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�The system of classification and terminology of neuroendocrine neoplasms (NENs), updated in 2017 by AJCC and in 2019 
by WHO, is now recommended for general use. This article is a review of this classification with respect to NENs of the 
digestive tract. Within the new system, two categories of neuroendocrine neoplasms of the digestive system were introdu-
ced, differing in morphology, clinical course and treatment, as based on differentiation and histological maturity grading 
(G). Among NENs of the digestive tract, well differentiated neuroendocrine tumours, with Ki-67 proliferation index below 
20%, NET G1 and NET G2, histologically resembling normal neuroendocrine cells were distinguished. Neuroendocrine 
neoplasms with Ki-67 above 20% – termed neuroendocrine carcinoma NEC (poorly differentiated carcinoma G3) – were 
found to be heterogeneous. In every organ of the digestive tract a limited group of well differentiated tumours with 
Ki-67 above 20%, but typically less than 55% (well differentiated high grade NET G3) was distinguished. The remaining 
poorly differentiated neuroendocrine neoplasms with Ki-67 above 20%, usually over 55%, were classified as NEC (high 
grade neuroendocrine carcinoma). Within NEC, two groups were distinguished – large cell and small cell carcinomas. By 
introducing this new classification based on clinical and molecular research, any confusion between NET G3 and NEC is 
avoided. NEC, goblet-cell carcinoid of the appendix and MiNEN, which should be classified according to criteria applied 
to adenocarcinomas of their respective organs of the digestive system, are not discussed. 
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Introduction 
Neuroendocrine neoplasms (NENs) are rare neoplasms found 
throughout the body. They originate from endocrine organs, 
the nervous system (peptidergic neurons) or from neuroen-
docrine cells of the diffuse endocrine system (DES). Here, only 
NENs present in the gut and pancreas will be discussed. 

According to recent epidemiology studies in the US, based 
on The Surveillance, Epidemiology and End Results (SEER) 
programme [1], there is an increase in NEN incidence. Cur-
rently, the yearly incidence of these neoplasms is estimated 
at about 35 cases per 100 000 individuals. Of these, about 70% 
are gastroenteropancreatic neuroendocrine neoplasms (GEP 

NENs), constituting only 2% of all neoplasms of the digestive 
system [2, 3]. With respect to their embryonic development, 
NENs of the digestive system are classified as those of the 
foregut (i.e. from the oropharynx to the upper duodenum, 
liver, gallbladder, pancreas), the midgut (middle part of the 
duodenum to the right two‐thirds of the transverse colon) 
and the hindgut (the left one‐third of the transverse colon 
including the upper anal canal) [4]. 

Histopathological classification of NENs 
In its Neuroendocrine Neoplasm/Neuroendocrine Tumour 
(NEN/NET) classification system, the European Neuroendocrine 
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Tumour Society (ENETS) considers the type of cell, organ loca-
tion and histological type including differentiation. According 
to ENETS, the histological maturity of the tumour (G – grading) 
is of main clinical significance [5]. The pTNM classification of 
the tumour [6] and clinical advancement staging (S) [5] need 
also to be considered. 

The histological tumour maturity grading (G) is a microsco-
pic feature of prognostic value in treating NENs of the digestive 
system. It is an independent predictive parameter of clinical 
outcome for patients with low (G1), intermediate (G2) or high 
(G3) NEN malignancy.[7–11]. The criteria for determining the 
histological malignancy grading of NENs based on mitotic and 
Ki-67 proliferation indices are presented in table I [3]. 

The mitotic index is the number of mitotic figures in hot 
spots counted in no less than ten HPFs (high power fields, 
2 mm²) at 40x magnification. The Ki-67 proliferation index is 
evaluated by immunocytochemistry (ICH) with MIB1 antibody 
as the percentage of cells presenting a positive reaction, co-
unted in 500–2000 tumour cells. Selection of the higher value 
of these two indices is recommended as the G grade. NEN 
classification systems and therapeutic decisions rely on the 
G grade, as based on those two indices [3, 6, 12–14]. 

The grading system developed by ENETS for all NETs arising 
in the pancreas and gastrointestinal tract was adopted by the 
World Health Organization (WHO) in 2010. Within this system, 
two categories of neuroendocrine neoplasms of the digestive 
system were introduced, differing in morphology, clinical cour-
se and treatment, as based on differentiation and histological 
maturity grading (G) [15]. The first category consisted of well 
differentiated neoplasms (termed carcinoids prior to the year 
2000), the Ki-67 proliferation index of which ranges between 
0–20%, NET G1 and NET G2 (well differentiated neuroendocri-
ne tumours: G1, G2). Histologically, NET G1 and NET G2 cells 
resemble normal neuroendocrine cells,  expressing neuroen-

docrine markers (synaptophysin and chromogranin A [CgA])
and site-dependent hormones, low or medium nuclear atypia, 
and no more than 20 mitotic figures per 10 HPFs. Tumours 
classified as NET G1 or NET G2 should be treated according 
to standards pertaining to well differentiated neuroendocrine 
tumours [3,16–18].Within the 2010 WHO classification, the 
second category included neuroendocrine neoplasms with 
a Ki-67 proliferation index above 20%, termed neuroendo-
crine carcinoma NEC (poorly differentiated carcinoma G3). 
According to the 2017 Eighth Edition of the American Joint 
Committee on Cancer (AJCC) [11] and the new 2019 WHO 
Classification of Digestive System Tumours (presented in the 
5th edition of the WHO Classification of Tumours series [13]), 
the group of poorly differentiated neuroendocrine neoplasms 
G3 was found to be heterogeneous [7,19]. In every organ of 
the digestive system a limited group of well differentiated 
tumours with Ki-67 proliferation index above 20%, typically 
ranging between 21 and 55% (well differentiated high grade 
NET G3) was distinguished [9, 10, 13, 20–24]. Unlike in the case 
of NET G3, the remaining poorly differentiated neuroendocrine 
neoplasms with Ki-67 proliferation index above 20%, usually 
over 55%, were classified as NECs (high grade neuroendocrine 
carcinoma). Within NEC, two groups were distinguished – large 
cell or small cell carcinomas, the course of the latter resembling 
that of aggressive small cell lung cancer. NEC strongly express 
synaptophysin and weakly express chromogranin A, demon-
strate apparent nuclear atypia and over 20 mitotic figures per 
10 HPFs. By introducing this new classification, based on clinical 
and molecular research, the confusion between NET G3 and 
NEC is avoided [13]. The currently proposed classification of 
NENs, which includes 2017 AJCC and 2019 WHO recommen-
dations, is presented in table II. 

Mixed neoplasms with exo- and endocrine components, 
earlier classified as mixed adenoneuroendocrine carcinoma 

Table I. Grading criteria for assessing malignancy of neuroendocrine neoplasms [3, 11]

Histological malignancy grade of NEN 
(G)

Mitotic activity/no. of mitotic 
figures/10 HPF

Ki-67 proliferation index/% of cells (per 
2,000 cells)

G1 – well differentiated, low grade <2 <3

G2 – moderately differentiated, intermediate grade 2–20 3–20

G3 – poorly differentiated, high grade >20 >20

Table II. Neuroendocrine neoplasms grading according to WHO 2019 and AJCC 2017 [11, 13–14]

Neuroendocrine neoplasm (NENs)

NET G1 well-differentiated tumours

proliferation index <20%

well-differentiated tumours with Ki-67 proliferation 
index below 3%

NET G2 well-differentiated tumours well-differentiated tumours with Ki-67 proliferation 
index from 3% to 20%

NET G3 well-differentiated tumours

proliferation index >20%

well-differentiated tumours with Ki-67 proliferation 
index usually between 21 and 55%

NEC neuroendocrine cancers
poorly-differentiated 

neuroendocrine cancers with proliferation index 
above 21%, usually above 55%
– large-cell cancers
– small-cell cancers
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(MANEC) [5, 15], are presently termed mixed neuroendocrine-
-non-neuroendocrine carcinoma (MiNEN) if both components 
are distinguishable, with each component to be graded indi-
vidually [13, 25]. 

NEC, goblet-cell carcinoid of the appendix and MiNENs 
should be classified according to classical criteria applied to 
adenocarcinomas of organs of the digestive system, and are 
not discussed here. 

Genetics 
Current knowledge of genetics and molecular differences be-
tween different types of NENs stimulated a meeting of experts 
at the International Agency for Research on Cancer (IARC) in 
November 2017. A consensus was proposed to distinguish 
between well differentiated neuroendocrine tumours (NETs) 
and poorly differentiated neuroendocrine carcinomas (NECs) at 
all sites where these neoplasms arise, as based on differences 
in their molecular structure [8]. Mutations in MEN1, DAXX and 
ATRX are found in well-differentiated NETs, while NECs usually 
carry TP53 or RB1 mutations [26]. The 2017 IARC consensus has 
been incorporated in the 2019 WHO 5th Edition of classification 
of neuroendocrine neoplasms [20]. 

Neuroendocrine tumours of the stomach (gastric 
NETs) 
Within the gastric NET group, the 2017 AJCC staging system 
includes gastric “carcinoid” tumours (NET G1 and G2, and rare 
well-differentiated G3). High-grade neuroendocrine carcinoma 
(NEC) and mixed adenoneuroendocrine carcinoma MiNEN) 
are staged according to the classification of stomach adeno-
carcinomas. 

The following changes were introduced in the 2017 AJCC 
staging system: stage Groups I–IV were condensed, i.e. substa-
ges A and B were excluded; gastrin was added as an additional 
recommended clinical care factor; pancreastatin was added as 
an emerging prognostic factor of clinical care [9]. Over the years 
1975–2014, the yearly incidence of gastric neuroendocrine 
tumours has increased from 0.31 to 4.85 per 100 000 indivi-
duals [27]. This most likely results from the availability of more 
sophisticated methods and diagnostic tools in endoscopy, 
laboratory tests or nuclear medicine. 

Gastric NETs may develop from different cells: histamine-
-producing enterochromaffin-like (ECL) cell NETs located in 
the corpus/fundus, somatostatin-expressing D-cell and ga-
strin-expressing G-cell NETs located in the antrum, or rare 
enterochromaffin-cell NETs producing serotonin, located in 
the antrum and corpus/fundus. Measurements of gastric pH, 
α-intrinsic factor or α-parietal cell antibody and gastrin levels 
are useful in differentiating between the three different types 
of gastric ECL NETs and in diagnosing type I, type II and type 
III gastric NET [11,13, 28–31]. 

Several prognostic factors may also be useful in diagnosing 
these three types of gastric NETs: gastrin is expected to be 

elevated in type I and type II gastric NETs [31], while gastrin is 
expected to remain within the normal range in type III gastric 
NETs.[13]. CgA is a general NET marker, however with known 
limitations [32]. Plasma or serum CgA is used as a marker in 
patients with gastric NETs. Higher CgA levels are associated 
with a worse prognosis [31]. Moreover, changes in the CgA level 
within follow up may be useful in the prognosis of recurrence 
after surgery or the response to therapy of metastatic disease 
patients [33]. 

Type 1 gastric NET 
Type 1 gastric NETs, composed of ECL-cells are most common 
and typically occur as multiple small polyps in the corpus or 
fundus. These NETs are associated with autoimmune chronic 
atrophic gastritis, causing hypochlorhydria and leading to 
hypergastrinemia. Type 1 gastric NETs rarely metastasize. The 
5-year survival rate of patients is close to 100%. 

Type 2 gastric NET 
Type 2 gastric NETs are rare ECL-cell tumours diagnosed in 
patients with multiple endocrine neoplasia type 1 (MEN1) pre-
senting with multiple gastrinoma of the duodenum or pancreas, 
leading to secondary hypergastrinemia. These tumours exhibit 
a more aggressive phenotype with metastases in 10–30% of 
cases. The 5-year survival rate of patients is 60–90%. As type II 
gastric NETs lead to the Zollinger–Ellison syndrome, the gastric 
pH on endoscopy is typically very low, due to high acidity levels. 

Type 3 gastric NET 
Type 3 gastric NETs are sporadic tumours of no specific etio-
logy (such as atrophic inflammation or MEN1). These solitary 
tumours with normogastrinemia have the worst prognosis of 
all three ECL cell NETs (50% metastasize). The 5-year survival 
rate of patients does not exceed 50% [28–30]. 

Gastric NENs of type 1 and type 2 are usually graded as well 
differentiated NETs G1 and NETs G2. Type 3 Gastric NENs are 
graded as NETs G3 or poorly differentiated NECs [9, 13, 21, 25]. 
Gastric NECs and MiNENs are usually located in the antrum or 
in the cardiac regions [34]. Gastric NECs usually deeply infil-
trate the gastric wall. Gastric NECs and MiNENs have a poor 
prognosis, progress rapidly and take an aggressive course [28]. 
The TNM classification and staging of gastric NETs are given 
in tables III and IV. 

Neuroendocrine tumours of the duodenum and 
the ampulla of Vater 
The 2017 AJCC staging system applies to well-differentiated 
neuroendocrine tumours of the duodenum and the ampulla of 
Vater. Carcinomas of the ampulla of Vater, including high-gra-
de, poorly differentiated neuroendocrine carcinomas are not 
staged within this system and should be classified according 
to classical criteria applied to adenocarcinomas of organs of 
the digestive system. 
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Most duodenal NETs are non-functioning. Gangliocytic 
paragangliomas contain NET-like elements but also show 
variable amounts of ganglion-like cells and spindled Schwann 
cells. Being indolent, they typically do not recur after resection. 
Gangliocytic paraganglioma and somatostatin-expressing NET 
occur almost exclusively in the ampullary and periampullary 
region [29]. Less frequent are functioning duodenal NETs – ga-
strinomas associated with the Zollinger-Ellison syndrome (ZES), 
which usually occur in the duodenum (60–80% of cases) and 
pancreas. However, duodenal/ampullary NETs may produce 
somatostatin (about 1% of gastrointestinal NETs), adrenocor-
ticotropic hormone, VIP or serotonin, leading to the traditional 
carcinoid syndrome [10, 11, 38]. 

Not much is known about the etiology of NETs of the 
duodenum/ampulla of Vater. Most of these NETs are sporadic, 
however a small fraction (below 10%) is ascribed to hereditary 
cancer syndrome, such as multiple endocrine neoplasia type 1 
(MEN1), neurofibromatosis type 1 (NF1) and von Hippel-Lindau 
(VHL) syndrome. Patients with MEN1 develop multiple duode-
nal gastrinomas, patients with NF1 – somatostatin expressing 
tumours [10, 25, 29, 39]. 

Most duodenal NETs are well-differentiated (G1 and G2) 
tumours [12]. NECs (G3 by definition) of the small bowel occur 
only within the ampullary region and should be staged as car-
cinomas in this location [37]. An adenocarcinoma component 
may also be present in MiNENs. The TNM classification and 
staging of NETs of the duodenum and ampulla of Vater are 
given in tables V and VI. 

The following changes were introduced by the 2017 AJCC 
staging system: neuroendocrine tumours of the duodenum and 
ampulla, being different in tumour biology and prognosis, are now 
considered separately from those in the jejunum and ileum. The 
Tis (tumour in situ) distinction has now been eliminated [10, 11]. 

Over the years 1983–2010, the yearly incidence rate of 
duodenal NETs was observed to increase from 0.27 to 1.1 per 
100 000 individuals [36]. The duodenal NET outcome relies on 
the histologic grade, depth of invasion and size of the tumour 
[36]. Duodenal NETs (95%) are mostly located in the first part 
or in the ampullary region of the duodenum. NETs arising in 
the ampulla of Vater are extremely rare but are often larger 
and of higher grade (G3), and frequently metastasize – even 
while being small and of low grade (G1, G2). Poorer overall 
survival than in the case of duodenal NETs can be expected 
[37]. Most duodenal NETs are below 2 cm in diameter, usually 
without lymph node involvement [38]. However, gastrinomas 
may metastasize, despite being very small in size (<1 cm) [36]. 

Table III. AJCC 2017 TNM classification for neuroendocrine tumours of the stomach [9, 11]

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T1* tumour invades the lamina propria or submucosa and is less than or equal to 1 cm in size

T2* tumour invades the muscularis propria or is greater than 1 cm in size

T3* tumour invades through the muscularis propria into subserosal tissue without penetration of overlying serosa

T4* tumour invades visceral peritoneum (serosa) or other organs or adjacent structures

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node metastasis

N1 regional lymph node metastasis

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastasis

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)

M1c both hepatic and extrahepatic

*For any T, add (m) for multiple tumours [TX(#) or TX(m), where X = 1–4 and # = number of primary tumours identified; for multiple tumours with different Ts, use the highest

Table IV. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the stomach [9, 11]

TNM Stage group

T1 N0 M0 I

T2–T3 N0 M0 II

T4 N0 M0 III

any T N1 M0 III

any T, any N M1 IV
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Neuroendocrine tumours of the jejunum and 
ileum 
The 2017 AJCC staging system applies to neuroendocrine 
tumours of the jejunum and ileum. These include small bowel 
“carcinoid” tumours NET G1 and G2, and rare well-differentiated 
NET G3 arising in these locations. High-grade neuroendocrine 
carcinomas (NEC) and mixed adenoneuroendocrine carcino-
mas (MiNEN) should be classified according to classical criteria 
applied to the small intestine. 

The following changes were introduced by the 2017 AJCC 
staging system: a new classification of nodal involvement, N2, 
is proposed; stages I–IV were condensed, i.e. substages A and 
B were excluded; the duodenum is considered separately; 
neurokinin A (NKA) was added as a possible prognostic factor 
for clinical care [41]. 

Over the years 1973–2012, the yearly incidence of well-
-differentiated small intestinal NETs varied between 0.32 in 
England and 1.2 in the US, per 100 000 inhabitants [42, 43]. 
The location of jejunoileal NETs is mainly in the distal part 
of the ileum, close to the ileocaecal valve. Therefore diagno-
stics of these NETs depends on their accessibility in routine 
endoscopy. About 33% of those NETs in the small intestine 
are multifocal. Jejunal or ileal NETs are usually small, growing 

at a slower rate than adenocarcinoma, but disseminating to 
the locoregional lymph node and liver [43–45]. Due to the 
absence of clinical symptoms, diagnosis is typically delayed 
until the tumour has metastasized to the liver [16, 40]. Ho-
wever, despite this advanced presentation, the prognosis for 
patients is reasonably favourable. A higher risk of long-term 
recurrence is suggested in patients with nodal metastases, 
mesenteric involvement and lymphovascular or perineural 
invasion [42, 43, 45, 46]. 

Intestinal NENs are either functioning or non-functioning 
NETs. Functioning NETs are mostly composed of enterochro-

Table V. AJCC 2017 TNM classifications for neuroendocrine tumours of the duodenum and the ampulla of Vater [10, 11] 

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T1 tumour invades the mucosa or submucosa only and is ≤1 cm (duodenal tumours); tumour ≤1 cm and confined within the sphincter 
of Oddi (ampullary tumours)

T2 tumour invades the muscularis propria or is >1 cm (duodenal);

tumour invades through the sphincter into the duodenal submucosa or muscularis propria, or is >1 cm (ampullary)

T3 tumour invades the pancreas or peripancreatic adipose tissue

T4 tumour invades the visceral peritoneum (serosa) or other organs

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node involvement

N1 regional lymph node involvement

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastases

M1a metastasis confined to liver 

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)

M1c both hepatic and extrahepatic metastases

Multiple tumours should be designated as such (and the largest tumour should be used to assign the T category): 1) If the number of tumours is known, use T(#); e.g., pT3(4)N0M0; 
2) If the number of tumours is unavailable or too numerous, use the suffix m – T(m) – e.g., pT3(m)N0M0

Table VI. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the duodenum and the ampulla of Vater [10, 11]

TNM Stage group

T1 N0 M0 I

T2–T3 N0 M0 II

T4 N0 M0 III

any T N1 M0 III

any T, any N M1 IV
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maffin (EC) cells secreting serotonin or other peptides. In Euro-
pe, the term carcinoid is used to represent a midgut-originating 
tumour, secreting serotonin and associated with the carcinoid 
syndrome. The 2019 WHO classification only distinguishes 
between well-differentiated NETs G1, G2, G3 and poorly dif-
ferentiated NECs in all sites where they occur. 

In the case of functioning NETs, 30% of patients present 
with hormone-induced symptoms (flushing, sweating, diarr-
hoea, wheezing), called “carcinoid syndrome” which are difficult 
to control [47, 48]. Factors causing fibrosis (5-HT, tissue growth 
factors, tachy- and bradykinins) may also induce right-sided 
cardiac valve damage (carcinoid heart disease or Hedinger 
syndrome) [16, 47]. 

Hormonally non-functioning NENs of the small intestine, 
usually asymptomatic, are found accidentally during colono-
scopy in the ileocaecal region or when looking for the primary 
tumour in patients with metastases. Tumours, of over 1 cm 
diameter, are often malignant and metastatic [16, 22, 40]. 

Most NENs of the small intestine are well-differentiated 
NET G1 and NET G2, with a reasonably good 5-year prognosis 
[16, 40]. Well-differentiated NET G3 are rare, presenting as well-
-differentiated neoplasms, unlike poorly differentiated NECs. 
They are located almost exclusively in the ampullary region 
and should be staged according to carcinomas arising in this 
location [37]. The TNM classification and staging of NETs of the 
jejunum and ileum are given in tables VII and VIII. 

Neuroendocrine tumours of the appendix 
The 2017 AJCC staging system applies to neuroendocrine 
tumours of the appendix. These include appendiceal NETs (car-
cinoid) tumours (NET G1 and G2, and rare well-differentiated 
NET G3). High-grade neuroendocrine carcinomas (NEC), goblet 
cell carcinoids, mixed adenocarcinomas and adenocarcinomas 
should be staged according to the classification for appendix 
carcinomas. The following changes were introduced by the 
2017 AJCC staging system: stages I–IV were condensed, i.e. 
substages A and B were excluded. 

Appendiceal NETs similarly to jejunoileal midgut NETs, 
used to be called appendiceal carcinoids. However, wi-
thin the current 2017 AJCC staging system, they are now 
classified separately from jejunoileal NETs due to behavio-

Table VII. AJCC 2017 TNM classification for neuroendocrine tumours of the jejunum and ileum [11, 22]

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T1* tumour invades lamina propria or submucosa and is less than or equal to 1 cm in size

T2* tumour invades the muscularis propria or is greater than 1 cm in size

T3* tumour invades through the muscularis propria into subserosa tissue without penetration of overlying serosa

T4* tumour invades the visceral peritoneum (serosal) or other organs or adjacent structures

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node metastasis has occurred

N1 regional lymph node metastasis less than 12 nodes

N2 large mesenteric masses (>2 cm) and/or extensive nodal deposits (12 or greater), especially those that encase the 
superior mesenteric vessels

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastasis

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone) 

M1c both hepatic and extrahepatic metastases

*For any T, add (m) for multiple tumours [TX(#) or TX(m), where X = 1–4, and # = number of primary tumours identified; for multiple tumours with different T, use the highest

Table VIII. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the jejunum and ileum [11, 22] 

TNM Stage group

T1 N0 M0 I

T2–T3 N0 M0 II

T4 N0 M0 III

T1–T4 N1, N2 M0 III

any T, any N M1 IV
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ural differences and higher incidence [12]. Over the years 
1973–2012, according to the SEER database, the yearly inci-
dence of appendiceal NETs was 0.2 per 100 000 individuals 
[23, 43]. Of all appendiceal neoplasms, typically arising in 
the tip of the appendix and discovered accidentally at ap-
pendectomy [50], appendiceal NETs are the most frequent 
(up to 85%) [23]. 

Most NETs of the appendix are smaller than 1 cm in diame-
ter. Major criteria of potential aggressiveness are the tumour 
size and infiltration of the mesoappendix. Appendiceal NETs 
have an excellent prognosis. With tumours smaller than 1 cm 
in diameter, metastases occur only in some 2% of cases [40, 
49, 51]. In patients with appendiceal NETs without lymph node 
metastases, the 10-year survival rate ranges between 90–100% 
[43, 51]. Appendiceal NENs are graded as well – differentiated 
NETs G1 and G2. Appendiceal NECs are morphologically similar 
to colonic counterparts. They are rare and may occur in any 
part of the appendix [13]. 

Goblet cell carcinoids are now termed goblet cell ade-
nocarcinomas, as neuroendocrine cells are their minor com-
ponent, while mucin-secreting cells are their major element. 
MiNENs of the appendix are also rare and may display a com-
bination of NEC and adenocarcinoma, as do colonic MiNENs. 
The term mixed adenoneuroendocrine carcinoma (MANEC) 
is no longer used. The TNM classification and staging of NETs 
of the appendix are given in tables IX and X. 

Neuroendocrine tumours of the colon and 
rectum
The 2017 AJCC staging system applies to neuroendocrine 
tumours of the colon and rectum. These include colonic and 
rectal “carcinoid” tumours (neuroendocrine tumour G1 and G2, 
and rare well-differentiated NET G3). High-grade neuroendocri-
ne carcinomas and mixed adenoneuroendocrine carcinomas 
should be staged according to the classification of colon and 
rectum carcinomas. Against the 2010 Seventh Edition, no chan-
ges were introduced in the 2017 Eight Edition of AJCC [13]. 

The yearly incidence of colonic and rectal NENs is rising 
and estimated at 0.2 and 1.2 new cases per 100 000 indivi-
duals, respectively [53]. Colorectal NENs are usually silent or 
associated with mass-related nonspecific symptoms, such as 
pain, haemorrhage or constipation. 

Table IX. AJCC 2017 TNM classification for neuroendocrine tumours of the appendix [11, 23] 

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T1 tumour is 2 cm or less in greatest dimension

T2 tumour is more than 2 cm but less than or equal to 4 cm

T3 tumour is more than 4 cm or with subserosal invasion or involvement of the mesoappendix

T4 tumour perforates the peritoneum or directly invades other adjacent organs or structures (excluding direct mural 
extension to adjacent subserosa of adjacent 	bowel), e.g., abdominal wall and skeletal muscle

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node metastasis

N1 regional lymph node metastasis

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastasis

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)

M1c both hepatic and extrahepatic metastases

Table X. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the appendix [11, 23]

TNM Stage group

T1 N0 M0 I

T2–T3 N0 M0 II

T4 N0 M0 III

any T N1 M0 III

any T, any N M1 IV
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Colonic and rectal NENs differ significantly [2]. Colonic NETs 
are rare tumours, typically larger than their rectal counterparts, 
are more aggressive, poorly differentiated and of histologically 
higher grade G3 [2]. Rectal NETs tend to be smaller, over 50% 
being below 1 cm in diameter in younger patients and are of 
low or intermediate grade G1/G2 [54]. 

Colonic NETs have the worst prognosis among gastro-
intestinal (GI) NETs – about 67% of patients have a 5-year 
survival rate, while for rectal NETs the 5-year survival rate 
is about 96%[55]. Apparently, NETs originating from the 
midgut and the hindgut exhibit different clinicopathological 
features [56]. 

On diagnosis, colorectal NECs and MiNENs may be 
widely disseminated. MiNENs of the colorectum contain 
a poorly differentiated neuroendocrine and an adenocar-
cinoma component. Occasionally, in patients with idio-
pathic inflammatory diseases, MiNENs with a low-grade 
NET component may occur [57]. The TNM classification 
and staging of NETs of the colon and rectum are given in 
tables XI and XII. 

Neuroendocrine tumours of the pancreas
The 2017 AJCC staging system applies to well-differentiated 
neuroendocrine tumours arising in the pancreas. Carcinomas 
of the pancreas, including high-grade (G3) and poorly diffe-
rentiated neuroendocrine carcinomas, should be staged ac-
cording to the classification for exocrine pancreas carcinomas. 

The following changes were introduced by the 2017 AJCC 
staging system: pancreatic neuroendocrine tumours are now 
staged using a TNM staging system based on size; the criterion 
of peripancreatic soft tissue invasion was eliminated; the Tis 
distinction was eliminated; M1 is subdivided into M1a – me-
tastases confined to the liver, M1b – metastases in at least one 
extrahepatic site (e.g. lung, ovaries, nonregional lymph nodes, 
peritoneum, bones) and M1c – both hepatic and extrahepatic 
metastases. In the AJCC Cancer Staging Manual, the 8th Edition 
staging system has been modified to be consistent with the 
ENETS system [58, 60]. 

Pancreatic neuroendocrine neoplasms (pNENs) occur in 
2–5% of all pancreatic tumours [61]. Due to improvements in 
imaging, the yearly worldwide incidence of pancreatic neu-

Table XI. AJCC 2017 TNM classification for neuroendocrine tumours of the colon and rectum [11, 24] 

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T1 tumour invades the lamina propria or submucosa and is ≤2 cm

T1a tumour is <1 cm in greatest dimension

T1b tumour is 1–2 cm in greatest dimension

T2 tumour invades the muscularis propria or is >2 cm with invasion of the lamina propria or submucosa

T3 tumour invades through the muscularis propria into the subserosal tissue without penetration of overlying serosa

T4 tumour invades the visceral peritoneum (serosa) or other organs or adjacent structures

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node metastasis has occurred

N1 regional lymph node metastasis

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastasis

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)

M1c both hepatic and extrahepatic metastases

For multiple synchronous tumours, the highest T category should be used and the multiplicity or the number of tumours should be indicated in parenthesis, e.g., T3(2) or T3(m)
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roendocrine tumours (pNETs) has rapidly increased to 2.5–5 
per 100 000 individuals [62–63]. ENETS developed the grading 
classification system for pancreatic NETs adopted by the WHO 
in 2010 [15, 64] and updated in 2017 by AJCC [8, 21, 65, 66]. 
A new group of well differentiated high grade G3 tumours 
of the pancreas with favourable prognosis, compared with 
poorly differentiated NEC, was introduced [67]. The new ca-
tegory of well differentiated G3 pNETs show intact TP53 and 
RB1 in primary G3 pNETs [26]. G3 pancreatic NETs may contain 
low-grade components. Grade is a significant predictor of 
outcome in pancreatic NETs [17, 21, 25, 58, 65, 66, 68]. While 
pNECs grow rapidly and have a poor prognosis, the survival 
rate for slow-growing pNETs is better [69]. 

Clinically, pNENs may be categorised as functional 
(F-pNET) or non-functional (NF-pNET) tumours. Up to 20% 
of pNETs are responsible for specific clinical syndromes due 
to hormone excess. These F-pNETs, located mostly in the tail 
of the pancreas, include gastrinomas, insulinomas, VIPomas, 
glucagonomas and, less common tumours secreting ACTH, 
PTHrP, CCK, GHRH and serotonin (tab. XIII). 

In cases where expression of various hormones by immunohi-
stochemistry does not correlate with secretion, these tumours are 
termed non-functional pancreatic NETs (NF-pNETs) [70]. However, 
NF-pNETs do secrete several substances into the serum, including 
chromogranin A (CgA), pancreatic polypeptide (PP), pancreastatin, 
and neuron-specific enolase, some of which are used as markers 
of NENs [70]. Most NF-pNETs, occurring at least twice as frequently 
as F-pNETs, are located in the head of the pancreas [8, 21]. 

In the 5th edition of the WHO classification, mixed neuroen-
docrine neoplasms of the pancreas, previously termed mixed 
adenoneuroendocrine carcinomas (MANEC), are now termed 

mixed neuroendocrine- non-neuroendocrine neoplasms (Mi-
NEN) [13]. Following the 2017 WHO classification update, the 
term hyperplastic and preneoplastic lesions, described only in 
some hereditary cancer syndromes such as MEN1 or VHL (von 
Hippel-Lindau syndrome), are no longer in use [71]. 

The etiology of pancreatic NETs is unknown. Most pancreatic 
NETs are sporadic, harbouring somatic mutations (43% DAXX/
ATRX mutations, 44% MEN1 mutations or mutations of mTOR 
pathway genes) [52]. Less than 10% of all pancreatic NETs are 
part of the hereditary cancer syndrome [1]. Multiple endocrine 
neoplasia type 1 (MEN1) is the most common. Less common 
are: von Hippel-Lindau disease (mutation in the VHL gene), 
Neurofibromatosis type 1 (mutation in Nf1). Quite rare are the 
Tuberous sclerosis complex (mutation in TSC1 or TSC2) or Ma-
hvash disease (pancreatic NET caused by inactivating glucagon 
receptor mutation) [59]. The TNM classification and staging of 
NETs of the pancreas is given in table XIV and table XV. 

Proposal of new classification framework 
In 2018 the International Agency for Research on Cancer of the 
World Health Organization (IARC-WHO) proposed a new frame-
work for general classification of neuroendocrine neoplasia in 
all organs [8]. The currently applied NEN definitions which may 
complicate patient evaluation and treatment, are predominantly 
organ-based rather than ordered by similarity in their genetic 
origin, morphology or clinical behaviour, as recognised by recent 
advances in these disciplines. Thus, in the new proposal, the 
neuroendocrine phenotype is a unique cancer category, now 
recommended as a neuroendocrine neoplasm, NEN, for all organs. 
Rindi and Inzani propose [72] that in this cancer category two 
classes be distinguished: a well differentiated neoplasm is defined 
as a neuroendocrine tumour (NET) while a poorly differentiated 
neoplasm – as a neuroendocrine carcinoma (NEC), in all anatomi-
cal sites. NETs are further graded according to their proliferation 
into G1, G2 and G3, while NEC are G3 only, by definition. Within 
the NEC class, small cell and large cell types are distinguished. 

As described above, organ-specific grading (G) cut-offs are 
known for the digestive system (and also for the lung), howe-
ver, such cut-offs for other organs remain to be established.  
It is suggested that current pathology reports contain the above-
-discussed newly recommended classification together with the 
currently observed classification. To provide an example, the new 
classification of NENs of the gut and pancreas is given in table XVI. 

Table XIII. Characteristics of functional pancreatic neuroendocrine tumours [58]

Name Neurohormone secreted Common symptoms

insulinoma insulin hypoglycemic symptoms, Whipple’s triad

gastrinoma gastrin abdominal pain, gastroesophageal reflux, diarrhoea, duodenal and stomach ulcers

VIPoma vasoactive intestinal 
peptide (VIP)

diarrhoea, hypokalemia, dehydration, muscle weakness, nausea

glucagonoma glucagon rash, glucose intolerance, weight loss, erythematous lesions over the distal extremities

somatostatinoma somatostatin diabetes mellitus, cholelithiasis, diarrhoea

ACTHoma ACTH Cushing’s syndrome

Table XII. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the colon and rectum [11, 24]

TNM Stage group

T1 N0 M0 I

T2 N0 M0 IIA

T3 N0 M0 IIB

T4 N0 M0 IIIA

any T N1 M0 IIIB

any T, any N M1 IV
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Table XIV. A JCC 2017 TNM classification  for neuroendocrine tumours of the pancreas [11, 58]

Definition of primary tumour (T)

T category T criteria

TX tumour cannot be assessed

T1 tumour limited to the pancreas,* <2 cm

T2 tumour limited to the pancreas,* 2−4 cm

T3 tumour limited to the pancreas,* >4 cm; or tumour invading the duodenum or common bile duct

T4 tumour invading adjacent organs (stomach, spleen, colon, adrenal gland) or the wall of large vessels (celiac axis or 
the superior mesenteric artery)

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

N0 no regional lymph node involvement

N1 regional lymph node involvement

Definition of distant metastasis (M)

M category M criteria

M0 no distant metastasis

M1 distant metastases

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung,  ovary, nonregional lymph node, peritoneum, bone)

M1c both hepatic and extrahepatic metastases

Table XV. AJCC 2017 prognostic stage groups for neuroendocrine tumours 
of the pancreas [11, 58] 

TNM Stage group

T1 N0 M0 I

T2–T3 N0 M0 II

T4 N0 M0 III

any T N1 M0 III

any T, any N M1 IV

Table XVI. The new framework proposed for general classification of neuroendocrine neoplasia (NEN) in all organs [8, 72]

Site Category Family (class) Type Grade Current terminology

gut neuroendocrine 
neoplasm (NEN)

neuroendocrine tumour (NET)

neuroendocrine carcinoma (NEC)

GUT site1 NET

GUT site1 NEC small cell type
GUT site1 NEC large cell type

G1
G2
G3

GUT site1 NET G1
GUT site1 NET G2
GUT site1 NET G3

GUT site1 NEC small cell type
GUT site1 NEC large cell type

pancreas neuroendocrine 
neoplasm (NEN)

neuroendocrine tumour (NET)

neuroendocrine carcinoma (NEC)

pancreas NET (PanNET)

pancreas NEC small cell type
pancreas NEC large cell type

G1
G2
G3

PanNET G1
PanNET G2
PanNET G3

Pancreas NEC small cell type
Pancreas NEC large cell type

1Site stands for the adjective connoting the different districts of the tubular gut where the NEN develops, that is, oesophageal, gastric, duodenal, small intestinal, appendiceal, 
colonic, rectal and anal canal NET or NEC.
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