
WJGO https://www.wjgnet.com 1451 August 15, 2023 Volume 15 Issue 8

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2023 August 15; 15(8): 1451-1460

DOI: 10.4251/wjgo.v15.i8.1451 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Incidence and prevalence of gastric neuroendocrine tumors in 
patients with chronic atrophic autoimmune gastritis

Sara Massironi, Camilla Gallo, Alessandra Elvevi, Marta Stegagnini, Lorenzo Andrea Coltro, Pietro Invernizzi

Specialty type: Oncology

Provenance and peer review: 
Invited article; Externally peer-
reviewed.

Peer-review model: Single-blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Huang YQ, China; 
Kotelevets SM, Russia; Muguruma 
N, Japan

Received: June 4, 2023 
Peer-review started: June 4, 2023 
First decision: June 16, 2023 
Revised: June 23, 2023 
Accepted: July 7, 2023 
Article in press: July 7, 2023 
Published online: August 15, 2023

Sara Massironi, Camilla Gallo, Alessandra Elvevi, Marta Stegagnini, Lorenzo Andrea Coltro, Pietro 
Invernizzi, Division of Gastroenterology, Fondazione IRCCS San Gerardo dei Tintori, 
University of Milano-Bicocca, School of Medicine, Monza 20900, Italy

Corresponding author: Sara Massironi, MD, PhD, Chief Physician, Doctor, Medical Assistant, 
Research Scientist, Division of Gastroenterology, Fondazione IRCCS San Gerardo dei Tintori, 
University of Milano-Bicocca School of Medicine, Via G.B. Pergolesi 33, Monza 20900, Italy. 
sara.massironi@libero.it

Abstract
BACKGROUND 
The incidence of type I gastric neuroendocrine neoplasms (gNENs) has increased 
significantly over the past 50 years. Although autoimmune gastritis (AIG) 
increases the likelihood of developing gNENs, the exact incidence and prevalence 
of this association remain unclear.

AIM 
To evaluate the incidence and prevalence of type I gNENs in a cohort of patients 
with a histological diagnosis of AIG.

METHODS 
Patients with a histological diagnosis of AIG were enrolled between October 2020 
and May 2022. Circulating levels of CgA and gastrin were assessed at enrollment. 
Included patients underwent regular endoscopic follow-up to detect gastric 
neoplastic lesions, enterochromaffin-like (ECL) cell hyperplasia, and the develop-
ment of gNEN.

RESULTS 
We included 176 patients [142 women (80.7%), median age 64 years, interquartile 
range (IQR) 53–71 years] diagnosed with AIG between January 1990 and June 
2022. At enrollment. One hundred and sixteen patients (65.9%) had ECL 
hyperplasia, of whom, 29.5% had simple/linear, 30.7% had micronodular, and 
5.7% had macronodular type. The median follow-up time was 5 (3–7.5) years. 
After 1032 person-years, 33 patients developed a total of 50 type I gNENs, with an 
incidence rate of 0.057 person-years, corresponding to an annual cumulative 
incidence of 5.7%. Circulating CgA levels did not significantly differ between AIG 
patients who developed gNENs and those who did not. Conversely, gastrin levels 
were significantly higher in AIG patients who developed gNENs [median 992 
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pg/mL IQR = 449–1500 vs 688 pg/mL IQR = 423–1200, P = 0.03]. Calculated gastrin sensitivity and specificity were 
90.9% and 1.4%, respectively, with an overall diagnostic accuracy of 30% and a calculated area under the gastrin 
receiver operating characteristic curve (AUROC or AUC) of 0.53.

CONCLUSION 
Type I gNENs are a significant complication in AIG. Gastrin’s low diagnostic accuracy prevents it from serving as a 
marker for early diagnosis. Effective strategies for early detection and treatment are needed.

Key Words: Atrophic gastritis; Autoimmune gastritis; Gastrin; Gastric neuroendocrine tumors
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Core tip: Type I gastric neuroendocrine neoplasms (gNENs) in chronic autoimmune gastritis (AIG) are increasingly 
diagnosed, but no accurate data are available. Noninvasive biomarkers of gNENs in AIG have not yet been identified. 
According to our results, a non-negligible annual cumulative gNEN incidence of 5.7% was revealed, and among all 
considered variables, only gastrin proved to have significantly higher median circulating levels in patients who developed 
gNENs compared to AIG patients without lesions; nevertheless, with low diagnostic accuracy. Further efforts are needed to 
identify effective strategies for individualizing endoscopic follow-up of AIG patients, to achieve early diagnosis and treat 
superimposed neuroendocrine lesions.
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INTRODUCTION
Type I gastric neuroendocrine neoplasms (gNENs) develop in the neuroendocrine gastric cells[1,2]. Type I gNENs are the 
most common subtype, and they arise in the context of chronic autoimmune gastritis (AIG)[3,4]. AIG is an organ-specific 
disease characterized by the immune-mediated destruction of gastric parietal cells, determining inflammation mainly 
localized in the gastric corpus–fundus[5]. Gastric parietal cell proton pump H+/K+-ATPase) represents the major 
autoantigen[6-8].

In this condition, the destruction of the oxyntic mucosa and subsequent development of hypo- and achlorhydria and 
high circulating gastrin levels are the hallmarks of AIG[7,9].

Hypergastrinemia leads to the hyperplasia and neoplasia of enterochromaffin-like (ECL) cells of the gastric corpus, 
increasing the risk of developing type I gNENs[10-13]. These tumors are usually well-differentiated epithelial lesions 
originating from ECL cells and growing toward the submucosal layer. They appear as regular lesions covered with a 
round-shaped pattern of the mucosa[9,14]. Moreover, as demonstrated also through in vivo animal studies, hypergast-
rinemia represents an influential trophic stimulus for the gastric mucosa. Hypergastrinemia increased cell proliferation in 
the ulcer margin in rats with induced ulcers in the corpus region[15].

While the spectrum of gastric neuroendocrine hyperplastic and neoplastic proliferation is well documented, the exact 
prevalence and incidence of type I gNENs have not yet been defined. However, studies have shown that their incidence 
has increased significantly over the past 50 years[9,16-22]. Determining the exact prevalence and incidence of type I 
gNENs could help in the development of new strategies for monitoring AIG and more effective surveillance and 
treatment strategies in these patients[23]. Optimizing surveillance of AIG and identifying associated risk factors could 
help identify high-risk patients, and early detection and intervention could potentially prevent the development of type I 
gNENs[24]. In addition, a better understanding of the complex interplay between autoimmune diseases and cancer could 
lead to the development of more effective surveillance and treatment strategies for type I gNENs in AIG.

MATERIALS AND METHODS
The study included patients with a confirmed diagnosis of AIG who were followed from January 2020 to June 2022 in the 
Department of Gastroenterology of the Fondazione IRCCS San Gerardo dei Tintori, Monza-University of Milan-Bicocca. 
All subjects gave written informed consent to participate in the study, which was approved by the local ethics committee.

The diagnosis of AIG was based on the presence of atrophic gastritis on the fundus, positivity of antibodies against 
parietal cells orintrinsic factor (IF), and circulating gastrin levels[1,25,26]. A retrospective analysis was performed on a 
prospectively collected monocentric database including all consecutive AIG patients from January 1990 to June 2022.
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All included patients underwent a baseline examination that included clinical data (sex, age at AIG diagnosis, 
concomitant diseases, and previous therapies), biometric data [weight, height, and body mass index (BMI)], blood tests, 
and upper gastrointestinal endoscopy with biopsy collection and histological examination. Unavailable histological data, 
inadequate biopsy collection, inconsistent laboratory tests, concurrent active neoplasms, or severe organ failure were the 
study exclusion criteria.

For each included patient, the following clinical information was recorded: Concomitant autoimmune diseases 
(thyroiditis, celiac disease, type 1 diabetes mellitus, vitiligo, Addison’s disease, myasthenia, oral lichen planus, autoi-
mmune liver disease, autoimmune connective tissue disease); other endocrine autoimmune diseases and possible 
autoimmune polyglandular syndrome (APS); previous administration of proton-pump inhibitors (PPIs); and previous or 
concurrent  Helicobacter pylori (H. pylori) infection, its eventual treatment (dual or triple therapy) and, if available, stool 
antigen tests for eradication. In case of H. pylori positivity at the first finding of atrophic gastritis, and strong suspicion of 
AIG, a second esophagogastroduodenoscopy (EGD) was performed at least 3 mo after H. pylori eradication, to establish 
the correct diagnosis[27].

For AIG patients who were retrospectively enrolled, clinical data were extracted from medical records and outpatient 
visits. All data for each patient were anonymized after collection, recorded, evaluated, and finally analyzed.

Endoscopic examinations
A standard gastroscope was used for all diagnostic and monitoring EGDs[28]. Patients receiving PPIs were discontinued 
from medication and the examination was repeated after at least 15 d[29]. During surveillance EGDs, at least five gastric 
biopsies were obtained according to the updated Sydney protocol[30]. Two biopsies were taken from the antrum, one 
from the incisura angularis, and two from the gastric corpus and fundus. The collected histological specimens were sent 
directly to the pathology laboratory for examination. For visible polypoid mucosal lesions, the year of occurrence, 
location (antrum, body, or fundus), size, treatment, and histological characterization were evaluated[31,32]. All identified 
lesions were biopsied, or, in the case of multiple polyps, the largest lesion was biopsied and removed, when possible[33]. 
Lesions were resected with forceps by cold biopsy if their diameter was ≤ 5 mm. For lesions > 5 mm, endoscopic mucosal 
resection was performed. For lesions > 1 cm, endoscopic ultrasonography was performed to assess the degree of wall 
invasion before resection and, if necessary, to plan endoscopic submucosal dissection.

Patients with uncomplicated chronic AIG underwent endoscopic surveillance every three years, whereas patients with 
gNENs underwent endoscopic surveillance annually[34]. For patients with gastric adenocarcinoma, follow-up was 
performed on a case-by-case basis to determine the most appropriate type of intervention and timing of follow-up[35].

Histological findings
AIG was diagnosed by the presence of corpus–fundus-predominant atrophic gastritis[36]. During EGD, topographical 
biopsies were taken and collected in separate jars according to the updated Sydney classification[30]. H. pylori infection 
was investigated in each patient. The Operative Link on Gastritis Assessment (OLGA) score was used to assess the stage 
of mucosal atrophy and the risk of gastric cancer[37], while the Operative Link on Gastric Intestinal Metaplasia (OLGIM) 
score was used to estimate the stage of intestinal metaplasia[38,39]. Pseudopyloric metaplasia was also evaluated for its 
presence and severity[1,13]. Hyperplasia of ECL cells, stained with chromogranin A (CgA), was defined as proliferation > 
150 µm in diameter and classified as simple, linear, micronodular, or macronodular according to Solcia et al[40]. 
Specimens were fixed in formalin and routinely processed. Gastric mucosal sections were stained with hematoxylin–eosin 
for routine examination and with Alcian blue/periodic acid–Schiff stain to assess intestinal metaplasia. Specimens of 
gNENs were analyzed for specific markers such as chromogranin A (CgA) and synaptophysin. The MIB-I antibody was 
used to detect and measure the level of Ki-67, an indicator of neoplastic proliferation. All neuroendocrine tumors were 
classified according to the 2019 WHO grading system[41] and the European Neuroendocrine Tumor Society guidelines 
TNM staging system[42].

Laboratory investigations
Morning fasting blood samples were used for all biochemical tests. Tubes containing anticoagulants were used for serum 
samples, while those with EDTA (1 mg/mL) or heparin were used for plasma samples. Anemia was diagnosed when the 
hemoglobin level was < 12 g/dL in women and < 13 g/dL in men. Mean corpuscular volume > 99 fL was indicative of 
macrocytic anemia. In addition, white blood cell count (4 × 103–11 × 103/μL), platelet count (140 × 103–440 × 103/μL), 
lactate dehydrogenase levels (135–214 U/L), thyroid-stimulating hormone levels (0.27–4.2 μU/mL), vitamin B12 levels 
(197–771 pg/mL), iron levels (33–193 g/dL), and homocysteine levels (5–12 mmol/L) were also assessed.

Detection of APCAs and anti-IF antibodies was performed by dilution and direct immunofluorescence techniques, and 
positivity was defined as ≥ 1:80. Blood gastrin levels were measured by the quantitative chemiluminescence immuno-
assay, with a normal range < 115 pg/mL. Similarly, circulating CgA levels were measured using the available IF TRACE 
kit, with a normal range < 84.7 ng/mL[43,44]. AIG patients diagnosed before 2010 were excluded from the study sample 
since baseline CgA levels were measured using the radioimmunoassay method, which is not comparable to the IF TRACE 
method.

It should be noted that in patients receiving PPI treatment, the medication was discontinued, and the blood test was 
repeated at least 15 d after discontinuation.

Statistical analysis
Continuous variables were presented using the median and interquartile range (IQR), whereas categorical variables were 
presented as numbers (percentage). The Kolmogorov–Smirnoff test was utilized to assess the normality of data distri-
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bution. Differences between groups were assessed using the Mann–Whitney and Kruskal–Wallis tests. Fisher’s exact test 
was used to compare percentages. Spearman’s rank correlation coefficient was used to determine the association between 
variables of interest, such as sex, age, BMI, use of PPIs, presence of H. pylori infection, positivity for APCAs and/or anti-IF 
antibodies, OLGA and OLGIM grading, plasma concentration of gastrin, CgA values, and presence of gNENs. A two-
sided P < 0.05 was considered statistically significant. GraphPad Prism version 5.0, State Mat version 2 (GraphPad 
Software, San Diego, CA, USA), and MedCalc software were used for data analysis.

RESULTS
The study included 176 patients, the majority of whom were female (142, 80.7%), had a median BMI of 24.6 kg/m2 (IQR 
18.3–52.7), and a median age of 64 years (IQR 53–71). At baseline, 72% of the patients had at least one autoimmune 
endocrine disease, with autoimmune thyroid disease being the most common (35.8%). Other autoimmune diseases 
included diabetes mellitus, vitiligo, psoriasis, celiac disease, Addison’s disease, and autoimmune liver diseases such as 
primary biliary cholangitis, autoimmune hepatitis, and fibromyalgia. H. pylori infection was detected in 20.4% of patients 
but eradicated in all cases. APCA positivity was found in 83.5% of cases. The median gastrin value of the whole studied 
population was 668 pg/mL and the median circulating CgA level was 146 ng/mL. APS was diagnosed in 22.1% of 
patients with at least one autoimmune disease. Further details on the characteristics of the patients, including anthropo-
metric, clinical, biochemical, and baseline histological features, are provided in Table 1.

A total of 507 EGDs were performed in 176 patients, with a mean number of three for each patient. All patients showed 
atrophy of the corpus–fundus, with varying degrees of severity: 16.2% of them had a mild degree of atrophy, 44% had 
moderate atrophy, and 39.8%had severe atrophy. Intestinal metaplasia was detected in 126 patients (71.5%), with a mild 
degree in 32.9%, moderate in 28.9%, and severe in 9.6%. Pseudopyloric metaplasia was reported in 27 patients (15.3%). 
OLGA Stage I, II or III atrophic gastritis was reported in 115 patients, and OLGA IV stage atrophic gastritis was observed 
in three patients, who had severe gastric atrophy in the corpus–fundus but moderate atrophy in the antrum. ECL 
hyperplasia was present in 110 patients, but 60 (34.1%) patients did not show ECL hyperplasia.

At enrollment, 116 of 176 patients (65.9%) had ECL hyperplasia, with simple/linear, micronodular, and macronodular 
patterns reported in 29.5%, 30.7% and 5.7% of cases, respectively.

The median follow-up duration was 5 years, with a range from 3 to 7.5 years. During the follow-up period, after 1032 
person-years, 33 patients developed a total of 50 type I gNENs, corresponding to an annual cumulative incidence of 5.7% 
and an incidence rate of 0.057 person-years.

Patients with and without type I gNEN had similar characteristics (Table 2), both in terms of anthropometric, clinical, 
and serological features, and according to histological findings (both atrophy and intestinal metaplasia, and ECL 
hyperplasia). Specifically, with regard to immune-mediated comorbidities, no significant differences were found in the 
baseline prevalence of thyroiditis, celiac disease, type 1 diabetes mellitus, vitiligo, psoriasis, Addison’s disease, 
myasthenia, fibromyalgia, oral lichen planus, autoimmune liver disease, autoimmune connective tissue disease, or APS 
between AIG patients who developed one or more neuroendocrine tumors and AIG patients who did not.

Circulating CgA levels did not significantly differ between the two groups; conversely, the two groups significantly 
differed in baseline circulating gastrin levels, as AIG patients with gNENs showed higher levels of gastrin (median 992 
pg/mL, IQR = 449–1500 vs 688 pg/mL, IQR = 423–1200, P = 0.03) (Figure 1) when compared to AIG patients without type 
I gNEN.

Calculated gastrin sensitivity and specificity were 90.9% and 1.4%, respectively, with a calculated overall diagnostic 
accuracy of 30%. A receiver operating characteristic (ROC) curve has been also created to analyze the connection between 
clinical sensitivity and specificity of gastrin circulating values in terms of gNENs detection, and to identify the best-
performing circulating gastrin cutoff value. The calculated area under the gastrin ROC curve (AUROC or AUC) was 0.53 
(0.45–0.61), with a Youden index J of 0.14 corresponding to a circulating gastrin cutoff value of 857 pg/mL, with a 
sensibility of 53.1% and a specificity of 61.2%.

DISCUSSION
AIG is a chronic autoimmune disease that progressively leads to destruction of the oxyntic gastric mucosa and, 
consequently, to hypo-/achlorhydria. This results in elevated plasma gastrin levels, hyperplasia, and degeneration of 
ECL cells, leading to an increased incidence of type I gNENs[6,7,9,10,13].

Our study evaluated the incidence of gNENs among 176 patients diagnosed with AIG between January 1990 and June 
2022. Over the course of 1032 person-years, 33 patients developed a total of 50 type I gNENs, resulting in an incidence 
rate of 5.7 per 100 person-years. The findings of this study provide important insights regarding the incidence of gNENs 
in AIG. It shows that the incidence rate of gNENs is 5.7% per year, which is higher than that reported in the general 
population, but consistent with previous studies[21,22,34,45].

The anthropometric, demographic and clinical characteristics of the population included in our study represented the 
features of previously reported AIG populations[46]. This correspondence emphasizes that type I gNENs represent a 
neoplastic complication in AIG patients and that they should not be overlooked[1,47-49]. Overall, these findings 
underscore the importance of vigilance and long-term monitoring in patients diagnosed with AIG.
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Table 1 Anthropometric, biochemical, and histological features of the overall population included (176 patients)

Classification Features

Sex, n (%) Female: 142 (80.7)

Age (median) 64 yr (IQR: 53–71)

APCA positivity, n (%) 147 (83.5)

Gastrin 668 pg/mL (IQR: 340–1200)

Chromogranin A (median) 146 ng/mL (IQR: 106–219)

ECL hyperplasia, n (%) Absent: 60 (34.1)

OLGA

0: 58 (32.9)

I: 38 (21.6)

II: 64 (36.4)

III: 13 (7.4)

Gastric mucosa atrophy, n (%)

IV: 3 (1.7)

OLGIM

0: 42 (23.9)

I: 63 (35.8)

II: 61 (34.7)

III: 5 (2.8)

Gastric mucosa intestinal metaplasia, n (%)

IV: 5 (2.8)

BMI: Body mass index; APCA: Anti-parietal cell antibodies; ECL: Enterochromaffin-like cells; OLGA: Operative Link for Gastritis Assessment; OLGIM: 
Operative Link on Intestinal Metaplasia Assessment.

Figure 1 Differences in circulating gastrin levels in patients with chronic atrophic autoimmune gastritis with or without gastric 
neuroendocrine tumors. gNENs: Gastric neuroendocrine neoplasms.

In addition, at baseline, nearly two-thirds (65.9%) of the AIG patients had ECL hyperplasia, which suggests a 
heightened susceptibility of AIG patients to early lesions that may progress to gNENs.

The comparison between AIG patients who developed, or not, gNENs during follow-up showed that, while the two 
populations were comparable in terms of anthropometric and demographic features, the incidence of H. pylori infection, 
APCA positivity, OLGA and OLGIM scores, and baseline circulating CgA levels, circulating gastrin levels differed 
significantly.

Currently, the most widely used scores to define the degree of severity of gastric mucosal alteration in AIG are OLGA 
and OLGIM scores. Our study confirms that, as expected, these scores are not sufficiently accurate in the AIG population, 
especially with reference to advanced disease stages. In AIG, the antrum is almost always preserved and histologically 
normal (except for those who have or have had H. pylori infection). In the patients included in our study, OLGA and 
OLGIM scores did not significantly differ between patients who developed gNEN and those who did not. Therefore, 
patients with AIG should all be monitored with EGD (with different timing depending on the findings and risk factors), 
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Table 2 Anthropometric, biochemical, and histological differences between patients with diagnosed chronic atrophic autoimmune 
gastritis who developed gastric neuroendocrine tumors and patients with atrophic autoimmune gastritis who did not develop gastric 
neuroendocrine tumors, n (%)

AIG patients without gNENs AIG patients with gNENs P value

Sex (%) 84.3 (female) 78 (female) 0.06

Age (median) 61 yr (IQR: 50–69) 66 yr (IQR: 55–73) 0.68

Autoimmune tyroiditis 48 (42) 13 (39) 0.46

Type 2 diabetes mellitus 33 (29) 11 (33) 0.33

Psoriasis and/or vitiligo 6 (5) 3 (9) 0.12

Auntoimmune polyglandular syndrome 5 (4) 2 (6) 0.23

APCA positivity 78 (89.7) 25 (75.8) 1.00

ECL simple/linear hyperplasia 29 (33.3) 7 (21) 1.01

ECL micronodular hyperplasia 23 (26.4) 11(33.3) 0.73

ECL macronodular hyperplasia 6 (6.8) 1 (3) 0.94

OLGIM II–IV 34 (39.1) 17 (51.5) 0.49

Chromogranin A (median) 172 ng/mL (IQR: 107–320) 160 ng/mL (IQR: 115–217) 0.68

Gastrin (median) 688 pg/mL (IQR: 423–1200) 992 pg/mL (IQR: 449–1500) 0.03

AIG: Auto-immune gastritis; APCA: Anti-parietal cell antibody; ECL: Enterochromaffin-like cells; OLGIM: Operative Link on Intestinal Metaplasia 
Assessment; gNENs: Gastric neuroendocrine neoplasms.

regardless of the OLGA or OLGIM scores[1].
Circulating gastrin levels were significantly more elevated in AIG patients who developed gNENs when compared to 

AIG patients who did not. Hence, our results confirm that patients who develop gNENs have significantly higher 
baseline circulating levels of gastrin compared to those who do not, as reported in previous studies[50,51].

Gastrin, a peptide hormone involved in gastric acid secretion, plays a critical role in regulating ECL cell proliferation. 
In the case of gastric hypo- and achlorhydria, which typically happens in the case of AIG, and which is mainly due to the 
immune-mediated destruction of oxyntic gastric mucosa, gastric neuroendocrine cells oversecrete gastrin, and elevated 
gastrin levels promote the growth and proliferation of gastric mucosa, including ECL cells[15]. gNENs derive from the 
aberrant proliferation of ECL cells[6,49]. The development of neuroendocrine neoplasms, specifically from simple hyper-
plasia of ECL cells to abnormal neoplastic growth of mucosal neuroendocrine cells, is a complex process that is not yet 
fully understood. However, current research suggests that this progression may require a two-step process, in which the 
initial step may be ECL cell hyperplasia and the second step, which leads to the development of abnormal neoplastic 
growth of mucosal neuroendocrine cells, is less clearly understood. It is believed that certain genetic and environmental 
factors may contribute to the transformation of hyperplastic ECL cells into neoplastic cells. These factors may include 
mutations in specific genes involved in cell growth and division, as well as exposure to carcinogens or other damaging 
agents. However, further research is needed to fully elucidate the mechanisms underlying this progression. By gaining a 
better understanding of the molecular and cellular changes that occur during each step, researchers hope to develop 
improved diagnostic and therapeutic approaches for neuroendocrine neoplasms.

Despite the multifactorial mechanisms, it is worth noting that the measurement of circulating gastrin levels may serve 
as a valuable biomarker for indirect assessment of neuroendocrine activity, thus reflecting the risk of developing gNEN in 
AIG patients. Indeed, in our series, we observed an overall sensitivity of 90.9% for gastrin in detecting gNEN. However, it 
is important to recognize that elevated gastrin levels also mark neuroendocrine activation resulting from the hypo/anacid 
condition typical of AIG patients. The calculated gastrin specificity in our series, in fact, only reached 1.4%. Therefore, 
while elevated gastrin levels may indicate an increased risk of gNEN in AIG patients, this hormone is not able to differ-
entiate the presence of gNEN from gastrin-driven hypergastrinemia associated with AIG.

Overall, the analysis of the gastrin ROC curve yielded an AUC of 0.53, indicating that gastrin had low diagnostic 
accuracy as a biochemical marker for gNENs, with nearly 50% sensibility and 60% specificity. The identified best-
performing cutoff point of 857 pg/mL, which achieved ~50% sensitivity and ~60% specificity, emphasizes the limited 
discriminatory power of gastrin in diagnosing gNENs, specifically in the population in which its utilization would be 
appropriate. These findings suggest that while gastrin may be associated with the presence of gNENs, its overall 
diagnostic performance is modest and may not be reliable as a stand-alone marker for gNEN diagnosis in AIG patients.

The diagnostic accuracy remains low because gastrin levels are consistently elevated in AIG, due to hypochloridria and 
regardless of the presence of gNENs. In this context, the development of gNENs is only a final epiphenomenon resulting 
from activation of ECL cells. This further contributes to the challenge of using gastrin as a reliable marker for early 
detection of gNENs in AIG patients.
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Unfortunately, also incorporating CgA levels alongside gastrin levels, the combination of the two markers did not 
achieve sufficient diagnostic specificity and, thus, accuracy for the detection of gNENs associated with AIG. This is due to 
the lack of significant difference in circulating levels of CgA between AIG patients who developed at least one gNEN and 
those who did not develop any gNEN, which can be explained by the nonspecific secretion of CgA by neuroendocrine 
cells in cases of gastric mucosal atrophy. Unlike gastrin, CgA has no pathogenic role in the proliferation of ECLs and thus 
in the genesis of gNENs.

It is important to acknowledge the limitations of our study. Firstly, the study was retrospective, which means that the 
findings should be interpreted with caution. Secondly, it was a single-center study with a small sample size, which may 
limit generalization of our results. However, the long duration of follow-up and extensive clinical and laboratory invest-
igations provide solid data on the association between AIG and gNEN and its risk magnitude.

CONCLUSION
Our study confirms that type I gNENs represent a non-negligible complication in patients with AIG and that they are 
related to hypergastrinemia. Gastrin has only moderate diagnostic accuracy; therefore, it cannot be a noninvasive marker 
of early diagnosis of gNEN in AIG because of its low specificity. Given these findings, further efforts must be made to 
identify new noninvasive early markers of aberrant ECL cell proliferation so as to identify effective strategies for 
individualizing endoscopic follow-up of AIG patients, for early diagnosis and treatment of superimposed neuroen-
docrine lesions. Further studies are needed to explore the potential clinical implications of these results in managing AIG 
patients.

ARTICLE HIGHLIGHTS
Research background
Type I gastric neuroendocrine neoplasms (gNENs) in chronic autoimmune gastritis (AIG) are increasingly being 
diagnosed, but no accurate data are available.

Research motivation
To date, no risk factors for malignant transformation of AIG into NENs have been identified. Their identification may 
significantly help to optimize endoscopic follow-up of AIG.

Research objectives
The main objective was to evaluate the incidence and prevalence of type I gNENs in a cohort of AIG patients. Secondly, 
the study aimed to identify potential risk factors for malignant transformation of AIG.

Research methods
Patients with a histological diagnosis of AIG were enrolled between October 2020 and May 2022. Circulating levels of 
chromogranin A and gastrin were assessed at enrollment. Patients underwent regular endoscopic follow-up to detect 
gastric neoplastic lesions, enterochromaffin-like cell hyperplasia, and the development of gNEN.

Research results
Among 176 included patients, after 1032 person-years, 33 patients developed a total of 50 gNEN type I, with an incidence 
rate of 0.057 person-years, corresponding to an annual cumulative incidence of 5.7%. Gastrin levels were significantly 
higher in AIG patients who developed gNENs [median 992 pg/mL, [interquartile range (IQR) = 449–1500 vs 688 pg/mL, 
IQR = 423–1200[ (P = 0.03]). Calculated gastrin sensitivity and specificity were 90.9% and 1.4%, respectively, with an 
overall diagnostic accuracy of 30% and a calculated area under the gastrin receiver operating characteristic curve 
(AUROC or AUC) of 0.53.

Research conclusions
Type I gNENs are a frequent complication of AIG. Hypergastrinemia plays a trophic role in the gastric mucosa, but due 
to its low specificity, it cannot be a noninvasive marker of early diagnosis of gNEN in AIG.

Research perspectives
Further efforts are needed to identify effective strategies for individualizing endoscopic follow-up of AIG patients for 
early diagnosis and treatment of superimposed neuroendocrine lesions.
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