
1 
 

Case History  

A 77-year-old man taking the proton pump inhibitor (PPI) pantoprazole for several years to treat 

gastroesophageal reflux underwent an upper endoscopy during which a polyp in the gastric body was 

identified.  A repeat endoscopy several months later found three additional  

 polyps at the same location.  Figure 1 shows a representative section of the polypectomy specimen and 

a section of the polypectomy specimen found at a repeat endoscopy is shown in Figure 2. 

 

 

 Figure 1.  Representative section of the polypectomy specimen from the initial endoscopy.  
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Figure 2:  Representative section of the polypectomy from the follow-up endoscopy.   

 

 

 

What is the most likely  diagnosis for the lesion illustrated on Figure 1?  

A. Fundic gland polyp and a well-differentiated neuroendocrine tumor, type 1  

B. Fundic gland polyp and a well-differentiated neuroendocrine tumor, type 2  

C. Fundic gland polyp and a well-differentiated neuroendocrine tumor, type 3 

D. Fundic gland polyp and a well-differentiated neuroendocrine tumor, type 4  

E. Fundic gland polyp and a well-differentiated neuroendocrine tumor, type 5 (PPI-related). 
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Correct diagnosis: (E). Fundic gland polyp and a well-differentiated neuroendocrine tumor, PPI-related 

The polyp found on the gastric body during the initial endoscopy is composed of dilated gastric fundic 

glands which are intimately associated with a proliferation of bland chromogranin and synaptophysin 

positive endocrine cells (Figure 1).  The endocrine cell population represents a well-differentiated 

neuroendocrine tumor (NET), grade 1 (Ki67 index is <2% and absent mitotic figures) arising in a non-

dysplastic fundic gland polyp1.  The follow-up endoscopy several months later showed a fundic gland 

polyp (FGP) with micronodular endocrine cell hyperplasia (Figure 3). 

 

Fundic gland polyps are a common finding during endoscopy2.  A recent study on 3400 people by Notsu 

et al found a FGP prevalence of 30.3%3.  Most FGPs are not syndromic, but a subset is associated with 

polyposis and gastric cancer syndromes (i.e. familial adenomatous polyposis and gastric 

adenocarcinoma and proximal polyposis syndrome)4.  The increased incidence of FGPs during the last 

few decades has been attributed to the use of proton pump inhibitors (PPI) first introduced in 19895,6.   

These drugs are the most potent inhibitors of acid secretion currently available which result in a 

feedback mechanism that causes an increase in gastrin production by antral G-cells and G-cell 

hyperplasia7.  Gastrin stimulation causes parietal cell hyperplasia with the resulting hypereosinophilic 

appearance of fundic glands.  Apocrine-like changes (hobnailing) with bulging of the apical membrane of 

oxyntic cells and formation of microcysts are other common features.  Microcyts are almost invariably 

present in FGPs.  In addition to parietal cells, the cysts may contain chief and mucinous foveolar cells.  

The surface foveolar epithelium has either a normal or flattened appearance.  Dysplastic changes occur 

almost exclusively in syndromic cases and, even in this scenario, the development of invasive carcinoma 

is extraordinarily rare except in patients with gastric adenocarcinoma and proximal polyposis 

syndrome8,9.      
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NETs arising within the stomach traditionally fall into three categories: types 1 and 2 are associated with 

hypergastrinemia related to atrophic gastritis and a gastrin secreting G-cell tumor respectively, and the 

sporadic type 3 tumor which is not associated with hypergastrinemia and has a propensity to behave 

aggressively1,10-12.  A recent study by Trinh et al investigated the nature of NETs that developed in 

patients with >1 year of PPI use and compared these tumors with those that arose in patients without 

predisposing disorders and who did not use PPIs (type 3 NET).  The study found that NETs arising in 

patients with chronic PPI use have a significantly longer overall survival, tend to present at a lower stage 

and less often show lymphovascular invasion.  The authors proposed that gastric NETs arising in 

association with PPI use could be classified as “Type 5” (the other types are discussed in the answers to 

questions A to D in the subsequent paragraphs)13.  An editorial on the subject by Stefano La Rosa and 

Enrico Solcia proposed to classify gastric NETs into those with normal gastrin levels (Type 3) and those 

associated with hypergastrinemia (Types 1, 2, 4, and 5)14.  It should be noted that this classification has 

not been endorsed by WHO Digestive System Tumors, 5 edition, or AJCC, 8th edition. 

Answer A.  Type 1 gastric NETs arise in an atrophic fundic mucosa that shows an inflammatory pattern 

characteristic of autoimmune gastritis (AIG)1.  At variance with Helicobacter pylori associated gastritis, 

the inflammatory process is confined to the corporal / fundic mucosa and targets specialized glands.  

The injured oxyntic glands are replaced by intestinal or pyloric metaplastic glands.  Loss of parietal cells 

causes hypochlorhydria and, due to the ensuing compensatory hypergastrinemia, ECL-cell hyperplasia 

develops which manifests initially as intraglandular linear arrays of endocrine cells and, as the disease 

progresses, endocrine cell clusters referred to as micronodular hyperplasia15.  When the diameter of 

these clusters exceeds 0.5 mm they are categorized as well-differentiated neuroendocrine tumors, 

which may appear endoscopically as small sessile polyps.  Biopsies of these lesions reveal endocrine cells 

intermixed with a fundic mucosa showing inflammation, atrophy and metaplastic changes.  Other 
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endoscopically detected polypoid lesions include oxyntic pseudopolyps (remnants of unaffected oxyntic 

mucosa), hyperplastic polyps and pyloric gland adenomas16.  Clinically, type 1 gastric NETs are common 

(70-80% of gastric NETs) and have an excellent prognosis12.  Fundic gland polyps, like the one present in 

our patient, are not increased in frequency in autoimmune gastritis.   

Answer B. Type 2 gastric NETs develop in the gastric body of patients with G-cell tumors (gastrinomas) 

resulting in Zollinger-Ellison syndrome (ZES) which consists of hyperacidity and refractory peptic ulcer 

disease in addition to hypergastrinemia1.  Gastrinomas arise in the duodenum or pancreas and may be 

associated with MEN1 syndrome.  Type 2 gastric NETs are rare, frequently multifocal and often indolent 

but have a greater propensity to metastasize than type 1 gastric NETs12.  Hypergastrinemia induces 

oxyntic gland and ECL-cell hyperplasia which may appear endoscopically as prominent gastric folds 

rather than polypoid lesions. 

Answer C.  Type 3 gastric NETs are sporadic, frequently solitary, and behave more aggressively than the 

previous types with metastases in >50% of patients1,12.  These tumors arise de novo in an otherwise 

normal appearing mucosa.  There is no hypergastrinemia and, thus, no oxyntic or precursor ECL-

hyperplasia.  Morphologically these neoplasms have typical features of a well-differentiated 

neuroendocrine tumor and are graded accordingly.  High-grade neuroendocrine carcinomas should not 

be included in this category.  They have small cell or large cell morphology similar to high grade 

neuroendocrine carcinomas that develop in other organs and appear to arise either de novo or in 

association with adenocarcinomas17.   

Answer D.  The category of type 4 gastric NETs has been proposed for a subtype of tumor that arises in 

patients who have an inactivating mutation of the ATP4A gene which encodes for the alpha-subunit of 

the gastric proton pump20.  These patients develop achlorhydria and, consequently, compensatory 

hypergastrinemia and parietal cell hyperplasia.  The background oxyntic mucosal changes are like those 
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observed in patients with Zollinger-Ellison syndrome and MEN 118.  Unfortunately, classifying NETs as 

type 4 may be of concern since this denomination has previously been used for high-grade 

neuroendocrine carcinomas19.   
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