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Abstract

:

Multiple gastric polyps are observed in various polyposis syndromes and conditions associated with polypoid lesion development in the stomach. Polyposis syndromes often occur concurrently with specific malignant tumors and can manifest at any point in an individual’s lifespan, thus explaining the diversity in surveillance methods. Furthermore, genetic counseling and surveillance are essential not only for the patients themselves but also for their blood relatives. Therefore, the accurate diagnosis and appropriate surveillance of multiple gastric polyps are crucial for improving patient outcomes. This review aims to provide essential information on such lesions along with representative endoscopic images of familial adenomatous polyposis, Peutz-Jeghers syndrome, Cowden syndrome, Cronkhite-Canada syndrome, juvenile polyposis syndrome, gastric adenocarcinoma and proximal polyposis of the stomach, neuroendocrine tumors in autoimmune gastritis, proton pump inhibitor-related gastric mucosal changes, and multiple submucosal heterotopic glands. We wish for this review to serve as a valuable resource for endoscopists seeking to deepen their comprehension of gastric polyposis.
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1. Introduction


Gastrointestinal polyposis is characterized by the presence of numerous polyps within the gastrointestinal tract. In cases where multiple polyps are observed in the stomach, they can either be attributed to gastrointestinal polyposis syndrome or represent a distinct condition. Gastrointestinal polyposis syndromes associated with the formation of gastric polyps encompass familial adenomatous polyposis, Peutz-Jeghers syndrome, Cowden syndrome, Cronkhite-Canada syndrome, and juvenile polyposis syndrome. In contrast, other diseases characterized by the presence of multiple gastric polyps or polypoid protrusions may include neuroendocrine tumors associated with autoimmune gastritis and multiple submucosal heterotopic glands. In addition, proton pump inhibitor-related gastric mucosal changes often present as diverse lesions as well, which include multiple white and flat elevated lesions, cobblestone-like mucosa, the emergence and enlargement of the fundic gland, and hyperplastic polyps. Gastrointestinal polyposis syndromes frequently exhibit a hereditary predisposition, rendering them a significant concern for both patients and their families [1]. Furthermore, given that the organs prone to developing malignant tumors differ for each specific condition, correctly diagnosing the underlying cause of gastric polyposis and implementing appropriate treatment and surveillance measures are of paramount importance [2,3,4,5]. This review aims to describe the distinguishing attributes of gastric polyps and polypoid lesions encountered in various diseases. Additionally, we offer a comprehensive overview and concise summary of the surveillance strategies for each disease state that leads to gastric polyposis, thus facilitating clinicians’ comprehension. We have also included representative endoscopic images for illustrative purposes.




2. Gastrointestinal Polyposis Syndromes with Gastric Polyps


2.1. Familial Adenomatous Polyposis


Familial adenomatous polyposis is an autosomal dominant condition characterized by the presence of numerous adenomatous polyps, particularly in the colon and rectum (Figure 1A,B) [6]. If left untreated, these polyps can become malignant over time. Familial adenomatous polyposis typically arises from mutations in the APC (adenomatous polyposis coli) gene, which encodes a tumor suppressor that functions as an antagonist of the Wnt signaling pathway [6]. Individuals with familial adenomatous polyposis have a significantly increased risk of developing colorectal cancer at a young age, often in their 30s or 40s if preventive measures are not implemented [6,7,8].



Up to 88% of patients with familial adenomatous polyposis have multiple fundic gland polyps (Figure 1C,D) [7,8]. Moreover, duodenal adenomas manifest in a range spanning from 30% to 92% of afflicted individuals (Figure 1E) [9]. Consequently, when fundic gland polyposis and duodenal adenomas are detected during an esophagogastroduodenoscopy, it is imperative to include familial adenomatous polyposis as a critical element in the differential diagnosis. Unlike sporadic gastric fundic gland polyps, a subset of these polyps develop dysplasia. Although at a low frequency, previous reports have suggested a potential link to the induction of gastric carcinogenesis in fundic gland polyps [10,11,12]. Gastric adenomas are prevalent in the antrum of patients with familial adenomatous polyposis [13]. While the incidence of gastric cancer among these patients ranged from 0.6% to 1.3% in Western cohorts with no significant difference from that in the general population, the rate of gastric cancer co-occurrence in Japan was notably higher, ranging from 3.1% to 4.2% [6]. In a previous study, we examined 29 patients with familial adenomatous polyposis who underwent an esophagogastroduodenoscopy [14]. Our analysis found that eleven patients (38%) had confirmed gastric neoplasms, including twenty-three gastric adenomas and nine gastric cancers. Gastric cancer appeared as depressed, reddish lesions in the atrophic mucosa (Figure 2A,B). Gastric-type adenomas occurred in the non-atrophic mucosa, often near fundic gland polyps in the upper and middle stomach regions as flat, elevated, or protruding milky-white lesions (Figure 2C–E). In contrast, intestinal-type adenomas were mainly found in the lower stomach with elevated lesions featuring a central depression (Figure 2F,G). Notably, half of the gastric-type adenomas grew in size, whereas the intestinal-type adenomas did not. Other studies involving the analysis of a larger number of cases have reported findings indicating associations between mucin phenotypes (gastric, intestinal, or mixed) of gastric polyps in FAP and their color, morphology, and localization [13]. We believe that recognizing the distinctive endoscopic features corresponding to mucin phenotypes based on immunostaining results will accelerate the diagnosis and personalized management of gastric neoplasms in these individuals.



Genetic testing and counseling are commonly offered to families with a history of familial adenomatous polyposis to identify carriers of the gene and provide guidance on surveillance and preventive measures [6,7,8]. Individuals with familial adenomatous polyposis generally require regular colonoscopies to detect and remove polyps before they progress to cancer. Typically, colonoscopy screening for patients commences between the ages of 10 and 18 years and is performed at intervals of 1 to 2 years [6,9,15,16]. In some cases, preventive surgery, such as colectomy, may be recommended to reduce the risk of cancer. Given that adenomas frequently occur in the duodenum, including the periampullary region, an esophagogastroduodenoscopy should commence following a colectomy or around the age of 20–25 years, with the frequency of examinations determined based on the density, size, and presence of dysplasia in the duodenal adenomas [6,9,15,16]. Palpation and thyroid ultrasonography are crucial in female patients due to the relatively higher incidence of thyroid cancer. Patients with a family history of desmoid tumors should undergo abdominal and pelvic computed tomography (CT) or magnetic resonance imaging every three years after a colectomy to confirm the presence or absence of desmoids.




2.2. Peutz-Jeghers Syndrome


Peutz-Jeghers syndrome is an autosomal dominant genetic disorder characterized by hamartomatous polyposis throughout the gastrointestinal tract, excluding the esophagus [17]. Another distinctive feature is the presence of pigmented spots, primarily on the lips, oral mucosa, and fingertips. The hamartomatous polyps seen in this syndrome are characterized by mucosal epithelial hyperplasia and dendritic proliferation of the smooth muscle fibers from the muscularis mucosae and are referred to as Peutz-Jeghers polyps [17,18,19]. Peutz-Jeghers polyps most commonly occur in the small intestine (Figure 3A–C), but they can also appear in the stomach, colorectum (Figure 3D,E), and other parts of the digestive tract. This disease is caused by mutations in the STK11 (serine/threonine kinase 11) gene, which encodes a serine/threonine kinase that regulates cell polarity and energy metabolism and functions as a tumor suppressor [18,19,20].



Polypoid lesions are detected in the stomach of 24–91% of patients with Peutz-Jeghers syndrome [21,22]. In our retrospective study involving 11 patients, we identified two distinct types of gastric polyps [22]: (i) solitary or sporadic polyps > 5 mm, reddish, with a sessile or semi-pedunculated morphology. These included hyperplastic polyps (Figure 4A) and Peutz-Jeghers polyps (Figure 4B), which were definitively diagnosed via an endoscopic resection. (ii) Multiple sessile polyps ≤ 5 mm, mirroring the color of the peripheral mucosa, consisting of fundic gland polyps (Figure 4C,D) and hyperplastic polyps. Distinguishing fundic gland polyposis in Peutz-Jeghers syndrome from familial adenomatous polyposis is crucial to avoid a misdiagnosis. Consequently, we emphasize the necessity for the endoscopic resection of gastric polyps >5 mm in size to enable the precise histopathological identification of Peutz-Jeghers polyps.



While Peutz-Jeghers polyps are inherently benign, they can lead to complications, such as intestinal obstruction and hemorrhage. In light of the potential for childhood intussusception necessitating surgical intervention, patients are advised to undergo baseline gastrointestinal tract surveillance between the ages of 8 and 10 years or sooner if they manifest symptoms [9,23,24]. In the absence of identified polyps during the initial examination, surveillance is reinstated at 18 years of age. In conjunction with esophagogastroduodenoscopy and colonoscopy, video capsule endoscopy or magnetic resonance enterography are used for small bowel screening. Surveillance is performed every 2–3 years throughout the patient’s lifetime [9,23,24]. Polypectomy is performed on Peutz-Jeghers polyps that manifest symptomatic features or are >10 mm in size, serving as a preventive measure against the occurrence of intussusception. Owing to the STK11 mutations, patients with Peutz-Jeghers syndrome are at an increased risk of developing certain types of cancer, particularly those of the gastrointestinal tract, pancreas, breast, ovaries, testes, and lungs [17,19,25,26,27,28]. The commencement of annual pancreatic cancer surveillance is recommended at the age of 30–35 years by employing magnetic resonance cholangiopancreatography or endoscopic ultrasound [23,28]. Moreover, the initiation of surveillance for the mammary glands, ovaries, and uterus is recommended between the ages of 18 and 25 years. Furthermore, adopting a multidisciplinary approach for cancer surveillance involving diverse organs is advisable [5,23,24].




2.3. Cowden Syndrome


Cowden syndrome is a genetic condition that leads to the formation of various types of hamartomas in the skin, mucous membranes, and gastrointestinal tract. Currently, Cowden syndrome is classified as phosphatase and tensin homolog (PTEN) hamartoma tumor syndrome [5,26]. This condition results from the mutations in the PTEN gene, which is recognized as a tumor suppressor commonly mutated in various cancer types. Due to the escalation of cellular proliferation and angiogenesis, concomitant manifestations of Cowden syndrome encompass systemic vascular anomalies and malignant neoplasms [5,26,27,28]. In the revised PTEN hamartoma tumor syndrome clinical diagnostic criteria, the major criteria include breast cancer, endometrial cancer, thyroid cancer (follicular), gastrointestinal hamartomas (including ganglioneuromas), Lhermitte-Duclos disease, macrocephaly, macular pigmentation of the glans penis, and multiple mucocutaneous lesions, such as multiple trichilemmomas, acral keratoses, acral hyperkeratotic papules, mucocutaneous neuromas, and oral papillomas [29]. Minor criteria included autism spectrum disorder, colon cancer, esophageal glycogenic acanthosis, lipomas, mental retardation, renal cell carcinoma, testicular lipomatosis, thyroid cancer (other than follicular), thyroid structural lesions, such as adenoma and multinodular goiter, and vascular anomalies, including multiple intracranial developmental venous anomalies [29].



Polyposis is observed throughout the gastrointestinal tract, with esophageal diffuse glycogen acanthosis showing white flat polyposis, a characteristic manifestation of Cowden syndrome (Figure 5A and Figure 6A) [30,31]. Esophagogastroduodenoscopy may reveal white nodular lesions in the tongue, gingiva, and pharyngolaryngeal regions, leading to the identification of oral papillomas and hyperkeratotic lesions (Figure 5B,C). Gastrointestinal polyps show a color similar to that of the peripheral mucosa but may also be reddish (Figure 6B–F). These polyps are hyperplastic or hamartomatous in histology, while inflammatory, lipomatous, fibromatous, and adenomatous polyps are identified as well [32,33].



Patients with PTEN hamartoma tumor syndrome exhibit an elevated predisposition to malignancies across a spectrum of anatomical sites, manifesting cumulative lifetime risks of 85.2% for breast cancer, 35.2% for thyroid cancer, 28.2% for endometrial cancer, 9.0% for colorectal cancer, 33.6% for renal cancer, and 6.0% for melanoma [5,26]. Therefore, a multidisciplinary approach to cancer surveillance in these organs is essential [5,34].




2.4. Cronkhite-Canada Syndrome


Cronkhite-Canada syndrome is a non-hereditary disorder characterized by the development of multiple non-neoplastic polyps in the digestive tract, particularly in the stomach and colon (Figure 7A–D) [35,36,37,38]. Concurrently, patients present with dermatological abnormalities, including alopecia (Figure 7E), nail atrophy (Figure 7F), and cutaneous pigmentations.



Malabsorption and protein-losing gastroenteropathy were the most frequent manifestations [35,36,37,38]. This condition is more common in middle-aged to older males. Although this is an infrequent disorder, a relatively large number of cases exist in Japan [35]. There are no universally established diagnostic criteria for Cronkhite-Canada syndrome globally; however, the Ministry of Health, Labor and Welfare in Japan has delineated the diagnostic criteria for Cronkhite-Canada syndrome as encompassing three major findings: (i) multifocal non-neoplastic polyposis within the gastrointestinal tract, prominently affecting the stomach and colon and displaying a non-hereditary etiology; (ii) gastrointestinal manifestations characterized by chronic diarrhea; and (iii) the manifestation of distinct dermatological symptoms, including alopecia, nail atrophy, and skin pigmentation [35]. The criteria included four supplementary findings: (i) low proteinemia (hypoalbuminemia) accompanied by protein leakage; (ii) dysgeusia, weight loss, and/or nutritional abnormalities; (iii) widespread non-pedunculated polyps distributed throughout the gastrointestinal tract marked by diffuse elevations with ambiguous margins, mucosal edema in the stomach, and well-defined strawberry-like polyps in the colon; and (iv) histological features corresponding to hamartomatous polyps (juvenile-like polyps) [35].



Gastric polyps are typically several millimeters to 20 mm in size and are often observed diffusely as sessile or slightly pedunculated elevations with a dense distribution [36,39]. The presence of edema with inflammation in the intervening mucosa between the polyps is crucial for the diagnosis of this disease (Figure 7G) [30].



In contrast to other polyposis syndromes, polyps in Cronkhite-Canada syndrome exhibit the potential for regression upon steroid administration, albeit with a propensity for occasional recurrence [35,36,37,38]. Although the polyps are of a non-neoplastic nature, sporadic instances of cancer development have been documented [40,41,42,43,44]. No guidelines currently exist for this disease, and surveillance methods remain undetermined.




2.5. Juvenile Polyposis Syndrome


Juvenile polyposis syndrome is an autosomal dominant hereditary disorder characterized by the widespread occurrence of benign hamartomatous polyps throughout the gastrointestinal tract. Approximately 25% of the cases are sporadic and devoid of any family history [45,46]. Symptoms associated with multiple polyps in the digestive tract include intestinal obstruction due to polyp accumulation, abdominal pain, and rectal bleeding [26,45,46]. Most cases manifest before the age of 20 and are often prompted by intestinal obstruction during early adulthood. Protein-losing enteropathy, leading to hypoalbuminemia and malnutrition, also develops in patients with juvenile polyposis syndrome [45,46]. In cases presenting in infancy (neonatal/infantile onset) or early childhood (before the age of two), symptoms may include diarrhea and growth impairment, sometimes with a severe clinical course. Symptoms associated with anomalies of the central nervous system, cardiovascular system, and gastrointestinal tract, as well as complications related to hereditary hemorrhagic telangiectasia, such as hematemesis and melena, may occur. In a subset of patients, mutations have been ascertained in the SMAD4 or BMPR1A (bone morphogenetic protein receptor type 1A) genes, tumor suppressor genes implicated in the regulation of cellular proliferation and apoptosis through the transforming growth factor-β signaling pathway.



Juvenile polyps are most frequently detected in the colorectum (98%), followed by the stomach (14%), jejunum and ileum (7%), and duodenum (7%) [5]. Gastric polyps are multiple and reddish in color, with varying sizes, and exhibit swollen or edematous features. The morphology is typically papillary or tongue-like (Figure 8A–D). Pathologically, the polyps are characterized by hyperplasia of the gastric epithelium, cystic dilatation of glandular structures, and edema of the stroma (Figure 8E,F).



Although juvenile polyps are benign, patients with juvenile polyposis syndrome have an increased risk of developing gastric and colorectal cancers [45,46]. Thus, the commencement of surveillance through an esophagogastroduodenoscopy and colonoscopy is recommended at approximately the age of 12–15 years or earlier in the presence of symptoms [5,9]. The frequency of surveillance should be determined with intervals ranging from one to three years, depending on the extent of the polyp burden. Patients with a germline SMAD4 pathogenic variant often also have hereditary hemorrhagic telangiectasia. These patients should be screened for manifestations associated with hereditary hemorrhagic telangiectasia, particularly cerebral and pulmonary arteriovenous malformations.




2.6. Gastric Adenocarcinoma and Proximal Polyposis of the Stomach


Gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) is a rare, autosomal dominant genetic disorder. As outlined in the disease name, GAPPS is characterized by the presence of multiple polyps in the proximal part of the stomach, i.e., the gastric fornix and body, and an increased risk of progressing to gastric adenocarcinoma [47,48]. The pathogenic variant of the APC promoter 1 B is considered a fundamental etiology of this condition [49]. The diagnosis of GAPPS pivots on the subsequent clinical and pathological criteria: (i) the exclusive presence of gastric polyps localized in the body and fornix with an absence of colorectal or duodenal polyposis; (ii) an excess of >100 polyps occurring in the proximal stomach in the index case or >30 polyps in a first-degree relative; (iii) predominantly constituted by fundic gland polyps, manifesting regions of dysplasia in some patients, or the manifestation of dysplastic fundic gland polyps or gastric adenocarcinoma in a family member; and (iv) a discernible pattern of autosomal dominant inheritance.



As described above, fundic gland polyposis is observed in the gastric fornix and body during an esophagogastroduodenoscopy, whereas the other parts remain essentially unaffected (Figure 9). Adenomas, dysplastic fundic gland polyps, and adenocarcinomas may concomitantly exist within the polyposis. Unlike familial adenomatous polyposis, the absence of polyposis in the duodenum or the colon is a crucial diagnostic indicator of GAPPS.



Given the increased risk of progression of these polyps to gastric adenocarcinoma, individuals with GAPPS require regular monitoring and surveillance, including endoscopic examinations [50]. In some cases, prophylactic gastrectomy may be considered as a preventive measure [51,52]. Owing to the infrequency of this disease, the surveillance strategy remains undetermined to date [49,53].





3. Gastric Polyposis Observed Outside of Gastrointestinal Polyposis Syndrome


3.1. Neuroendocrine Tumors in Autoimmune Gastritis


Neoplasms that manifest as multiple polypoid lesions in the stomach and require differentiation from polyposis syndrome include gastric cancers, lymphomas, and metastatic tumors. The emergence of multiple gastric neuroendocrine tumors in patients with autoimmune gastritis also falls within this category.



Autoimmune gastritis is a persistent inflammation of the stomach arising from the autoimmune system’s erroneous targeting and subsequent destruction of gastric parietal cells, resulting in reduced gastric acid secretion and vitamin B12 deficiency [54,55,56]. Reduced gastric acid production leads to elevated levels of gastrin. Over time, sustained high levels of gastrin stimulate the growth of neuroendocrine cells in the gastric mucosa, potentially leading to the development of neuroendocrine tumors. A study involving 176 patients with a median follow-up duration of 5 (3–7.5) years revealed that 33 patients manifested the emergence of a collective sum of 50 gastric neuroendocrine neoplasms with an annual cumulative incidence rate of 5.7% [57].



An analysis of 172 Japanese patients with autoimmune gastritis and histologically confirmed neuroendocrine tumors revealed that half of the patients (n = 84, 50.0%) had multiple tumors, while the other half had solitary lesions [58]. The location was most predominantly in the gastric body (n = 139, 88.5%), and the color was yellow (n = 82, 64.6%), followed by red (n = 38, 29.9%), pale (n = 5, 3.9%), and similar color to that of the background mucosa (n = 2, 1.6%). As corpus-predominant atrophy is the paramount hallmark of autoimmune gastritis on esophagogastroduodenoscopy, neuroendocrine tumors should be considered when yellow or red tumors are identified in the gastric body with marked or prevailing atrophy localized within the gastric body while sparing the gastric antrum (Figure 10).




3.2. Proton Pump Inhibitor-Related Gastric Mucosal Changes


Proton pump inhibitors play a pivotal role in the management of various gastrointestinal conditions, such as gastroesophageal reflux disease and peptic ulcers. These drugs have been known to induce various morphological changes in gastric mucosa [59]. Among these, multiple polyps or polypoid-like lesions are represented by multiple white and flat elevated lesions, cobblestone-like mucosa, the emergence and enlargement of the fundic gland, and hyperplastic polyps [60].



Multiple white and flat elevated lesions result from foveolar epithelial hyperplasia. As indicated by their names, they are characterized by multiple white, flat, and elevated lesions typically located in the upper third of the stomach (Figure 11A,B). A prospective study found that the prevalence of these lesions is 10.4% [61]. Cobblestone-like mucosa was observed in the presence of numerous, approximately 3–5 mm-sized, uneven, elevated mucosal lesions within the gastric body, displaying a coloration akin to that of the surrounding mucosa, and was typically observed interspersed among the gastric folds (Figure 11C,D) [60]. An endoscopic biopsy of the cobblestone-like mucosa revealed parietal cell protrusions and the cystic dilatation of the fundic gland. Chronic use of proton pump inhibitors also induces the development and enlargement of the fundic gland and hyperplastic polyps. It is noteworthy that in some patients, the discontinuation of proton pump inhibitors leads to the reduction or disappearance of these polyps (Figure 11E–H) [62].




3.3. Multiple Submucosal Heterotopic Glands


Gastric multiple submucosal heterotopic glands refer to multiple aberrant or ectopic glandular structures located beneath the normal mucosal layer of the stomach. These lesions are variably termed depending on their size and include diffuse submucosal cysts, gastric cystica profunda, and hamartomatous inverted polyps [63]. The presence of these glands is thought to result from metaplastic responses to mucosal injury induced by chronic inflammation, such as H. pylori-associated gastritis [64,65]. Despite the typical non-dysplastic nature of these multiple gastric submucosal heterotopic glands, a previous investigation revealed the presence of KRAS mutations in 54% of these lesions [63], implying that their proliferative potential is incited by oncogenic mutations rather than inflammatory alterations. Although the precise risk associated with the development of dysplasia and cancer remains unclear, some authors have suggested that multiple gastric submucosal heterotopic glands represent a predisposing condition for the onset of dysplasia and carcinogenesis in the stomach [65].



Most of the multiple submucosal heterotopic glands are unexpectedly encountered within the stomach resected for malignancies, with certain lesions manifesting as polyps on endoscopy (Figure 12A-C). Given the subepithelial nature, diagnosing this condition through endoscopic observation and the histopathological analysis of biopsy samples is challenging. Endoscopic ultrasound examination proved valuable for diagnosis, showing cystic areas beneath the gastric mucosa (Figure 12D).





4. Conclusions


We present a comprehensive overview along with representative endoscopic images and a concise summary of the surveillance strategies for each disease state that leads to multiple polyps in the stomach (Figure 13). These are some potential differential diagnoses for patients with gastric polyposis and polypoid lesions. It is important to note that a patient’s medical and medication history, family history, and specific combination of symptoms are crucial for an accurate diagnosis. Genetic testing may also play a significant role in identifying the underlying conditions (Table 1). Once a diagnosis is established, tailored surveillance is imperative for each specific disorder, given the varying propensity for concomitant conditions, particularly in the organs predisposed to malignant neoplasms. Furthermore, in the context of hereditary diseases, comprehensive surveillance involving not only the affected individual but also their family along with genetic counseling, is of paramount significance. Although genetic counseling is typically advised both before and after germline testing to assist individuals in understanding the consequences of their genetic findings and in forming informed decisions regarding their own healthcare, the reduction in the costs of germline testing and enhancements in the gene set included in the panel may potentially expedite and simplify the diagnosis of gastric polyposis in the future. We hope that this review will facilitate clinicians’ understanding of gastric polyps and polypoid lesions encountered in various diseases.
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Figure 1. Endoscopic images of familial adenomatous polyposis. Case 1 (A,B). Multiple adenomatous polyps are observed in the colorectum, (A) colon, (B) rectum. Case 2 (C–E). (C,D) numerous fundic gland polyps in the gastric body. The color of the polyps is similar to that of the background mucosa; (E) a large, whitish, flat elevated duodenal adenoma is seen in the center. Multiple small lesions are also observed (arrows). 
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Figure 2. Endoscopic images of cancers and adenomas in familial adenomatous polyposis. Case 3 (A,B) early gastric cancers appear as reddish depressed lesions in the atrophic mucosa; (A) the lesions are difficult to recognize under white light observation; (B) indigo carmine dye spraying emphasized the redness and slight depressions (arrows). Case 4 (C–E) gastric-type adenomas occurring in the non-atrophic mucosa of the gastric fornix, which is seen as a flat elevated milky-white lesion; (C) white light; (D) after indigo carmine dye spraying; (E) narrow-band imaging; (F,G) case 5. An intestinal-type adenoma located in the gastric antrum showing an elevated lesion featuring a central depression. 
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Figure 3. Endoscopic and pathological images of Peutz-Jeghers syndrome. Case 6 (A–C). Pedunculated, multinodular polyps that are typical for Peutz-Jeghers syndrome observed in the small intestine; (A,B) double-balloon enteroscopy images; (C) a pathological image showing mucosal epithelial hyperplasia and the dendritic proliferation of smooth muscle fibers from the muscularis mucosae; case 7 (D,E) multiple reddish, nodular Peutz-Jeghers polyps observed in the colon. 
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Figure 4. Endoscopic images of gastric polyps in Peutz-Jeghers syndrome. Case 8 (A) a hyperplastic polyp in the stomach. Case 9 (B) a reddish-color polypoid lesion sized >5 mm identified in the gastric body. Pathologic analysis of the endoscopic mucosal resection specimen revealed characteristic features of Peutz-Jeghers polyps. Case 10 (C,D) esophagogastroduodenoscopy reveals diffuse fundic gland polyps in the stomach, which resemble familial adenomatous polyposis. 
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Figure 5. Images of Cowden syndrome. (A–C) Case 11; (A) the esophagus shows diffuse glycogen acanthosis characterized by white flat polyposis, which are distinct to Cowden syndrome; (B) white nodular lesions observed in the tongue via an esophagogastroduodenoscopy; (C) oral papillomas and hyperkeratotic lesions. 
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Figure 6. Endoscopic images of Cowden syndrome. Case 12 (A–F). (A) multiple glycogen acanthosis in the esophagus; (B–D) gastric polyps showing a color similar to the peripheral mucosa; (B) white light; (C) narrow-band imaging; (D) after indigo carmine dye spraying; (E,F) polyps in the colon; (E) white light; (F) narrow-band imaging. 
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Figure 7. Images of Cronkhite-Canada syndrome. Case 13 (A–G). (A) Reddish polyps are diffusely observed with dense distribution in the stomach; (B) duodenal polyps; (C) polyps identified in the small intestine using a video capsule enteroscopy; (D) polyps in the colon; (E) alopecia; (F) nail atrophy; (G) edema with inflammation in the intervening mucosa between the gastric polyps. 
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Figure 8. Images of juvenile polyposis syndrome. Case 14 (A–F). (A–C) Gastric polyps with multiple and varying sizes, appearing reddish and showing signs of swelling or edema; (D) a surgically resected specimen revealing numerous polyps; (E,F) pathology findings including hyperplasia of the gastric epithelium, cystic dilatation of glandular structures, and stromal edema. 
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Figure 9. Images of gastric adenocarcinoma and proximal polyposis of the stomach. Case 15 (A–E). (A–C) Dense fundic gland polyposis is observed in the gastric fornix and body with no effect on the antrum; (A) gastric fornix; (B) gastric body; (C) gastric antrum; (D,E) histologically subtle distortions and hypertrophy of the gastric foveolar epithelium are observed. 
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Figure 10. Images of neuroendocrine tumors in autoimmune gastritis. Case 16. Multiple neuroendocrine tumors are seen as red tumors in the gastric body ((A,B), arrows). Gastric atrophy is predominant in the fornix and body, while the antrum is relatively intact; (A) gastric fornix; (B) gastric body; (C) gastric antrum; (D) close-up view of a neuroendocrine tumor; (E) endoscopic ultrasonography showing a neuroendocrine tumor as a round lesion in the submucosa with low echogenicity (arrow); (F) the resected specimen shows multiple tumors in the fornix and body. 
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Figure 11. Images of proton pump inhibitor-related gastric mucosal changes. Case 17 (A,B). Multiple white and flat elevated lesions seen in the gastric fornix, which are more easily recognized via blue laser imaging; (A) white light; (B) blue laser imaging. Case 18 (C,D). Cobblestone-like mucosa observed in the gastric body; (C) the yellow area in the insert image shows cobblestone-like mucosa. Case 19 (E,F). The dimensions of fundic gland polyps (arrows) exhibit diminution subsequent to the cessation of proton pump inhibitor utilization; (E) during the administration of proton pump inhibitors; (F) following the termination of proton pump inhibitor therapy. Case 20 (G,H). A hyperplastic polyp (arrow). Concurrently, multiple white and flat elevated lesions are evident in the fornix; (G) during the course of proton pump inhibitor treatment; (H) post-cessation of proton pump inhibitor therapy. 
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Figure 12. Endoscopic images of multiple submucosal heterotopic glands. Case 21. (A–C) Reddish polypoid lesions diffusely occupy the gastric body; (D) endoscopic ultrasonography showing cystic areas beneath the gastric mucosa (arrows). 
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Figure 13. Representative endoscopic images of diseases that exhibit multiple gastric polyps. GAPPS: gastric adenocarcinoma and proximal polyposis of the stomach. 
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Table 1. Causative factors of diseases exhibiting multiple gastric polyps and the associated characteristics of gastric polyps.






Table 1. Causative factors of diseases exhibiting multiple gastric polyps and the associated characteristics of gastric polyps.





	Disease Name
	Causative Factor
	Characteristics of Gastric Polyps





	Familial adenomatous polyposis
	Mutations in the APC gene
	Multiple fundic gland polyps are typical. Intestinal-type adenomas and early gastric cancers exhibit reddish depressed lesions, while gastric-type adenomas display whitish elevated lesions.



	Peutz-Jeghers syndrome
	Mutations in the STK11 gene
	Solitary or sporadic polyps larger than 5 mm exhibiting a reddish color with a sessile or semi-pedunculated morphology (hyperplastic polyps and Peutz-Jeghers polyps), and multiple sessile polyps of 5 mm or smaller, mirroring the color of the peripheral mucosa (fundic gland polyps and hyperplastic polyps).



	Cowden syndrome
	Mutations in the PTEN gene
	Polyps generally exhibit a color similar to the peripheral mucosa but may also be reddish (hyperplastic, hamartomatous, inflammatory, lipomatous, fibromatous, and adenomatous polyps).



	Cronkhite-Canada syndrome
	Not yet elucidated
	Gastric polyps ranging from several millimeters to 20 mm in size are observed diffusely as sessile or slightly pedunculated elevations with a dense distribution. Edema with inflammation is present in the intervening mucosa between the polyps.



	Juvenile polyposis syndrome
	Mutations in the SMAD4 or BMPR1A gene
	Papillary or tongue-like polyps, multiple and reddish in color of varying sizes with swollen or edematous features.



	GAPPS
	Mutations in the APC exon 1B promotor region
	Polyps localized in the gastric body and fornix, predominantly constituted by fundic gland polyps manifesting as regions of dysplasia and adenocarcinoma in some patients.



	Neuroendocrine tumors in autoimmune gastritis
	Autoimmune gastritis
	Yellow or red tumors are identified in the gastric body with marked or prevailing atrophy localized within the gastric body while sparing the gastric antrum.



	Proton pump inhibitor-related gastric mucosal changes
	Prolonged intake of proton pump inhibitors
	Multiple white and flat elevated lesions, cobblestone-like mucosa, the emergence and enlargement of the fundic gland, and hyperplastic polyps.



	Multiple submucosal heterotopic glands
	Chronic inflammation, such as infection of Helicobacter pylori
	Polypoid lesions with cystic areas beneath the gastric mucosa visualized during an endoscopic ultrasound examination.
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