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Abstract

BACKGROUND

Gastric neuroendocrine tumors (G-NETs) are rare tumors originating from
enterochromaffin-like (ECL) cells, with an incidence of 0.4 per 100,000 annually. There
are three main types: Type I, linked to chronic atrophic gastritis and hypergastrinemia,
makes up 75%-80% of G-NETs; Type II, associated with Zollinger-Ellison syndrome
(ZES) and multiple endocrine neoplasia (MEN-1), comprises 5%; and Type III, sporadic
tumors with a higher metastatic potential, accounting for 15%-25%. Diagnosis involves
endoscopy, biopsy, and histological examination. Additional methods include serum
gastrin testing, immunohistochemistry, and imaging techniques such as CT or MRI for
detecting metastasis. Type I treatment usually involves endoscopic resection (ER), with
surgical resection for recurrence. SSAs can reduce tumor size, and the prognosis is
generally excellent. Type II treatment centers on surgical removal of the gastrinoma,
with ER for smaller lesions and SSAs for symptom management. Type III requires
surgical resection (partial or total gastrectomy) with lymph node dissection, and
possibly chemotherapy. This type has a worse prognosis due to its aggressive nature.
Emerging treatments like Peptide Receptor Radionuclide Therapy (PRRT) are
promising for advanced cases, and ongoing research into immunotherapies is
expanding future treatment options. Regular endoscopic follow-up is crucial to monitor
for recurrence or metastasis across all types. Our literature review explores the current
perspectives on gastric neuroendocrine tumors (G-NET's) and highlights the importance
of further research to improve diagnostic precision and treatment, particularly for those

associated with less favorable cases.

AIM

Our literature review explores the current perspectives on gastric neuroendocrine
tumors (G-NETs) and highlights the importance of further research to improve
diagnostic precision and treatment, particularly for those associated with less favorable

cases.
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Core Tip: Gastric neuroendocrine tumors (G-NETs) are classified into three types, with
Type I and II having a better prognosis, while Type III presents a more aggressive
course. Early diagnosis and treatment, including endoscopic resection and emerging
therapies like PRRT, are key to improving outcomes, particularly for advanced cases.

Further research is needed to enhance diagnostic accuracy and treatment options.

INTRODUCTION

1.1. Epidemiology of neuroendocrine tumors

Neuroendocrine tumors (NETs) are a rare type of neoplasm presenting with an
incidence of 8.19/100,000 and 6.98/100,000 in the United States[1-2]. About 70% of all
neuroendocrine tumors occur in the gastrointestinal tract, including pancreatic NETs,

followed by NETs primarily sited in the lungs, and only 5% of them are found in other




organs|3]. Gastric NETs (G-NETs) are a distinct subgroup within the broader category
of gastroenteropancreatic NETs (GEP-NETs). GEP-NETs represent the largest group of
neuroendocrine tumors, encompassing all NETs located in the stomach, small intestine,
pancreas, and colon[4]. G-NETs account for 1.9-2.2% of all neuroendocrine tumors and
5-15% of all gastroenteropancreatic NETs[5]. Recently, the frequency of their diagnosis
has been reported to be increasing, due to the steadily increasing number of upper
gastrointestinal endoscopies being performed today and the technical expertise of

endoscopists|6].

1.2.Pathogenesis, Subtypes/Classification, and Staging of Gastric Neuroendocrine Tumors
NETs are heterogeneous malignancies, which arise mainly from cells constituting the
neuroendocrine system, histamine-secreting enterochromaffin-like cells(ECL cells)[7-
8]. The enterochromaffin-like(ECL) cell serves as histamine’s producing, storage, and
secretion site[9]. The latest WHO guidelines classify G-NETs into 4 different categories,
based on the cells of origin. Histamine-producing ECL-cell NET, somatostatin-
producing D-cell NET, gastrin-producing G-cell NET, and serotonin-producing
enterochromaffin (EC) cell NET[3]. The great majority of G-NETs consist of such ECL
cells and are situated in the corpus-fundus (oxyntic) mucosa[10].

G-NETs are also histologically distinguished from other neuroendocrine neoplasms
according to their level of differentiation and proliferation rate[11]. They are one of the
two main subgroups of gastric neuroendocrine neoplasms (G-NENs), alongside gastric
neuroendocrine  carcinomas (G-NECs), while mixed neuroendocrine-non-
neuroendocrine neoplasms (MiNENs) are much less commonly traced. According to
histologic-tumor proliferation, assessed mitotic rate and Ki-67 index, WHO in 2010
classified well-differentiated GNETs as low grade (Gl) or intermediate grade (G2),
whereas high grade (G3) referred to poorly differentiated NECs[5,12-13]. In 2019
though, WHO introduced a novel classification, reclassifying well-differentiated GNETs
as low(G1), intermediate(G2), and high grade(G3). Tumor grading in this classification
was determined by the Ki-67 index, with G1 being < 3%, G2 ranging from 3% to 20%,




and G3 exceeding 20% [14-16]. NETs are histologically graded as the most well-
differentiated subtype of any grade, while NECs and MinNENs represent highly
malignant forms[10].

Based on their clinicopathological features and whether they originate from ECL
cells, G-NETs are classified into types I to IV. Types I and II are typically ECL cell-
derived, type 111 can originate from either ECL or non-ECL cells, and type 1V has a non-
ECL cell origin[17-18]. Poorly differentiated gastric neuroendocrine carcinoma
(pdNEC), as well as mixed adeno-neuroendocrine carcinoma (MANEC), are often
regarded as subtypes of type IV G-NETs[19-20]. Among these types, the most
frequently identified neuroendocrine tu&ors are type I, type I, and type III[21].

G-NETs are furtherly staged using the Tumor (T), Node (N), and Metastasis (M)
staging system established by the Union for International Cancer Control (UICC) and
the American Joint Committee on Cancer (AJCC)[22]. Both grading and staging of

gastric neuroendocrine tumors are presented in Figure 1.

1.3. Clinical features and management of neuroendocrine tumors of the stomach
Gastric NETs are mainly non-functional, and, as a consequence, remain asymptomatic,
resulting in delayed diagnosis[5,23]. Incidental symptoms such as non-specific
abdominal pain, anemia, or upper gastrointestinal bleeding can therefore set the clinical
suspicion[24]. After successful diagnosis, imaging, and staging, treatment follows.
Therapeutic options consist of surveillance, endoscopic therapy or resection, surgical
resection, and systemic therapies. Management of G-NETs is based on a variety of
tumor-related factors such as tumor growth, the number of lesions, the extent of
invasion, the differentiation of the tumor, and the presence or absence of metastases.
Thus, as these factors get more seriously involved, the complexity of treatment options
increases[5,23]. In that context, new treatment approaches have been suggested for each
type[23].

In this literature review, we aim to provide an overview of all the new perspectives,

diagnostic, and therapeutic on well-differentiated G-NETs and highlight emerging




trends and future research directions to enhance effectiveness in the management of
these lesions. Poorly differentiated neuroendocrine carcinomas (NECs) do not cover the

purposes of this review and therefore will not be thoroughly described.

MATERIALS AND METHODS
2. Materials and Methods

Articles from 3 databases (PubMed, Scopus, and Web of Science) were screened for
further evaluation. Two independent reviewers (K.M-N. and D.R.) reviewed the titles
and abstracts of potentially relevant articles for eligibility. The search was conducted by
the end of September 2024. The search terms used were: “gastric’, ‘stomach’, "NET’,
‘neuroendocrine’, ‘tumor’, ‘neoplasm’, and 'treatment', with Boolean operators 'AND'
and 'OR' applied using all possible combinations.

The eligibility for inclusion of the screened articles was based on the treatment of
adult patients with G-NETs. Review articles and original articles including cohort
studies, randomized and non-randomized clinical trials, case series, and case reports
were included and assessed for their eligibility by screening of the full text. In vitro
studies, studies including pediatric population, and studies on animal models were
excluded from our selection. Articles written in any language other than English were
also excluded. Relevant data were extracted after reading the full text of the eligible
publications by 2 independent reviewers (K.M-N. and D.R.). Disagreement on the
inclusion or exclusion of specific articles was discussed and settled in meetings of all
authors. Finally, the quality of the included studies was assessed with the use of

available tools suitable for each type of study.

RESULTS

3.1. Type 1 Gastric Neuroendocrine Tumors

Epidemiology

Type I G-NETs represent the most prevalent NET subtype, accounting for 70-80% of all

the G-NETs consisting mainly of multiple small tumors 1-2 cm located in the gastric




body and fundus[6,14,21,25-26]. A predominance of females is noted, comprising
approximately 70% of all cases[21,27].

Pathophysiology/Risk factors

Type I G-NETs develop mainly in the context of chronic autoimmune gastritis
(AIG)[28-29]. Autoimmune gastritis is distinguished by the production of
autoantibodies directed against gastric parietal cells, targeting the H+/K+ ATPase,
mainly in the cells of the gastric body and fundus[30]. The inflammation that occurs is
followed by the destruction of parietal cells and subsequent reduction of their number,
leading to reduced gastric acid secretion (hypochlorhydria). In an attempt to
compensate for hypochlorhydria, and by the resulting disruption of the feedback
inhibition, exerted normally via the somatostatin-producing D cells, the body induces
hypergastrinemia, due to the persistent secretion of gastrin from the gastric G cells,
which promotes enterochromaffin-like cell(ECL) hyperplasia and potentially leads to
emerging of type I G-NETs, based on cohort studies, in approximately 0.4-0.7% of all
patients suffering autoimmune gastritis yearly[5,30-31].In later stages of the disease, the
presence of antibodies against intrinsic factor(IF), leads to its decreased production and
vitamin B12 malabsorption. Long-standing vitamin B12 deficiency triggers pernicious
anemia, a type of macrocytirmanemia[BZ-BS]. Recent research suggests that
hypergastrinemia induced by the long-term use of proton pump inhibitors (PPIs) may
contribute to the development of Type I G-NETs[34-35]. H.Pylori is commonly co-
existent with autoimmune gastritis or as its causative factor and it has been suggested
that it may play a significant role in type I G-NETs oncogenesis. However, this has not

been sufficiently substantiated, and further research on this matter is necessary[36].

Diagnosis
Patients suffering G-NETs type I, are mostly incidentally traced in the context of
esophagogastroduodenoscopy (EGD) conducted for screening purposes. The co-

existing pernicious anemia or autoimmune gastritis and their clinical consequences are




those that typically necessitate the screening examinations, while type I G-NETs exhibit
predominantly an asymptomatic ﬁinical presentation[37-38]. Immunohistochemically,
positivity for markers such as Chromogranin-A (CgA), Synaptophysin, Vesicular
Monoamine Transporter 2 (VMAT?2), and Somatostat Receptor 2A (SSTR2A) indicates
the presence of NET cells[21]. In histology, positive markers such as Chromogranin-A
(CgA), Neuron-Specific Enolase (NSE), and Vesicular Monoamine Transporter 2
(VMAT?2) (characteristic of histamine-producing cells) can also be detected|[8].

During EGD, type I G-NETs appear as multiple small(< 10mm) subepithelial reddish
polyps or nodules, smooth and rounded with or without central depression, contrasting
with the smooth and reddish normal mucosa as well as the pale, yellowish, and
transparent blood vessels of the antral mucosa. These lesions are located predominantly
in the gastric body and fundus[6,38]. The definite diagnosis is only set after the
conduction of both EGD and biopsy sampling, indicative of atrophic mucosa with
intestinal and pseudopyloric metaplasia, absence of parietal cells, and neuroendocrine
cell hyperplasia[6]. Furthermore, gastric acidity measurement demonstrates an elevated
pH (pH 2 7)[21,26,39]. Once the initial diagnosis is settled, each lesion exceeding 1 cm,
must be further evaluated with endoscopic ultrasound(EUS). EUS is used to highlight
the hypoechoic or isoechoic lesions surrounded by well-defined margins within the
lamina propria(second echo layer) or the submucosa(third echo layer), as well as to
assess any possible involvement of regional lymph nodes and determine the depth of
invasion, a determining factor on whether an endoscopic resection is a viable option or
not|[21,26,39].

To determine tumor staging, further evaluation through computer tomography (CT),
magnetic resonance imaging(MRI), octreoscan (somatostatin receptor scintigraphy), or
positron emission tomography (PET), can provide insights into the tumor’s local
infiltration and remote metastasis[40]. The utility of the latter remains under question.
Contrast-enhanced abdominal CT can detect possible liver metastasis and is

recommended for tumors larger than 2cm[41-42]. MRI with the use of Gd-DOTA as a

contrast agent provides higher detection capability than CT, guiding the handling of




some patients[40]. Octreoscan is capable of detecting liver, bone, or lymph node
metastases, however with poorer qualitative results in terms of cost-effectiveness and
identification success rate than those achieved with 68Ga-labeled PET tracers.
Additional imaging utilizing 68Ga-labeled PET tracers(68Ga-DOTATOC, -DOTANOC,
and -DOTATATE), remains under investigation, though showing encouraging initial

outcomes in comparison to the previously mentioned octreoscan[41-42].

Treatment choices
Type I G-NETs treatment should be personalized, taking into consideration factors such
as tumor size, number of lesions, and overall patient condition[8]. Endoscopic
management is promising, with optimal prognosis, and therefore suggested as first-line
treatment, as long as the tumor consists of small,well-differentiated lesions[6,43-44].
Endoscopic management can vary from simple endoscopic polypectomy to endoscopic
mucosal resection(EMR)or endoscopic submucosal dissection(ESD)[8]. Tumors less than
1 cm in size are typically managed through routine endoscopic monitoring or
endoscopic removal. For lesions measuring between 1 and 2 cm, when six or fewer
lesions are present, either endoscopic resection or surveillance via EGD is advised[43].
In cases where there are six or fewer tumors larger than 2 cm, management options
include endoscopic resection when feasible or surgical resection as necessary[43].
Surgical treatment should be reserved for cases where endoscopic resection is
considered unfeasible or adverse prognostic factors are identified[6,44]. Frequent
recurrences and multiple large lesions are cited as the primary unfavorable factors,
however, precise definitions of these remain under debate. For patients presenting with
more than six lesions exceeding 2 cm simultaneously, surgery is recoalmended as the
sole treatment option[45]. Additionally, for lesions larger than 1 cm, extensive
(involving the muscularis propria on EUS), multifocal (> 5), and recurrent on a site
where endoscopic resection was conducted, wedge resection of the stomach or even
gastric antrectomy could turn out as useful methods in minimizing gastrin secretion[8].

Another definitive indication for surgical treatment is deep tissue invasion by tumors,




lymph node metastasis, or in general factors that render endoscopic resection
ineffective. In contrast, necrosis, vascular invasion, or elevated Ki-67 alone are
insufficient factors and can not urge surgery[6,45].

For patients not capable of undergoing surgical resection, clinical handling of type I
G-NETs through the administration of somatostatin analogs (octreotide) could be an
option. Current literature reveals, though, that the decrease in serum gastrin induced by
these drugs lasts less than a year long, following their discontinuation. Due to this and
similar considerations, therapy with octreotide should be considered as a last resort for
patients unable to undergo surgery[6,44]. Another drug that can contribute to the
management of such tumors is Netazepide, a gastrin/cholecystokinin 2 receptor
antagonist. Netazepide acts mainly by blocking the gastrin-regulated signaling
pathway, decreasing the secretion of gastrin, as well as serum plasma chromogranin
levels (CgA), and shrinking the number and size of type I G-NETs[46-47]. Evidence
from clinical trials highlights its utility in type I gNETs by demonstrating its role in
reducing the abundance of multiple gastrin-regulated genes, including ECL cell-
specific markers such as CHGA and HDC, as well as PAPPA2, a metalloproteinase
implicated in IGF signaling and gastric tumor development, thereby contributing to
tumor regression[48].

The 5-year survival rate for Type I G-NETs following treatment, as demonstrated in
recent patient series, is excellent, reaching rates as high as 100%, with no disease-

associated mortality reported[8,18].

Challenges in the surgical treatment

A significant controversy has arisen regarding the ideal type of surgery. Antrectomy
(removal of the antrum) targets the removal of G-cells(gastrin-producing cells), though,
can be complicated, either by incomplete removal of these cells or by the independent
function and secretion of ECL cells. Since that's the case, the focus is directed towards
alternative surgical methods such as subtotal or total gastrectomy with or without

lymphadenectomy. By subtotal gastrectomy, adequate removal of G-cells is achieved.




Total gastrectomy is rarely the treatment of choice and is generallhreserved only for
cases with significant disease in the gastric fundus[6,44]. Regarding lymphadenectomy,
it should be undertaken when there is any indication of extra-gastric disease or the
presence of adverse prognostic factors. The extent of the procedure is not clearly
defined by the available literature, and the decision between D1, D1+, or D2
Lymphadenectomy should be made on a case-by-case basis, given the lack of consensus

in the literature. Minimally invasive techniques are suitable when appropriate[48].

Follow-up
According to former National Comprehensive Cancer Network (NCCN) guidelines, the
ideal approach for the follow-up of patients with small (< 20 mm) type I tumors was the
annual conduction of the EGD after the first three postoperative years. On the other
hand, for tumors exceeding 20mm a re-evaluation of the patient course was proposed
every 3 to 12 months postoperatively for the first 3 year period, and every 6 to 12
months thereafter Recent guidelines proposed by the European Neuroendocrine Tumor
Society (ENETS) recommend yearly follow-up with EGD for patients with type I G-
NETs, after the complete endoscopic resection of the lesion. Also, according to these
guidelines, lesions not requiring resection should be primarily reevaluated with EGD in
6-12 months and then every 1-2 years. However, the risk of gastric adenocarcinoma
development arising from chronic autoimmune gastritis in these patients underscores
the significance of yearly follow-up with the use of EGD[21,27]. Seemingly, the NCCN
guidelines suggest that the mostly benign nature of type I G-NETs and the low
recurrence rate, promote a long-term but less frequent patient follow-up consisting of
EGD, medical history taking, and clinical assessment[49].

Patients with type I G-NETs, as already stated, commonly present with atrophic
gastritis, which increases the risk of deficiencies in essential nutrients, particularly
vitamin B12 and iron, due to impaired gastric absorption. Regular monitoring is thus

advised to evaluate their nutritional status. Supplementing with vitamin B12 and other




necessary micronutrients helps prevent deficiency-related complications, allowing
healthcare providers to manage these patients” health more effectively[6,50].

3.2. Type 2 Gastric Neuroendocrine Tumors

Epidemiology

Type II G-NETs account for about 5-7% of all the G-NETs, a percentage that ranks them
as the rarest occurring G-NETs[8,25-26,43-44,50-51]. This type of G-NETs occurs with
the same frequency in both male and female patients[43,51]. They exhibit a bimodal age
distribution, impacting both younger adults with conditions such as MENI1 and

Zollinger-Ellison syndrome, as well as older adults[52].

Pathophysiology/Risk factors
MEN-1 and Zollinger-Ellison syndrome(ZES) alone are considered the two main causes
of type 2 G-NETs[8,44,51]. Sporadic ZES, though infrequent, rarely leads to type II G-
NETs, while these tumors are more commonly associated with MEN-1 and the
Zollinger-Ellison syndrome that results from it. Specifically, MEN1-ZES is identified as
the cause of the tumors in 13% to 43% of cases, while less than 1% can be attributed to
sporadic ZES[8]. Pathophysiologically, the gastrinomas(gastrin-producing G-cell
neoplasms) developed in the context of both conditions and located mostly in the
pancreas or duodenum, are responsible for the excessive gastrin secretion, resulting in
hypergastrinemia that drives the pathogenesis of type 2 G-NETs[5,43].
Hypergastrinemia in type 2 G-NETs activates the parietal cells, which produce
hydrochloric acid (HCl), leading to a decrease in gastric pH and the development of
hyperchlorhydria (gastric pH < 2). In contrast, in type 1 G-NETs, although
hypergastrinemia is also present, the pH remains high due to the destruction of parietal
cells caused by chronic autoimmune gastritis, which are thus unable to produce HCI[8].
In patients, where MEN-1 is suspected, evaluation is necessary through serum
sequencing for the MEN1 gene located on chromosome 11q13[8,43]. MEN1 syndrome,

follows an autosomal dominant inheritance pattern, necessitating genetic evaluation.




This need for genetic counseling is of great importance in patients who meet the clinical
criteria for MEN1, due to potential implications for other associated tumors, such as the
aforementioned gastrinomas, and pancreatic neuroendocrine tumors, including
insulinomas, glucagonomas, vipomas, somatostatinomas[24,53]. MEN1 gene normally
encodes menin, a tumor suppressor protein[8,52]. MEN1 gene mutations, traced in the
context of MEN-1 syndrome, lead to its dysfunction. In particular, in about 9 out of 10
MENT1-associated G-NETs, the biallelic inactivation of menin occurs following the
mutation of one allele and loss of the wild-type remaining one[54]. This genetic
alteration contributes to the transformation of G-NETs. Additionally, neuroendocrine
microadenomatosis is a common feature seen in patients with MEN1, further
highlighting the complexity of this condition[52].

In comparison to type I G-NETs, type II ones tend to exhibit greater aggression and
carry a higher, though still low, metastatic potential, estimated at around 10 to 30% [43-
44,51-52]. A metastasis is to be expected mostly in tumors that are over 2 cm in length,
invade the muscularis propria, and exhibit vascular invasion[52]. Furthermore, the risk
of metastasis is estimated as higher, by the presence of positive diagnostic molecular
markers such as elevated gastrin levels, elevated chromogranin A levels, somatostatin
receptor expression, ki-67 > 2%, VEGF overexpression, menin, and CDKNI1B
mutations[27]. The 5-year survival rate for Type II G-NETs following treatment is

considered good, with percentages ranging from 70% to 90%[8].

Molecular heterogeneity of type II G-NETs and subsequent implications

Type II G-NETs are characterized by high molecular heterogeneity, regarding the
many different pathways and alterations observed and the grade that they are involved
in each tumor respectively[5]. The involvement of elevated gastrin levels in these
tumors is one of the main characteristics, especially in the proliferation of the
neuroendocrine tumor cells. It has been recently shown that more aggressive type II

tumors may benefit even by a small increase in gastrin levels, suggesting that sensitivity




to gastrin may vary even for lesions of the same type, as a result of alterations that can
occur in that pathway([5].

MEN-1 also promotes tumorigenesis in type II G-NETs as a result of mutations of
the MEN-1 gene, which lead to dysregulation of the protein it encodes, the menin
protein. Subsequently, the large number of variants of this gene results in clinical
heterogeneity not only of MEN-1 but of the associated lesions as well[4].

Despite MEN-1 being the most common example, regarding its direct relation to
type II G-NETs, a significant part of genes and pathways has also been investigated for
their involvement. Dysregulation of PI3K/AKT/mTOR and TP53, as well as mutations
of PRKAR1A, and CDKNI1B/p27 genes, have also been associated with the
development of type II G-NETs. Mutations in the PRKARIA gene found in these
tumors have been demonstrated to disrupt &e cyclic AMP (cAMP) pathway. The
alterations caused by these mutations in the cAMP-dependent protein kinase type I-
alpha regulatory subunit encoded by that gene are associated strongly with
tumorigenesis in these lesions. Furthermore, CDKN1B/p27 mutations have been shown
to affect cell cycle regulation.[14].

Finally, epigenetic changes, especially DNA methylation, along with chromosomal
and microsatellite instability, constitute a big chapter of such alterations. They also
promote tumorigenesis and tumor cell proliferation and their relation to type II G-NETs
has been extensively investigated for the association of the variants with the different
clinical phenotypes they produce[4].

Apart from the identification of the different molecular alterations that contribute to
the high heterogeneity of type II G-NETs, it is of high importance to connect these
mutations with the subsequent changes in tumor cells’ phenotype and the possible
implications this may have[l4]. Regarding prognosis, lesions characterized by the
presence of mutations of certain genes, such as TP53, are more aggressive and the
prognosis is thus expected to be poorer. These features of the tumor cells also reflect on
the treatment options. Recently, trials testing new agents that target the involved

pathways are in progress. This opens the way for targeted and personalized medicine in




the G-NETs family. However, in the context of the high molecular heterogeneity,
further research is necessary for the identification of more features of the molecular
profiles of these tumors for the development of new targeted and possibly more

effective agents.

Diagnosis

Type 11 G-NETs can be asymptomatic on their own or cause non-specific symptoms, in
the context of the co-existent peptic ulcers, developed due to the hypergastrinemia
state[20]. This is also the reason why the diagnosis of such cases can delay up to 5 years,
from the disease’s onset. Although this is the standard, there are also cases where the
hypergastrinemia induced in the context of type 2 G-NETs can provoke the appearance
of symptoms such as abdominal pain, due to the irritation of the so-developed gastric
ulcers, or even secretory diarrhea[21,55].

Previously disease-free patients, once exposed to hypergastrinemia, undergo a
transition of the normal gastric mucosa into a hypertrophic state, also characterized by
ECL cell hyperplasia and dysplasia[8,43]. Morphologically there are two typical
structures of Type II G-NETs. An EGD can reveal either numerous, small(< 10mm),
polypoid lesions or yellowish smooth, hemispherical submucosal ones. When the
second is the case, EGD with white light, manifats reddish hemispherical polyps, with
or without a central depression, indicative of subepithelial tumor growth[20]. High-
resolution magnifying endoscopy (ME) utilizing narrow-band imaging may uncover
gastric pit-like structures on the tumor's surface; however, these features can be difficult
to discern during conventional EGD since G-NETs are usually obscured by normal
mucosa. In the region of the central depression, these pit-like structures are often
lacking, with dilated blackish-brown subepithelial vessels displaying corkscrew-shaped
capillaries instead[21,38]. Moreover, EGD may reveal associated peptic ulcer disease,
with lesions predominantly located in the fundus but sometimes also present in the

antrum[51].




Type 2 G-NETs are typically classified as well-differentiated neuroendocrine tumors
(NENs) that are confined to the mucosa and/or submucosa[8]. Histopathological
analysis shows a gastric oxyntic mucosa featuring an increased mass of oxyntic cells,

hich results from unchecked gastrin stimulation. Additionally, the analysis reveals
nodules of neuroendocrine tumor nests that demonstrate negligible mitotic activity, no
necrosis, and usually a low Ki67 proliferation index (below 3%), indicating
compatibility with a well-differentiated neuroendocrine tumor categorized as GI.
Rarely, a G2 classification may be observed when the Ki67 proliferation index is
between 3% and 20%[52].

Furthermore, while the different histological types of ECL cell hyperplasia (including
diffuse, linear, and nﬁronodular) in the peritumoral gastric mucosa are found at
similar frequencies in patients with both MEN-1 associated gastrinoma and sporadic
gastrinoma, the presence of ECL cell dysplasia and ECL cell neuroendocrine tumors has
been observed solely in individuals with MEN-1[56].

Elevated gastric secretions, marked by hypergastrinemia, are characteristic of G-NETs
type IL, often presenting with high serum acidity resulting from hypochlorhydria[8]

In patients with either type I or type II G-NETs, serum gastrin levels frequently
exceed 1000 pg/mL[43,51]. For type II G-NETs, particularly those associated with
Zollinger-Ellison Syndrome (ZES), diagnosis not only requires elevated gastrin levels
but also involves measuring serum Chromogranin A (CgA) and assessing for possible
MENT1[57]. Alongside EGD and serum gastrin evaluation, genetic testing for MEN1 and
localization studies for gastrinomas are recommended. Screening for additional tumors
associated with MEN1, such as those affecting the parathyroid and pituitary glands, is
also advised. Detection of gastrinomas can further be supported by sequential serum
gastrin measurements following secretin injection; while secretin administration
typically reduces serum gastrin in healthy individuals, an abrupt increase in levels

indicates the presence of a gastrinoma[51].

Treatment choices




Once the diagnosis is confirmed, localizing the gastrinoma should becﬁme a priority to
guide potential surgical intervention for its removal. Gastrinomas are commonly found
within the 'gastrinoma triangle,' defined by the junction of the cystic duct and the
common hepatic duct, the transition from the second to third portions of the
duodenum, and the pancreatic neck[15]. However, identifying the lesion can be
challenging. Thus, imaging techniques such as computed tomography (CI), magnetic
resonance imaging (MRI), EUS, octreotide scintigraphy, selective angiography, positron
emission tomography (PET), and intraoperative ultrasonography can be valuable in
localizing the tumor([44].

The role of EUS in patients with type II G-NETs is to assess tqle depth of the tumor's
invasion, specify its precise location within the layers of the gastric wall, and determine
whether an endoscopic resection is a viable option. EUS typically shows G-NETs as
hypoechoic, intramural structures located within the second (deeper mucosal) or third
(submucosal) echo layers of the gastric wall[21,43]. Other, less commonly used imaging
techniques, such as CT and MRI, provide valuable information on local tumor spread,
and distant metastasis, and help with tumor staging[20,57]. Abdominal CT is
recommended for tumors larger than 2 cm, while MRI is generally reserved for select
cases where it can offer specific insights[43-44,52]. Octreoscan has a high sensitivity in
detecting liver, bone, and lymph node metastasis.PET-CT scanning, though generally
reserved for specific, extensive cases of type II G-NETs, has shown a higher ability to
identify lesions at relatively reasonable costs. In NETs, PET imaging with 68Ga-labeled
tracers is effective in detecting metastatic disease, though its specific role in identifying
primary G-NET tumors requires further research[21,41-43].

Type Il G-NETs are associated with a greater likelihood of lymph node involvement
and metastasis co red to type I G-NETs, warranting a more intensive treatment
approach[43,49,57]. The ENETS guidelines specifically recommend surgical resection
for all type II G-NETs due to their greater metastatic risk, whereas the NCCN
guidelines generally align the management of type II G-NETs with type L, though with

some variations given these differences[21,49,57-58]. Management typically focuses on




localizing and resecting the gastrinoma when present, as it often accompanies type 1I G-
NETs and can influence disease progression[8,44,52]. For localized G-NET lesions
without invasion beyond the submucosa, endoscopic resection is generally sufficient.
However, for invasive or metastatic lesions, an oncologic resection is preferred to
address these aggressive characteristics[51,57-58]. When no adverse prognostic factors
are present, endoscopic resection may be adequate for small, localized tumors. Larger
or multiple lesions, however, often call for a combined approach using both EGD and
surgery[43-44,57-58].

In cases where surgical resection is not feasible, acid hypersecretion can be managed
to prevent peptic ulcer disease through the use of proton pump inhibitors (PPIs) or
somatostatin analogs (SSAs)[50]. Currently, high-dose PPIs are the preferred treatment
strategy, as SSAs, though also used, have been associated with potential worsening of

type II G-NETs and elevated serum gastrin levels in some studies[8,43,49,57].

Follow-up

For type hGNET-S, annual endoscopic surveillance is advocated by the ENETS
guidelines for recurrence, particularly if ZES persists from an in situ gastrinoma[20]. In
contrast, based on the NCCN guidelines, a patient’s follow-up consisting of EGD,
medical history taking, and clinical assessment is the ideal approach for patients with
type II tumors. After the first three postoperative years, annual conduction of the EGD
is recommended. For tumors exceeding 20mm a re-evaluation of the patient course is
proposed every 3 to 12 months postoperatively for the first 3 year period, and every 6 to
12 months thereafter[49].

3.3. Type 3 Gastric Neuroendocrine Tumors

Epidemiology

Type III G-NETs manifest intermittently. These lesions constitute approximately 10% to
20% of all G-NETs, representing the second most common type. They are distinguished

by their high potential for malignant transformation.[21,51,52]. A predominance of




males is noted. Type IIIl G-NETs have a significantly poorer prognosis compared to the
other G-NET types, with the average survival being estimated at about 28 months, with
a mortality rate reaching as high as 30%[51-52,57]. Additionally, it is estimated that
between 5% and 10% of these patients may also develop concurrent gastric

adenocarcinoma.[57].

Pathophysiology/Risk factors

To date, no association has been suggested between the occurrence of type III G-NETs
and any predisposing conditions such as ECL-cell hyperplasia, hypergastrinemia,
chronic atrophic gastritis, MEN1, or Zollinger-Ellison syndrome[21,52]. The current
WHO 2019 classification categorizes them based on tumor grading (G1, G2, and G3)
using mitotic count and Ki-67 index, but molecular markers are not yet widely
incorporated into routine clinical classification[3]. TP53 and RB1 mutations, as well as
alterations in chromatin remodeling genes, could play a role in stratifying these tumors
further. Additionally, markers like p53 and Rb expression may help distinguish
aggressive Type III G-NETs from neuroendocrine carcinomas (NECs), aiding in
treatment decisions[3,51,58]. The tumor’s single lesion appears on an otherwise normal-

appearing gastric mucosa[51,58].

c. Diagnosis
The diagnosis can be corroborated by measuring plasma chromogranin A (CgA),
histamine, serotonin, and gastrin levels, which should be within the normal range[51].
Additionally, for well-differentiated tumors, CgA and neuron-specific enolase can serve
as useful biomarkers[58].

Type III G-NETs are highly aggressive and frequently present with distant metastases
the time of diagnosis. They commonly spread to regional lymph nodes and the
liver[21,52]. The propensity for metastasis is associated with specific factors, including

mor size, angioinvasion, and deep infiltration into the muscularis propria[52].

According to the AJCC (8th edition), lymph node metastasis (N1) is observed in about




71% of type III cases, while distant metastasis to the liver (M1) occurs in about 69% of
patients[52]. Therefore most type III lesions fit stages Ila, IIb (T3 NO MO0), IIla (T4 NO
MO0), ITIb (T1 N1 MO), or even IV (any T, any N, M0)[52].

When symptomatic, type III G-NETs exhibit symptoms similar to those caused in the
setting of gastric adenocarcinoma, such as anemia, loss of appetite, dyspepsia,
gastrointestinal bleeding, and weight loss[21,51,58]. Given that type III G-NETs are
sporadic and unassociated with other conditions, they typically become symptomatic
only when they reach a size that is sufficient to cause pain, bleeding, or noticeable
weight loss.[51,58].

While uncommon, a "carcinoid syndrome" may occur in the context of type III G-
NETs, especially when liver metastasis is present[20]. Symptoms are mostly flushing,
rapid heartbeat, and diarrhea[20]. In very rare cases, an atypical carcinoid syndrome
linked to increased histamine release from enterochromaffin-like (ECL) cells might also
occur in the other G-NETs types, types I and II. This atypical presentation can involve
persistent flushing, itching, wheals, bronchospasms, headaches, and tearing, potentially
triggered by tyramine-rich foods or spontaneously[56-57]. Elevated levels of the
histamine metabolite methylimidazole acetic acid in the urine, may be indicative in
cases with atypical carcinoid syndrome[57].

The role of EGD, as a diagnostic tool, is crucial for identifying G-NETs. When it
comes to type III G-NETs, a solitary lesion larger than 2 cm is typically detected, arising
within normal-appearing gastric mucosa. These tumors can often have an ulcerated
appearance, leading to significant hemorrhage. Though frequently coinciding with H.
pylori-related gastritis, they are not related to gastric atrophy or peptic ulcers[58]. It is
important to note that both the size and quantity of the tumor should be recorded.
Biopsies should be conducted on the lesions themselves, as well as on the healthy areas
of gastric mucosa along the greater and lesser curves, to facilitate comparison of ECL
cell density.[51].

Histologically, these tumors consist of various sporadically developed endocrine cells

and do not correlate with gastrin hypersecretion[58]. Immunohistochemical profiling




shows that type III G-NETs react positively to chromogranin A (CgA), neuron-specific
enolase, synaptophysin, and S-100 proteins[51]. Many cases demonstrate intermediate
cytological atypia, characterized by abundant amphophilic cytoplasm, enlarged nuclei
with open chromatin, and prominent nucleoli. Additional features such as single-cell
apoptosis or significant necrosis may be present, with a Ki67 proliferation index
frequently exceeding 2%. Tumors with a Ki67 index greater than 20% are classified as
grade 3 (G3), while those below this_threshold are generally categorized as grade 2
(G2)[52]. Mitosis rate > 1 per HPF. Invasion beyond the submucosa is common, and
concurrent gastric adenocarcinoma is observed in 5% to 10% of cases[17,58].

EUS assesses ﬁe depth of tumor invasion and highlights its position within the layers
of the gastric wall. G-NETs are commonly located in the second (deeper mucosal) or
third (submucosal) echo layers, appearing as hypoechoic structures within the stomach
wall[7,20].

Imaging modalities such as CT and MRI are valuable tools that provide additional
information about local spread and distant metastasis directing tumor staging,
particularly in patients with extensive disease and those with type III lesions, where
staging is essential[20]. In particular, CT or MRI scans are advantageous when there are
concerns regarding metastatic disease or lymph node involvement. Conversely,
radiolabeled somatostatin analogs, which assist in determining the location and extent
of tumors, are not commonly utilized[51].In the context of metastasis detection,
Octreoscan identifies liver, bone, and lymph node metastases[21]. Recent studies have
highlighted the advantages of using fluorodeoxyglucose PET, particularly with 68Ga-
labeled PET tracers (such as 68Ga-DOTATOC, -DOTANOC, and -DOTATATE),
offering a higher rate of lesion identification and lower costs compared to traditional
Octreoscan methods. However, the application of 68Ga-labeled PET in G-NET
assessment is still being evaluated, and further research is necessary to fully understand

its utility in this patient population[41-42].

d. Treatment choices




Management of type III G-NETs follows the sam(ﬁ-rotocols as that of gastric
adenocarcinomas. According to the ENETS guidelines, surgical resection, either partial
or total gastrectomy, along with lymph node dissection, is recommended[21]. The
NCCN guidelines also advocate for radical gastric resection combined with perigastric
lymph node dissection for localized type III G-NETs[47]. These tumors are typically
approached with more aggressive treatment strategies, which may include subtotal or
total gastrectomy based on their location. Given the resectability, liver metastases
should be surgically removed. If not, options such as arterial embolization or radio
ablation can be pursued, with a success rate of approximately 50%. For type III lesions
that exhibit extrahepatic metastasis or recurrent disease, systemic chemotherapy or
molecular-targeted therapies may be utilized[52].

The NCCN guidelines indicate that endoscopic or wedge resection is an option for
type III G-NETs measuring under 2 cm. Schertibl et al. have recommended that smaller,
well-differentiated (G1) type III G-NETs can be managed using endoscopic
resection[21]. Furthermore, Kwon et al. noted that if a type III tumor is confined to the
submucosal layer, is less than 2 ¢m in size, and shows no signs of lymphovascular
invasion, then endoscopic treatment should be considered as the first line of action[20].
Management strategies for well-differentiated G2 type 111 G-NETs are often the same as
those used for types I and II, though the sequence of treatments may vary. Patients with
G3 type III tumors typically follow the same pattern of treatment as patients suffering
from adenocarcinomal57]. In contrast, patients with advanced G3 type III tumors
typically receive chemotherapy exclusively, with specific regimens designed based on
the tumor's morphological features, in line with the latest grading system[57].

Somatostatin analogs (SSAs) may be utilized as agents that either slow tumor growth
or manage symptoms evoked by carcinoid syndrome. These analogs can also help
suppress gastrin secretion, mitigating the growth-promoting effects on
enterochromaffin-like (ECL) cells in G-NETs. Although these therapies tend to be well

tolerated and can lead to reductions in tumor size, recurrence is common once




treatment ceases, and no substantial enhancements in patient outcomes have been
linked to the use of SSAs.

In advanced disease scenarios, chemotherapy can result in a response rate ranging
from 20% to 40%, employing well-established drugs such as streptozotocin, 5-

fluorouracil, cyclophosphamide, etoposide, and doxorubicin[51].

e. Follow-up

For patients with type III G-NETs, follow-up care is recommended every 3 to 12 months
post-resection, transitioning to every 6 to 12 months afterward, in line with NCCN
guidelines[49]. The monitoring approach for type III G-NETs aligns closely with that for
gastric adenocarcinoma, which involves annual endoscopic examinations and thorough
clinical assessments[57]. Additionally, the ENETS guidelines emphasize the importance
of regular surveillance for individuals who have had gastrectomy for type III tumors to

detect any potential recurrence early[21].

DISCUSSION

4. Advancements and Challenges in the Diagnosis, Prognosis, and Treatment of
Gastric Neuroendocrine Tumors

Gastric neuroendocrine tumors are a lesser but not least part of the GEP-NETs. The
diagnostic patterns include the use of a variety of methods, from endoscopic biopsy for
the pathological identification of the lesion to PET/CT scan for the search for
metastases[59]. However, the limitations in the use of each method pose a serious
challenge in the diagnostic process. Despite the EUS being the first imaging choice after
EGD for type I G-NETs, it is, as mentioned above, used for the staging of lesions
exceeding 1cm. Moreover, it has been suggested that, after endoscopic resection, the
method was of significantly lower accuracy regarding the staging of submucosal
tumors compared to pathological staging[60]. In addition, CT and, especially, multi-
phase CT imaging of G-NETs, is based on the arterial phase enhancement of these

lesions[59]. A few years ago, this knowledge was further advanced in pancreatic NETs,




by the demonstration that the arterial phase enhancement of the tumor in multi-phase
contrast-enhanced CT was negatively associated with the tumor’s grade. It is, however,
important to mention that the accuracy of the method varied between 69%-82%, its
negative predictive value between 62%-77%, and its sensitivity between 45%-75%[61].
Therefore, more studies are needed to prove the significance of these findings in gastric
neuroendocrine tumors and to further evolve the method to increase its accuracy.

Delayed detection due to the lack of early symptoms also poses serious challenges for
the specification of the extent of the disease at the time of diagnosis. Depending on the
characteristics of the tumor, size, expansion to adjunct structures and nodes, and
metastases, as well as those of the tumor cells, like proliferation index and somatostatin
receptors expressed, management including either surgical, non-surgical, or a
combination of them may be performed. Tumor resection, however, such as endoscopic
submucosal excision for smaller and surgical resection for bigger lesions, remains a
basic option.

In addition to the excision of the lesion, a number of alternative treatment modalities
have been proposed, including the use of somatostatin analogs, chemotherapeutic
agents, and radionucleotide agents. Somatostatin receptors found on the cell membrane
of the neuroendocrine tumors of the gastroenteropancreatic system play a key role in
the diagnosis and treatment of the primary tumor, as well as of the metastases. In a
study by Diamantopoulos et al., above-label doses of somatostatin analogs were shown
to be more effective than the label doses in the treatment of GEP-NETs[62]. This context
reflects the need for identification of the limits of the administered doses regarding both
efficacy in disease regression and safety for patients. Furthermore, the combination of
somatostatin analogs with interferon has been extensively investigated for its potential
as an antiproliferative treatment in GEP-NETs during the past decades. However, its
use remains rare due to insufficient evidence[63]. Although chemotherapy regimens
and the combination of them have been extensively studied in GEP-NETs, the
comparison of their effectiveness with that of the most recently generated peptide-

receptor radionucleotide treatment was inevitable. Another possible prognostic and




therapeutic target investigated was immune checkpoint inhibitors. The rate of
expression of PD-1/PD-L1 in GEP-NETs was found to vary between 1-8§% and a
relationship with disease progression (P < 0.01) was demonstrated. The efficacy of
treatment with ICIs as monotherapy or in combinations though has proven to be
insignificant[64].

Among the most used scintigraphic radiopharmaceutical agents used in PET/CT
imaging for the detection of both primary and metastatic lesions is the 8Ga-
DOTATATE. In-DTPAOC and 77Lu-DOTATATE have also been studied for their
diagnostic value[65-67]. Moreover, their use as peptide-receptor radionucleotide
therapeutic agents has been thoroughly studied, and relevant data have been published
regarding their effectiveness, more importantly in patients with advanced and
unresectable diseases. Based on these data, in 2018,1777Lu-DOTATATE received FDA
approval for the treatment of GEP-NETs[68].Strosberg et al., in their randomized trial,
addressed the side effects associated with ** 7 Lu-DOTATATE therapy[69]. Common
adverse events included nausea, vomiting, fatigue, abdominal pain, and diarrhea[69].
While no cases of renal toxicity were reported in either the treatment or control group,
patients receiving " 7 Lu-DOTATATE exhibited a higher incidence of hematological
toxicity, as indicated by increased rates of neutropenia, thrombocytopenia, and
lymphopenia[69]. These findings suggest a potential vulnerability to myelodysplastic
syndromes in patients treated with the study demonstrated that 17 7 Lu-DOTATATE
significantly improved PFS, reducing the risk of progression or death by 79% (HR =
0.21; P < 0.001), with a 20-month PFS of 65.2% vs. 10.8% in controls[69]. Interim OS
analysis suggested a survival benefit (48-month OS: 66% vs. 54%)[69]. QoL improved,
with delayed symptom progression (HR = 0.40; P = 0.003)[69]. Late toxicities included
grade 3-4 thrombocytopenia (9%) and lymphopenia (2%), with 1.7% developing
MDS[69].Despite that, the publication of new studies urges hopes for more favorable
outcomes[67,70]]. As such, evidence of the effectiveness of radioembolization with
holmium-166 ((166)Ho) after treatment with 177Lu-DOTATATE for the treatment of liver

metastases from primary neuroendocrine tumors of various sites has been




presented[71]. The limits of the administered dose have been studied due to the
radiation of critical organs, kidneys, and bone marrow by this agent. Data from
radiotherapy can assist in this estimation of the thresholds, but further evaluation and
clarification are under investigation[72]. The way of administration has also been
shown to be of importance with the intra-arterial administration offering increased
uptake[73].

Prognostication has consistently represented a significant challenge, not only in the
context of gastric NETs but across the entire spectrum of medical specialties. A variety
of scores have been suggested as tools for clinicians regarding the prognosis of different
treatment approaches for GEP-NETs[74-75]. A few months ago, in April 2024, a
nomogram regarding the overall survival in GEP-NETs was published, based on data
from a large patient-based study including 42,662 patients[76]. The commonly accepted
tool for the staging and prognosis of GEP-NETs however remains the AJCC Cancer
Staging System(77]. This process of decision-making represents a further crucial
element in the management of GEP-NETs. Effective communication and collaboration
between the patient and the physician are crucial for achieving the optimal outcome. In
2018, Wagner ¢t al. provided a comprehensive guide to the reflective multicriteria
decision analysis (MCDA) regarding patients in the United States, facilitating alignment
between the patient and the physician[78]. Subsequently, new evidence was generated
from the application of the MCDA to a specific subset of US patients, namely Spanish
patients.[79].

In the future, it will be crucial to focus on the development of new biomarkers for
earlier diagnosis and more accurate prognosis of G-NETs. Additionally, optimizing
multidisciplinary diagnosis and treatment approaches will be essential in improving
patient outcomes. Research into standardizing treatment protocols and exploring
innovative therapeutic agents should be prioritized to achieve more effective and

personalized care for G-NET patients.

CONCLUSION




5. Conclusion

Gastric neuroendocrine tumors (G-NETs) pose a challenge for modern medicine. The
variety of histological patterns and clinical features underscore the need for detailed
diagnostic and treatment management specific to grade, type, and stage. High clinical
suspicion should arise from the presence of known risk factors. The gastric chloride
background of each individual could be considered highly important in differentiating
between the distinct types L II, and IIl. The expected outcomes and prognosis are
strongly linked to each specific subtype, with types I and II being associated with a
better prognosis, while types III and IV are linked to less favorable outcomes due to
tissue and lymphovascular invasion, as well as metastasis. For type I G-NETs,
endoscopic resection of the lesions is considered the gold standard. For type II, either
endoscopic resection or surgery is preferred, based on oncologic counseling. Type III, if
resectable, requires detailed and extensive surgery. Nowadays, innovative and
emerging alternative therapies, such as somatostatin analogs and peptide-receptor
radionuclide therapies, offer promising outcomes, especially in advanced cases. Our
study emphasizes the need for further in-depth research to improve diagnostic accuracy
in early stages, and treatment efficacy, resulting in more favorable outcomes, especially

in patients with lesions linked to a poorer prognosis.
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