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Abstract
Gastric neuroendocrine tumors are rare; however, the incidence has recently increased due to the increasing use of upper endoscopy. Neuroendocrine tumors arise from the excess proliferation of enterochromaffin-like cells. The proliferative changes of enterochromaffin cells evolve through a hyperplasia-dysplasia-neoplasia sequence that is believed to underlie the pathogenesis of gastric neuroendocrine tumors. Endoscopic resection is recommended as the initial treatment if the tumor is not in an advanced stage. However, there is no definite guideline for the treatment of recurrent gastric neuroendocrine tumors following endoscopic resection. Here, we report a rare case of gastric neuroendocrine tumors in a 56-year-old male who experienced two recurrences within 11 years after endoscopic resection. The patient finally underwent a total gastrectomy. The pathological features of the resected stomach exhibited the full hyperplasia–dysplasia–neoplasia sequence of the enterochromaffin-like cells in a single specimen. 
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INTRODUCTION
[bookmark: OLE_LINK1463][bookmark: OLE_LINK1464]Neuroendocrine tumors (NETs) arise from the excessive proliferation of enterochromaffin-like (ECL) cells. Gastric NETs are rare but are being reported at an increasing rate due to the increased use of esophagogastroduodenoscopy (EGD). The incidence of gastric NETs has increased ten-fold in the last 35 years[1]. These tumors have been reported to represent less than 2% of all NETs and less than 1% of all stomach neoplasms, but more recent analyses have suggested that these values may actually be 10% or higher[2]. Endoscopic treatments, such as endoscopic resection, are recommended as initial treatments for gastric NETs when the lesions are small and limited in number and there is no lymphovascular invasion[3]. When gastric NET recurs after endoscopic treatment, surgical local resection or total gastrectomy should be considered[4]. 
However, there is a lack of studies of the natural disease course following treatments such as endoscopic treatment and local surgical resection of the stomach. 
We report a rare case involving two recurrences of gastric NET within 11 years that arose from the hyperplasia-dysplasia of enterochromaffin-like (ECL) cells that was ultimately treated with total gastrectomy.

CASE REPORT 
In October 2003, a 45-year-old Korean male was admitted to our hospital presenting with periumbilical pain. He had several medical problems, including hypertension and diabetes mellitus. The medicines he was taking included metformin, gliclazide, lacidipine, moexipril, and aspirin. The patient was mildly ill-looking in appearance. His vital signs were stable. All of the laboratory results were within the normal ranges with the exception of an increased glucose level. An abdominal computed tomography (CT) scan was performed and revealed a diffuse and marked thickening of the stomach wall that was suspected to be Borrmann type IV advanced gastric cancer. He did not have any family history of cancer or stomach disease. Diagnostic EGD was performed and revealed mild atrophic gastritis and three 0.7-1 cm polypoid lesions in the mid body to high body. However, advanced gastric cancer was not suspected. Biopsy of the lesions demonstrated a grade 1 NET. The lesions were removed by endoscopic mucosal resection (EMR). 
After EMR, annual EGDs revealed no recurrence of the gastric NET. However in 2010, two nodular lesions were detected. One of these lesions was in the cardia and approximately 1 cm in diameter (Figure 1A). The other lesion was a nodular lesion approximately 1.5 cm in diameter with central umbilication in the greater curvature side of the high body (Figure 1B). Endoscopic ultrasound (EUS) indicated that the NETs were limited to the mucosa and submucosa. Because the tumors were large and had recurred, the patient underwent wedge resection of the stomach including the cardia and fundus and part of the high body. Histopathologically, the specimen exhibited submucosal proliferation of monotonous tumor cells with the formation of solid nests, glands and cords. The pathologist reported a diagnosis of grade 1 NET. The tumor in the fundus measured 1.2 cm in the greatest and the other tumor in the cardia measured 2.1 cm in the greatest dimension. The surgical margin was clear. After surgery, annual EGDs did not reveal any recurrence of the NET. 
However in 2014, an EGD reveled four 0.5-1 cm reddish, elevated lesions located from the low body to the mid body (Figure 1C). Biopsies of the lesions revealed grade 1 NETs. An abdominal computed tomography (CT) scan did not reveal any metastases to other organs. The urine 5-hydroxyindoleacetic acid (HIAA) level was 3.6 mg/d (normal range: 2-8 mg/d). An anti-intrinsic factor antibody test was negative, and an anti-parietal cell antibody test was also negative. The fasting gastrin level was within the normal range (65.4 pg/mL). There was no evidence of multiple endocrine neoplasia-1 (MEN-1). An abdominal computed tomography (CT) and a brain and neck MRI revealed that the pituitary gland, parathyroid, and pancreas were normal. Due to the difficulty of removing all of the NET lesions and the patient’s concern over recurrence after endoscopic resection and wedge resection, we ultimately planned a total gastrectomy. 
The patient underwent total gastrectomy. Macroscopically, the specimen exhibited multiple small nodules with erythematous changes located in the low body to the mid body (Figure 2). Histopathologically, the cluster of neuroendocrine cells exhibited wide-spectrum hyperplasia, dysplasia, and NET (Figure 3). The hyperplasia of neuroendocrine cells (Figure 4A) composed of five or more round and uniform cells arranged in a nodular cluster of less than 150 µm and infiltrated the lamina propria of the stomach. Dysplasias of the neuroendocrine cells between 150 and 500 µm in size were observed in the lamina propria of the stomach (Figure 4B). In the submucosa and lamina propria, the neuroendocrine cells were arranged in nests greater than 500 µm across that were indicative of NETs (Figure 4C). No mitosis of tumor cells was observed. Immunohistochemically, the specimen stained positively for chromogranin-A (CgA) and synaptophysin. The Ki-67 staining involved less than 1% of the specimen, which indicated that the tumor was a type 1 NET. In the resection margins, no tumors were identified, and no lymphatic or vascular invasion was observed. After surgery, the patient was discharged with full recovery. We did not observe any complications or recurrence within 9 mo after the surgery.

DISCUSSION 
Gastric NET is usually called gastric carcinoid tumor and is a rare disease; however, the incidence of this condition has increased with the widespread use of EGD[5]. Gastric NET has four subgroups that are based on the clinicopathological features[6,7]. This patient was determined to have type I gastric NET because the tumors were small, multiple, and without metastasis. Additionally, the Ki-67 staining involved less than 1% of the tumors. 
The definitive therapy for gastric NETs is the complete resection of the tumors[8]. Treatment depends on the sizes and numbers of tumors, the depth of invasion, and metastases to other organs. Endoscopic resection is recommended as the initial treatment for NETs, particularly for types I and II gastric NETs, when the tumor is less than 1 cm in size, there are fewer than 5 lesions, and there is no evidence of lymphovascular metastasis. If resection is not possible, minimally invasive surgeries, such as wedge resection, should be considered as alternative treatments. Antrectomy is also useful for suppressing the gastrin level in patients with type I gastric NETs[4]. Complete surgical resection increases the long-term survival of the patient[9]. However, there is another guideline that recommends annual surveillance for gastric NETs that are less than 1 cm because the risks of invasion or metastasis is low for such lesions[7,10]. This guideline also insists that surgery should be limited to cases involving invasion beyond the submucosa and metastases[10]. 
There is no definite guideline for the treatment of gastric NET, especially cases involving recurrence due to the low incidence of this condition and the lack of understanding of the pathogenesis of this disease. The European Neuroendocrine Tumor Society (ENETS) guidelines did not mention the management of recurrent gastric NETs[10]. Basuroy et al[7] vaguely recommended that tumors should be resected when possible. Crosby et al[4] insisted that in cases of NET recurrence after endoscopic resection, surgical resection, including wedge resection or antrectomy, is recommended. Total gastrectomy should be considered for the management of NET recurrence after minimally invasive surgery. Definite guidelines for the treatment of recurrent gastric NETs are needed, because recurrence occurs frequently in type 1 gastric NET cases. Merola et al[11] reported that 63.6% of type 1 gastric NET cases experience recurrence after a median of 8 mo, and 66.6% of these cases experience a second recurrence after a median of 8 mo following carcinoid removal.
In the present case, the patient ultimately underwent total gastrectomy. We failed to treat the gastric NET of this patient with endoscopic resection and surgical wedge resection. We did not consider antrectomy to be a treatment option because this patient’s gastrin level was normal. Furthermore, the patient was concerned about the two recurrences with multiple lesions that he had experienced over 11 years and the broad range of gastric NETs from the mid body to the high body. Therefore, we decided to perform a total gastrectomy for definite treatment. We recommend total gastrectomy as a treatment option for recurrent and multiple gastric NETs, particularly in cases with accompanying hyperplasia or dysplasia. We know that the prognosis for type 1 gastric NET is good even if the tumor is not definitely completely removed. However, there are some benefits of total gastrectomy that include the lack of a need for annual surveillance, the prevention of the progression to metastasis, and preventing the patient from worrying about recurrence. 
We finally identified the reason for the recurrences over 11 years in the pathological findings of the resected stomach specimen. The pathology of this patient exhibited the entire hyperplasia-dysplasia-neoplasia sequence based on chronic gastritis. The hyperplasia of the neuroendocrine cells in the stomach of this patient had progressed to dysplasia and ultimately to NET over 11 years. Indeed, cases of chronic atrophic gastritis with known ECL-cell dysplasia are associated with a significantly higher risk of developing type 1 gastric NETs than are cases with nondysplastic changes; the incidences of recurrence for these conditions are 6.3 and 0.3 per 100 person-year, respectively (hazard ratio: 20.7)[12]. 
Therefore, physicians should consider random biopsies of multiple lesions in the stomach, particularly in cases of NET recurrence and cases in which hyperplasia has been found in previous biopsies. Biopsy specimens should be taken not only from the suspected gastric NET lesion but also from two nonlesion locations in the antrum and four in the body/fundus[7]. Subsequently, if the physicians find multiple hyperplastic or dysplastic lesions of the ECL cells with the NET, they should follow the patient more closely than they would patients without hyperplasia or dysplasia of the ECL cells. Additionally, pathologists should attempt to identify and report lesions with hyperplasia or dysplasia of the neuroendocrine cells in detail even if the patient has already had gastric NET lesions. 
Oddly, the gastrin level of the present patient was normal. Gastrin stimulation has been demonstrated to play a critical role in the proliferative changes of ECL cells through the hyperplasia-dysplasia-neoplasia sequence[13]. Severe hyperplasia or dysplasia of the ECL cells with chronic atrophic gastritis confined to the fundus-body of the stomach are risk factors for the development of NET[12]. However, hypergastrinemia has been reported in only 50% of multiple gastric NET cases[14]. Furthermore, hypergastrinemia alone is not sufficient for the development of NET because some situations that generate hypergastrinemia, such as long-term proton pump inhibitor (PPI) use and vagotomy, are not associated with gastric NET. Therefore, multiple factors, including genetic mutation, growth factors, bacterial infection, environment, diet, and hormones (e.g., gastrin and somatostatin), may be involved in the development of gastric NET[15].
 In conclusion, we have reported a case with multiple gastric NETs that recurred over 11 years and were ultimately treated with total gastrectomy after repeated surgical and endoscopic excisions. This rare case exhibited the full hyperplasia–dysplasia–neoplasia sequence of ECL cells in a single specimen. This case clarifies the pathogenesis of this condition and validates total gastrectomy as a treatment option for patients with recurrent multifocal gastric NETs after local excision. In addition to this case report, additional studies to establish the pathogenesis and management of multiple recurrent gastric NETs after initial treatment are warranted.

COMMENTS
Case characteristics
Recurrent multifocal neuroendocrine tumor with hyperplasia and dysplasia of the neuroendocrine cells in a 45-year-old patient.

Clinical diagnosis
The patient had no symptom other than vague periumbilical pain.

Differential diagnosis
The differential diagnoses included malignancy or hyperplastic polyps of stomach.

Laboratory diagnosis
All of the laboratory results were within the normal ranges with the exception of an increased glucose level. 

Imaging diagnosis
Several gastric 1-2 cm polyps were found on endoscopic assessment.

Pathological diagnosis
The pathological features of the resected stomach exhibited the full hyperplasia–dysplasia–neoplasia sequence of the enterochromaffin-like cells in a single specimen of resected stomach.

Treatment
The patient ultimately underwent total gastrectomy due to recurrence after treatment with endoscopic mucosal resection and gastric surgical wedge resection. 

Experiences and lessons
Physicians should attempt to diagnosis hyperplastic or dysplastic enterochromaffin-like (ECL) cell lesions, particularly when gastric neuroendocrine tumors recur, and they should consider total gastrectomy as a treatment option.

Peer-review
This rare case exhibited the full hyperplasia–dysplasia–neoplasia sequence of enterochromaffin-like cells in a single specimen. Additionally, this case indicated that total gastrectomy is one treatment options for patients with recurrent neuroendocrine tumors especially when the tumors are accompanied by hyperplasia or dysplasia of the ECL cells.
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Figure 1 Endoscopic features of the multiple neuroendocrine tumors. A: Nodular lesion in the cardia of approximately 1 cm in diameter (Black arrow); B: Nodular lesion of approximately 1.5 cm in diameter with central umbilication in the greater curvature side of the high body (black arrow); C: Multiple small, reddish, elevated lesions located in the lower body to high body (black arrow). 
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Figure 2 Gross features of the gastrectomy specimen. The black square indicates the hyperplastic lesions of the neuroendocrine cells as proven by pathology. The white circles show the dysplastic lesions of the neuroendocrine cells. The black circle shows the neuroendocrine tumor lesions. 
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Figure 3 Pathological features. A: Hematoxylin-eosin staining; B: Immunohistochemical stain (chromogranin stain). The black arrows indicate the lesions of hyperplasia of the neuroendocrine cells. The white circles indicate the lesions of dysplasia of the neuroendocrine cells. The black circles show the lesions of the neuroendocrine tumors. 
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[bookmark: OLE_LINK1466][bookmark: OLE_LINK1467]Figure 4 Pathological features. A: Hyperplasia of neuroendocrine cells at magnification × 100; B: Dysplasia of the neuroendocrine cells at magnification × 100; C: Neuroendocrine tumor at magnification × 100. 

image2.emf
 

B

 


image3.emf
         

C

 


image4.emf
 


image5.emf
   

A

 


image6.png




image7.png




image8.emf
   

B

 


image9.emf
   

C

 


image1.emf
         

A

 


