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Gastrointestinal neuroendocrine tumors (GI-NETs) are rare neoplasms, with the gastric (stomach) subtype
(G-NETs) representing a significant clinical focus. Type 1 G-NETs are particularly noteworthy due to their
relationship with autoimmune atrophic gastritis (AAG) and pernicious anemia (PA), conditions that impact
vitamin B12 absorption. This report presents the case of a patient with a type 1 G-NET identified at the
initial diagnosis of PA, demonstrating the connection between these conditions. In the literature review, we
discuss the general mechanisms underlying PA, including its etiology, pathogenesis, clinical presentations,
and diagnostic approaches. Emphasis is placed on the importance of recognizing and diagnosing this
condition early, given the treatable nature of the associated gastric neuroendocrine dysregulation.
Additionally, the report examines the broad spectrum of G-NETs, with a special emphasis on the
characteristics of type 1 tumors. By considering recent developments in the field, we provide an overview of
the current understanding of G-NET epidemiology, classification, clinical features, diagnosis, and
management strategies.
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Introduction

The journey toward understanding neuroendocrine tumors (NETs) commenced in 1868 with Rudolf
Heidenhain's discovery of neuroendocrine cells, later noted by Nikolai Kulchitsky in 1897 [1]. However, it
wasn't until 1907 that Siegfried Oberdorfer differentiated between carcinomas and less aggressive ileal
lesions, termed "karzinoide" [2]. Despite initial skepticism, Oberdorfer's work gained acceptance, leading to
further research. In 1914, Gosset and Masson identified carcinoids as endocrine-related tumors [3]. By 1929,
Oberdorfer recognized their potential for metastasis [4]. Max Askanazy, a contemporary of Oberdorfer,
discovered gastric involvement in carcinoid tumors [5]. In 1963, Williams and Sandler expanded the
carcinoid definition and classified tumors by embryological origin (foregut, midgut, and hindgut) [6]. The
World Health Organization (WHO) used "neuroendocrine tumor" to replace "carcinoid" in 2004 due to the
latter's limitations. Today, we refer to these tumors as gastroenteropancreatic neuroendocrine tumors (GEP-
NETSs), highlighting their diverse cytokine and hormone secretion and the rarity of classic carcinoid
symptoms.

NETSs are a heterogeneous category of tumors that can be benign or malignant. NETs are most commonly
derived from neuroendocrine cells in the gastrointestinal and bronchopulmonary tracts; rarely, they occur in
the breast, prostate, thymus, and skin |7]. “Neuroendocrine” describes widespread cells with both neurologic
and endocrine features. The presence of dense core granules, which store monoamines similar to the
serotonergic neurons of the CNS, depicts the “neuro” portion [8]. The production and release of those
monoamines represent the “endocrine” portion. Roughly 40% of NETs are hormone-secreting. It is worth
mentioning that neuroendocrine cells do not have axons or dendrites.

The GI tract is the most common location for NETs (GI-NETs), accounting for approximately 50% of cases
[9]. The literature describes GI-NETs as slow-growing and manifesting clinically with compressive mass
effect, fibrosis, or symptoms from combinations of secreted components (histamine, serotonin,
prostaglandins, etc.). When serotonin is the primary culprit, the latter is widely known as carcinoid
syndrome. The classic presentation, co-occurring with hepatic metastasis, features dermal flushing,
bronchospasm, gut-hypermobility, and hypotension. However, this is only seen in fewer than 10% of cases
[10]. GI-NETSs can develop in the small intestine (45%), rectum (20%), appendix (16%), colon (11%), and
stomach (7%) [11]. While these data portray the stomach as one of the least common locations for GI-NETs,
the incidence of these tumors is rapidly climbing. We will explore the epidemiology, histopathological
grading, classification, clinical features, diagnosis, and management of gastric NETs (G-NETs), as well as
the rare association with pernicious anemia through a case presentation.

Case Presentation
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A 39-year-old male patient with no significant past medical history presented with ongoing generalized
weakness, fatigue, and decreased appetite for two weeks, as well as an episode of non-bloody emesis just
prior to arriving at the hospital. The patient's physical exam was unrevealing. Relevant laboratory tests and
values are displayed in Table 1.

Laboratory tests Patient values Reference range
Hemoglobin 6.2 g/dL 13.7-17.5 g/dL
Leukocyte count 4.84 x 10°/L 3.8-10.5 x 10°1L
Platelet count 82 x 109/L 150 - 350 x 109/L
Mean corpuscular volume 115 fL 83-98fL

Total bilirubin 1.2 mg/dL 0.3-1.2 mg/dL
Bilirubin, direct 0.2 mg/dL < 0.4 mg/dL
Ferritin 467 ng/mL 24 - 250 ng/mL
Iron saturation 49% 15-45%

Lactate dehydrogenase 4,191 IU/L 98 - 271 IU/L
Reticulocyte count 0.8 % 0.6-2.8%
Haptoglobin < 20 mg/dL 41 - 203 mg/dL
Folic acid 17.3 ng/mL > 5.8 ng/mL
Vitamin B12 < 50 pg/mL 180 - 914 pg/mL
Methylmalonic acid 9,945 nmol/L 87 - 318 nmol/L
Intrinsic factor antibody Positive Negative

Parietal cell antibody Positive Negative

Parietal cell antibody titer 1:40 titer < 1:20 titer
Gastrin 228 pg/mL <100 pg/mL
Chromogranin A 255 ng/mL <311 ng/mL

TABLE 1: Laboratory tests and values

The patient was found to have macrocytic anemia, depicted by low hemoglobin and elevated mean
corpuscular volume (MCV), as well as thrombocytopenia on complete blood count (CBC) testing. The patient
was transfused two units of packed red blood cells and received 1000 mcg of intramuscular (IM) vitamin B12
before being admitted to the Internal Medicine service. Iron studies were assessed to rule out a potential
deficiency contributing to the patient's anemia. Hemolysis labs were ordered to help determine the
underlying cause of the patient's anemia, revealing a significantly elevated lactate dehydrogenase, low
haptoglobin, and normal reticulocyte count. Folate and vitamin B12 levels were obtained in the setting of
the patient's elevated MCV, showing low B12 and normal folate. Methylmalonic acid levels were then
ordered, showing a profound elevation and prompting orders for intrinsic factor and parietal cell antibodies.
After both autoantibodies returned positive, the patient’s clinical vignette indicated the diagnosis of
pernicious anemia. Consultations were obtained with Gastroenterology and Hematology-Oncology for
further workup and management.

Per Hematology-Oncology, the patient was continued on IM vitamin B12 at 1000 mcg daily during the
hospital course. An abdominal ultrasound was performed, demonstrating borderline splenomegaly. A blood
smear showed marked macrocytic anemia with anisopoikliocytosis, nucleated red blood cells, and
hypersegmented neutrophils. Gastroenterology services performed an endoscopic evaluation, which showed
no evidence of mucosal bleeding and a single mucosal papule (nodule) in the gastric antrum as shown in
Figure 1.
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FIGURE 1: Upper endoscopic evaluation. Two views of the gastric
antrum depict a single mucosal papule (nodule) (A, B). (B) Indigo
carmine dye permits the lesion’s demarcations to become more
discernible.

Biopsies were obtained, and the samples were analyzed histologically. The biopsy from the gastric body
showed changes of atrophic gastritis with loss of oxyntic cells as well as intestinal metaplasia with
enterochromaffin-like cell hyperplasia demonstrated by chromogranin immunohistochemical stain. The
biopsy from the gastric antrum nodule shows infiltrating nests and cords of chromogranin-positive
neuroendocrine cells, displayed in Figure 2. Ki-67 immunohistochemical staining was performed with a

proliferation rate below 3% and a mitotic count of less than 2/mm?, displayed in Figure 3. With these
findings, the diagnosis of a well-differentiated NET (Grade 1) was made.

FIGURE 2: Sections of the antral nodule biopsy show infiltrating nests
and cords of chromogranin-positive neuroendocrine cells;
chromogranin immunohistochemical stain, 100x magnification
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FIGURE 3: Sections of the antral nodule biopsy show a proliferation
index of less than 3% and a mitotic count of less than 2/mm2; Ki-67
immunohistochemical stain, 100x magnification

Serum gastrin and chromogranin levels were subsequently obtained, showing an elevation in gastrin and
normal chromogranin levels. The patient underwent a CT chest, abdomen, and pelvis with IV contrast to
evaluate for thymoma and further staging/metastatic workup. The CT scan showed no evidence of
metastatic disease. Upon continued improvement in the patient's symptoms and lab values, the patient was
discharged with instructions to continue 1000 mcg of IM vitamin B12 daily for a total of seven days, then
once weekly for four weeks, then once monthly for life. The patient was scheduled with outpatient
Hematology-Oncology for routine CBC with differential and vitamin B12 levels during treatment. The
patient's laboratory values, including hemoglobin, normalized during follow-up visits at three and six
months post hospitalization.

Discussion
Epidemiology

NETs constitute only 0.5% of all malignant conditions and 2% of all malignant tumors of the GI [12].
Utilizing the National Cancer Institute (NCI)’s Surveillance, Epidemiology, and End Results (SEER) database,
the most extensive retrospective population-based analysis of NETs identified 64,971 cases [12]. This 2017
study found a 6.4-fold increase in annual age-adjusted incidence of NETs in all organs from 1973 (1.09-
100,000 persons) to 2012 (6.98 per 100,000 persons). GEP-NETSs exhibited the highest increase in incidence
among primary tumor sites, rising from one case per 100,000 to 3.56 cases per 100,000. The highest
proportional change occurred in rectal NETs and G-NETs [153].

The role of G-NETs in this overall increase in GEP-NETS is better understood by a 2020 retrospective study
on patients in the SEER database diagnosed with G-NETs from 1975 to 2016 [14]. The age-adjusted incidence
of G-NETs increased from 0.309 to 6.149 per 1,000,000 persons, nearly a 20-fold increase in the past four
decades. This increase in incidence is partially due to advanced histological ability and more frequent use of
diagnostic tools such as endoscopy.

Most commonly, G-NETs arise from the enterochromaffin-like (ECL) cells found in the gastric mucosa.
Specifically, ECL cells are located in the oxyntic mucosa and mobilize histamine to the parietal cells,
regulating hydrogen chloride (HCI) secretion [15].

Histopathological grading

In 2019, the WHO introduced a new classification of GI-NETs, dividing gastrointestinal neuroendocrine
neoplasms (NENs) into NETs and neuroendocrine carcinomas (NECs) based on molecular differences.
Mutations in MEN1, DAXX, and ATRX are defining features for well-differentiated NETs, while NECs
commonly have TP53 or RB1 mutations [16,17]. NENs are broadly divided into two categories: well and
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poorly differentiated. Well-differentiated NENs, or NETS, are further divided into histological grades one to
three using the mitotic and Ki-67 indices. Poorly differentiated NENs are categorized as NECs, which are
further divided into small and large cell types [16,17]. Finally, there is a third category with variable
differentiation, grade, as well as mitotic and Ki-67 indices. These are referred to as mixed neuroendocrine-
non-neuroendocrine neoplasm (MiNEN) (previously mixed adenoneuroendocrine carcinoma). The 2019
WHO classification of GI-NETs is outlined in Table 2.

Terminology Differentiation Grade Mitotic rate (mitoseslmmz) Ki-67 index (%)
Grade one NET Well-differentiated Low <2 <3

Grade two NET Well-differentiated Intermediate  2-20 3-20

Grade three NET Well-differentiated High >20 >20

SCNEC Poorly differentiated High >20 >20

NEC, large cell type (LCNEC) Poorly differentiated High >20 >20

MINEN Well or poorly differentiated Variable Variable Variable

TABLE 2: WHO 2019 classification of GI-NETs

NET: neuroendocrine tumor; SCNEC: small cell type neuroendocrine carcinoma; LCNEC: large cell type neuroendocrine carcinoma; MiNEN: mixed
neuroendocrine-non-neuroendocrine neoplasm; GI-NET: gastrointestinal neuroendocrine tumors

Reference: [16,17]

Classification and clinical features

G-NETs can be subdivided into three types, each with specific clinical features, as organized in Table 3.

Characteristic Type-1 G-NETs Type-2 G-NETs Type-3 G-NETs
Prevalence 70-80% 5-10% 15-20%
Etiology Chronic atrophic gastritis MEN1/ZES Sporadic
Gender preference women > men men = women men > women
Locational preference Fundus/body Fundus/body Variable
Quantity of lesions multiple multiple solitary
Tumor size (avg.) 10-20 mm ~10 mm >20 mm
Serum gastrin High High Normal
Gastric pH High Low Normal
Metastatic potential Very low Low-moderate High
Prognosis Excellent Good Poor

TABLE 3: Three types of G-NETs with respective characteristics

MEN1: multiple endocrine neoplasia type 1; ZES: Zollinger-Ellison syndrome; G-NET: gastrointestinal neuroendocrine tumors

Reference: [9,18]

Type-1 G-NETs

Type-1 G-NETs are the most common presenting type (70-80%) and have a strong female preponderance
[19-21]. The favored hypothesis entails ECL cell development into carcinoids due to chronic stimulation by
high gastrin levels. This is often seen in patients with achlorhydria associated with AAG secondary to
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pernicious anemia or chronic Helicobacter pylori infections [22]. When gastric acid secretion is impeded,
hyperplasia of the G-cells occurs, and gastrin hypersecretion results. Gastrin then acts on cholecystokinin-2
receptors, which are densely supplied within ECL cells, facilitating the proliferation and development of
type-1 G-NETs [16,23].

Type-1 G-NETs are often diagnosed incidentally during the endoscopic evaluation of patients with dyspepsia
or anemia. Grossly, they appear as multiple sub-centimeter polypoid lesions, with or without central
ulcerations, in the gastric body and fundus [9,24]. Gastric pH is elevated due to a loss of HCl-secreting
parietal cells and can be useful in cases where gastric atrophy is not obvious [25]. Elevations in serum
chromogranin A (CgA) support the diagnosis over elevated serum gastrin, as AAG commonly occurs without
the presence of type-1 G-NETs. Histologically, G-NETs are often positive for CgA, Neuron-specific enolase,
and vesicular monoamine transporter two [9].

Endoscopic ultrasound (EUS) has proven to be a useful tool in assessing and treating G-NETs. EUS can
effectively stage localized G-NETs, often identifying patients who can safely undergo endoscopic mucosal
resection (EMR) [26]. Computerized tomography (CT) with contrast or magnetic resonance imaging (MRI) is
required to rule out metastatic disease, although this is rare with type-1 G-NETs (2-5% of cases).

Endoscopic evaluation and resection are the mainstay of treatment for type 1 G-NETs, largely dependent on
the lesions' size, depth, and quantity. Lesions <10 mm can be monitored annually or endoscopically
removed. Lesions that are not extensive and >10 mm can be resected via polypectomy, EMR, or endoscopic
submucosal dissection (ESD) for larger lesions resistant to EMR [25,27]. Patients with less than or equal to
six lesions >20 mm in size should be individualized and can undergo endoscopic resection or be considered
for surgical resection [27,28]. Surgical resection is recommended for advanced lesions >10 mm, with
involvement of the muscularis propria and/or local lymph nodes as assessed by EUS. Gastric antrectomy is
an option for patients with multifocal disease (>six lesions, three to four lesions >10 mm, or one lesion >20
mm), invasive disease, or recurrent disease [9,19,25,27].

Antrectomy effectively resolves hypergastrinemia mediated by G cells, leading to regression of type-1 G-NET
lesions in over 90% of cases [25]. Patients should undergo surveillance endoscopy at six-month intervals
after endoscopic resection or surgery. Although type-1 G-NETSs are recurring tumors (median time 24
months), the prognosis remains excellent, with a five-year survival of 90-95% [29]. Pharmacotherapy
options are limited; however, somatostatin analogs (i.e., octreotide) can be used in the setting of recurrence
following resection or multiple lesions not amenable to resection by reducing serum gastrin [30].
Additionally, netazepide, a receptor antagonist for gastrin/cholecystokinin-2, has demonstrated efficacy in
diminishing the size and quantity of type-1 G-NETs, alongside lowering plasma chromogranin A levels
[17,30]. Further large-scale and randomized studies are needed to determine netazepide efficacy.

Type-2 G-NETs

Type-2 G-NETs are the least common subtype (5-10%) and usually occur in response to gastrinomas (gastrin-
producing tumors), also termed Zollinger Ellison Syndrome (ZES), associated with MEN1. These occur
equally in male and female patients [19]. Hypergastrinemia causes hypertrophy of the gastric mucosa, ECL
hyperplasia, and subsequent ECL dysplasia. Interestingly, sporadic ZES is far more common (70-80%) than
ZES associated with MEN1 (20-30%) [18,31]. However, type-2 G-NETs occur in <1% of sporadic ZES and 13-
43% of MEN1-ZES [9]. This is thought to be due to the mutation of the MENI gene, located on chromosome
11q13, which results in a defect in the tumor suppressor protein menin.

As with all G-NETs, diagnostic confirmation is achieved via endoscopy, demonstrating multiple, small,
polypoid lesions in the stomach. Like type-1 G-NETs, serum gastrin levels will be elevated; however, gastric
pH is low (<two) secondary to hyperchlorhydria [18]. Early diagnosis is a prognostic factor in MEN1 patients
and biochemical identification of hypergastrinemia has been shown to recognize the presence of
gastrinomas before they are seen on endoscopy [32]. This emphasizes the utility of the secretin stimulation
test, in which serial elevations in gastrin after secretin administration constitute a positive test. Identifying
the other components of the MEN1 syndrome can also aid in diagnosis, including a workup of pituitary and
parathyroid hormones as well as serum calcium levels.

Metastasis occurs in 10-30% of patients at presentation and the prognosis is good, with a five-year survival
rate of 70-90% [9,19,33]. Treatment is similar to that of type-1 G-NETs, with the addition of gastrinoma
resection or, in extensive cases, gastrectomy [30].

Type-3 G-NETs

Type-3 G-NETs encompass 15-20% of all G-NETs and lack associated conditions. These tumors are
heterogeneous in nature. They demonstrate the highest risk for metastasis (>50%), often at initial diagnosis,
favoring the liver and regional lymph nodes [9]. There is a strong male predominance (>50 years of age) with
a 2.8/1 male-to-female ratio [30]. The updated WHO 2019 pathological classification is used to gauge
biological behavior and prognosis [34]. They are most commonly derived from ECL cells; however,
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hyperplasia is absent, and they lack gastrin dependence.

Endoscopy typically reveals a solitary, polypoid, often large lesion (>2cm) favoring the gastric antrum
[17,19,35]. Histologically, these lesions are classified as G3-NECs. Common presenting symptoms include
those of gastric cancer, anemia, decreased appetite, dyspepsia, and weight loss. The classic presentation of
carcinoid syndrome is rare in patients with G-NETs (<1%) and is exclusive to type-3 G-NETs that have
metastasized to the liver [18,19].

The cornerstone of treatment for non-metastatic type-3 G-NETs has been gastrectomy with regional
lymphadenectomy on the basis of lymph node metastasis (LNM). However, small retrospective studies have
recently shown that endoscopic resection of type-3 G-NETs <10 mm, limited to the mucosa or submucosa,

and with a grade of G1 (Ki-67 <3% and mitotic rate <2 mitoses/mmZ) have demonstrated exceptional survival
outcomes despite the risk of LNM [36-38]. For metastatic disease, treatments include octreotide (for
carcinoid syndrome) as well as systemic chemotherapy, molecular targeted agents, targeted radionucleotide
therapies, transarterial chemoembolization (TACE), and radiofrequency ablation (for hepatic metastasis) [9].
Despite aggressive intervention, type-3 G-NETs carry the worst prognosis, with a five-year survival rate of
less than 35% [34,35]. Fluorodeoxyglucose-positron emission tomography (FGD-PET) scans are indicated for
the diagnosis and surveillance of metastasis in type-3 G-NETs [39]. However, the utility of FGD-PET scans for
low to intermediate-grade G-NETs (types 1 and 2) is still under debate [40].

For completeness, it is necessary to highlight that there has been a selection of studies addressing the
possibility of a fourth type of G-NET. In current literature, type-4 G-NETs are described as being the most
rare subtype, carrying the worst prognosis, and occurring in males > 60 years of age. They are highly
aggressive, often classified as G3-NECs, and closely resemble gastric adenocarcinomas [17]. Further
investigation is needed to assess these lesions as they are not included in the most recent WHO
classifications.

Pernicious anemia, autoimmune gastritis, and type-1 G-NETs

Pernicious anemia is autoimmune gastritis caused by antibodies directed at parietal cells, intrinsic factors, or
both, causing a malabsorptive deficiency of vitamin B12 (cobalamin). The prevalence in the general
population is 0.1% and 1.9% in those over 60 years of age [41]. It is worth mentioning that H. pylori infection
and its relationship to AAG is still under investigation, as H. pylori-positive patients have shown to have
higher titers of anti-parietal cell antibodies, which decrease after H. pylori eradication [42]. Patients with
AAG are often asymptomatic but can present with dyspepsia, fatigue, weakness, and neurological
disturbances. Megaloblastic anemia is characteristic and iron deficiency is not uncommon [43].

The diagnosis of AAG is based on serology profile and histology of gastric biopsies. The sensitivity and
specificity of anti-parietal cell antibodies for the diagnosis of AAG are 81% and 90%, respectively, while anti-
intrinsic factor antibody carries a low sensitivity (27%) and high specificity (100%) [42]. Serum gastrin and
chromogranin levels are typically elevated in these patients. However, the latter can be observed in several
other conditions and is not used to confirm diagnosis. Suspicion of AAG mandates endoscopic evaluation,
which demonstrates mucosal erythema and nodularity. Histologic evaluation of gastric biopsies is the gold
standard for the diagnosis of AAG [44]. Histologic features include destruction of oxyntic mucosa,
hyperplasia of gastrin G cells, and hyperplasia of ECL cells.

In 2019, a pivotal study by Lenti et al. investigated diagnostic delay in AAG [45]. In a 10-year period, 291
patients with AAG (mean age at diagnosis 61*15 years; female-to-male ratio 2.3/1) were found to have a
median overall diagnostic delay of 14 months. The overall delay in 54.3% of patients was >12 months, for
37.5%, >24 months, and in 28.3%, >36 months [46]. Half of these patients had gastrointestinal symptoms
(reflux, dyspepsia, abdominal pain, diarrhea, and weight loss), one-third had hematological abnormalities
(anisocytosis and macrocytic anemia), and some had symptoms associated with autoimmune disorders. This
study underscores the need for proactive diagnostic measures with serology, MCV, hemoglobin, and gastrin
levels.

The incidence and prevalence of type-1 G-NETs in patients with AAG have steadily increased, estimated at
2.8-7% and 1-12.5%, respectively [42,47-49]. Despite variation in selection criteria and scarcity of
observational studies assessing type-1 GNETSs, current data suggests the benefit of routine endoscopic
screening at the initial time of PA/AAG diagnosis. This is highlighted by the American Gastroenterology
Association’s (AGA) Clinical Practice Update Expert Review, which includes the recommendation for
providers to recognize PA as a late-stage manifestation of AAG and to employ endoscopy with topographical
biopsies at the initial diagnosis for risk stratification in addition to ruling out gastric neoplasias (including
G-NETs) [50].

Conclusions

G-NETs encompass a diverse range of tumors, with type-1 G-NETs being the most common. These tumors
are often associated with conditions like autoimmune gastritis and pernicious anemia and are typically
detected during routine endoscopic evaluations. The prognosis for type-1 G-NETs is generally favorable,
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with management focused on removal and regular monitoring. Other subtypes, such as type-2 and type-3 G-
NETSs, present more complex challenges due to their potential for metastasis and varying treatment
requirements.

Our case highlights the importance of early detection and vigilant screening in managing G-NETs,
particularly in patients with related conditions. Ensuring that patients receive appropriate screening can
lead to timely diagnoses and better outcomes. As understanding of G-NETs evolves, continued research and
improvements in clinical practices will be key to optimizing patient care and outcomes.
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