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Summary

Neuroendocrine neoplasias (NEN) of the stomach, duo-
denum, pancreas, appendix, or rectum that are <1 cm
in size as well as well-differentiated with World Health
Organization grade 1 (G1) can be considered ‘early’
neuroendocrine tumors; they have a very good progno-
sis. Regarding prognosis, neuroendocrine tumors (NET)
G1 must be distinguished from well-differentiated NET
G2 and poorly differentiated neuroendocrine carcino-
mas (NEC) G3. NET are increasing, with a rise in the
age-adjusted incidence in the USA by about 700% in
the last 40 years. Earlier diagnosis of NET is one of the
main epidemiological changes of clinically detected
NEN. The general availability of high-resolution endos-
copy and advanced radiological imaging techniques
has contributed to a shift in the discovery to smaller-
sized (<10 mm) gastrointestinal and pancreatic NET
and earlier tumor stages at diagnosis. Thus, screening
colonoscopy is effective in the early diagnosis not only
of colorectal adenomas and adenocarcinomas but also
of rectal NET. Endoscopic resection is the treatment of
choice in NET G1 of the stomach, duodenum (despite
gastrinoma), and rectum that are <10 mm in size, do
not infiltrate the muscularis propria (T1), and do not
show angioinvasion (V0, L0). Similarly, histologically
proven, early pancreatic NET G1 (<10 mm) may be
managed conservatively by regular surveillance. In con-

trast, small (<1 cm) NET G1 of the jejunum or ileum are
not ‘early’ tumors and have to be resected surgically
with lymph node dissection.

© 2017 S. Karger GmbH, Freiburg

Introduction

The classification of the World Health Organization (WHO)
stratifies gastrointestinal neuroendocrine neoplasias (NEN) into
three groups: neuroendocrine tumors (NET) that are well differen-
tiated and graded according to their proliferative activity into G1
or G2, and neuroendocrine carcinomas (NEC) that are poorly dif-
ferentiated and graded as NEC G3. The latter are further divided
into small cell and large cell neoplasms. Some well-differentiated
pancreatic NET (pNET) show a discordantly high proliferative ac-
tivity of >20% and are classified as pNET G3 in the recent WHO
classification of malignant tumors [1].

Gastrointestinal NET are on the rise [2]. In the USA, the preva-
lence and the incidence of gastroenteropancreatic NET/carcinoids
was calculated to be 35/100,000 and 5/100,000, respectively [3], re-
vealing a sevenfold increase in the last 40 years. Similar changes
have been reported for England [4], Norway [5], and Germany [6].
The most obvious reasons for this phenomenon are a better aware-
ness of and improved diagnostic facilities for NEN as well as an in-
creased and more widespread use of gastrointestinal, high-resolu-
tion endoscopy and advanced radiological imaging [4, 5, 7-11].
The overall 5-year survival rate for patients with gastrointestinal
NET/carcinoids has improved by more than 20% in the last 40
years [12-14]. This achievement is due to both early detection and
better therapeutic strategies of NET. Today, gastrointestinal NET/
carcinoids are often diagnosed at an early asymptomatic stage [3],
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Table 1. Clinico-
pathological character-
istics and prognosis of
neuroendocrine neo-
plasias of the stomach
[9, 12, 16, 18, 19]

Gastric NET G1 (carcinoids) and NET G2

type 1

type 2

type 3

Poorly differentiated
NE gastric cancer (type 4):
gastric NEC G3

Relative frequency, %
Features

Associated conditions

70-80

mostly small (<1 cm)
and multiple

CAG

5-6
mostly small (<1 cm)
and multiple

14-25
often >2 cm, solitary

6-8
mostly >2 cm, solitary

Histology well-differentiated
G1/G2*

Serum gastrin (very) high

Gastric pH anacidic

Metastases, % <10

Tumor-related deaths, % no

MEN1/ZES no no
well-differentiated well/moderately G3

G1/G2? differentiated G1/G2°

(very) high normal (mostly) normal
hyperacidic normal (mostly) normal
10-30 30-80 80-100

<10 25-30 >50

*Most type 1 and type 2 gastric NET G2 show a Ki-67 expression of <5%.

bSome type 3 gastric NET, though well-differentiated, show a Ki-67 index of >20% (NET G3).

CAG = Chronic atrophic gastritis; MEN1 = multiple endocrine neoplasia type 1; ZES = Zollinger-Ellison syndrome; MEN1/ZES =
ZES associated with MEN1; G1 and G2 = well-differentiated; G3 = poorly differentiated (Ki-67 index of 0-2%: G1; Ki-67 index of
3-20%: G2; Ki-67 index of >20%: G3); NE = neuroendocrine; NET = neuroendocrine tumor; NEC = neuroendocrine carcinoma.

notably G1 tumors with a size below 10 mm. Retrospective data
from large national registries and large hospital series, mainly from
Japan, Korea, Europe, and the USA, argue for a conservative man-
agement of these ‘early’ gastroenteropancreatic NET G1/carcinoids
of the stomach, duodenum, pancreas, and rectum.

Histological Grading of Neuroendocrine Neoplasms

The risk of metastatic disease of gastrointestinal NEN correlates
with histological differentiation (well or poorly differentiated) of
the primary, proliferative activity (G1-G3), tumor size, depth of
tumor infiltration, and angioinvasion. The histological grading of
gastrointestinal NEN (G1-G3) according to the WHO classifica-
tion is of major prognostic and therapeutic relevance [1].

Prognosis of Gastric Neuroendocrine
Tumors/Carcinoids

At present, the most common form of gastric NET, i.e. type 1
(table 1), is generally diagnosed at an early stage, with 80-90% of
them being <1 cm in diameter [9]. These small, well-differentiated
tumors only rarely cause specific symptoms; in most instances,
they are incidentally found during a gastroscopy being performed
for reasons such as anemia or non-specific abdominal symptoms.
Type 2 gastric NET, similar to type 1 (table 1), are usually detected
at an early stage, and generally have a good prognosis. For all gas-
tric carcinoids the prognosis has much improved [2, 12, 15-17],
with the proportion of advanced tumor stages at diagnosis decreas-
ing from 23.8% in the 1950s and 1960s to 6.5-7.9% in the 1990s,
suggesting that early diagnosis is contributing to the patients’ im-
proved survival. In Japan, the rate of advanced stages at diagnosis
is as low as 5.1% today [15]. The 5-year survival rate of patients
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Table 2. Impact of

. i Without
endoscopic screening

Size of primary Endoscopic

ET, ing, % ing, %
on the size of rectal N mm screening, %  screening, %
neuroendocrine neo- <10 65-80 93.3-100
plasms (modified from 11-20 10-22 0-6.7

(10]) >20 10-15 0

Table 3. Main factors predicting metastases in patients with rectal neuroen-
docrine tumors [30]

Predictive factor Odds ratio 95% CI
Tumor size >14 mm 57.5 23.3-1,002.6
Mitotic index >2/10 HPF 56.2 2.4-1,295.8
Lymphovascular invasion 65.1 1.1-3,846.7
Muscularis propria invasion 37.9 5.0-290

HPF = High-power field; CI = confidence interval.

with gastric NEN has improved from 51% in the 1970s and 1980s
to 63% in the 1990s [2, 15-17]. According to an analysis of the
SEER data by Landry et al. [16], the 5-year survival is about 71%.
Small (£1cm), well-differentiated NET G1/carcinoids of the stom-
ach without either infiltration of the muscularis propria or an-
gioinvasion have been shown to have a very low risk of distant
metastatic spread [18, 19] or carcinoid-related death; they are con-
sidered early NET G1 (carcinoids) of the stomach. The 5-year sur-
vival of type 1 gastric carcinoids approaches 98%.

Prognosis of Neuroendocrine Tumors/Carcinoids
of the Small Bowel

In the small bowel, NET/carcinoids are most frequently found
in the ileum (>70%), especially the distal ileum, but recent data
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show that duodenal NET are more common (22%) nowadays than
previously noted [20]. Regarding prognosis, the 5-year survival rate
has risen from 51.9% in the 1970s and 1980s to 60.5% in the 1990s
[12]. In an analysis of the years 1999-2004, Strosberg et al. [13] re-
ported a 5-year survival rate of about 75% in patients with meta-
static NET/carcinoid disease of the small intestine receiving multi-
modal therapy. The earlier detection of intestinal NET may have
led to improved prognosis [11, 14], since the proportion of ad-
vanced disease of small intestine NET (at the time of diagnosis) has
decreased from 31.3% in the 1970s and 1980s to 22.4% in the 1990s
and finally to <18.9% between 2002 and 2004 [3, 12, 15, 20]. With
duodenal NET/carcinoids, distant metastases are nowadays ob-
served in less than 6-10% of cases [15, 21-23]. If duodenal NET/
carcinoids are <10 mm in size, are type G1, show neither angioin-
vasion nor infiltration of the muscularis propria, and have no as-
sociated hormonal syndrome, they have a very low risk of metasta-
sis and can be considered ‘early’ duodenal NET/ carcinoids. In
contrast, duodenal gastrinomas (i.e. duodenal NET associated with
the Zollinger-Ellison syndrome (ZES), with or without multiple
endocrine neoplasia 1 (MEN1)) as well as jejunal or ileal NET/car-
cinoids of only a few millimeters in size may already have spread to
locoregional lymph nodes and distant organs. Thus, the term
‘early’ tumor is appropriate neither for jejunal and ileal NET/carci-
noids nor for duodenal gastrinomas and should not be used.

Prognosis of Rectal Neuroendocrine
Tumors/Carcinoids

Thanks to the introduction of national colorectal cancer screen-
ing in several countries, the vast majority (85-95%) of rectal NET/
carcinoids is detected at an early stage (table 2). This shift to earlier
stages has improved the patients’ 5-year survival rate by more than
20% [10]. The 5-year survival rate of patients with distant metasta-
ses of rectal NET/carcinoids ranges from 15 to 30% [22, 24, 25].
For node-positive rectal carcinoid disease (without distant metas-
tases) the 5-year survival rate is 54-73% [24, 25-27]. In contrast,
histologically, node-negative rectal NET/carcinoids that are <1 cm
in size and do not show angioinvasion or infiltration of the muscu-
lar layer have an excellent 5-year survival rate of 98.9-100% [2, 22,
24, 25]. Such rectal NET G1/carcinoids <1 cm may be regarded as
‘early’ NET. Guidelines published by the North American Neu-
roendocrine Tumor Society (NANETS) do not recommend follow-
up of patients with well-differentiated rectal NET G1/carcinoids
<1 cm in size that have been completely resected and that had not
invaded the muscularis propria [28]. Yet the European Neuroen-
docrine Tumor Society (ENETS) recommends further surveillance
of these patients in case of angioinvasion, invasion of the muscular
layer (T2), or G2 grading [29]. A recent literature analysis showed
that independent factors for the development of metastases were
tumor size >14 mm, mitotic index > 2/10 high-power field, lym-
phovascular invasion, and invasion of the muscularis propria
(table 3) [30]. There are very few data on the Ki-67 proliferation
index in rectal NET, and most data rely on the mitotic index.
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Fig. 1. Endoscopic images of early gastrointestinal neuroendocrine tumors
(NET) Gl/carcinoids. a Multiple, small (<1 cm), type 1 gastric NET G1/carci-
noids associated with autoimmune chronic atrophic gastritis and pernicious
anemia; b NET G1/carcinoid of the rectum measuring 7 mm; ¢ NET G1/carci-
noid of the rectum measuring 10 mm (modified from [10]).

Prognosis of Appendiceal Neuroendocrine Tumors
G1 VO LO RO

Appendiceal NEN are usually NET G1/carcinoids that are inci-
dentally found in patients undergoing appendectomy for suspected
acute appendicitis. The term ‘early appendiceal NET/carcinoid’
may be considered for tumors that are G1, measure <10 mm, show
no angioinvasion, are confined both to the tip of the appendix and
to the wall (without invasion of the mesoappendix), and have been
completely (R0O) removed by appendectomy. Such early appendi-
ceal carcinoids have a very low risk of distant metastatic spread.
Neither ENETS nor NANETS recommend further surveillance of
patients with these early appendiceal NET that have been RO-re-
sected [31, 32].

Prognosis of Sporadic Pancreatic Neuroendocrine
Tumors G1

An international European study group evaluated the clinico-
pathological characteristics of 926 NEN of the pancreas and corre-
lated clinical outcome with tumor size and histological grading [33].
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Table 4. Therapy of gastric neuroendocrine
neoplasias (types 1-4)

NET G1 without risk factors (for metastatic disease)

Risk factors®

Size <lcm 1-2 cm mostly >2 cm
Type 1 EMR® EMR/ESD surgery
Type 2 EMR® EMR/ESD surgery
Type 3 EMR/ESD or surgery surgery surgery
Type 4 surgery

*Risk factors for metastatic disease are angioinvasion, G2-G3 histological grading, infiltration of the

muscularis propria, enlarged regional lymph nodes, or tumor size >2 cm.
"EMR may be considered for gastric NET G2 < 1 cm, when Ki-67 is <5%.
Patients managed by EMR/ESD should be surveilled every 12 months. Type 4 gastric NEN are never

benign; they are neuroendocrine carcinomas (NEC).
EMR = Endoscopic mucosal resection; ESD = endoscopic submucosal dissection; NET = neuroendocrine

tumors.

In this large retrospective analysis, no tumor-related deaths were ob-
served in patients with well-differentiated pNET < 2 cm in diameter.
Similarly, a study from the USA compared the survival of patients
suffering from non-functioning, asymptomatic pNET < 4 cm that
were either surgically resected or managed conservatively [34]. No
difference in survival was reported. Neither distant metastases nor
tumor-related deaths were observed in the conservatively managed
patients with asymptomatic pNET of a mean size of <1 cm [34].

Therefore, non-MENI1-related, non-functioning and asympto-
matic NET G1 < 1 cm of the pancreas can be considered as spo-
radic, early pNET. Such early (<1 cm), histologically proven pNET
G1 have a very low risk of distant metastatic spread and in particu-
lar of NET-related death. The probability of NET-related death in
patients with sporadic, non-functioning, early (<1 cm) pNET G1 is
certainly lower than the current mean nationwide in-hospital mor-
tality following pancreatic surgery [35].

The main issue when considering conservative management is
to be certain of G1 grade. Biopsies are often obtained via fine nee-
dle aspiration guided by endoscopic ultrasound. Is has been shown
in a series of pNET patients managed by pancreatic surgery that
preoperative cytological assessment using fine needle aspiration
underestimated the tumor grade, especially in cystic lesions [36].
Thus, Tru-cut biopsies (19-gauge) are recommended for reliable
histological grading of pNET.

Diagnosis of Early Neuroendocrine Tumors G1
of the Stomach, Duodenum or Rectum

Both endoscopic screening and the increasingly widespread
availability of gastrointestinal endoscopy have led to a shift in the
discovery to smaller-sized (<10 mm) gastrointestinal NET G1/car-
cinoids. Most of these early tumors are asymptomatic, but occa-
sionally they present with abdominal discomfort, gastrointestinal
bleeding, or altered bowel habits. If they come along with a hormo-
nal hypersecretion syndrome, i.e. with ZES in duodenal gastrinoma,
they are called functional NET. Functional NET may already have
spread to the regional lymph nodes or the liver despite a small size
of <1 cm. Functional intestinal NET are not to be considered ‘early’

Endoscopic Therapy and Surveillance

tumors and will not be discussed here in detail. Endoscopy is the
method of choice to detect (asymptomatic) gastric, duodenal or rec-
tal NET G1/carcinoids even at an early stage (fig. 1).

Therapy of Early Gastroenteropancreatic
Neuroendocrine Tumors/Carcinoids

Endoscopic Techniques Used for the Resection of Superficial Di-

gestive Tumors

Conventional polypectomy with a snare for flat mucosal lesions,
especially NET/carcinoids, should be avoided because complete re-
section is often not achieved, e.g. 59% in a recent review of rectal
NET [30]. Instead, endoscopic mucosal resection (EMR) or endo-
scopic submucosal dissection (ESD) should be preferred. In EMR,
snare resection is preceded by the submucosal injection of saline in
order to raise the tumor and cut into the submucosa below the
tumor (fig. 2). EMR can be performed with or without a cap or a
ligation device [37]. ESD is preferred to EMR in case of suspicion
of limited submucosal invasion or a tumor larger than 2 cm [38].
After submucosal injection of saline, the submucosa is dissected
with specific knives in order to achieve endoscopic en bloc resec-
tion of the whole neoplasm. ESD requires specific training and is
usually performed in expert endoscopic centers. Considering rectal
NET/carcinoids, both EMR with a cap/ligation device and ESD
allow complete resection in about 90% [30]. The rate of perforation
is higher with ESD but perforations are usually closed during the
endoscopic procedure.

Indications for NET/Carcinoids

Small (<1 cm), well-differentiated NET G1/carcinoids of the
stomach, duodenum, or rectum that neither infiltrate the muscula-
ris propria nor show angioinvasion have a very low risk of meta-
static spread; i.e., they are considered as early NET/carcinoids. The
treatment of choice of early NET/carcinoids of the stomach, duo-
denum, or rectum is endoscopic resection (table 4-6). Endoscopic
ultrasound is excellent for determining the exact tumor size and
for excluding infiltration of the NET/carcinoids into the muscula-
ris propria (T2) or enlarged regional lymph nodes.
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Table 5. Therapy of duodenal neuroendocrine
tumors (without multiple endocrine neoplasia

type 1)

Fig. 2. Endoscopic
mucosal resection
(EMR) und endoscopic
submucosal dissection
(ESD). EMR can be
performed a without
or b with a cap. ¢ ESD.

NET G1 without risk factors
(for metastatic disease)

Risk factors?

Size <lcm 1-2 cm mostly >2 cm

Sporadic NET EMRY ¢ EMR® or surgeryd surgeryd

Sporadic gastrinoma surgery? surgery? surgery?
(localized)

“Risk factors for metastatic disease are angioinvasion, G2-G3 histological grading, infiltration of the
muscularis propria, enlarged regional lymph nodes, or tumor size >2 cm.

°In the elderly, asymptomatic duodenal NET G1 < 1 cm may just be followed up [44].

‘EMR may be considered for NET G2 < 1 cm, when Ki-67 is <5%. Endoscopic submucosal dissection
(ESD) increases the risk of duodenal perforation (most often managed endoscopically) but increases
complete resection rate. ESD may be considered in some patients if managed in reference centers.

4With lymph node dissection.

EMR = Endoscopic mucosal resection; NET = neuroendocrine tumors.

injection needle

C

transparent cap

C A B
o
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1. Make markings around the tumar

Cap with
snare

gl - A—
muscularis propria

2. inject saline underneath
the lesion to lift it

3. Cut and dissect along the markings.

4. Remiove the tumor

5. Send the resected tumor 1o the
pathalogist

& Prevent any bleeding
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Table 6. Therapy of rectal neuroendocrine tumors G1

NET G1 without risk factors (for metastatic disease)  Risk factors?

Size <lcm 1-2 cm mostly >2 cm
Gl  EMR/ESD EMR/ESD for NET <15 mm; surgery
surgery

Risk factors for metastatic disease are angioinvasion, G2-G3 histological
grading, infiltration of the muscularis propria, enlarged regional lymph nodes,
or tumor size >2 cm.

PEMR/ESD may be considered for NET G2 < 1 cm, when Ki-67 is <5% and
final therapy will be discussed after pathological analysis of the resected
specimen.

EMR = Endoscopic mucosal resection; ESD = endoscopic submucosal dissec-

tion; NET = neuroendocrine tumors.

Early NET/carcinoids of the stomach, duodenum, or rectum are
generally removed by EMR [30, 39, 40]. In early rectal NET/carci-
noids and in particular in rectal NET G1 of 9-14 mm in size, ESD
can be considered [41]. ESD of duodenal NET increases the com-
plete resection rate to almost 100% when compared to EMR (about
50%), but at the expense of a higher perforation rate [42]. Endo-
scopic therapy of duodenal NET comes with some interventional
morbidity and can cause mortality particularly in multimorbid el-
derly patients [42]. The recent German S2k guideline does not rec-
ommend ESD for early duodenal NET. In any case, the resected
specimen has to be carefully evaluated regarding grade, angioinva-
sion, and infiltration of the deep resection margin. In case of an-
gioinvasion, histological infiltration of the muscularis propria (T2),
or grade G2/G3, surgery with lymph node dissection is the therapy
of choice in localized NET disease. However, in some cases of small
(<1 cm) type 3 gastric NET G1/G2 (Ki-67 < 5%) totally resected
(RO) by endoscopy and in the absence of the other risk factors for
metastatic disease, endoscopic resection might be sufficient [43].

Early (<1 cm) appendiceal NET G1 are adequately managed by
appendectomy. RO-resected, early (<1 cm) NET G1 of the appen-
dix do not require follow-up.
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