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Abstract: Gastric neuroendocrine tumours (G-NETs) are rare, but incidence is increasing due to the
broader use of endoscopy. Most of them are asymptomatic and incidentally detected on endoscopy.
Their prognosis is associated with histological grade. Type 1 G-NETs are the most common subtype
and are typically associated with chronic atrophic gastritis (CAG) and pernicious anaemia (PA),
conditions that impact cyanocobalamin (vitamin B12) absorption. The authors report a case of a 44-
year-old male with paresthesias of upper and lower limbs, cyanocobalamin deficiency, positive pa-
rietal cell antibodies and severe sensory motor polyneuropathy. Upper endoscopy revealed CAG
and gastric polyp. Histopathology confirmed a well-differentiated type 1 G-NET. He was treated
with cyanocobalamin supplementation and mucosectomy. Surveillance endoscopy was recom-
mended. This case highlights the diagnostic complexity of type 1 G-NETs in young patients with
PA, demonstrating the connection between these conditions and underscores the importance of
multidisciplinary management strategies.

Keywords: Type 1 Gastric Neuroendocrine Tumours; Endoscopy; Pernicious Anaemia; Cyanoco-
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1. Introduction

Gastricneuroendocrine tumors (G-NETs) are rare and originate from enterochromaf-
fin-like neuroendocrine cells of the gastric mucosa. These enterochromaffin cells are so
named due to their affinity for silver salts and play a key role in the regulation of acid
secretion. After food intake, G cells in the antrum secrete gastrin, which stimulates enter-
ochromaffin-like cells to produce histamine and parietal cells to secrete hydrochloric acid
(HCI). Histamine, in turn, also acts on parietal cells to enhance HCI production. A negative
feedback mechanism involves somatostatin, secreted by D cells, which are stimulated by
HCI and act on G cells to reduce gastrin secretion. Understanding these mechanisms is
essential for classifying G-NETs into four well-defined clinical types, each with distinct
prognoses and management approaches. This clinical classification into four types differs
from the histological classification into three grades. Clinical types 1, 2, and 4 tend to be
more indolent, whereas type 3 is more aggressive. Most G-NETs are asymptomatic [1-5].

We present the case of a 44-year-old man with paresthesia and severe sensorimotor
polyneuropathy due to cobalamin deficiency. Endoscopy revealed a gastric polyp that
was diagnosed as a well-differentiated type 1, grade I G-NET in the context of chronic
atrophic gastritis and positive anti-parietal cell antibodies. Treatment included endo-
scopic mucosal resection, injectable cobalamin, and a proton pump inhibitor.
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2. Case Report

A 44-year-old male patient with a prior diagnosis of systemic arterial hypertension,
under regular treatment with amlodipine + valsartan (5 mg + 160 mg) and indapamide 1.5
mg. No family history of neoplasms or autoimmune diseases. He presented for medical
evaluation due to paresthesia in both upper and lower limbs, accompanied by weight loss
of 4 kg over the past six months. Neurological examination revealed hypoesthesia in up-
per and lower limbs, with a "glove and stocking" sensory distribution pattern. No lym-
phadenopathy or organomegaly was observed.

Laboratory tests showed cobalamin deficiency (178 pg/mL; reference range: 187-883
pg/mL) and positive anti-gastric parietal cell antibodies (titer 1/80; reference: positive >
1/40), consistent with a diagnosis of pernicious anemia. The remaining autoimmune panel
was negative. HbAlc was 5.3%, TSH, serum immunoglobulins, and serum protein elec-
trophoresis were within normal limits. Serologies for Borrelia, hepatitis B, hepatitis C, and
HIV were negative, as were tumor markers. Syphilis tests (TPHA and VDRL) were non-
reactive. The patient denied alcohol consumption or adherence to a vegetarian diet.

Cervical spine computed tomography (CT) showed kyphosis, while lumbar and sac-
rococcygeal spine CT scans revealed no abnormalities. Brain magnetic resonance imaging
(MRI) showed no evidence of demyelinating disease. Electroneuromyography (ENMG)
of the upper and lower limbs demonstrated generalized slowing of both motor and sen-
sory nerve conduction velocities, with preserved motor amplitudes but very low or un-
measurable sensory potentials. These findings are consistent with an axonal-type sen-
sorimotor polyneuropathy, predominantly affecting sensory fibers.

Neurological assessment concluded that the paresthesia was due to severe sen-
sorimotor polyneuropathy of nutritional etiology, secondary to cobalamin deficiency. Ge-
netic testing for transthyretin (TTR) mutations excluded hereditary amyloidosis. Trans-
thoracic echocardiography with Doppler and abdominal ultrasound were unremarkable.
Colonoscopy was normal. Upper gastrointestinal endoscopy showed no abnormalities in
the esophagus or duodenum. The gastric mucosa of the antrum and body exhibited dif-
fuse erythema with an atrophic appearance, reduced rugal folds, and an 8 mm sessile,
eroded polyp located on the greater curvature (Figure 1).

Figure 1. Upper gastrointestinal endoscopy. Gastric mucosa of the antrum and body
showing erythema with an atrophic appearance, reduced rugal fold volume, and an 8 mm
sessile, eroded gastric polyp located on the greater curvature.

Biopsies of the gastric body and antrum revealed chronic atrophic gastritis with in-
testinal metaplasia and were negative for Helicobacter pylori. The polypectomy biopsy
confirmed the histological diagnosis of a well-differentiated gastric neuroendocrine tu-
mor (G-NET), classified clinically as type 1 and histologically as grade I, measuring 6 mm.
Immunohistochemistry was positive for chromogranin A (CgA) and synaptophysin; mi-
toses and necrosis were absent, and the Ki-67 proliferation index was below 2%. The re-
section was superficial but complete. Thoracoabdominopelvic CT scan showed no evi-
dence of metastasis.

Endocrinology evaluation showed hypergastrinemia (264 pg/mL; reference: 13-115
pg/mL) and elevated chromogranin A (175 ng/mL; reference: <102 ng/mL). Treatment in-
cluded esomeprazole 40 mg daily and injectable cobalamin weekly for four weeks, fol-
lowed by monthly maintenance doses. After six months of supplementation, there was
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progressive improvement in paresthesia and normalization of serum cobalamin levels. A
multidisciplinary team, including Internal Medicine, Oncology, Endocrinology, Surgery,
and Gastroenterology, was crucial for achieving a favorable outcome. It was determined
that the type 1 G-NET did not require surgical intervention. The patient underwent endo-
scopic mucosal resection without complications.

During follow-up, upper endoscopies were performed every six months. At the four-
year mark, endoscopy revealed an erosion on a polypoid fold at the cardia (biopsied), as
well as mucosal atrophy in the gastric fundus and body. Biopsy showed chronic gastritis
with no intestinal metaplasia, dysplasia, or malignancy, and tested positive for Helicobac-
ter pylori. Eradication therapy was initiated with bismuth, metronidazole, and tetracy-
cline (140 mg + 125 mg + 125 mg), three tablets with meals (breakfast, lunch, dinner, and
bedtime), 12 tablets daily, combined with omeprazole 20 mg every 12 hours for 10 days.
After five years, the indication for upper endoscopy surveillance followed the general
population guidelines. The patient had a favorable clinical course.

3. Discussion

Although a rare neoplasm, the incidence of gastric neuroendocrine tumors (G-NETs)
has increased due to early detection facilitated by the widespread use of upper gastroin-
testinal endoscopy. In Portugal, they represent approximately 10% of all neuroendocrine
tumors (NETs) of the gastrointestinal tract. Type 1 G-NET is a challenging diagnosis be-
cause it is usually asymptomatic and may be incidentally identified during endoscopy in
the differential diagnosis of gastric neoplasms [1-6].

The authors present the case of a 44-year-old man with severe sensorimotor polyneu-
ropathy associated with cobalamin deficiency, whose etiological investigation led to the
diagnosis of type 1 G-NET. The patient exhibited paresthesias in the upper and lower
limbs, weight loss, and positive anti-parietal cell antibodies. Upper gastrointestinal en-
doscopy revealed chronic atrophic gastritis and the presence of a gastric polyp. Biopsy
after polypectomy showed a well-differentiated G-NET, clinically classified as type 1 and
histologically as grade I. Immunohistochemistry confirmed the diagnosis of NET, with
positivity for chromogranin A (CgA) and synaptophysin. The patient started treatment
with injectable cobalamin and underwent endoscopic mucosectomy, with good clinical
evolution. Other possible causes of sensorimotor polyneuropathy were excluded, includ-
ing diabetes mellitus, alcoholism, paraneoplastic syndromes, monoclonal gammopathies,
thyroid dysfunctions, autoimmune diseases, infections (HIV, Borrelia, hepatitis B and C),
and demyelinating diseases. Considering the epidemiological context of the patient’s res-
idence (P6voa de Varzim, Portugal), where familial amyloid polyneuropathy (paramyloi-
dosis) is endemic, genetic screening was performed and returned negative.

Pernicious anemia (PA) is an autoimmune gastritis caused by antibodies directed
against parietal cells and/or intrinsic factor, leading to malabsorption and cobalamin de-
ficiency. In this case, anti-gastric parietal cell antibodies were identified. Other causes of
cobalamin deficiency were excluded: strict vegetarian diet, use of medications (neomycin,
biguanides, proton pump inhibitors), history of gastrectomy, bariatric surgery, malab-
sorption syndromes, ileal resection, inflammatory bowel disease, celiac disease, and pan-
creatic insufficiency [7-13]. The main risk factors for developing type 1 G-NET include
chronic atrophic gastritis, pernicious anemia, advanced age, intestinal metaplasia, and el-
evated CgA levels. In patients with chronic atrophic gastritis, elevated serum CgA is a
strong predictor of type 1 G-NET. This subtype is often associated with other autoimmune
diseases such as type 1 diabetes, autoimmune thyroiditis, and primary biliary cirrhosis
[7-13].

Most patients with type 1 G-NET have pernicious anemia. These individuals have a
two- to threefold increased risk of developing gastric neoplasms due to chronic atrophic
gastritis. The risk of G-NET in patients with PA justifies performing upper gastrointestinal
endoscopy to screen for preneoplastic lesions, as PA is considered a precursor of G-NET
[7-13]. The incidence of type 1 G-NET in patients with chronic atrophic gastritis and PA
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is higher in elderly women, especially after the sixth decade of life [7-13]. However, the
present case describes the occurrence of this neoplasm in a young 44-year-old man, high-
lighting the rarity of this presentation. In patients with chronic atrophic gastritis, the esti-
mated annual incidence of type 1 G-NET is approximately 0.4%. In chronic atrophic gas-
tritis, there is loss of glandular cells in the gastric fundus, leading to hypochlorhydria,
which stimulates hyperplasia of the antral G cells and results in persistent hypergas-
trinemia.

Hypergastrinemia causes stimulation of enterochromaffin-like cells, leading to cellu-
lar hyperplasia and resulting in CgA-positive G-NETs. In pernicious anemia (PA), gastric
pH is elevated due to loss of acid secretion by parietal cells. The autoimmune destruction
of gastric parietal cells in PA causes achlorhydria and consequent hypergastrinemia, and
is responsible for decreased intrinsic factor, which is essential for cobalamin absorption in
the ileum, resulting in deficiency [7-13].

In this case, the coexistence of G-NET and cobalamin deficiency is due to both being
consequences of chronic atrophic gastritis and PA. Type 1 G-NET is a consequence of hy-
pergastrinemia resulting from the autoimmune disease PA. The polyneuropathy is not a
direct paraneoplastic manifestation of the G-NET, but rather a symptom of the underlying
autoimmune disease, PA, which also caused the G-NET. Elevated serum gastrin and CgA
support the diagnosis of G-NET. Anti-parietal cell antibodies triggered hypergastrinemia,
resulting in type 1 G-NET and cobalamin deficiency [7-13]. The patient was not using
proton pump inhibitors, excluding drug-induced hypergastrinemia and supporting
chronic atrophic gastritis associated with PA as the underlying cause. Patients with
chronic atrophic gastritis can be asymptomatic, and diagnosis is made by gastric biopsy.

Type 1 G-NETs originate from enterochromaffin-like cells, which transform into G-
NETs through chronic stimulation by hypergastrinemia in chronic atrophic gastritis. Gas-
tric epithelial cells secrete gastrin, which stimulates enterochromaffin-like cells to produce
histamine. Histamine causes positive feedback on gastric parietal cells, which secrete hy-
drochloric acid (HCI), increasing acid secretion. This process triggers negative feedback
on D cells, which secrete somatostatin, reducing gastrin secretion [1-14]. The diagnosis of
type 1 G-NET includes endoscopic and histological findings, along with serum markers
such as CgA and gastrin. G-NETs are generally diagnosed by endoscopy, as CT and MRI
have limited ability to detect small G-NETs [1-14].

On endoscopy, type 1 G-NETs are generally smaller than 1 cm, and may present as
multiple polyps with ulceration. Approximately 22% of type 1 G-NETs range from 0.5 mm
to 5 mm, making them invisible and undetectable by direct endoscopy; they may be un-
derdiagnosed and only identified by random gastric biopsies through gastric mapping.
G-NETs are covered by normal mucosa, so biopsies should be taken from multiple sites
including the antrum and gastric fundus [6]. Knowledge of the classifications and clinical
presentations of G-NETs is essential for accurate identification of clinical type and histo-
logical grade, as different subtypes have distinct treatment and prognosis. G-NETs are
diagnosed by endoscopy and biopsy, confirmed by immunohistochemistry (CgA positiv-
ity). They are classified into four distinct types based on endoscopic, histological, and bi-
ochemical characteristics. Types 1 and 2 are more indolent, whereas types 3 and 4 exhibit
more aggressive growth [1-14].

Type 1 G-NET is the most common (70-80%), with a good prognosis, generally asso-
ciated with chronic atrophic gastritis and PA. They are usually benign, small, multiple,
and located in the mucosa/submucosa of the gastric fundus or body. Endoscopic findings
include pale, yellowish antral mucosa with transparent blood vessels, contrasting with
the smooth, reddish mucosa of normal areas. Histology shows mucosal cell atrophy, ab-
sence of parietal cells, and neuroendocrine cell hyperplasia [1-14].

Histological classification of G-NETs is performed through mitotic count in high-
power fields and by the percentage of the proliferative index Ki67. The Ki67 protein is a
marker of cellular proliferation that determines the growth fraction in a cell. It correlates
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with the clinical course of G-NETs and has prognostic value for tumor survival and recur-
rence. Determination of the Ki67 proliferation index and mitotic count per high-power
field are mandatory. G-NETs are divided into 3 grades: Grade I (well-differentiated, better
prognosis) with Ki67 < 2% and/or < 2 mitoses; Grade II (well-differentiated) with Ki67
between 2% and 20% and/or 2 to 20 mitoses; Grade III (poorly differentiated, worse prog-
nosis) with Ki67 > 20% and mitoses > 20 [1-14]. Our patient had a well-differentiated G-
NET, histological grade I (Ki67 proliferation index < 2%, no mitoses).

The proliferation rate and grade of gastric dysplasia are difficult to assess histologi-
cally. Chromogranin A (CgA) is a group of proteins present in neuroendocrine tissues.
Synaptophysin is located in the secretory vesicles of neuronal cells. Immunohistochemis-
try positive for CgA and synaptophysin is essential for diagnostic confirmation, identify-
ing hyperplasia, dysplasia, or malignant transformation of enterochromaffin cells. CgA
expression may be weak in poorly differentiated tumors, but synaptophysin expression is
generally present even in these tumors [1-14].

CgA is a secretory protein released from chromaffin cytoplasmic granules into the
blood, and its serum measurement helps confirm the diagnosis of G-NET. Serum meas-
urement of gastrin, CgA, and 5-hydroxyindoleacetic acid (5-HIAA), the main serotonin
metabolite, is not routinely recommended for surveillance to detect recurrence. Proton
pump inhibitors can falsely elevate CgA levels. CgA is not recommended for screening
but should be used when the pretest probability is high. Some tumors are unlikely to pro-
duce serotonin, making 24-hour urinary 5-HIAA measurement unhelpful. Its measure-
ment requires adherence to dietary restrictions before and during urine collection [1-14].

For staging type 1 G-NET, contrast-enhanced abdominal computed tomography (CT)
is recommended to exclude lymphadenopathy and liver metastases. Endoscopic ultra-
sound can help determine the depth of invasion in the gastric wall for tumors larger than
1 cm. For small tumors (<1 cm), upper gastrointestinal endoscopy is the only recom-
mended imaging procedure. When metastasis is suspected, such as in patients with inva-
sive disease on endoscopic ultrasound or with type 3 tumors larger than 1 cm, imaging
exams such as CT or magnetic resonance imaging (MRI) are indicated to search for me-
tastases. CT is the best exam for staging, surveillance, and post-treatment monitoring. MRI
can be used when CT is inconclusive and may have greater sensitivity, being the best test
to detect metastases. Fluorodeoxyglucose positron emission tomography (FDG-PET) is
rarely useful as it measures glucose uptake and most NETs have low glucose affinity [1-
14]. Treatment varies according to clinical type, disease extent, lesion differentiation
grade, and the presence or absence of poor prognostic factors. According to the WHO, G-
NETs are classified into 4 histological grades with distinct prognoses. Poor prognostic fac-
tors include: lesion > 2 c¢m, invasion beyond the deep submucosa, Ki-67 > 3%, vascular
invasion, low structural differentiation grade, presence of atypia and/or necrosis [1-14].

The therapeutic approach should be individualized. In this case, the type 1 G-NET
had an indolent course, with a polyp <1 cm, low grade, well differentiated, and no me-
tastases. The multidisciplinary team opted for endoscopic mucosectomy, cobalamin sup-
plementation, and proton pump inhibitor therapy. Endoscopic resection of small polyps
is associated with a low risk of recurrence. During follow-up after treatment, type 1 G-
NETs smaller than 2 cm are generally benign and have a metastasis risk below 10%. The
prognosis is favorable, with a 5-year survival rate of 90-95% [1-14]. In this case, surveil-
lance was performed with upper endoscopy every 6 months due to enterochromaffin cell
hyperplasia and mucosal changes caused by hypergastrinemia. At 4 years, endoscopy re-
vealed an erosion on a polypoid fold in the cardia, and biopsy showed chronic gastritis
and Helicobacter pylori infection. Eradication therapy with bismuth, metronidazole, and
tetracycline was performed. After 5 years, the indication for surveillance by upper endos-
copy became similar to that of the general population. The patient had a good prognosis.
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Helicobacter pylori is a gram-negative bacterium with high worldwide prevalence. Its
prevalence is high in developing countries and lower in developed countries. Transmis-
sion occurs mainly via oral-oral or fecal-oral routes. Risk factors include lack of sanitation,
absence of potable water, poor hygiene, and overcrowding. Once acquired, Helicobacter
pylori infection persists and may or may not cause gastrointestinal disease. This bacterium
has been implicated in the development of gastric and duodenal ulcers, gastric neoplasia,
and mucosa-associated lymphoid tissue (MALT) lymphomas. Treatment of the infection
is indicated in cases of gastric/duodenal ulcers and in patients at high risk for gastric ne-
oplasia. Patients infected with Helicobacter pylori have a higher likelihood of presenting
anti-parietal cell and anti-intrinsic factor antibodies. An association exists between Heli-
cobacter pylori infection and cobalamin deficiency [15].

4. Conclusion

This case highlights the importance of investigating the diagnosis of G-NET in pa-
tients presenting with chronic atrophic gastritis and pernicious anemia during the workup
of cobalamin deficiency-related polyneuropathy. G-NETs encompass different subtypes
with distinct management and prognosis. Accurate identification of the clinical type and
histological grade allows for individualized treatment. Through this clinical case, we aim
to emphasize the crucial role of the laboratory in diagnosing this pathology, particularly
in distinguishing its various subtypes, as well as its role in the treatment, follow-up, and
prognosis of G-NET. This case underscores that not all G-NETs are aggressive. Under-
standing the different types of G-NET is essential, as their subtype and size have signifi-
cant therapeutic and prognostic implications.
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