lower incidence in the Asian 
populations. The incidence has increased throughout the 
last decades to up to 0.4–0.6/100,000/year in the UK  [6] , 
which parallels the phenomenon of the generally in-
creased incidence rate of all NEN. In single or multicen-
tre-based studies, appendiceal NEN may be under-repre-
sented because the majority of them may not be referred 
to secondary or tertiary centres. Similarly, registries such 
as the SEER in the USA  [8, 123] , the Norwegian Registry 
of Cancer  [9]  or the UK National Health Services Central 
Registry  [124] , which register only malignant tumours, 
will probably also underestimate the true incidence of ap-
pendiceal NEN. The incidence in appendicectomies per-
formed for any reason is approximately 3 to 9/1,000  [125–
129]  and thus they comprise a regularly observed prob-
lem in routine medical care. Appendiceal NEN comprise 

the largest subgroup of appendiceal neoplasms with ap-
proximately 80% of all appendiceal neoplasms (including 
both benign and malignant neoplasms). The mean age at 
diagnosis has been reported between 38 and 51 years and 
is thus considerably earlier than for other gastroentero-
pancreatic NEN  [6, 13–15] .

  The prognosis of the majority of appendiceal NEN is 
excellent in the series that report outcome on limited tu-
mour stages with 5-YSR of 100% or close to this  [13, 21, 
130, 131] . However, the whole cohort including all tu-
mour stages does not show such a favourable prognosis, 
with 5-YSR ranging between 70 and 85%  [13, 21, 130–
132] . This is still better than for all jejuno-ileal NEN, al-
though advanced stages with distant metastases have 
been reported with a much poorer prognosis and a 5-YSR 
of as low as 12–28%  [8, 21] . However, it is not clear to what 
extent more ‘malignant’ histologies such as GCC or 
mixed adenoneuroendocrine carcinomas (MANEC) 
with a poorer prognosis per se may have been included in 
these series. In addition, variations in reported survival 
rates in all NEN have been reported for Europe and may 
also influence these figures for appendiceal NEN  [133] .

  Minimal Consensus Statement on Epidemiology and 
Prognosis 

 Appendiceal NEN are reported in the literature with an inci-
dence of 0.15/100,000/year. They are diagnosed slightly more 
often in female than in male patients at an average age of 40–50 
years. Appendiceal NEN are, however, much more frequently 
diagnosed incidentally during appendicectomy with a rate of 
approximately 3–5/1,000 appendicectomies. There seems to be 
no overall difference between Caucasians and African-Ameri-
cans, however, in Japan they appear to be rarer. In contrast, ma-
lignant tumours seem to occur more often in Caucasians com-
pared to other races.

  While at a limited stage, survival is extremely good (local dis-
ease: 5-YSR 95–100%, regional disease: 85–100%), the few cases 
with distant metastasis present with relatively poor survival (5-
YSR:  � 25%).

  From the available data it is concluded that an appendiceal 
NEN with a size  ̂  1 cm, with invasion up to the subserosa or 
mesoappendiceal invasion up to 3 mm, and clear surgical mar-
gins, poses no further risk of recurrence after appendicectomy. 
Most tumours (70%) are located at the tip of the appendix. How-
ever, tumours at the base of the appendix, tumours  1 2 cm, deep 
mesoappendiceal invasion or margin invasion, confer a relevant 
risk of recurrence and further surgical procedures are warrant-
ed although no data have proven a survival benefit by more ag-
gressive surgery. 

  Clinical Presentation 
 Most appendiceal NEN are incidental findings in 

post-appendicectomy specimen and therefore no charac-
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teristic tumour-specific symptomatology is established. 
However, symptoms that lead to appendicectomy such as 
right lower abdominal pain are thus indirectly associated 
with appendiceal NEN, although due to their most fre-
quent localisation at the tip of the appendix (approx. 70%) 
these NEN are very probably not causative of acute ap-
pendicitis  [27, 129, 134–137] . In the rare cases of distant 
metastases these may cause symptoms related to the lo-
calisation of the metastasis (see metastasis chapter  [3] ). 
The carcinoid syndrome is only very rarely described in 
metastatic patients  [126, 129, 135]  and thus should rather 
raise suspicion of a small intestinal primary tumour in 
the metastatic patient.

  Minimal Consensus Statement on Clinical 
Presentation 

 NEN of the appendix are rarely symptomatic in the large ma-
jority of cases due to the incidental nature of their diagnosis. 
However, tumours with extensive local disease or distant metas-
tases may appear symptomatic with abdominal pain, a tumour 
mass effect or signs of bowel obstruction. An association with 
the carcinoid syndrome is extremely rare and indicates meta-
static disease.

  Diagnostic Procedures 
 Since most appendiceal NEN are incidentally diag-

nosed by postoperative histology, diagnostic procedures 
relate mostly to postoperative staging, follow-up and to 
the rare cases with suspected or evidenced distant metas-
tasis.

  Imaging 
 There are no specific diagnostic studies focusing on 

appendiceal NEN only, and therefore the considerations 
which apply to small intestinal NEN (see above) are con-
sidered also valid for appendiceal NEN.

  Cross-sectional imaging using CT or MRI with mod-
ern protocols should be used to rule out locoregional or 
distant metastasis  [138] . NEN limited to the appendix 
may be detected by transabdominal ultrasonography 
which in spite of its investigator-dependent limitations is 
the least invasive procedure; it has, however, not been val-
idated prospectively. Endoscopy is rarely helpful unless 
the tumour is locally advanced and infiltrates the caecum 
which is a very rare situation, and therefore routine colo-
noscopy for tumour detection is not recommended. In 
the context of the potentially increased incidence of sec-
ondary neoplasms, general recommendations regarding 
colorectal cancer screening should be followed. SRI using 
either indium-111-SRS (including SPECT) or PET scan-

ning using gallium-68-labelled SSAs in combination 
with CT may be considered in cases when curative resec-
tion is not completely assured or when distant metastasis 
is suspected.

  Laboratory Tests 
 CgA can be used as a tumour marker in appendiceal 

NEN as it is used in small intestinal NEN (see above), and 
it is particularly useful to differentiate NEN from GCC; 
it has been described to be increased in appendiceal NEN 
 [139, 140]  although its role for regular follow-up has not 
been thoroughly studied. It is thus probably indicated in 
metastatic disease as a follow-up parameter. In the very 
rare patient with carcinoid syndrome, urinary 5-HIAA is 
useful (see above). To avoid falsely elevated 5-HIAA lev-
els, proper proceedings with 24-hour urine collection 
and food and/or medical restrictions during the collect-
ing period should be adhered to  [70] .

  Minimal Consensus Statement on Diagnostic 
Procedures 

 For the majority of well-differentiated appendiceal NEN di-
agnosed incidentally, with a maximum diameter  ! 1 cm and R0 
resection, no postoperative diagnostic procedure is required. 
For well-differentiated tumours of 1 to  ! 2 cm and R0 resection 
there are no clear data, but a single CT or MRI of the abdomen 
to rule out lymph node or distant involvement is justified. In 
cases with deep mesoappendiceal infiltration or angioinvasion 
and tumours  1 2 cm, CT or MRI of the abdomen and SRS, ide-
ally in combination with SPECT/CT or somatostatin receptor 
PET in combination with native or preferably 3-phase contrast-
enhanced CT, may be performed to detect or rule out potential-
ly distant tumour spread.

  CgA may be used as a surrogate parameter but has not been 
particularly validated for diagnosis and follow-up of appendi-
ceal NEN.

  Pathology and Genetics 
 Histopathological characterisation of appendiceal 

NEN includes immunohistochemical proof of the neuro-
endocrine tumour entity by immunohistochemical stain-
ing for synaptophysin and CgA, as well as for Ki67 to 
determine the proliferative capacity of the tumour  [72–
74] . The Ki67 index also determines the tumour grading 
according to the current WHO classification (see table 4) 
 [72, 74] .

  Stratification According to Size, Localisation and 
Extent of Invasion 
 Size of the appendiceal NEN, localisation within the 

appendix and the extent of invasion into the mesoappen-
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dix are essential criteria for the therapeutic and follow-up 
stratification of appendiceal NEN which are usually well 
differentiated (G1/2).

  The key issue is the correct T classification of the fre-
quently incidentally detected appendiceal NEN because 
only tumours  ! 1 cm (T1a according to UICC/AJCC and 
T1 according to ENETS;  table 3 ) can be considered cured 
by simple appendicectomy, even in children  [141, 142] . Al-
though children are not an explicit part of these guide-
lines, they provide the longest follow-up data and thus 
confirm the approach of simple appendicectomy in ap-
pendiceal NEN  ! 1 cm in size. Overall survival is 100% in 
this subgroup of appendiceal NEN in the published series.

  However, appendiceal NEN  1 2 cm, although rare (less 
than 10%), carry a risk of metastases which has been re-
ported between 25 and 40%  [122, 128, 134]  and therefore 
a radical oncological resection and long-term follow-up 
are necessary for this stage (T2 according to UICC/AJCC 
and T3 according to ENETS;  table 3 ). Some series have, 
however, not detected any metastases in this subgroup 
 [143] , while others have recently reported occurrence of 
metastases  [144] .

  The intermediate size group of appendiceal NEN 
 1 1 cm but  ! 2 cm (T1b according to UICC/AJCC and T2 
according to ENETS;  table 3 ) is the group with a less clear 
situation. Although metastases also seem to only very 
rarely occur in this subgroup, which comprises 5–25% of 
all appendiceal NEN, their occurrence has been described 
in up to 10% in some series although the largest by Mo-
ertel et al.  [134]  did not report any metastases in this sub-
group. It is therefore not clear whether these NEN neces-
sarily require a more aggressive surgical approach than 
just appendicectomy, or whether this would be overtreat-
ment. A careful discussion with the patient and a careful 
consideration of his or her lifetime expectations should 
therefore also be part of the decision-making as long as 
definitive scientific clarity is not available.

  An additional criterion to assist in decision-making is 
the localisation of the NEN within the appendix. Most 
appendiceal NEN are located at the tip of the organ (60–
75%) while some are located at the mid-appendix (5–20%) 
and the smallest fraction (less than 10%) at the base of the 
appendix. Although no clear correlation with outcome 
exists, incomplete resection after appendicectomy and 
thus metastases probably occur more frequently (al-
though still infrequently) when the NEN is located at the 
base of the appendix; therefore, this may be an (as yet un-
proven) argument for a more aggressive surgical strategy 
in appendiceal NEN between 1 and 2 cm in size.

Table 3.  Comparison of TNM classification of appendiceal NEN 
according to ENETS [74] versus UICC/AJCC [73] (TNM classifi-
cation)

ENETS UICC/AJCC

T – primary tumour
x primary tumour cannot be 

assessed
0 no evidence of primary tumour
1 tumour ≤1 cm invading 

submucosa and muscularis 
propria

1a tumour ≤1 cm in greatest 
dimension

1b tumour >1 cm but ≤2 cm 
in greatest dimension

2 tumour ≤2 cm invading submu-
cosa, muscularis propria and/or 
minimally (up to 3 mm) invad-
ing subserosa/mesoappendix

tumour >2 cm but ≤4 cm 
or with extension to the 
caecum

3 tumour >2 cm and/or extensive 
(>3 mm) invasion of subserosa/
mesoappendix

tumour >4 cm or with ex-
tension to the ileum

4 tumour invades
peritoneum/other organs

tumour perforates
peritoneum or invades 
other adjacent organs or 
structures, e.g. abdominal 
wall and skeletal muscle

N – regional lymph node metastasis
x regional lymph nodes cannot be assessed
0 no regional lymph node metastasis
1 regional lymph node metastasis

M – distant metastasis
X distant metastasis cannot be assessed
0 no distant metastases
1 distant metastasis

E NETS stage: 
stage 0: 
stage I:
stage IIa: 
stage IIb: 
stage IIIa: 
stage IIIb: 
stage IV:

UICC/AJCC stage: 
stage I: 
stage II: 
stage III: 
 
stage IV:

Tis
T1
T2
T3
T4
any T
any T

T1
T2-3
T4
any T
any T

N0
N0
N0
N0
N0
N1
any N

N0
N0
N0
N1
any N

M0
M0
M0
M0
M0
M0
M1

M0
M0
M0
M0
M1
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  Another important criterion is invasion of the mesoap-
pendix and the extent of invasion into the mesoappendix 
(T2 vs. T3 stage according to ENETS, not considered by 
UICC/AJCC, see  table 3 ) although it is frequently under-
reported in the pathology reports. Invasion of the NEN 
into the mesoappendix can relatively frequently be ob-
served in up to 20% of adults and up to 40% in children; on 
more detailed pathological analysis the incidence may 
even be higher  [145–147] . While infiltration of the appen-
diceal serosa does not per se seem to be associated with 
poorer outcome, invasion into the mesoappendix shows a 
higher rate of lymphatic invasion than in cases without. 
The depth of invasion beyond 3 mm has been suggested to 
reflect the aggressiveness of the disease and therefore the 
TNM classification by ENETS uses this criterion to distin-
guish T2 from T3 tumours even in case of tumours  ! 2 cm; 
this means that even smaller tumours with deep mesoap-
pendiceal invasion beyond 3 mm carry a higher risk of me-
tastasis  [74] . A more aggressive surgical approach beyond 
appendicectomy and an appropriate follow-up strategy 
may therefore be required in these patients, although pro-
spective long-term data are not available at the moment.

  Minimal Consensus Statement on Pathology and 
Genetics 

 Histology is always necessary to establish the diagnosis. Cytol-
ogy may be helpful, particularly in the rare metastatic setting. 
The minimal ancillary tests to support the histological diagnosis 
include immunohistochemistry for CgA and synaptophysin. Ei-
ther the mitotic count per 10 HPF (2 mm 2 , at least 40 fields at 
40 !  magnification), evaluated in areas of highest mitotic den-
sity, or the Ki67 index (MIB1 antibody; % of 2,000 cells in areas 
of highest nuclear labelling), should be reported ( table 4 ). The 
histopathology report should allow for a correct classification 
according to the current WHO criteria. ENETS-TNM staging 
differs for T stages from AJCC/UICC/WHO-TNM staging for 
appendiceal tumours. It is strongly recommended to use the EN-
ETS-TNM classification in addition to the AJCC/UICC/WHO 
system and to indicate this in the pathology report ( table 3 ).

  No genetic association has been reported thus far and there-
fore there is currently no need for any genetic testing.

  Surgical Therapy 
 Two surgical procedures can be applied to treat appen-

diceal NEN: simple appendicectomy and oncological 
right-sided hemicolectomy.

  As outlined above, appendiceal NEN are frequently 
diagnosed incidentally on the occasion of appendicecto-
my for suspected or manifest acute appendicitis. The 
NEN may either be already detected during this proce-
dure or afterwards by the pathologist on histological 
evaluation. Similarly to the staging criteria mentioned 
above, the surgical strategy should be tailored to the in-
dividual situation: 

  For T1 (ENETS) or T1a (UICC/AJCC) NEN (i.e. 
 ! 1 cm), generally simple appendicectomy is curative and 
sufficient. The only exception could be the extremely rare 
situation when the NEN is located at the base of the ap-
pendix and incompletely resected or when a mesoappen-
diceal invasion  1 3 mm may be detected in these very 
small NEN. Under these circumstances, completion of 
the resection seems advisable, although a worsened prog-
nosis has not been proven and a higher complication rate 
than with simple appendicectomy has to be discussed 
with the patient.

  For NEN  1 2 cm with a T3 stage (ENETS) or higher 
and T2 (UICC/AJCC) or higher respectively, a right-sided 
hemicolectomy is advised due to the clearly increased risk 
of lymph node metastasis and long-term tumour recur-
rence and/or distant metastasis. The right-sided hemico-
lectomy should be performed either as the initial surgical 
intervention should the problem be overt at that time, or 
during a second intervention. 

  In the case of a T2 (ENETS) or a T1b (UICC/AJCC) 
NEN with a size between 1 and 2 cm, lymph node or dis-
tant metastases seems unlikely but possible, particularly 
on a longitudinal perspective for these in the majority of 
cases relatively young patients. Thus, definitive curative 
treatment seems much more likely with right-sided hemi-
colectomy but at an increased perioperative risk when 
compared to simple appendicectomy. Therefore, the ad-
ditional criteria of localisation of the NEN at the base of 
the appendix (particularly with R1 resection) or a meso-
appendiceal invasion  1 3 mm should be taken into con-
sideration. In any of these cases, right-sided hemicolec-
tomy seems advisable, but long-term prospective data are 
currently not available.

  Additional criteria such as a Ki67 index of 3% or high-
er (NET-G2) or angioinvasion have been suggested to aid 
with decision-making, but even less evidence for these 
criteria has been published.

Table 4.  Grading of appendiceal NEN according to ENETS/UICC 

[72–74]

Grade Ki67 index Mitotic index (mitoses/10 HPF)

G1 ≤2% <2
G2 3–20% 2–20
G3 >20% >20
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  Minimal Consensus Statement on Surgical Therapy 

 It is generally felt that a well-differentiated appendiceal NET 
 ! 2 cm is cured by appendicectomy independent of the location 
of the tumour. Thus, right hemicolectomy is justified only in 
those rare tumours 1–2 cm but with positive or unclear margins 
or with deep mesoappendiceal invasion (ENETS T2), higher 
proliferation rate (G2) and/or angioinvasion. Tumours with a 
diameter  1 2 cm should be treated by right hemicolectomy.

  Follow-Up 
 In cases of curative resection of appendiceal NEN  ! 1 

cm by simple appendicectomy, no specific follow-up 
strategy has been recommended.

  For cases with right-sided hemicolectomy due to a size 
 1 1 cm but without proof of lymph node involvement or 
any other residual disease in the resected specimen, again 
a specific follow-up strategy does not seem to be necessary.

  For cases with involvement of the lymph nodes or any 
cases with resected distant metastases, however, long-
term follow-up because of the proven invasiveness of the 
tumour is advised.

  Finally, the patient with an appendiceal NEN with a 
size between 1 and 2 cm who has not received right-sided 
hemicolectomy for whatever reason (comorbidity, no con-
sent, hesitancy, etc.) but with risk factors (i.e. localisation 
at the base of the appendix, mesoappendiceal invasion  1 3 
mm, presumably NET-G2 or angioinvasion), regular fol-
low-up due to the presumed risk of lymph node metastases 
seems advisable but unproven. It should be considered that 
neither determination of surrogate parameters (i.e. CgA or 
5-HIAA) nor indirect non-invasive imaging have been 
studied for their sensitivity for detection of metastasis or 
local tumour recurrence in this specific setting. Cumula-
tive exposure to irradiation with repetitive scanning may 
be an argument to use MRI rather than CT scanning in 
the younger and particularly the fertile patient (female or 
male). The role of colonoscopy or transabdominal ultra-
sound imaging has not been established in this setting, 
and it is therefore not automatically recommended. How-
ever, it seems rational to apply transabdominal ultrasound 
to extend intervals between MRI or CT examinations.

  Although unproven, lifelong awareness of the poten-
tial of these slowly growing tumours to recur should be 
kept in mind in appendiceal NEN  1 2 cm or  1 1 cm with 
risk factors.

  Minimal Consensus Statement on Follow-Up 

 For guidelines regarding follow-up strategies, we recommend 
to follow the ENETS standards of care  [120] . For well-differen-

tiated tumours, diagnosed incidentally, with a maximum diam-
eter  ! 1 cm and R0 resection, no follow-up is required when con-
sidered cured. For well-differentiated tumours of 1–2 cm and R0 
resection, there are no sufficient data for a clear-cut decision. 
Most participants of the consensus conference suggested that no 
follow-up is required. However, in cases with deep mesoappen-
diceal infiltration or angioinvasion, imaging as outlined above 
may be performed to rule out any residual disease. All other pa-
tients with either larger tumours, metastases or additional risk 
factors (R1 resection, tumour size  1 2 cm), should be followed 
initially after 6 and 12 months postoperatively and then annu-
ally, although this approach has not been validated.

  Goblet Cell Carcinoids/Carcinomas 

 Introductory Commentary 
 Although presenting themselves with more or less pro-

nounced neuroendocrine features, GCC should be con-
sidered a rare subtype of mixed adeno-neuroendocrine 
carcinomas (MANEC) which comprise a clinically and 
therapeutically differing entity from other midgut NEN. 
Due to their rarity, data on GCC are scarce and the guide-
lines below represent mostly expert opinions based on the 
available literature. ENETS decided to continue to com-
ment on this entity because due to the at least partially 
neuroendocrine phenotype experts treating NEN are also 
frequently consulted for GCC. However, GCC are not 
NEN in a strict sense, which is also demonstrated by the 
issues discussed below. Because the medical treatment of 
metastatic GCC is not discussed in the metastatic NEN 
chapter by Pavel et al.  [3] , the minimal consensus state-
ment regarding this issue is also included in this section.

  Epidemiology and Prognosis 
 Appendiceal GCC occur with an incidence of approx-

imately 0.01–0.05/100,000/year and thus are very rare ep-
ithelial neoplasms  [130, 132]  with malignant behaviour. 
GCC represent one subtype within the spectrum of epi-
thelial neoplasms from the appendix which cover colonic 
type adenocarcinomas, mucinous adenocarcinomas, sig-
net ring cell (adeno)carcinomas, GCC and appendiceal 
NEN  [130–132, 148] . Exact figures on incidences and per-
centage of GCC among appendiceal neoplasms vary de-
pending on the data source and particularly whether be-
nign appendiceal neoplasms are also considered  [149] . 
However, GCC are malignant neoplasms and therefore 
probably well documented in the SEER database  [130, 
132]  which currently provides the most detailed informa-
tions on GCC.

  The mean age at initial diagnosis of GCC is 52 years in 
the SEER database and thus approximately 10 years high-
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eratively by histology  [153] . In addition, symptoms of 
small bowel obstruction (up to 20%), or right lower quad-
rant abdominal pain, may be detected. Diarrhoea has also 
been described, but approximately one third of the pa-
tients may actually be asymptomatic and the GCC an in-
cidental finding on surgery performed for other reasons 
such as cholecystecomy or gynaecological surgery  [134, 
137, 151] . GCC may in rare instances also present as 
Krukenberg tumour(s) in the ovaries  [154, 155] .

  Minimal Consensus Statement on Clinical 
Presentation 

 Most GCC, when located in the mid-third of the appendix, 
may cause appendicitis. At diagnosis, approximately 10% of 
these tumours are already widespread with distant metastases 
to the liver, the ovaries and the peritoneum.

  Diagnostic Procedures 
 Similarly to appendiceal NEN, most GCC are inciden-

tally diagnosed postoperatively  [148]  and thus diagnostic 
procedures mostly concern postoperative rather than 
preoperative staging and follow-up, and to the rare cases 
with suspected or evidenced distant metastasis  [153, 156] .

  Imaging 
 There are – again similar to appendiceal NEN – no 

specific diagnostic studies focusing on GCC and there-
fore the considerations which apply to appendiceal NEN 
(see above) are also valid for GCC.

  Thus, cross-sectional imaging using CT or MRI with 
modern protocols should be used to rule out locoregional 
or distant metastasis  [138] . GCC limited to the appendix 
may be detected by transabdominal ultrasonography in 
spite of its investigator-dependent limitations, but it has 
not been validated prospectively. Endoscopy is sometimes 
helpful when the GCC is locally advanced and infiltrates 
the caecum and is obviously only indicated prior to sur-
gery, which is a rare situation  [151] . In the context of po-
tentially increased incidences of secondary neoplasms, 
general recommendations regarding colorectal cancer 
screening should be followed  [153] . SRI using either scin-
tigraphy (SRS; including SPECT scanning) or PET scan-
ning in combination with CT may be considered in cases 
when curative resection is not completely assured or when 
distant metastasis is suspected. However, the sensitivity of 
SRI decreases with less neuroendocrine differentiation 
and therefore less somatostatin receptor expression, and 
cross-sectional imaging is more sensitive and therefore 
more useful in these cases  [157, 158] .

er than that for appendiceal NEN, but roughly 10 years 
lower than that for jejuno-ileal NEN. A gender preference 
has not been described for GCC in population-based da-
tabases  [130–132, 148]  while individual case series, which 
are probably biased, have shown inconclusive data  [150–
152] . An ethnic preference for Caucasians is clearly de-
scribed, with more than 80% of GCC reported in this 
subgroup in the SEER  [130, 132] . However, a recent series 
reported the characteristics of appendiceal GCC from 
China  [150] ; in this series, interestingly an association of 
GCC with schistosomiasis was discussed, the only poten-
tial risk factor for GCC identified to date.

  Outcome data are again influenced by varying classi-
fications of appendiceal adenocarcinomas with more or 
less pronounced goblet cell and/or neuroendocrine fea-
tures. The overall 5-YSR for GCC ranges between 40 and 
75%  [130, 131, 148]  and is stage-dependent, while, for com-
parison, the 5-YSR is between 0 and 15% in signet ring cell 
carcinoma and colonic type adenocarcinoma both of the 
appendix. While stage distribution is similar to appendi-
ceal NEN at initial diagnosis in the SEER (which includes 
only ‘malignant’ neoplasms), the outcome is worse even 
for localised disease (5-YSR 86 vs. 100% in appendiceal 
NEN) and more pronounced so in regionally metastasised 
stages (5-YSR 74 vs. 83% in appendiceal NEN) and with 
distant metastasis (5-YSR 18 vs. 30% in appendiceal NEN). 
This illustrates that in early stages GCC have a similar 
outcome to appendiceal NEN, while in advanced stages 
their outcome figures more closely resemble those of co-
lonic-type adenocarcinoma  [130, 131, 148] .

  Minimal Consensus Statement on Epidemiology and 
Prognosis 

 GCC are rare appendiceal tumours, which must be differenti-
ated from appendiceal NEN, and are considered as MANEC, 
biologically a subtype of adenocarcinoma. In approximately two 
thirds they are incidental findings on appendicectomy or ileo-
caecal resection. They occur during the fifth decade, more often 
in the Caucasian population than any other group, with an equal 
distribution between the sexes.

  In limited stages survival is better (locoregional disease: 50–
80%) than in cases with distant metastasis (5-YSR:  ! 20%).

  Clinical Presentation 
 The clinical picture patients present with is usually 

quite non-specific and most frequently includes symp-
toms of acute appendicitis in approximately 50–60% with 
or without concurrent peritonitis in an additional 10–
20%  [137, 151] . The appendicitic cause of the preoperative 
complaints is usually confirmed in most patients postop-
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  Laboratory Tests 
 In contrast to appendiceal NEN, serum CgA has no 

value for the detection and monitoring of GCC  [151] . 
Conversely, carcinoembryonic antigen (CEA), CA-19-9 
and CA-125 have been shown to be elevated in GCC in up 
to 80% of patients, and therefore are of greater value for 
follow-up of GCC although none of these has been pro-
spectively validated for this indication  [151] .

  Minimal Consensus Statement on Diagnostic 
Procedures 

 Investigations after the initial diagnostic surgical interven-
tion will involve a similar work-up as for high risk ( 1 2 cm) ap-
pendiceal endocrine tumours. Because GCC bear a higher risk 
of distant metastases, a chest CT is added to the work-up strat-
egy, in addition to a CT of abdomen and pelvis or alternatively 
MRI of the abdomen and pelvis together with SRI; in cases of 
negative SRI, FDG-PET may be useful but is not validated for 
GCC. Lifelong screening for synchronous or metachronous ma-
lignancies is recommended. In contrast to appendiceal NEN, 
CgA determination is not recommended. CEA, CA-19-9 and 
CA-125 are suggested as tumour markers.

  Pathology and Genetics 
 Since GCC display neuroendocrine as well as adeno-

carcinomatous features, their histopathological classifi-
cation is not simple and has been a matter of debate  [159, 
160] .

  The histological hallmark of GCC is focal presence of 
mucin-containing goblet-shaped epithelial cells which 
may cluster in the lamina propria of submucosa of the ap-
pendix, leaving the appendiceal mucosa itself intact  [148, 
150, 156, 161, 162] . The tumours are usually ill defined 
and extend both longitudinally and circumferentially 
within the appendix as well as into the mesoappendix and 
beyond. Interestingly, a conventional histomorphologic 
variant of lipid-rich well-differentiated appendiceal NEN 
is a morphologic differential diagnosis to GCC which 
should be managed like appendiceal NEN but may histo-
logically be confused with GCC  [163]  because of their 
clear cell appearance. GCC, however, stain positive on 
periodic acid-Schiff (PAS) staining of mucin (with or 
without alcian blue, PAS-AB), and thus can be differenti-
ated from appendiceal NEN. Another topic of discussion 
is the conventional histological differential diagnosis be-
tween goblet and signet ring cells, the latter being associ-
ated with a more unfavourable prognosis  [148, 160, 164] . 
For the clinician this probably means that in cases of 
doubt a second pathological opinion from a referral cen-
tre is advisable. TNM classification should be performed 

according to UICC/AJCC in analogy to appendiceal NEN 
( table 5 )  [73] .

  Immunohistochemical staining of GCC shows some 
characteristics that clearly identify the majority of GCC. 
Besides more or less pronounced expression of the neu-
roendocrine markers CgA and synaptophysin, the ex-
pression of CEA provides the hallmark marker that dif-
ferentiates between appendiceal NEN and GCC  [150, 161, 
165] . Cytokeratin staining for CK20  [161, 166]  or CK19 
 [162]  may assist in differential diagnosis between appen-
diceal NEN or adenocarcinomas respectively. The pres-
ence of mucin vacuoles and decreased number of secre-
tory granules in comparison to NEN has also been ultra-
structurally confirmed by electron microscopy  [165] . 
However, in very rare cases, truly mixed tumours with 
features of both NEN and GCC may also exist  [167] .

  Ki67 increases with decreasing differentiation of ap-
pendiceal neoplasms, however a clear correlation with 
clinical outcome as in NEN has been suggested by small 
series but not uniequivocally  [148, 160–162, 165] ; it is how-
ever recommended as a routine indicator of prognosis 

Table 5.  TNM classification of GCC according to UICC/AJCC 
(identical to TNM classification of appendiceal NEN by UICC/
AJCC) [73] (TNM classification)

T – primary tumour
x primary tumour cannot be assessed
0 no evidence of primary tumour
1 tumour ≤2 cm in greatest dimension
a tumour ≤1 cm in greatest dimension
b tumour >1 cm but ≤2 cm in greatest dimension
2 tumour >2 cm but ≤4 cm or with extension to the caecum
3 tumour >4 cm or with extension to the ileum
4 tumour perforates peritoneum or invades other adjacent 

organs or structures, e.g. abdominal wall and skeletal muscle

N – regional lymph node metastasis
x regional lymph nodes cannot be assessed
0 no regional lymph node metastasis
1 regional lymph node metastasis

M – distant metastasis
X distant metastasis cannot be assessed
0 no distant metastases
1 distant metastasis

S tage: 
stage I: 
stage II: 
stage III: 

stage IV: 

T1
T2-3
T4
any T
any T

N0
N0
N0
N1
any N

M0
M0
M0
M0
M1
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eral salpingo-oophorectomy has been suggested  [156]  
but its advantage remains unproven. Cytoreductive sur-
gery with adjuvant intraperitoneal chemotherapy may 
offer prolonged survival in cases with advanced perito-
neal dissemination  [156, 169, 170]  but has not been stud-
ied prospectively. Surgical treatment of liver metastases 
might follow the standard procedures recommended in 
the guidelines for intestinal neuroendocrine carcino-
mas, but experience is scarce, since this clinical setting 
seems to be extremely rare. Thus, there are no data to ad-
dress the question as to whether goblet cell liver metas-
tases should be treated similar to liver metastases from 
colorectal cancer.

  Minimal Consensus Statement on Surgical Therapy 

 Hemicolectomy is considered the standard surgical treatment 
of GCC. Treatment of liver metastases, particularly medical 
treatment, should follow the corresponding recommendations 
for adenocarcinomas (i.e. colonic carcinoma).

  Palliative Therapy of Metastatic GCC 
 In cases of non-resectable locoregional disease or dis-

tant metastasis, a cytotoxic anti-proliferative treatment is 
indicated and has been shown to be effective in at least 
50% of reported patients with stable disease for a mini-
mum of 8 months and up to more than 12 months  [87, 
151, 152, 156, 169] . However, the substances used are quite 
variable but most include a 5-fluorouracil-based combi-
nation regimen (e.g. FOLFOX).

  Other treatment strategies, such as ablative treatment 
of liver metastasis, have not been systematically studied, 
but may be considered in individual cases. PRRT has also 
not systematically been studied, depends on somatostatin 
receptor expression and is less effective in patients with 
higher Ki67 index  [171] ; therefore it is still highly investi-
gational and cannot be generally recommended.

  Minimal Consensus Statement on Medical Therapy 

 In spite of the scarcity of data, based on clinical experience 
and anecdotal reports, it is recommended that patients with ad-
vanced GCC are treated with 5-fluorouracil-based chemothera-
peutic regimens as for colorectal adenocarcinoma.

  Follow-Up 
 Because GCC is a more malignant entity and has a high 

tendency to recur, a comparable strategy to colorectal car-
cinoma is recommended. In case of metastatic disease, 
ongoing 3-month-interval staging is recommended to de-
tect disease progression and submit to therapy  [153, 156] .

since it seems to be generally and significantly higher in 
the appendiceal adenocarcinomas than in GCC and NEN. 
Grading of the adeno-component similar to grading of 
jejuno-ileal and appendiceal NEN ( tables 2 ,  4 ) might be of 
prognostic relevance  [148]  but awaits validation.

  Other interesting immunohistochemical markers or 
combinations of such have been studied such as staining 
for glucagon in combination with serotonin  [161] , CK19 
and CD99  [162] , p21,  � -catenin and E-cadherin  [150] , but 
cannot currently be recommended for routine application.

  There are only very few genetic studies on appendiceal 
GCC which have suggested that, similar to jejuno-ileal 
NEN, allelic loss of chromosomes 11q, 16q and 18q may 
play a role in the pathogenesis of GCC  [87] . However, 
there is neither a familial association nor a clinically rel-
evant role for genetic testing.

  Minimal Consensus Statement on Pathology and 
Genetics 

 A complete pathological report requires ancillary immuno-
histochemical tests such as CgA, synaptophysin, CEA, CK20 
and PAS-AB to differentiate other tumour entities; other IHC 
markers for tumour cell subtyping or malignant behaviour are 
not validated in GCC. Mitotic index or Ki67 should be assessed 
following the consensus recommendations (see  tables 2 ,  4 ), but 
their correlation with prognosis is not established in GCC. The 
WHO system does not include GCC in the category of NEN. 
TNM for GCC is as for adenocarcinomas of the appendix (see 
 table 5 ). These tumours should be treated as adenocarcinomas 
depending on stage. However, patients with these tumours are 
referred to NEN centres.

  No genetic association has been reported thus far and there-
fore there is currently no evidence for any genetic testing.

  Surgical Therapy 
 Right hemicolectomy, usually to be performed after 

initial appendicectomy, is the standard surgical inter-
vention for the majority of GCC, since metastatic risk is 
high and prognosis poor if metastasis occurs  [130, 151–
153, 156, 168] . Right hemicolectomy is recommended to 
take place within 3 months of the appendicectomy, in 
which case the same surgical strategy applies as for 
colorectal tumours. Some authors have shown that GCC 
 ! 1 cm, localised tumours, without serosal, mesoappen-
diceal or caecal invasion, and with low proliferative in-
dex, can be better served with appendicectomy alone 
 [136, 152, 153] , because in these low-risk tumours metas-
tases rarely develop. However, these are very rare situa-
tions. Morbidity of right hemicolectomy is not negligible, 
and can be as high as 40% in the elderly. In female pa-
tients with GCC of the appendix, regardless of age, bilat-
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  Another aspect is that even in curatively resected and 
long-term recurrence-free patients, secondary neoplasms 
such as colorectal cancer have been described with in-
creased incidence as compared to the average population, 
and therefore lifelong surveillance should be performed al-
though the precise strategy has not been defined  [137, 153] .

  Minimal Consensus Statement on Follow-Up 

 The scheduled follow-up for patients after curative surgical 
treatment should include clinical, biochemical and imaging ev-
ery 3–6 months, then yearly, mimicking the guidelines for 
colorectal adenocarcinoma. Due to the malignant potential the 
duration of the follow-up should be unlimited, but this has not 
been formally studied. Gastrointestinal follow-up is recom-
mended because of the high coincidence (up to 48%) of gastro-
intestinal neoplasms in these patients.

  Medical Therapy in Advanced Disease – General 

 Treatment of advanced disease is updated in a separate 
and comprehensive chapter  [3] . Here is a brief summary 
regarding anti-proliferative treatment. In a prospective 
randomised placebo-controlled trial of octreotide LAR 
in midgut NET (PROMID trial) the anti-proliferative ef-
ficacy of octreotide LAR has been confirmed  [172] . Me-
dian time to tumour progression was 14.3 months with 
octreotide LAR and 6.0 months with placebo. Based on 
the results of this trial, the use of SSAs, especially octreo-
tide LAR, is recommended for anti-proliferative purpos-
es in functioning and non-functioning midgut tumours.

  Two prospective randomised trials in metastatic gas-
troenteropancreatic NETs have shown that SSAs, inter-
feron or the combination of both, have comparable anti-
proliferative effects when used after prior disease pro-
gression  [172, 173] .

  PRRT is considered in both functioning and non-func-
tioning NET and irrespective of the primary tumour site. 
Based upon small phase II trials and retrospective data, 
partial remission rates range between 0 and 33%  [174, 175] .

  Given the limited treatment options for anti-prolifer-
ative therapy in NET of midgut and other non-pancreat-
ic sites, everolimus, if available, may be a treatment op-
tion in functioning and non-functioning NETs  [176] .

  Minimal Consensus Statement on Medical Therapy in 
Advanced Disease 

 SSAs are recommended first-line therapy in non-functioning 
midgut NET if G1 and slowly progressive, and may be consid-

ered in therapy naive patients with metastatic disease without a 
prior observation period of spontaneous tumour growth behav-
iour as studied in the PROMID trial.

  The early combination use of SSA and interferons for anti-
proliferative purposes is not recommended.

  Chemotherapy might be an option exclusively in advanced 
intestinal NET after failure to several previous treatment lines.

  The use of PRRT cannot be recommended as first-line thera-
py, but after failure of medical therapy. The presence of a strong 
expression of sstr2 as visualised by SRI is a prerequisite for the 
use of PPRT. The minimum requirements for PRRT are report-
ed in a separate consensus guideline  [177] .

  Everolimus should be considered only in progressive disease 
after failure of SSAs; potential other options include locoregion-
al therapies, interferon- �  and PRRT.
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