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Abstract
BACKGROUND
Gastric gastrinoma and spontaneous tumor regression are both very rarely encountered. We report the first case of spontaneous regression of gastric gastrinoma.

CASE SUMMARY
A 37-year-old man with a 9-year history of chronic abdominal pain was referred for evaluation of an 8 cm mass in the lesser omentum discovered incidentally on abdominal computed tomography. The tumor was diagnosed as grade 2 neuroendocrine neoplasm (NEN) on endoscopic ultrasound-guided fine-needle aspiration. Screening esophagogastroduodenoscopy revealed a 7 mm red polypoid lesion with central depression in the gastric antrum, also confirmed to be a grade 2 NEN. Laparoscopic removal of the abdominal mass confirmed it to be a metastatic gastrinoma lesion. The gastric lesion was subsequently diagnosed as primary gastric gastrinoma. Three months later, the gastric lesion had disappeared without treatment. The patient remains symptom-free with normal fasting serum gastrin and no recurrence of gastrinoma during 36 mo of follow-up.

CONCLUSION
Gastric gastrinoma may arise as a polypoid lesion in the gastric antrum. Spontaneous regression can rarely occur after biopsy.
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Core Tip: Gastrinoma is a functional neuroendocrine tumor which can cause refractory gastrointestinal symptoms. We present a rare case of gastrinoma originating in the stomach, with metastasis to the lesser omentum. Tumors including neuroendocrine tumors are rarely known to regress spontaneously following biopsy or surgical insult. This is the first report of spontaneous regression of a gastric gastrinoma. We also review the literature on gastric gastrinoma, gastrinoma arising in the lesser omentum, and spontaneous regression of gastrinomas and other neuroendocrine tumors.

INTRODUCTION
Gastrinoma is a type of neuroendocrine neoplasm (NEN) with high malignant potential. It is known to cause Zollinger-Ellison syndrome (ZES), a state of gastrin hypersecretion causing peptic ulcers in over 90% of affected cases[1]. The annual incidence has been reported at 0.5-2 per million. About 25% are associated with multiple endocrine neoplasia (MEN) type 1, while the remainder are sporadic[2]. Most arise in the gastrinoma triangle, an area with borders formed by the porta hepatis, duodenum, and pancreatic head[1]. Duodenal and pancreatic gastrinomas make up over 80% of all gastrinomas; other potential sites for primary lesions include the liver, biliary tree, ovary, kidney, jejunum, greater and lesser omentum, heart, and stomach[2-4].
Gastric NENs have an annual incidence of 2-5 per 100000 persons and account for 0.3%-1.8% of all gastric tumors, 5.6%-7.4% of NENs, and 6.9%-8.7% of all digestive NENs[5-8]. A large majority arise from enterochromaffin-like (ECL) cells which are stimulated by gastrin and secrete histamines[9-11]. As ECL cells are distributed in the gastric fundus and corpus, antral NENs are rare and originate from G-cells (which produce gastrin), D-cells (somatostatin) and enterochromaffin cells (serotonin).
NENs arising from ECL cells (ECLomas) are classified into 3 types based on etiology[5,6]. Type 1 is the most common and often presents with small, multiple polypoid lesions in the setting of autoimmune atrophic gastritis. Type 2 is the rarest type, accounting for 5%-6% of gastric NENs. It also commonly presents with small, multiple polypoid lesions in the fundus or body, but arises in the setting of gastrinoma or MEN type 1. Both type 1 and type 2 have high fasting serum gastrin (FSG) but type 2 has lower gastric pH and higher rates of metastasis (10%-30%). Type 3 commonly presents with large neuroendocrine carcinoma, has normal FSG, and metastatic disease is observed in a majority of cases. More recently, a fourth type involving multiple lesions associated with hypergastrinemia, endocrine cell hyperplasia, and parietal cell hypertrophy has been reported[12]. Gastric NENs originate in the deep mucosa and invade the submucosa, creating dome-like protrusions with or without central depressions when observed endoscopically[13].
Gastric gastrinomas do not fit into this framework, as they are not ECLomas. To the extent of our search, there are only 12 reports of gastric gastrinoma in the English literature[4,5,14-23]. While gastrinomas can occur sporadically or in connection with MEN type 1, all reported gastric cases in the English language are sporadic gastrinomas. There is one French report of a gastric gastrinoma associated with the latter[24].
Spontaneous regression is defined as the complete or partial disappearance of a tumor with no or inadequate treatment[25]. It is not equivalent to cure; the tumor may reappear in the same location or elsewhere in the body. While initially estimated to occur once in every 60000-100000 cases, recent studies suggest that at least partial regression may be much more common[26-28]. The frequency of spontaneous regression varies widely depending on the tumor, with a large number of reports in renal cell carcinoma, melanoma, and neuroblastoma[25,26,28]. Reports in gastric NENs are scarce[29-31]. Immunological response by tumor infiltrating leukocytes such as cytotoxic T lymphocytes has been implicated as a possible explanation, while the impact of hormones, infection, diet and nutrition, toxins, genetics, and invasive procedures such as biopsies and surgery have also been suggested[26,28,32,33].
Here, we present a case of gastric gastrinoma with large metastases to the lesser omentum. The primary gastric lesion regressed spontaneously following biopsy of the gastric lesion and surgical resection of the metastatic lesion. We also review the existing literature on gastric gastrinomas, gastrinomas of the lesser omentum, and spontaneous regression of NENs.

CASE PRESENTATION
Chief complaints
A 37-year-old man presented to the emergency department after sudden cardiopulmonary arrest while outdoors.

History of present illness
Return of spontaneous circulation was achieved due to bystander cardiopulmonary resuscitation and 2 electric shocks from an automated external defibrillator.

History of past illness
His medical history was only significant for gastric mucosal erosions diagnosed 9 years prior to admission. The patient had chronic abdominal pain and occasional reflux symptoms despite continued treatment with proton pump inhibitors (PPIs).

Personal and family history
He had never consumed alcohol or smoked cigarettes. He had no known food or drug allergies. He had also never experienced syncope or palpitations in the past.

Physical examination
Body temperature of 36.2 degrees Celsius, blood pressure of 139/111 mmHg, sinus tachycardia with a heart rate of 130 beats/min, and respiratory rate of 32 times/min were noted upon arrival. The patient’s eyes were open but he could not speak (Glasgow Coma Scale: E4V1M4). Physical examination was otherwise unremarkable.

Laboratory examinations
Laboratory values were significant for leukocytosis, mild increase in liver enzymes and creatinine, lactic acidosis (pH of 7.118 and lactate of 8.1 mmol/L on arterial blood gas analysis), and a severely elevated D-dimer of over 100 mcg/mL. Electrolytes were within their normal ranges. Rapid improvement was observed on serial follow-up examinations.

Imaging examinations
Computed tomography (CT) with contrast at admission revealed an incidental 8 cm mass in the lesser omentum (Figure 1). The mass appeared to result from the fusion of 3 similar solid tumors, of which 1 contained a non-enhancing, low-density area suggestive of necrosis or hematoma.

Further diagnostic work-up
Esophagogastroduodenoscopy (EGD) incidentally revealed a red, 7 mm submucosal tumor with central depression, which was biopsied (Figure 2A). Prominent gastric folds and shallow duodenal ulcers were also noted despite prolonged intravenous PPI treatment during admission (Figure 2B and C). No signs of gastroesophageal reflux disease or duodenal submucosal tumors were observed. Endoscopic ultrasound revealed 3 clearly delineated, hyperechoic masses with uniform texture, of which 1 had a hypoechoic center (Figure 2D). No pancreatic tumors were noted. Endoscopic ultrasound-guided fine-needle aspiration was performed. Pathology of both the gastric and lesser omentum specimens stained positive for chromogranin A and synaptophysin and were diagnosed as grade 2 NENs.

MULTIDISCIPLINARY EXPERT CONSULTATION
Takayoshi Kanie, MD, Department of Cardiology, St. Luke’s International Hospital
After admission, targeted temperature management was performed under total anesthesia. The patient recovered completely after 2 d, with no neurological sequelae. While coronary angiogram including various stress tests was unremarkable, electrocardiogram findings were suggestive of Brugada’s syndrome. An implantable cardiac defibrillator (EMBLEM MRI S-ICD System, Boston Scientific, Marlborough, MA, United States) was implanted during admission.

Aoi Fujikawa, MD, Department of Surgery, St. Luke’s International Hospital
As the gastric and omental lesions were initially assumed to be independent lesions, laparoscopic omental tumor resection with possible gastrectomy was planned. The intention was to perform endoscopic submucosal dissection (ESD) to treat the gastric lesion once post-operative recovery was confirmed. The patient provided informed consent for the surgery and the overall treatment plan based on an adequate understanding of the risks involved in each procedure, particularly given his post-resuscitation status.
Laparoscopic surgery revealed an 83 mm × 80 mm × 37 mm mass in the lesser omentum which appeared to be formed from the fusion of 3 spherical tumors (Figure 3). No adhesion to the stomach was observed, enabling en bloc resection without partial gastrectomy. A macroscopic examination of the resected specimen revealed a brown, well-defined, encapsulated 75 mm × 40 mm solid tumor inside adipose tissue of the lesser omentum with a central hematoma. Pathology revealed nests of tumor cells characterized by small ovoid nuclei and mildly eosinophilic cytoplasms with intervening dilated capillary networks (Figure 4A). The tumor was positive for chromogranin A, synaptophysin, and gastrin (Figure 4B-D). Mitotic count was less than 2 per 2 mm2 and the Ki67 index was 6%. No lymphatic or vascular invasion was noted. While initially suspected to be lymph nodes, the fused tumor was completely composed on uniform tumor cells with almost no lymphocytes except outside the encapsulated tumor. The differential at the time included primary gastrinoma of lesser omentum lymph node, lymph node metastasis from primary gastric or undetected duodenal gastrinoma, and tumor-forming hematogenous spread of gastrinoma. While the gastric lesion had not been resected, the Tumor-Node-Metastasis staging was clinically considered to be T1N1M0, stage III (Union for International Cancer Control, 8th edition) assuming the lesion was a locoregional lymph node metastasis from a gastric NEN primary.

Nobuyuki Ohike, MD, PhD, Department of Pathology, Shizuoka Cancer Center
After the surgery, results of the pre-operative FSG test returned and showed marked elevation (41100 pg/mL without discontinuation of PPIs; reference range: 37-172 pg/mL). Pathology of the stomach biopsy was re-evaluated by an expert pathologist specializing in gastrointestinal tumors and was found to have a striking resemblance to the resected lesser omentum mass (Figure 4E-G). Strong immunoreactivity with gastrin was also confirmed for the first time (Figure 4H).

FINAL DIAGNOSIS
The patient denied a family history of MEN type 1, of pituitary, parathyroid, or pancreatic tumors, or of peptic ulcers. Gastric pH was not evaluated as the primary cardiology team believed PPIs should not be withheld for testing. Calcium, parathyroid hormone, vitamin B12, and thyroid function tests were within their normal ranges. Parietal cell and intrinsic factor antibodies and Helicobacter pylori antibodies were negative. Brain, neck, and abdominal imaging showed no pituitary, parathyroid, or pancreatic tumors.
As a result, the patient was diagnosed with sporadic gastric gastrinoma with metastases to the lesser omentum.

TREATMENT
In part due to stress from a long hospital stay, the patient left the hospital against medical advice after surgery.

OUTCOME AND FOLLOW-UP
He voluntarily returned for follow-up EGD 3 mo later to be re-evaluated before a possible distal gastrectomy. However, the gastric gastrinoma had reduced to a red dot with no visible elevation and was barely identifiable (Figure 5A). Biopsy of the lesion was negative for tumor, with only regenerative and fibrous changes (Figure 5B). Chromogranin A and synaptophysin stains were also negative (Figure 5C). In addition, duodenal ulcers had healed completely, allowing the patient to discontinue PPIs for the first time in 9 years. The prominent gastric folds observed in the gastric corpus had also normalized. FSG decreased dramatically to the normal range (167 pg/mL) and somatostatin-receptor scintigraphy (Octreoscan) showed no focal uptake throughout the body, including the stomach and lesser omentum. Based on a careful discussion of the risks involved, the patient decided to forgo surgery and opted for close observation.
Subsequent endoscopic findings have remained unchanged, FSG has remained within the normal range, and CT and scintigraphy have shown no recurrence of gastrinoma during 36 mo of follow-up. The patient remains asymptomatic without PPIs. No shocks from his implantable cardiac defibrillator have been triggered to date.

DISCUSSION
Gastric gastrinoma
G-cells are neuroendocrine cells which secrete gastrin. G-cells are stimulated by vagal stimulation via gastrin-releasing peptide, producing gastrin which in turn stimulate ECL cells to produce histamines. While G-cell NENs are strongly positive for the gastrin stain, they are not considered gastrinomas unless they present with symptoms consistent with ZES; gastrinoma is a clinical diagnosis[4-6]. Primary gastric gastrinoma is a rare clinical entity, even though most G-cells in the human body residing in the gastric antrum. La Rosa et al[11] found only 1 case of gastric gastrinoma among 8 antral G-cell NENs and among 209 gastric NENs.
Huang et al[14] reported an exceptionally high rate of gastrinomas among NENs at their institution: 20 cases of gastrinoma, of which 9 were gastric gastrinomas, out of 109 upper gastrointestinal NENs studied. However, they state in their discussion that type 1 and type 2 gastric NENs were considered gastrinomas. Their report appears to be focused on NENs (ECLomas) induced by hypergastrinemia instead of gastrin-producing primary NENs, which is our topic of discussion.
We conducted a PubMed search using the search terms “gastrinoma AND (stomach OR gastric)” and investigated all sources cited in each relevant report. We found 12 reports in the English language (excluding abstracts), mostly from the twentieth century (Table 1)[4,5,15-23]. Among the 13 reports including our case, there was a male preponderance (83%). Ages varied broadly, from 11 to 91 years of age. Most had a long history of abdominal symptoms and all lesions with specified locations were found in the distal half of the stomach, mainly in the antrum. Surgery was generally the treatment of choice, after which FSG normalized in a majority of cases. Lymph nodes and the liver were the most common sites for metastases.
Treatment for gastric gastrinoma has not been elucidated due to its rarity. Guidelines from the National Comprehensive Cancer Network (NCCN) and the European Neuroendocrine Tumor Society (ENETS) both recommend radical resection with lymph node sampling for duodenal and pancreatic gastrinomas[7,34]. While both NCCN and ENETS guidelines permit endoscopic resection for certain types of small gastric NENs, radical resection with lymph node sampling should be performed for gastric gastrinomas due to the potential for metastases. Although some authors suggest a role for endoscopic resection of gastric gastrinomas[35], our preferred approach is open surgery with intraoperative digital and ultrasound exploration to investigate undetected duodenal primaries. In the present case, laparoscopy was performed instead of open surgery as the diagnosis of gastrinoma was not reached before surgery.
A gastrinoma work-up is generally considered when encountering NENs in the gastric fundus or corpus. We propose that gastric gastrinoma should be included in the differential diagnosis for a NEN in the gastric antrum, particularly when accompanied by peptic ulcers and prominent gastric folds.

Relationship between the gastric and omental lesions
Before reaching the final diagnosis of primary gastric gastrinoma with metastasis to the lesser omentum, we considered several other possibilities for the relationship between the gastric and lesser omentum lesions.

Primary omental gastrinoma with gastric NEN from ectopic ECL cells: While ECL cells generally do not exist in the gastric antrum, type 2 antral NENs arising from ectopic ECL cells were observed in at least 2 of 4 antral NEN cases in one report[36]. However, the positive gastrin stain in our case supports a G-cell origin.

Primary gastrinoma of the lesser omentum with gastric metastasis: We initially entertained the possibility that the large lesser omentum lesion was the primary site. Primary tumors of the lesser omentum are rare. Most are benign tumors such as lymphangiomas and hemangiomas, with isolated reports of gastrointestinal stroma tumors and malignancies such as soft tissue sarcoma, lymphoma, and small cell carcinoma[37-40]. There are 5 reports of primary gastrinoma of the lesser omentum (Table 2)[41-44]. Four cases were relatively young males (average age: 26.3 years) including 2 teenagers, while the fifth was an elderly woman. All had solitary tumors and none had any evidence of MEN type 1. Tumors in most cases exceeded 4 cm but had no metastases. Normalization of serum gastrin and recurrence-free status was achieved in all cases. Tumor resection without gastrectomy was possible in 3 cases, while total gastrectomy was performed in 2 cases. These is also one report of primary gastrinoma of the greater omentum in which serum gastrin similarly normalized after surgery and no recurrence was observed[45].
There is no known method of determining whether the gastric lesion or the omental lesion was the primary gastrinoma. However, both sub-centimeter duodenal gastrinomas and sub-centimeter gastric NENs have been reported to metastasize[11,15]. To the extent of our search, there are no reports of gastrinomas metastasizing to the stomach. It therefore appears natural to consider the gastric lesion as the primary site.

Primary lymph node gastrinoma with gastric metastasis: The existence of primary lymph node gastrinoma remains in dispute among experts. Sub-centimeter duodenal primaries commonly exhibit distant metastases and may be undetected despite careful evaluation, including autopsy. In a study of 176 ZES patients, lymph nodes were the only lesions discovered initially in 45 cases[46]. While small duodenal gastrinomas had been missed in several cases, 26 appeared to be completely cured after surgical resection of the involved lymph node. None of these cases arose in the omentum.
Furthermore, primary lymph node gastrinoma is currently diagnosed when diagnostic criteria for gastrinoma are met without any confirmed lesions other than lymph nodes and their resection leads to normalization of FSG and other laboratory or radiological findings suggestive of gastrinoma. This definition fails to account for spontaneous regression of an undetected primary after surgery, discussed below.

Gastric and omental metastases from undiscovered primary duodenal tumor: Most gastrinomas arise in the duodenum and small duodenal gastrinomas undetected by endoscopic or imaging studies are known to metastasize. As surgery was not performed in our patient, this possibility is the most difficult to rule out. There is no way to confirm whether or not spontaneous regression, which occurred in the stomach, also occurred in the duodenum. However, as stated previously, we found no reports of gastrinoma metastasizing to the stomach.

Gastric NEN triggered by chronic PPI use: Chronic PPI use is widely known to cause ECL cell hyperplasia as well as hypergastrinemia, albeit at mild levels of approximately 1-3 times the upper limit of normal which generally plateaus after 1-2 years. A systematic review of 1920 patients on PPIs found no found gastric NENs[47]. On the other hand, a single center study reported that 3 of 31 gastric NENs arose in patients with long-term PPI use in the absence of autoimmune atrophic gastritis, Helicobacter pylori infection, or ZES. ECL hyperplasia was not observed in 1 of the 3 cases, while another was a 6 mm, grade 2 NEN with normal FSG[48]. A study of 66 gastric NENs in long-term PPI users reported that 9% of NENs arose in the antrum or pylorus, but did not specify whether these were ECL-cell NENs[49]. In any event, the strongly positive gastrin stain and strong resemblance to the omental lesion makes this an unlikely explanation in our case.

Multicentric or incidental simultaneous occurrence of gastric and omental NENs: Simultaneous multicentric occurrence of NENs is another possibility. The negative tests for MEN type 1 and the strong pathological resemblance between the gastric primary and omental metastasis does not allow us to rule this out completely. Additional molecular genetic testing, not available at our institution, may shed light on this possibility[50].
It is also possible for sporadic NENs in 2 separate organs to be discovered incidentally at the same time. This premature assumption led to a delay in the diagnosis in our patient. There are no reports on this phenomenon and other possibilities should be considered first, particularly in young patients with no apparent risk factors for NEN development. Had gastrinoma been suspected in advance, open laparotomy with digital and ultrasound exploration would have been selected over laparoscopy. The pathological resemblance between the 2 lesions was too strong for them to be considered unrelated lesions.

Spontaneous regression
Complete and partial spontaneous regressions of NENs have been observed in various organs. Most reports involve Merkel cell carcinomas and neuroblastomas, which are neuroendocrine carcinomas of the skin and sympathetic nervous system, respectively[51,52]. Isolated cases of spontaneous regression of NENs in the pancreas, lung, bile duct, thymus, and pelvis have been reported, as well as in metastatic disease[53-58]. Biopsy, surgery for another condition, and pregnancy have been suggested as possible triggers[54-56].
Focusing on this placebo arms of randomized controlled trials conducted from 1980 to 2014, Ghatalia et al[27] investigated spontaneous regression in various solid tumors including 2 trials relating to pancreatic NENs. Partial spontaneous regression was observed in 4 of 252 patients receiving placebo, for an overall response ratio (ORR) of 1.6%. Amoroso expanded this idea to include 5 trials on NENs and found an ORR of 1.52% among 531 patients receiving placebo[53]. The authors also found minor response, defined as a 10%-30% reduction in tumor size from baseline, in almost 6% of NEN patients receiving placebo. While no complete spontaneous regressions were observed in these studies, partial spontaneous regressions may not be as rare as once believed.
Spontaneous regression of metastatic gastrinomas after biopsy and/or surgery was reported as far back as the 1960s. Disappearance of biopsy-proven liver and/or lung metastases on imaging or during second-look operations were observed in 2 out of 44 gastrinoma patients in one study and 4 out of 267 metastatic reports in another, all following total gastrectomy[59,60]. There are also sparse reports of spontaneous regression of gastric NENs. An Indian report detailed the complete spontaneous regression of an 11 cm gastric NEN after exploratory laparotomy[29]. Another report from Hong Kong found no residual tumor in the gastrectomy specimen after biopsy revealed a 4 cm high-grade large-cell neuroendocrine carcinoma in the gastric cardia[30]. Complete spontaneous regression was observed in both cases after either biopsy or surgical insult. Three cases of autoimmune atrophic gastritis in which multiple small gastric carcinoids regressed spontaneously during follow-up have also been reported[31].
In our case, we believe that complete spontaneous regression was achieved based on normalized FSG, cure of peptic ulcers, no signs of recurrence on imaging, and the negative biopsy of the gastric lesion. However, the biopsy was limited to the mucosal layer and remnants of tumor in the submucosal layer cannot be completely ruled out without surgery or ESD. While the patient did not consent to such additional treatment, at least a partial spontaneous regression was clearly achieved. We speculate biopsy of the primary lesion and subsequent surgery triggered the spontaneous regression.
To the extent of our search, we could not find any relationship between ZES and Brugada’s syndrome, which was the cause of our patient’s cardiopulmonary arrest. While cardiopulmonary arrest due to carcinoid syndrome has been reported, there were no clinical manifestations to raise any suspicion of this rare event[61]. We suspect that the gastrinoma was unrelated to the cardiopulmonary arrest.

CONCLUSION
In conclusion, we report a case of gastric gastrinoma which regressed spontaneously after biopsy and resection of a metastatic lesion in the lesser omentum. ZES can be left undetected for years and should be suspected in longstanding reflux disease or abdominal pain refractory to PPIs. NENs in the antrum should alert the physician for possible gastrinoma as well as NENs of other non-ECL cell origins. Further research is required to further clarify the mechanisms behind spontaneous regression and to determine the characteristics of lesions or patients who may experience this extraordinary phenomenon. Such research may contribute to the discovery of new immunotherapies and to the reduction of unnecessary surgeries.
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Figure Legends
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Figure 1 Axial (top) and coronal (bottom) views of computed tomography with contrast at admission revealed an incidental 8 cm mass in the lesser omentum (orange arrows). The mass appeared to result from the fusion of 3 similar tumors, of which 1 contained a non-enhancing, low-density area suggestive of necrosis or hematoma.
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Figure 2 Esophagogastroduodenoscopy incidentally revealed a red, 7 mm submucosal tumor with a central depression (A); prominent gastric folds (B) and shallow duodenal ulcers (C) were also noted; endoscopic ultrasound revealed 3 clearly delineated, hyperechoic masses with uniform texture, of which 1 had a hypoechoic center with clear borders (D).
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Figure 3 Laparoscopic surgery revealed an 83 mm × 80 mm × 37 mm mass in the lesser omentum which appeared to be formed from the fusion of 3 spherical tumors.
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Figure 4 Pathology of the surgical specimen (A-D) and gastric biopsy (E-H). Nests of tumor cells characterized by small ovoid nuclei and mildly eosinophilic cytoplasms with intervening dilated capillary networks were observed in the omental lesion (A). The tumor was positive for chromogranin A (B), synaptophysin (C), and gastrin (D) stains. Biopsy of the gastric lesion showed similar cells in the mucosal layer (E) which were also positive for chromogranin A (F), synaptophysin (G), and gastrin (H) stains.
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Figure 5 The gastric neuroendocrine neoplasm was barely identifiable on follow-up esophagogastroduodenoscopy, reducing to a red dot with no visible elevation (A); biopsy of the lesion was negative for tumor, with only regenerative and fibrous changes (B); synaptophysin (C) stain was also negative.

Table 1 Case reports of gastric gastrinoma
	[bookmark: RANGE!A3:R4]Case
	Ref.
	Year
	Age
	Gender
	Symptoms
	Symptom duration (yr)
	History of peptic ulcer
	Location
	Size (mm)
	Metastases
	Gastrin before surgery (pg/mL)
	Gastrin after surgery (pg/mL)
	Treatment
	Follow-up (mo)
	Recurrence

	1
	Royston et al[16]
	1972
	65
	M
	Abdominal pain
	14
	+
	Whole stomach
	Large
	-
	> 1000
	Undetectable
	Total gastrectomy
	15
	-

	2
	Larsson et al[17]
	1973
	65
	M
	Abdominal pain, hematemesis
	10
	+
	Antro-pylorus
	10
	-
	NA
	NA
	Gastrectomy
	12
	-

	3
	Bhagavan et al[18]
	1974
	11
	M
	Acute peritonitis
	0
	-
	Antrum (multiple)
	Micro-scopic
	-
	> 1000
	11000
	Total gastrectomy
	12
	NA

	4
	Russo et al[19]
	1980
	51
	F
	Dyspepsia
	7
	-
	Antrum-body junction
	10
	-
	265
	< 100
	Polypectomy, antrectomy + splenectomy
	36
	-

	5
	Thompson et al[20]
	1985
	19
	M
	NA
	3
	+
	Antrum
	20
	Liver
	3000-4000
	Normal
	Total gastrectomy + segmental hepatectomy
	NA
	-

	6
	Liu et al[21]
	1989
	50
	M
	Pain, diarrhea, vomiting, weight loss
	1.5
	+
	Antrum
	< 10
	Lymph node
	1100-3000
	153
	Total gastrectomy
	36
	+

	7
	Liu et al[21]
	1989
	36
	F
	Pain, diarrhea, vomiting, weight loss
	3.5
	+
	Lower body/antrum-body junction (multiple)
	60
	Lymph node, liver
	518
	4900
	Subtotal gastrectomy
	29 (dead)
	NA

	8
	Werbel et al[22]
	1989
	72
	M
	Nausea, vomiting, anorexia, weight loss
	8
	+
	Antrum
	15
	-
	340
	40
	Antrectomy + vagotomy
	12
	-

	9
	Rindi et al[5]
	1993
	NA
	NA
	NA
	NA
	+
	Pylorus
	20
	-
	Elevated
	Normal
	Distal gastrectomy
	NA
	-

	10
	Wu et al[4]
	1997
	40
	M
	NA
	NA
	NA
	Pylorus
	NA
	-
	373
	250
	Enucleation
	140
	+

	11
	de Leval et al[23]
	2002
	91
	M
	Nausea, vomiting, anorexia, weight loss
	4
	+
	Antrum
	55
	Lymph node, liver
	3500
	NA
	None
	0 (Dead)
	NA

	12
	Tartaglia et al[15]
	2005
	37
	M
	Abdominal pain, nausea
	8
	+
	Angulus
	7
	Hepatogastric ligament
	420
	95
	Endoscopic resection, subtotal gastrectomy + left hepatic lobectomy, lanreotide
	72
	+

	13
	Our case
	2020
	37
	M
	Abdominal pain
	9
	+
	Antrum
	7
	Lesser omentum
	41100
	167
	Tumor resection
	30
	-




Table 2 Case reports of primary gastrinoma of the lesser omentum
	Case
	Ref.
	Year
	Age
	Gender
	Symptoms
	Size (mm)
	Gastrin before surgery (pg/mL)
	Gastrin after surgery (pg/mL)
	Treatment
	Follow-up (mo)
	Recurrence

	1
	Wolfe et al[41]
	1982
	51
	M
	Recurrent duodenal ulcer
	NA
	753
	112
	Total gastrectomy
	60
	-

	2
	Wolfe et al[41]
	1982
	15
	M
	Hematemesis, abdominal pain, diarrhea
	25
	455
	41
	Tumor resection
	12
	-

	3
	Kohyama et al[42]
	2007
	74
	F
	Abdominal pain
	40
	1850
	118
	Resection of remnant stomach with tumor
	24
	-

	4
	Chang et al[43]
	2010
	13
	M
	Abdominal pain, diarrhea
	45 × 37
	1263
	Normal
	Tumor resection
	36
	-

	5
	Labidi et al[44]
	2018
	26
	M
	Melena, abdominal pain
	50 × 40
	306
	Normal
	Tumor resection
	6
	-
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