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Abstract
Fundic gland polyps (FGPs) are the most common gastric polyps and have been regarded as benign lesions with little malignant potential, except in the setting of familial adenomatous polyposis. However, in recent years, the prevalence of FGPs has been increasing along with the widespread and frequent use of proton pump inhibitors (PPIs). To date, several cases of FGPs with dysplasia or carcinoma (FGPD/CAs) have been reported. In this review, we evaluated the clinical and endoscopic characteristics of sporadic FGPD/CAs. Majority of the patients with sporadic FGPD/CAs were middle-aged women receiving PPI therapy and without Helicobacter pylori (H. pylori) infection. Majority of the sporadic FGPD/CAs occurred in the body of the stomach and were sessile and small with a mean size of 5.4 mm. The sporadic FGPs with carcinoma showed redness, irregular surface structure, depression, or erosion during white light observation and irregular microvessels on the lesion surface during magnifying narrow-band imaging. In addition, sporadic FGPs, even with dysplasia, are likely to progress to cancer slowly. Therefore, frequent endoscopy is not required for patients with sporadic FGPs. However, histopathological evaluation is necessary if endoscopic findings different from ordinary FGPs are observed, regardless of their size. In the future, the prevalence of FGPs is expected to further increase along with the widespread and frequent use of PPIs and decreasing infection rate of H. pylori. Currently, it is unclear whether FGPD/CAs will also increase in the same way as FGPs. However, the trends of these lesions warrant further attention in the future.

Key Words: Sporadic; Fundic gland polyp; Dysplasia; Carcinoma; Proton pump inhibitor; Helicobacter pylori

Sano W, Inoue F, Hirata D, Iwatate M, Hattori S, Fujita M, Sano Y. Sporadic fundic gland polyps with dysplasia or carcinoma: Clinical and endoscopic characteristics. World J Gastrointest Oncol 2021; In press

Core Tip: Majority of the patients harboring sporadic fundic gland polyps with dysplasia or carcinoma were middle-aged women receiving proton pump inhibitor therapy who did not have Helicobacter pylori infection. Majority of the sporadic fundic gland polyps with dysplasia or carcinoma occurred in the body of the stomach and were sessile and small with a mean size of 5.4 mm. The sporadic fundic gland polyps with carcinoma showed redness, irregular surface structure, depression, or erosion during white light observation and irregular microvessels on the lesion surface during magnifying narrow-band imaging. 


INTRODUCTION
Fundic gland polyps (FGPs) are the most common gastric polyps[1]. FGPs are divided into two types: a syndromic type that occurs in familial adenomatous polyposis (FAP) patients in the form of polyposis and a sporadic type that occurs in non-FAP patients. Coexistence with dysplasia is more common in the former and has been rare in the latter[2-4].
Proton pump inhibitors (PPIs) were launched around 1990, and it has since been reported that PPI use increases the number and size of sporadic FGPs[5-8]. With the widespread and frequent use of PPIs in recent years, the prevalence of FGPs has been increasing, and several cases of sporadic FGPs with dysplasia or carcinoma (FGPD/CAs) have been reported. However, the number of reported cases of FGPD/CAs is still small, and their characteristic features have not yet been fully clarified. Therefore, this review mainly aims to evaluate the clinical and endoscopic characteristics of sporadic FGPD/CAs.

PREVALENCE OF FGP WITH OR WITHOUT DYSPLASIA
In the 1990s, FGPs were reported to be prevalent in 0.21%-2.0% of patients undergoing esophagogastroduodenoscopy[9-11]. However, since the launch of PPIs around 1990, an increase in the number and size of FGPs associated with PPI use has been reported, and reports since 2000 have shown an obvious increase in the prevalence of FGPs at 5.9%-30.3%[12,13]. FGPs have been reported to occur in 13.6%-36% of patients receiving PPI therapy[5,14]. Carmack et al[1] compared the prevalence of various polyps in the United States population over a one-year period from April 2007 to March 2008 with that in previous reports and noted an increase in FGP prevalence with PPI use. In addition, FGPs can occur in Helicobacter pylori (H. pylori)-negative stomachs[1,12,13]. In the future, considering that the H. pylori infection rate has been decreasing in recent years[15,16], the prevalence of FGPs is expected to further increase along with the widespread and frequent use of PPIs.
Furthermore, dysplasia has been reported to occur in 25%-54% of syndromic FGPs and 1%-6% of sporadic FGPs, showing a significant difference between FAP and non-FAP patients[2-4]. Given the rarity of FAP patients, FGPD/CAs are less likely to be encountered in daily practice. However, as mentioned above, the prevalence of FGPs is expected to further increase in the future, and the prevalence of FGPD/CAs may increase accordingly. Therefore, it will be necessary to pay attention to the trends of these lesions.

CLINICAL CHARACTERISTICS OF SPORADIC FGP WITH OR WITHOUT DYSPLASIA/CARCINOMA
Syndromic FGPs associated with FAP patients are common among young people in their 20s, 30s and 40s and do not exhibit gender differences[17-20]. Conversely, sporadic FGPs in non-FAP patients are common among middle-aged women in their 50s and 60s[18,21,22]. Sipponen et al[22] have reported that hormonal levels and imbalance during menopause may play a pathogenetic role in the predominance of women presenting with sporadic FGPs. However, considering that PPI use can cause the development of FGPs in a medicine-related manner[5-7,14], the distribution of age and gender may change in the future owing to the widespread and frequent use of PPIs.
Sporadic FGPs are negatively correlated with H. pylori infection. They are ordinarily observed in the H. pylori-uninfected stomachs without mucosal atrophy and occasionally in the post-eradication setting[1,12,13,23]. In addition, sporadic FGPs exhibit a positive correlation with PPI use; long-term PPI use has been reported to increase the number and size of FGPs[5-8]. However, this change is reversible, and reducing or discontinuing PPI or switching to H2-receptor antagonists has been reported to reduce the increased number and size of FGPs[13,24,25].
The clinical characteristics of sporadic FGPD/CA cases reported so far are shown in Table 1[26-36]. The majority of the patients with FGPD/CAs were middle-aged women (65.7%) with a mean age of 56.7 years, most of whom were receiving PPI therapy and were negative for H. pylori infection. All these characteristics were similar to those of FGPs without dysplasia, and no clinical characteristics different from those of ordinary FGPs were obtained, which implies that it is difficult to discern FGPD/CAs based on the clinical characteristics alone and that H. pylori infection is not likely to be involved in the malignant transformation of FGPs. In addition, Lloyd et al[32] and Arnason et al[37] have reported that the proportion of the patients with non-steroidal anti-inflammatory drug use, alcohol use, or smoking among the patients with sporadic FGPDs was low (20%-36%), suggesting that these factors are also not likely to be involved in the malignant transformation of FGPs.
Attard et al[3] have reported that dysplasia within FGPs was more common in FAP patients on long-term PPI therapy than in those without PPI therapy. Fukuda et al[33] have stated that PPI therapy may affect the progression of dysplasia within FGPs through their research on the PPI-treated patient harboring FGPD/CA with long-term follow-up. Currently, it remains unclear whether PPI therapy is involved in the malignant transformation of FGPs. However, considering that the development of FGPs in association with PPI therapy is reversible, reducing or discontinuing PPIs or switching to H2-receptor antagonists is recommended for carcinogenesis prevention, at least in cases with multiple FGPs.

ENDOSCOPIC CHARACTERISTICS OF SPORADIC FGP WITH OR WITHOUT DYSPLASIA/CARCINOMA
Sporadic FGPs without dysplasia ordinarily occur in the body or fundus of the H. pylori-uninfected stomachs without mucosal atrophy. The polyps are often small (≤ 5 mm) and exhibit a smooth lesion surface structure. During white light observation, they are often recognized as isochromatic sessile polyps, and regular arrangements of collecting venules[38] are observed on the lesion surface as well as on the surrounding non-atrophic mucosa (Figure 1A). During magnifying narrow-band imaging (NBI), regularly arranged, white, dot-shaped crypt openings resembling surrounding mucosa are observed (Figure 1B). During chromoendoscopic observation using indigo carmine dye, lesion margins and smooth surface structures are more clearly recognized (Figure 1C).
The endoscopic characteristics of sporadic FGPD/CA cases are shown in Table 1[26-36]. Majority of the FGPD/CAs occurred in the body of the stomach and were sessile and small with a mean size of 5.4 mm. Of these, all seven FGPs with carcinoma (FGPCAs) were in the body of the stomach and were slightly larger with a mean size of 8.7 mm, although one of them was diminutive (3 mm). During white light observation, some FGPDs (without carcinoma) were isochromatic lesions with smooth surfaces and were thus difficult to distinguish from ordinary FGPs without dysplasia. However, all the FGPCAs exhibited characteristics unobserved in ordinary FGPs, such as redness, irregular surface structure, depression, and erosion. In addition, irregular microvessels were observed on the lesion surface of all four FGPCAs on which magnifying NBI observation was performed. It has been reported that redness during white light observation and presence of irregular microvessels during magnifying NBI are useful for diagnosing gastric cancer[39-41]. This suggests that similar findings may be useful for diagnosing FGPCAs. Therefore, FGPDs (without carcinoma) may be difficult to distinguish from ordinary FGPs, whereas FGPCAs may be diagnosable by white light or magnifying NBI. One of our cases of FGPCA is shown in Figure 2.

HISTOPATHOLOGICAL, GENETIC, AND MOLECULAR FINDINGS OF FGP WITH OR WITHOUT DYSPLASIA
FGPs are histopathologically characterized by hyperplastic proliferation of oxyntic glands with distorted glandular architecture and cystically dilated glands (Figure 1D and E)[18]. Epithelial dysplasia is common in syndromic FGPs but rare in sporadic FGPs[2-4]. Long-term PPI use is known to increase the size of FGPs via fundic gland cyst enlargement due to foveolar cell proliferation and parietal cell protrusion[8]. Fukuda et al[8] have reported that in addition to the obstruction of isthmus glands by parietal cell protrusion, a large amount of mucinous product from proliferating foveolar cells in the deeper layer of fundic glands (which is promoted by PPI-induced hypergastrinemia due to decreased acid secretion and related factors) might enlarge fundic gland cysts and result in FGP enlargement.
Abraham et al[42,43] have reported that adenomatous polyposis coli (APC) gene alteration is more frequent in syndromic FGPs (47%) but less frequent in sporadic FGPs (8%), whereas β-catenin gene alteration is more frequent in sporadic FGPs (91%) but absent in syndromic FGPs. Although APC and β-catenin are both constituent genes of the canonical Wnt signaling pathway, these differences in genetic background may explain, in part, why syndromic FGPs exhibit more dysplasia, whereas sporadic FGPs exhibit less dysplasia[43]. In fact, Abraham et al[44] have reported that sporadic FGPDs harbored APC gene alteration (53.8%) rather than β-catenin gene alteration (15.4%), which indicates that sporadic FGPDs are molecularly similar to syndromic FGPs.
Moreover, Hassan et al[45] genetically evaluated syndromic and sporadic FGPs, including dysplastic lesions, and demonstrated no differences in protein expression of c-Myc and cyclin D1 (which are regulated by the APC/β-catenin signaling pathway) between both types of FGPs, despite their different genetic abnormalities. These lesions exhibited no aberrant nuclear localization of β-catenin and exhibited negative nuclear expression of p53 protein and positive nuclear expression of retinoblastoma protein. Additionally, Levy and Bhattacharya[30] and Straub et al[34] have reported that even FGPDs harbored less aberrant nuclear localization of β-catenin and no alteration of p53 gene in both syndromic and sporadic settings. These findings may explain, in part, why both syndromic and sporadic FGPs are less likely to become cancerous, even when exhibiting dysplasia.

PROPOSAL OF A MANAGEMENT ALGORITHM FOR SPORADIC FGPS
Although FGPs are the most common gastric polyps[1], they are rarely associated with dysplasia or carcinoma in non-FAP patients[2,4]. Additionally, even if sporadic FGPs are accompanied by dysplasia, they are likely to only slowly progress to cancer[30,32,33,37]. Therefore, we believe that it is not always necessary to identify FGPDs at the early stage, and that it would be sufficient if FGPCAs could be removed without being overlooked. A summary of the clinical and endoscopic characteristics of sporadic FGPs with or without dysplasia/carcinoma and our proposed management algorithm for sporadic FGPs are shown in Table 2 and Figure 3, respectively. The procedure is as follows: (1) When a sporadic FGP is detected, regardless of its size, perform white light observation and, if possible, additional magnifying NBI; (2) During white light observation, pay attention to the presence of redness, irregular surface structure, depression, or erosion in the lesions; (3) During magnifying NBI observation, pay attention to the presence of irregular microvessels on the lesion surface; (4) If none of the above findings are present, a follow-up is acceptable; however, if any of them are present, perform histological evaluation with biopsy; (5) If no findings of dysplasia or carcinoma are identified through biopsy, a follow-up is acceptable; however, if either of them is identified, remove it endoscopically; and (6) If multiple FGPs (e.g., ≥ 20) are detected in patients receiving PPI therapy, consider reducing or discontinuing PPI or switching to H2-receptor antagonists. We believe that the above procedure can detect and remove FGPCAs with high sensitivity. Moreover, considering that some FGPDs may be difficult to distinguish from ordinary FGPs and that Lloyd et al[32] have reported that no gastric cancer occurred during the average follow-up period of 4.4 years for sporadic FGPDs, the appropriate endoscopy intervals should be set to every 3-5 years in both the non-removal follow-up and post-removal surveillance groups. However, a shorter endoscopy interval is necessary for the H. pylori-eradicated patients with sporadic FGP because of the higher risk of developing conventional gastric cancer, which does not originate from an FGP, in the atrophic mucosa[46].

LIMITATIONS
The limitation of this review is the small sample size. Despite including our case that has been presented in this manuscript, the number of sporadic FGPCAs comprised eight lesions, and the magnifying NBI findings of FGPCAs were limited to five lesions. Although the number of cases of sporadic FGPCAs was small, we found common findings among these cases. Therefore, we have proposed a management algorithm for sporadic FGPs based on these limited cases. However, further case reports are needed to evaluate the applicability of this algorithm. We hope that further cases of FGPD/CAs will be reported, and that this algorithm will be widely used with sufficient applicability, contributing to reduced gastric cancer morbidity and mortality in the future H. pylori-negative era.

CONCLUSION
In this review, we evaluated the clinical and endoscopic characteristics of sporadic FGPD/CAs and proposed a management algorithm for sporadic FGPs. In the future, the prevalence of FGPs is expected to further increase along with the widespread and frequent use of PPIs and decreasing infection rate of H. pylori. Currently, it is unclear whether FGPD/CAs will also increase in the same way as FGPs. However, the trends of these lesions warrant further attention in the future.
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Figure Legends
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Figure 1 A case of sporadic fundic gland polyp without dysplasia. A: White light endoscopic view. A 47-year-old man with a complaint of heartburn underwent esophagogastroduodenoscopy. He had no medical history of receiving long-term proton pump inhibitor therapy and no family history of familial adenomatous polyposis (FAP). White light endoscopy identified several fundic gland polyp-like lesions in the body of the stomach without atrophic mucosa, suggesting a Helicobacter pylori-uninfected setting. Among them, a 3 mm isochromatic sessile polyp with a smooth surface structure was detected in the middle body; B: Magnifying narrow-band imaging (NBI) endoscopic view. Magnifying NBI endoscopy revealed regularly arranged, white, dot-shaped crypt openings resembling surrounding mucosa; C: Chromoendoscopic view. Chromoendoscopy using indigo carmine dye revealed less irregularity of the lesion surface. This lesion was endoscopically diagnosed as a fundic gland polyp without dysplasia and was biopsied; D and E: Histopathological view. The histopathological examination revealed a non-dysplastic fundic gland polyp with hyperplastic proliferation of the oxyntic glands and several cystically dilated glands. Colonoscopy did not reveal indications for FAP.
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Figure 2 A case of sporadic fundic gland polyp with carcinoma. A: White light endoscopic view. A 73-year-old woman with a complaint of upper abdominal discomfort underwent esophagogastroduodenoscopy. She had received long-term proton pump inhibitor (PPI) therapy for gastroesophageal reflux disease. White light endoscopy identified several fundic gland polyp-like lesions in the body and fundus of the stomach without atrophic mucosa, suggesting a Helicobacter pylori (H. pylori)-uninfected setting. Among them, a 6 mm isochromatic sessile polyp with a slightly irregular surface structure was detected in the fundus; B: Magnifying narrow-band imaging (NBI) endoscopic view. Magnifying NBI endoscopy revealed irregular microvessels on the lesion surface; C: Chromoendoscopic view. Chromoendoscopy using indigo carmine dye more clearly revealed the irregularity of the lesion surface. This lesion was endoscopically diagnosed as a fundic gland polyp with dysplasia or carcinoma and was removed by the endoscopic mucosal resection technique; D: Histopathological view (low magnification). The histopathological examination revealed a fundic gland polyp with prominent dilated cystic glands often observed in patients receiving PPI therapy; E-G: Histopathological view (higher magnification of D). This lesion coexisted with epithelial dysplasia and intramucosal well-differentiated adenocarcinoma. Serological examination confirmed that she was negative for H. pylori infection. Colonoscopy as well as her family history showed no familial adenomatous polyposis.
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Figure 3 Proposal of a management algorithm for sporadic fundic gland polyps. 1If multiple fundic gland polyps are detected in patients receiving proton pump inhibitor therapy, reducing or discontinuing proton pump inhibitor therapy or switching to H2-receptor antagonists is recommended. NBI: Narrow-band imaging.

Table 1 Summary of reported cases of sporadic fundic gland polyps with dysplasia or carcinoma	Comment by user: We are concerned that the characters in Table 1 are out of alignment, so please correct them appropriately.
	Ref.
	Age in yr
	Gender, M/F
	Location
	Size in mm
	Macroscopic
type
	Endoscopic finding (white light)
	Pathology
	PPI
use
	H. pylori
infection

	Jalving et al[26], 2003
	68
	M
	Body fundus
	ND
	ND
	ND
	Dysplasia (high grade)
	Yes
	Negative

	Kawaseet al[27], 2009
	36
	F
	Body
	10
	Sessile
	Irregular depression on the top
	Carcinoma (intramucosal)
	ND
	Positive

	Tazaki et al [28], 2011
	28
	F
	Upper body (posterior wall)
	5
	Sessile
	Isochromatic/Smooth surface
	Dysplasia (adenoma)
	No
	Negative

	
	60
	F
	Upper body (greater curvature)
	5
	Sessile
	Isochromatic/Smooth surface
	Dysplasia (adenoma)
	No
	Negative

	
	39
	F
	Upper body (greater curvature)
	8
	Semi-pedunculated
	Partially discolored/Smooth surface
	Dysplasia (adenoma)
	No
	Negative

	Jeong et al [29], 2014
	49
	F
	Middle body (anterior wall)
	8
	Pedunculated
	Reddish/Erosive surface
	Carcinoma (intramucosal)
	No
	Negative

	Levy et al [30], 2015
	56
(median)
	M: 29
F: 33
	ND
	5
(mean)
	ND
	ND
	Dysplasia (low grade)
	Yes: 49
No: 3
ND: 10
	Negative

	Togo et al [31], 2016
	68
	M
	Upper body (anterior wall)
	5
	Sessile
	Reddish
	Carcinoma (intramucosal)
	No
	Negative

	
	63
	F
	Upper body (anterior wall)
	3
	Sessile
	Reddish
	Carcinoma (intramucosal)
	No
	Negative

	Lloyd et al[32], 2017
	53
(mean)
	M: 5
F: 20
	Body: 14
Fundus: 11
Cardia: 1
ND: 4
	< 5: 13
5-10: 10
> 10: 1
ND: 1
	Sessile: 20
Pedunculated: 2
ND: 3
	ND
	Dysplasia (low grade)
	Yes: 17
No: 1
ND: 7
	ND

	Fukudaet al[33], 2018
	55
	F
	Middle body (greater curvature)
	10
	Sessile
	Distorted surface structure
	Dysplasia (low grade)
Carcinoma (intramucosal)
	Yes
	Negative

	Straub et al[34], 2018
	61
(median)
	M: 11
F: 28
	ND
	ND
	ND
	ND
	Dysplasia (low grade/high grade)
	Yes: 32
No/ND: 7
	Positive: 1
Negative/ND: 38

	Shibukawa et al[35], 2019
	51
	F
	Middle body (greater curvature)
	10
	Pedunculated
	ND
	Dysplasia (low grade)
Carcinoma (biopsy specimen)
	Yes
	Negative

	
	
	
	
	10
	Semi-pedunculated
	ND
	Dysplasia (low grade)
	
	

	
	
	
	
	10
	Semi-pedunculated
	ND
	Dysplasia (low grade)
	
	

	Nawataet al[36], 2020
	70
	F
	Body (greater curvature)
	15
	Sessile
	Reddish
	Carcinoma (intramucosal)
	Yes
	Negative


F: Female; H. pylori: Helicobacter pylori; M: Male; ND: No data; PPI: Proton pump inhibitor.

Table 2 Summary of the clinical and endoscopic characteristics of sporadic fundic gland polyps with or without dysplasia/carcinoma
	
	Fundic gland polyps
(without dysplasia)
	Fundic gland polyps	Comment by user: We are concerned that the characters in Table 2 are out of alignment, so please correct them appropriately.
with dysplasia
	Fundic gland polyps
with carcinoma

	Age in yr [range]
	50-60 s
	56.71 [24-88]

	
	
	56.71 [24-88]
	56.01 [36-70]

	Gender
	M < F
	M < F

	Size in mm [range]
	≤ 5
	5.41 [1-20]

	
	
	5.21 [1-20]
	8.71 [3-15]

	Endoscopic findings (white light)
	Isochromatic/smooth surface
	Redness, irregular surface structure, depression, or erosion2

	Endoscopic findings (magnifying NBI)
	Regularly arranged, white, dot-shaped crypt openings
	ND
	Irregular microvessels


1Mean values of the cases presented in Table 1; 2 Some fundic gland polyps with dysplasia are isochromatic lesions with smooth surfaces. F: Female; M: Male; NBI: Narrow-band imaging; ND: No data.
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