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13.1 Introduction

Gastric neuroendocrine neoplasms (g-NENs)
should be defined according to the World Health
Organization classification and staged according
to the Tumor Node Metastasis system. The for-
mer is based on histological differentiation and
grade, which relies on the proliferation index
assessed by the Ki67 and mitotic index [1, 2].
Therefore, g-NENs are classified in well-
differentiated neuroendocrine tumors (NETSs)
and poorly differentiated neuroendocrine carci-
nomas (NECs). NETs show a low to high prolif-
eration grade, whereas NECs, by definition, are
high-grade neoplasms [1].

Gastric neuroendocrine tumors (g-NETs),
known as gastric carcinoid, were originally
regarded as rare, but over the last few decades,
their incidence has been growing (sevenfold to
tenfold over the last 30 years) [3-5]. The
increased incidence, frequently with lesions at
early stage, may essentially be a consequence of
the widespread use of endoscopy and imaging
studies, improved immunohistochemical staining
and increased awareness of the diagnosis [5, 6].

Recent epidemiological data show that
g-NETs represent 6.9—8.7% of all gastrointesti-
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nal (GI) NETs and 0.3—1.8% of all gastric tumors
[3, 6-11]. However, in a prospective Austrian
study, g-NETs accounted for 23% of all NETs
[10]. According to the last US epidemiological
data (Surveillance, Epidemiology, and End
Results - SEER), the age standardized incidence
rate of g-NETs is approximately 0.4/100,000/
year [12].

Most  of the g-NETs develop from
enterochromaffin-like (ECL) cells while a small
proportion develop from non-ECL cells of gastric
mucosa. Histologically, the diagnosis is con-
firmed by positive immunohistochemical stain-
ing of chromogranin A (CgA) and synaptophysin
[13].

Gastric NETs are generally slow growing and
often indolent neoplasms but can also be very
aggressive and metastasize widely [11, 14-16].
They are divided into three types with different
pathophysiology, clinical characteristics, aggres-
siveness, and prognosis (Tables 13.1 and 13.2)
[17]. Type 1 and type II are associated with
chronic hypergastrinemia causing ECL cells
hypertrophy/hyperplasia and, ultimately, ECL
cell NETs development [18]. In the former, the
presence of a body chronic atrophic gastritis
(CAG), mainly autoimmune, leads to achlorhy-
dria which induces an appropriate hypergastrin-
emia [19, 20]. In the latter, the hypergastrinemia
is inappropriate because it occurs in the presence
of gastric acid hypersecretion, and it is due to an
ectopic gastrin-producing G cell neoplasia
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Table 13.1 Clinical characteristics of gastric neuroendocrine tumors

Type 1 Type II Type 111
Prevalence (%) 70-80 5-6 15-20
Gender Females Females = males Males
Age at diagnosis (years) 50-70 >50 >50
Associated conditions CAG Gastrinomas (ZES) None
Other syndromes Autoimmune polyglandular syndrome | MEN-1 None
Serum gastrin levels Very high Very high Normal
Gastric pH High Low Normal
Risk of metastases (%) <10 10-30 50-100
Treatment EMR, ESD or surgery EMR, ESD or surgery ESD or surgery
Tumor-related deaths (%) | None <10 25-30

CAG chronic atrophic gastritis, ZES Zollinger—Ellison syndrome, MEN-I multiple endocrine neoplasia type 1, EMR
endoscopic mucosal resection, ESD endoscopic submucosal dissection

Table 13.2 Endoscopic and pathological characteristics of gastric neuroendocrine tumors

Type L Type II Type 111
Cell of origin ECL ECL ECL in most cases
Gastric mucosa Atrophic Hypertrophic Normal

ECL hyperplasia ECL hyperplasia
Endoscopic appearance Polypoid/subepithelial Polypoid/subepithelial Polypoid/subepithelial
Location Body and fundus Body and fundus Any region
Number Multiple Multiple Single
Size (mm) <10 <10 Often >20
Differentiation Well differentiated Well differentiated Well differentiated
Grading G1/G2 G1/G2 G1/G2/G3
Depth of invasion Mucosa/submucosa Mucosa/submucosa Any depth
Angioinvasion (%) Rare <10 > 50

ECL enterochromaffin-like cells

(gastrinoma) in the context of a Zollinger—Ellison
syndrome (ZES), almost exclusively associated
with a multiple endocrine neoplasia type 1
(MEN-1) [21-24].

Although proton pump inhibitors (PPIs) can
induce ECL cell hyperplasia, only rare cases of
well-differentiated g-NETs developing after
long-term PPI use are reported in the literature
[25].

Type III g-NETs are not associated with any
background gastric pathology, and serum fast
gastrin levels are normal. These neoplasms have
a more aggressive clinical behavior mimicking
that of gastric adenocarcinoma [11, 26].
Occasionally, they are associated with an atypical
carcinoid syndrome [4, 27, 28].

Gastric NECs are highly aggressive and, usu-
ally, at an advanced stage at the time of presenta-
tion. They are rare and solitary, mainly diagnosed

in men over 60 years of age. NECs are high-grade
and poorly differentiated epithelial neoplasms
showing neuroendocrine differentiation by mor-
phology and immunohistochemistry. Genomic
evidence suggest that NETs and NECs are unre-
lated neoplasms. They have the worst prognosis
among all g-NENs with 50% of the patients
dying within 12 months [13, 29-32].

13.2 Clinical Presentation
and Prognosis

13.2.1 Type |l Gastric Neuroendocrine
Tumors

Type I g-NETs are the most common, accounting
for 75-80% of cases. They develop in response to
hypergastrinemia  because of achlorhydria
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secondary to autoimmune CAG where gastric
acid-producing parietal cells are destroyed by an
autoimmune process [19]. Less frequently, they
can also arise in the setting of Helicobacter
pylori-induced CAG [33].

Type I g-NETs mostly occur in women in the
fifth and seventh decades, although with the more
extensive use of endoscopy, they are increasingly
diagnosed at younger age, mainly in patients with
multiple autoimmune disease (most frequently
autoimmune thyroid disease and type I diabetes)
[34, 35].

Most of the time, type I g-NETs are inciden-
tally observed during endoscopic procedure in
patients with macrocytic or iron deficiency ane-
mia. In fact, gastric parietal cell loss in CAG
impairs iron and vitamin B, absorption through a
reduced acid output and intrinsic factor availabil-
ity. Moreover, patients may complain of
dysmotility-like dyspepsia (due to slow gastric
emptying associated with CAG) or other gastro-
intestinal symptoms [36-39].

Endoscopically, they generally present as
smooth, rounded, subepithelial, or polypoid mul-
tiple lesions in the gastric fundus or gastric body
with or without central depression and ulceration
[40] (Figs. 13.1 and 13.2). Gastric folds are
reduced, the mucosa is atrophic, and the NETs
are usually less than 10 mm in size although they
can be identified only in biopsies in 22.2% of

Fig. 13.1 A typical endoscopic appearance of type I
¢-NET with a rich superficial vascular supply

patients [41]. At endoscopic ultrasonography
(EUS) g-NETs appear as hypoechoic homoge-
neous lesions with clear and regular margins,
usually placed in the first three echo layers of the
gastric wall (the mucosa and the submucosa)
(Fig. 13.3) [42].

Type I g-NETs are well-differentiated

NEN:Ss, they have a low to moderate prolifera-
tion grade and show a very low malignant
potential with an excellent prognosis and a
5-year survival rate of almost 100% [43].
However, rare cases of metastatic spread and

Fig. 13.2 Multiple type I g-NETs with marked atrophy
of the surrounding mucosa

Fig. 13.3 Type I g-NET at endoscopic ultrasonography.
A well-demarcated hypoechoic lesion with regular bor-
ders, placed in the first three echo layers of the gastric wall
(the mucosa and the submucosa)
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extraordinary tumor-related death at follow-
up have been described [11, 14-16].

13.2.2 Type Il Gastric
Neuroendocrine Tumors

Type II g-NETs are the least common, account-
ing for 5-6% of cases. They develop in response
to hypergastrinemia in the setting of hyperchlor-
hydria due to neoplastic secretion from gastrino-
mas, mostly in ZES-MENT patients, rarely in
sporadic ZES [21-24]. For this reason, in type II
g-NET patients, a screening for other associated
tumors in the pituitary and parathyroid is
required. Germline testing for MEN-1 should be
considered. Type II g-NETs are equally frequent
in men and women, with a clinical presentation
characterized by severe peptic disease and
diarrhea, both caused by an excessive gastric acid
production [4, 44]. Endoscopically, they have the
same presentation of type I g-NETs but with a
hypertrophic  background  gastric mucosa
(Fig. 13.4).

Type II g-NETs are well-differentiated NEN's
with a low to moderate proliferation grade, but
unlike type I, they show a more aggressive behav-
ior, with an increased metastatic potential (10—
30% of cases) [4]. The 5-year survival rate of
these patients is good (70-90%) although their
prognosis is dominated by the behavior of the
concomitant gastrinoma [45].

13.2.3 Type lll Gastric
Neuroendocrine Tumors

Type III g-NETs account for 15-20% of cases.
They are generally observed in male patients over
the fifth decade and are not associated with
hypergastrinemia or any background gastric
mucosa pathology. These NETs develop from
ECL cells in most cases, in the absence of gastric
mucosa ECL cells hyperplasia.

It is not uncommon that type III g-NETs diag-
nosis is made in asymptomatic patients when
searching for a primary tumor in the setting of
liver metastases of unknown origin. However,

patients usually complain of pain, weight loss,
and iron deficiency anemia as seen in adenocarci-
noma of the stomach [29].

Mostly non-functioning, type III g-NETs are
infrequently associated with an atypical carci-
noid syndrome due to histamine production [4,
27, 28].

Endoscopically, they are generally larger than
2 cm and solitary with an infiltrative growth pat-
tern, arising everywhere in the stomach on a
normal-looking gastric mucosa (Fig. 13.5).

Fig. 13.4 A type Il g-NET with significantly hypertro-
phic adjacent gastric folds in a patient with Zollinger—
Ellison syndrome and multiple endocrine neoplasia type 1

Fig. 13.5 A type III g-NET of the proximal gastric body.
The lesion is larger than 25 mm, sessile, with a broad base
and central depressed region
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Type III g-NETs are well-differentiated
NENs with a low to high proliferation grade.
Frequently, at diagnosis local and distant metas-
tases are observed (>50%). Type III g-NETs
show the worst prognosis among all g-NETs
with a 5-year survival rate of less than 35% [11,
17, 26, 30, 34, 46].

13.3 Diagnosis and Tumor
Staging

Upper GI endoscopy with careful evaluation of
the tumors is the gold standard in diagnosing
g-NETs. In addition to assess site, number, and
size of the lesions, it allows their adequate patho-
logical diagnosis and characterization by the
biotic sampling. Multiple random antrum, cor-
pus, and fundus biopsies should also be taken to
search for etiologic orientation, such as the pres-
ence of CAG (whose diagnosis is essential to
define type I g-NETs), and to assess the presence
of ECL cell hyperplasia and Helicobacter pylori
infection. In type II g-NETs, upper GI endoscopy
is also necessary to search for duodenal gastrino-
mas and to verify adequate control of gastric
hypersecretion (healing of peptic disease)
[47-49].

Endoscopic ultrasonography is recommended
in g-NETs that appear resectable, except for
lesions <10 mm in size, to define parietal inva-
sion and regional lymph nodes status.
Furthermore, it allows lymph node cytological
assessment by fine needle aspiration. Moreover,
in ZES-MENI patients with normal conventional
imaging studies, EUS has a pivotal role to search
for small pancreatic gastrinomas [47-50].

Contrast-enhanced abdominopelvic comput-
erized tomography (CT) scan and magnetic reso-
nance imaging (MRI) with gadolinium-enhanced
and diffusion-weighted sequences are of very
limited value for small type I and II g-NETs.
However, they are mandatory in all patients with
an increased risk of regional/distant tumor
spreading such as type I and II g-NET patients
with a tumor size >10 mm and/or muscularis
propria invasion and type III g-NET patients [15,
35, 49]. Transabdominal ultrasonography can be

used in situations with a very low risk of local or
distant metastases. Somatostatin-receptor imag-
ing [Somatostatin-receptor scintigraphy and
68Ga-DOTA  positron-emitting  tomography
(PET)] should be performed in all g-NETs asso-
ciated with liver metastases or if there is concern
for metastatic disease or lymph node involve-
ment [35, 49]. 18Fluorodeoxyglucose-PET is
helpful in higher grade g-NETs, and its positivity
is an independent poor prognostic factor [49, 51].

Laboratory tests should be performed for
diagnosis and during follow-up. The measure-
ment of gastrin values is crucial for diagnostic
purposes. In patients with type I and II g-NETs,
serum gastrin levels are always elevated differ-
ently from patients with type III who have nor-
mal serum gastrin levels. Hypergastrinemia is
also observed in approximately one third of
patients with NECs. Gastrin measurement dur-
ing follow-up is not necessary. It is worth to keep
in mind that PPIs alter serum gastrin levels
whose dosage should be preferably performed
14 days after the interruption of these drugs
(except in ZES patients, in whom PPIs must not
be stopped to prevent rebound acid secretion,
possibly leading to peptic ulceration and GI
bleeding) [35, 52, 53].

Serum CgA levels are always elevated in type
Iand IT g-NETs because of the hypergastrinemia-
induced ECL cells hypertrophy/hyperplasia. For
this reason, the measurement of this biochemical
marker is not necessary neither for the diagnosis
nor during the follow-up of these patients.
However, in patients with type III g-NETs in
which serum gastrin levels are normal and liver
metastases are frequently observed, plasma CgA
may be useful [35]. In fact, it is well known that
CgA has a higher sensitivity for metastatic NETs
in comparison with localized NETs [54]. CgA
false-positive results may be observed during
treatment with PPIs or in patients with heart dis-
ease and severe kidney failure [55]. As well as
serum gastrin levels, serum CgA evaluation
should be preferably performed 14 days after PPI
interruption (see the above comment about PPI
withdrawal) [54, 56].

Urinary 5-hydroxy-indolacetic acid dosage
should also be considered in type III g-NET
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patients in the rare cases with associated symp-
toms suggestive of the carcinoid syndrome.

In patients with type I g-NETs anti-parietal
cell and anti-intrinsic factor antibodies should be
evaluated in the context of autoimmune CAG.
Helicobacter pylori should be searched because
its eradication may modify the natural history of
gastric atrophy [17, 57].

It must be highlighted that is of paramount
importance that patients with type I g-NETs, par-
ticularly if elderly, are screened for iron and vita-
min B, deficiency at diagnosis and mainly during
follow-up. In fact, iron deficiency anemia has
been found to be the presenting feature in more
the 50% of CAG patients, whereas vitamin B,
deficiency is frequently observed in these patients
and can be responsible of significant health con-
sequences (neurological, cognitive, psychotic,
and mood impairment) [57].

Thyroid function, thyroid peroxidase antibod-
ies, and thyroglobulin antibodies should be
assessed in type I g-NETs because of the possible
association of autoimmune CAG with autoim-
mune thyroiditis [41, 57].

13.4 Treatment and Follow-Up

An expert NEN-dedicated multidisciplinary team
should be involved to individualize treatment.

13.4.1 Localized Disease
13.4.1.1 Typel Gastric
Neuroendocrine Tumors
Due to the indolent course of type I g-NETs, a
conservative management is to be preferred over
surgery [48]. In these patients, tumor size >1 cm
is a potential predictor of lymph nodal metastases
and should be the lesion characteristic considered
first when their management is planned [14, 15].
Lesions <1 cm should be removed without
any additional evaluation, although nothing sug-
gests a less favorable evolution if they are left in
place and followed up [58]. Endoscopic resection
is the treatment of choice for these tumors, rang-
ing from polypectomy and endoscopic mucosal

resection (EMR) to endoscopic submucosal dis-
section (ESD) [48].

Complete resection of g-NETs is difficult with
conventional polypectomy because most of them
are not confined to the mucosa but, rather, they
invade the submucosa, resulting in frequent
involvement of the resection margins. This might
account for the high recurrence rates observed in
some series [41]. EMR and ESD can satisfacto-
rily achieve the en bloc resection of these lesions
without any difference in complication (bleeding
and perforation) incidence, although ESD is
more time-consuming than EMR [59-62].
However, the rate of vertical resection margin
involvement has been observed to be significantly
lower in the ESD-treated lesions than in those
treated with EMR [61, 62]. Moreover, EMR and
ESD might be used to resect remnant tumor after
an initial incomplete endoscopic resection as
observed in incompletely resected rectal NETs
[63, 64].

Recently, a novel endoscopic therapeutic tech-
nique, the endoscopic full-thickness resection
(EFTR), has been used for the treatment of gas-
tric subepithelial tumors. ETFR allows a full-
thickness resection of the gastric wall showing
interesting results for the treatment g-NETs [65].

In the case of type I g-NETs >1 cm, CT scan
or MRI is necessary to rule out lymph nodal and/
or distant metastases. EUS evaluation is manda-
tory to exclude invasion beyond the submucosal
layer or regional lymph nodal invasion. If the
lesions do not reach the muscularis propria layer,
then endoscopic resection, preferably using the
ESD technique, should be performed [48].

After endoscopic resection, an endoscopic
surveillance is required. First, because type I
g-NETs are recurring disease. Second, because
of the underlying CAG, to monitor the risk of
development of intestinal metaplasia, dysplasia,
and adenocarcinoma [66, 67]. Endoscopic sur-
veillance is suggested every 12 months for
patients with recurring neoplasms and every
24 months for those with non-recurring lesions
[35, 41].

Surgery (wedge resection or total gastrectomy
with lymphadenectomy) should be considered
for lesions not amenable to endoscopic resection
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(Iymph nodal and/or distant spread, extensive
multifocal diffusion), in case of involvement
beyond the submucosa (at EUS or at pathological
examination of an endoscopically resected
tumor), in the presence of positive margins after
endoscopic resection and if vascular and/or lym-
phatic invasion are observed [48]. Any surgical
treatment should be planned considering patient-
related parameters (age, comorbidity) and the
well-known usually indolent course of type I
g-NETs also in the presence of recurrence and
local or distant spread [14, 41, 59].

Antrectomy is a further surgical option for the
treatment of type I g-NETs. It can be considered
for extensive recurrent or multifocal lesions not
amenable of less invasive treatment [48].
Antrectomy removes the source of the hypergas-
trinemia which is the cause of ECL cell hypertro-
phy/hyperplasia and, ultimately, ECL cell NET
development [28]. Patients treated with antrec-
tomy have a lower risk of recurrence and need
fewer follow-up endoscopies than those treated
with endoscopic resection [68]. However, given
the evidence that some lesions recur after hyper-
gastrinemia interruption, the improvement in
endoscopic techniques, the complications and
side effects of surgery, and the possibility of
medical treatment, its use is debated and rarely
practiced [48, 69].

Long acting somatostatin analogs (SSAs),
because of their antiproliferative, antiangioge-
netic, and antisecretive effects, are widely used as
a medical treatment of both functioning and non-
functioning NENs [70]. They inhibit gastrin
release from antral G cells suppressing hypergas-
trinemia, the leading cause of ECL cell NET
development, and directly inhibit endocrine cells
proliferation. When administered continuously,
SSAs have been demonstrated to reduce the num-
ber and size of type I g-NETs. However, after
their withdrawal, lesions recur early and increase
in size [71-76]. SSAs must be given by injection
and are generally well tolerated, although some
adverse drug reaction (ADR) such as diarrhea,
headache, gallstones development, and hypergly-
cemia are non-infrequently observed [70].
Because of the high costs of SSAs, their ADR
profile and the usually excellent prognosis of

most type I g-NET patients, these drugs might be
proposed in selected cases, as for recurrent or
multifocal lesions and when endoscopic resec-
tion is not feasible or radical. Randomized con-
trolled trials comparing SSA treatment efficacy
to endoscopic management are needed. ENET
guidelines suggest their use only according to
expert opinion [35, 48].

Another potential medical option in type I
g-NET treatment is Netazepide, an orally active,
highly selective, competitive gastrin/cholecysto-
kinin 2 receptor antagonist. In 16 patients treated
once daily for 12 weeks, it significantly reduced
the number of tumors, the size of the largest
tumors, and the circulating CgA within the nor-
mal range. Serum gastrin values were unaffected.
Netazepide is safe and well tolerated; however,
the tumors regrow quickly after the drug is dis-
continued [77, 78]. The same results in terms of
efficacy, safety, and tolerability were observed in
13 patients treated with netazepide daily for
52 weeks. It is interesting to note that also circu-
lating CgA increased again after netazepide was
stopped. ECL cells, both in g-NETs and in CAG,
are the source of CgA, and its normalization is
consistent with netazepide inhibiting ECL cell
growth. Thus, CgA might be used to monitor
treatment [79].

Despite these initial favorable experiences,
placebo-controlled studies in a larger number of
patients and for a longer time are needed to con-
firm the use of netazepide for the treatment of
type I g-NETs.

13.4.1.2 Type ll Gastric
Neuroendocrine Tumors

Even more than in type I g-NETs, treatment strat-
egy of type II g-NET patients should be planned
in a NEN-dedicated multidisciplinary team.
Their management needs to be individualized
and to be approached in the context of MEN-1
syndrome whose treatment is first influenced by
the presence of duodenal or pancreatic gastrino-
mas for whom surgical resection is recommended
whenever it is possible.

Because of the more aggressive -clinical
behavior than type I g-NETs, type II should
always be treated, and local or limited excision
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are recommended. Endoscopic resection is
reserved for lesions limited to the gastric wall
and without invasion beyond the submucosa oth-
erwise surgery is recommended. As in type I
g-NETs, further treatments will be evaluated in
relation to the pathological examination of the
resected lesions. For the endoscopically success-
fully managed patients, endoscopic surveillance
is suggested yearly [18, 35, 48].

Some case series have shown that SSA treat-
ment resulted in reduction in size and number of
type II g-NETs [80].

In type II g-NET patients, high-dose PPI ther-
apy is mandatory to control acid hypersecretion
and to prevent life-threatening complications
from peptic ulceration [81].

13.4.1.3 Type lll Gastric
Neuroendocrine Tumors

At diagnosis, most of type III g-NETs show inva-
sion beyond the submucosa, lymphoinvasion,
angioinvasion, and local or distant spread. They
should be managed aggressively following the
same guidelines for gastric adenocarcinomas.
Resectable disease often undergoes partial or
total gastrectomy with lymphadenectomy [48].

Endoscopic management by means of EMR
or better with ESD for small (generally <2 cm)
type III g-NETs might be considered as initial
treatment if an appropriate and careful preopera-
tive staging is unremarkable. The pathological
examination of the resected lesion will dictate the
need for further treatments [60, 82, 83]. A close
endoscopic and radiological (CT scan or MRI)
follow-up is then mandatory for these patients.

13.4.2 Advanced Disease

Treatment options for advanced g-NETs, include
SSAs, systemic chemotherapy and molecular tar-
geted agents. Liver metastases can be treated also
with locoregional therapies (transarterial chemo-
embolization and radiofrequency ablation),
peptide-receptor radionuclide therapy, and sur-
gery [84].

The treatment strategy should be planned on
a case-by-case basis and discussed by an expert

NEN-dedicated multidisciplinary team.
Previous treatment, cumulative toxicity, the
impact of treatment on patient’s quality of life
and the long survival of g-NETs must properly
weighted.

13.5 Conclusions

Gastric neuroendocrine tumor diagnosis is on the
rise, and they are more frequently diagnosed at an
early stage, allowing a conservative approach for
most of them. Based on pathophysiology, three
types of g-NETs are recognized. Type I are the
most frequent and associated with CAG. They
are slow-growing neoplasms with an excellent
prognosis also in the presence of local or distant
spread which s infrequently observed. Endoscopy
is a powerful and suitable technique to manage
most of them in terms of both diagnosis/staging
and treatment. Because of CAG, it is of para-
mount clinical relevance to screen type I g-NET
patients for micronutrients deficiency and gastric
adenocarcinoma development.

Types II and III g-NETS are less frequently
observed, but they behave more aggressively. The
former, usually managed as type I, should be
approached in the context of MEN-1 syndrome.
The latter have the worst prognosis among all
g-NETs. They are surgically managed although
the endoscopic resection may be adequate in
selected cases.
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